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R B

R @Y SRR @

Wl HE 112 H 16 H s BE2HE - 14T H 25 H

R

AR EE T ann e R ME R E I NESIS S R i 4 17 WL T il (E EE B AL RE 2 S - ol
Bt 2021 4 6 £ 8 H{THETT 90 KX - % 24 BUDFLE V49 26.5 kg AU LA MK 2 40 - Al R IRAH (K%
fEREE e > AR - BHEEEKEL ) MaHEE (A REAERBE N > WHEEERSINESS ) - 5
SHEdS e IR 28 ORE ~ JREDURGTE THI) BURFLE - W& 30 RMEFETH 8~ ALy kA&
RAEALE - slBRdEREUR > SRR THI 34 78.9 + 3.03 &N 4R34 THI B 75.9 £ 1.7 EAIMRE&INE
BP9 THL iy 745 £ 1.5 - SREERESINES)S 90 RIRA A ETE B B8 (2.34 vs. 2.04, P = 0.16) > i
EUALE ~ ARy MR AEAZHE - BRIRMREEINERE 900 KAl HRIFK 60% L5 k¥4 5 - &7 BT
il > FREINEAERYE THL T ((P94Y 76 ) Rt s MEES I HSIaE) » Aot Sl Bl B R Bt
RG> NGB LERE - FIRF T RERREEEALAVIRS » NILHERE RAT R TRIL AL T E AR TTEZ — -

FrSEEE © BAEOH - BINEENS - RHDLILT - R BEd S -

i

ZEMEAFIHEE > B iRl - WS R 2 A Wiy —HPkE - SR 58 (temperature-

il

humidity index, THI) R FIFRIRFAHEIRESE & 251 HE - ATHRE RR B A ERE ENEE a2 E iR
(Harrington and Bowles, 2004) - ‘& R {E{E S0 mnRai ol - [REIFEREES 28 IHEEPREEE (Hahn

et al., 2001; Mader, 2003) - HHEAEIRRAVERET » INALAAFER SO R Y ZRETHARM - H3E 4P (lameness) AYEL
{5lfs 25 (Sanders et al., 2009; Madadzadeh et al., 2013) o Z-EEREHIEr R E AL B K « FREEIEEI - =45K (culling)
AR F I INELEE VG HERA (Cha et al., 2010) » EREARER A2 —THE REUKIRSR » HREIA T fE Ay R 5 EA
FLAERIRIE S o A SR B RIVELNERE - RIASENEEIAE/KRE - SEERE R &5
RNz — » I - EEni e R T AR ft—(EE R SR RIELE R A EAFER - BRI EE TR
BTSN © 1781778 (locomotion score) j& 1A T &1 TE)E & (locomotion quality) Y —FdzF o3 /7% » 8%
PR & 0 Ry 17 (lame) BEFEBEAT (nonlame) o PRI 1T 8N 73 BV RY-73 RT 4 FH AR o 2= 62 Hal s (2 5 Bl g i 5 T
FNEE T H 2 — (Whay, 2002) - KZHEITEI 3 EEEJ0AEH 1 2 5 53l - 8122 3 215 @Mk - G5 RERETS
HE (asymmetric gait) ~ NFHEIEE & (reluctance to bear weight) ~ EF S HEEE (arched back) ~ FHESEEH) (head bobbing) f%
AR ZEHEEL (tracking up)(Schlageter-Tello et al. 2014) -

It - AeBEEEE THL T (> 72) R ML AL e e Bt e il Y NE S - BT Ml RR ~ DL
MRE MR A LEZ 8 - DI RAFRIDA S e aii -

(D) b E B B AT S i S 55 2711 9% -
Q) TTBIRRET B G HER AT EEE -
(3) #ENEZ » E-mail: ctchang@mail.tlri.gov.tw °
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MFETS R

ARBEYZER -~ 8 AERZNESRETEGUREZ B g RESRRAT (LU TN ESAT) EheYiE

B /N 2 A RS (4RTE 110-11) Rt BRI ErT -

L.

II.

1.

BN E R

AatBars 2021 47 6 HZE 8 HIARMEST - AR EEmal et E el EsS - HEEXREEH
Ay (FERERRESS ) NEREE P 50 m x 15 m x 2.5 m » SFHERERFAEE2E 1 B 9 m® > HuEAE Rk
JEHNTE - DA 2.5 m S HYERHIAL RS B R TG BRI AR i - & R ERE 16 25 8 > 1 B 17 6 B »
%R & 32,000 m/h) #EF TR - AHEHRS T R R SRS Y SR AR 1A A 30 om PR EEE DS EERIENI M HEE T % (
eSS 20 (ENETH » 25t 40 {EETH ) > RERFENER > FENER R/ VEE) 8 ZRE - ESREER 26°C
B IR SRS 2470 Bl [R5 B B S 25 /K S 22 Rt Vs > B 0.8 C BV B i 2 RS » e 2 5 14 2
& THE M EZEE GRS - SREEKRERE RGN IREEAEHE 177 » H2% Shiao et al. (2011) [
BFREHR8:00—8:30-9:00—9:30~10:00—10:30~15:50 —16:20~16:50 —17:20~17:
50 — 18 :20~22:00 — 22 :30E123:00 — 23 : 30 e TIE/KEEE - 8 KEFEE - 92 6 1BER » £F(5IE 5 min (4
FEE/K 1 min > £ 4 min ) » SERERESINERNS (BR TREWIIEA £ 25 m K& 4 m (HR R 100 m?) 7/KJeHt
AL HeRE R o WWARIAE R ) B EEE (2 ) © EBISEE 1,224 m® > WNILETEFREIN
RGBS M Ry 102 m® (R4 12 58) -
ERENY) K e

BN PR R LA 24 By AR TEE - Hrp 12 BER REAIENEE SN (HIGH ) » 55 12 58 (5
) BREIERFEN - W N (F915 1 45) e A8 2E5IMERNS; - FFEZRIRHEERE: (04 ¢ 45) 558
B HBO4E  BEHET 00 X - SR 2G2S B4 EAE - AR - AL REARETH - 55
BRI IGAH A BRI ERE R TEN T8 1.75 £0.66 ~ FL & 263+ 7.6 kg ~ FaX 1.4+ 1.1 it ~ INAKE 168 £ 45 R AGEH
627 £ 65.6 kg ; RIEHLARAINST AR 1.71 £0.45~26.8 6.8 kg~ 1.4+ 1.0 5 ~ 173 + 38 K K 638 £ 94 kg - JAH A-GafE
fHE 5B NRC (2001) #EEfE =& oK - LS8 2R & HIkE (total mixed ration, TMR) #E{THCEY » fal@4H R EL
FERR EIRZEL ~ HTERCE ~ FORFIRE ~ KGR ~ BB R ARk — REMEgEiEe - e H MK - 7
AR 407 1 00 BC#d 1/3 & » 4907 : 30 8RE R N 15 00 Fc#L 2/3 & » 4y 15 1 45 g » Hep sl
TMR RIIfEERSIMESIG R EE - MsHAL S ESEHTE R » SRR 1 - SUAEEHAE /KR ILizZ 7K
F T - S S EERARPT AL ARSI T » b EFETIGEREE  DhlR3 24 AR
9% 10 A - FHEHEAFRE HLLE - RIEREREINESS - 505 00 RNA 11 HRFRME ILR4-EER
SMEE]E -
MEEH
() FESH  RBHIHA LB SR E ARSI - AN REINETE S HIRE S 3 4D

JEZS (HOBO MX-2301A pro RH/Temp, Onset Computer Corporation, MA, USA) - FAeEaHAR #HEESE 1 h HIE

RERIRIE— T - B T R o DU (T4 2 B2 S B S ) B BT A THI

{8 » THI {8 2 National Oceanic and Atmospheric Administration (1976) JA&t5 » FH/\ZU THI=9/5x T + 32 - 0.55

x (1 -RH) x (9/5x T—26) » T 555 (C) ; RH BMHELRE (%) °

(i) FEMERERI

1 AEFTEN T H - fKhE Flower and Weary (2006) 2F{di V77458 5 734l > 1 0@ (R E AVRIBEFBLPRE » BT BT
WS R B 2 S RESRBR - SIS B R H - BRI A S RIS
HHOMAR 5 3 o2 E VBN - WL R T e AR S 2SN 4 732 AR - W51 (O FITE )
FATER T HEEHE NG © 5 /7SR ERE (B Bh7 CERIREEE ) RITER CGH ) &
AR EBIHEE LR - PRGN EAETTR 30 ~ 60 f 90 KAEFTEHE—2 - HFH[E 2 il & B #ETT
FEri g -

2. EABHAMESN  BHIBAMK » DR EEE 4 30 R4 15 1 45 > HEBSEISEN 4 SN E - 7B
EBBRAAANT LA 30 REREERIFEAEM K - JBREEIF&H LN FARER - ARSI T o rilam
b - DA IIRE AL B 5y 43T (MilkoScan™ FT+, Denmark) » 53 A ZLAEH « FLMER - AEQHE
o AREYIER - BERYE - RRESUR IS - S Eisr A R AER -
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3. MR AEABE AT - BB S 30 REREE(E R4 E MK - AR S TSR 2 SREE KRR £ MK 10
mL > FFER 4°C LA 3,000 x g #ELs 15 min RHUSIUE » SR RFHEE &R SR Roche AE] 4 H#)
M 7317 (Cobas C-702, Germany) & [l H FR 2 4 (blood urea nitrogen, BUN) ~ JE[EIlE ~ BhlufE 5 2 i
el (glutamic oxaloacetic transaminase, GOT) ~ ZERE 1 P4 e BE S (glutamic pyruvic transaminase, GPT) ~
Kig AR BE (alkaline phosphatase, AP) Kz HILB&H5EE 40 (creatine phosphate kinase, CPK) 7 JEEE 1k -

* 1 LA EES R IR R BT E R A (F2EE - %)

Table 1. Diet formula and nutrient compositions fed to Holstein lactating cows in exercise ground trial (Dry matter, %)

Item %

Ingredients
Corn silage 23.65
Pangolagrass hay 3.66
Alfalfa hay 9.25
Brewer's grain, wet 9.91
Soybean hull, pellet 16.38
Wheat bran 4.65
Corn, ground 18.54
Soybean meal, 43% CP 9.40
Fish meal, 60% CP 1.04
Molasses 0.68
Salt 0.37
Limestone 0.74
Dicalcium phosphate 0.15
Potassium carbonate 0.37
Sodium bicarbonate 0.55
Urea 0.37
Premix' 0.29
Total 100.00

Compositions, % of DM
Crude protein, % 17.2
Neutral detergent fiber, % 42.1
Acid detergent fiber, % 25.7
Calcium, % 0.8
Phosphorus, % 0.4

" Each kilogram of premix contains: Vit. A, 10,000,000 IU; Vit. E, 70,000 IU; Vit. D5, 1,600,000 IU; Cu, 10 g; Zn, 40 g; I,
0.5 g; Se, 0.1 g; and Co, 0.1 g.

IV. &t ot
THI D H-PIE £ R REFR - HERalRT S &R LIARET 0T R EEHE SAS (2002) HETT—fRaR It
BT > ASERIEACEET Ry P<0.05

e e B

1 RyslBR i (90 H ) KSR ~ & A (24 hrs) Bb&2 /M NES); (16 00 — 04 @ 30) 2 P9 THI &1L - &
FERHY THI £ 75.9 + 1.7 > st o 16:00 ZEfFK 4:30 FrfllfSayssMES)S THL (95 745 £ 1.5 ) b&
RIS I RTHISAY S 75.7 £ 1.5 Jsk/b 1.2 BAr - FRPBIE F SR RAREE I NES) S S R F & ey THL &L
SHNEENG R o B IR E S N R DA R B2 SR A R AR A R ] 5 Y THL (E1SHE— 2P 9T
KRR THI EREUREZRIHIE Y 2021 £ 6 A% 8 A FErm it (R 2 P REFEIaEE (THL /Mt 74 £ 84) » - EfE
b B FEIRF T i (R BVER RS (THI /1Y 72 2 78) » Hbt gt st - A &S A A b
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i - AFEEZENESH (Shiao et al., 2011) » NI E A E&INESGHR A BUEE) - EABESEEIHZBOR -
90.0
§ 85.0-
ks
g —+-Ambient
2
.'g 80.0
=
=
§ 75.0 -#-Tunnel ventilation barn
5
o
5
£ 70.0-
=+Exercise ground
65.0 coc oo o oo oo o oo oo oo oo
88888888888 888888888888¢8
TLEEE SN nEERARENRESES
Time (24 hr)
L DL A EBRSRBRHAR CR - S B INEE)S; 2021 4F 6 £ 8 A9 HIRRAETREEE(EL (90 HFI9E £
(R ) -

Fig. 1. Diurnal temperature-humidity index changes of air, tunnel-ventilated barn and exercise ground during the trial from
June to August 2021 in the exercise ground trial for Holstein lactating cows (means = SD of 90 days).

2 BB\ EIF (THL = 75) TR S MNESIGE R R Ty B & - RS TER mAEE E
5o (BRI ESINESGHBRGETE B LT 288 RS e B ER R ESSMEENS R & 60 R
s > HElEERIGE 30 KAV 1.79 vs. 1.76 (P > 0.05) 735l EFF2E 2.03 vs. 1.89 (P > 0.05) ; 5lERES 90 R ERBHIG1E
60 KHY 2.03 vs. 1.89 FITHI_EFFA 2.34 vs. 2.04 (P = 0.16) - WA EUERIRTTEN /3 8B A AV R N o] BE 2 I Ry B BeH
EREVEN PR/ - MRS/ NESISH T A R ER S NESSEE) - Hera KRS EEndE -
WIFELAEE 30 RA-E1TE 7 BOE MG RUR - AieftRESIMESISHI LIPS 0.14 IEEEE AN - i IReHRTZ LIPS
0.29 WEFEHEAN - HEMF I EITR Bt &S NESIS nTRE A BB EHIEER ] ~ B hAESIE - Jo/ ViR R B A 2
15 > BT B ISR - Chapinal et al. (2010) 1 50 DA RIZETE P RREERFHER &N (B ) SEKAFE
E A iR 20100 ZfFK_EA 06 30 RIS 2tk (sliRal - Berlaass Ry 12 B > &55RE T (overnight
pasture) H] DAPE AR (hoof net growth rate) » {EE RO REABETEN - AP EMAEFRAEET
HERT - WREHEHOL AR E - B EBRESN > WS PP A% - AR I R A R ATy 1%
b o HETTRC VR S) > (R AEE TR B BARIETHFEEIER] (Bergsten et al., 2015) - Hernandez-Mendo et al.
(2007) 5 A — B HRF T T DA AV (R B > DR R St T H2 (S EL & A Oy st v B T 2 (L AR A5 PSRV BE ) > S
s PO 07k b — 2B A i $R 55 L - B2 /K F- (friction level) ] fef B0 LA (IR RS © ASSBRIARI IR 28
FReE, - B RIIZ IR R B G 2R RN - (S-S /MESHGER R THLE(R > FiEEE - K5
BEHT R (Huber, 1996) > FJRE[EIGHENRIGIEELER T IREFEAFRRESI > Heghe 4 SR EE s MESISE
TS » DRI A sk s IR A T e (A T Eh o3 8 -

BB FR LR S MEEG R AL A L B RV BE 3 - SUBRs RBUR BER & INEBIS I G HE
ZE L& - Chapinal et al. (2010) RELALFFRE TR - SERBHIAHERREEHEABEETE - Aol
A2 BRI AIER - AEAER » AR - EEEPYR - IREBESRIIBEALM T WSR2 ES)
SEER e (R 2) - B 90 RILIEMREEINES)ES i (K 60% ( BlRaHsEE 5 5 - SR 2 B ) HYAL 5k
4 o SUBRAEAEIR BE S MEBIS 1 70 R34 2 AR - ER AR TR &RE—H - FESHENE
o NI R —H - FEE IR 2 BUAA A ESNE A E R - BniRESE LR S5 EEEE R
yEEE - M AL A3 A AL R B LAV L - (B ERR &R » NI BRI AL B B R R At o
FISAIR AL IS SR S A AT BRI —(E I THY B B R — - BEAASUBRAR A B s BB & 60 Kz 90 K25 pn PHAH Hlfi
AR BRI PRSI B A EEERTZ 30 ~ 60 K 90 KAIST IV 9.9 ~ 13.6 2 25.5% - Goldberg et al.
(1992) f5H1 > MHECRIPE BN =N - BEHLA A EFA RV HIFLE B RE > Washburn et al. (2002) W5t thfs
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o B FRRHIERIR AL R DI RGP AL PR R (R - [N R BUOS ZHUBHEAZE R - A& nlA EoRATIE
HFFHR L AR B 22 ] SR e A s, -

3.00
2.50
2.34 —+—Cows in tunnel

o { 1 1
§ 2.00 204 ventilation barn
5 1.50 -
g
s 1.00 - -&-Cows in barn
S and exercise

0.50 - ground

0.00

0 30 60 90
Days
2. BFIRMREEINET S E LA TE D B2 2021 426 £ 8 H - THI4J 75 » means £ SD > n =

24) -
Fig. 2. Effect of offering exercise ground at night on locomotion score of Holstein lactating cows under hot summer (June to
August 2021, THI = 75, means £ SD, n = 24).

36
34
> 32 —+—Cows in tunnel
§ 30 ventilation barn
2
< 28 -
() 4
':. 26 24.80
E 24 24‘30-I-Cows.mbarnand
exercise ground
22 ground
20 : . .
0 30 60 90
Days

3. PARIRAtEREIMEEG A RDL L E L BRI (2021 26 £ 8 H > THI4Y 75 > means £ SD > n=24) -
Fig. 3. Effect of offering exercise ground at night on milk production of Holstein lactating cows under hot summer (June to
August 2021, THI = 75, means £ SD, n = 24).

£ 3 BEAFRAR M E I NEEIG T L IL MR AL E 2 22 o 45 R H iR R AL AR R s MEEN S
RergZ 2% GOT ~ GPT ~ AP ~ BUN - total cholesterol fz CPK 2754 e B - Chase (2006) f5H » & & 0%
KFA 25°CE; THIE AR 72 » E0IFHZEIEEA - ARl iR B LEADER A EER AN E R4S 8iEMNE
5 THI B K 72 - HA3ARAE 74 — 77 #ilE - R4 ERAIRYEVE 8 o (i v P 22 o] RT3 S RE4RREAR G2
BIEFAIMSE TR « IEE BN T » BERE FEGAEEAN EA A S madiiepE sz m | - (HE2ERREN T
WIEH » FIRE S CCEAHRERY 2 A M - T EE2 2 ] (Kaneko and Hoffmann, 1997) < Kauppinen (1984) $5t} » GOT £
GPT SRt4liREE{5 (hepatocellular injury) #Y = ZERIIEFERTE o (@EDLALAFE OBFLIH 90 REIMFLIASSH ) Z1mH GOT
H1 GPT $5fH 57 BIFERE By 44.91 £ 6.93 TU/L £ 20.08 + 3.74 TU/L (Stojevi¢ et al., 2005) - Azkbi > 4~ 6 £ 8 Ay (4
ZFHE ) > Hifnd GOT (60 — 70) 82 GPT(23 — 27) #{HH# Stojevic et al. (2005) A7l (#FE A FL 4 GPT #2 GOT #{H £
= BUNE 2 RAN S - SRR AR GOT B GPT fefizE 2 2 - (B2 H et R EEEISFEEHY 30 ~ 60
2 90 Kz GOT 2 GPT B HRAHNS R RAViEEE: - BURR IR SNBSS TR ARG E B IH 2 BIERER -
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R 2. AFRURESINESNGE R AL AL HIREE (2021 ££6 2 8 H » THI Y 75)
Table 2. Effect of offering exercise ground at night on milk composition of Holstein lactating cows under hot summer (June
to August 2021, THI = 75)

Cows raised in

Items Tunnel- venti-lated barn (24 h) Barn + night ex-ercise ground SEM P
No. cows 12 12

30 days
Fat, % 3.94 3.82 0.12 0.53
Protein, % 3.53 3.51 0.03 0.75
Lactose, % 4.72 4.60 0.24 0.44
Solid-not-fat, % 8.95 8.70 0.02 0.64
Somatic cells count, 10,000/mL 15.2 13.7 3.21 0.20
Mastitis, % 8.3 (1/12) 0(0/12)

60 days
Fat, % 3.85 3.86 0.11 0.48
Protein, % 3.37 3.33 0.03 0.87
Lactose, % 4.75 4.82 0.23 043
Solid-not-fat, % 8.73 8.82 0.03 0.62
Somatic cells count, 10,000/mL 26.3 22.7 5.76 0.58
Mastitis, % 25 (3/12) 0 (0/12)

90 days
Fat, % 3.92 3.84 0.14 0.38
Protein, % 3.46 3.40 0.02 0.48
Lactose, % 4.71 4.69 0.25 0.62
Solid-not-fat, % 8.81 8.80 0.03 0.79
Somatic cells count, 10,000/mL 314 234 6.24 0.64
Mastitis, % 42 (5/12) 17 (2/12)

3. BERRUEEE I MEES R E RS LA MR A LERY R (2021 47 6 2 8 H » THIZY 75)
Table 3. Effect of offering exercise ground at night on blood chemistry of Holstein lactating cows under hot summer (June
to August 2021, THI = 75)

Cows raised in

Items Tunnel- venti-lated barn (24 h) Barn + night ex-ercise ground SEM P
No. cows 12 12
30 days
Glutamic-oxaloacetic transaminase (IU/L) 66.7 64.2 7.51 0.31
Glutamate-pyruvate transaminase (IU/L) 27.2 23.5 2.75  0.16
Alkaline phosphatase (IU/L) 54.5 51.0 539  0.66
Blood urea nitrogen (mg/dL) 13.7 13.0 2.06  0.65
Cholesterol (IU/L) 135 154 16.5 0.23
Creatine phosphate kinase (IU/L) 229 184 45.4 0.54
60 days
Glutamic-oxaloacetic transaminase (IU/L) 70.2 68.4 853  0.65
Glutamate-pyruvate transaminase (IU/L) 26.8 23.8 276  0.21
Alkaline phosphatase (IU/L) 323 35.0 499  0.68
Blood urea nitrogen (mg/dL) 11.8 12.5 217  0.85
Cholesterol (IU/L) 160.5 164.8 20.6 0.82
Creatine phosphate kinase (IU/L) 230 235 43.8 0.84
90 days
Glutamic-oxaloacetic transaminase (IU/L) 64.2 60.3 7.86  0.55
Glutamate-pyruvate transaminase (IU/L) 26.2 24.1 294 0.25
Alkaline phosphatase (IU/L) 28.4 32.1 483 042
Blood urea nitrogen (mg/dL) 11.8 10.9 1.83  0.65
Cholesterol (IU/L) 120.4 128.5 20.4 0.55

Creatine phosphate kinase (IU/L) 112.4 115.1 54.3 0.76
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s Em

PEINEZ (6 — 8 A3 > THI 74 — 77) > 12t 26.5 kg T RUBA SR E TSN - EIEIREEIMESE (W
TABALE THI (K 1.4) > AR EFETEI BB  HASREARE RBFER - BAZEMAR - AR HEMK
AALE - BURKESINES)GHYEATL A Bh 4 - S Rl S 7L 55 (R R P2 8htE Rl > IR BEHE R nI(F Rl R AL E
BB AL —

ASBRRITET RS Z B E MR [110 &R -2.1.2- & -L1(1)] > slBaRDRA BT SEH — R EH i B 52
GtaEEH > EEEL

ZEXRK
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Effect of providing outdoor exercise ground at night on the

health and milking performance of Holstein cows raised in

tunnel-ventilated barn in hot summer
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Abstract

The purpose of this study aimed to find the strategy for relieving heat stress from Holstein lactating cows. Cows
raised in a tunnel-ventilated barn were offered the exercise ground at night to evaluate its health improvement potential
and milking performance. Experiment was carried out for 90 days from June to August in 2021. A total of 24 heads of mid-
lactating cows with average milk yield of 26.5 kg a day were divided into two groups. Cows in control group were raised
in a tunnel-ventilated barn with fan, mist, and sprinkler all day, and cows in treatment group were provided exercise ground
at night (between pm-milking and am-milking the next day). Environment condition, temperature and relative humidity for
temperature-humidity index (THI) calculation, and milk production were recorded daily. The locomotion score (1 to 5 points,
from healthy to severe lameness), milk compositions, and blood biochemical profiles were measured every 30 days. Results
showed diurnal averaged THI for ambient air, barn inside, and exercise ground during night time were 78.9 + 3.3, 759 £ 1.7,
and 74.5 £ 1.5, respectively. Milk yield, milk compositions, and blood profiles were similar between two rearing system.
However, providing exercise ground 90 days for cows implied the trend in keeping foot health, with locomotion scores
decreased from 2.34 to 2.04 (P = 0.16). In addition, cows raised with night exercise ground effectively cut down the mastitis
occurrence by 60%, from 5/12 to 2/12. The results suggested that providing exercise ground at night in hot summer days for
Holstein lactating cows is beneficial for the foot and mammary gland health and animal welfare, the saving of waste milk
loss is also worthy of important value. Extra exercise ground is an effective strategy in relieving the adverse effect caused by
heat stress for lactating cows.

Key words: Heat stress, Outdoor exercise ground, Holstein cows, Temperature-humidity index, Tunnel-ventilated barn.
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Table 1. The experimental diets composition in brown Tsaiya ducks during grower period (4-8 weeks of age)

CP, % 13.5 15.0 16.5

ME, kcal/kg 2,600 2,800 2,600 2,800 2,600 2,800
Ingredients

Yellow corn, ground 59.53 68.20 57.33 66.00 55.10 63.80
Soybean meal, 43% CP 13.60 16.17 18.40 21.00 23.20 25.80
Wheat bran 23.32 11.90 20.75 9.27 18.20 6.70
Pulverized limestone 1.70 1.40 1.67 1.38 1.65 1.30
Dicalcium phosphate 0.95 1.43 0.95 1.45 0.95 1.50
lodized salt 0.30 0.30 0.30 0.30 0.30 0.30
Choline chloride,50% 0.10 0.10 0.10 0.10 0.10 0.10
Vit-premix* 0.30 0.30 0.30 0.30 0.30 0.30
Min-premix” 0.20 0.20 0.20 0.20 0.20 0.20
Total 100 100 100 100 100 100

Calculated values

CP, % 13.5 13.5 15.0 15.0 16.5 16.5
ME, kcal/kg 2,600 2,800 2,600 2,800 2,600 2,800
Lysine, % 0.66 0.68 0.77 0.79 0.88 0.90
Methionine + Cystine, % 0.52 0.52 0.55 0.56 0.59 0.60

* Supplied per kilogram of diet: vitamin A, 24,000 IU; vitamin D, 5,000 IU; vitamin E, 50 IU; vitamin K, 6 mg; thiamin, 6
mg; riboflavin, 18 mg; pyridoxine, 14 mg; vitamin B,,, 0.06 mg; ca-pantothenate, 30 mg; niacin, 120 mg; biotin (1.0%), 0.12
mg; folic acid, 2 mg.

® Supplied per kilogram of diet: Mn (MnSO,), 100 mg; Zn (ZnSO, * H,0), 90 mg; Cu (CuSO, * 5H,0), 8 mg; Se (Na,SeO,),
0.2 mg; Fe (FeSO,), 100 mg; I (KIO,), 0.5 mg; Co (CoCOs,), 0.1 mg.
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SR H 5 4K SAS (Statistical Analysis System, 2011) EHE#EE 7 —fR 4R MEFEF (GLM procedure) #7788 5 55
B BEEEZEENE > BLRS A IEEE 2 %% (Tukey’s honest significant difference) > Fhiliz &40 I EM 2 72
HEZME -

e e B

L AR
R A RGOS A E 2B R L AEY 4 — 8 Bl RIEREZFEUIR 2 Uk - 6 lmEH4H 4 — 8 HHR-79
EHREETHITI 106 — 112 g ZLHME EHEEE R - 6 LA 3 B 8 - F IR E /Bl /it 339 — 352
B 1,119 — 1,160 g » S 4HMH B fRBAE 25 - 6 frHieH 4 — 8 Bl FHR AT 767 — 811 g » H4HmRERE

®2. REERIGORISAFESERLERYE 4 — S HiRERMEZZE

Table 2. Effects of feeding different nutrient concentrations diets in grower period on growth performance of brown Tsaiya
ducks during 4-8 weeks of age

CP, % 13.5 15.0 16.5 SEM Significance

ME, kcal/kg 2,600 2,800 2,600 2,800 2,600 2,800 CP ME CPxME

Weeks of age Feed consumption, g/duck/day

4 -5 90 93 92 94 94 89 7.1 NS NS NS

6 — 8 119 114 125 120 121 117 7.1 NS NS NS

4 —8 108 107 112 110 110 106 5.3 NS NS NS

Body weight, g/duck

3 351 352 339 349 350 349 78 NS NS NS

5 729 727 737 735 759 743 105 NS NS NS

8 1,145 1,119 1,123 1,136 1,160 1,160 119 NS NS NS
Body weight gain, g/duck

4 -5 378 375 398 386 410 395 40 NS NS NS

6—38 416 393 386 400 400 416 36 NS NS NS

4 —8 794 767 783 787 810 811 56 NS NS NS

NS: Not significant.

LLe FRBR4H ~Z GRHER B & (%2 2) Bl 6 R AH AR A T EAS MG R 6 JREE4H 4 — 8 HEe Z fA R p AR
(F£3)° 6 R4 4 — 8 HIL Z FEFRF AT 50.38 — 55.40 71 » H.LL CP 13.5% ~ ME 2,600 kcal/kg 41 H.45
BRI A 50.38 TEHUE [ AEAS 5 DL CP 15.0% ~ ME 2,800 keal/kg 407 55.40 TCEUE [ AHs -

®3. AERM (4 — 8Bk ) 1O AR B ERE ZER AR

Table 3. Estimated feed cost of experimental diets in brown Tsaiya ducks during grower period (4-8 weeks of age)

CP, % 13.5 15.0 16.5

ME, kcal/kg 2,600 2,800 2,600 2,800 2,600 2,800
Feed price, NT$/kg 13.33 14.06 13.66 14.39 13.98 14.73
Feed consumption, kg/duck 3.78 3.74 3.92 3.85 3.85 3.71
Feed cost, NT$/duck 50.38 52.58 53.54 55.40 53.82 54.64

Feed ingredients prices, NT$/kg: yellow corn (ground) 11.45; soybean meal (43% CP) 15.65; wheat bran 6.8; pulverized
limestone 4; dicalcium phosphate 26; iodized salt 5.5; choline chloride (50%) 48; vit-premix 700; min-premix 165.
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fReA ARG RIS SR REFERE ) E R EEE 2P BNR 4 Frn - 6 mBEHZPE DR
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Table 4. Effects of feeding different nutrient concentrations plant-based diets in grower period (4-8 weeks of age) on the

first laying age (5% laying rate), egg weight and body weight of brown Tsaiya ducks

CP, % 13.5 15.0 16.5 Significance
ME, kcal/kg 2,600 2,800 2,600 2,800 2,600 2,800 SEM CP ME CPxME
First laying age (day)
103 103 105 102 103 101 4.6 NS NS NS
Egg weight of first laying (g)
38.1 37.4 37.1 37.5 40.3 38.8 NS NS NS
Weeks of age Body weight, g/duck
14 1,263 1,247 1,274 1,284 1,282 1,286 113 NS NS NS
33 1,331 1,319 1,305 1,299 1,316 1,350 126 NS NS NS
44 1,363 1,347 1,333 1,328 1,350 1,376 78 NS NS NS

NS: Not significant.

B MR (oSN P R AR A L 14~ 33 % 44 IBISRA T L0 4 FITS - 6 IRERAHLEL 14 81
44 S TAIRITE SR 1,247 — 1,286 F 1328 — 1,376 g » 4RI S RBE 22 2 - bl 1-3tBhss B840 - 667
BRSNS R F B R AR A L 4 14 B 44 B RS - 6 BB e R B R
BRI LR AR A BB S PO « MR FUR AR T » 6 JREIAH 21 — 44 I I & IR AR D BN
167 — 170 g » SAERTIGAEARE 25 5 - phibl b sABRAE TURAD - i PR )R R R AR AR AT BB (B
EENEARAR  SOMLEREpE -

TEREER AR 5 R « 1225 — 2833 — 36 J 41 — 44 B8 - B E S ROESHSLENES
(P < 0.05) - SBEABR R FIBBSH A R B AT 340 » CP Bl ME 2 RVE A AHIETD - 2 CP & 13.5 B 15% B »
$27 ME W IR S A ETIR0S » AATIE CPHREIE] 16.5% I » $eEi ME [T R FING & £ « isker
4 5L Ding et al. (2016) FIEFUEDL + EIBEHIFTRIIENR CP & BMNEEA FANTE » & TR BB
Y CP TR T 58 5 A L R BRAAE R - 72 20 — 32 JEBRAS + CP 15.0% ~ ME 2,800 keal/kg 41
FEER 91.1% BEUE E&irs o Y21 — 44 EESHT - CP 15.0% ~ ME 2,800 kcal/kg 4H ELj7E 5% 84.3% f¥{E F &
o L - R RIS G R T CP 15.0% « ME 2,800 keal/kg FISRAR » (3 (% 406 & AT I FEAU
- 6% Q017) R AR A REE N B OB EER Y BE - LB 20 — 40 BREERN 774 -
84.8% » AHABRS RIIA 21 — 44 MBESTEETRS N} 78.2 — 84.3% » AHLBRAEIREL Y JH( -

TEEIRIE B TEIAIZ 5 P - 1429 — 32 JHSHY + 6 PRFBAETHEE A1 62.3 — 63.2 g » {H ME 2,800 keal
kg 41V 19 7E 1 63.0 g B2 ME2,600 keal/kg 41 19 T 1 62.5 B8 (P < 0.05) § it T &1 » {57 B /5 1 4]
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Table 5. Effects of feeding different nutrient concentrations plant-based diets in grower period (4-8 weeks of age) on laying
performance of brown Tsaiya ducks

CP, % 13.5 15.0 16.5 SEM Significance
ME, kcal/kg 2,600 2,800 2,600 2,800 2,600 2,800 CP ME CPxME
Weeks of age Feed consumption, g/duck/day
21 — 24 169 161 169 167 172 166 14.2 NS NS NS
25 — 28 175 168 169 173 175 170 12.2 NS NS NS
29 — 32 152 152 152 153 156 152 21.2 NS NS NS
33 — 36 169 171 170 173 172 168 8.5 NS NS NS
37 — 40 176 175 174 178 173 175 7.0 NS NS NS
41 — 44 175 178 176 173 173 175 6.1 NS NS NS
21 — 44 169 168 168 169 170 167 14.5 NS NS NS
Egg production, %
21 — 24 77.5 79.6 81.6 76.9 77.9 75.0 9.2 NS NS NS
25 — 28 86.7% 89.4° 85.8% 88.3" 85.1% 79.9° 6.2 * NS *
29 — 32 87.7" 85.8" 86.4" 91.1° 90.5* 80.8" 6.2 NS NS *
33 — 36 82.5 85.2" 84.9" 90.8° 89.9° 84.6" 5.7 * NS *
37 — 40 75.7 79.4 78.7 82.2 81.8 75.3 18.0 NS NS NS
41 — 44 70.1° 75.5% 79.1° 76.6% 80.4° 73.7° 6.7 * NS *
21 — 44 80.0" 82.5% 82.8" 84.3 84.3 78.2°  10.6 NS NS *
Egg weight, g
21 — 24 59.2 58.0 57.9 57.7 57.8 58.3 2.78 NS NS NS
25 — 28 61.4 61.4 61.7 61.6 61.3 61.4 0.63 NS NS NS
29 — 32 62.6 62.8 62.7 62.9 62.3 63.2 0.72 NS * NS
33 — 36 62.8 63.3 63.0 63.1 63.4 63.5 0.93 NS NS NS
37 — 40 64.6 64.9 64.5 64.8 64.7 64.6 0.62 NS NS NS
41 — 44 64.9 64.3 64.8 64.7 64.9 64.6 174 NS NS NS
21 — 44 62.6 62.4 62.4 62.5 62.4 62.6 2.68 NS NS NS
Feed weight/egg weight
21 — 24 3.93 3.69 4.04 3.79 3.91 3.53 0.61 NS NS NS
25 — 28 3.25 3.27 3.44 3.27 3.28 3.35 0.36 NS NS NS
29 — 32 2.79 3.01 2.82 2.73 2.96 2.95 0.51 NS NS NS
33 — 36 321° 3.10 3.13% 2.82° 3.08° 2,99 032 NS * NS
37 — 40 3.37 3.42 3.26 3.20 3.39 3.47 0.67 NS NS NS
41 — 44 427 4.18 3.72 3.50 3.51 4.06 0.92 NS NS NS
21 — 44 3.47 3.45 3.40 3.22 3.35 3.39 0.70 NS NS NS

NS: Not significant; *: P < 0.05.
“® Means denoted by a different letter indicate significant differences between groups (P < 0.05).
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Abstract

The this experiment was aimed to investigate the effect of feeding brown Tsaiya ducks diets with different protein
and energy concentrations during growth period on laying performance. Ducks were fed with the same diets that nutrient
concentration recommended in the manual of nutrient requirements of ducks during 0-3, 9-14 and 15-44 weeks of age.
Ducks were allocated randomly in the floor rearing duck house at 3 weeks of age. In the growth period (4-8 weeks of age),
experimental diets with different nutrient concentrations were fed with a factorial design with crude protein 13.5, 15.0, 16.5%
and metabolizable energy 2,600, 2,800 kcal/kg, respectively. There were three replicates per treatment group, with 20 ducks
per replicate, for a total of 6 treatment groups. Growth performance was determined at 3, 5 and 8 weeks of age, and laying
performance was determined from 21 to 44 weeks of age. The results showed that: the average daily feed consumption from
4 to 8 weeks of age in each group was between 106-112 g, and there was no difference between the groups. The body weight
of each group at 3, 5, and 8 weeks of age were 339-352, 727-759, 1,119-1,160 g, respectively, and there was no difference
between the groups. At 21 to 44 weeks of age, the laying rate of the CP 15.0%, ME 2,800 kcal/kg group was 84.3% which
indicated a better trend than other groups. The feed conversion ratio of each group from 21 to 44 weeks of age ranged from 3.22
to 3.47, and there was no significant difference between the groups; however, the value (3.22) of CP 15.0%, ME 2,800 kcal/
kg group had a trend that better than other groups. Based on the above, if feed consumption, body weight, egg laying rate and
feed efficiency are considered at the same time, it is recommended to feed ducks CP 15.0% and ME 2,800 kcal/kg diets in the
growth period, which is sufficient to meet the laying requirement of brown Tsaiya ducks in the later laying period.
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48 SHEEFLFE RelBRENY) - KBS EE R M2 7 I IAH (A 4H) BpRFRAH (B B C4H ) % 3 40 - 194H 4 1 - W
4 55 ( “l%#) BEASEE BN EA SRS & 0 FEMIATE 2.55 m” - BIIE4H (A 41) F—PEERBERL © (AT THERAL
TESESAREST - (FHEEETL - PFRDRE B EEIR IR E R (R 1) FRERE— RS IR B 4HRBEFLIESE D B S EL
(two-stage Weanlng) (1) B EOHRUE & (GG EERERL) - Q) BEFLIRESS 4 R A REE © FRERAH C 4HRFEERL
TESETT Ry = P& E% (three-stage weaning) © (1) BEFL (4GEAZHERL ) - (2) BEFL 4 RIROFDEE (E&HEEIZEER) - (3) BT
&E 7T REHACRE R « A ~ B Bl C RAHBEAFE A TU ARG ERIT - 8 E 07 /5 7.91£0.23 ~7.90+£0.06 82 7.90 £ 0.13
kg/pig (mean * SE) - 5AEx F5HH 4 7 » B8 8 BlsiH - sl REE - SHM AR 2 R ( BBV ) -
FENEFFERERER B & KASE - 12 6 Bl - FAELUATIRER » HSEHRREE 3 mL UK (&1) » DAy
Frf% (XT-1800i Hematology Analyzer Sysmex Corporation, Co., Japan) (TR AEABE 5T -

* 1 SERERER — AR (%)

Table 1.  The composition of experimental diet — weaning piglets (%)

Ingredients %
Yellow corn meal 70.05
Soybean meal, CP 43% 20.00
Fish meal, CP 60% 6.00
Soybean oil 1.00
Salt 0.40
Dicalcium phosphate 1.50
Limestone, pulverized 0.70
Choline chloride, 50% 0.10
Vitamin premix' 0.10
Mineral premix’ 0.15
Total 100.00
Calculated ME, kcal / kg 3,215
Analyzed values
Crude protein, % 16.37
Crude fat, % 3.34
Calcium, % 0.92
Total phosphorus, % 0.62

! Vitamin premix provided per kilogram of diet: vitamin A, 9,000 IU; vitamin D,, 800 IU; vitamin E, 60 IU; vitamin K,
3 mg; vitamin B,, 3 mg; vitamin B,, 9 mg; vitamin B, 4.5 mg; vitamin B,,, 0.045 mg; nicotinic acid, 45 mg; calcium
pantothenate, 45 mg; folic acid, 0.9 mg and biotin, 0.3 mg.

* Mineral premix provided per kilogram of diet: Cu, 5 mg; Mn, 6 mg; Co, 0.35 mg; Zn, 40 mg; I, 0.2 mg; Se 0.1 mg and Fe,
80 mg.

ML {58 MRIEER

£:% Hart and Dobb (1988) Bl Li et al. (2018) FUBE[EIEIREES 173t o HASUBRBTATE - B H Ty %
(BT RERB 4 G5y » SRR 10, RIEHAHTUEERE - 11, FEEHEE (ERHI ) « (2, s (%
[ERB » IR Bl ) B 73, FRBRE(E (HFFZHIR ) » 5120 Drl-0 » Drl-1 ~ Drl-2 81 Drl-3 #5775 » {758 T
Fh > 58 (Lietal., 2018) 5

TRIEERR (%)=( TRITFFEE x THIRE /(548 x sEmRH )
IV. &t ot
A sl B B 52 2 B8 % 3% 5T (completely randomized design, CRD) » & b & 6} (55 F SAS 45 5T & ZZ U HE (SAS,

2002) » FlJH— M4 5 =2 (general linear model procedure) #E{ T8 75 7347 » F5H B 2R - LG/ N
SEI9{HE (least squares means) Phl sz FRAH R 7 72 LA
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Table 2. Effect of weaning procedures on growth performances of LD piglets

Treatment A B C

Weaning One-stage Two-stage Three-stage

Feed intake (kg/piglet/day)

4-5-wk-old 0.246 + 0.023" 0.240 + 0.009° 0.306 = 0.005*
5-6-wk-old 0.416 £ 0.043 0.394 +0.031 0.348 £ 0.055
6-7-wk-old 0.559 £0.057 0.582£0.040 0.560 £ 0.059
7-8-wk-old 0.801 £0.051 0.861 £0.036 0.837+£0.054
Whole period 0.494 £ 0.038 0.519£0.024 0.513£0.038

Body weight gain (kg/piglet/day)

4-5-wk-old 0.077 £0.014¢ 0.122+£0.024° 0.230 £ 0.025°
5-6-wk-old 0.255£0.058° 0.260 £ 0.020° 0.177£0.041°
6-7-wk-old 0.251£0.042 0.277 £0.054 0.247+£0.074
7-8-wk-old 0.479 £0.044 0.508 £ 0.042 0.507+£0.019
Whole period 0.266 £ 0.023 0.292+0.017 0.290 £ 0.022
Feed efficiency
(Feed intake / Body weight gain)
4-5-wk-old 3.294 £0.976" 2.019+0.393" 1.342 £0.146°
5-6-wk-old 1.701 £ 0.479 1.526 £ 0.208 2.060 +0.591
6-7-wk-old 2.281+0.461 2.146 £ 0.296 1.925£1.212
7-8-wk-old 1.678 £0.145 1.705+0.192 1.655+0.120
Whole period 1.928 £0.303 1.785£0.143 1.763 £0.223

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

" Mean £ SE.

Group A was one-stage weaning: pigs were moved away from sow, piglets grouping and feed change on the same day.

Group B was two-stage weaning: (1) pigs were moved away from sow and grouping piglets on first day, and (2) feed change
on the 4" day after weaning.

Group C was three-stage weaning: (1) pigs were moved away from sow on first day, (2) grouping piglets on the 4th day after
weaning, and (3) feed change on the 7" day after weaning.
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Table 3. Effect of weaning procedures on hematological profile of piglets at 6-wk of age

TRIBEAS ST RIERE

Treatment A B C Jezek et al. (2018)
Weaning One-stage Two-stage Three-stage Reference ranges (7-14 wk-old)
No. 16 15 16

RBC, 10" cell/uL 6.7110.15 6.81 £0.19 7.06 £ 0.40 5.40 — 7.28
WBC, 10’ cell/uL 21421194 18.94£1.40 18.61 £2.53 13.70 — 34.12
PLT, 10°/uL 502.44 £ 35.06 496.75 £ 53.39 463.94 £42.07 273 — 730
NET, % 39.331£2.97° 39.31£5.89° 30.09 £3.30° 30 — 71
LYM, % 54.78 £ 3.82° 54.59+£5.19° 62.95 £ 3.44° 22 — 69
MON, % 4.76 £0.90 511%1.03 6.06+1.17 0—7
EOS, % 0.8410.24 0.71£0.23 0.60+0.14 0—9
BASO, % 0.2910.02 0.28£0.07 0.30£0.05 0—2

Hgb, gm% 11.83+£0.44 11.98+£0.21 12.45%0.95 92 — 125
Het, % 41.42+£2.09 41.99+0.88 43.34+3.37 28.0 — 41.7
MCYV, fL 61.74£2.30 61.7410.41 61351 1.64 47.7 — 63.0
MCH, pg 17.66 £0.51 17.62£0.29 17.63 £0.38 14.0 — 18.5
MCHC, g/dL 28.62+0.48 28.531£0.32 28.74 £ 0.48 28.8 — 33.5
NET/LYM 0.72+0.11° 0.73£0.19° 0.48 1 0.08" —

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

" Mean * SE.

RBC: red blood cells; WBC: white blood cells; PLT: platelets; NET: neutrophils; LYM: lymphocytes; MON: mononuclear
balls; EOS: eosinophilic white blood cells; BASO: basophilic white blood cells; Hgb: hemoglobin; Hct: hematocrit;
MCV: mean corpuscular cell volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular cell hemoglobin
concentration.

Group A was one-stage weaning: pigs were moved away from sow, piglets grouping and feed change on the same day.

Group B was two-stage weaning: (1) pigs were moved away from sow and grouping piglets on first day, and (2) feed change
on the 4" day after weaning.

Group C was three-stage weaning: (1) pigs were moved away from sow on first day, (2) grouping piglets on the 4th day after
weaning, and (3) feed change on the 7" day after weaning.

T4 AEBEASEETSE MR 228

Table 4. Effect of weaning procédures on diarrhea rating of piglets

Treatment The percentage of diarrhea (Drl-3)

5-wk-old 6-wk-old 7-wk-old 8-wk-old
A 7.5%£29" 42148 6.3%0.0 2.1%42
B 25129 42148 3163 0.0£0.0
C 0.0£0.0° 21142 3.116.3 0.0£0.0

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

Group A was one-stage weaning: pigs were moved away from sow, piglets grouping and feed change on the same day.

Group B was two-stage weaning: (1) pigs were moved away from sow and grouping piglets on first day, and (2) feed change
on the 4" day after weaning.

Group C was three-stage weaning: (1) pigs were moved away from sow on first day, (2) grouping piglets on the 4th day after

weaning, and (3) feed change on the 7" day after weaning.
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Abstract

The purpose this study was to evaluate the effect of different weaning procedures on the growth performance of weaned
piglets. A total of 48 weaned piglets (Landrace X Duroc), 4-week-old, were randomly divided into 3 groups by gender and
body weight. Group A was conducting one-stage weaning: piglets were moved away from sow, grouping and provided
weaning diet on the same day. Group B involved two-stage weaning: (1) moving away from sow and grouping on the first
day, and (2) weaning feed was provided on the 4th day after weaning. Group C involved three-stage weaning: (1) away
from sow on the first day, (2) grouping on the 4th day after weaning and (3) weaning feed was provided on the 7th day
after weaning. During 4 weeks experiment, the feed intake, body weight and hematological profile were measured, and the
diarrhea of the piglets was recorded. The result showed that there were no significant differences on growth performance of
piglets among group A, B and C, throughout the whole period. On the 5-week-old, growth performance (body weight, feed
intake and feed efficiency) of group C was significantly higher than group A and B (P < 0.05). However, for the 6-week-
old, feed intake of group C, tended to be lower than group A and B (P = 0.06). Moreover, the 6-week-old, daily weight gain
of group C was significantly (P < 0.05) lower than A and B groups and the feed intake was not different among groups at 6-
weeks of age. The results showed that the two-stage or three-stage weaning procedures increased body weight gain of piglets
at 5 week of age. Although the negative effect of changing diet (group C) on feed intake and body weight gain appeared at
6 weeks, it also can increase the poor body weight in the early stage after weaning. There was no significant difference on
feed intake, weight gain and feed efficiency for 7- and 8-week-old piglets between the three groups. In hematological profile,
the ratio of neutrophils to lymphocytes (NET/LYM) of group C was significantly (P < 0.05) lower than groups A and B,
indicating that three-stage weaning can reduce the stress of weaned piglets at 6-weeks of age. The rate of diarrhea (severe
soft feces) of piglets at each group was between 0.0 and 7.5%, and the highest ratio was 7.5% at 5-week-old of group A,
which was significantly (P <0.05) lower than group B and C. In conclusion, the two- or three- stage weaning procedures can

improve the poor body weight gain of piglets in the early stage of postweaning.

Key words: Weaned piglet, weaning procedure, Growth performance.
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ERCEITEY L5 > FREREETEEM AT - B U ERE BRI L 30 i R B H MR
40 il AE ERHVRAIHERY - AEY 40 — 60 EFE RAERLRE - MRS AN T E B R 10 SfEAHE -
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*® 1. EEEREELHITHGASE RIESKE

Table 1. Selection flock of Taiwan native chicken inbreeding lines Taisui No. 1
Generations Incubation batch Incubation date  Line No. of chicks studied Parents Selection percentage
(year/month/day) M F M F M F
GO 3 2006/11/15 L7 239 325 10 36 4.2 11.1
2006/12/06 L9 136 254 9 33 6.6 13.0
2006/12/27 L11 393 558 10 42 2.5 7.5
L12 285 389 10 38 3.5 9.8
Gl 3 200800227 L7 73 104 8 4 110 404
2008/03/19 L9 181 163 10 52 5.5 31.9
2008/04/09 L11 191 205 10 53 52 254
L12 111 125 10 47 9.0 37.6
G o 2008/12/02 L7 - 47 81 10 47 213 580
L9 142 146 10 48 7.0 329
L11 164 152 10 53 6.1 34.9
L12 74 103 10 53 13.5 51.4
Gy I 2009/09/10 L7 246 274 10 57 41 208
2009/09/24 L9 280 286 10 51 3.6 17.8
L11 378 424 10 54 2.6 12.7
L12 242 283 10 53 4.1 18.7
[ 2 201000601 L7 229 215 10 47 44 219
2010/06/15 L9 166 242 10 49 6.0 20.2
L11 267 302 10 49 3.7 16.2
L12 167 163 10 48 6.0 29.4
Total 4,011 4,794 197 952 4.9 19.9

M: Male, F: Female.

(i)

(1ii)

(iv)

V)

(vi)

ERMRERE © EREEN 16 AR ETRENE » WM EREENEE S R Gl S EE R E
i o

LT 16 FAERIFAETTHERE I (pullorum disease, PD) it » #E 4l HMIET AR ER R DIDUAERIAY 2 i - 22 E
AN RO E R e e W e B 2 T T A IR R S S A BB 1 1 S T S A TR R T R
[ég o

FEEMERERRE ¢ (B RERERY 17 BRI is AR S 2 M EE T EE R E - EHEB a8 WE
H#% (age at first egg, AFE) Ry R}3fEE S5 —(E &Y H S > WIEEEEE (egg weight at first egg, EWFE) R RS
—{EERIEE » 40 S EE 1Y (average egg weight at 40 week of age, EW40) FRFZE3E 40 HES 1% B UL 5
REHVHIEEE - 2 40 7 B (egg numbers up to the 40 weeks of age, EN40) Ry R} HERE#)/EE 2 40 HHHLIF
FEERVAEEESRL (#R% - 2010) » Wi E E MR EREE N EE T EE A &N EH S &R E -

Gl HAZE G4 A (B AZET 30 Al T T E ol - I ERSEHEI S 73 768 (computer-assisted
semen analysis, CASA) sRI3 IS T-HYSENE 3B B &UEENE R - (RIBEEEE AR EEE 3 (> 70) B
HAEERNE TR (> 30) $HEEEH 10 EEUREAETROEEIE T —HA -

DIBILERE ST I #EE 18 MR - JEIKBE 5 BN R EEE - WAARIR(EAS 16 S 58 55 B F I
T 40 NG FE EBUE TS N A ATE R R Y » NS E A Y 10% - REREEERY 16 IBERASE AN
FREEICEETREEIR 0.5 (EREEIREAVERS - FRHA SRS A RS 5 - TR EMRERE -
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V. GEtor
HIFI SAS Gat o Airakha (SAS, 2012) > A FEMERIE R 7B - M PL— e MR UL P (general linear model
procedure) HE{TEETT 3T > ELECEE L HETHIG A6 F - IUEITR G RS F S E AR E 2 L RIERE BN
EEREZ PHIEMRERBEN -

a5

L SR E R
U E S AEER - S5 E AR 4,011 EELZE 4794 & - KEBARANAHEHELSHEE
Bk 1 - KETEEHGEELER - SHRAHZERT 2RI 2.5 — 21.3 BEERIR 7.5 — 58.0% > EHEEE
SRR R 4.9 BL10.9% o % L7 BEETHRRE A BROTAHEE > & FOBSIFRGMS AR 41 — 213 81 111 — 58.0% »
SEIGEERE RS A By 5.8 B 23.0% o & L9 BEE AR A HEELL HE 2 SR REE A Fy 3.6 — 7.0 B113.0 —
32.9% > EITEERE AT R R 5.4 81 21.4% - i E& L1l ZEH G AN 2 S REE R R 2.5 — 6.1 2
7.5 — 34.9% > SPIFEEREE ST Fy 3.6 B1 15.3% o fhiZ L12 BEE R A RELR g > S QS REE 557 B 3.5 —
13.5 81 9.8 — 51.4% » SPHPRESTZRITHI B 5.7 81 22.5% -
IL ZEH R A EHEAEE 2 & RIS E
EEi2E IR E L R A BRI 3 2 16 SBEHS E - EAEHAEABEZEZER (P <0.001) - EHR 2 G5
R ZELHARGARAEE AR LT WAKERZE > 16 HERH8 B 5 8 7y 7l 7] 2 2,248 81 1,790 g » 1948
BRI A Ry 1,788 B 1,361 g (R 2) 5 dh&k LOHYAREEALERE > 16 BHCHS B A B 77 Il v 2 2,356 B2 1,705 g »
HIRGEE S By 1,907 B 1,419 g (23 ) 5 fnZa L1 YN FEELIREZE 2 16 B HS B i B 7 il Al 2 2,574 81 2,064 g
SEHRSEE Y R By 2,074 B2 1,583 g (F4) o S A LI2 (YA REELRE5E > 16 BB HS S S B8 ] 2 2,379 81 1,789 g »
PIRGE ARy 1,904 B 1,439 g (£ 5) o LLEZEEF Al ( GO tHAX) BLEEE 1% (( GS Q) VO o 2 YA 2B R 2
16 Fl RS B B A B VEAVE AN > fh & L7 ~ L9 ~ L11 K L12 Z %3 16 Bl RS o7 Al 3E 1 6.9 (115/1,673)
8.8 (154/1,753) ~ 18.9 (330/1,744) J 8.3% (146/1,758) » £} Bt 57 14 16 8 i B2 25 43 W 84 H1 11.0 (135/1,226) ~ 12.8
(161/1,258) ~ 23.5 (301/1,282) & 10.9% (142/1,297) -

*®2 EETHITELAEE SRESREGMAR LT AEEAAHRAHE 16 Bl F98HE
Table 2. The cocks’ and hens’ average body weights at 16 weeks of age in different generations of Taiwan native chicken
inbreeding lines Taisui No. 1 line L7 selection flock

L7 BW16 (2) BWI6 (2)

Generation Male Maximum Mean = SD Female Maximum Mean = SD
GO 239 2,144 1,673 £ 198" 325 1,688 1,226 + 148°
Gl 73 1,920 1,447 £ 240° 105 1,424 1,090 * 154¢
G2 47 1,948 1,543 £212° 81 1,430 1,108 + 134¢
G3 246 2,282 1,678 £ 169" 274 1,755 1,231+ 127°
G4 233 2,170 1,711 £173° 218 1,568 1,270+ 121°
G5 121 2,248 1,788 + 183" 178 1,790 1,361 + 143"

BW16: body weight at 16 weeks of age, SD: standard deviation.
“*¢4 Means in the same column with different superscripts differ significantly (P < 0.05).

EETHEE 11 955 A& 16 BRI EIE(ER 0.326 BB e (2% > 2017 ) - i 1997 4 T L#HEG
98 Bk IO A L7 ~ L9 ~ L11 & L12 ANZESFHS 16 B S Rk 1,573 ~ 1,866 ~ 1,951 F7 1,942 g >
LR 16 IR E /Y Al By 1,227 ~ 1,481 ~ 1,468 K 1,509 g (#% > 1997b ) - # & R ( GO ) MUHZ LT ~
L9~ L11 F L12 A\ %3 16 B aa e 5y B B 1,673 ~ 1,753 ~ 1,744 F7 1,758 g » RF#E -1 16 B 5E & 77 B B
1,226 ~ 1,258 ~ 1,282 Jz 1,297 g » fHEAaa 4 E R 2 ih £ L9 81 L11 A HEEL LR 2~ 16 A E & A BHE
T > EEREMELATER L HEERATERE e sitHes A i E I HEE L
+ SRR 2R - R & ERERCHE BB EEEMEREFTE ; imd L7 A% ¥ 16 HRieE A HE -
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*®3. EELHITELAEE SESRENAR L) AETUA KRN ZE 16 Bl TI98GE
Table 3. The cocks’ and hens’ average body weights at 16 weeks of age in different generations of Taiwan native chicken
inbreeding lines Taisui No. 1 line L9 selection flock

L9 BW16 (g) BWI6 (2)

Generation Male Maximum Mean = SD Female Maximum Mean = SD
GO 166 2,932 1,753 £ 323¢ 254 2,235 1,258 £ 189°
Gl 181 2,318 1,628 +222° 164 1,792 1,173 £161°
G2 142 2,156 1,645 +255¢ 146 1,560 1,149 * 164°
G3 281 2,775 1,846 £219° 286 2,046 1,355+ 168°
G4 167 2,460 1,838 £217° 244 1,926 1,387+ 172°
G5 137 2,356 1,907 £ 214 143 1,705 1,419 £ 143°

BW16: body weight at 16 weeks of age, SD: standard deviation.
“*¢4 Means in the same column with different superscripts differ significantly (P < 0.05).

x4 BELHNEGACE SUESEMA LI AEHAQAHEEEHE 16 8- FI988E
Table 4. The cocks’ and hens’ average body weights at 16 weeks of age in different generations of Taiwan native chicken
inbreeding lines Taisui No. 1 line L11 selection flock

L1l BWI6 (g) BWI16 (g)

Generation Male Maximum Mean = SD Female Maximum Mean = SD
GO 393 2,448 1,744 + 235¢ 558 2,268 1,282+ 171¢
Gl 193 2,314 1,675 217° 205 1,721 1,248 £ 137°
G2 164 2,336 1,666 *239° 152 1,764 1,212+ 177"
G3 378 2,300 2,019 £216° 424 2,190 1,495+ 179°
G4 268 2,730 1,853 £213° 303 2,025 1,394 £ 171°
G5 232 2,574 2,074 +222° 221 2,064 1,583 £ 168"

BW16: Body weight at 16 weeks of age.

""" Means in the same column with different superscripts differ significantly (P < 0.05).

xS EELHITEGSACE SRESEEMA LI2 NEMARAHERHE 16 B -FIIieE
Table 5. The cocks’ and hens’ average body weights at 16 weeks of age in different generations of Taiwan native chicken
inbreeding lines Taisui No. 1 line L12 selection flock

LI12 BW16 (g) BW16 (g)

Generation Male Maximum Mean = SD Female Maximum Mean = SD
GO 285 2,770 1,758 253" 389 2,170 1297 +214°
Gl 111 2,321 1,606 £ 293¢ 125 1,643 1,193 £ 185"
G2 74 1,980 1,489 + 225¢ 103 1,594 1,103 £ 205°
G3 242 2,619 1,900 £ 243* 283 1,810 1,409 £ 163"
G4 168 2,535 1,865 £ 227* 163 1,978 1,420 £ 175°
G5 132 2,379 1,904 + 189* 136 1,789 1,439 £ 146°

BW16: body weight at 16 weeks of age, SD: standard deviation.
“" <4 Means in the same column with different superscripts differ significantly (P < 0.05).

Tt e R B TR e ERl L S TR T IRH A SR - SR RIALL & FIRRCRE - (2R A
FAMGRA HEE HARMAERTEL © Mank L12 NSRRI 7 P15 16 Bl E B A N - "R Zdn
Rl aER AR TR AERKE - HRNER LGRS TR AT ER LESEA
TEMRZANEZANE - ERRKERD > M L12 B2 EEMERE RS - NI R Ry E ey
Fh0 EFRACRE G0 EE BRI 2 P 16 iR ME - iR ERE R A E S Eh T HEERY
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55 16 RS I an A I T o RptseciEr AERR MR A EER S EERES %R » LhEIES R
1997 N LA & 9% R ER > AR LTV AREBIREEE > 16 HE- IR E 7y B 215 g (1,788 — 1,573 g)
B 134 g (1,361 — 1,227 g) ~ finZ L9 BYAFEBILEZE 2 16 - IRGE T R 41 g (1,907 — 1,866 g) Bi1-62 g (1,419
— 1,481 ) ~ fh& L1 (YA HEBLREZE > 16 Al PSS HINGhI 123 g (2,074 — 1,951 g) 1 115 g (1,583 — 1,468 g)
mnga L12 AR REBLIRIZE 16 BH-HIRGE 7T AIE A -38 g (1,904 — 1,942 g) B1-70 g (1,439 — 1,509 g) - {F &

AT HE RS A AR E TR RNV & L7 B & L1 2 A REBLREEERY 16 HE IR S dn A1 1Y
PRGN - MAE R MEAT A —TT A RHVRA I Za L12 B 2 L9 2 N EEBLIREZERY 16 Jie P88 Sl an 4 FHY
A -
BESTIAREA (B & 2 B R HI4E SR

IR PIRARE (Salmonella pullorum, SP) Byl FRIHYR IR - 2 & BHVE SRR E - XS ERERR
g% (Barrow and Freitas Neto, 2011) © §f HIFI{E & F e EHIEE AL AT RERALY RS » 11 2 £ 3 HiRE RIS
PEESE » SREERAVERIEL (B » 2016 ) o B FDPIRARE IV ERE /KA %= B R A A # 4 - HZER
EREH AT — B2  (Cheng et al., 2020) - ‘E&5 [FEREAVEZLME DR » EREATELFHEN— e H A 5 e
5 b EEAVE - 4IHEAYIETH T & (Shivaprasad, 2000) - Wang et al. (2007) /12 2005 FEI:inSnzz/E 27 4,767 &£
HEEMIFRES » 77 AIPKE 66 K ATEEES; ~ 33 A - 152 F{G L5 K 41 EHY; - 3£ 292 55 5 DA SE
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SRRy 8.2 Bl 8.5% ~ fhg L11 AN FEEIRIZESYHI Ry 9.2 B 15.0% Ffti g L12 AN HEELREZEST B Ry 2.2 81 11.8% o
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(219/1,206) ~ 2.0 (12/602) k2 2.9% (28/951) = ff A FIP5 AL R AR - ZERE B IR MRy A S BT - B RIS 4
FHHBEHERD - G4 AL G5 HCHEE M b = I AR & AR BB Bk ORI B T OB AR BE R I
JERRH » P53 HI F 19.2 (152/790) B 5.8% (41/706) » &t HIRIFS ARt A AR D - B2{EEE R G4 TR
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(P <0.001) - [fiER#ERFHY 120 HiiE TEE—(EE > G3 MR LT HE T > G4 thlinZ L9 B LI
VI H iR % L7 B L12 REEEE 7 0 RRRRE) A8 2R S A DU il i 2R AUE BHAURE e B E 72 3 (P < 0.001) >
G4 AU {E M R BRI EEEAE 311 — 36.1 g VUES S B PIIEEE LM S L7 & (36.1 g) » il
L11 8¢ 31.1 g) - WIEEEIRIEE S M AUMEES © VU{E @A 40 Bt EE FEERAREABEEEZR P<
0.001) > ftr % L7 BEHE 40 HHECEEE PHIEEE (43.9 ) > Miandk L11 BEHEE R E (49.4 g) + VU{E R HBEEE 40 ik
EEBUE A EABEER (P<0.001) » G4 T ES S BEEEFH 2 40 HlREE B BT B L £ L7 (99.6 {H)
BlanZ L11(99.5 fli ) £z > figa L9 (90.0 {if ) Blhh % L12 (89.4 {H ) £ -

* 6. EETHITHMACE SES RN F U 2 S 8 LRI AR S e R
Table 6. The positive rate of serum plate agglutination test of pullorum disease in different lines and different generations of
Taiwan native chicken inbreeding lines Taisui No. 1 selection flock

Generations” Lines Birds No. of positive positive rate (%)
Gl L7 179 37 20.7

L9 364 65 17.8

LI11 425 82 19.3
___________________ LI2_ B8 35 141 ___
G2 L7 103 1 1.0

L9 173 1 0.6

L11 194 1 0.5
___________________ N £ » S N IO
G3 L7 176 11 6.3

L9 224 3 1.3

L11 402 13 32
___________________ S S R |y AU
G4 L7 185 41 22.2

L9 196 36 18.4

LI11 230 32 13.9
___________________ N v S - SR X I
G5 L7 182 15 8.2

L9 148 8 5.4

LI11 248 15 6.0

LI12 128 3 2.3

" The blood samples of chickens from G1 to G3 generations were tested by the same imported pullorum disease diagnostic
reagent, while the blood samples of the chickens of G4 and G5 generations were tested by the pullorum disease diagnostic
solution developed by the Animal Health Research Institute.

*7. EETHITEGNAEE SESREN A LT A EH R E E M REELE
Table 7. Comparison of the hens’ egg production performance in different generations of Taiwan native chicken inbreeding
lines Taisui No. 1 line L7 selection flock

L7

Generation AFE' EWFE, g EW40, g EN40

Go 160 + 14° 30.516.6" 40.913.3° 71.6 £20.7°
(284) (284) (239) (284)

Gl 158 + 10" 30.514.8° 39.6£3.7° 82.8 +20.0°
(65) (65) (63) (65)

@ 161 £11° 304+5.7° 413+32° 81.9£15.7°
(75) (75) (66) (75)

a3 143 +£9° 31.9+6.7° 414+29° 88.8+23.2°
(82) (82) (74) (82)

Ga 148+ 8° 36.1+8.6" 43.9+3.0° 99.6 +11.4°
(121) (121) (114) (121)

Mean  standard deviation.

The number in a parenthesis represents the birds tested.

" AFE: age at first egg, EWFE: egg weight at first egg, EW40: average egg weight at 40 week of age, and EN40: egg numbers
up to the 40 weeks of age.

»*4 Means in the same column with different superscripts differ significantly (P < 0.001).
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Table 8. Comparison of the egg production performance in different generations of Taiwan native chicken inbreeding lines

Taisui No. 1 line L9 selection flock

L9 1
Generation AFE EWFE, g EW40, g EN40
Go 152+ 13° 29.6 £ 5.9 44.614.1° 59.4+23.5¢
(222) (222) (156) (222)
61 147 £ 9° 28.4 3.6 44.6+3.4° 84.6 £20.2°
(115) (115) (104) (115)
@ 156 £12° 30.0 £ 5.0™ 44.4+3.1° 83.4 £ 20.4°
(128) (128) (110) (128)
a3 135+ 7¢ 31.4+72® 445+ 4.1° 76.3+26.5°
(161) (161) (116) (161)
G4 143 + 9¢ 322168 48.6+3.0° 90.0%17.5°
(154) (154) (138) (154)

Mean * standard deviation.

The number in a parenthesis represents the birds tested.

" AFE: age at first egg, EWFE: egg weight at first egg, EW40: average egg weight at 40 week of age, and EN40: egg numbers
up to the 40 weeks of age.

a,b,c,

“¢ Means in the same column with different superscripts differ significantly (P < 0.001).

*®9. EELHIUHLASE SimAk LI EFREA E QR B EVERELLER

Table 9. Comparison of the egg production performance in different generations of Taiwan native chicken inbreeding lines

Taisui No. 1 line L11 selection flock

LI11 1

Generation AFE EWFE, g EW40, g EN40

Go 155 £ 20° 29.8+5.7° 462 +3.7™ 72.2£25.5¢
(487) (222) (423) (487)

Gl 142+ 11° 28.0+5.0° 455+3.7° 92.1+24.0°
(96) (115) (90) (96)

2 155+ 12° 30.6 54" 46.7+3.7° 88.0+20.1°
(140) (128) (129) (140)

a3 136 £ §° 30.5+7.3° 46.8 +3.4° 91.2+25.5°
(291) (161) (263) (291)

64 143 £ 8 31.1£6.3° 49.1 +3.0° 99.5+ 14.5°
(178) (154) (172) (178)

Mean  standard deviation.

The number in a parenthesis represents the birds tested.

" AFE: age at first egg, EWFE: egg weight at first egg, EW40: average egg weight at 40 week of age, and EN40: egg numbers
up to the 40 weeks of age.

a,b,c

Means in the same column with different superscripts differ significantly (P < 0.001).

TIPS TR AU o 2 B HEE 40 B E BB R AT © F G4 B 40 Bz ERHIRBIHR S
i L7 49.5% HIRFEERE 40 1Bl 100 (EELL L - 2 110 &P EAVRERERE 18.2% » #5 GO tHUREHE FEERE
2 100 {EHELL_EBL 110 [HEDL LR 6.7% B 0.4% FEEAYSGE (8 1) ¢ fEhn& L9 > G4 {7 27.9% K&
HezE 40 EEGE 100 [HEEDLE - & 110 EE DL EAYRIEEZE 11.0% » 8 GO tHAURkRE > A S 100 &L BB 110
EEELA A 5.4% B 1.8% JRABEAYICE (18 2 ) 5 fEsh% L11 o > G4 {75 53.9% HYREEEEE 40 HHRHYEE R
=l 100 {1 - 7 110 {HE DL EHIRFHERE 23.5% > 85 GO tAARREZ FEERUE 100 HELL LS 110 ([HELLERAE
12.5 B 3.7% JRA B HIUUE ([ 3 ) ¢ MifEanZ L12 0 G4 (U 17.7% HUREHEE 40 FECHYE EHS 5 100
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{lEl - 7 110 {EE L ERYRERERE 4.2% - #5 GO thHURERE ~ A2 B 100 {EE LA EEL 110 HELEHF 2.8 81 0.9%
ABEEHISGE (8 4 ) - Nwagu et al. (2007) 278541 (Rhode Island) #EzE EBCEFHTE RIS RETT - B13E
2 40 i AE BRI 40 FHECHS E A 2 B EARR M R S AU S, - 2 40 BleE BRI 40 Bl EE VEHZEHE
MRV IR HRE S, - T BERERY A H Bl E 40 Bt EME s LA MR - M 2021) R ZGEEHRIZEM:
REERIAIA] VCE 6.0.2 WS IEITEE T #ITH LA BT —Iin Ak L7 B#E EHINEE 2 BhE - SEREUREIZE
HIEE H ik (AFE) ~ ¥JZERGE (BWFE) ~ ¢ EH (EWFE) ~ 40 iR AIE (BW40) ~ 40 il 195 H (EW40) &
40 S 7 E B (EN40) 2 3B (H R {H{H 5 B By 0.46 ~ 0.54 ~ 0.20 ~ 0.49 ~ 0.61 J% 0.42 ; EN40 81 AFE EiE H & FHE
(rg=-0.58) » EW40 £2 BWFE 2 IS AR (rg=0.79) ~ EW40 £2 BW40 S IRE (#H FAHREE (rg = 0.63) » BWFE i
BW40 S I {HIEAHREH (rg = 0.76) -

* 10, EELHITHRLASE SESHHMA L2 A EEA AR EERECLEL

Table 10. Comparison of egg production performance in different generations of Taiwan native chicken inbreeding lines

Taisui No. 1 line L12 selection flock

L12 |

Generation AFE EWFE, g EW40, g EN40

Go 171+ 14° 32.8+7.2% 43.6+3.6° 65.7120.3°
(323) (323) (274) (323)

Gl 162+ 10° 309 £4.3° 449 +2.7° 75.4+£20.8
(84) (84) (81) (84)

o 172 +13° 33.5+54® 46.3 * 4.6° 59.4+20.1°
(79) (79) (59) (79)

a3 144 + 9¢ 32.1+7.3% 442 +3.7™ 75.4124.3°
(85) (85) (76) (85)

G4 151 £¢° 342+72° 47.6+3.3° 89.4+12.0°
(96) (96) (86) (96)

Mean  standard deviation.

The number in a parenthesis represents the birds tested.

" AFE: age at first egg, EWFE: egg weight at first egg, EW40: average egg weight at 40 week of age, and EN40: egg numbers
up to the 40 weeks of age.

a,b,c

Means in the same column with different superscripts differ significantly (P < 0.001).
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Fig. 1. The cumulative frequency of hens’ egg numbers up to the 40 weeks of age in different generations of Taiwan native

chicken inbreeding lines Taisui No. 1 Line L7 selection flock.
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Abstract

Egg production is an important economic source of commercial layers, and also an important trait that directly
affects the economic benefits for breeders and commercial broiler producers. To improve the egg productive performance
of inbreeding lines of Taiwan native chickens and establish a high egg number yield breeding technology platform, four
inbreeding lines of Taiwan native chickens (Taisui No. 1), L7, L9, L11 and L12, were selected for high egg production.
Chickens were selected based on two traits, including: the body weight of the individual chickens at 16 weeks of age
(BW16) and egg numbers produced by the hens up to the 40 weeks of age (EN40) for breeding newer generations. After five
generations of selection, the average 16-week-old body weight of roosters and hens were increased significantly (P < 0.05),
and the average age at first egg (AFE), average egg weight at first egg (EWFE), average egg weight at 40 week of age (EW40),
and EN40 in hens were improved significantly (P < 0.001). Moreover, the hens” EN40 of line L7, L9, L11 and L12 in the G4
generation were 99.6, 90.0, 99.5 and 89.4 eggs, respectively, which were higher than those in the GO generation, increased by
39.1, 51.5, 37.8 and 36.1%, respectively. The average BW16 and EW40 did not decrease due to the increase in EN40. In this
trial, we used a small ethnic group of native chicken with pedigrees and the independent elimination method to conduct the
program for selecting high egg production in native chickens. It can indeed effectively increase EN40 of hens and improve
BW16 of chickens. And it can be used as a breeding technology platform for private breeders to improve egg production of
hens.

Key words: Chicken, Body weight, Laying performance, Selection.
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17 7 1 = =Y R 1
A TR A T BT AR R0

R O o ©

Wb HE s NTEES H27 B BE2HE 1HTE9IH 121

R

KE (Glycine max) & &2 BH{E B EZERITHERE - HE1EHhERERAE - A5 BV ERs i - 81
VB R B R TR B gkl 2 228 o 3B LRI (Au B2 TN3) ~ Z5K] (KTS1) K 4RAE (TN4) A 85 4 DU {E 54
155 K EHATERES » 73 Rlis R3 (BtG4EHE ) ~ RS ( GACRRAMAAE ) & RT (G368 s » A ) =#4EH
FAUHE > SREEMRS - EZYEE RN R 2 2 RILE - SRS REr > BIEAENNS ~ iZWEE - M
EOEER - KT REESEESIIE  EKMEZHERESEAIENEE - FNEESHGER - DLR7 &
AoomstkE - iZYEE - HERESERMEEREESE  HItE S BEE P r8ES ER S o b &2
i > BRI RS (Au) 55 ~ DKWERIES B AR S 2 RZVESR > 437 5 6.16 B 5.51 mt/ha - [L4h > Au 2 4H
EHEEE (17.8%) EIHEAEESE (1.06 mtha) figm o HERE R PSS E (32.7 K 38.6%) i¢fk » fFE25ln
TP RS TE R SRFI A - DL EASREUR - IR A KRS E Bk R E e A E 2L - I4h > BRKE
(KTS1) Etpsh H = mniite - IERMEEZY7E & 104 6.23 mt/ha » JNESTE R G EE B EABEIE Bkl 4 E -

REdEEE - HAME - onfE - Bk EEH - KE -

&

BTRASHYSEED - SENERER SN E B EERMES - AN » 2R A B R ER
% HEFEENERENASEEERE AE - TR TREZEACN € BINEEN TR K - MR EERAR
F AR B S (Chang et al., 2012) - KEREHEEZEKZYIERS - FHIRHPES #3568 BT
HIEHEMEY) (Hintz et al., 1992; Sheaffer et al., 2001) - t4h - KEAGRESEEA H SR B A= EE M - 1
FFTRIEERY 2542 RS9 (Seiter et al., 2004; Asekova et al., 2014) » B & AT FHERIRAVESE - KT AE
Ry SRR EE A 5T

KRR 2 Al A E 8y il ZOR R - R E B T E 8 BB A R SRR EEEIE
BRREZYIE B OB BAEARIGRE R - RIS R K TR R REE H A S & - ZYEERSENTFRARE
(Darmosarkoro et al., 2001) ° B2 R = ZEAVRH AL RRGHIER T » RILARIE K G EATE R ERHF Y& J7 (Chang
et al., 2012) - ERFEIAMEE - RIREHVEEE RPN ARG /E - GRIEHEEHER - 29K EREEE
B Es (Darmosarkoro et al., 2001; Rao et al., 2005) » 2471 » ZF R ERYZEE - ZHER AT L
(et SetRhERE > FHEENESERER S SRS > SR ERM A ARE - FHEEY
e PR AL R 2 Ry 3 EL 8 R i (Sheaffer et al., 2001; Rogers et al., 2017) ©

KB HEEY) B RS OEIRSEEN BN S - SLEIAN REEE BRI R TENE - SRR
EMREIAKR T ESE RE ISR EHSE (Bakal et al., 2017) « R[EEB S B E 5 20 E —(EEEES
REARE  ZBFHENER &GS FBEIFERE - HBIFIKIEIYRIZEZARNE - B AHERSHHER GAF A BRI EIE
HIRZYIE &= AR » HMERE - S84 KA TR Kb EY) & 8198 2 S EB A B ERZ 2 (Chang et
al., 2012) - {HFH F S 8RR AR FIHATEVEZ Y B Bl i B S8 BT Al R A b 7 PRET -

[l

) TR E T B g & BTt #ies28 2715 5% -
Q) TTEb e Z BB EA TG A

Q) ET I R R R E A -

(4) #WE/EE > E-mail: mmchu@mail.tlri.gov.tw °
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Br 7 anfEELHAE 2 S - SRR Y AR B TN E S R S8R B R E Y EE ZEA &R - Munoz et al. (1983) K Hintz
etal. (1992) f5HIKEAE R6 (-7 E HLimIY - Fehretal, 1971) 2 R7 ( F3c8 s - AN ) FEELUTE - Hi
V)7 B Bl E Bl S {E RERIFI © 28T - KRGS - S g R EAE [F A S 1N - i GnERYEZY) E 2
5 0 B 5 E DUR A fEE E (Hintz et al., 1992) - dnfd B AR 5 BARY A RSB TN & s B AL K A E Ry SRt nyeZ 1Y)
EEHLEE (Chang et al., 2012) »

BN B R AL R ARAE A i % BB E K » B H AT SRR S fE - A IS bLER o H i
KEFEFHRIFIA - R D O EREZENEN: » AR MUAFERZR 2 KE 0  FErE - POWERAE A E
A EHER Sk E BB E R o IR E R T E R R 2% -

MEET A

L stBabri
SR Fan G S BN 5 [ HEAY I PRI A K (Glycine max cv. Leichhardt » DU TS Au) ~ & EERFTIAL
BEOFTER AT RT S 198 (LU KTS1) ~ AT 28 3 98 (LU TN3) REIEK T2 4
5t (LU g TN4) > G T IO o A -
1L FHREEEET R B
WiES K RN T ERBITRE T FTatisHE - 7hI7E 2020 2 H 12 H (B1F) &9 H 14 H (FXfF)
fEfE o SAEREY 52 2 BEiE%ET (completely randomized design, CRD) » =& » /N&EE R 2.4 m x 3 m » {THE 60
cm > /N 41T 0 BROERE DT A o DIZAEAH AL SRR 43 SRAEE SRR (N P,Os 1 K,0 : MgO =15 ¢
15 115 1 3) G/ HEHEAE 400 kg > 40% JiAE & (F R AL - FlER 60% 73R RETETR 20 F 40 K& H—F1F FERE -
sl B HAR AR A R R DR S RERE - FE HH o e N TRRFE D A TRE ST -
L HEHUE &
N EHATEREIE 2 K7 AIE R3 (BAA4ESE ) ~ RS (HAFAMGTEE ) Kk R7 (G388 » EAMRG ) £ 5
AETTUGE » R DUEE/ NE M 2 /78 2 m REZWHESR @ (ETEAEAGHEEE - &/ GRS
10 BRK B 2 S ERTREEEMEE - SRE RS 2 RS 60 C iz 2 N ERETHEIZYR - RS ARV EE
(mt/ha) °
IV. tHAG{LERAH R BT
RE B 60CHLEZ R M E - FIFZIHAEEMTE ( HD-MI > RESHRAE] » 28 ) RFEZIE 2 PR R
17 (EFAEFLE 1 mm) » 50T K 2 FHEE S (crude protein, CP) ~ fi&e484E (acid detergent fiber, ADF) Kz 75k 4
(neutral detergent fiber, NDF) » 734 J77540°F * CP E&25 AOAC (2019) 2 J57% » & K E.miE > CP K HEfir
AT 874 72 A Ses 1 B (0 T RS FH 28 19 78 &2 (crude protein yield, CPY) - ADF J NDF [ 5E £ % Vogel et al.
(1999) L), ANKOM™” 454531 (ANKOM®® Fiber Analyzer, ANKOM Technology, Macedon, NY, USA) #£{T o
V. Big&GE T
SNER S DL s T EAEHRHS SAS 9.4 (Statistical Analysis System, SAS 9.4, SAS Institute, Cary, NC, USA) #{T
%57 77 #r (analysis of variance, ANOVA) » #1722 81 7= 52 » &% i B P I {E 75 DL /NI 72 52 (least significance
difference, LSD) #E{THE » Lh# S EIGE 2 M2 G E A REE -

L hnfd ~ JHUE R AR IS RS B B &

SR E RIS SR B9 2 B il S 2 S R B2 2 - WA 2 B infe ~ BE R B E R
FRERE (R 1) il R HA(E SRS Sk s Bl B B 2 S5 R (2 2) » KTS1 fER(FRIMR = i =
(93.8 cm) > Au ~ TN3 Jz TN4 FERK{EAYPR S #EER (50.0 ~ 50.2 J 53.9 cm) » AuAEF(E ~ KTS1 AEM (EHI(FHIEE
#7155 (6.16 ~ 6.38 J% 6.23 mt/ha) > TN3 K TN4 {ERKEHYFE R#K (4.65 K 4.83 mt/ha) [ KTS1 AYHZY)E & A(E W
EHEAMFRMERTEE 2 FY - HeRamfiAy RS SRy B 19 DIRIE S KR -



195 E (DS EENSH EESPNER (S w7

* 1. hofd - I RAEFIHERERS - VER - HEOEEEHBMEBRHER Z st =Rt
Table 1. Statistical significances of cultivar, crop season and growth stage on plant height, dry matter yield, crude protein
yield and forage chemical components of soybean

SOV PH' DMY CP ADF NDF CPY
P>F

Cultivar (C) <0.001 <0.001 <0.001 <0.001 <0.001 0.005
Crop season (CS) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Growth stage (GS) <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
CxCS <0.001 0.036 0.322 0.666 0.037 0.139
CxGS 0.052 0.666 0.967 0.039 0.008 0.557
CS xGS 0.534 0.980 0.787 0.962 0.984 0.983
CxCSxGS 0.760 0.926 0.952 0.965 0.899 0.852

" PH, plant height; DMY, dry matter yield; CP, crude protein; ADF, acid detergent fiber; NDF, neutral detergent fiber; CPY,
crude protein yield.

*2. lERAFE R G E Y EE 2
Table 2. Effect of cultivar and crop season on plant height and dry matter yield of soybean

Cultivar PH' (cm) DMY (mt/ha)

Spring Fall Spring Fall
Au 59 20 50.0" 6.16™ 551"
TN3 55.6% 50.2" 5.56™ 4.65%
TN4 64.8" 53.9%" 5.73% 4,838
KTS1 93.8* 61.7%" 6.38* 6.23*

" PH, plant height; DMY, dry matter yield.
* Means within each column (in lowercase letter) and within each row (in uppercase letter) with different superscripts differ
significantly (P < 0.05).

Eefantd - BIfF A B2 ERES KGR B2V EENFE (£ 3 ) > il JTH - KTS1 #yPRE EEZ
ViEE RS > s7HIAEE 77.8 cm Jz 6.31 mt/ha ; TN3 HYPRS B2V B (K - 53515 52.9 em & 5.19 mt/ha - 75
BT > ZERORIDCEIHERERNREZRNVPE > REREEENERGFEMILE - SHEIEIRSEE
VIEREIKE - FEAEEITH > BEEREEVERS - KERTREEEZYERIIE 20 - R3 NRE &
Fga&ESE PR Bz B (K R7 AIRNAE R ERGHE TR BN - kel EERs -

* 3. KEtkeHezV)EREA FEmiE - B0 R A2 PhE:

Table 3. Comparisons of plant height and dry matter yield of soybean in different cultivars, crop seasons and growth stages

PH' (cm) DMY (mt/ha)

Au 54.6° 6.03"

. TN3 52.9° 5.19°

Cultivar . .
TN4 59.4 521

KTSI 77.8° 6.31°

Spring 68.4° 6.09°

Crop season ) )
Fall 53.9 5.33

R3 51.5¢ 4.35¢

Growth stage RS 62.5° 5.57°

R7 69.5° 7.21°

" PH, plant height; DMY, dry matter yield.
* Means in the same column with different superscripts differ significantly (P < 0.05).
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L Aol ~ J(E R AR B SR H LR R &

WSSt 7= SREE R E R R (£ 1) K NDF 25| infld FHAE 2 X RS2 - X ADF B NDF 52 |
nef 5 A B I SSRGS R 2 - A - i~ BAME R B B B2 ERUEM B R B R HY CP ~ ADF ~ NDF &
CPY - infd RIS RGUE ST NDF 28 2 SEREUR (R 4) > 125 ~ DOHIFHVFRIE L > Au B TN3 {E5{EfY NDF
PR A Foss > TN4 B KTS1 fERI(EHA{ERA]Z NDF A~ BEAE S A1 - TN3 fEH(F ~ TN4 Bd KTS1 fE /i {EHA
{E2 NDF #5555 > 3 40.1% LA _E 5 Au B TN3 f£FK{E 2 NDF 881K > 4371 By 38.0 Bl 38.5% -

%4, BIEEHMFEAT PES& R S

Table 4. Effect of cultivar and crop season on neutral detergent fiber content of soybean

Cultivar NDF' (%)

Spring Fall
Au 39.1° 38.0"
TN3 40.2%4 38.58
TN4 4034 40.1*
KTS1 41.0* 40.2**

" NDF, neutral detergent fiber.
* Means within each column (in lowercase letter) and within each row (in uppercase letter) with different superscripts differ
significantly (P < 0.05).

SLRE R B ADF 81 NDF 2 58 RS s8R (%2 5 ) » 72 ADF Jif » TN4 81 KTS1 /€ R7 2 ADF
B 0 SRR 36.2 B136.9% ; 44 LFETE R3 2 ADF 2 HL 5 AR BB 7 5 > ADF /17 313 — 32.2% - £
NDF 77 » KTSI #£ R7 = NDF & (43.1%) > & 5 f7E R3 2 NDF #{(5 [ 758 6 K HLB8 2 56 5 » NDF 712
37.4 — 38.1% - [ » BT KT 5HFE2 ADF B NDF $2L R7 51T R3 R {E -

%5 SRS B TR R S R

Table 5. Effect of cultivar and growth stage on acid detergent fiber and neutral detergent fiber content of soybean

Cultivar ADF’ (%) NDF (%)

R3 R5 R7 R3 R5 R7
Au 31.3°% 32.7% 34.2% 37.4¢ 38.4% 39.9%
TN3 31.6 33.4" 351" 37.8°¢ 3938 40.9
TN4 31.4¢ 33.8" 36.2* 38.1°¢ 40.4" 42.1"
KTS1 32.2°¢ 35.2% 36.9 38.1*¢ 40.6"™ 43.1*

" ADF, acid detergent fiber; NDF neutral detergent fiber; R3, R5 and R7, soybean growth stage.
* Means within each column (in lowercase letter) and within each row (in uppercase letter) with different superscripts differ
significantly (P <0.05).

P ~ WE R B SR KT S LA R (1 AR R (CPY) WISV (%6) > dhTILL Au
<~ CP fz s (17.8%) » X H: ADF Eil NDF ¢ > 53 7l Fy 32.7 £ 38.6% » #3lehin B e » TN4 B KTS1 2 CP ¥5f&
B 17.1% 0 X~ ADF i NDF #75; » 5355 33.8 ~ 34.8 (ADF) ~ 40.3 £ 40.6% (NDF) » 1 4 fl A & Sff b >
FPRHEREE © 2K KTS1 2 CP g » (A YIEE RIS > 1 Au 39 U2 CPY FL B SRR M 24
H 53R R 1.10 B 1.06 mt/ha 5 fnfdfE 2 CPY DL TN3 B TN4 8/ > SE¥E453 5] £ 0.92 B 0.90 mt/ha o fEHATE
J5T > BRPEATEAY CP 65 EL ADF 2 NDF 15 » $5RHSVEBINEE - (BRI 2B RIS TORIE - (e
2 CPY BHARK(E - {4 BT » R7 SR T FC BEAE ELAZPIAE ARG - CP S CPY ki » (AL b
WEARERERS » MBS ADF 81 NDF ; R3 (3 ERIGI M ELEZMIFE R IE - CP 82 CPY i » (PRI
PAAREREETT ADF 82 NDF {8 -
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* 6. REFRHEEHRETHE D E E S F il ~ H(E A F I Z LR
Table 6. Comparisons of forage chemical composition and crude protein yield of soybean in different cultivars, crop seasons
and growth stages

CP' (%) ADF (%) NDF (%) CPY (mt/ha)
Au 17.8% 32.7° 38.6° 1.06°
) TN3 17.6" 33.4° 39.4° 0.92°
Cultivar b b b
TN4 17.1 33.8 40.3" 0.90
KTS1 17.1° 34.8" 40.6° 1.10°
Spring 16.8° 34.3 40.1° 1.04°
Crop season N N N
Fall 17.9° 33.1 39.2 0.97
R3 16.2° 31.6° 37.9° 0.70°
Growth stage RS 17.5° 33.8° 39.7° 0.97°
R7 18.5° 35.6" 41.5° 1.33°

" CP, crude protein; ADF, acid detergent fiber; NDF neutral detergent fiber; CPY, crude protein yield.
* Means in the same column with different superscripts differ significantly (P < 0.05).

T &

BRKE—REARPEE » Rt EE4 RIFR RIMEEER B IR s e B E 4 S HAUGE - 29k
KRS Bz B & 83 S kK K . (Darmosarkoro et al., 2001; Rao et al., 2005) < ZA[f @ E#A LA R
B BEEHEARAVERS > SR AENE/ KbEAR > HExRS5efbETEERNTFHARE  RERET
Y CP s B4 & 2RSS SRR 208k B Ak K = (Darmosarkoro et al., 2001; Rogers et al.,
2017)  BEA1 - A5 DAL R R SAE R 8RR EE - 1F R6 PEERUHERT - -k B R R S RVEZY)E B LA R
HEEMESR  8khan B R DU P R R (Rogers et al., 2017) « AbF5E 2 45 3R B1HT AWFZEAETT - SPRERE (KTST)
HItk S B E R H A2t - HRYE 8N (£ 3) 0 BREAENR K S (Au) AVEZY)7E & 7T B KTS1 R 2
EER > NHERE BN HEA S mE (£6) -

RIEEFERNTARFSENERRZE - Hb X DOEERBER AR 26y HH3 (Bakal et al., 2017) - FE&E(E =@
FEAGIEREIE AR BERERAN > SLEHAE LRRES AN EBRERMERKSEIZYEE -
F » (HEHE E2REELE AL » AT CP AT ADF i NDF fis (4K 0 2016) « 27 > BEZRKPERIETEL dund:
AR HRCR AR - KERATE A LA RIMEEk e Eez Y E s 1% - HER S etkitEfS - KE CP
A= ADF Bl NDF #7255 > 2020) « AWHSEEUR » KEFERENMES ~ ©2)EE - CPY - ADF 81 NDF 55
BKAE > B CP HIZERKIESINELE (£ 3 KFR 6 ) FLAEFHEHIZK B A FEZE K AR KRB > BIEa LA 5
Folt BF» (RERERVEEER  HROR ISR S EIE ZEMEBERET + P B B R0/ T
ERE RS RIEE NS ER TR > (HERH 2RICEN B84 S 2 BREEE - BECREAEKIEN CP
§2 1571 ADF Eil NDF I, o

Hintz et al. (1992) B4 Agikgoz et al. (2013) f5iH1 - DAEZRLRokFh IR BAE B8l AR 7 - BB R EHIAEEI R1 2
R7) 27 - MR BERZ Y B3R 2 W0 (B8 RHEE24H AT » HH R1 2 RS » CP ik ADF 24 NDF j#ii » (5
R5 % R7 > CP g /jifi ADF 82 NDF % » R[E4E SR GE L TEZFERRAE - ERFFHEET AT
TEFEETRRZ 2L - [LA) > Chang et al. (2012) BF958R » DL TN4 K TN7 FiESEIE K ZAE ekl AR E - KEAVREN:
ARELERHEER A R e 2 B4 B3 B il 2 AC R R 2 - SR ARIE R IR S ~ BZIE R ~ CP ~ ADF J; NDF £ R
64 B HA A B EE P Bk Bk R Z AR [E - XA AR RS > TN4 Bl TNT By 8 AR B 2 R L2 4H R AT
NEEEHHEEES B AR - WK S AE B IAE BEpkl 4 A RS u L ESE > 2 -

FH B B A E Z A RRUERUR (R 2 Bk 4 ) » DI PENFI AR E AufERERIAERE » 118 ~ TIE T EGER
1= Bz EE S HUK 2 NDF o AN EMATE - Au fESE B EAR(R 2 ADF B NDF (% 5) » X H S EE
BN (FR3IFF6) > Au ZiZYFER ~ CP 81 CPY = H ADF il NDF 5K > FL455EL Rogers et al. (2017) 52 Rl
AR K S A 1E B3 A 2 G5 am T - BEZR RN T KTS1 FE @RS HE A4 Au > (HEFER ~ FEEE
A EMRE  YEERK CPY fim » INEETE KNG HEE SR(EATKIE (8 2) fERER -
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EHEAEE Z8ZYER » S CP B CPY fys H ADF B NDF ff > @ & 1F RERATH - A (KTS1)
M~ e B CPY SR MR & AR -

ZEXRA
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Abstract

Soybean (Glycine max) has a high nutritional value and is widely cultivated in Taiwan, making it suitable for production
as legume forage. The purpose of this study was to determine the effect of cultivar, crop season and growth stage on soybean
as forage. To compare plant height (PH), dry matter yield (DMY) and forage chemical composition, four cultivars of grain
(Au and TN3), forage (KTS1) and manure (TN4) soybean were planted in the crop season of spring and fall, which were
harvested at R3 (beginning bloom), R5 (beginning seed) and R7 (beginning maturity) growth stage, respectively. The results
showed that soybean PH, DMY, crude protein yield (CPY), content of acid detergent fiber (ADF) and neutral detergent fiber
(NDF) of spring were all higher than those of fall, but crude protein (CP) content of fall was higher than that of spring. When
harvested in different growth stage, PH, DMY, CP and CPY were highest in R7 stage, but its ADF and NDF were both the
highest among other stages. Compared with tested cultivars, DMY in spring and fall of late-maturing oilseed soybean (Au)
were 6.16 and 5.51 mt/ha, respectively, which were both higher than other cultivars. Furthermore, CP (17.8%) and CPY (1.06
mt/ha) of Au were the highest, and its ADF and NDF (32.7% and 38.6%) were both the lowest among other cultivars. Among
the tested cultivars, Au was most suitable as forage. According to the result, it showed that late-maturing grain-type soybean
for forage use could retain both higher quantity and quality. In addition, forage soybean (KTS1) was characterized in late
maturing and high yield, whose DMY could reach 6.23 mt/ha and was also an appropriate forage in fall when soybean DMY

were generally low.

Key words: Crop season, Cultivar, Forage, Growth stage, Soybean.
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AaEs HEV P et B e FEF P EEREN R - HRASEHEAHENERMIR - MRS ~ %)) ~ it
SN RERRMEIRZ 22 DI R E R 2 R e b sl fHRRSFEH - K | BiREBSSE MR
BER  BRAIABERE 240 ERERI BT S (BRI - (E X R E A R R E BT BB I9RC E M - BT 08 > 70
A R ¥HIGE4H (control) © ALHFETHE - AINNMEATHIA R EEEY) ~ AAH ¢ 7N 2% L5 (Artemisia argyi) ~ PA 46 @ IR10
2% EFE (Plectranthus amboinicus) ~ AA + PA 4H : JiHI 1% & + 1% /&= FFRA Tylosin 41 @ 7400 50 ppm Z=fE]
F o G5IREUR 0 0 — 16 AR E ELL PA SAREEHHAN A Risr (P <0.05) » ARSI E - falRlisiiteR « B RApERAIE
P PRAH A A 5 ISR ES & 0 FR Tylosin 4HLASN > RIIDURID AA 4HER(E - 15 16 BEEE » i (ND)
EAMEHELC JE (IBD) SR8 3% (IB) e JI(E - 1gA B 1gG i EkE T ~ IL-1 B B IL-6 /1 H & ~ &AHIK
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Tylosin 40 %= (P < 0.05) 5 HAMMUR B RIAE & PR AH R g 22 52 - [EBeR0 M - HIG4HBE L AA4H - PA 4
J¢ Tylosin 4 £y 155 (P < 0.05) 5 [l AA + PA 4HEHZZH PA 4 K Tylosin 41 Fy15; (P < 0.05) < fEEZREA A kAR EE EL%

AU 2 - SRE DL LRI > AEMPIAEREAE - GHRALEOESRFEFEE > PURIT AA dHEE - FDL
ARMIR - f8E - 5K - UETREIE ~ EIRES ~ TER - WEAEEE - RS - IETiE(bRE T R ERe M
INEFERETE  HEHEATETERNINESSE AR RPE -
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NEREFHRE(CEMRIER - MoaCH > ESRE > WABTEEER (55 > 2020 ; Languido et al., 2020 ) >
i VE B AR BGaR N > Fh &8s » /2 -/ E4 Plectranthus amboinicus ( DL f8fE PA ) » X% Coleus amboinicus ° /B
ACR NS SETEBAEY) - JRARENE » BEAARIE ~ o8~ BUNMEVERURRE S - FEEYME BERFREREY) > &
76 fEIERE K 30 M NEBEMALEY) o ERE ~ ik - =0d o~ &S B BEREEEEYE > EHERE SR -
Piggk ~ PR - (SRS - PUER - A4hE - PR L - TR - BRI RIRE AR EENE (FF55 > 2018 ) - 5546 E£
EEH HEHE LIS ~ BRI R EIT IR ~ PRI ~ LM ~ DI ~ &8 ~ DS BRI R AETE AR R AR (575
2018 ) o FTAEMFIREREAE Y > GRENINAE FEEAREL R ~ 255 008 BB B AZEN{FES (Languido et al.,
2020) 5 AR A EE &A1 AEREERF & & (Silitonga and Syaputri, 2018) 5 /¢ ek 2 28 - 4&CE IR Eimeria
tenella 1% > &I EAPIERESEARZEYEN: > t[EEHENIEGE BV S BHSEE (Abdul-Wasae et al., 2017) -
SCEERY, Artemisia argyi ( LU fETE AA ) > 59 (Asteraceae) & J (Artemisia) fEPJAVFZREE > 2= Bl 8 DR s
BEZIEEME > EPFENEERSEEES » & EFEES N - S - B - MRS =
AR 7 DA M T & (B > 2018 ) AFEAR RS Y > WEEANE - buws - Pigb - §UE - ik
iE K bR g IETIEE (BI85 > 2018 ) 5 GERAIINCE R R (R E N R R E RS - I RIEE (R%
2015 ) ; fREmEMAEE MR - IEESE RIgEiiELsES) (B > 2019 5 3RS > 2020 ) ; GERERNIICER REEEHW)
] e A EERT R NS U LR ERE ) R O AT R L NS (LR RS (Zhao et al., 2016; Zhang et al., 2020a) ; fifE
INSIISCEZEEY) 2 H A RS B AR 201 (lipopolysaccharide) /%1% » FIFE(KEE RIEAR » WEER S MU0F - AR - FFREAD
/NG EI TS (EAREE (Zhang et al., 2020b) + 1€ 1 A ZEEIEI I S ALEAH B AR AL > 42 Hils4 RMERE - 4T RE
BER e REE RS (P < 0.05) (Gholamrezaie Sani et al., 2013) ©

Rt A R ER B (9 BT @ N I S B e - FHF P8R0 R - WIEMERAS B A RIERE - MR - %
71~ BLEE T BRIk 8 BN A R 2 R bEEES > (BRESEHA -

M T A

KB TE e T B g am T (A E AT ) ERER ST SBEY 2 - AEEH K
SN B AT E g S N S B 108-37 SRR EE -
L NEREFENREUE
KRB VEREFENR - MTTEREEZ B G REEYHEYEERAT (SRR ) #ET8E 7=
KECEERIEE (4 H18 H ~5 H 15 HE 6 H 12 H ) » IRERFUE 2 E e FEEYIM EE 2RI > 73R4 H
YeEEZ 3 — 5 HREIVIE/INRT S0CHER » 24 /NEFPISERREZ I » BIFEEEY 2 mm 24 AL -
1L sEaEh ) el e e ps 2
B 1 HE RS E B RN ER - SRAARERE 240 & > BEHEECHY 5 (EafEpz B4l - (& AHH EReE R
ATEERE T IE - TSR EEAE 73 A1) s ¥ B4 (control) © BREREANE - ARIIEATHI A ZREEEY) ~ AA4H 1 IRH0 2%
SCEL S PAGH D ORIN 2% /278 ~ AA+PAZH IR 1% SCERT 1% /2 FF0R G AR Tylosin 4 © 77801 50 ppm Z=f#]
Z o AR SR AT BTN 1 - R FEEEYINR2 - TR 4 EE > GEE 2 €A% &
20 P EEREE (SMETEEE R 12 £33 M) REBMEUKEERIIRTE - RBE 16 HEaEH » HitEs
AGCEREE T -
1L CHIETH H B 5%
() AEMAR -4~ 8~ 12 Bl 16 HEFEEUE 7 2 SRS E L Er sk S TR FeR & - DUREEESETE - stEH
I HIMER (average daily gain/bird, ADG) ~ 5 & HiR & & (average daily feed intake/bird, ADFT) Jz Gafis} A
3% (feed/gain, F/G) »
(i) MRS (MMEKETE > blood cell count) fz AEALAE S #7 + ZEENES 16 MERHF &S IR E % H EAFARER T 3 mL »
rEERk 2% > Hir 1 EHEIIRER 53 # > DA Exigo Vet 2= H EEIY) MK 53 M > HIZE H ¥k (white blood cell,
WBC) ~ FLEEER (heterophils, H) ~ JEEER (lymphocytes, L) ~ E&HM: (H[MER (neutrophils) ~ BEAZEK (monocytes)
ERE M [ [MER (eosinophils) Kz HEwgM: [ ER (basophils) ~ 4L [MEE (red blood cell, RBC) E[fli/\M (thrombocyte)
4l ~ Z4FE [ (total protein, TP) ~ 4848 H i (fibrinogen, Fib) ~ [M4T Z 2 (hemoglobin, Hb) KM ZLE (packed
cell volume, PCV) {H ; FH&CHIMIRATAETEES T E T2 BEFII4LMERATE [mean corpuscular volume,
MCV = PCV (%) x 10 / RBC (10"*/L)] ~ 941 M Bk [ 41 25 & & (mean corpuscular hemoglobin concentration,
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MCHC = Hb x 100/PCV) BSZH54] [ Ef 4] 2% & [mean corpuscular hemoglobin, MCH = Hb x 10 / RBC (10" /L) )
% 5 1B 4C ~ 3,000 rpm B0 10 S38E% T EUME /745 - ORISR A(BE - PrigIE - RIEERE
1 (immunoglobulin, Ig) K241 2 (interleukin, IL) & -

1. SBRETEETIERAC T B Rk
Table 1. The composition of the experimental basal diets
) weeks of age
Ingredients (%)
0 — 4wk 5 — 8wk 9 — 16 wk

Corn, yellow 46.15 50.45 54.45
Soybean meal, CP 44% 40 34 28
Wheat bran 4 6 8
Soybean oil 6.8 6.5 6.5
Limestone, pulverized 1.2 1.3 1.3
Dicalcium phosphate 1.0 0.9 0.9
Vitamin premix* 0.1 0.1 0.1
Mineral premix” 0.2 0.2 0.2
DL-Methionine 0.15 0.15 0.15
Choline chloride, 50% 0.1 0.1 0.1
lodized salt 0.3 0.3 0.3
Total 100.0 100.0 100.0
Feed cost/kg, NT$ 13.0 12.5 12.2
Calculated values

Crude protein, % 21.3 19.4 17.4

ME, kcal/kg 3,075 3,084 3,109

* Supplied per kg of diet: vitamin A, 10,000 IU; vitamin D,, 1,000 IU; vitamin E, 25 IU; vitamin K, 3 mg; thiamin, 3 mg;
riboflavin, 5 mg; pyridoxine, 3 mg; vitamin B,,, 0.03 mg; Ca-pantothenate, 10 mg; niacin, 50 mg; biotin, 0.1 mg; and folic
acid, 3 mg.

* Supplied per kg of diet: Mn, 60 mg (MnSO, * H,0); Zn, 60 mg (Zn0); Cu, 5 mg (Cu,SO, * 5H,0); Fe, 70 mg
(FeSO, » 7TH,0); Se, 0.1 mg (Na,Se0,); and I, 0.45 mg.

(iii)

(v)

V)

(Vi)

(vi)

MRAABME = DA A AL 73 & (HITACHI 008AS) 3 it & 5 FeUHI i P H sl HI =40 (kit) #7047 e IH
H B RE 5k i ik SR 2. 8 i i 5 (Glutamate oxaloacetate transferase, GOT) ~ kR4 1% 74 I % #2216 (Glutamate
pyruvate transaminase, GPT) + FR 2 %\ (blood urea nitrogen, BUN) ~ J| % i (creatinine, CRE) ~ = & H i1 fig
(triglyceride, TG) ~ 44BEEIE (total cholesterol, T-CHOL) ~ 4475 [ (total protein, TP) ~ (& (albumin, ALB) ~
BREEA (globin, GLO) & H / BREHALLA] (A/G) 5 -

PUES I8 © AR 12 B 16 e DU sl B HUE 8 & MR ik fn oy A B HiRe (8 > fedlTE B B 4E ¥ iwos
(Newcastle disease, ND) ~ {2 & {4 #E [L, B J5 (infectious bursal disease, IBD) K {8 J% M4 & 52 /& # (infectious
bronchitis, IB) o R LA E PR EFEGT RS IRET O EHEEE - BOHHEEE L2 58 I(E - ND £
FH I ER e 4] &2 FE (hemagglutination inhibition test, HIT ; IBD }%z IB RIJ$¢ I 2 9% 43 #7724 (enzyme-linked
immunosorbent assay, ELISA) o

B G (immunoglobulin G, IgG) B IEEREE [ A (immunoglobulin A, IgA) : FAEE 16 HEESHY » BREUM
WEER S AT IS 1 1gG B IgA 7RIS - fFIE PA Bethyl A F]Fr 4 E 2 #E & 1gG B IgA B R R A EH
(chicken ELISA IgG F% 1gA Kit) #5758 » iDL ELISA &85 5% ts%{# (Bio-Rad Laboratories Inc., Irvine,
CA) » DU 450 nm (T &8 0HT -

Al 55 3% S FEARAE 2 (pro-inflammatory cytokine) © A5 16 FEGHT - (KERANAEIM 2 70 M E4H b 2 B BH #
VE » FI A B 2= W B 50 A 202 450 nm JHIE H B s &M% 5 IL-18 (interleukin 1 beta) & IL-6 (interleukin
6) IR
PLEAC IR AL 16 HERNF - Al S LY (LER (superoxide dismutase, SOD) ~ 4 % {b G K (catalase,
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Iv.

BRI R AT B AR EASF AR - MR ERIERE

CAT) K 7% Bt H f#1% (glutathione, GSH) JE & » Rl 43 JIl f< 5 1H FE & 4H (Catalog No. 706002, 707002, 703002;
Cayman Chemical Co., USA) @it Z St II#RIE A E
o) EASPEAR ¢ A 16 G - BN SRR EHE 2 & BRHETE S EGET40E - HE
i ~ BB R U AR (o0~ B~ W3 - SENL) 2 BRSTR 0 HHEI—HEANBET Y > BRS REE
B~ #5 - BB~ - B DURIE BB RS & B0 A o0 VI B S ELLLH -
1. BHEE © DRk ~ BREREERR -
2. SRR L (FBHSE / VERSEE ) x 100 -
3. ZESALZ LR - (BB EE / BREE ) x 100
4. A EEANREE = OFEE + PEE + HFEE - fTe kBRI = [(OEE + WEE + HiE ) / BREE
x 100 °
GEtortr
PR il RIE T - G EE R—alBR Ao - HAMEIR - B DUERHEE RaliR i - s5E
B IEMIRERE > MIF4ETEEHES SAS (statistical analysis system, 2008) #EfT&EET /34T - I DA — &R AR R
F¥ (general linear model procedure, GLM) #7758 534 » B LA/ N T7391E (least squares means, LSM) ERHER % B
B2 R EE -

®2 BESEHEEEER

Table 2. Vaccination program of black velvet silky chicken

Age Vaccine types Note

Hatched MD Subcutaneous
ND x IB Drinking

2 wk old ND x IB Drinking
POX Wing web

4 wk old ND x IB x IBD Intramuscular

6 wk old ND x IC Intramuscular
ILT Eyes, nose

8 wk old ND x IB Drinking

12 wk old ND x IC Intramuscular

MD = Marek’s disease; ND = Newcastle disease; IB = infectious bronchitis; POX = fowl pox; IBD = infectious bursal
disease; IC = infectious coryza; ILT = infectious laryngotracheitis.

R

A RMEAR ~ SR RSB T

ERERIIN S~ ETEMRRIEREHBRASHHABERIERZZE > JINER3 An - EREET
I > £ 0 — 16 BitiR R E Ll PA (BT EIHANAE Ry (P < 0.05) » HERS RIS BHAH R SR E 2 B e
B > SRS pE A A e R AR ARG - £ 13 — 16 FAHIRILL AA + PA (HBIEE Tylosin
Ry (P < 0.05) » HERSIHRIAN S pa AR SRR 2 5 - 30 E )y > BEAEREL Kim et al. (2012) B8 5 A%
%1 — 35 HiRERMEREGRBIL > SRR 1% B 2% ERREZ IREE - fol B B REigoR iy B IR
fmEAE 2 8 Khalaji et al. (2011) 3 HAZES 1 — 42 HEAERIERESTRSIL > ST 1% SCERREE
Z Bty B B pE R oR g B IR g e B L (HIR B E IR R IR (P < 0.05) AFERHN - EET&
#53 » Silitonga and Syaputri (2018) KRR S ~ 10 ~ 15 B 20% 7= F-F kR G080 W - H 35 Hiie 2 i S
EEHYEERE (P < 0.05) © Languido et al. (2020) BRI 3 ~ 6 B2 9% 7= T B RETEE NHES 1 — 35 HilkZHE
H S B BlE R E ORI B S IR (P < 0.05) - SREBERIBE RN HIRAE (P < 0.05) » FESMAAN 3% A
6% ZEFEBIIAR > 1 7 EE R B ERBEE E R E R (P < 0.01) - BUARGUERIRIN 2% PA BEE M NI PR & B 4E AN
T ABLERIIEEBIEE 9% BFE SRR B B - ARl = R S e DR I DA B E P A A e e 2
AR - EHRERETHAER 4 For > (£ 8 BERFHGELL AA + PA 41 K Tylosin 4HBHZRH IRAH L (P < 0.05) »
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S5 (2015) s e BRI 2 ~ 3 B 5% SRR R G m A FEES 42 — 102 Hiiv 2 i E I E S N HIGH
(P <0.05) » PE&SESRBIATERTY 112 HERI 2% SCEA AR 2 455848 - HEHPT AEBdG BR s i A 2 IR DR T -

HEAR  EHEFEFREITHNR3 im0 0 — 16 B EIRA - AA4H - PA4H - AA + PA 41 F Tylosin 41 7 7
SERSYRE 90 ~ 100 ~ 84 ~ 100 K 98% ; {# AA 40K, AA + PA 4HA]3E 100% 17,5 o

x® 3. ERNINEBRAETERRE 0 — 16 B ERSE R AHERMRBEEER
Table 3. Effects of diets added with Artemisia argyi and Plectranthus amboinicus on growth performance and survivability

of male black velvet silky chicken during 0-16 weeks of age

Items/age Control AA’ PA® AA + PA mix" 50 ppm Tylosin ~ SEM
Feed intake, g/bird

0 — 4 weeks 423 440 443 420 412 13

5 — 8 weeks 1,065 1,132 974 1,130 1,100 80

9 — 12 weeks 1,594 1,542 1,583 1,545 1,546 37

13 — 16 weeks 1,667 1,614 1,972 1,659 1,693 109

0 — 16 weeks 4,749 4,728 4,972° 4,754° 4,751° 59
Weight gain, g/bird

0 — 4 weeks 195 197 193 185 190 6

5 — 8 weeks 358 316 312 300 317 32

9 — 12 weeks 473 491 506 513 485 29

13 — 16 weeks 327 311 369 300 362 24

0 — 16 weeks 1,353 1,313 1,378 1,298 1,354 35
Feed conversion ratio, feed/gain

0 — 4 weeks 2.18 2.24 2.30 2.27 2.17 0.05

5 — 8 weeks 3.08 3.67 3.11 3.98 3.58 0.43

9 — 12 weeks 3.37 3.18 3.16 3.04 3.25 0.18

13 — 16 weeks 5.15% 5.26% 5.33* 5.67° 4.68° 0.29

0 — 16 weeks 3.53 3.60 3.61 3.67 3.51 0.07
Survivability, %

0 — 4 weeks 100 100 100 100 100 0

0 — 8 weeks 92 100 84 100 100 7

0 — 12 weeks 92 100 84 100 98 7

0 — 16 weeks 90 100 84 100 98 8
N=4.

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

" AA = 2% Artemisia argyi.

* PA = 2% Plectranthus amboinicus.
" AA + PA = 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

AR ERETEEIR (K 108 FETS S FRHERETR > 0 — 4 ik ~ 5 — 8 i 9 — 20 Bivtakd - 2IHEk
FRAT ARy 13.0 ~ 125 F2 12.2 Jr/kg - ZEEEREELY 2,400 Jo/ke o MRIEEEFATH (S SR B/ T BTV AR

EARIRERCAS 73 751 Ky 300 £ 1,580 JT/kg » At LAH A EF

fE4H ~ AAZH

AR

PA ZH ~ AA + PA 4L ) Tylosin &H¥ &S5 7

INHEO — 16 BEKUE Rz T > FIAIFR 5 fis » &EREUR > 5 1 & 16 Hl RS H H A HEIERE ] & 400 7

RIEIZ4H ~ AA &H ~ PA 4H ~ AA + PA 4H Iz Tylosin 4H 27 75 F] » & & 53 Al Ky 301.4 ~ 313.3 ~ 117.6 ~ 252.0 Fz 332.8
7T + L Tylosin 2HE(E > HEAERPIAEZRAILL AA dHiRfE - EEBIRADS#FEE Mk 11.9 T - Languido et al. (2020)
BERRIARIN 3 ~ 6 B 9% IEF-EMREVE A AHE | — 35 HR . FEFFATENEIRAE - RGBT EFERA
IR - (R EETE AT HEIRELE DU (E B A 2 60 JT/kg 5HE - FEINTUIRA (10 Ju/ke) ~ HERZ (HASIEERFH 16
/INFFUE 30 TT/kg ) ~ IS 80 TT/kg o (i 150 kg B /e e f& ) 10 kg ZE F-HHAGTE - oA 2/ 1,580 7T/kg (4
STEPIREINI T RES ) © AR - BEEREE > DIEARS - NI (SR B T/ AR AR e
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RASEMEHE > RACERR L ER A G E K -

T4 NIRRT BRRE 4 - 8~ 12 8 16 BiRBESHHAHGE (o) ZHE

Table 4. Effects of diets added with Artemisia argyi and Plectranthus amboinicus of Chinese herbs on body weight (g) of
male black velvet silky chicken at 4, 8, 12 and 16 weeks of age

Items/age Control AA’ PA® AA + PA mix’ 50 ppm Tylosin
0 weeks 30.6%0.3 30.4£0.3 31.1£0.3 30.3+0.3 30.8%0.3
(N =48) (N = 48) (N =48) (N =48) (N = 48)
4 weeks 225+5 227+5 224+5 215%5 221%5
(N =48) (N =48) (N =48) (N =48) (N =48)
8 weeks 576 £ 13° 542 £ 13% 544 % 14® 515+13° 537+13°
(N = 44) (N =48) (N = 40) (N =48) (N =48)
12 weeks 1,048 £20 1,033 £20 1,050 £21 1,028 £20 1,022 £20
(N = 44) (N = 48) (N = 40) (N =48) (N =47)
16 weeks 1,367 £29 1,343 £28 1,405 £ 30 1,328 £28 1,375 £ 28
(N =43) (N =48) (N = 40) (N =48) (N =47)

Mean = standard error; N = 4.

“® Means in the same row with different superscripts differ significantly (P < 0.05).
" AA = 2% Artemisia argyi.

* PA = 2% Plectranthus amboinicus.

" AA + PA = 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

xS ERRANIICREREAE TR 0 — 16 Ml RS H B A2 SORGs i
Table 5. Economic analysis of diets added with Artemisia argyi and Plectranthus amboinicus on male black velvet silky
chicken during 0-16 weeks of age

Items Control AA” PA® AA + PA mix" 50 ppm Tylosin
Feed cost/bird (NT $)' 58.6 58.4 61.3 58.7 58.6
Additives cost/bird (NT $)’ 0 28.4 157.1 89.4 0.6
Chicken price/bird (NT $)’ 360 400 336 400 392
IOFC/bird (NT $)* 301.4 3133 117.6 252.0 332.8

" Feed cost / bird (NT $) = [0 — 4 weeks feed intake / bird (g) + 1,000 x 13.0 NT $ / kg] + [5 — 8 weeks feed intake / bird (g)
+1,000 x 12.5 NT $ / kg] + [9 — 16 weeks feed intake / bird (g) = 1,000 x 12.2 NT $ / kg].

* Additives cost/bird (NT $):
2% Artemisia argyi cost/bird (NT $) = [0 — 16 weeks feed intake / bird (g) + 1,000 x 0.02 x 300 NT $ / kg].
@ 2% Plectranthus amboinicus cost / bird (NT $) = [0 — 16 weeks feed intake / bird (g) + 1,000 x 0.02 x 1,800 NT $ / kg].
@ 1% Artemisia argyi + 1% Plectranthus amboinicus mix cost / bird (NT $) = [0 — 16 weeks feed intake / bird (g) + 1,000 x

0.01 x 300 NT $ / kg] + [0 — 16 weeks feed intake / bird (g) + 1,000 x 0.01 x 1,800 NT $ / kg].

@ 50 ppm Tylosin cost/ bird (NT $) = [0 — 16 weeks feed intake / bird (g) + 1,000 x 0.00005 x 2,400 NT $ / kg].

* Chicken price / bird (NT $) =400 NT $ / chicken x 0 — 16 weeks livability (%).

* IOFC/bird (NT$) = Chicken price / bird (NT $) — Feed cost / bird (NT $) — Additives cost / bird (NT$).

" AA = 2% Artemisia argyi.

* PA = 2% Plectranthus amboinicus.

" AA + PA = 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

IOFC = Income over feed cost.

L MEbTae T I(E
KRR I AA 4H ~ PA 4 ~ AA + PA 4H & Tylosin 4 ¥ PR 4K 5B e N FEIMUE DL I E Z 28 > FIAIEE 6 ft
o sBREEIREBUR 0 1E 12 BERE > DL AA 4181 AA + PA 417 ND Hifle I (EEIEE PA H S (P < 0.05) 5 AA
+ PA &7 IBD fifie JJ{HEEEL Tylosin 21y (P < 0.05) : PA &7 1B Hife JJ{HRE B AL EL Tylosin 21 /s
(P <0.05) - 4£ 16 #iiei; - ND ~ IBD ¢ IB Z e SIEANME S AN P9 MRBIE 72 52 - Kaab et al. (2022) 15
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BRI 1% SC5 (Artemisia) #5654 VR 35 FIS R0 U BBEHERF (P < 0.05) » FEEIA A3 BR AA 4145
R U RERE RS R -

B S AR BAIRE - PSR - - (EMBAE SR R UM R TR -
WO EEE  BEREERA R TEERE  REZARY R ARERER - e
8 - AORSIREDRI AR B - MR B EAES  t HRR SER S RIS - — T - B
O IR P SR ) 2 IEAR - SOOI e - WA RERIIBTRBAE J] (Peleg et al., 1976) - AHHFEHT
PR B R USRI S50 EHUSHER (2003) BB BB ST SRR &
el o Hott > ND ~ IB K IBD 47 B> 16 — 1,024 ~ 3,000 — 10,000 & 3,000 — 10,000 H 55+ 17 - A DIA S S &%
AR 12 9T 16 I 5 ND [USHUBRESSY - S8 1,024 - BRTTAAERINE AR ; T
1B L7 U35 $51 3,000 ARSI (E 15 12 K% 1BD A HIMEIES) - £97F4 3,000 — 10,000
TIELEARES - {16 TRIS FRI AA + PA ULEVA IR - Eoft S PEIRALES(ER 3,000 REEREIE - —T
B+ BRI B NN © SECHE B - RS  DACCHRRASBONE AL (BRI | RIERGS)
% o U SRS I ER - IR R R - AR BRI - RS
HeBE 2 B (ZERGE - 2003 ) - BYVIBHRHOIE U SLE S8 SR SRR - UL - B TOREEMIE T - SLAR
AT TR G 1 LRI B S 72 53 S (PR - 19969) -

F 6. GAMEANIIEEE FE/ AR 12 B 16 Al RSB KM 2 HioiE (ND) ~ HIL R 25 (IBD) K&
FMESRE R (IB) DUl HE 2 22
Table 6. Effects of diets added with Artemisia argyi and Plectranthus amboinicus on ND, IBD and IB antibody titer of male
black velvet silky chicken at 12 and 16 weeks of age

Items wks Control AA’ PA* AA + PA mix’ 50 ppm Tylosin ~ SEM
ND' (log,) 10.0° 10.6" 8.9° 10.9° 10.1° 0.4
IBD” (x 10°) 12 4.1° 4.2 4.6% 5.5° 4.0° 0.5
IB® (x 10°) 1.3° 1.6® 2.2° 1.7% 1.1° 0.3
ND' (log,) 10.7 10.8 10.7 11.3 10.7 0.3
IBD’ (x 10%) 16 2.5 2.7 2.9 3.5 2.6 0.4
IB” (x 10°) 0.9 1.0 1.2 1.1 0.9 0.2
N = 16.

“® Means in the same row with different superscripts differ significantly (P < 0.05).
ND = Newcastle disease; IB = infectious bronchitis; IBD = infectious bursal disease.
' Serum hemagglutination inhibition assay.

* Enzyme-linked immunosorbent assay.

" AA = 2% Artemisia argyi.

* PA = 2% Plectranthus amboinicus.

" AA + PA = 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

1. fpyEEkE H
ST AA 41~ PA 41~ AA + PA 417 Tylosin 418§ S S8 B/ BE S IBREE (1 2 © B0 7 s -
BRGS0 16 8L 1gA B 1gG {F & R A I mAEE 7= 5L o PhES SR BIESE (2015) $5/E(E K A ZESS 21 B2 42
Hiit> TgA Bl 1gG J71H » BRI 0 ~ 0.25 ~ 0.50 ~ 1.00 Kz 2.00% L&k ARAH M Bl IRAR SRR BLAH DL -
IV. Fij= 3% K FEATH 2 (pro-inflammatory cytokine)
BRI AA 4H ~ PA 4 ~ AA + PA 4 % Tylosin 4H ¥ SR4H 5B BiE A FERT3E R I MEATMIMZE 2 5288 » B2k 7
Firo o slBmal RAUR » 16 JAHS TL-1B Bl IL-6 {7 & R TR AH A IRl 2 2 -
L1~ IL-6 B TNF-o B4 % 2 MEATHNOE » 15428 36 RO RE P M B S0 0 € 35 = REAMAEL 2 1
Mg FEME - RS - fE -~ 2 SR RE - 3R NEY TEHEETE - ATRENUS L EREAAE DL
GRS 38 3R VAR » IS (L B 4HAGEL T 4HAt > B hnamAE s 2R i 2 A Bl i AR P9y 5 M (Nathan,
1987 1 2255 > 2004) - AZEEIREA NI E AL vl 7 1ERE S 1 5 BE 261 (lipopolysaccharide, LPS) Fir5 [#2HY 15 H
S L o R AL 5 e S DA 063 36 S MR35 90 0 A SR B RE I » T HT3 3
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(R RIT % 36 7 FEARIBELEZS (IL-1 B IL-6) Jr Ry BRE 1T (IgA Bl 1gG) 4 (Zhang et al., 2017) o A3t ER AT S A (i
FILPS - fi_EEEEHIER - Fr b2 SR B AH I 2 A sk S8 SOEAIRAER (IL-1 81 IL-6) ) ek E N (IgA Bl
1gG) » AR 2R -

® 7. EHERIICEBE T B R 16 Bl BA S H A RMBRERES AlgA) G Ig6) ~ THE 1B
(IL-1p) ~ 6 (IL-6) Bl {LE 112 B8
Table 7. Effects of diets added with Artemisia argyi and Plectranthus amboinicus on immunoglobulin A (IgA), G (IgG),
interleukin 1 (IL-1pB), 6 (IL-6) and antioxidant capacity of male black velvet silky chicken at 16 weeks of age

Items Control AA’ PA® AA + PA mix" 50 ppm Tylosin ~ SEM
Immunoglobulin
IgA (ng/mL) 173 213 208 236 173 25
IgG (pg/mL) 693 661 572 680 536 63
Interleukin
IL-1B (pg/mL) 97 32 141 73 85 66
IL-6 (pg/mL) 438 376 277 325 273 53
Antioxidant capacity
GSH (U/mg) 413 29.3 31.8 243 47.5 9.1
CAT (mU/mL) 6.0 5.9 6.2 6.2 6.1 0.2
SOD (inhibition rate, %) 38.1 41.7 423 39.7 36.9 5.5
N=8.

GSH = glutathione; CAT = catalase; SOD = superoxide dismutase.

" AA=2% Artemisia argyi.

* PA= 2% Plectranthus amboinicus.

" AA + PA = 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

V. EbiE LRE

BARRINAN AA 4H ~ PA 4H ~ AA + PA 4H ) Tylosin H B FRGLSH BEA BEMUBHIEALRE D 2528 » FIU1%R 7 P
T © BERAE IR 0 16 8 GSH ~ CAT K SOD JRIEEAE X pa FRAH AP fRME 72 52 - ILBLIE T (2015) £ 5 WEE
% 21 B 42 Hifez SOD B CAT JRIE 51 > SRR 0 ~ 0.25 ~ 0.50 ~ 1.00 Kz 2.00% SZFH AAH S Bl I 4H fe
7257 GEIRART - GSH ZReNEEHIELRIMN B HEIERE > 7 A ENWE HEANESEE S KHEHA
TV EE bR EEY ARG - BRESE ) R R ORFF IE Y IE DAL (Zhao et al., 2016) - CAT A {2 (i
L& (H,0,) R Koy T-EMIK  JBFREEAHY H,0, > TEMEELINE 7Y 2 H,0, HIEEE » ZAEYIN; EEG 2 IR
i — 1 CAT RFENEYRA - RIS LI EMREFEN (RS - 2020) -

VL fEAARE

BAMEIAN IO AA 4H ~ PA 4H - AA + PA 4 ) Tylosin 40 ¥ B S HH A B MF ELEZ 2L - YU 8 Fivk -
SER4E B R » GOT ~ GPT ~ BUN ~ CRE ~ T-CHOL ~ TP ~ ALB (A) ~ GLO (G) K A/G Z % R FE4H [H] 15 M 2 2
25 MENIRAH 2 TG L Tylosin 81 By (P < 0.05) » IRANT 285 =2HAY TG 7 Hf] - HEEL5REE (2020) /£
40 A EHEETT 56 KEaIRIAI 3% SEH# K¥f GOT ~ GPT » T-CHOL ~ TP ~ TG ~ ALB ~ GLO Ff/F4:L{E
B IR AR FR B SR AVEE SRARRT o R IE AL FE AR RE S0 S M BN T A W B B R WA AT O - I S k(i iR
W BUR SRR T P EE RN AR HE A AR S B -

VIL [

SRR AA 4 PA 41 - AA + PA 41 7% Tylosin 4% Bk 58 Bt A BRI Y A0 » H40% 0 Fom - 38R
4t HEH R » PCV ~ RBC ~ Hb ~ MCV » MCH ~ MCHC - lymphocytes ~ eosinophils ~ basophils ~ thrombocyte + TP -
Fib 5% % i PR AH Fa] P9 e B 2 72 52 5 /E WBC J7 1l » AA SHBAEEL AA + PA 41 & Tylosin 4 515 (P < 0.05) 5 1
heterophils J51f » PA 4HEIZEL AA + PA 4 R ¥ I4H Ry s (P < 0.05) 5 {£ monocytes J5 1] » ¥ IR4HEAEEL Tylosin
4H B (P < 0.05) o AStER B (2006) $ 4 HA B HEM: 1%t > PCV (32.88 — 40.68%) ~ RBC (2.76 — 3.49 x 10°/
uL) ~ Hb (10.47 — 14.58 g/dL) ~ MCV (115.75 — 119.05 {fL) ~ MCH (37.88 — 41.85 pg) ~ MCHC (31.90 — 35.88 g/
dL) &z WBC (9,830 — 22,750 /uL) ~ heterophils (1,524 — 7,091 /uL) ~ lymphocytes (6,600 — 11,905 /uL) ~ monocytes
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(721 — 1,401 /uL) ~ eosinophils (189 — 256 /uL) ~ basophils (639 — 2,161 /uL) ~ H/L FEfE (0.24 — 0.60) 55 S AH
AT o [LEA Khalaji et al. (2011) 7£ H A HES 42 HEIFETTIIURZE M7 > EETERIRIITCE R KL~ monocytes B3
S EIIELE (P < 0.05) 455 A[E] - HAth4 RBC ~ WBC ~ Hb -~ basophils ~ lymphocytes Jz eosinophils 275 ¥ IHAH
A RNGE AR - —MINE > BIBK{E RS T2 R BRI 2 B3 R BT K - $HERE SR E
PR 5 OSBRI 2 AT RE AR BB M 5 - BEAZ BRI 2 T RE /2 1 B A% O M B R 17 e M R Y R AR -
AEkEE AA + PA 48 Tylosin 4H39ELEFRAH R (X - BURATR{REE R SRR < Maxwell (1993) #5411 & & W H/L
PEEBRHEIE Z IR » EREECKRIZE8S - 76 H/L J71H » PA 4HEHEH AA + PA 4 ~ Tylosin 4H fz ¥ 05 4H £y
15 (P <0.05) » BURIANIN PA 4HEERAK S B REARE R E = R BI04 -

x 8. ERANIICREEAE T ERRYE 16 BRESFHARMREEZZE
Table 8. Effects of diets added with Artemisia argyi and Plectranthus amboinicus on blood biochemical value of male black
velvet silky chicken at 16 weeks of age

Items Control AA’ PA® AA + PA mix" 50 ppm Tylosin ~ SEM
GOT (U/L) 235.5 244.1 235.6 237.5 260.6 14.4
GPT (U/L) 2.1 2.4 2.5 2.0 2.3 0.2
TP (g/dL) 45 4.2 4.2 3.9 4.7 0.3
ALB (g/dL) 2.0 2.0 2.1 1.9 2.4 0.2
GLO (g/dL) 2.4 22 22 1.9 2.3 0.2
A/G 0.88 0.96 0.98 1.00 1.22 0.17
BUN (mg/dL) 1.01 1.15 1.15 1.00 1.15 0.10
CRE (mg/dL) 0.10 0.17 0.18 0.14 0.20 0.02
T-CHOL (mg/dL) 146 145 127 141 134 13
TG (mg/dL) 68° 48" 48% 47% 41° 9
N=38.

GOT = glutamate oxaloacetate transferase; GPT = glutamate pyruvate transaminase; BUN = blood urea nitrogen; CRE =
creatinine; TG = triglyceride; T-CHOL = total cholesterol; TP = total protein; ALB = albumin; GLO = globin; A/G = ALB/
GLO.

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

" AA= 2% Artemisia argyi.

* PA = 2% Plectranthus amboinicus.

" AA + PA = 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

RO, BRI B FERRE 16 Bt RS FHARMKE 28
Table 9. Effects of diets added with Artemisia argyi and Plectranthus amboinicus on hematology values of male black
velvet silky chicken at 16 weeks of age

*

Items Control AA PA® AA + PA mix’ 50 ppm Tylosin ~ SEM
PCV (%) 32.36 34.44 34.13 33.88 31.38 1.25
RBC(x 10%uL) 2.53 2.65 2.65 2.59 2.42 0.11
Hb (g/dL) 12.44 12.74 13.00 12.45 11.95 0.48
MCV (fL) 128.65 130.91 122.08 132.18 130.05 471
MCH (pg) 49.56 48.30 46.32 48.44 49.53 1.56
MCHC (g/dL) 38.44 37.06 38.19 36.83 38.20 0.68
WBC (/uL) 15,893 18,550° 16,960® 14,513 14,613 983
Heterophils (/uL) 2,484° 4,705% 5241° 2,902 3,807 754
Lymphocytes (/L) 9,239 10,091 7,838 8,727 9,145 983
Heterophil/Lymphocyte ratio 0.27° 0.47% 0.67" 0.33 0.42° 0.08
Monocytes (/uL) 3,264 2,928% 3,024 2,322% 1,756° 505
Eosinophils (/uL) 311 323 159 239 154 70
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®9. ERRANIICEEAETRRE 16 B BaSH#HARMRTE 228 (8)
Table 9. Effects of diets added with Artemisia argyi and Plectranthus amboinicus on hematology values of male black
velvet silky chicken at 16 weeks of age (continued)

Items Control AA” PA® AA + PA mix" 50 ppm Tylosin ~ SEM
Basophils (/pL) 607 503 404 322 672 164
Thrombocytes (x 10°/uL) 17.21 15.38 27.07 18.12 15.56 6.77
TP (g/dL) 5.17 5.25 5.27 5.00 4.74 0.20
Fib (g/dL) 0.45 0.44 0.41 0.37 0.33 0.07
N=1e.

“"¢ Means in the same row with different superscripts differ significantly (P < 0.05).
" AA=2% Artemisia argyi.

¥ PA= 2% Plectranthus amboinicus.

" AA + PA= 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

VIL FEHE MR

BN AA 2H ~ PA4H - AA + PA 4H J¢ Tylosin 4H¥ R4S B A FEBRE IR 5228 » 514032 10 For © &
EeEREUR - EESERTTH > HIRAHEAE ST AA 4H ~ PA 4H K Tylosin 4H Fy=5 (P < 0.05) 5 [l AA+ PA 4HEEZ2H: PA
&H )z Tylosin 4H By =) (P < 0.05) - AR AEZREL o] £ N B EE EE R RIS pR B AH R i 72 5 - 515 (1998) s A
S HENEE 2 16 AR B R AT B ERRELLER S 7 £ 80.6 K 5.2% o 1E/£FF #4573 » Languido et al. (2020) £
FEANIN3 ~ 6 B2 9% /e FH M REAIE RS 1 — 35 HEC Z BRSR B H I8 4H 32 7= 52 - Silitonga and Syaputri
(2018) EAFEANAN 5 ~ 10 ~ 15 B 20% /= F-Fhy RETE A A 1 — 35 Hile 2 B AaBiff g s S8 (K HIR4H (P <
0.05) ; {HERSR AN IR i 2 5% - NI FE TSR RAENESR (P <0.05) » AgERAEFEESS
BN (linalool) » AR = Fck A5 AT (microsomal hepatic enzyme) HY EE » (LA B EE S CHEHEM: -

% 10. GERERIISCEEE TR RE 16 B BASE A ERIEIN
Table 10. Effects of diets added with Artemisia argyi and Plectranthus amboinicus on carcass characteristics of male black
velvet silky chicken at 16 weeks of age

Items Control AA” PA® AA + PA mix’ 50 ppm Tylosin ~ SEM
Carcass, % 79.2° 76.3% 75.1°¢ 77.6® 75.2° 0.9
Abdominal fat, % 0.60 0.24 0.35 0.01 0.02 0.25
Heart, % 0.52% 0.58" 0.51° 0.51% 0.49° 0.03
Liver, % 2.35 2.34 2.46 2.63 2.39 0.21
Gizzard, % 3.32 3.13 3.31 3.61 3.38 0.22
Edible organ, % 6.19 6.05 6.28 6.75 6.25 0.34
N=38.

“"¢ Means in the same row with different superscripts differ significantly (P < 0.05).
Edible organs (%) = [(heart + gizzard + liver) / carcass weight] x 100

" AA = 2% Artemisia argyi.

* PA = 2% Plectranthus amboinicus.

" AA + PA = 1% Artemisia argyi + 1% Plectranthus amboinicus mix.

B

SRe LA ERTH - ERELEOE S FE & AMEATTAEREBRRLURD AA 8 > HHIEREE - ELL0 — 16 38
RSN AR ~ B8HE ~ PR - MUADEIE - RIERED - A R EMEE - FEEE
IMREE ~ MU TUE(LRET BRI ERES & - RERHESENRIIIER - THAS AA R EEY) &
& DRSS S 2EEY e S M -
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Abstract

The purpose of this experiment was to investigate dietary supplementation of Artemisia argyi (AA) and Plectranthus
amboinicus (PA) on the effects of growth performance, blood chemistry, immune, antioxidant and carcass characteristics
of male black silky chickens for non-antibiotic feeding mode for the reference of farmers. Two hundred and forty days old
black male silky chickens were divided into five groups with similar group body weight. The five groups were control group
(basal diet without any antibiotics or drugs), and dietary supplementation of 2% AA, 2% PA, 1% AA + 1% PA and 50 ppm
Tylosin. The results indicated that feed intake of 2% PA group was significantly higher than that of the other groups (P < 0.05)
during 0 - 16 weeks of age. There was no significant difference among the groups in body weight gain, feed conversion ratio,
body weight and survivability. Regarding economic benefit, 2% AA group was the best other than 50 ppm Tylosin. There
was no significant difference among the groups in ND, IBD, IB, IgA, IgG, IL-1B, IL-6, GSH, CAT and SOD at 16 weeks of
age. In serum biochemistry, TG of the control group was significantly higher than that of 50 ppm Tylosin group (P < 0.05). It
indicated that addition of AA and PA had no negative effect on black silky chicken. In WBC, 2% AA group was significantly
higher than 1% AA + 1% PA and 50 ppm Tylosin group (P < 0.05). In heterophils, 2% PA group was significantly higher than
1% AA + 1% PA and control group (P < 0.05). In monocytes, control group was significantly higher than 50 ppm Tylosin
group (P < 0.05). There was no significant difference among the group in the other blood values. In slaughter rate, control
group was significantly higher than 2% AA, 2% PA and 50 ppm Tylosin group (P < 0.05). However, 1% AA + 1% PA group
was significantly higher than 2% PA and 50 ppm Tylosin group ( P < 0.05). There was no significant difference among the
groups in abdominal fat and edible internal organs. In conclusion, supplementation of 2% AA had the best economic benefit
for feeding without antibiotics. In consideration of growth performance, body weight, survivability, serum antibody titer,
immune globulin, pro-inflammatory cytokine, serum biochemistry, hematology, serum antioxidant and carcass characteristics,

feeds added with 2% AA can replace antibiotics to preclude drug residue of silky chicken.
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Wl HE : NTEES B 17 H S BE2HE 1149 H 23 H
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BRI S TR E R - SR REEFET R EE - A2 ik (MG ) ~ SeHEha  BiHEha
BEEZ BERFREENFE > SHGEEERAEEA | E KRR NEE - DU R E R A AL
YEAREEFIMAE (pregnancy toxemia) » JR A/ D IRAG S8 Y L AR PR A0 0 - A B e A i MIPe) F PR DR PL R 12225
P B Lot rh Z fR AR BHINE &2 1 (pregnancy-associated glycoprotein, PAG) JRRJE - 3 ST R T IR - E DUAIET IR
RO R KB EIE B 2 B (4  WTFTaE R - SR (1842 10 — 94 1) [l FF N R AR 7L 2 PAG JRIE
S BHREH (=heEls ~ EAiascEiEhG ) 228 (P < 0.05) @ R RBHI R R (842 10 — 43 1) K&
JH (14249 — 78 H ) EEEE MR E (P < 0.05) - BE M) A FR AL 22 a8 s 7L o PAG JREIEAARE - BLEAHT 5T
BURIMIR S PAG JRIZERG HEH 2 M 2 &R —2 > B ERIEERE IITER - SRS B R E
HERZA KRB A T PAGIREER  MIHPIHE AMEAE AR ANETT ZAia2 T - ml DB RBEE TSR B
B A SRR IR TR R PR RGER W ET SN = A N2 A R E R
AT -

FesEEe © PTEFFEALLSE « BB RS - 47 -

i

SIEFRLE T TR R - BE A2 RE BT B ER o 281 » Marai and Owen (1987) #f5%
fa B RRAY T BE )T U A B 1A ZRERRHIAR T R 2 - AT E 5 30 R 15 25 M RE Y 4 71 158 221 JAIR RE e ol B
i N BRI 2 0 - Alkan et al. (2019) 32 ARG ~ BAEAG AR Z AR FHEBTOREE A F - b - SRt
FetE R B A K RERRAR T BFE B - AR D R SRR B R BL R IR BB MUE - JR ARV (A SRR T
(Karen et al., 2006; Yotov, 2007) - (K|t - KHEA ZAERE - BAa RoRZRHLSEE T B IR REEEhil T 2
EAE > e N -

WrRlBiER R LR B A P R AR E N JTE » — 2B E R T IVETSTIE H R IRl k)
B UNEFT I NI Z A5 2= AH RABE SR 19 (pregnancy-associated glycoprotein, PAG) ~ BfjZ#2: (progesterone, P4) K ffifi%
IHRE (estrone sulfate, E1S) FI{E Ry RE & {84 S AR REIRERFAZE 2 f6E - (HIR R & 2 A Re IR Ra B & 2 S
Fe FEF AT AE S5 (Fukui et al., 1986; Karen et al., 2001; Yotov, 2007) ; PAG 2 K9 Mlt Rk — & » HIRiaRYZ
HEJ& (trophoblastic placental layer) fft73ibh » &CHHITUR TEER 2 22 B2 RHRG RS/ - R VTS il RERS 38 - PAG
TR HETE S A e IR AR (AR (Wooding et al., 2005) - (I - AstEa2 LIRS PAG 1E Ry 70 TS DLAIEIE
ZELES F ARG R

il

) TTBIREET B g & E P s #s 2 2717 5% -
Q) TTBIEET B & ERRPTHT43Fr -

(3) HHEPE A P EE RIS -

W TBIREEZ g T EARI T ARNESE -

(5) #EN/ES » E-mail: tpa@mail.tlri.gov.tw °
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fABR 22U RS H PAG RS - TEAWME X > 57 BRI R 53474 (radioimmunoassay, RIA) K% 2 %
FEU S 734772 (enzyme-linked immunosorbent assay » ELISA) » Fil = 1A R 4F oA = HZRRF IR &8 I - PRIEE R
R FH AU o B REATEE Y > ooy Ry FLR R 2 f > Singh et al. (2019a) 3 B DAE AV A ELISA st7f%
A > HAEH PAG JEEL AFLH 2 % ZAMHEMEERS RN 2R (93.3% vs. 94.4%) « ZIt » BEcE LIS
FURFHIAESE » BB O AR D ZERI RS sRHIEY) B i TEIPaE iV EE » Al e H A EE A E
PE¥NGY DL N

2B E HAieE TR FER (Alpine) (L= ELBI45 48 675 2L LIS IEEL 70% DL (5 > 2008 ) » RIL ARG R (5
ELISA 7 J7 =g HIf] f R L= A FL R PAG RS Mo M i (e 220 R R BRETECf 18 R ~ IRApi s B A L
PAG JEE 2 MHERME: -

MFEERT R

L SEREA B IE R G E

Kb 2 BN 28 EHNATYS  SBEY AN REFREESF (3RESHR) 705K 2 itk 348
BH - B EHU LR AT N LR - Bofdig (=R (ALOKA Prosound 2, Japan) 542 » EgZ#HFi] 275 Karadaev
(2015) fH5E4E R - ABCHETR 45 2 50 H#ETTER S - HAEM Rl 2 e CRURZ IR - ReREERa 5 » RIFHIE
RyE5 ARG R - [ENFaEeE TRt A E BRI E R - B8 nfE - R N TG E SO -
DA HE B e B Ml A 2 T E R T AR - SBa S 0 R IRGE5 L A0k 0 1 75 R -

IL AR S

LA AR B A LF2E 1% 10 HBR6EREE - BIBREAIL—R > 2EEHL) 94 RETR - BT
R A AT AR 1 mL VIREREOE N - SREESERIR DUSTRIC 22 23T o P Akl » 107 3 HINSERK
I AR BRI YA 2R N D -

ML A FL B S L 2 7 7%

A FH PAG REHIBRIEAE Ry A - At K =M - BoERREE Y AIEZFH (FH2F 10
FA3R)FEEPH(ERFE 92 BR) KHEFRI (2585 £ 94 X) - 47 PAG ffll FE E4 7L
PAG ELISA fgk#E4H (Milk Pregnancy Test Kit, IDEXX Laboratories, Inc., Westbrook, Maine, USA) - &—#% 96 #%
BEEAE S E 2 (EPS MR AN R fa M4l o R EAS SR 1% (ciE s pe f 8 F 2 R 09 9 6 R FES T (SpectraMax™
Absorbance Reader CMax Plus, USA) 47714 450 Eil 630 nm 7 &8¢ H SBEVEFA AR T PAG G E - EESSEE
DIBE B2 TS (optical density, OD) {EEF2 4%/ 4H-F39{E » DL PAG (sample-negative) {H¥ R 5 & MR EE
# 0.25 HIE Ry PERN R B2 - /N 0.25 RIBHE Fsba Bl Ry 42 -

IV. &t ot

DA SAS &hiatis Rap R G (SAS » 2014) #1704 » N A AN (R RBERAIEE ) 1F
FylEE R » [ x B0 AT RUA 7 SRR R Ry BB U » 12 B R (A Ry BE R UE - LA Bonferroni
IR IEHEIT SR AIEEL PAG REHIZ EITELE - HRE TS £ BEEGREFRIR - & P < 0.05 FFHIFRE
HEEZAR > P<0.001 FHIRFREAMmEAZEZRE -

HA B R B REU AL T PAG RSB SR > [ FHRA M DLRY B AR IE 22 AH B 73 1 (Pearson correlation) 7
1T o ZZELRMEET 1T (multivariate linear regression analysis) FAMERY H A 2 (80U B2 R B (E R R - H7A L
o PAG RISV BRI SE N -

L [ ERFNEF R AL T PAG REE( L
AERERUTEE 348 BESI 4 [o] B FR IR LRI 22 AR (10 — 94 H ) 2 A FUEA > HA: 7 PAG B 2 s
B DA R e o MR E TR AR 45 R B AC R B8 K7 (transabdominal ultrasound) K7 73 % B BUAH 2 0 -
A FIFS B Z £ 7L PAG “PHRE(ENR 1 > AT (10 — 43 H ) 348 B2 2 A= 7. PAG "R (E
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5 0.280 1 0.331 » FrA{E By 2.376 > Fr/IME B -0.016 5 2R HA (49 — 78 H ) 348 BEE 22 4= A, PAG 445 REH
F51.029 £ 0.824 > Fe R{E By 3.868 > f/IME By 0.178 + B2 HHA] 2 BA=EE8 42 JR e - Rl 346 AR E B2 2 AL
PAG JERE(E B 1.010 £0.675 > Sy /(B B 3.435 > f2/IME B 0.421 o

T 1 PIEFRLEEA ER A R PR AR R

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.

II. AR R e Rl 7L PAG JBE Z Bl
=G - EHEie K EE R R AR A L PAG BE 8L WE 1 Fiw - 52 = Hale - ARG & EERE
feZ MR > A PAGRENE 33 HRe L7t > BEE 49 Hb A= aNFEE SN S/ -
W HIFAE 71 F 78 RIZEF| = E - IR FH (82210 — 43 H ) 427 PAG B 250 FF > i@ - 3
BEZFERREE (P <0.05) KFEZFRE (P <0.05) 222  E= B ¥ iAaE £ 7 PAG RIE SN Bl
(0.319 £ 0.100 vs. 0. 319 + 0.035 vs. 0.132  0.065) » £ 7|, PAG JFF BLISEHA S H x 1522 K Bl f i 5% 2 22 i e
(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 = Days: P=0.631 Type of pregnancy = Days: P < 0,001 Type gfpregnancy = Days: P < 0.001
%
&
4 N &
* FORRREE Quereerrrine ?’_. .
) _ o " " S
B R 2 e
z . ‘ ¢
@ 24
Q
: ¢ e
=2 a . - - % - '!'L_"“"Hl--..._o
= R e e Qe -e- Goats with single fetus

+0 Goalts with dual fctuscs
€ Goats with triple fctuses

10 33 43 49 57 65 71 78 85 94
Days of pregnancy

L PR AP R ~ PR ARHA - DIBE RS & Rk o iAo A B ARG - ARG = Mpa R=E A 7L
AN RAEE R 1 > SEERE - —REFARIEAL T PAG SR B & i Hh R A A S A A T2 (P < 0.05) - %
PRI RRAE 10 £ 43 K REAEPIIREZAE 49 £ 78 X HERIIAEZEE S 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.

Bl (#5249 — 78 H ) A3 PAG RE(IAE Bt 2 8% - 28425 78 HiEReE - HHMEEZ
THEEH (P < 0.001) R RE (P < 0.05) 228 Hov@A =lufafEE4: 7L PAG JRE 7 H BE = i s
E BS A B RE=F (3.085 £ 0.109 vs. 0.824 + 0.039 vs. 0.853 £ 0.071, P < 0.05) - 4= F, PAG & Bl gifa 8 B M EZ K
HE A RS > X RSSUE (P < 0.001) : BEZE1%H (85 — 94 [ ) £ PAG JEE 23 FFF st - HiEE 2
Aag B 2 5% (P < 0.001) - H{eA =HEfaREFAE 7L PAG RS HE S P AP AR &L (2.934 £ 0.104 vs.
0.835£0.037; 0.784 £ 0.068, P < 0.05) - “EF. PAG JRIE BLRAGE H f 2R EA I E 2 S8 E (P < 0.001) -
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BRI 2 PR PR LR AL PAG RS ELRR AR S H R 22K B - BRA03R 2 - G5REUT > IERREH KRR
B R FEALL=EFL S PAG RIS B R IEAHRE (r= 0.404 vs. 0.445, P < 0.001) °

* 2. [AIEFRRLEEAL PR AR R B R H R R R B AR R (R 3

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. B LR MR P FER LISE AL PAG SRS B[S ZAG S K 22 KB R
DA% B 4 AR i 7 M ] B R R LU= 2L PAG R B 5o B H S R BB (% (R 3 ) » PRI [EIFE B 3,
t PAG JEFE R (L ER A B (unstandardized coefficient) Sz A Bl ER (48 (standardized B coefficient) » 4% 588
R EZ B AN - Ba Sl 8 H RIS T PAG RS 2 B ESE MR R RIS R %
H - B REURTEMIE AL PAG RS 2B =S -

3. B EELRVEAGR AT B FR DAL= L R A R £ 1 R P G S B H R R R BB
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 p 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.

@

AR BT R B A IR E HIE » K 2 (E HASRE SRE K7 - ZA1f > Jones et al. (2016) ¥
EfeH - B 45 R{EAHKIEEE B ETIRIEEERNR - HAEMREZRIEEER S MFE > Hglge
—HERGHERER A K 100 ~ 87 K 31% - THAK - EFZRAEITITEREHE PAG R A4 - 4hF RIF A
B > 7y 7125k (Karen et al., 2003; Gonzalez et al., 2004; Byrem et al., 2012; Chaves et al., 2017) » 785 &5 052 A
PAG JBEKRTHMSIMAEE - RN ECER BRSNS EEE - DN R ETIE B EH T > riE U=En
BIERAR ~ ARV IGEE - HREMRIEAG G 8 H SRR 5 T KB AR AT =RV IRGE E S NPT B AR -

I [ AR RN A AL T PAG BEEYE
A DA 22 A R S R BT 43 M 0E (ELISA) i f I =P f FE R LU =E 4B 7L P PAG R > 233 RE %4
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KT PAG N RS #HIE £y 0.297 — 3.868 » BE =N —R AN HIE FLH K FEN 0.25 A2 - HARIEE
WFFE 3 > DL ELISA J7 =gl L= 45 ¥ (whole milk) Kz Hie A5 7. (skim milk) #2 PAG JRE - 7 sERiR (542
55028 F 53 H ) SRS RIE 1.16 £ 0.13 K 1.23 £ 0.13 > HRZueEes o 0.25 {92242 (Singh et al., 2019a)
BN ILTARE(E BBV B B f FE IR =R iy 2ol 5 0% > I 2 /DA BCTE R 33 RIZHEIERERRZ245 R > thREd
Singh et al. (2020) 455RAHNT - %l bnds BN 0 &1 IEMESS 2245 R 2 I B i B R O R % 37 K -
II. (B2 2 Aa R4 7L PAG JBFE 2 Btk

A B 45 RN N - EAEAaE =Rl FERILEE AL PAG 2R E 33 HEdw L7
HEE 49 HL B = AatlFlE SN /Mg » W53 HIAEE 71 K 78 KEEF i =1 - Singh et al. (2019b) SR
BRHFEIMAEF PAG REIRE 425 28 K BF - sE A ESEE 51 H - (HAHREB R A E SE LR
[fiH PAG R i = E T IRAEACHER 48.6 £ 5.0 K » Wi4EFF £ 18425 12 1 (Gonzalez et al., 2000) ; HAAHF5T R
4RI PAG R H 425 28 Kt BFt - Hifgm{EH IR 62 K (Rovani et al., 2016) « A [E]LL=FEGARFimfE
Z [ PAG =B A TRERE > AW a1 B Fy 3.868 » # Singh et al. (2019a) 2.83 Fy5; » HEHILL=EEERFE 2
ZEFE ~ AR AL B2 > Hiinp DU A d PAG JEFE G IR 72 R o 4R 4R T EE AR5 4Y 20% » H
BEEE VRIS TEIR TR AV E B 52 R HA ZEY) (Schlafer et al., 2000) ;5 & L7 FYHGRE AV EERZ A A Ry RS
o PAG Y FZACE » BRI a F TS 18 R ZEEGHYEE 19 — 23 KEEHRZRRS I (Wango et al., 1990)
PRI —RETREAMIR PAG £ 7] M52 26 RIBHAUHIE] - REL AU/ E 4258 33 RET#ARUEE » )
FrEAERATA ST 22 2 A AL AR 5 2 TSP B 3 B TR e B

1. 4= 7 PAG JEJE B2 S R R84

HiFZRE T2 T FE2IT PAG HURRE - AR IR 2 = AarVM iR - 3 $ PAG B
fEE SRR P B iR S Wi B T M EAEE 44 R HIR Z R W 2 94 KDL E - HAMBT55 85311 (Batalha
et al., 2001) ~ 4~ (Szelényi et al., 2015) [z45=F (Ledezma-Torres et al., 2006) 7 EEHHaER BEERTAA T - PAG JEE NS
ZAW)EA R B A e 0 A B SR B A A BE R RR I PAG TS Y 22 B & R AR (8 A2 h A R I 2 1
1= (Sousa et al., 1999; Szelényi et al., 2015) ; JNAHICHUREEAIRG ST BEREAG RETFE I H PAG JRIEELE AT 4 AR
HEIE 725 (Robert et al., 2017) - Singh et al. (2019b) stbass S RIFTUR SRR ARG REEE MR PAG JRIE R T
A AEARES 28 RALHIR A BRI 2 93 R A1k > HEBZEIH (#4255 26 X&E 51 X)) RH A (A2 58 K
£ 114 K ) K PAG JRETMEZBAARIGEH (P <0.001) R85 KE (P =0.012) 2% (Singh et al., 2019b) -
[ BLARTA SR 22 R TR - 7 Rl P PR SR 0 [ PR O BE BRAG TS 2 AH BE 4H 4% e SR SO 8 AV 4E B B30 > MEMm Bt
EERZ AR SRR BRI % # Z PAG AR (Ranilla et al., 1997) » 55 7] DU HI A2 A SR BEAITTIR - PAG
T e I T AHEE (Echternkamp et al., 2006) -

PRI > A BRsE REUR - SHuia K EAERGR R FE R B A AL PAG RS B 2 2 - HMRIEE UK
B G o i A Al Sarda 2 Lacaune 45 =E 1K F PAG JEFE » 45 REUREHAn B IfR . Sarda J; Lacaune 43=F
AR MR o PAG JRIEIRAIE 7 7 5 (Carolis et al., 2020) » BUARGAERAS Ffmg RAHL - HEAIBR T AT A8 EL gl
PAG WYHLF L E 5 (epitope) 725245 # (Barbato et al., 2013) Z4h » folIsR E FA MR R ECE Y PAG » AIRE & HY
W H AL EE(L 2 PAG HIMHENERE -

R

AeBRbTIess REUR > SRR (822 10 £ 94 1) (AR 2R 4 7L of PAG RIEEE ZWcEH 2%
2 (P <0.05)  RAHHEANEERETH (8210 — 43 0 ) P (#5249 — 78 ) B EEEME (P <0.05) - K
BTS2 o] B FR A L R ARG B 7L o PAG JREIEARE - B AR e BRI T PAG IR ELAG 58 H 2 IEAHRE—
o HEZEGMEER TG RAE SRR BN R B H R R B 8L T PAG JRIEF K - &5 A Lo -
BEIATR R AT A A AR M T 2 R - Al DENYINBEEEFTiE R 2 B A 2 &5 AT HR (SR R R e e T 1R
BRI R AT FIGE R - SN TN = A N2 AL A R AR TR -

AWTFORITEE RS E R R e ftFe s (110 =R -2.1.2- F -L1(S)] - drtEIA N ERBEAE G Ginbd
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associated glycoprotein in milk of Alpine goat ‘"
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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.

Key words: Alpine goat, Pregnancy-associated glycoprotein, Raw milk.
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Fig. 1. Schematic diagram of ventilation tower design (a) and air flow (b).
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Fig. 2. Continuous records of relative humidity after water injection in the modified container were compared with those of
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the original container (without water injection) and the outdoors. The records shows the relative humidity of the lower
layer of the container.
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Table 1. The comparison on the difference of the temperature and relative humidity in the modified container and the control

container to the atmosphere in day and night time

Barn Position Temperature °C Relative humidity %
day night day night
Modified Upper 11.27 -0.6 2257 317
Lower 8.3" 0.5 2.1 -4.6"
Original Upper 11.57 -0.6 -20.7" 2.8
Lower 10.0” -0.4 3.8 23"

™ "Means the difference to the atmosphere are significant at 1% and 5% level, respectively.
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Table 2. Reduction in moisture content of pangolagrass bales during the survey period

layer 11/18 11/21 11/25 11/28 12/1 12/5 12/12 12/16 12/20
%
. , Upper 1.97° 291° 2.74* 2.36 2.83¢ 3.88° 438° 5.06° 5.57°
Modified container X N .
Lower  1.64° 2.28° 2.40° 2.10° 2.50° 3.25° 3.77 4.42 5.08°
Upper 098" 1.65° 224" 1.94° 245 3.16%  3.40° 3.95¢ 437°
lower 0.74° 1.43° 1.55° 1.69° 1.94° 2.38° 2.87° 3.36° 3.97°

Concrete barn 1.08 1.50° 1.92% 1.99% 1.78° 236 3.12° 3.70° 4.30°

Original container

"¢ Means in the same column with different superscripts are significantly different at 5% (Duncan’s multiple range test).
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Table 3. Reduction in moisture content of Bermuda bales during the survey period

11/18 11/21 1125 11/28 12/1 12/5 12/12 12/16 12/20

%
Modified container 0.74° 0.80° 0.64" 0.61° 0.75" 1.05° 1.28° 1.50° 1.78*
Original container 0.20° 0.20° 0.14° 0.32° 0.29 0.27° 0.34° 0.39° 0.41°
Concrete barn 0.25" 0.35" 0.51° 1.01° 0.60° 0.58" 1.43° 1.61° 1.82°

“* Means in the same column with different superscripts are significantly different at 5% (Duncan’s multiple range test).
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Abstract

Intake of small herbivores is low, and hay is prone to long-term storage deterioration. In this study, a modification
with container for small scale hay storage was carried out, and its micro-meteorological changes and dehumidification
effect were also investigated. After the ventilation tower was installed in the container, the surveyed ventilation rate was
378 m’/h, calculated as 5.6 times the air changes per hour in the modified container. The relatively humidity (RH) of the
modified container dropped from 90 to 75% on the fifth day after injection of 100L water, while the control set (without
water injection) remained stable at about 85%, indicating that the modified container could effectively remove the internal
moisture. According to the continuous micro-meteorological records, the RH changes of the upper layer of the modified
and original containers were similar, which could be reduced to 30-35% during the day, and the RH of the modified set
were lower than that of the original set. The RH of the lower layer in original container was higher than that in the modified
container and also higher than that of outdoors in the evening. The hay bales of Pangolagrass and Bermuda grass were placed
in the modified container, original container and the concrete barn to conduct a 35-day survey on their weight reduction.
Although the test in modified container was disturbed by the entry of rainwater entrained by strong winds, the moisture
loss of hay bales in modified container was higher than those in others. The results were similar in both Bermuda grass and
Pangolagrass hay bales.

Key words: Hay storage, Modified container, Moisture content..
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