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A R B R R & K g
ERKEH @O @RI ARz @

Wt H3E - 110456 H2 1 5 20 141 18 H

W B

AR IE RIS DL = B SRS B E K o S SRS /KB E - (FAEIE88E 47 — 107 kg 1Y
LD %4 12 BEEE AL L > SRR R (T - X /KT e » S HUWEREE KRR I ERES » K
HELPHRMER K=1:1(ABK) K125 (BREEAK)F2HEAEIRERAK » KER > BEERETE AT REHE
200 L 19 6 {ERRENE - /KSR EFRH (HRT) 43515 10 ~ 15 K 20 H > ik S4HER RS HRT &5 1.5 H > J8E &5E
MRS K EE L - &SR REKE = EAEHTE - A B/KIVLEFE S E (COD) ~ £ {LFHA R (BOD) - f&FE#E (SS) -
HAS (TN) FI4ERE (TP) JERE 43 A1 B 904 ~ 298 ~ 638 ~ 488 Fl1420 mg/L » B MEEE =it B BE/K o 15 /KIS REHE Ry
B - K= R % HRT 10 H4H Y COD ~ BOD ~ SS ~ TN #1 TP JE[E 43 Al B 823 ~ 257 ~ 545 ~ 453 F1 369
mg/L > B8z HRT 15 H4H & HRT 20 H4H % & (P < 0.001) > [fif HRT 15 H4HFR COD JRES) » HA/KE R IR g
Hgz HRT 20 H4H Ry o siBpsi BTN > B BE/KE&EERE R 10 H & 1.5 HIViFE M - KE IR & RUR KIE
#E o M A BE/KEEASHE 20 HRREUEFE A 1.5 HIFSEEHE » /KE MEART A - &4 1 SREREKE = ERAEH
% TN F1 TP B » EEIEES RIBHANEEEE T » o] LA AR EREE - (e EmEER -

REsHEE - KIVIEREIRR] ~ BHEREK - KR -

4

BB FRAKFARE R - ERRIPEEKEREFA % > HEEREEE - Mima g8 T - K&
TR R H B E - SSMEPCERURUKE R RE] 106 FHHGIRIREURK 2 M HOKEBUUK 52068 (TTEbER
BRREE > 2018 ) > FEERTVKEABZEMEKEL S REDER -

H (2001) 45 - DL 100 BIRIFEMIEE) —BIEEFEBM S - EHEMESTHFAKEL 189 m’ - fRikItH
FZKRAIKIRE 113 m* - ik H 7 K B R EHEFE &1 60% » BURNEFESIT KA ERD - BKEHER
Do {HEKEFD > MHEHIEEK TS AYIRRE RS 25 - #5F (2016 ; 2018) jKF A%& A &0 Bl ( SOF 4 )
HorfsTRIbIET (PSF 4H ) se=fisiRItiiar ( TSF 4H ) 57 3 Tt m&Staatie - 45 RA R as i £ RIS G SRR &
BN B B E 8 - /84S PSF J TSF 458 R PR K - & 73 5I{E Ky SOF 4HHY 74 — 84 J2 35 — 43% >
JE&/K &R By SOF &Y 65 — 85 K¢ 38 — 49% (#£%F > 2016 ) > fE515F (&R > 2018 ) PSF K¢ TSF AV E/KH & 53 A
{2 %y SOF 4HfY 61 — 77 J 41 — 51% > FE/KE R Ky SOF 4HEY 61 — 78 Jz 41 — 53% o BERAH 2 i i SR HUED o7 I
ARECE PRI - AIERET SRS K E ROV BOKER - AR IE B AR A K B R R e 3 s - &
REAME R VIS KEER & - E5h - By TIRREHCEEROKEIR R SRR - TR B g ST B R R (R g B
EEIERSESEREEYHEAEHENE 2013) RUKI5A 0 a5 s baofll B BRI A (2015 ¢ 2017) F7A% - Fafd
HEEh B KRR R HREEYIL A - DUCKERFEEYSECR - HECHERME B85 T0HT
DU -

EEAEEABIT (1993) (RUAEHEFES (K + /K oK =1 5) ETEFMAERKEHEREEE - A58 8
PIEAL (FEEE 100 kg (A5 ) HYBE/KELL 30 L/d » BREE IR RPE BRI /K IS i o3 il B 10 H R 1S H - {HEFEETK
FEEEKER) > B/KRES e - B EERME T DHSEESRER - RSB asa 5N T i AE
PTAERNRHERKESEANT GROUKEEZSIME - NIEABRSEEE (2016 ; 2018) HUEREER - B E a8
(D) TRt B G R e BRI JE d 2556 2695 5 -

) TR EZ B AR 24 -
(3) #E/EZE > E-mail: tmsu@mail.tlri.gov.tw °

|
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S AR fe = iRt SEPREL 2 /K FHEHIELH - 585 2 TR ROK - R AU RE T A BRSSP S B 3 LA ]
KIS R - B E R B S R K A = B R B K E 2L -

M A

I FREfMEBIZEAEE TR &
(i) 1€ 2016/2/22 FitE - TR R B g &b E A G 0GR s Bz R K » B HZEA 20 L FEK
A 6 EARUETELY 200 L 2 A5 SRR S ((FERSHAAS @ & x E x 15 =200 x 30 x 40 cm 5 HRUATE © K x &
X 5 =200 x 30 x 33.5 cm ) > #E(TERE S JERE -
(i) UZEERRETR EEACE A 6 (B 5 7 SUBR RRE > 2 {8 X il ~ 2 {8 Y 18 > DU 2 {8l Z 18 2 A RS TE 53 7 Fs 30
20 F7 IS L ( FEEEAFIAG  XFl : ExE xS =25x36x40cm; Y :20x30x 40 cm ; Z f#i : 17.5 x 26 x
40 cm ) - FHRUAE SIS B Ay 33.5 cm > {7 A/ NRIIR AR PRI AR S BT 2 IR SR B 2 HER L 22 3R > EfTUEMED S
JEbIE -
IL ZEPRUSCEE iR B
(i) 7F 2016/3/21 % 2016/5/29 HARS #E1T » # PB4 e 47.4 kg /9 LD (Landrace @ x Duroc &) %44t 12 58 ~ REA
FRELNZFE S RN L - BH L~ T nleRedsaiE (£ 1) 1 X > FREERHE s F e e
BT EE P EE SO SR DAFIRS - B /K DA CEIUK 88 202 B AOK S o (L > (- F39R8EE 107.7 kg IF 4R -

* 1. ERSAEEREER

Table 1. Dietary compositions for experimental pig

Items % (as fed basis)

Ingredients
Corn meal, CP 7.8% 73.32
Soybean meal, CP 43.8% 19.00
Wheat bran 3.00
Molasses 2.00
Limestone, pulverized 1.00
Dicalcium phosphate 1.00
Choline chloride, 50% 0.08
Salt 0.40
Vitamin premix' 0.10
Mineral premix’ 0.10
Total 100.00

Calculated value
Digestible energy, kcal/kg 3,369
Crude protein, % 15.16
Cu, mg/kg 12.5
Zn, mg/kg 85.9

' Vitamin premix provided per kilogram of diet as following: Vitamin A, 6,000 IU; Vitamin D3, 800 IU; Vitamin B,,, 0.02
mg; Vitamin E, 20 IU; Vitamin K;, 4 mg; Riboflavin, 4 mg; Pantothenic acid, 16 mg; Niacin, 30 mg; Pyridoxine, 1 mg;
Folic acid, 0.5 mg; and Biotin, 0.1 mg.

* Mineral premix provided per kilogram of diet as following: Fe (FeSO, * 7H,0), 140 mg; Cu (CuSO, + 5H,0), 7 mg; Mn
(MnSO,), 20 mg; Zn (Zn0O), 70 mg; and I (KI), 0.45 mg.

(i) & HUWERERFE SR RPRRTFERRES - IEELEHIIIA 1 & (ARK > B+ R 5K =111 15k
ERRIIE LK ) K 2.5 5% (B /K - B+ R K =11 2.5 185k /3 SRt K ) 2K (H
FYPREEBAESHIRIEK ) - SREEEZY) (total solids, TS) & & P43 By 2.33 Jz 1.63% HY 2 Fli A [FIRE
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J&K -

(i) AEEVEENTEIREZ B EEABIKEHFEEN > B - g RERANE & T{TEl

BEZETEEARITERIYIE LR/, FEFEE (FREF5E 105-115%) -
1. &K R HRAE S o4

() FHELLHTEEKDAFLIE 0.20 mm 27 43 B T DR 5 B -

(i) UZEE (1) BE/KDL 2 x 3 /IR F8at > sl EATIREIRE TR ARUETELY 200 L A AR ERE - Hrp AX
AY e AZ FEEANARBEK (B +JR7K=1:1)>BX BY K BZAEABEEI/K(E+JR:/K=1:25) AX
B BX {8 ~ AY B BY 18 k7 AZ B BZ 817K JJ{2 B4 85 [H (hydraulic retention time, HRT) 4351 £ 10 ~ 15 J 20
H o BIEHHEA 20 ~ 13.4 2 10 L BB EEK » PR 2 RGO x 3 78 HRT #Y 6 {EpEa -

(i) FREJEFER 2 EEK » DIFLIA 0.20 mm 2 57 EEfRiEER - B5EREE -

(v) FREEK#EER  FEATEM TEIRE AR 2 R ve JBURERG o Rl 2540/ HRT B4y K 1.5 HifEREt =
#IK 0 B 6 /NI 1 HEZR - B H 4 #E 2R FIFIREDN S EM AR R - B/NSETHIA 0.9 LR EE/K - W2
/NI R IR R 2 IR R AR i 2 HIR 22 R - AX Bl BX 18 ~ AY Bl BY 8 i AZ 1 BZ 8§ 2 5%
BRESTRE 30 ~ 20 Kz 15 Lo SR AL 5.25 ~ 3.50 K2 2.50 h 7 BE/Kife ABREME - Bl H#E AR EMEN
JB&7K o A4 18.9 ~ 12.6 }2 9.0 L - &AM [ 2 BE /KIS RARIERRE » RINR 2 » BB B R BRAMIEES
JEERVAER  SBIHREE - FOMETTIR)IMELE SV30 - IR &I EM TR E MR -

T2 BB KRS AR ERE

Table 2. Types of wastewater used by each treatment group and operation settings

Al B
Items
X Y z X Y 4

Anaerobic tank

Amount of added, L/day 20 13.4 10 20 13.4 10

HRT’, day 10 15 20 10 15 20
Aeration tank’

Time of added, hr/batch 5.25 3.50 2.50 5.25 3.50 2.50

Amount of added, L/batch 4.73 3.15 2.25 4.73 3.15 2.25

Amount of added, L/day 18.9 12.6 9.0 18.9 12.6 9.0

HRT’, day 1.5 1.5 1.5 1.5 1.5 1.5

' Manure and washing water were mixed to have A and B wastewater at 1:1 and 1:2.5 by weight ratio, respectively.
* HRT: hydraulic retention time.
* Each batch was 6 hr, and influent rate was 0.9 L/h.

IV. SREBUHIE T H

() €& EREKTRIFINE  SHBHRER @ sTEARMERE -

(i) & 2 AR5 By B /K B [E R o B 1% BE K - DU S R ERAH R A R TR 1% ~ BREFE /KR 1% Bl R R 3
"L o KEREEETRE (pH {H ) BIEEEE (electrical conductivity, EC) » LA (LERFE & & (chemical
oxygen demand, COD) ~ A{LFE & & (biochemical oxygen demand, BOD) ~ 5% [E 5 (suspended solids, SS) ~ 4&
4 (total nitrogen, TN) Ei4& g (total phosphorus, TP) JEE 1 2K -

V. ok

(i) pH{H ~ EC -~ COD ~ BOD ¢ SS R : 77 HlfRITTE e iR (ra€E 2 &5 2 NIEA W424.53A (1TEbe iR 5 v
IR MRERFT 0 2019a ) ~ NIEA W203.51B ( {TEEERIE (REE IR IS m ER AT - 2000 ) ~ NIEA W515.55A ({7
B e 2R 55 On s F ER B Am B T > 2018 ) ~ NIEA W510.55B ({7 Bbe B3 Or s F IR St gl - 2011 ) J2 NIEA
W210.58A (TR IR IREEF RS bR - 2013) JikaotrZ -

(i) HEF - S2RTEPERRREE S Z NIEA W423.52C (TTEFER R IRE B IR RERT - 2004) J5iAE1HZ -
K HEERE = K BR M EURE + /K R oo i B EURE + K IR EURE - /KB E A - SoiiEREE R
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YR EHE » 7S BT E REZ IR S M ERAT NIEA W419.51A (2006a) ~ NIEA W418.53C (2019b)
2 NIEA W451.51A (2006b) J57557172 °
(i) 445% © SIBITEGIES(EES 4 NIEA W423.52C27.53B ( {TEIa s (RS IB G ERAT - 2010 ) 7455
Mz e
VL &i&tor i
BB & AR R IR RE S B IR & V19 {E RARAE R 72 DL Excel 2019 515 - HAth i & H*UFH SAS #ist oy
M S B 1Y — f% 4R ME 5 =N F2 7 (general linear model procedure) #1785 77 43 7 (SAS, 2002) » %5 75 iz B %
(P <0.05) > FFLLBRE T 2380 HI5%)% (Duncan’s new multiple range test) * f@ 7 A [5) g /KR RE RN [E] 7K 745 B AR L
R AR R R ER R /K E R Y7 SR - DURBE/KORIE x 7K 74 B i 2 A EUTE -

%n%gﬂn nHH

L FEEERMERENERIEER

AL I8 E 474 — 1077 kg NAERAE S LD 546 12 58 - FiHfaEE—E 32 - PIHAH
I EE (average daily gain, ADG) ~ ¥ & & (average daily feed intake, ADFI) J% gaf}% (feed efficiency, G/F) 4737l 7317
0.86 ~ 2.34 kg/d 2 0.37 (23 ) » BLERSE (2020) {8 F 1B 2 52.9 kg Y55 HE » fE IS 8 112 kg B 242 >
ADG - ADFI & G/F 43715 0.85 kg/d 2.38 kg/d % 0.36 FIAT - #7255 (2012) (I E4984 R 30 kg /Y LYD 5SS
PIIREEE 110 kg » 4552 B AR S ERHAR] ADG ~ ADFI K G/F 47515 0.78 — 0.81 kg/d ~ 2.33 — 2.69 kg/d Kz
0.30 — 0.34 » JREUAGERIEEES AL - Aalpsd Eaia e b TG SEEREFHEA FEIRE RS
KZH » 58 ERBHEAIKIEERTREIRE - 25 6% (2009) st HELIR 104 BEEHERIIME - KB esEeE
BPRHEM 8 2 DAEEEABRATRE - SA—R B2 12 5 - slBp AR S 1 (E K PRI B E 3 7l Ry 737 k2,912
g/d  BERTE (2009) FHAEAGE SO Jz 100 kg HUFEE » HEEEHEME Sy 816 K 980 g/d ~ FRIK 3,390 K2 3,960 g/d » DA
FeEFEE (2020) S FE(E KRB FHBRM & 737 5y 0.79 F 4.20 kg/d B /D » M e DR A SRR SR E R E R K
S -

*®3. ERFELERMENFERIFEE (n=12)

Table 3. Growth performance and manure excretion of experimental pig (n=12)

Items Mean SD Range
Initial body weight, kg 474 52 40.0 — 57.0
Final body weight, kg 107.7 5.1 99.0 — 119.0
ADG', kg/day 0.86 0.07 0.76 — 0.99
ADFI', kg/day 2.34 0.05 220 — 237
FE', gain/feed 0.37 0.02 0.34 — 0.42

Manure excretion, g/d

Feces 737 130 439 — 1,029
Urine 2,912 652 1,805 — 4,539
Urine/feces ratio 3.98 0.75 2.89 — 6.43

" ADG: average daily gain; ADFI: average daily feed intake; FE: feed efficiency.

1L 7R [EDR e /K [ o B A% 2 /K E
AR B & sl Bm A H R E RS A s ARS8 2 MR AYEEK - TEs BRI i & & B HE 4R K E
FRHESIT » RIS AT 5347 - 4595 pH EC +COD ~BOD S8 TN L TP 5351 7.37 £ 0.16 0.1 0,00
dS/m~13.7+47mg/L~29%*25mg/L~74%109 mg/L ~ 173199 mg/L & 1.1 0.7 mg/L - FHEL5Z R AIEEKIF
EDRITHERT » ABE/K (F+ PR 2 sk =11 1) HKERRT pH {EEL B BE/K (Z + FR : sk =11:25) fiiE5s
Hh - HEg/KE R BEr B BEKEE Rim (£ 4) © A BE/KHI B BE/KEUEER 7 B 1% - COD ~ BOD F1 SS JRfE
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EHRAIE(K (24 ) > BOD K SS HYEFRFITHILT 11 — 12% F 9 — 10% - (fifk " pH [EHEZESL - A B/KHIKE
TR SR B FE/K Ry (P<0.05) ©

* 4 FEIREEKER T BERTRAY/KEZ b

Table 4. Water quality changes before and after solid-liquid separation (SLS) of wastewater with different concentrations

Before SLS After SLS
Items SE SE
Al B A B
pH 8.10 8.28 0.13 8.20 8.35 0.12
EC, dS/m 20.22° 12.52° 0.69 20.80° 12.60° 0.68
COD, mg/L 24,231° 17,689° 624 19,127 15,589° 618
BOD, mg/L 6,315 4,610° 236 5,605 4,063 209
SS, mg/L 20,755 14,551° 279 18,887 13,114° 253
TN, mg/L 3,222° 2,730° 246 2,331° 1,713 219
TP, mg/L 1,799 1,124° 225 1,012 812° 144

' Manure and washing water mixing were mixed to have A and B wastewater at 1:1 and 1:2.5 by weight ratio, respectively.
“® Means in a row with in same SLS with different superscript differ (P < 0.05).

1.

Cheng ez al. (2019) 35 4 » # 5% FE 7K BOD 7E 2,000 — 30,000 mg/L > TN 1 TP 43 7l & 200 — 2,055 mg/L F
100 — 620 mg/L - AR A FE/KEKER 53 BiE% A TN F1 TP 4350 5 2,331 f1 1,012 mg/L > B EE/KRIR 1,713 1 812
mg/L » i B BE/KAY TN 5 » B 5ij% Cheng er al. (2019) BFE45ER » HhER 2 FeBE /KA S PR ELH e K ELEHR AR -
Chynoweth er al. (1999) 5t » #EFERE/KAVAHR & IRFE EFHL ~ GPRIAHRY - TR TES - 67048 )75 M HAM RN R
(BIARERDRE ) TIAFTRIE > Cheng er al. (2019) FURFTEER R DI — B NEBFIGIERST » B EREHTY
FEEFRL - FEETREAIERIAHR EF IR AHE]
NIELREE RS KRR R I R B B R 2 7K

A R E R ?ﬁffﬁﬂﬁﬁx)ﬁk_um@— AITE - (BAESERIEIE B34 (A A BKAYRAH (AX ~ AY
K AZ 1) SEEBHEE 1 X MERRERERIEAVEDK T hE R ITE - NI R e SR #E & DIFLFS 0.20 mm
Zﬁ%&ﬁk_/fiﬁ/}t'éjlﬁ;ﬂﬁ A BKEREBEETR ~ MERIE/KBIEER Mg REERAVKE - bk TR R BT
pH (B4 » BB L B K Fofm (R 5) » /KIS RIS 10 B - BR T RSB R AR S e B /K # s &Y
pH {E R R ERIZHY EC Fb - Bl HRT §50f (115 H &% 20 H ) & Ky (P < 0.001) - FREJZEER/KEHY BOD ~ ik
S E /KSR AY EC B BOD - DU ISR 1% /K'EHY COD ~ BOD ~ SS ~ TN Jz TP » {EE&/KIRE K HRT H A
ABEEHISCROONE (£ 6 ) AN AZ 41 (£ A BE7/K ~ HRT 20 H ) REJEH 1% /KEHY BOD ¥ ~ FREEE K
BEIRHY EC > DURIRRpEE % /KEHY COD ~ BOD ~ SS ~ TN K TP % B BX 41 ( (] B /K ~ HRT 10 )
B Rym o 1 AY & (5 A BEK ~ HRT 15 1) REEH/KAEJE & HY BOD JRIEE - ik BX 41 Ry (P < 0.05) A
L

A BOKRVSAHEOBENR T - IERH - REZEIE B RRHE FEFE - LERHIZKE COD ~ BOD
Ko SS A B 95% PLE (R 7)  MEEARFFETEFEREIREE (2019) FIE 2 600 ~ 80 F 150 mg/L JBUA7K
A ERERESKRER AR - A B FE/KHy24HF: BX 4HAY BOD JR[% (89 mg/L) 4 » /K'H COD ~ BOD
G /EV B ERURUKIEERE - BURIER YR SR R K A AR - %25 (2020) REELLFHBHEIK < K=1"
LAGH)~1:25B&H) R 115 (CH) % 3MRERK » LREEHL 10 H ~ BRFEEHLY 1.5 1% > COD
BOD =% SS /}.?—J#HZLJ\ C 4HEHZET A 4 BK - FERRESSEE 5 A 4H (COD 71% ~ BOD 65% -~ SS 86%) B¢ B 4H (COD
74% ~ BOD 76% ~ SS 89%) HYEFRFREEAER KK > HEAGERRER IS P9 HRT S B RIEAR (% -

=R U B R A BE/KHY TN R TP R BB Z it B BE/K For o 10-Fam TN B¢ TP R ErfEE HRT £y
FER MR (P < 0.001) - 2 FEA[EIREFE/KER T RREFS BLHY TN KFRREEIE AL > B 2L B BE/KHY TN Kz TP
KFREREL A BK Ry (P <0.001) - [ff TN B¢ TP Ay LR B EE HRT RITGEE S (R 7) > BREKH TN
2 TP RERR S RK TR > & A $Em TN 80 TP Z RFR= - [ B FE/K4HAY TN 84 TP K HRT 15 & 20
HEY TN KRR EE 90% UL - AGKERIERR SR B SRR B - S N0 BEff @I SR e 2 M2y > A&k



R RN FERES 6

FREFEE 12 /KE T TN 49 10% E1 TP & 20% » [KIMF{R T #E ABR RAE EE S ELY TN B TP 2% > JR(#H{S TN K TP
L ] 7y il P 20 0 SR R PR BE (R PR BB AR Y A PR R R & WHST (95 > 2003 5 2R /& » 2005 5 &% » 2020 ) $5
o BFERE KA = BB /KR H % SRR AR K&YLE 200 — 400 mg/L #120 — 100 mg/L 7 [ » As{ER{EH B
JE& 7K £ 4H AR SRR %Y TN R TP JERE (3R 5 ) B ko - mifEf A BEZK24HAY TN B TP 2RI
w7 g e o i 2 FER B RS KAR 10 ~ 15 & 20 HEFSEEEER 1.5 HIREEER - (Ve SRR E R
Eiir? S - Beuckels e al. (2015) 5 > 1ERE/KP EFRIEZEEK P EURERZE - FTFE B S LUA RO E R

TERE/K TR BReE » MR RE EE S 23R » BE K TN RS Em ol sEf2 8 TP IV ERRE « BURKE - W
/H“ W TR AN /K E BB LFIRIRE (Giannuzzi er al., 2011) » [E ~ BEEEY)EE P RES
V&8 2 (Razaq et al., 2017) - HTLLENIFIA -

TS BOKRE RBRE R HEK T (= s S S i B B K 2 s
Table 5. Effects of wastewater concentration (WWC) and hydraulic retention time (HRT) of anaerobic treatment on water
quality after each treatment stage

WWC' (W) HRT’ (H) Significance’
Items SE
A B X Y z w H W x H
After anaerobic
pH 7.87 7.98 7.79° 797 8.02°  0.05 *k ok NS
EC, dS/m 20.5 125 17.1° 16.5° 16.0° 0.2 Kok Kok NS
COD, mg/L 1,916 1,017 1,841°  1371°  1,187° 90 Kok Kok NS
BOD, mg/L 635 332 627° 445" 378¢ 22 ok ok *
SS, mg/L 1,326 790 1,463° 994° 717¢ 18 ok ok NS
TN, mg/L 1,035 579 1,002 756 662° 55 ok ok NS
TP, mg/L 895 456 857° 629" 541° 46 xk xk NS
After anaerobic filtration
pH 7.84 7.97 7.79° 7.92° 8.02°  0.04 ok ok NS
EC, dS/m 20.5 12.4 17.0° 16.5° 15.9° 0.2 ok ok *
COD, mg/L 1,566 886 1,529 1,135* 1,014 73 ok ok NS
BOD, mg/L 516 286 526° 369° 307° 18 ok ok *
SS, mg/L 1,091 670 1,188° 850° 602° 15 Kok Kk NS
TN, mg/L 931 521 902° 681° 596° 49 Kok Kok NS
TP, mg/L 716 365 686° 503° 433° 37 ok ok NS
After aerobic
pH 8.52 8.42 8.52 8.49 8.39 0.14 NS NS NS
EC, dS/m 13.1 7.7 11.4 103 9.4 1.1 Hok NS NS
COD, mg/L 904 266 823" 491° 441° 47 ok ok ok
BOD, mg/L 298 71 257° 163° 134¢ 10 ok ok ok
SS, mg/L 638 91 545° 315° 233° 7 ok ok ok
TN, mg/L 488 157 453° 276 238" 28 ok ko ko
TP, mg/L 420 106 369° 236 185¢ 21 ok ok ik

' Manure and washing water mixing were mixed to have A and B wastewater at 1:1 and 1:2.5 by weight ratio, respectively.

* Hydraulic retention time on anaerobic treatment of X, Y and Z are 10, 15 and 20 days, respectively, and the aeration
treatment is all 1.5 days.

* NS: not significant; ** P <0.01; *** P<0.001.
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Table 6. Effects of wastewater concentration and hydraulic retention time (HRT) of anaerobic treatment on water quality

after each treatment stage

Items AX' AY AZ BX BY BZ SE
After anaerobic
BOD, mg/L 758° 637° 510° 496° 254¢ 246° 23
After anaerobic filtration
EC, dS/m 21.34° 20.42° 19.69° 12.73¢ 12.50% 12.07° 0.20
BOD, mg/L 606" 522° 418° 446° 216° 197 19
After aerobic
COD, mg/L 1,276 753° 684° 371° 229¢ 198¢ 47
BOD, mg/L 424 261° 209¢ 89¢ 65% 59¢ 10
SS, mg/L 971 535° 407°¢ 119¢ 95° 58" 7
TN, mg/L 689" 407° 370 218° 145 107¢ 28
TP, mg/L 599° 368° 295° 139¢ 104%* 75° 21

" AX, AY and AZ used wastewater A, the manure and washing water mixing 1:1 by weight ratio; BX, BY and BZ used
wastewater B, the manure and washing water mixing 1:2.5 by weight ratio, respectively. The hydraulic retention time on
anaerobic treatment of AX and BX, AY and BY, and AZ and BZ are 10, 15 and 20 days, respectively, and the aeration

treatment is all 1.5 days.
"¢ d¢ Means in a row without a common superscript letter differ (P < 0.05).

R BKREROKTE RS KBRS 2 8

Table 7. Effects of wastewater concentration (WWC) and hydraulic retention time (HRT) of pig wastewater on the pollutant

removal efficiencies

WwWC' (W) HRT’ (H) Significance’
ftems A B X Y Z SE Y H W xH
%
Anaerobic stage
COD 90.03 93.48 89.62° 92.32* 93.34° 0.21 oAk ook ook
BOD 88.68 91.83 87.14° 91.20° 92.43° 0.10 HoHk HoHk HoHk
SS 92.98 93.97 90.86° 93.89° 95.68" 0.04 oAk ook okok
TN 79.86 81.93 75.92° 82.33° 84.44° 2.22 NS oAk NS
TP 88.66 85.07 82.65° 88.43° 89.52° 1.66 * ook NS
Acrobic stage
COD 49.66 78.46 50.00° 69.47° 72.70° 0.88 okok ook okok
BOD 50.74 84.08 55.00° 71.15° 76.08" 0.37 Ak Ak Ak
SS 54.04 90.85 59.00° 75.94° 82.39° 0.16 okok ook okok
TN 55.25 77.79 53.47° 70.94° 75.15°% 1.31 HoHk HoHk HoHk
TP 50.74 80.40 52.31° 68.98° 75.42° 1.61 okok ok okok
Total removal rate
COD 96.23 98.50 96.28° 97.79* 98.02* 0.23 okok oAk o
BOD 95.28 98.46 95.68° 97.23 97.70° 0.05 Ak Ak oAk
SS 96.93 99.38 97.25° 98.38° 98.82* 0.02 okok ok okok
TN 84.84 94.26 84.77° 90.73 92.00° 0.42 HoHk HoHk *
TP 76.63 90.58 74.78° 83.84° 87.37° 0.39 okok oAk *

' Manure and washing water mixing were mixed to have A and B wastewater at 1:1 and 1:2.5 by weight ratio, respectively.
* Hydraulic retention time on anaerobic treatment of X, Y and Z are 10, 15 and 20 days, respectively, and the aeration

treatment is all 1.5 days.
* NS: not significant; * P < 0.05; ** P < 0.01; *** P < 0.001. ND: not determined.
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Abstract

The purpose of this study was to investigate the performance of the three-step treatment process in the treatment of
high-concentration pig wastewater, using a model tank. Twelve LD pigs with an average weight of 47 to 107 kgs were
arranged in individual metabolism cages. Feed and water were provided ad libitum during the experimental period. The
feces and urine of individual pig were collected daily, weighed separately, and then mixed together. Two concentrations of
wastewater were prepared by mixing manure and washing water at ratio of 1:1 (wastewater A) and 1:2.5 (wastewater B) by
weight. After solid-liquid separation, the mixture was injected into 6 anaerobic tanks with an effective volume of about 200 L.
The hydraulic retention time (HRT) of anaerobic treatment was about 10, 15 and 20 days, respectively. The HRT of aeration
treatment for each group was about 1.5 days. Results showed that after the three-step treatment process, chemical oxygen
demand (COD), biochemical oxygen demand (BOD), suspended solids (SS), total nitrogen (TN) and total phosphorus (TP)
concentrations of wastewater A were 904, 298, 638, 488 and 420 mg/L, respectively, all significantly (P < 0.001) higher than
wastewater B. The COD, BOD, SS, TN and TP concentrations of the HRT 10-day group after the three-step treatment were
823, 257, 545, 453 and 369 mg/L, respectively, which were higher than the groups of HRT 15-day and HRT 20-day. Except
for COD concentration, other water quality of group of HRT 15-day was also significantly higher than that of the HRT 20-
day group. The results showed that even after wastewater A has undergone anaerobic treatment for 20 days and aerobic
treatment for 1.5 days, the water quality still fails to meet the discharge water standard. On contrary, wastewater B subjected
to anaerobic treatment for 10 days and aerobic treatment for about 1.5 days, the water quality meets the discharge standard.
In summary, after the three-step treatment of high-concentration pig wastewater, the concentrations of TN and TP were still
high. Taking considerations of compliance with law and treatment costs, the wastewater can be reused for irrigation on

farmland as a nutrient source for crops.

Key words: Hydraulic retention time, Pig wastewater, Wastewater concentration.
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Abstract

Conventional farrowing crate is a controversial issue from the viewpoint of animal production and welfare in swine
industry. The purpose of this study was to evaluate the effect of crating length on the welfare of sows and survival rate of
piglets. Twenty four multi-parous TLRI Black Pig No. 1 (TBP) sows were allocated to four treatments through a completely
random design, where sows and piglets stayed in conventional farrowing crate throughout the experiment as the control
group (C). Sows and their piglets were moved to concrete floor nursing pen on day 4, 7 or 10 until weaning on day 28
postpartum as treatment F, S and T, respectively. On day 14 postpartum, the respiratory rate, body temperature and salivary
cortisol concentration were measured and while behaviors of sows were filmed for 24 hours. The results showed that there
was no difference on the body weight, backfat thickness loss, daily feed intake, and the physiological parameters, in terms
of respiratory rate and rectal temperature of sows amongst treatments. Sows raised in nursing pens tended to have higher
salivary cortisol concentration (P = 0.06). With regards to survival, from birth to day 7 of age, the survival rate of group
F was lower (P < 0.05) than groups C, S and T. After day 7 of age, the survival rate was not different amongst treatments.
Behavioral data indicated that sows raised in farrowing crate tended to have higher proportion of laterally lying (P < 0.10),
and higher proportion of lying and siting posture and less standing posture than the sows raised in nursing pen (P < 0.05). In
summary, farrowing crate could protect neonate, however, after the 7th day postpartum, sows and piglets could be moved and

raised in enlarged nursing pen to improve welfare of sows without detriment of piglets.

Key words: Animal welfare, Survival rate, TLRI Black Pig No. 1, Sows.

Introduction

The conventional farrowing crate is developed in the 1960s (Edwards and Fraser, 1997), which is a dilemma of swine
industry. The space of farrowing crate is just narrow for sows to stand up for feeding, drinking, urination, and defecation,
but not allowing the sow to turn around. The original function of farrowing crate is to limit the activity in terms of posture
changing of sows during parturition and nursing period later on, in which protect the neonatal piglets from crush by sows
when they are changing the posture. In terms of survival of suckling piglets, record has shown the farrowing crate achieved

tremendous success (Baxter ef al., 2011) to decrease the high levels of piglet mortality.

Despite of the protective function, however, the use of farrowing crates evokes concern by animal welfare groups due
to severely limit the normal behaviour expression of sows (Jensen, 1988), and the implication that confinement crate leads to
chronic stress of sows and hence reduces the welfare (Jarvis et al., 2006). Enlarged nursing pen during lactation period may

improve the sow welfare. However, survival of piglet may be put at risk as the absence of crate confinement allows more sow

(1) Contribution No. 2696 from Livestock Research Institute, Council of Agriculture, Executive Yuan.
(2) Nutrition Division, COA-LRI, Tainan 71246, Taiwan, R. O. C.
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postural changes which may increase the risk of crushing. A number of researches have tried to address this issue by
alternative loose-house systems. Results from these studies are however contradictory. In studies by Moustsen et al. (2013),
Hales et al. (2014), Condous et al. (2016), and Buoio and Costa (2020), the preweaning mortality was reduced when the sow
was confined at farrowing compared to being loose-housed. On the other hand, findings from Weber et al. (2007), Pedersen
et al. (2011) and Goumon et al. (2018) showed no differences in preweaning piglet mortality between crated or loose housed
sows. Such different results imply the difficulty to abolish conventional farrowing crate completely and the farrowing crate
still dominate the main equipment in farrowing house of swine industry (Baxter et al., 2011; Lo and Dai, 2012).

Piglet mortality is the outcome of a set of complex interactions amongst the sow, the piglet and the environment.
Research indicated that newborn piglets have the highest mortality within three days after birth, and gradually decrease after
seven days postpartum (Dyck and Swierstra, 1987; Marchant et al., 2000; Baxter et al., 2011), which implies that different
strategy approaches might be applied to manage lactating sows. As farrowing crates are still used in most of domestic farms
for lactation sows (Lo and Dai, 2012), yet there is very little research addressing the issue in Taiwan. Therefore, the purpose
of this study was to evaluate the effect of farrowing crate and nursing pen during lactation period on welfare in terms of
physiology, reproductive performance and behaviour of sows and survival of piglets.

Materials and Methods

Animals used in this study and the procedures were according to the Guide for Care and Use of Agricultural Animal of
Livestock Research Institute, Council of Agriculture (Affidavit of Approval of Animal Use Protocol no. 99022).

I.  Animals and management

Twenty four multiparous pregnant TBP (Taiwan Livestock Research Institute Black Pig No. 1) sows, in which
average parity was 3.7 (range: 2 - 6) were selected and raised in conventional gestation stall. At approximately one week
before the expected parturition day (calculated on the basis of 114 days of pregnancy), each sow was moved to farrowing
house and raised in a 210 x 210 cm wire-meshed farrowing bed containing a 210 X 60 cm conventional farrowing crate
in the center. Another 210 x 210 cm nursing pen was designed for experiment. There was a 210 x 60 cm metal slat area at
the rear of the concrete floor nursing pen for defecation and urination. The space of the nursing pen allowed the sows to
turn around. At the side part of both farrowing bed and nursing pen, there was a 102 x 50 cm creep area attached with a

heat lamp above for the suckling piglets (Fig. 1).

The experiment was designed as completely random design and each sow was allocated to one of the following four
treatment groups. After parturition, the sows and their piglets kept in the farrowing pen throughout the experiment was
crate group (Crate; C). The sows and their suckling piglets transferred to nursing pen together on the 4 th (F group), 7th (S
group) or 10th (T group) day postpartum and stayed in the nursing pen until piglets were weaned on the 28th day of age,

respectively.

All newborn piglets were weighed individually and ear-notched within 24 hours of birth (average birth weight
1.43 £ 0.20 kg total piglets of 24 sows). Sows were offered a commercial diet containing CP 15% and DE 3,250 kcal/
kg twice daily (09.00 h and 15.00 h) throughout the experiment. Pelleted creep feed containing CP 18.2% and DE 3,460
kcal/kg was supplied to piglets on the 7th day after birth until weaning. Water was supplied to the animals ad libitum
throughout the experiment. The farrowing crate and nursing pen were cleaned in the morning. Supplementary dim
lighting with 20 lux was supplied at night for video recording.

II. Measurements

The feed intake of sows during the lactation period was recorded. The body weight and backfat thickness of sows
were measured within 24 hours after parturition and on the weaning day to calculate the changes during the lactation
period. Backfat thickness was taken at the first rib, last rib and last lumbar vertebrae 2 cm away the dorsal line by A-mode
ultrasonic instrument (The PREG-ALERT PRO®, USA). On day 14 after birth at about 13.00 h, cotton swabs attached
at the end of a wooden rod allowing the sows to chew until the cotton swabs were thoroughly moistened. Samples were
taken on calm and lying sows, not during nursing bouts. Saliva was extracted from the swabs by centrifugation (HITACHI
CR22G, Japan) for 20 min at 1,870 x g at room temperature and then stored at —20 °C until assay. Salivary cortisol was
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analysed by ABBOTT ARCHITECT Cortisol 8D15-25 kit (ABBOTT RCHITECT Cortisol®, USA) with a delayed one-
step immunoassay assess. At the same time, the respiration frequency, rectal temperature and body surface temperature at
the ears near the neck were measured by manual counter, electronic thermometer (SHANG NONG, China) and infrared
thermal imager (TECPEL TIG-320, Taiwan), respectively. After the measurement was completed, the behaviour of the
sows and the number of nursing were monitored by using a wide-angle lens (SONY DCR-PC350) on a ceiling mounted
camera on a 24-hour mode recording (DECTEC DR-4043).

The 24 hours video data was analysed by video playback by a 1-min interval scanning method (i.e. 1440 scans in 24
h). The postures of sows were defined as below:
(1) Stand: Sow was upright with legs extended and all four feet on the ground.
(i1) Sit: Rear end on the floor with two front feet on the ground and front legs extended.
(i) Kneel: Front legs bent with two back feet on the ground and back legs extended. This is a transitory posture during
lying down or when the sow was trying to reach something under the trough or bars.
(iv) Lie ventrally: Lying on udder with neither shoulder touching the ground.
(v) Lie laterally: Lying with udder exposed and one shoulder completely in contact with the ground. Spine line is either
left or right of centre.
Body weight of each piglet born alive was weighed within 24 hours after birth and on the weaning day to calculate
the weight gain. The number of piglets born alive, on the 4th, 7th, 10th, 14th and the weaning day were recorded to
calculate the survival rate and cause of each death case in terms of malnutrition, weakness, illness and unknown was

judged and recorded by the same worker during the nursing period.
Statistical analysis

All data were analysed using the PROC GLM procedure of SAS (SAS, 2008) in a completely randomized design.
The model was Y;; = p + 1; + g; where Y; is the j™ observation of the i" treatment, p is the observation mean, T, is the
treatment effect of the i" treatment, and g; is the random error. Body weight and backfat thickness of sows at parturition
was used as a covariate to analyse body weight of weaning and the loss of body weight during lactation, and to analyse
backfat thickness at weaning and the loss of backfat thickness during lactation. The number born alive was used as a
covariate to analyse the performance of piglets. The significant differences amongst treatments were detected by Tukey’s
Multiple Range Test. Variability in the data was expressed as standard error of the mean (SEM) and probability level of
P < 0.05 was considered to be statistically significant. Based on the fact that sows in treatments F, S and T were raised in
nursing pen from the 10th day postpartum to weaning. The physiological parameter, posture pattern and nursing number
measured on day 14 postpartum were not significantly different amongst F, S and T treatments. Therefore these data were

pooled as treatment nursing pen (F + S + T) for further statistical analysis.

210 210
60
T D F
= A = A
Q] qV]
c Cc
y Y
g
) S o5

[0 |

E

Fig. 1. The chat of typical conventional farrowing crate (left) for control sows and concrete floor nursing pen (right) for

treatment sows. A = sow area; C = creep area for piglets; D = drinker; F = feed trough, H = heating lamp, S = slat
area. All measurements are in centimeters. Area detail of the crate and pen was descripted in Materials and Methods.
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Results and Discussions

Body weight, backfat thickness, feed intake of sows and performance of piglets

There were no difference of body weight, backfat thickness and feed intake of sows amongst treatments (Table 1). In
this study, the body weight of TBP No. 1 sows at parturition ranged from 250 to 256.6 kg. After four weeks of lactation,
the weaning weight ranged from 227.5 to 236.1 kg and the loss of body weight ranged from 19.7 to 22.2 kg. The average
backfat thickness of TBP No. 1 sows at parturition was 28.1 mm. After four weeks of lactation, the average backfat
thickness was 25.2 mm and the average loss of backfat thickness was 2.9 mm. The daily feed intake ranged from 2.58 to
3.06 kg.

Table 1. Effect of nursing crate and pen on body weight, backfat thickness, feed intake of TBP No. 1 sows and survival rate

of piglets

Homs Treatments®

C F S T SEM
No. of sows 6 6 6 6
Body weight at parturition, kg 251.1 255.6 250.0 2534 4.7
Body weight at weaning, kg 229.8 236.1 227.5 232.7 4.7
Body weight loss during lactation, kg 21.4 19.7 222 20.7 1.8
Backfat thickness at parturition, mm 27.7 27.7 27.2 29.6 0.7
Backfat thickness at weaning, mm 25.0 253 243 26.0 0.7
Backfat thickness loss during lactation, mm 2.6 2.5 2.9 3.6 0.3
Sow feed intake, kg /d 3.01 2.58 2.60 3.06 0.39
No. of piglet born alive 8.3 9.7 9.5 8.5 0.3
Body weight at birth, kg/piglet 1.52 1.43 1.34 1.45 1.47
Body weight at weaning, kg/piglet 5.76 5.61 5.10 5.65 0.98
Body weight gain during nursing period, kg/piglet 4.24 4.18 3.77 4.19 0.20
Survival rate from birth to day 4, % 92.5 95.2 93.9 97.9 1.4
Survival rate from birth to day 7, % 90.6" 82.7° 92.5° 94.3" 1.3
Survival rate from birth to day 10, % 90.6™ 82.7° 90.1* 94.3° 1.6
Survival rate from day 4 to weaning, % 91.3° 79.1° 86.6" 90.7° 1.6
Survival rate from day 7 to weaning, % 93.2 91.3 88.0 93.9 1.7
Survival rate from day 10 to weaning, % 93.2 91.3 90.8 93.9 1.7
Survival rate from birth to weaning, % 84.5° 75.3° 81.4° 88.6" 1.9
No. of piglet at weaning 7.0 7.2 7.8 7.5 0.3

¥ C: farrowing crate group; F, S, T: After parturition, the sows and their suckling piglets were transferred to a concrete floor

nursing pen on the 4th, 7th or 10th day, respectively until piglets were weaned on the 28th day of age.

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

The effect of nursing crate and pen on growth performance and survival rate of piglets during lactation period was
shown in Table 1. The number of piglet born alive, body weight at birth and at weaning, and body weight gain of piglet
during nursing period were not different amongst treatments. The number of piglet born alive ranged from 8.3 to 9.7
heads. The average birth weight and weaning weight were 1.44 and 5.53 kg, respectively. The average body weight gain
during nursing period was 4.10 kg.

For the survival, within 4 days after birth, the average survival rate was over 92% and were not significantly
different amongst treatments. From birth to day 7 of age, the survival rate of group F (82.7%) was lower than groups C,

S and T with significant consistency lower (P < 0.05), but was not significantly different compared with groups C and S
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from birth to day 10. Furthermore the survival rate from day 4 to weaning of group F was significantly lower (P < 0.05)
than groups C and T, but was not significantly different compared with group S. After day 7 of age, no matter from day
7 or 10 to weaning, the survival rate was not significantly different amongst treatments. Although the survival rate from
birth to weaning of group F was lower (P < 0.05) than groups C, S and T, overall the number of weaning piglet was not

significantly different amongst treatments and the average number of weaning piglet was 7.4 heads.

During the four weeks of lactation period, causes of death of piglets revealed that the main cause included
malnutrition, weakness, illness and unknown, which accounted for 79.5% (31/39) while crush happened at about 20.5%
(8/39) (Fig. 2).

Others

Head

Crush

birth-Day 4 Day 4-7 Day 7-10 Day 10-14 Day 14-28

Day postpartum

Fig. 2. The distribution of death case and the cause of death of suckling piglets in different sessions of age.

C: farrowing crate group; F, S, T: After parturition, the sows and their suckling piglets were transferred to a concrete floor
nursing pen on the 4th, 7th or 10th day, respectively until piglets were weaned on the 28th day of age. Causes of death
included crush and others in terms of malnutrition, weakness, illness and unknown. Each value was expressed as the sum
of six experimental sows.

In general, the nutrient intake from feed of sows is less than the nutrient output in milk. In order to meet the milk
requirement for suckling piglet, lactating sow would break down body tissue hence lead to the loss of body weight
and backfat thickness during lactation. The extent of loss depends on feed intake and the number of suckling piglets.
Results indicated that farrowing crate and nursing pen did not affect feed intake of sows, piglet born alive and growth
performance of piglets, hence the change of body weight and backfat thickness was not significantly different amongst
treatments. The feed intake in present study is lower than the study by Hsu et al. (2005) which might be due to the
different breed of sow since the breed used in the study of Hsu et al. (2005) was LY sows. By contrast, the feed intake in
present study is similar to the result by Liao ef al. (2008) in which the breed is TBP No. 1 sows as well.

The mortality of suckling piglets is the outcome of a set of complex interactions amongst the sow, the piglet and the
environment. It is well known that the mortality of suckling piglets and the cause of death varied amongst farms (Marchant
et al., 2000). In general, within three days after birth is the critical period that the highest mortality of neonatal piglets
occurs, and the mortality gradually decreases after seven days postpartum (Dyck and Swierstra, 1987; Marchant et al.,
2000; Baxter et al., 2011).

Although crushing by the sow is the main ultimate cause of piglet death in particularly within the neonatal period
postpartum, it is often consequence of perinatal hypothermia and starvation (Dyck and Swierstra, 1987; Marchant et
al., 2000). Since the 1970s, many researchers suggested neonatal survival of piglet could be improved via the nutrient

strategy in terms of supplementation of dietary nutrients such as fat to late pregnancy or lactation diet (Seerley et al.,



1L

BIER  BHEE 16

1974). However, Pettigrew, Jr. (1981) demonstrated the result of survival improvement by such nutritional manipulation

varied amongst researches.

Another approach to improve the neonatal survival is the application of farrowing crate which was developed in the
1960s. The crate is a structure that contains a sow which prevents the sow from turning around. The crate forces the sow
faces forward, towards a feeder and watering device. The manure will be deposited in a smaller location at her rear end
which maintains a fairly hygienic environment. This device results in a tremendous improvement of neonatal survival

through the protection from crush by sows when they are changing the posture (Glencorse et al., 2018)

In present study before the 4th day postpartum, all animals were raised in farrowing bed with farrowing crate. The
crate did protect the neonatal piglets from crush though it still happened occasionally. For the piglets in treatment F, the
piglets were transferred and raised in nursing pen on the 4th day postpartum. There is lack of the protection of crate and
the space of nursing pen allowed sows to turn around, thus it increased the risk of crushing. In present study, the number
of crush increased from day 4 to 7 resulted in lower survival from birth to either day 7 or to day 10 and from day 4 to
weaning in group F compared with group C, that indicated the vitality of piglets under the age of 7 day might not be
good enough to escape the risk of crush. From another point of view that the survival rate from day 7 to weaning was not
significantly different amongst treatments suggested that over the age of 7 days, animals could be raised in an enlarged
pen with less detrimental effect in term of crush and the welfare in terms of space allowance for sows could be improved.
Goumon et al. (2018) found similar result that temporary crating limited to the first 3 days postpartum would not affect
the weight gain and survival of piglets compared with permanently crated group. However, Edwards and Fraser (1997)
found that enlarged pen representing an improvement of welfare for sows, showed a higher crushing rate in comparison
with the conventional crate. Even from day 15 to the weaning, enlarged pen furtherly lowered piglet survival rate (Buoio
and Costa, 2020). These different results highlight the difficulty of alternative farrowing crate between the welfare and
economic losses related to production. In addition, the application of nursing pen required more labour to maintain
hygiene compared with the farrowing crate. A number of deaths caused by un-crushed were noticed in enlarged nursing
pen from the 10th day postpartum to weaning. These deaths were mainly consequence of starvation from malnutrition,
weakness, illness and unknown causes implied the application of enlarged nursing pen required higher skill to maintain

the well-being of piglets.
Physiological parameters of sows on day 14 postpartum

The effect of farrowing crate and nursing pen on physiological parameters and nursing number of TBP No. 1 sows
was shown in Table 2. There were no differences of respiratory frequency, body surface temperature, rectal temperature
on day 14 postpartum and nursing number on day 14 to 15 postpartum between treatments. The concentration of cortisol
in saliva of sows raised in nursing pen tended to be higher than sows raised in farrowing crate (1.0 vs. 0.3 ug/dL; P <0.10).
On the 14th day postpartum at 1:30 pm, sows breathed an average of 50.2 times per minute. The average of body surface
temperature and rectal temperature were 35.6 and 38.9°C, respectively. For 24 hour observation of nursing on day 14 to

15, the nursing number was 39.0 bouts per day.

Table 2. Effect of farrowing crate and nursing pen on physiological parameters and nursing number of TBP No. 1 sows

Treatments®

Items C F+S+T SEM
No. of sows 6 18

Respiratory frequency, no./min 493 51.1 5.1
Body surface temperature, °C 34.9 36.2 0.4
Rectal temperature, °C 38.7 39.1 0.2
Salivary cortisol concentration. ug/dL 0.30° 1.00° 0.16
Nursing number in 24 hours, bout 39.5 38.4 0.4

¥ C: farrowing crate group; F + S + T: sows and the piglets were raised in nursing pen.

Parameters were collected on day 14 postpartum at about 13.00 h. Nursing number was measured form day 14 to 15
postpartum.

" Means in the same row with the different superscript tended to be differed ( P = 0.06).
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Physiological state of animal is a response to environmental stimuli. Pigs are homeothermic animals with the
ability to regulate body temperature and rectal temperature to maintain the physiological function (Mount, 1974). The
respiration frequency and body temperature of pigs are mainly affected by the effects of the surrounding environment and
the efficiency of heat dissipation. Pond and Maner (1984) found under 30°C environmental temperature, the respiration
frequency for growing-finishing pigs was 30.6, then increased to 78.8 times per minute when the environmental
temperature rose to 32.2°C and the rectal temperature would increase to 40.0°C if the environmental temperature
continue rose to 37.8°C. Wang et al. (2008) also found the respiratory frequency, body temperature and rectal temperature
increased along with the increase of ambient temperature. Animals of present study were raised in open-house under the
same climate condition where the environment condition and the indoors sows were affected by the climate condition
outdoors. The respiratory frequency, body surface temperature and rectal temperature were not significantly different
between farrowing crate and nursing pen groups implied that the effect from environmental climate might be greater than

the effect from treatments.

Animals secrete cortisol when they are facing pressure, which as an indicator to assess the welfare of sows.
Research suggested permanent confinement of sows leads to long term and chronic stress with a higher cortisol response
(Cronin et al., 1991; Jarvis et al., 2006; Yin et al., 2016). In present study though the space of nursing pen allowed
sows to turn around, it failed to decrease the cortisol level, even tended to be higher than farrowing crate group. The
reason for the difference between present result and the studies by Cronin ef al. (1991), Jarvis et al. (2006) and Yin et
al. (2016) might be due to the lack of long term effect of present study since the sampling day in present day was on the
14 day postpartum. Goumon et al. (2018) also found removal of confinement crate on the 4th day postpartum had short-
term positive effects in terms of less stress levels (as measured by Ig A), but no effect of housing were found on cortisol

concentrations for long term effect on day 25 postpartum.

Milk yield peaks at around two weeks postpartum, depending on the litter size and litter weight, and the feed
intake of sows (Pluske et al., 1995). Neither farrowing crate nor nursing pen affected the nursing bout on day 14 to 15
postpartum in present study. The average of nursing number was 39.0 bouts per day which is similar to the result found
by Nien et al. (2013), in which the Landrace sows were also raised in conventional farrowing crate at open-house and
had 37 nursing bouts on day 14 postpartum. In addition, the piglets’ performance from day 7 postpartum to weaning and
the feed intake of sows were not significantly different amongst treatments that lead to no significant difference of nursing

bout between treatments.
Postures of sows on day 14 to 15

The sows raised in farrowing crate tended to have higher proportion of laterally lying posture (LL) (P < 0.10), higher
proportion of lying and siting posture (SI) and less standing posture (ST) (P < 0.05) than the sows raised in nursing pen.
The proportion of ventrally lying (LV) and kneeling posture (KN) between treatments were not significantly different (Fig.
3).

Both groups of sows tended to be very passive spending most of their time lying laterally and ventrally during 24
hour observation. Sows were raised in farrowing crate and in nursing pen spent 87.5 and 81.6%, respectively of the
observation time lying laterally. Combining with lying laterally and ventrally, overall the proportion of total observed

lying posture for the two groups was over 90%.

Sows raised in nursing pen were more active that spent 8.4% of the observation time standing while sows raised
in farrowing crate spent 3.3% of the time. On the contrary, sows raised in farrowing crate spent 1.8% of the observation
time siting and sows was raised in nursing pen, which spent 0.8% of the time. Kneeling is a transitory posture when the
sows were lying down or trying to reach something under the trough or bars which contributed a less proportion of time
(0.6%) in the 24 hour observation.

As expected, the nursing pen that increased the space allowance, made the sows spend more time standing and be
more active than farrowing crated sows over the 24 hour observation. Goumon ef al. (2018) also found sows raised in
enlarged pen after temporary crating to the first 3 days postpartum increased the activity than the crated sows. However,
the finding of present study contrasts those of Lambertz et al. (2015) and Chidgey et al. (2016) who found no differences

in the amount of time spent active between temporary confined sow (e.g., until day 5 or 7 and 14, respectively) and
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permanently crated sows.

7

N C

ar +S+T

a b
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SI

Proportion of observation, %

Postures of sows

Fig. 3. The proportion of posture of sows on day 14 to 15 postpartum.

C: farrowing crate group; F + S + T: sows and the piglets were raised in nursing pen.

LL: lie laterally; LV: lie ventrally; LY: combine with lie laterally and lie ventrally; ST: stand; KN: kneel; SI: sit. Detail of
behavuoural ethogram was described in Materials and Methods.

x,y:P<0.10;a,b: P<0.05.

The behavioural parameters were sampled on day 14 postpartum that was at the peak of milk production. Sows
performed lying posture for nursing and rest resulted in high proportion of laterally lying, in particularly for the sows
raised in farrowing crate. The crate limited the mobility of sows that might also increase the difficulty to stand up.
Furthermore, standing is a posture when sows were eating, drinking, defecation, urination, and walking or exploring the
surrounding environment. Domestic sows would move up to miles away and spend a lot of time exploring, rooting, and
foraging when they are raised in the wild (Stolba and Wood-Gush, 1989). Sows in present study were fed ad libitum, it is
not necessary to spend lot of time foraging. Siting also is a transitory posture when the sows were lying down or trying
to stand. Sows raised in farrowing crate performed higher siting posture might be due to the limit of locomotion from the
crate.

From the view of animal welfare, nursing pen supplied a better environment in terms of enlarged space for sow

performing higher activity and more flexible behaviours.

Conclusions

From the view of animal welfare, sows raised in enlarged nursing pen had better well-being. However, the management
application of nursing pen should be considered carefully to avoid the detrimental effect of piglets in terms of survival. The
study showed sows were temporary crated for at least 7 days after parturition then raised in an enlarged nursing pen might
be taken into account of welfare and production at the same time. Such manipulation could be regarded as a compromise
solution between conventional farrowing crates and nursing pens to better accommodate the welfare of both sow and piglets

during nursing period.
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PHNEZEEE SO ~ S5IE R B IR 255 (Curhan et al., 1993) - $58ET- AR HEMTS2HZN (Jones, 1975) - REufE
B & 2 THRE (Ashizawa and Wishart, 1987) » 4ERFIETACGHFIAHRERERYIIEE - H ARG B b - 85

|

() TR EE B g E BT s 5 2697 5% -
Q) (TEb e EZ B s AT a5 Flr

Q) TEbtREZ B g S EAB T AT -

(4) BT EE B KR E IR BRI 2R £ o

(5) #E/EE > E-mail: mflin@ntu.edu.tw °
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1k~ JEREFITEES K FE A 00 28 (Kanyinji and Maeda, 2010 ; Rahman et al., 2014) » f NRC (1994) i fEHEE E T & -
Khalil ef al. (2012) &5 > fy T GEFFRENASER LS » GETIS2 2N EREDEAERE - FREEERERE
g AEMERERENZE e EIERENEFAE ST o IREE R EZEHY) (Rhizopus fermentation extract,
RE) AR B B ARG » w48 2 R R R R RCR - BB ST WS TE 9 R BT ZE BB 2 Follicle-
stimulating hormone (FSH) Jz Luteinizing hormone (LH) J2FE » i 0] it E & S IEHA W BEE I & E (&H 0 2004 5
%> 2015 ) HERISZ ANETE R R ETERE 1N A IERIAVE B (BE Rk - 2017) - HRALLS$5 a0 AR A S ER
mnE K ETERCR BN I EE R A —E > AFBAVHEHERERE D - Al 5 EERaT R RE EISRIAYES & 2 PR E
HEETEZHWIANIN - HABSERIEIRZ 228 - DItEESETER -

IL.

1.

M T A

SEREY)

SElEIEH 2 3 &S &S5 (White Muscovy LRI 1) » £8EER@h) 0838 i Fl/ NEF SR FEIREER (F
SVEBENFE 106011 5% ) - AYEHE 27 FHEHE - 48 2 A - §H 2 R > DIEEEIRILAIREE S - T A TG 8%
PR PR P BRI LR AR IE BV A NS 27 & Rl BelB e -

() tEERE

SZEVATES 0 2 3 HE R EHE - FRHE 24 h 2 ROBEENE - BRE S BEHHERE (f4R - CP 18.9% ~ ME 2,940

keal/kg ) ; 4 & 28 il Ry E AR - eREA 5 pA R AR CRR - CP 13.6% ~ ME 2,680 keal/kg ) < 0 — 10

FEEE R s =R 0 11 A HERIEE - SR e R N 2RSS - 28 Al 2 AT SBIEERA AL

> 29 1% o EER I TR 30 min ZE5EIREFREZE 17 h/d (2> 2010 ) » A TORIR58E Ry 206 £ 34 Lux

(159 — 264 Lux) (Digital Lux Meter,TES-1330A, Taiwan) - 30 #E#EEE » & H EE 1Y R B S5 B N U8 = 2

imss T 2 180 g BRAF LAVERIMERAR A EIRAVASE 2 allRsi | -

(i) FEmpER

27 E SIS ET 20 D MR =4 - B9 43 TIAREE T1 : EHHR4H (FEI5 28 1.03% ) T2 (75
$54H - EENE - fEKEES SR 3.03% ) 20 T3 (GRS & & 1.03% + 0.2% MREE SR AW ) & =T -

FEFHEERE] 180 g - HPREEEAI ATENL (A2 0 28) > LR 1R 1 - 29 8

Z 32 AN S pR A B B R AR R AR R Ryt EnaaiE 2 A ERH - 33 MEE R 56 Ml - BB E AN TERE

FHISHE R ERLEE N BT A FISERERE 2 X RISEHEE - e EEER - 77

F533 — 3435 —36~37 —38-39 — 4041 — 4243 — 4445 — 46 ~47 — 4849 — 50~ 51 — 52~

53 — 54 K7 55 — 56 JHESEE 12 4H -

HIETHH

() #9EE © SEMEAHENE 4 8 > 43 H17 30 ~ 34 ~ 38 ~ 42 ~ 46 ~ 50 K 54 HETEE -

(i) 5K E (semen volume, mL) : FREEF(IEIRIZ - DA 1 mL fE R EHEHEKE -

(iii) FH TR (sperm concentration, spz/mL) @ HY 50 pL &5/ AZER 10 mL 7Y 0.9% AEH & @ /KayEk & o o (#
FHE i =) 28 (Vortex-Genie 2, Taiwan) DA77 # 1,000 §8 7 $8H0E ~) 20 s 1% > HEEOE HL2 mL HBRAVER -
PAG3 AeHETEET (SP-830 +, Metertech Inc., Taiwan) & 535 nm 7 & FOHEEAE - KRG 2 BB DUMERETER
SR ZE TR B AR L E TR E 2 R B A G REE T RE -

(iv) 45524 (total spermatozoa number, spz) : &% & S5 R E Y TRIER] B 48ks T8 -

(v) JEE T (live sperms, %) © DL 1.6 g {74 (eosin Y disodium salt, E6003) Kz 6 g Zf#7 5 (nigrosin water soluble,
N4754) 755 100 mL Y 0.9% 2 A FREE K > FCBIB AL — AR B AL o HL 10 pL BRI 1 mL Syt
B HENRARNERATE 2 76 0 LS pL #eiiEREEEs R L S ETHRR 0 R 2 REN
i tEZERATER (Axio Lab Al, Zeiss, USA) TEIZE » BHEFRABEREIZE 5 (MR8 300 &1 2 0EE % -

M) FFTFIPREIEE % © S{EE ARSI 22 T (E G B A0 300 €15 F 2 IPREIE R E » kI /AT E G T RE
ZIEHFR -

&Giatorth
BB 2 BHR ASET 73 i A4 EHEHEE (SAS, 2011) 2 GENMOD 27 #7774 » FFLA-R J7 € (Chi-Square

Test) fg i 2% [Ela B EfeE < /N JT P 1E (least squares means) FYZZSEEAE M » WLL P < 0.05 FRZE /KA -
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* 1. GRS e BB IR M E S AW A B IR IR & s SRt ia i 5 B e B p st RE
Table 1. The ingredients and calculated nutrient levels of experimental diets with various calcium levels and RE
supplementation for Muscovy drakes semen traits

Item Tl T2 T3
Ingredients (%)

Corn 54.44 49.94 53.84
Soybean meal 26.50 27.00 26.50
Wheat bran 7.50 6.50 7.50
Yeast 2.00 2.00 2.00
Fish meal 2.00 3.30 2.00
Rice bran 4.00 0 4.00
Dicalcium phosphate 1.50 1.50 1.50
Limestone 1.40 6.60 1.40
Iodized salt 0.40 0.40 0.40
Soybean oil 0 2.50 0
DL-Methionine 0.05 0.05 0.05
Choline chlorides (50%) 0.08 0.08 0.08
Rhizopus fermentation extracts (33%) 0 0 0.60
Vitamin premix' 0.03 0.03 0.03
Mineral premix’ 0.10 0.10 0.10
Calculated composition

Metabolizable Energy (kcal/kg) 2,714 2,692 2,714
Crude protein (%) 20.08 20.19 20.21
Ca (%) 1.03 3.03 1.03
Analyzed composition

Crude Protein (%) 18.13 18.14 18.30
Ca (%) 1.05 3.06 1.03

" Supplied per kg diet: Vit A 15000 TU; Vit D, 3,000 IU; Vit E 22.5 IU; Vit K 6 mg; Vit B, 3 mg; Vit B, 9 mg; Vit B, 6 mg;
Vit By, 0.03 mg; Biotin 0.03 mg; Folic acid 1.5 mg; L-Lysine 25 mg; Nicotinic acid 60 mg and Pantothenic acid 18 mg.
* Supplied per kg diet: Cu: 15 mg; Fe 90 mg; Zn 90 mg; Mn 100 mg; I 1 mg; Co 0.15 mg and Se 0.25 mg.

e RN B

B S ABISAS E S LWIFR 2 AR - sABAEISAE 30 Aleis ZASE Y 5.5 — 5.7 kg » 812 (1996) Airil
NFEWERFEGE T2 5.6 kg —E1 - ZAHABRIS &R 30 HERIEL - & H G NIER 2SR MBS E L RS T2 180
g B EHIMEREE A RIRHVES E - DU = SRS A FE 1 AE (Romero-Sanchez ef al., 2007a) - F4HEEEH 30 & 54 1
B EE R 185.9 — 341.7 g (3.3 — 6.0%) = F R FAZE - Zhang er al. (1999) [ ATEZEST I 28 ~ 32 ~ 36 ~ 40 »
46 K 52 PSS RENK 2 ] & 4 BVE > sHE SRR EHESE ) > ZUTRERIES - EEGE 8 T8
BRI B E 2 AR B ER - AR - 46 BB E 2 IR EAHRE - Romero-Sanchez et al. (2007b)
FFEATEREE 27 3] 32 BB EEE —XR > 33 — 64 [ilipE 2 BHE—X > &4 8FE > (MhEEFAREAES
EHEMERE 28 SUBRTE 32 2 48 Al DRI REI RS E T E > 17 40 Bl > EABEERE ITET
F% > 49 iRtz - HLUEHMEI S ¢ BREEER - 0T RENEIZEIKE - SF2MRtEE  SHEER e BafE ke
BB HAEEREEE JI(E (Bramwell ef al.,, 1996, Hocking and Bernard, 2000) - A<ztEs & 4H A/ H BL67 & S BB N e 2
RS T 2 180 g LIEHIMER VG AFBISAVRSE > PLAE BN 6 2N C DAEFF R A TR -
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§5 R dERF Y AR E RIS 0 G2 5B RS B RRRE ~ RAET R S S EEE B 0 Nguyen et al. (2016) f5iH
& BB EIGHEEEE (TIREN Ca’ BN S ) (MBS TE A TER e H i EE E A 0 B
EGEET-E A ST T A B RE N E B (LB FINE AR flNASEEES A - SSEK BTN 2%
(Curhan et al., 1993) - Namntu (2016) A 3.05% = #5aafeanas 32 — 41 /85 AfEZE » Shafey and McDonald (1991) 451
16 Hiie A% 2.62% = 856AfE1% - HER NP ERESL - A4S R BN IREBE S EZEWIR AR - IAEEK
He B HIZ5 - BESE (2015) DL 0.2% fRENE ZEZ AW R GiR et - 2 > W& e iEHAeR -

*®2. RIS BEIRIREE R FAWE AEINN 30 £ 54 Bkl ER L2 E
Table 2. Effects of dietary calcium level and RE supplementation on body weight of Muscovy drakes from 30 to 54 wks of

age
Weeks of Age Body Weight (g)

T1 T2 T3
30 5,537 £ 566 5,716 £ 353 5,691 1309
34 5,476 £ 526 5,571 434 5,639 + 577
38 5,421 £530 5,531£550 5,698 £ 309
42 5,378 £ 543 5,416 £ 455 5,702 £ 278
46 5,362 £ 578 5,551 £504 5,696 =347
50 52121586 5,386 £ 507 5,525 1451
54 5,212 £ 668 5,374 £ 569 5,505 1540
Weight gained (g) -325+59 -342 80 -186 £ 86
Percentage of weight lost (%) 5.9 6.0 33

Mean £ SD, n=9.
T1: Ca 1.0%; T2: Ca 3.0%; T3: Ca 1.0% + RE 0.2%.

FZHHFBRAFINHRE - B R RS TR s S BB E 1 — 3 - RH IR AEIS EHAVE
FEFET > REEREEWEIORE (3 -9 H) - A%EIEN 29 Bk v FlAET A THRERK (FE > 2019) > 30 —
32 Bl FEVERGEN > E 55 EERE PG 2R MM IS ¢ BRI A Ot R R R F NS TR - (EAEH M
PN & BHE IR A AR 7 85 (Jacquet and Sauveur, 1995) © BT (2019) i d IS HEEC BRSBTS 4EHE
T FBREHR 29 Bt - BB R0 - 53 BEEEE T © BT RELL 29 £ 32 Bl ES B0
FRPNHEREE - SUFTETARAFINEIEIRE TERAVEE T - DUSIEYIRIRY 29 2 32 Bl (K - B Zy
i Z 53 EEREE T > EAEAHITES -

== T1:Ca 1.0 %
- @ -T2:Ca3.0%
25 - -=#==-T3:(Cal.0%+ RE 0.2%

O T T T T T T T T T T T T
33-34 35-36 37-38 39-40 41-42 43-44 45-46 47-48 49-50 51-52 53-54 55-56

Weeks of age
I GRS BEUNIRBE SR AAYH A FINERE P -

Fig. 1. Effects of dietary calcium level and RE supplementation on semen volume of Muscovy drakes.
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—r—T1:Cal.0%
0.50 == T2:Ca3.0%
==2==T3:Cal.0%+RE 0.2%

10°-sperms/mL
=
(=]
L=

0.00 T T T T T T T T T T T T
33-34 35-36 37-38 39-40 41-42 43-44 45-46 47-48 49-50 51-52 53-54 55-56

Weeks of age
2. GRS S BB SRR I H A BN FRE 2 -

Fig. 2. Effects of dietary calcium level and RE supplementation on sperm concentration of Muscovy drakes.

70 - ——T1:Cal0%
 —=—T2:Ca3.0%
co | --#--T3:Ca 1.0%+ RE 0.2%
50
. -
- N
£ 4.0 - r,-—‘ ~
D | — ~ —
: . e R N
2 30 | N B, -
— 4
20 . " .
1 1 4 ’
1
10 -
0.0 : :

T T

T T T T T T T T
33-34 35-36 37-38 39-40 41-42 43-44 45-46 47-48 49-50 51-52 53-54 55-56
Weeks of age
3. RS BEURIREE S EAYH A AFINEE T8 2 -

Fig. 3. Effects of dietary calcium level and RE supplementation on ejaculated sperms of Muscovy drakes.

*® 3. GRS S EENIIIREE BB AN E ARISRRIER 28

Table 3. Effects of dietary calcium level and RE supplementation on semen characteristics of Muscovy drakes

26

Semen characteristics T1 T2 T3
Semen volume (mL) 1.32£0.10° 1.34%0.11° 1.50£0.13°
Sperm concentration (10°/mL) 2.66£0.23" 2.36%0.16° 2.53+£027°
Ejaculated spermatozoa (10°) 3.55+0.41° 3.15+0.33° 3.73 1 0.48
Viability (%) 948+1.3 945+1.9 94.6+2.9
Normal morphology (%) 923+5.1 90.1 £3.7 92.5%5.7

“® Means in the same row with different superscripts differ (P < 0.05).
Mean = SD, n= 12.
T1: Ca 1.0%; T2: Ca 3.0%; T3: Ca 1.0% + RE 0.2%.
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FHAFIBHEE - BTRE - R T8 TSR TR OV IR RN 2 R 0F% 3 - =(EH R’

B DL T3 1.50 mL BE2 57 5 4HAY T 1.33 mL (P < 0.05) 5 K5 TR 43 Bl By 2.66 £0.23 ~ 2.36 £0.16 F% 2.53 £ 0.27
x 10° spz/mL » DL T1 B, T3 4027 85 T fE S w5 A T2 4 (P < 0.05) © 4885 78053 Bk 3.55 1 0.41 ~ 3.15+0.33 2 3.73 +
0.48 x 10" spz » BL T1 ~ T3 % —4H X 48K T HEEE S T2 41 (P < 0.05) » Z4HM 2GR TR VRS IE R SR -

L

1L

AP R

Wilson et al, (1969) TR HERTHR PR AIES 0.2 — 39% A4 36 JHA (1 (2 AT A - 46T 3% S5ATNRLE Y 2
KEREBERN 0.7% §56kReH - MEE T RE « i TIEEEE - ZER KL% > AlfE#EE =2 - Eltohamy and
Takahara (1985) 457 12 i A (AR F#E 5.6% = d5aafE - 6267 12 He 2 #8E - TN - aEEHZHD |
ARV R i BTN HS 198 42298 - Kanyinji and Maeda (2010) £ PAITEZEERE 70 4% §5 - HAE REEHIH]
KE+ 57 H RS E R R 488 2 TAYLL GRS - Kappleman er al. (1982) if5E$5HY » 45 THEAFER GRS
$5 (6.2 ~ 3.1 ~ 1.0 ) 0.5%) Z fifg - NgBHARE - T RE - UFFSKERZER - BERAEFETISEE
Vs 2 G 55 R S B AT 44 0 - Fontana er al. (1990) 145 T 20 e A HEA [F$5 & & G lR AR 6T 2 65 HiRHIse s
B> 3.13% §5 2 EEHHE 0.89% $5 & B4 EF U ME FREIMEE EZR - gt R B RERE T S5 28
W@k mE  THE—-BNEER > —RRhEeSNEES S E > HERSE R EENRGEAAm T E -
Hansson et al. (2008) DL## & 69 & L35 S B $50 A » (08 T sy E(LB R B - SHFEFEIHE 2P ROE
MEWE > [F(K52 L ELREH KB S (BB (glutathione peroxidase, GPx) » #8 & /E¥7 I (L (superoxide dismutase,
SOD) F%k Rz B iR (glutathione-S-transferase, GST) HLEA LS » 1EREE LN £ 12 2 H HAk (Canpolat
et al., 2006) » [t EEE DNA W3 > EEEEE > SEEEAAET  IAgilfiE -2 PR EL 2 %5 (Rao
and Shaha, 2000) - #& &8 E1YE5 S E R BUIEMEAETE A GUERIE - 7451 1.5% $58867 26 H » SR ENERK
b [fE KB & (corticosterone) JRE#HZE TS > SEALH SOD ~ M FA(LEHS (catalase, CAT) HlF (L) E M #E3E R
b SENAEEBEALE N EEIE N - S 38 FEEHEEEARY S (3B-hydroxysteroid dehydrogenase, 3B-HSD) F1
17pB- FEEALE R AR 4 (17B-hydroxysteroid dehydrogenase, 17B-HSD) Y {4 B2 A - 110075 52 [E1 B 2 F5 85 )k
Vo iSRRI EEE R - AEE 2 A TERE I ERR(LZ (5 (Chandra er al., 2012) = FIAWFFEFEH
SRS R ER R A AR AN ENEE RS  HeiStEEE R E B 2 RED - REFHEE %
Rl - AEBaiA S kel T AR T~ SR S 2 28 N- FEL -D- KP4 K% (N-methyl-D-aspartic acid, NMDA) 7
G- W TR SR RS R S B S5 8 5 [EUR 4R AS E E MR A FL (permeability transition pore, PTP) HYJF
J o BB SRAS D RERE RN 2% 4 (Froman ez al., 2006) © Rosa ez al. (2010) 58 B TEAZEHRALES S 2 0.90% HYETHE -
EDLVERIEIRE - S8 T B2 i R EEIERCR - Tyler er al. (2021) DIAEIEHE ki5E B/ 4 iR - G
HP : LC (14.5% CP » 1.02% Ca) ~ HP : HC (14.7% CP » 3.04% Ca) ~ LP: LC (11.9% CP » 0.74% Ca) & LP : HC (12.4%
CP > 3.05% Ca) 867 31 — 60 i~ WS4 2R E - SREURERIEED & 8 ARG T
TREHNGEEE A (BT 42 B 5T B eSS - B TREEERE - BT RERENER
Fy 60 I A s HE OIS E5AVAH G - LA G4 R - 52 B aHVEiERE - HiE FREEERE
HHEATHIAESE
fAfE PN IR B S A Y

At R S 2L Y R i b & R AREE TN K T TERE Tl - FLARVKEEAT
BREIRVE D - HhaEEHoREEER - ERe Y KRR e A ny S EERCTEYE (& > 2016 ) - B
FeR (2017) sEFEHY » AERIEI 22 HERIAIN 0.2% ZHUYIREs2 T FRISE RS ~ 70 lee J1 RS2 ALAH ARG 8
% BHRERSE N AR (R A R B TEAE T B IERMVE R » 4 (1970) 45T | HiR A SRR B S 2 Y a2
Z 30 Hie - FRHEAH SR B B W I EE IGAE Nl - S|EAESPRE R s A R4 - 4G T 1 HEA SNk
(Leghorn) 8% HfRMEIE #ELEY) ~ (g » &R 78 HEG » MNIIMREE SR 2 A E B H IR
4 % - BE5E (2015) W72 S BUAR M R S8 B 2 AU RE (R BN 238 5 » JRAE I NSRS MER IS Fe 35 —MEEERIA - B
Jek (2017) DUARHIAR[EIFIE (0 ~ 0.02 J2 0.20%) FRE G 5 B 2 B dal k@ elRaa 5 H e H AR5 2 40 Hilie - 35341 30
H# 2 0.2% ININaHA BE A 2 (53 M TE e 8 e 32 LB EAVHEES - 35 HIRIFA & s IR R AEB AN E
B HENEFEEENE - 60 Hile 2 S|APRERY 7 KEIEFREUN S S N HIEAH - st MBS
it s Bt S B ORI S S B 2E Y 2 B2 By 0.2% » IR IIREE ZEHUY R (& e R B3 & (R e AR
R HEMERGAZ BIIVE R #EAAE TR Z IR« AeA g P55 & & (1%) 7Y T1 B T3 pR B EEES - 7RN10.2%
TRER SR AHIRY T3 42 MR EEEE (P < 0.05) SRR T1 > 0T8N 2L T3 i - EHAZR A

.

%o
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:%n aff

P AEIREE L ERET 180 g B 30 2 54 B -PIIREER/DEY 3.3 — 6.0% » BURZEREE N e LERTEAE
WSFrEE - EARTE A EISAGIUE Y G R A B 0 RS B 1% - DUEEHIBZE AR (& Ca 3.0% ) SREIAENS - A
{RAYRE TR R T8 - £ Ca 1.0% SR IRIIRMIE SR ng IR AR ISR E - ~ 22
HFTEER BT IPRRIER R © &8 LAl s 2 506 F A IR e RETR 5 2 E 514y 1% » BUNRIIRE
B SR AR 0.2% > AITTHETHERE - S IIER S E B F o nn AR RT AR EL -

Z2EXR

T B AR - 2015 © BB R A Y 4 RO IS - BT B SR
BRI 3 - 5B 108111 B - HARSLGEEH Y - Eh -

TR EETRE T - 2020 - EIEGEHESR - https://agrstat.coa.gov.tw/sdweb/public/book/Book.aspx °

BEA -~ BEA  BUNME - PRal— © 1996 - fEE B E AHeR 8 B A BN IR RS MERE 58 - BT 29 ¢
289-296 o

GAEFE © 2004 © Rhizopus SR Y E#E BV REER PIEMERR & 8 M RIEIRZ 2 & - BN RREBECREH YR
BREIERE & 0 B R -

A - 2016 ARG S B AEAWYRmE O 29T - BILZICREORE - RS 2= -

BLERE ~ BREF ~ PRSEIE - 2015 - RAGEZEEWI LB IZ IEA © S5 —JE i =B E fEo R AR s
WS E S 0 56 9598 H - tEAREEGEE g - 2L -

BEERE ~ MR - 2017  ARMESFBEACHWIE N ARSI BERIR 2 28 - PEIEIEEE &6t 46 © 343-360 ©

BRI - 2010 - FHGURFHFNHREEH - BRRAESLERE(LAELEIEEEE - TBEEZEE > 210
o 113-124 H -

BB - BRI -~ SRIa% ~ 2055 - 2016 - SRS RROo4E A RER 20T - TR EEZ B g E s ERAT
105 FEEREGETEM S (CRERER) -

BB - REOR - BOSR - BB ~ SRIARE ~ TRV - PRSEEE ~ BIFEON - 2019 - BB ENNIEIR MR B )7 S2
BRI 2 52 - BEEiftot 52 ¢ 51-57 ©
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Abstract

Due to the small population of Muscovy drake breeders, complete commercial feed for drake breeders is not available
and infeasible for farm owners to formulate the optimal feeds independently. As a result, the most of drakes are fed with egg-
laying duck feed in Kaiya duck farms, which may exert a negative effect on spermatogenesis. The Rhizopus fermentation
extract (RE) benefits spermatogenesis and reproductive function in some avian species. This study aimed to investigate the
effect of dietary calcium level and RE supplementation on semen traits of Muscovy drake breeders. The 27 Muscovy drakes
at 29 weeks of age after semen collection training were divided randomly into three groups, with 9 animals of each treatment
including 3.03% Ca (T1), 1.03% Ca (T2) and 1.03% Ca + 0.2% RE (T3). Animals were fed with 180 g of fixed ration every
day. Semen was collected twice a week from 33 to 56 weeks of age while the semen volume, sperm concentration and total
spermatozoa number were measured. Animals were weighed every 4 weeks, and the live sperms rate and normal morphology
sperms rate were assessed. The results showed a decline of body weight by about 3.3% - 6.0% from 30 to 54 weeks of age
without any differences among the 3 groups. The semen volume of the T1, T2, and T3 were 1.34 £ 0.11, 1.32 £ 0.10 and 1.50
1 0.13 mL respectively and the T3 group was significantly greater than that of the other two groups (P < 0.05). The sperm
concentration was 2.36 = 0.16, 2.66 = 0.23 and 2.53 £ 0.27 x 10’ spz/mL, and total sperm number was 3.15 * 0.33, 3.55 +
6 0.41 and 3.73 + 0.48 x 10’ spz, respectively, in which T1 and T3 group had significantly higher sperm concentration and
number than those of T2 (P < 0.05). There was no differences in the live sperms rate and normal morphology sperms rate
among the groups. The semen volume in the T3 group was significantly (P < 0.05) higher than that of the T2. In summary,
feeding Muscovy breeders drakes with egg-laying diets lowered sperm concentration and total sperm number. Dietary
supplementation of adding Rhizopus fermentation extract can increase the semen volume of Muscovy drakes after sexual

maturity without affecting their semen concentration, total sperm count, live sperms rate and normal morphology sperms rate.

Key words: Muscovy drakes, Calcium, Rhizopus fermentation extracts, Semen traits.
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AaBr 2 B ETRSS X & 4654 JH 4R (primordial germ cell, PGC) 2 /2 M fRTFJ502% » DA T A1 (RO U7 =X
BRI RS PGC 2R « 5B oy mll 2R aT DA el R2 R 88 (WEST-4400) =45 %) % F /2 A & (Nalgene Cryo 1°C
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fEESENEEACERS T - Nb#EE A EHE DB 4 ZEE (Sang, 1994) « —LE4E 50 F] (4155E]
TranXenoGen Jz Avigenics ) HFRAATHFE UM AR S 1F R AL NRRIE AV 52 - DA B S En SR AV EE I BRI B Bl -
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SRR RIS > RAR SR R E 5N EEHEIZL (Dieterlen-Lievre, 1997) « &N —TEE B 11y
AR ERS (bioreactor) » AR T] DU B FRIVILAIETE - BEGEFH I EERE e ER L (RARANEY
THAMORREEA B IURSEAE—RIRMERENZE &L £ AR R S &R ERAE D) (Etches and Gibbins,
1997) -

FIR AR A TEAMD R E A ER SR SR > UHAMEZE stage 26 — 27 2 K& IR AETEA E(H stage 13 — 15
HIZZ S IRREE KRB ELHE PGC » 3B A S —IRRG « BTERIEIRREC &M R EARN 2 F i (Jn(Ee s
BARM ~ AR - RORBLEZERSRESE ) B 4L PGC (LIENRBEEZ I ML &~ NEE - SO ERR
WA R - HILERER PGC 2R IRTE » AR IR B E 2 B2 IR R PGC 1T )E A - 352l & PGC #8451
BEARZET > HAR G EERZ AER R GRS ZEE - I Y PGC [FFA 2K H R 7Y E &
GHRY > AIREREH PGC 22 M IRE METE K ENTR A » Fas AN R E S BIRFEHER T -

% & PGC 2 A MR TEMH B W32 K % > Naito ef al. (1994) K Tajima et al. (1998) 8 1L — FF %t &5 ff, (Dimethyl
Sulfoxide, DMSO) Ay/4 B (M LUEA 518 R /4 HEAOS R FEHE 2 PGC » WAFMREE I A S —HfEg 554 E
R 2R B R e A o ML ARG SR P LAt 0 AR Sl i (5 2 PR AU T VA SO S R IR 7 E 2 PGC > [RIFE AT Bt
BET A AR 204 HORFEE > PGC > DI EEFI R B R 2R FER & PGC 2R » Bl Rt EA T E
AETEAIRE £ i RS 2 AR AR » WERHL R SR SRR Tk -

M A

L aBai7A
() REAETEAN 2 BR S
KB 2 7775 B 21 Liou e al. (2012) Fratif 2 7774 » BHHR N © DAL 25529 — 31 [ B¢
(Hamburger and Hamilton, 1951) > & &l - ZEILRG B0k - IFARRE PSR T-ENEIZEA 15 — 20 mL HBSS (Hank’s
Balanced Salt Solution, Gibco, Cat. 24020-117) #9 100 mm ¢H4REFE T - FBERIES) » FEFI5=—4E5 15 — 20
mL HBSS fV4H&kES B M - [EESISER T AH B NN  BUH A O R — ¥ 52 & (mesonephros)
2 RN E 85525 T-1Y PBS (phosphate buffered saline, HyClone, Cat.SH30256.01) 57 » PBS R i Mll{F-25 8 H&F -
Z 1% B SR AU MRS 225 10 mL Trypsin-EDTA (0.25%) HYEECE o » DL Pasteur pipette B ZUEST
REE 38 C /K 10 4788 » EEERIR » 320 7758 - 1%L 800 x g @0y 5 738 - A 5 mL HBSS JEE—X >
FFLL 800 x g 5 /7 BB > DL 100 pL HBSS SEF4MAE » FHAIA 900 uL &7 10% ZEif)7F (chicken serum,
CS, Gibco, Cat.16110-082) K 16% Ficoll (Cas. No:26873-85-8, Sigma Aldrich) JE&7% » FJ@4818 /0 A 200 uL 22
6.3% Ficoll » £ 800 x g #f/[» 30 77 §1% - FHMEEERNENERSH  DNORIRG FEaiEard 10%
CS 1y M199 (Medium199, Gibco, Cat.11150-059) 1 > L1 800 x g Bft.(s 5 7 ##{% - FA L —R 0 21 mEkET
HES o SRR A AR B SO AT GRS -
(i) PGC %R IR 2 Fosd
DL M199 s EEREST » & 1 mL 2 i [R1E R AR 275 10% DMSO (Cas. No:D8418, Sigma Aldrich) K
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(i) & HETER
1. A2 B (WEST-4400, ISE, Inc. USA) )& H{RFER
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(10 — 90%) i DL M199 3% 512 #EF5 Fy 0.9 mL » FF /I A DMSO 0.1 mL {8 #R [ F 10% - 1T7Z% &
WEST-4400 - H 4°C[£%F] -35°C (70 $8% 033 ~ 1 50 2°C ) » EIRE TEF] -35 CREYERT 10 7058 - Fis
2R NE BRI RREE PR -
2. i 5 pE 4 & (Nalgene® Mr. Frosty® Cryo 1°C Freezing Containers, Thermo Fisher Scientific Inc.) 7= ¢
HY 0% 7 M199 27 i i PGC 50,000 {& > Jiz A 1.8 mL /4 5 /NE it B 7 0°C /K B hn A %E & CS (10 —
90%) > Al L M199 1485 5 0.9 mL il A DMSO 0.1 mL 4G B 10% LI A T8 E B
BEAE By 21 Nalgene® Mr. Frosty® Cryo 1°C Freezing Containers f£%1] -80°C i RS HIES - IFfFExE/) 4
AN + TR B ME R AR R AT - A7 PGC /- FFEL /R B WEST-4400 1% (4745 B
[E » RERREERARTTEER NREE R IRERT  Joff 2 R INEBRUASEA RNERE R/ HEHY Nalgene®
Mr. Frosty® Cryo 1°C Freezing Containers Wif% 5] -80°C #8{EJE 4HME R » HPE R/ 4 /NiF -
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BINEEEEELE - TIARELY 3 52 4UKHGHE » DL 800 x g Hitly 5 778 » Kbk BEK » HiIA 2 mL &
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trypan blue exclusion J5/ A5 BG4 -
2. R ITEB
[ A Z77%  (HR0BHIEm R » BEFEIIA 5 mL 2 &7 10% CS Y M199 7% 800 x g » 5 Fr k(%
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3. A% C K Kasai et al. (1980) J775#EAT
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(v) fEatE
FHI trypan blue HJ 77 48 5E T 4R 2 4HAGFEL M iF AR AL e BE 0 S0 o T IR AR AR 2 SR © Fg AR L
AL AT 10 uL 1 10 pL 0.4% trypan blue (Cat. 15250061, Thermo Fisher Scientific Inc.) J&RIEETE > F
IERETEAK (hemacytometer) 515 5 ([ 0.1 mm® BEFEN - TEAVAHAERIZE C VAT S R H AR > SRIHGES
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{736 PGC + JET ) PGC

2 RATSAR A 65 (%) =

fi MR Z A5 (%)
RRATZAFER (%)

2RI R IR 2 7 IEER (%) =

1. GERp
(i) DL WEST-4400 {EA G2 RS 2 PGC /2 IR 2 R
WEER T2 1 (1ii) 1. WEST-4400 /2 S fr{E P BRIERC AN [FRE 2 CS (10 ~ 30 ~ 50 ~ 70 k2 90%) » 53 HItL
BEEE o #E 0.33 ~ 1 B0 2°C R - 7= slBg AT L (iv) 1. fBR 75 A BTt -
(i) R[ELSHTTE -2 PGC /2 IR {TF 2 2R
[E] 15 4 B HCR R > Lt WEST-4400 5 Nalgene Cryo 1°C Freezing Container 7 /4 # {17 X0 5 - WEST-
4400 Z $8E 5 A aIEEe U704 L (i) 1. il - M2 R R 23R 557 887 1°C - Nalgene Cryo 1°C Freezing
container 7 & H A0 L (ii) 2. HRATL - fEHE T > Wk A L (iv) 1. B4 A Frit -
(i) HRORER AR EREMDE & &3 1 # PGC 2B IR1E 2R
EREIR P HIINAKREZ CS (10 ~ 30 ~ 50 ~ 70 K 90%) » L) Nalgene Cryo 1°C Freezing Container J5 =,
HOPAA BRI PEE IR » R 720 dskBe 7 A L (iv) 1. R 775 A i
(v) NEIEHETTEE PGC S RGF 2 R
PA Nalgene Cryo 1°C Freezing Container J7= » /2R CS &8y 70% Z &I » Ll =fEA (=%
R ERR 2 -
L &t
A [EI R B AR S22 DL J7 3 Y GLM J572 (SAS, 2005) S3ft « f7iE%4 e LA arc sine #E#A1% FRAETERES
AGPL P <0.05 HE Fy A RBE =5 -

R

L. DL WEST-4400 £ [E] [0 A 12 PGC /& MR 7 2 BUR
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% PGC 2 fE/EHR B RIK (< 20%) » BARFERHIRIN CS RETNEARE (B 1) « NEIFRE#E -0.33C ~ -1TC
B -2°C /min (YTEER S BB 1.6 — 4.9% ~ 3.9 — 15.6% 1 5.6 — 14.9% o (KBl WEST-4400 #9435t » 75 b
it 3 FEAR FEIFE RS E R ELL -1°C /min DL_EAYTFEEREAT > -0.33°C /min FREZE -

35 -

30 | 0-033°C/mim
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Fig. 1. The effects of cooling rate and chicken serum concentration on the survival rate of primordial germ cells frozen by
automatic cooling facility (WEST-4400).
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F550% 1°CHT5 = PGC i iits 2 1755% 5 14 — 31% 5 DL Nalgene Cryo 1°C Freezing Container 753t » PGC
R 2 7G5 Ry 47 — 54% o &R MR [E])% 5 07 g # 1% PGC Z {7753 » 2L Nalgene Cryo 1°C Freezing
Container 5 A BT IITE % ( [ 2 ) o 5 LURLER [ B M R (70%) » L WEST-4400 K Nalgene Cryo 1°C
Freezing Container /2 H a5 (i #E1 T /2 M Ir 7 -2 PGC I} » 455 400E 3 Fi - WEST-4400 J5 I EZRFIE
30.8 £3.1% - ifi Nalgene Cryo 1°C Freezing Container J5 27 {7 fi3 By 54.7 £ 4.4% > W& HEEEZE (P<0.001) »
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Fig. 2. The effects of freezing facility on the survival rate of primordial germ cells with different chicken serum
concentration.
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Fig. 3. The effect of freezing facility on the survival rate of primordial germ cells with 70% chicken serum. ab: Columns
with different superscripts are significantly different (P < 0.05).
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Fig. 4. The effects of chicken serum content on the survival rate of primordial germ cell after frozen and thawed.
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Pl A E g s 5 = PGC IS HIRFRUIR Z 52 & > GEREBUR » DL A fRAUA (1 38 CREMIZ DL 3 RS A
& 10% CS 2 M199 75 ) FodefE (18 5 ) » SEII1F/ES 48.2 + 4.8% » B ik (72 38 CRERERENIA S 10% CS
Z M199 5% ) Eofi % 052 Ry 35.8 £ 2.1% » C R0 E (1R 38 CRERE RN A S 0.5M JEEZ M199 57K )
fil % I E R Ry 38.3 & 1.4% o JL&S SRR A R HUARZ BT B & C & (P < 0.05) » B A C AR
o HIEDL 3 8RR AR R B A = I ER -
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Fig. 5. The effects of thawing methods on the survival rate of primordial germ cells. A: after thawing, add M199 containing

10% CS dropwise at 3 times the volume, B: directly add M199 containing 10% CS, C: directly add M199 containing
0.5 M sucrose.
®: Columns with different superscripts are significantly different (P < 0.05).
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2 HRIEFPHEIR RIS /2 4C » RERIEIK (seeding) HRE R -6°C » /£ 4CIEE] -6°C » FRZEFE [ 30 738% - (At PGC
WAAFEFELE DMSO T R2 30 77§ » B RIVIFHIEZ g HHEREE - MAER AR ERFRM: - DMSO ¥
HHAE Y 5K (Pickering ef al., 1991) « IR LIFEIRZRZ Ry -1°C /min 5 -2°C /min » ¢ 4C[EF] -6°C » HFTFZAE
10 738% > F2FEAE DMSO HHHIREE4EHR > ¥ PGC iSRG EIRBY » & il {E4E R LB H {7 &% A 2 e &
{SEIFEH - 7 A WEST-4400 {5(F RVENER: - A MHE/KIVENE » BRI S EEdRa RS T
H## 1B K (spontaneous nucleation) 4 Y EIEHIEZE (Trounson, 1990) °
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TERGHES AT FEENER - REIEERTHER 90% Ay FBS (fetal bovine serum) 24 Hi%E 5l =E PGC (Mueller
et al., 1999; Kuhholzer et al., 2000) » th 5 {EZH 10% CS 34 H R cPGC (circular primordial germ cell) (Naito et
al., 1994) 5, gPGC (gonadal primordial germ cell) (Tajima ef al., 1998) > 75 Naito et al. (1994) $&FfiE HZHIFE
2 HMAEEIDSH > RILRMEES A EEAME A RS AR R SRRy > BrbAbbis T 740
NEDREAVHEDE » $5RIERE AR o R ME RS SR A 2 B8R » DL 90% ZEME KR » 4HpEsh
S m R - AR R AEAE T LA /KI5 4 - AHREER S 55 E (Mazur, 1984) » A2 4R {E &2 3 HAHY
MRS » WK KAESR » o] RAERREEI T FEiE R I A s il SR SR S RN & R 2
BN Z - Rizoset er al. (2003) #FALIR S A 2 B8RS A A A (EER RIS Z AN
Hrp BRRGEE Ry S OB A AR BE ARG > ARAR AR A i T S B H PUR Y - EE R BB R S EARE
i o Pugh er al. (1998) & LL& R EDRERGA-IE 2 B8 AR [EDRE A4 M10% H & H (Bovine serum albumin, BSA)
ZEEEIR A HARE - PEEAPI S AR R B R R S B LURTIRG A=A EE B BRAE AR N4 I B 8 B B
7= MR R RIi0E 2 e C s IR e AR s 2 2 1 - s R i H BE R & A 3 (L (peroxidation) » 248
HRERERY 2 EME - BEAAA GBS T2 PGC 2 /2 IR AR A » MBI A& ETE  2agR
IR A KRB RN E PGC ARG - MM L R IE 2 EERAE T - HEA
H o PR ARSI RS Ay 2 AIRE - RIS 2 /2 MRS R B R » NMRAEEN - th—
G FR PGC Biib G 2 /2 IR F FIRE AR B — R E B F A 202 IR 2 (R SRS 2 0% » R ES R
HE @R ElE -

BRI Ry vk B IR » —f AP 4REIRFE 2 10% DMSO 3K HATR2 15 RIEL) Fy 1.4 Osm/L
HHREE T EZ A R g AR K > T DMSO HIl4818:2 % AR LA E T 3R - A0SR N NS B B 2= B m]
AE (5 S TE R T B LT B B A E M B4 » [RIEE DL DMSO E B 4IRS B IR IR - 8 (R A% & 1 BB i
B R Rk 2 ORI 2 R M 2 AR FTREIE R G S o FHARWTZFEHEST -3 PGC /S IR M 2 i R4E R
BT 0 DLAERTTE ¢ (B = BRI AL (Avarbock er al., 1996) ~ B L WRAVERIE )7 238 5
i P REAY R R SRR » e s R AR A S G R A 2 B BRE R K - AR SRR
H BRI - DMSO JE 726857 42 % (& DMSO S4RpEA M - RIELEERES - N ZEIIA » BIEHEEC
B H S OO EEE - RILE SRR EEEIIA 5 mL & 10% CS #Y M199 ~ B —REVFFE » &EREEIR
Et WEST-4400 15 » A2 ANELZRENIA KIS « HEHATRE R — RN FRa R - A2 A R E B ARG RicdRe
FEUFTEL -

Kasai e al. (1980) #re55H - FRARHEIE T Ry T ¥ 02 E FRE 58 (Mazur, 1988) » SRAHEFEIIA 5 mL &7 0.5
M sucrose HY M 199 #Efig2 5 5 [K 5y Sucrose K73 FIAEARREY MY 52 FE BRRVERER » [E(K/K 53 (o] A HREAY R
DU VAR KBEVIS E - SE BN A S 0.5 M sucrose 2 PBS » PGC {EfEHUEIERE - IZRBE R FIIRZKIRES » —
HE[ L. PBS #7% DMSO #3214 & (Bl F 52k 2 #fg » A1t — K vl R E/K A I A4HAE > o2
FRR TR K 4IRS DMSO S EEEAIMBET « AR #EFLEREIA SmL &5 10% CS /Y M199 FIHH##
JIA S mL &7 0.5 M sucrose HY M199 » FR{GHVFEER R/ HBE =R « G KRy Kasai (1980) {2 7705
PSR - AR K& BRI ERR I % VCREARE DIBEERAE - AREEHE -

REE DAV ERNE > E2RTE R PGC > ol B[ EfRIMNETE— D HIEEE » S0 DUEEE]
WERGE SRR R S X B AR R E— 0 IR o R By /2 A RGERT DMSO » ] RE & i R AR B 22 (cytoskeleton) ~ fil/ N
& (microtubule) M14/j#EHS (spindle) FYZEE (Picton ef al., 2000) » #&pkHE A1 7> (UL A B E w3 0 2 PGC
HIHE ~ RIS -

%@ PGC Y47 v] H L3 5 5 stage 10 — 12 I ( KITEAWFZ 30 — 32h) > B8 U AE 40 &S T EE K
BRI AET T 778 - FHILPE B B IR 73 B PGC 18 Ry JEER4GE A= JEAMAE (circulating PGC, cPGC) © 554N A]
1E35 B 5] stage 25 — 28 ZRRRMERE 708l » HRBEPEES B ME4R 0BT PGC R Ry MERRAGE A= JE4HAE (gonadal PGC,
gPGC) - [KH stage 12 — 15 FRAGHH I 7 57 B cPGC 82 R 25 5 » HA{E R A AE HUSHY cPGC B & JRi /) » DA
Zhao et al. (2003) 74545 H [ stage 12 — 15 ZERRIE S BE cPGC (YHH & 83.3 £ 6.5 — 135.6 + 6.9 (FHRRE T HIEE]
Mgk 3 — 8 uL » cPGC &85 10.7 £0.8 — 23.5 £ 1.7/uL ) » BAERFRARTBL a2 - fHEHYH stage 25 —
28 7 FRAa AR B o i gPGC EEIRA 5 - HAGHRRGRE 77 BEHY gPGC B E k% - A AG T 738 706 — 800 i
gPGC (Allioli et al., 1994; Mozdziak et al., 2005) - Kim et al. (2004) [ 1 x 10° 27 58-S i BG M RRAH S% 4 B o 4 sk o J
5 7,400 % 1,300 {lE gPGC ° Fy>RIS# 28 EH PGC » AW5T 2 HZE 5 T stage 25 — 28 Z iR ERR 77 ¢PGC »
HEFT S R RIFHES » 1994 4F Naito & A DLUATEEE stage 10 — 12 /Y ¢PGC » T4 B A IEE RITHIFEER » i
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BESTEREFTISAY cPGC A4S HATHITR G A] 2 100% ; 4K F Bicell freezing vessel (£ Nalgene® Mr. Frosty® Cryo 1°C
Freezing Containers 7 [RHIAH[E ) /2 1% » MERAYEEZRL) 94% o £ gPGC /2 5T Moore et al. (2006) E & LE
BRI EEAR [EIRRRGEE (5~ 10 7120 {EHRAG ) 19 gPGC IR & 1% 577 BIKELEEE 0.5 mL 288 7 T4 HUNES > 45545 H
IR B - DIZRE R 20 FRRGFT 8y gPGC [BUL FIHY SR B = S [EIRHE - HEMH% ¢PGC 1Y
SEC SRR ALEAEE 20 IRfE R 5 (EE WL R R ERIEZ DUEEE 20 AR 67.8 + 2.9% =i 5 {EiLAE 60.3
+2.8% (P < 0.05) > 20 PRAGHYME R & B S I G2 AT RE RN By gPGC 1A% HEAE f S 3R B4R H 4 R38R RE
(Gomperts et al.,1994; D’Costa et al., 2001) » H_FHLFTR cPGC A HARHEAEERZ S FY ePGC » HEH AT AE 14T
YR/ INERE gPGC HYA/NERRLT B 10 — 25 um (Meyer, 1960) H& A A ¢cPGC 11 — 22.21 um (Fujimoto et al.,1976) -
5591 gPGC JZ FHPERRAHSSR /7 BT 15 > (F 5 BEAYEFE Hh X JE DL Trypsin-EDTA (0.25%) #E1 TR B H #4725 AV EE O
HUERME - IERAZ T RE Y gPGC ERGE » BEFR A B AMIFE ERIER - HIMEMHIELS HESTE T R EHY gPGC
HIB = TR A RE RS B AR AR HYAE/E 2 - Moore et al. (2006) 5T LA 0.5mL ZESHEA S RRRGEE (5 ~ 10 120 (@
WEAE ) UesE gPGC - HEITEHIERG gPGC iM% G RELE - E SR EE S 10 [ERia T RENFEESR
Herm o BUNEMHEIRSE NMESENAREE R A —E0EIR - f£A RSO AR PGC )2 B IR F ETE S MR
H BEAE AT FREE4RE (Kino er al.,1997; Pokorny,2002) ~ ¢cPGC (Yasuda ef al.,1992) £ gPGC (Naito ef al., 1994; Tajima
et al., 1998 ~ 2003 ~ 2004) » 7f & LL 52 2 A BHTESS Y PGC /2 MIRTFHY B (R J7 7% « AW 782 R A% HY
gPGC 5 By 54% » Z{KHA il Moore et al. (2006) 1 Naito et al. (1994) BIRF5E 5 » HEBIETAEEL il R
7 -

w W

AR Ep s W TS R T2 > — 20 A AT AR =06 58 WEST-4400 - { FI Y[R 282275 -0.33°C /min » -1°C /min
F1-2°C /min ([RIERA GRS > 25C 2B EEFOREEREA -1.7°C /min ) » 455 -0.33°C /min HYFERHEE - f@H1F
TEERSERHTE 10% LLR > -1°C /min RIJA[%E 10 — 30% » — 2 #FI|FH Nalgene® Mr. Frosty® Cryo 1°C Freezing Containers
ol 1CHL R BRI SR EEEN T2 R A2 R - 5N 47 — 54% 2RI
NEIZEME & &% PGC 2 /G R ARF #E 2 R - BB a7 =0Ry 38 C IR - — (S RAsa M hnA
HyJ7=
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Abstract

The purpose of this study is to investigate the cryopreservation method of poultry primordial germ cells (PGC), so as
to understand the preservation effect of poultry PGC. To investigate the effects of (1) using different freezing instruments,
automatic cooling facility (WEST-4400) or simple commercial freezing boxes (Nalgene Cryo 1°C Freezing Container);
(2) adding different concentrations (10 — 90%) of chicken serum; or (3) adopting of different thawing methods on the
cryopreservation of poultry PGC, (A: after thawing, add M199 containing 10% CS dropwise at 3 times the volume, B:
directly add M199 containing 10% CS, C: directly add M199 containing 0.5M sucrose). The results show that by using
programmable cooler, the cell survival rate after thawing was 10 — 30% at a cooling rate of 1 °C/min, which was better than
that of 0.33 °C/min. When the commercial simple freezing box is used and the temperature is reduced by 1 °C/min, the cell
survival rate after thawing is significantly better than that of the programmable cooler, and the survival rate is 47 — 54%. The
difference of chicken serum content in the cryopreservation solution exhibits no significant effect on the survival rate of PGC.
The best thawing procedure of frozen PGC is rapid thawing (< 1 minute) in a 38°C water bath. In summary it is feasible to

use Nalgene Cryo 1°C Freezing Container to freeze PGC.

Key words: Poultry, Primordial germ cells (PGC), Cryopreservation.
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BET Y 5RO BEXY &Y

WelkH - 1094 11 H4 B #2H - 1TE3 H29H

W B

AT B HIER TR B % A I ALP L S A R RER B A 4 DU A T R W R AT Ry 2 2 -
i 360 & 5 FEERALT F A iy kBT IRAH (AR ) ~ [HEEARHBL A 3 B FEE0E - 6
WEE R 5.8 /m’ EHIFHL 3 — 5 H - AEHERARA S L TRERNER 1.5 om Z 2 BEEMHE » K
IREHAIA R B TR & 2.5 em Z @7 AE M - slBRH S MR ET E 12 8l - £ 12 8k =PI EM
AT > {RFF R 3,070 345 ~ 2,989 + 359 k7 3,087 £ 412 g » HAHMMERE AR - HENEERREFIRERERRR
1.3% » ST (0.1%) - MsHEARBEE R (P <0.05) - BURAFRIBEZRIEGT TG B S RRH R -
12 i 2 S Fr BN (8 EAF L SUER E BaE BE BRI 2B I5IE Y — » A B aE AR pR B AH 2 S R ] Bt
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BRI ¢ AL ~ KDDL~ RSN E -~ 1T R - BMYIREAL -
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R HALP 2 (DU RIRALD 8 ) WHEHEFRRZEANEE - (RBTEIEEZE G 109 FRESHER
L AR S B S e 0 AL T B E T AR 2.94 ke (I EEYR (FEHY 128) - FEHGEE (FED
BEEN ERIEDEE) & 210.10 7T - SHH AHERY 100.08 JT (# &L S 4 - A7 2.14 kg FEY) ) FIRP T HEHY
176.06 7t (TEIBERSEZ A » 2021 ) » LA P L #EE R /RS E S P E B ARZ — « AP Ry RARE
DNEIMEE KAV - DB RS CE S O - BN ZAER > WEAME > BRimigE i - 5
Refl > BPRRR RIS - SN E ARG > 28 BREEOHT - WRHREIR - WERE - BRA
R~ BRFEHEREOCD  VAERORIE (TEPREEZRE » 2018 5 #£ - 2020) -

Blokhuis (1984) B £« (OB ELERZEAIT Rsdi - EMEA EIEBE Iy —MARRET Ty - WTFTssR At RERE
I ERVEIEHE - WA ERHEHReR » (HAG B EHE Ky JBiES (Hughes and Elson, 1977) ; #E& 55 [ /KPS
HRFNA AR > BEROLENS - BRNEARME - REEA R RN - EMERE
VBRI - FE(REES N EENATETY (LeVan e al., 2000) - P15 2417 BAVIRFIRIESE S E (A e BIRAAH A E
A E RHEME RS - CHSR A S E LG &R - WIFEAUR - EE I FE R DR S M R {T Ry > SR
RIS ZER] - ALE DRSS R o IS N HEHYIRETNIFEHE (Ventura et al,, 2012; Kiyma et al., 2016) = ¥TFEREWR
EERE R ERERT T BYHELL (animal welfare) | SRRH - (EHEETIHEALE - BUGES \FIMGER S ARG
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Commitment, 2017) B 5 > HARE 2026 FEAiHE = BATE A A RATT SR ALIAH - H b — TR Rba g A iRt e
FRIEH) TS ) BEAEERGEA o RIL - ARHZERFA R AN AL LR B R - BN E - A RIEHR BN
RV E - DIRHRNEESS -
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M A

L sEgEhalsinses

() =HErrkl - BEEES  AXAERY 1.5 om ZEEEE (55F ) A L TRE  MESFEHEA =AM
SEREAHA - NERETE 20 om0 FJEHEEMIS 43 cm > WBREE K 185 cm - BRI EEAAMNEEETE » 55—
{HIECE B ENEOKER BRI - TR - R A ERL 2.5 om Z @7 HE - B8 ETWE - Tk
S 20 em > JEEEM S 43 em > WJERE S Ry 185 em v J7AYE THEEIRH_E N e A DU U A [E E -

(i) A RKTHEEREZEGEEARMCEEEEESERIYBERTHZESEEZE (F5E
HUAIACUCI10704 ) - AgEgl> 107 53 — 5 HH#E(T - sBaATE 2 360 & 1 Hiies=Ers AP T 2EE H p
FEREHS 0 R R S AR - (REEEZRE K 3 H - BEANIAISY > BHIEE > BEHEOE 4
S (MBS ) - BRI R TIPER - =S R P aaaaes - S m A AV S R IR e — e
28 BHE AR (i ERE4Y fy 6.88 m’ v BEIEETEE Ry 5.8 & /m” > LU REEL - [EELY R 5 om o 3RERH 5
FHETT 2 12 18 - SRR PRETRHRA (C e tRed - WA B EEUKERTE 2 BIEFREUK - M8 8 HIRG E K
SUER B R - sl - B REEE - BOF - LRTERE - WERRREVEN - BEEREE - DI
fEREED -

1L fHIPH H BLJ77%

() BREFEEE BRI 2 REAMRE NS BB SRR BRRA - &2 H%E=
FEITHIZE SR EEERS:00-6:00~7:00~11:00-~12:00~13:00~17:00~18:00~19:00 ~
23100~ 00 : 00 fz 01 : 00 %5 12 &l HF B (o A 28 2 AR 22 o G0 8% U7 =0 % 7 41 B ] HUABE (momentary time
sampling) + BIZLIFEGNEF | h B2 — 2K > SCBRS MM E T E RN EE S HE - BZERYBEELOETE A8
HENMA EEB SR SR -

(i) {EE (5088 (tonic immobility, TI) : ¢ 12 FlieatER - FAHPEPEEE 24 &2 - FFBHEMBN VAR L —
FEEFIHE SRR - S5—FE G EIEE - (H RS - BB EART 10 s o BRHIENFAS SRR BIIA U R
ST REEEWAR S EEN F AT Fy 1l - A& 600 s 0 DL 600 s 5 o 5 AREE 10 s BIRES - Al &R -
TEWES] - BTN —E R 2 EE 3 O (Zulkifli ef al., 2009)

ML 4510575
AT EIE A H SAS ELEHUHG (SAS, 2000) #ETTHEETT4T » M LBNE IR #2850 & % (Duncan’s New
Multiple Range Test) ELEZ &40 2 72 SREIE M » & P < 0.05 FAFRMEE -

RN B

AEERETE | o AR E R EEE Y RE BN S 2 A 2 R fitn 2 B8 - BB
ZUAHEE Y 7 — S HIBIS A SR EE > £ 9 HRHGREE W LR - SISERMSNE I - 8 Ml AinvEEYE
WA - 9 R 2 RATBSIE B NI o £ 5 — 12 BRI E T - BRI E RN E AW - HEH
TR BRI ST S B R AR - BT PR EIEIE e N SRR EONRE > IEM BB EIRD - BN 11 —
12 RIS RVEE R SRV D - (HER BRIV KRS - #EakHEa% (feed conversion ratio, FCR) _FFt o Az{ERsE AL
+#E 5 — 8 BRI RHEIARLE 3.16 — 3.25 [ HASHEES S Lee and Chen (2004) 1225 (2016) BFZEEIA 12
EHETPI 2 4 — 8 Pl AT R (2.40 — 2.89) -

ARERFARTHA 5~ 7~ 9~ 11 HWBHALA KB 12 B R IF T E - T E S FHEE - 1Y 5 BRI LR
BT E Al - EHIRAE ~ BIERA A R TR AR 2 SEE I RE ER A By 899 £ 112~ 904 £ 111 £ 900 £ 114 g » &%
CHRSREREE S o 1Y 12 FEERSE S - 4 PIRE E KT f 3,070 £ 345 ~ 2,989 + 359 K 3,087 £ 412 g » X A4HRfE
R FUNBENERE M AR g A e HERREEE BN RSREENEYESE FERE
U522 - Kiyma er al. (2016) 7045 REURHE& N EIEZL B A A ZE (ROSE 308) (HERT (39 Hiiy ) MRS A BEE
HIs22E - 2 2 LEI A BB SRIVRS B L > S RBUREIE R A KRG E T 11 BE I B IR B T o 4R4H
(B 12 EEL4E IS A = 4H RS 2 51 - fEREZE T - 7Y 11 — 12 B8R HAR » [EERIRH L T TP 4R4HBs & - (R
REH - HEHI O] e R LS nT I N E &G B R RS SRR D
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F1. AP HHEAREER L WIAIGE - REE - B E M ETRHEIRR (5 — 12 i)
Table 1. Start weight, average feed intake, body weight gain and feed conversion ratio (FCR) of red-feathered chickens in
perch evaluation trial (5 to 12 weeks of age)

Items Without perch’ Round tube perch’ Square tube perch’
Start weight, g
5 wk 899 £ 112 904 £ 111 900 114
Average feed intake, g/bird/wk

5 — 6wk 653117 635 %28 647%8

7 — 8wk 1,219 £ 31 1,198 £ 17 1,198 £ 17

9 — 10wk 1,082 £ 66 1,071 £ 40 1,072 + 61

11 — 12wk 1,086 £ 6 1,095 + 46 1,076 £ 46

5 — 12 wk, g/bird 4,040 £ 104 4,000 £ 52 3,994 £ 51
Average weight gain, g/bird/wk

5 — 6wk 293170 283+70 28771

7 — 8wk 301 £ 62° 283+ 77° 280 + 68"

9 — 10 wk 278 £57° 255+ 65° 306+ 77

11 — 12wk 215169 226177 221180

5 — 12 wk, g/bird 1,085 £ 148° 1,043 £ 149° 1,093 £172°
Feed conversion ratio, feed /gain

5 — 6wk 2.231£0.09 2.2710.26 22610.22

7 — 8wk 4.05£0.05 4.3410.81 43210.56

9 — 10 wk 3.91£0.40 4.2410.56 3.54%0.51

11 — 12 wk 5.0710.43 4.85%0.21 4.9510.86

5 — 12wk 3.73%£0.12 3.8410.06 3.6610.12

Means * SD.

" Experiments started with 120 birds per group.

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

F2. AEMERIALP - HEZAGE (5 — 12 )

Table 2. Body weight of red-feather chickens in different sex (5 to 12 weeks of age)

Items Control Round tube perch Square tube perch SE
Average weight in male, g

5 wks old 964 £ 106 967 £ 109 966 £ 101 107

7 wks old 1,642 £ 176 1,601 £206 1,632 £ 156 175

9 wks old 2,292 1214 2,242 £ 243 2,264 £ 197 218

11 wks old 2,900 *+ 248* 2,791 £261° 2,953 £276° 257

End of 12 wks old 3,282 £327 3,239 £318 3,373 £348 328

Average weight in female, g

5 wks old 847 £ 86 849179 831181 83

7 wks old 1,351 £ 116 1,354 £ 148 1,309 £ 130 126

9 wks old 1,907 £ 182* 1,849 + 174® 1,793 £ 141° 166

11 wks old 2,417 £ 235° 2,326 +215° 2,323+173° 204

End of 12 wks old 2,888 + 243" 2,785 +£246° 2,786 +210° 232

Means * SD.

" Means in the same row with different superscripts differ (P < 0.05).
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TEBREFE 2 WIRHE T > 3R 3 o] RAPILER 6 - 8~ 10 ~ 12 AR AR A 2 Horth - BEREIHE
SPIERR R 1.3%  BE SN TP RERAEHY 0.1% » BUREERRAVAIZNE L B840 D T #E PV AR A _ BRI
[ o BEEE 6 B ATHY HREFEL (6 1 00 — 17 © 00) (EAIEAR SRS - 2 8 MERIRFIG 12 = 1:00 B EEAR B
HERHEER SR > 2 10 24 12 Bl 2 AVBIRE R B A R EEHEE R - BUREEEERTRAVEYS > £
W R REZRIE LA P IIRREES - 28T T TR AR A T RER Z EE DRI - BEORJT TR AR 5 B TR R b )RR
SETE RHEERTA S - Aol W pE B H AT + BRI AR KR TR > Hoh ey — I BN R v e R R R iRy
BB (5.8 € /m’) FTIERK » Pettit-Riley and Estevez (2001) & #EBUES m’ g8 15 - 20 A9 G- B T ARk
(Avian) i FIREZRAVELHI R 2.8 — 2.7% » @t EEA BB (10 € /m?) AYREFIELET 2.1%) » BRET @& E e
ERRF AR - #ERMEIE T B8 EIT RHEYEZINE Z — (Faure and Jones, 1982) - H AHERE FIREARAYSHARI A
GEAEE - EREEHNEMVARBRERN - fREEE » ML FiRIY &AM ES R T ERED (LeVan
et al., 2000) - H AHEET BRI ATRE EEBERE FREK - SR A RATSER D AR > NI EEE K
AT A R E A RE R (Kiyma er al., 2016) « (EEIANTFERUR - EAEEEREARTRRART S EE -
DIANEZR AT o8 12 e B K= EEACE ~ Mg RALEH SRy E B - DUEINZEREAL N E & (Enneking ef al,
2012) ~ EERNMHRESERET (18 — 72 48 ) £HIE HBZE a3 S /NG (trabeculae) HYEIfE (Wilson et al., 1993)
B AR A E SR TR (latissimus dorsi) fRER‘E R (Sola ez al, 1973) ~ (ERIFFARUNAE LIRES > T
B _EAREE R REIHI I D (Siegel er al., 1995) » A i HEEHIERE -

*® 3. BEAEAERR LAY #ERYE EE (6 ~ 8 ~ 10 Jz 12 7HK )
Table 3. The frequency of red-feathered chickens per perch roosting at the different perches (6, 8, 10 and 12 weeks of age)

Round tube perch” (%)

Square tube perch” (%)’

Time 6-wk-old 8-wk-old  10-wk-old  12-wk-old 6-wk-old 8-wk-old  10-wk-old  12-wk-old
morning morning
05 : 00 0 0 20t24 29128
06 : 00 8+2 03%0.8 59%59 46149 1.1£1.8
07 : 00 * 0825 48137 3.8+3.0 0.310.8 0813 0.6%1.1
noon noon
11 : 00 22120 0310.8 14+2.6 05+1.7 0
12 : 00 22+%23 0 3117 20%3.1 0
13:00 1.1£1.3 0.8+2.5 2025 08+1.3
evening evening
17 200 0.6+1.7 03108 2.8%3.7 1.2+1.9 0 0 03108 0
18 : 00 0.8%£2.5 25142 1.1£1.3 0 0
19 1 00 No data’ 14134 0.6%1.1 0 0 0 0
night night
23:00 0 0.3%0.8 1.2%£1.9
00 : 00 0 0.6*f1.2 0.6%1.1
01 :00 03108 0813 1.2+1.9
mean 13215 0.1+0.2

' (%) = Number of roosting birds/ number of birds of each group.
* No data: the recorder was out of order.
" Experiments started with 120 birds per group.

EEAFIESE (T &M A —(8 85 2AHRELIRRE - HATRIEEREE Ryis (8 S B B A Frlbale - HRF R
AREFHEER(X (Zulkifli ef al., 2009; Duan ef al., 2014) > PRIIL TI 47 F2CE S #EE G2 B IEIR 2 — - &
LA IE S R ST R IAR M T Ry 82 H/L L (heterophil / lymphocyte ratio) 52 EAHGH - V& F4HARIE AR/ LR %
PR GACHPTAE M RS > TR AT R R & R R 28 AR RIS MR BV AR - H/L Eev] & (FBh) 4 2R
T R AR - AN R A RS (R AT i BR ~ A s A e eI E - BLBR g5 EER AR B S IEA TR )
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ZIEAERR > R > REEIIRIEEAEEE ] (Ghareeb er al, 2014) » I ERIEN GG B FE VR S = P EERET > =R
HHELERAMPEZIN AR S Z/E - SEREUR > 7Y 12 Bl SR IR0 B E A 1L SR fy 93.0
T 78.1s > ENEIERERE 69.0 £62.1 s > R TTIHERAL 70.5 £ 56.2 s » A [EIMESERE 252 - (HIR WA R4
Z S NER P IR A - HESREAR B B S Eait - W 2 1@tk v RE/2 A B2 » Campderrich et al. (2019) B
Fes TR RS T AR E B LAY NIRRT Ry - AIREA BN B BRI R T] - AR P S B R T e
RIS S B bt - DU BB T RARIRI -

w A

AWTFEEEREUR > PR HE PR S G B E AR EE - BEER N G EHRE 12 HiRER
FHUREERIE - A EYtEtL 28 - ﬂ@fi?ﬁiﬁ [FIHE = B B B PR T HETT » DA AR IR IE FH 2 5

N
% -

2EXR
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1070042275 AN »
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Abstract

The purpose of this study was to investigate effects of different types of perches on the growth performance and animal
behaviors of the typical commercial red-feather chickens in Taiwan. Three hundred and sixty birds at age of 5 weeks were
randomly divided into control group (without perch), round tube perch group and square tube perch group, with 3 repetitions
in each group and 40 birds per treatment. The stocking density is 5.8 bird/m’. The round tube perch is composed of upper and
lower layers of metal circular tubes with a diameter of 1.5 cm, while the square perch group is composed of upper and lower
layers of metal square tubes with a side length of 2.5 cm. The experiment was conducted on birds aged 5 to 12 weeks. No
significant differences of bodyweight gain were observed with the average body weight 3,069 £ 345 g, 2,989 * 359 g and 3,087
1 412 g in the control, round, and square perch group respectively. However, the frequency of daily perch usage frequency
in the round tube perch group was higher than that of the square perch group (1.3 vs. 0.1%), suggesting that the design of
perches affects the preference of perch usage by domestic fowls. In the tonic immobility test measured on birds at the age of
12 weeks, which is commonly used as a reference indicator for assessing the welfare of chickens, the reaction time of the two
test groups was shorter than that of the control group. These results manifested that chickens may live fearlessly when they
are reared with perches for resting in the surroundings than those growing up without perches. Therefore, as an environment-
enriched facility, perch setup can improve animal welfare and maintain the productive efficiency of chickens. The present

results would provide some scientific information for the reference of the current poultry production system.

Key words: Perch, Red-feather native chicken, Body weight gain, Behaviors, Animal welfare.
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MRl B g O

RREO WEESY @ARC REEY BEZC BRR0
FEHEC RHEY AR

Wt HE - 11046 22 H B2 HE - 11143 H 30 H

W R

T RAEEESREB R BB EGSER Y — » IESEHBEIREERZER - WAL ZFEZH (prolactin
receptor, PRLR) BxPR# a0 sy B EE S s T R H B RABIE - A 5 EERANEEZE R #E - BiEE T8
& 79% 995 11 5%~ 12 5% TR TR > 3 90 & » TS [Tl Z B P MO B N SR I S R e
K2 JfE (kompetitive allele specific polymerase chain reaction, KASP) faifllSE 2 - #E{T#EEE PRLR FLRBLZE8 L RE MR RN
HUSETE o Lhlig KASP ~ BE RS 45 20 RE 4 A3 R 1T (polymerase chain reaction-single strand conformation polymorphism,
PCR-SSCP) £ DNA 751 45 SR80 » = FE ML 74T PRLR E5[R PP ~ PR Jz RR ZL AR > &5 RS2 2 EV) & -
BUR =R AT A CER » KASP Rl 254 e B R A AR - {£ 7% PCR-SSCP 1Y 1/3 FfE - 7 H A5 A R 71|
HRERENE = 2B ES > KA HEE A (FREZE {2 8E SNP (single nucleotide polymorphism, SNP) AR & -2 7 fg HI 5
fﬁ o

RRgHEE - 2B LR - FE - ORI RBEZRAR - SRR E RN R R SR E -

- T

#8#a (broodiness) 1T Fy /& S RIBEE(L 2 BT Ay — » HEfaii S g AR BHEKR/ D ~ IEET -
BORTS ~ PIEERR - B T - ISR DIt T Rt - BASARE - RS NIE SRS S e yE T T IEEIE - %
B AT S DA A A - 5 F RS R & S fr4lE O K #E (White Leghorn) B L 5T
HS (Pekin duck) S/ DEHIRSN > RLEEHEE EA —ERREATRERME - TCH DM 7 R AREfa 4 #25% (Yang and
Jiang, 2005) - FEfa T EHF B UNEERIVER(LEESER T > FEaSFRFERRSHEA EENREEE - AN
RREEE T S BB s 8 T EEMEAE (Jiang ef al., 2005) - WIZE8UR » IR —RFAMGEEFE I EER T
b 10% » AVESTE—MESEHNZ I GER - HESESIVFZEE R (F 0 2005) - HREfRMEEE SN ENER
VIFERE > FrLARE & e M B R M 2 L L 2 N EHI RS (B (Jiang er al., 2005) -

WALZEZHE (prolactin receptor, PRLR) y&—TEESHHIEE 1 - BINE —TAHAMZ 28 (type I cytokine receptor)
BEZAFAE N ALENYIRVES ~ ONER ~ B0 S ANy S EHEE T - #5 BN ALE (prolactin, PRL) £ [EI4H&% - HY
or [EIE FH LASSHE R [BIDNRE » BEEN G - BHEFET - £ REH - RIEHET - 17360 - MM E K LE
(Bole-Feysot et al., 1998; Tanaka ef al., 2000; Tan and Peng, 2012) « {E ZEHY PRLR F: KB4 | > Duun ef al. (1998) &
U PRLR ESRTEALIA Z Z4 8 BT 45 cM g » BARALIA 49 oM R AR R 2 #6 5 A] (growth hormone receptor,
GHR) > PRLR F:R/ZH 14 {E5ME T (exon) F1 13 &[N & F (intron) FraA R » & YMET 77 hil#an 4 RIhEF 1~ 2

() 7B R EZE B g E s sE s 5 2700 5% -
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Q) fTEbtREZ B g & b EEEEH R K -
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(6) BITLFFRRH ARSI B2 B R A £
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3-4a~5a~6a~7a~4~5~6~7~8~9 K 10> izl PRLR KR By 2 d a2 (i AN - % PRLR FEN#
TS R EEREa T A Bl B R BT 7R R - FE (T R R REa (T 5 B A R S UV SL4H AR PRLR EE mRNA
FHE (P<0.01) HEERKEEIESESR (101.15 2 13.94 ¥ vs. 49.30 £21.47 £ » P<0.01) (;£ » 2007 ) »

PREE (2007) (R IBE B 5 A= V5 it & R 50 (National Center for Biotechnology Information, NCBI) /\Fi#%E PRLR
F A 771 (GenBank AJO11128) | PCR-SSCP » $f ¥ &5l - #E T in £ 9 (LRI-L9) B A= 2 #E{T PRLR FE R RIAR
AT GEFEUR LRI-LY #E € PRLR F5[R PP ~ PR Jz RR ERRAUAEAR 53l By 27.3 ~ 48.5 J¢ 24.2% » (i R F HE B Ky
100.0% PP ZE[NAL » LEFp Al o3 S B AL Py C (cytosine) » SOEFELA R By T (thymine) » {245 LRI-L9 Bz
H i 2T F2 RAEFa T RV R E (F ffasa gl - REfRBOE 3 ROL EAYREEER R A fsaE4E - #E7T PRLR £
PRIZY B e PR AH 2 BRI M AT &S SRBURTE (Bl e R R 2 - fE R HIRAAME (P < 0.001) -

PCR-SSCP /& 2L H il B8l /5 (S R (B85 110 ML 5% % 574 (single nucleotide polymorphism, SNP) £z
Feify » HFHREDY DNA P53 4= SNP ~ Gl EHE ARFFTE R B DNA A45E BRYZE SR - AI{EIRE M B N R
BB OBIE R EA N EREE KBNS - FEILE RE RARBHIEARE - ARRAS AR R (6 — 7 /N\EF)
HE2EomE ~ EIKEENORES - BHBRE - HIHURE HEIMERZE %2 (Konstantinos ef al., 2008)

KASP ZH1 LGC /) &| (Laboratory of the Government Chemist, LGC, UK) 525 7 #r—1{X SNP gl il » HEATE
Frie#E WAL 5° Ui %% B 75 FAM/HEX-labelled 25088 Y 8L 3” Ui 77 7l E B el 28 B RE Mg L =~ 5 [F 0 — R S 1A 5 [P
R primer mix » EHFIHTA W TER[E 2O CESRA IR quancher fIHIE L ST master mix - ¥f SNP {i BT PCR
PEIG S JE - EF—EFREHY PCR $&HY S fET% » FHHIF Real-time PCR W'Y EHIE FH ¥ PCR #EBG 2 E58E - DLH|
TERRH (Semagn er al., 2013) o LI EA @ E - (KEERS « (KB SRS RGO = S ER » RZ eI E
Tk (Nair ef al., 2015) ~ /NZ8 (Rasheed et al., 2016; Qureshi et al., 2018) K A (Shi et al., 2015) FE/EYHI LR FEIRIT
FeEL IR B e S T

Ki57E E 1R KASP R AA IR il » B 2R S REa M (5 5L R PRLR 7 FR AR M2 » DL KASP B
RN e AR M B L R AV e I AR A 2 (B2 R & o ISR B S e -

MR T A

K TE R B g & B rTE E S A TRENY) PRLR EREREIRHIEL 34 - sEREh1) 77 75l
gAENCEEF RIS S E SIS - SR - 8 NS B kg s Ea B ERE Y EE
fAE 7 S B B RIS T (TR E BIE S 109-03 5 ~ (LS EIE S, 109-04 5F K = A 2 ZIH 55 109-3 57 H
AZAEAEEE ) ©
L HEEhY)

JEF &R T2 7 9% (TLKT-07 » 4 A 8 £F) ~ el 1 ¥E=5 9 9% (TLKT-09 » 4 A8 £}) ~ Hal L#ESH
1158 (TLKT-11 » 45 7 8F) ~ 25t F 852 12 98 (TLKT-12 » 4 /0 8 £ ) ~ {625 1% ( Hualien LRI » 18 /3 20 £} >
Bl TLKT-09 81 TLKT-12 f5C 8 5 7 fnfd ) f %k ( Fighting Chicken » 5 2% » B &AL RS IUSEER BT
HEETIEGETES ) SRS HEBEY) - HEt 0 & -
1L BRI ALRIAS DNA Z£H]
() AWTFEEEH 90 & - DI MEEIRPREMIZLY 0.5 — 1.0 mL » B ASHIAMA] EDTA-K3 2R IME FRE%&
[HEPIHS DNA (DNA) ZEU -
(ii) DL gDNA % E4H (EasyPure Genomic DNA mini Kit, TransGen Biotech, Beijing) 77 HIZ2H{ 90 & # gDNA
% » KRR HI A B & TE. SEREM » A HE B EEEHE (NanoDrop 2000c, Thermo Fisher Scientific,
USA) HITE gDNA JRE » WFHEIRE Ry 20 x 30 ng/ul - HE{F PCR [FEZ 15T -
HI. LL PCR-SSCP #E{T#EE PRLR AL A AgM]
PIFRSE (2007) HR45 NCBI A Bf % PRLR F: A F751 (GenBank AJO11128) 5%5t 2 PCR 5[ #51 » 73 Al ks © 1E
5] F 5°-AGACTTTCTGCAGAGTGAC-3" B1[Z [1]5[F 5°-ATCCTGCAGCTACCCCAGTTC-3" » HY L itz EREN )
gDNA (T PCR [ZFEHERS 252 bp HIEH EEEY)% > MEF GenePhor k% (GenePhor Electrophoresis Unit from
GE Healthcare, Amersham Pharmacia Biotech, Sweden) #:{T PCR-SSCP F:[RAI§EE » w]H|zE PRLR F:[X PP ~ PR %
RR ELRIAS ([@ 1) -
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1. DL PCR-SSCP #HIF i Esd L #Emsi 5 % 9 2 PRLR R E k& - T4y & PP ~ PR & RR =f#AL
RIZEY o

Fig. 1. Genotyping result of LRI-L9 chicken PRLR gene by PCR-SSCP. The samples are classified into three different
genotypes (PP, PR, and RR).

IV. DL KASP #E/T#EE PRLR R A Ag M
i< NCBI 22 [l #E PRLR %5 | > 51| (GenBank AJ011128) &% &t 2 PCR 5[ - - F¢ 51l 77 Al Ky FAM B; 0 &
¢ 1 30 P A2 B %k A cytosine IE [A] 5] T 5°-CAAATAATGATCTTTCTATCA AGGATGTATC-3’ ~ HEX 4 {1 %
¢ 2d R A2 B A thymine 1F 5] 5] T 5-GCAAATAATGATCTTT CTATCAAGGATGTATT-3’ K [z 4 5] T
5’-GTAGTCAGGGCATAGAGGTG-3" » fi DL BJ i B & i # $84 < FE % (Applied Biosystems StepOne™ System,
Thermo Fisher Scientific, USA) # T KASP K& [ B £ Il - KASP 7 JE 4% & /& B #f DNA (50 ng/uL) 1.5 pL ~ 2X
master mix 5 uL ~ ddH,O 3.3 uL ¥ assay mix 0.2 uL - KASP [ZFE{RFE By (A) 95°C TESEME 15 434% 5 (B) 10 {EH{EEE
Y 95°C & 20 FPEL 61 — 55°CEE& 60 F) (HEFEERFFK 0.6°C ) 5 (C) 26 {EfGIRAY 95°C &4 20 FPEL 55 CHE&
60 ¥ o HiZLRZ FERR-ERS 105 bp HAER EREY) - &5 HIFELIFEES N/ StepOne Software v2.3 g 1T AR AL
ﬁ o
V. %€ PRLR AR DNA [F5IE 7
AW FE 4R #E PRLR £x A 7 %1 (GenBank NC_006127.5) 3% &t = PCR 5[ + F¢ %1 73 Al K 1E [\ 5] +
5’-GGAAGTAACAGCTCTGATCCTC-3* BifZ [ 5] T 5>~ ACAACTTCTCC CCTCAGTC-3’ » 3 PCR 3 880 bp
HiER EREY% » DU E M 8 E7E 7% (Applied Biosystems 3500 xL Genetic Analyzer, Thermo Fisher Scientific,
USA) #ETET ©

wm R

& FA AT 92 B 58 7 77 2 KASP L (R g I SF 2= £ flir #E 17 PRLR R AV HE E > 45 R A11E 2 - [E 2 > KASP
AR AC AT B MR & oy = AL AY - Horp AT Xl (HEX 82 %58 5 ) &y PRLR-RR FLAI AL - 3T Y #@iff (FAM & 558
& ) B PRLR-PP AR » o 4k EE (FAM/HEX JR & 8 YE 58 & ) 55 PRLR-PR #E & B R > 77 5 SR BE Al Ry 2= (1 ¥
HE o R Py it — 0 BR 56 KASP Bk R B fg J 4% filif 2 2E R4 - ik NCBI 22 Ff PRLR %5 (Al [ 51| (GenBank NC_006127.5)
BeEts[F o WAL PCR #EHY S Ry 880 bp W% > DI HE B8 E 7 BETE RET - & E 745 F 91 GenBank
AJO11128 7% Bf & R F 51 bL % > 45 5 B 7R PP &L A B 35 26 617 g 55 /3 C (cytosine) > £ 608-623 bp 2 DNA
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AGGATGTATTTGCTCA ([& 3 ) - [Fi » JEF] KASP - PCR-SSCP Eil DNA J751 & 725 A [E g fIE il » Lh¥ S E =8
TEHEERE IE 90 (EEEREEA Y PRLR FENAE EAER - 40132 1 FR + 5% —fEie Al A E R AR > 45 51— 3 -
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Allelic Discrimination Plot
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2. DLKASP BRI o oA e AL R P B BRI 2 BRI © PP AR S EREE (801 » RR ZRRRI AT (&
BE > PRASNAI E AR EVEOE - 22 IR R HAES -

Fig. 2. Genotyping cluster plots of prolactin receptor gene by the kompetitive allele specific PCR (KASP) assay. The
genotyped samples marked blue are PP homozygotes; those marked red are RR homozygotes; those marked green are
PR heterozygous. Black is the control sample.

s

3. HELFLERPEZEGHN PP (PRLR-617C) B RR (PRLR-617T) B[RRI 7 FEFriH -
Fig. 3. Sequencing profile of PP (PRLR-617C) and RR (PRLR-617T) homozygotes of chicken prolactin receptor gene.
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MR E ESOERIE Z — - HAMER S P s i 7ot e b BRECARERS4 R - WE REEFHEK
IR Z BRI EL N 200 TR 8% > WAERIIER (growth hormone, GH) £ (Lei et al., 2007) ~ HEALAHAEAGALRRSS &
ZE [ (adipocyte fatty acid binding protein, 4-FABP) £:[A (Ye et al., 2009) ~ L gAY BS L 45 &8 1 (heart-type fatty acid
binding protein, H-FABP) £[H (Ye et al., 2009) ~ PRL F:[R|Fz PRLR F:R% (Vinh et al., 2021)  SNP 73f-f5ak Fy R R4H
HEZEREERLEN  HEMES - DmEZEREHESRE - BZERNAEYEE 5 1E5E (Semagn ef al,
2013) - HATHE F SNP fgllA £ 24 H PR AL Tk 2 B Sl 55 S TE - IRl 2 F BEZ &M (PCR-RFLP) ~ B
R &l 25 RE M AR IR 1 (PCR-SSCP) ~ 28 B U S g S 54 58 2 (MS-PCR) ~ RIJHF 5B & B L6 7 JEE (Real-time
PCR) ~ 3 A AR N Ry MR S B S & (KASP) ~ IZI&E 5% 737 (Sequenom MassARRAY) ~ PRREL S & H
B BAEH > EBEE % (next generation sequencing, NGS) fl14 R [K4H SNP & H (genome-wide SNP chip) Z (Zhang et
al., 2004; Clavijo et al., 2010; Rashidi et al., 2012; Viale et al., 2017; Li et al., 2020; Zhang et al., 2020; Alvarez-Fernandez
et al., 2021; Vinh et al., 2021) - &4 SNP & |7 £ffr/2—1E DI/ & DNA » 17 8 SNP AL RIALHE E BLALA 77
W T AHE% RS KB AMETT SNP A HIAT 38 R A#L S (Schroder et al., 2009 ; Wang et al., 2011) - Boichard et
al. (2016) 4G - WARZYIE Z St ER0ARRRIEE YRR Frif R A R AR R & il
o SeE AR 7 AR By SNPs oy FEESC B IR IE T A YR 75 2 IR - AHE0 Hofth SNP A= » KASP
Reffr S AEmEtE S ~ A REEYETR - BB R E GRS A B — SNP i BEH B3, - RV E SR M BLE
SRS A A =AY EREE (Suo ef al., 2020; Alvarez-Fernandez et al., 2021) »

KEF (2019; 2020a) 1 DUEEAEES KASP BRI AR » e Bl 7 23 b an L4620 e 2 1 A LA i AY(E
B HPEEAaRERAE FAM BB - ARG EIE IR HEX ALEEY B ST E G- FAM/
HEX &k et 5 B RIRZ AR il a8 Ry 1 35 L an LU =525 20 e = fd AL PRAY 2 fofil% o Ko fiEsl KASP JA 81 PCR-
RFLP {1 DNA & g ll4s R—EUE B - Ty @ R B 2B & 71 R 545 94 BRESEhan i L L =E MURAR A » #8545 SR
T o AR E SRR A H)E S5 R T © KASP 8 PCR-RFLP ¢l 40% BRI - Jak/b 30% sl B
REAS - B KASP A BFEF s MR B R AA 2 2 SENE I (B34 - BT » 2R5F (2020Db; 2020c) F748 2L KASP EH
RUR IS 2 o Er TR S AL RERAAH B 885 R A-FABP B H-FABP 5747 - 455 S1fEH gDNA EfFF 2 455 MHE  Hi
Gl T T8 - B RE RS #E A-FABP FAH . C A ERRIAR= 77 )51l Ry 0.85 ~ 0.38 52 0.85 » [fif H-FABP R C
SOEEERFAZR I I By 0.54 ~ 0.33 J2 0.23 o ARAREEAE— B HETTHTZIL SNP iz Bh AR N Y B B SEAOR MR 2 BRIl 04 - Il
SHEEESEIE 2 n T -

SRR R S EREE REERMR - RS - NR R EERRPE - B E R R T R
PRI TRk < BB B & B ORI Z JE R - B EIRr I RO R RE 2 AR AR - T R & B
ZasEmeE4 » Ht FSHP (follicle-stimulating hormone B) ~ FSHR (follicle-stimulating hormone receptor) ~ LH ~ LHR
(luteinizing hormone receptor) ~ ESR (estrogen receptor) ~ VIP (vasoactive intestinal polypeptide) k2 DRDI1/2 (dopamine
receptor D1/2) » ¥ T #EHHFH1% PRL F1 PRLR BRI R - PSS BFEHa{T R A FI4ERT > 0 PRL A1 PRLR #7251 B
e A f M B ARRE R £ BN (Yin er al, 2019) - AHFFTIEA KASP £{ig E R I #E & PRLR %
PR {7 B SNP 2 KASP BRI A Aol 2 22 - &8 B PR LT KASP B PCR-SSCP A& (R A A MBS fi] » 253 KASP (€75 %
PCR-SSCP 1y 1/3 I i B[J A 52 ple BE R A 88 7 TAF - 3ifi DA DNA Fp 41l %E F> PRLR B5[H PP ~ PR J RR AR A% - 56 H
KASP ~ PCR-SSCP J; DNA [F317E fr 5 =il AR e AR 7 45539 — 2 164K 2019 — 2020 AR 7 LI-FE
2208 T % KASP Aol i B ERRS 45 R Ky KASP £flr{e 58 » BRIt KASP BRI g fI - 2 B s TERE S B = e 2 R
M FERRF S IREE S S B ) SR SNP 7R B s 7% -

Ao ol

e B PR T T B R R S g R (110 2R -2.5.3- & -L2) &80y - KRS ~ AR a kil 4
BREARC B EREE - BRI E BT - Rrrtata -

SENRK

5 MEE AR~ BEEE © REFE - RHEE - 2019 o SSLLTHUSERE BRI A > RIS S B S 06 K7 TE %
ATTEER - TaEdss (FET)) 48 £ 209 -
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Abstract

Broodiness is one of the reproductive physiological reactions of poultry due to natural selection and evolution, which
involves genetics and environmental factors. Therefore, this behavior tends to result in a 10% decrease of the average annual
egg production due to the degeneration of the ovary and reproductive tract. The prolactin receptor gene is significantly related
to the broodiness in chickens. The objective of this study is to optimize a fluorescent primer-labeled KASP (kompetitive
allele specific polymerase chain reaction) genotyping platform for SNP detection in prolactin receptor gene using six chicken
breeds, including TLKT-07, TLKT-09, TLKT-11, TLKT-12, Hualien LRI, and Fighting Chicken. A total of 90 chickens
were genotyped. Results with KASP, polymerase chain reaction single-strand conformation polymorphism (PCR-SSCP)
and DNA sequencing analysis showed complete consistence, implying that the three techniques can be substituted with each
other. However, KASP method not only showed a high accuracy as others, but also had the advantage of high efficiency for
the process of identifying the genotype, and thereby is recommended as the SNP genotyping platform at a specific locus for
breeding chicken.

Key words: Taiwan country chicken, Broodiness, Prolactin receptor gene, Kompetitive allele specific PCR.
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Ay B0 Ry e BB S SR HE YR (F i 2 S 5 e R E B M R E o ifFE o i A LR
BAR > A. 7K (Oryza sativa L.) —EH S22 (Sorghum bicolor) — L2\ ZE (Avena strigosa Schreb.) ~ B. &:AE K (Glycine

D. 4K E —EH S5 — e ERGER AT E. &K T — /KRS — TR I F RN R S — B S22 — e #hate
2o AR (EME 5 BECAVER SR 90 H 4 5 BAUCHERS - SEIgRZY)E & 12.8 mtha > AAMERRKALEY) (water
soluble carbohydrate, WSC) 455 & & 13.2% DM » #1248 (crude protein, CP) “Erg-& & By 7.1% » H15E484E (neutral
detergent fiber, NDF) k¢ [i& 484 (acid detergent fiber, ADF) HYF-t9& &7 H ks 53.9 2 303%  fE A~ B~ C &z DHY
EHE R S FE R /Y 51.7 — 60.8 mt/ha » 235 S AR F /Y 29.7 mt/ha (P < 0.05) » &5 2 fEH =22 WSC -

NDF J ADF & &2 - (S RBURI S ZERES DR MERE  HalE RERER - M (var. Swan)
A 120 H UL REIRF §Y 57 B E 835 Fy 8.9 mt/ha » CP 355 & &y 8.8% » [ NDF & ADF 7 39 & & 57 7l B 60.3 K
34.9% 1550 B J D AEZ 557 & (8.9 £ 9.2 mt/ha) = iAf5 F (7.8 mt/ha) © #e28 Swan Y CP &2 LI B ~F (9.3 ~9.4%)
FE S D (7.7%) > [l NDF & ADF &8 &2 AR o G5REURHZE Swan FVE ERIE - Fkhin
BIRE » BEIFREELTEREY) - FAHETE (var. Saia) 11 75 HUHERFHYIIHZ5FE 8 Ky 4.6 mt/ha » CP P9 &
w7 13.3% - [fif NDF & ADF {33 & & A5 B By 56.2 K2 34.2% o BfEZA R ZRGHZE Saia FYHZ B2 S BGHZE Swan 1K
EHEZREER  0{E B AT - FRMEYIEH S5 Kt 2e Swan £ & &R EHR{EEE2 T > HiE
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WERFE G WA L (EHEE (Avena sativa L.) SRR MHIREL SSRGS > S#IUIRF B A FREE » A EATEA
fEPILEHE T 2 (RS > 2018 5 JEke 2 > 2020) -

EEEFZMEKLE  MEREEYE ARSI - 28 - EESHEARRIEY) - sEEEE
RS ~ BROKECHIRE RIS TR A E - BIEEEREE T > TRREER R - EF 2 EHCR R ENER
LRy dm A R EDRL (BREE > 2017 © Bean et al., 2013 )  {TEGEREEZ B G & AESBRFTIN 2009 FEE5 HIE M
FRT OB (E RATEH S22 (Sorghum bicolor) Bt 1 5% - IhanflEENE - EES - I HERH/CEER K EEYEE
RE > BEREE - ERKERS > JEATHETOR R - e @E e (BRE - 2017) -

BN EERREN AN - T - i R - R AR R 2T - NEEREEAYR
ERFEARE - B A st ER AV RS R ~ EESERRE R R R FA ] - SRR (2004) f5H - SEARIRHE ~ R
g S AHBRRIF A TRENE - B A AREE S (FYRVAEER - GE DAFRER - s es - SHEREIR > #ir
S TR F A E R DR S SR E R - BFABITYPA T Sy | AVESIEER - IR - TR RESE
HIRABE ST » AT ek LRA TR ~ 22 R Bl /K R 2 SRR R A0 35 = (W ith B S5 e E i (FAR U Tl = 22
RO 2 R B S R E R > DR R REEZ 2% -

MFEET A

L Bl EsRH e (EE
Ak AIAERA B READ ~ 2R EKIE & G RE R AT S — (At i 1T - Sathls SR E iR (F A R
ASHREGR (2021) #3 > SRR | - SAEASIERIS ERI R ER R BRI R 2 KE | - SHEm(E
EREREIYE 1A (1 year) B Ry 2017 427 HE 2018 4 6 H » 55 2 FF[& (2" year) £ 2018 /£ 7 H% 2019 4F 6
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# 1. EE=HERERMEYRFE

Table 1. The different modes of crop rotation for forage production in different locations in Taiwan

Location Crop rotation mode Growing period (day)
Spring Fall Second Total
A. Rice-Sweet sorghum-Oat ‘Saia’ 120 90 75 285
Changhua
B. Soybean-Sweet sorghum-Oat ‘Swan’ 80 90 120 290
Tai C. Sweet sorghum-Soybean-Forage corn 90 80 120 290
ainan
D. Soybean-Sweet sorghum-Oat ‘Swan’ 80 90 120 290
i E. Soybean-Rice-Oat ‘Saia’ 80 120 75 275
Taitung
F. Soybean-Sweet sorghum-Oat ‘Swan’ 80 90 120 290

IL EAERAR
A B ( £ ) Al Bt e EE 1 9% 0 F-2EE (4vena strigosa Schreb) Saia ~ 2 Swan » LA E
2 455 RELE 1| FEREEAKESTE AE S 194 5% ~ 55 2 SR BB RAIRE 2 9% REEFAMEE A KAE R A
B R BT 33 9% - EIKIEMEMAYAYE B £k S A 3 58 o KRR B FokHERE TR LS - fEiE T L
U FERER] -
1L 556705
() ML ZHEATERERERE S By 1,000 m” - AR D52 2% T (completely randomized design, CRD) °
USRI By ¢ AR (Hi0E - T8 120 kg/ha ) > s (fRFE > 1THE 75 em > #REE 10 em ) > %%
FEAE (3% » i & 25 kg/ha ) - FHAEREATE 537155 N © 120 kg/ha ~ P,O; © 30 kg/ha ~ K,0O : 60 kg/ha > fij
GRS AEAE R A A -
(i) REGFAE © M 8 & FEHUE 1 m* > FPGHEE Saia FAEME 75 HEUESEE - i#a®ZR Swan HITE 120
H - #ERs k4 & SEHEE 3.75 m? > P 90 HERE - HEEH SRS - SESEREMR -
DL 65CHERZ 96 /NIf % » FHERZEE ~ RZYPR REERRZYILL - WAV ETT LB RS 34T -



58

BRghR SRl

‘6107 dunf 03 /107 Anf Woj suoneso] JudloPip jo uoneydioord (8103 pue sormjerodwo) pagerose AIUoOA ‘[ “S1q
o [EE M HF ARG HEW S H 945 610T £ H Ly L10T "1 [H]
S

/
S
59 % % & 4 D

OEESEENEE
-

S S S Vv

_ 5
g g
2 B
= =
£ g
3 H

c¢ Sumiey ... ueuie], - - enySueyD)— osanyerddwd ], L 0001

Sumre | mm ueure [ mm eny3ueydr— woneydauyg

"] 9[qeL Ul UMOYS SE ‘SUOIEI0] JUAIOYIP Je swajsAs Surddord aFe1of JuedyI(
“qruow Jo d3e[ T ‘puow Jo A[1es i |
"610C dunf 01 L0 ANf WoL] |

ueaqAos ueaqAos qd
ueaqAos (ereg, jeo ueaqAos EH q
ueaqAos - ueaqhos - a

(BIBS, T80 Q01 (BIBS, T80 vV

T4 T4 TdTdHdTHITIdTHATATATATAITAITATTITHITITITITITATATATTAHTH [9POIN

9 S 4 € 4 I cl I 01 6 8 L 9 S 4 € 4 I cl I 01 6 8 L [YUON

610T 810¢ LT0T

6107 2unf 01 /10 A[N{ WOIJ SUOT}EOO] JUSISPIP Ul SOPOW uononpoId uonejor £19A9 Jo o[npayos UONEANND Y], T 9[qeL

FEER A R SV A A S S B T



59 BRI HEYIRT =R R 7 AR A 1L SR (ER > A B R S B RS

(i) {BE2EST I3 HT + LA Kjeldahl J5 74 M E #8884 (& (Bremner and Mulvaney, 1982) » #j& N x 6.25 B#54H & H
B8 - ADF J NDF & 828 Goering and Van Soest (1970) A2 J775MI7E 5 ZKEMERKILEYI&EHELL
80% JEIEREHUR fnizfn - JREFEHURIGFRZEE R EE » ((KEHEH (anthrone) 2 EAMIE (Morris, 1948) ©

v) Featoth  Aaleaat Bd&Eagat (split-plot design) » IFE R F & » AEIEHR&E - SHEEE Il SAS-
EG 7.1 45tikEg HE T4 ET 70 1T (SAS, 2014) » SL#E{T8 )7 730477 (analysis of variance, ANOVA) » %58 77 7%
FEEEE IR NEE RN (least significant difference test, LSD) JHIEGFLE R IRAHEIAYZES » DL P < 0.05

RN B

L B B M E el

it = SRR = (B S 1 R ERYPIY B EE B &y 54.0 mt/ha (n = 20) 8225 2 £EJEAY 48.5 mi/ha 7 ] SRR E 72
o HPEEZYE R T AILIS 1 £ (15.2 mt/ha) B2 (P < 0.05) SH055 2 4% (10.4 mt/ha) (% 3) » (f°FHY
RV AEEIREES - DAZE | SERERY 28.3% - HEEE mHNEE 2 EIEAY 21.3% » R T (1989) 45 B (F i sE AR K
Feli - BEERA R ER CAEARHEMEEERES - RS (2017 F7 HE 20194 6 A ) &
A H IR AR (8 1) 0 55 15T — 11 BRYPFHEPRE R 26.3°C - BE&iReE 2 2T 25.3°C » 1
ERILI 2 4F/EHY 220.7 mm SH5 1 £REHY 175.3 mm - BEZRSE | SEAVARRIREYD - HIEMTEER T - 156 2
FREMARTOTINRE - HEETN 7 — 8 HZMH - MR EEZE - GiEdl= R4 5 B RIF B AR
2o

3. EERIER EIME A R R IR

Table 3. The averaged agronomic characteristics of sweet sorghum grown at different locations in 1* and 2" year

Year PH' FWY DMY DMR LSR

163 1+ H mt/ha -=----mmmm e %
1" 276 £27.5° 54.0+9.1 152+3.1° 283%3.7° 0.23 £0.03°
2m 300 6.5 485+3.1 104+ 1.0° 213+1.9° 0.1710.01°
mean 288.1£13.9 51.3+4.6 128+ 1.7 248%23 0.20 £ 1.02

' PH: plant height, FWY: fresh weight yield, DMY: dry matter yield, DMR: dry matter percent, LSR: leaf/ stem.
“® Means in the same column with different superscripts differ (P < 0.05).
Mean * SEM (standard error of the mean).

GHESRAE (BN 1 2RV CP &8 R 8.2% (n = 20) » BHE GV 2 FF/EMY 6.1% (P < 0.05) 1 55 2 4F
FERYF WSC &8 By 14.9% » mHYEE 1 F/EHY 11.5% ¢ P49 NDF S8 DU | F£EHY 57.3% BIE S5 2 1€
(9 50.5% > [fi~-#9 ADF & Bt A EEE - LIE 1 17 30.9% B S 105 2 19 29.7% (£ 4) - BEF (2021)
el EEEEFEERAARE - ARSEIER] > £ SERG B RO > HREFEREVE 236 — IR
e

# 4. HEREARME FENERSE

Table 4. The averaged chemical components of sweet sorghum grown at different locations in 1% and 2™ year

Year CP' NDF ADF WSC LSR
%DM

1" 821 1.0° 573+ 1.7° 30.9+2.9° 11.5+1.7 0.23 * 0.03°

2m 6.110.1° 50.5+2.0° 29.7+2.7° 149+ 1.6° 0.17 + 0.01°

mean 7.1%0.6 53.9+%1.6 30.3+0.8 132%1.2 0.20 + 1.02

' CP: crude protein, ADF: acid detergent fiber, NDF: neutral detergent fiber, WSC: water soluble carbohydrate.
" Means in the same column with different superscripts differ (P < 0.05).
Mean £ SEM (standard error of the mean).
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R | Y S (AU — R FEN 3L 00 HURREH TR S A R A 513 me (23 )
T SCHBHE WSC HYS289 4 i 13.2% DM (3 4 ) » A RITAGHE 2 0L (55 2017 ) - I > SRR
$9 CP &7 7.1% » i NDF J ADF (0595 B4Rl B 53.9 K 303% » S9BE Tt B R AT S RH B R A L0 70 75
T (M - 2007 ) - BHEZE TR S - 0 - AR  MIERERE - BRI (50 R - 1984)
ELEHERE S | REVATH S S - sk DB (BE% 2017 ) TSRS R Tl R SR R
R RS AR - R A0 T B AR e B S % THB AR RS+ DR L S
HHER » HER AR S -

LB RIEBA b BB B MSEE A - i RIEER (B2) B4 A R C
H SR B R A B PG AR R+ ARTIT AR IR A LU A 19 25% (n = 8) ST FMER C 1)
22.5% (P < 0.05) - f5ixt C rf e ANy RE B S B (O MIFE RARAE - (R A BLag Rl + FIRELEE C HaH e
AEIPRER - TR A H9BBKIEAR - B 2019) ISR RES | SURIFERGIEIIIE - %R (2010)
MR FIAE R - B RIS R - SO R e - At h B R S W E B R 507
FICRBIF R 55 By 90 H (DAP90) » (HR B {FIR AR L AR A A I G RIS - DRI PTREER
B L A SR (] » SO B R A KR TR - DRI - PR S A e AT T A o
FEIRIE « BRTHIISEITE R - IR KR o USRS R R -
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2. AlEEkHRIFHENTENEE (90 B ) eS8 &R {E _FrREMER -
Fig. 2. At different locations the averaged agronomic characteristics of sweet sorghum (90 days) grown with different

rotation production modes in two years.
FWY: fresh weight yield; DMY: dry matter yield; DMR: dry matter percent; LSR: leaf/ stem.

"¢ Means in the same item with different superscripts differ (P < 0.05).
Bar: standard deviation.

FEHMLAEESH B EREANZERFARGET  HEAB KD SR EESE D B 57.6 & 51.7 mtha
(n=18) » B (P <0.05) miEF #729.8 mi/ha ([ 2 ) fEFZPEEH WA THERESS - JRELUEAB KD (47
AR 17.1 2 13.7 mt/ha ) S5 F (6.4 mtha) - #5254 F AVEH 227 SRR AR JR N AT RE B 2 sk
TERY H TR S v ith @ A A B (3B RS - 1991 — 2020 ) » B &3R8 R L& 1E I i AT
RV BIERERTIK -

At REIE R A K B ZEHET S R E MY E SN AR (8 2 ) > M2y A LIE 4
FER R EE A B BE RS - BRA E iR (FH R G S R A RIS 28 - E/KitE
(183X C & D) At A MRS - (Hif &R A AR FIEE R IE Ry 2R -
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3. AEERHERFHEATESEE 90 B ) £33 i (F _FAVeERnE -

Fig. 3. At different locations the averaged forage quality of sweet sorghum (90 days) at different rotation production modes

in two years.

CP: crude protein; ADF: acid detergent fiber; NDF: neutral detergent fiber; WSC: water soluble carbohydrate.
"¢ Means in the same item with different superscripts differ (P < 0.05).
Bar: standard deviation.

IL.

B AL R IR NDF & 8155 53.0 — 54.6% ([E3) > i ADF 2R 75 29.7 — 30.8% » kB
B HOWSC &I 124 — 142% 0 BRBUEFH K - H7R1E S HIEH) NDF - ADF J WSC & il s »
PREEHERE - P2 EREER P -

B E R B B S P 1 TS AR » RS RU AR R e
PE R ELE - TR (2019) S RS - RESHRERTE AT  BEGETRGH -
EE TS R E A TR E AR — T HIEHER (BR C) ERE  BEBAFHEE
o N R A B AR RR A LR - SR RAE S (BB AA R “HIE (A - B~ D R F ) I -
R G R S S BRES » RERIEL S AW T L A R - TR » BRI
K T R R 0 B TR -

A R R T

FE R A EBRHEY) TR R A R R I AR (R EAE O RN 1 5 12
A o MR SR R | — 3 B (F2) - 4388 = (B A R Bl L (L0 | Fors »
U1 BB R TR T ISR BRI RRE RRRAD - SEHENLE (1 AERES H)
AR 19.0°C (18 1) > TITEmRRE 1513 mm > BESEEHEEE -

FEE = B — R (B A5 50 (3£ 5 ) » %8 Swan 55 147 (n = 24) BEEIHY P97 L% 43.6 muha -
BT 775 2 440 35.6 muha (P < 0.05)  THAZEERY TR A MG - LSS 1 4509 10.5 muha 510G 2 460
7.3 mtha o EESHRIEERT (1B 1) T85> 45 1 fF80%% Swan BEAENT (11 — | F) (BRI (97.2 mm) &
52 4 (522 mm) » FC R R TR BDFHE A BRI BLTAY A SRR - BESL o 4 2 PAREE Swan B4R B
(2— 3 ) ATERA R 19.8°C » BIAGS 1 4R 17.6C > Tl > 4 B I B B 4E28 Swan BRI
W REH -

TERBRIE 7T » #%8 Swan 09749 NDF F ADF &HHE (A~ BIG AR (%6 ) » (H734 CP &4
SYRILIEE 2 4FIEHY 9.6% FEETINGS 1 4FIERY 8.0% (P < 0.05) - PLELEE 2 4FA% Swan fEREABLE HUBELELL (0.44)
B (%5 )« HiRZE (2020) 7 TR BBk /7 2625 Swan 4 78308 » 87E07E 87100 7.7 — 124 mtvha - BIE
LM A 25 55 0 LB PSERES » T AS5ABR = (B 4 T R RS » SO Swan MO8 LR SN 1Y
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Table 5. The averaged agronomic characteristics of oats grown at different locations in 1% and 2™ years
Variety Year PH' FWY DMY DMR LSR
14311 mt/ha --------m-emememee %
1 136.1 £6.6° 43.6£6.1° 10.5+£0.8° 24211.8° 0.35%0.07°
Swan 2" 123.4+6.8° 35.6+2.9° 73103 20.7£3.7° 0.44 £ 0.05°
mean 129.8 £5.1 39.6+3.5 89108 225118 0.40+0.05
I 77.1£3.0° 342+£2.7 3.810.2° 11.1£0.3° 0.72%0.04
Saia 2n 95.6+£2.3° 354+2.1 54+0.2° 15.3£0.5° 0.81+£0.04
mean 86.3+2.5 348+1.7 4610.2 13.2£0.5 0.77+0.03
' PH: plant height, FWY: fresh weight yield, DMY: dry matter yield, DMR: dry matter percent, LSR: leaf/stem.
“® Means in the same column in the same variety with different superscripts differ (P < 0.05).
Mean * SEM (standard error of the mean).
6. FAIERFMIE ~ AR e
Table 6. The averaged chemical components of oats grown at different locations in 1% and 2™ years
Variety Year CP' NDF ADF WSC
%DM
1 8.0%1.5 59.7+1.9 350%1.0 40%0.8"
Swan 2" 9.6%0.6" 609+ 1.4 349+1.7 3.1+0.5°
mean 8.810.82 60.3+1.12 3491091 36105
I 13.9£0.3" 52.1+0.8° 32.140.6° 3.2%0.5°
Saia 2" 12.7£0.4° 60.3 £ 1.0° 36.3+0.7° 24+0.1°
mean 13.3+0.2 56.210.9 34210.6 2.8%10.2

' CP: crude protein, ADF: acid detergent fiber, NDF: neutral detergent fiber, WSC: water soluble carbohydrate.
" Means in the same column in the same variety with different superscripts differ (P < 0.05).
Mean + SEM (standard error of the mean).

B B-D FEMUREEEFDN HTZEHI > B #2050 20 TE Swan {E A ZREY) - #7248 Swan
R B & DAV R s & 47 Bl B 41.7 K 44.7 mt/ha (n = 16) » 2588 = M =0 F /Y 32.3 mt/ha (P < 0.05)
([E 4); PR EETAMEERES » DIUE B & D (8.9 & 9.2 mt/ha) A F (7.8 mt/ha) « Bl4MNE 5
CHOR B B B s B W AR AR R RO & /F FH (Martini er al., 2009) » 7722 HRRKAY A 22 FUOR BT A1 (
1) » HIEREEE IS A 42 H RIS (SOmE R G > 1991 — 2020 ) » RG22 Swan HYEE R
B o

EERHEE Y (18 5 ) » #28 Swan 1F 3 {EiE1Y NDF Jz ADF 3585 8 B2 87 E - ME CP a&Hy
RSB K F (9.3 12 9.4%) i = 50D (7.7%) (P < 0.05) < R [EIFEFHY CP & 87 72 521 JF PR B f2 2= (2020)
HIGESRARLL » PR Rs R TEIRE Y FH TRk B et R BRI AR — B - ARl 2 IEE8E - E8ES
HAHE A E S EEFAHRIEE) - 458 Ll > #2E Swan fEEMLRA R Z M THVRIVENZ 585 -

FEEALE PR ROR LB =B /EMH (L > Contreras-Govea and Albrecht (2006) $5 HFK BRI E E %
AR RUREL R385 » (P HEERERRE BK - (H8R B e - IR R IR E SR a2 E B4 B
6.8 mt/ha - Coblentz et al. (2011) W AEFE S TR 2 Ealls > H MR AG ZGLEA KZE & % 8.1 mt/ha © [RIIE >
AEkEp A Swan AYHZY) 7 &R #A B4 © Contreras-Govea and Albrecht (2006) 537 Gl 28 S g A RK IR UL
eGP E > H CP &2/ 2 16.1 — 20.5% » 1fif NDF Kz ADF &2 RI{EFA 55.4 F 31.3% » FiinEHE B
B o JNM > ol e R0y Ea A R IETUTE » T ASIERAYHEZR Swan UFEIFAY A4 FHAZY B AL AHAR HH 2 1]
SHATRHA - AERRAY R SVE RS o NI 0 #ZR Swan /Y CP & B EYN (& - {6 NDF Kz ADF & &40 - ftaf
HIFEZE Swan B RERE R RGEHE » BINEBENLEEREY)
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4 TREBEREBE TR Swan (120 F ) 725 MG (F — A EsiR -
Fig. 4. The averaged agronomic characteristics of oat ‘Swan’ (120 days) grown with different rotation production modes at

different locations in two years.
FWY: fresh weight yield; DMY: dry matter yield, DMR: dry matter percent, LSR: leaf/ stem.

“* Means in the same item with different superscripts differ (P < 0.05).
Bar: standard deviation.

12 - a b a
S 9
(=]
2 61
CER
0.
AS‘
261 b e
S 4
2
22
0
80

NDF (% DM)

[N =N

o © & &
c‘

50
=

2
£ 2
g 10
b 0

B D F
Production Mode

5. AESEHRIEHEZ N HZE Swan(120 H ) £F & EnlE _FHyspkling -
Fig. 5. The averaged forage quality of oat ‘Swan’ (120 days) at different rotation production modes at different locations in

two years.
CP: crude protein, ADF: acid detergent fiber, NDF: neutral detergent fiber, WSC: water soluble carbohydrate.

" Means in the same item with different superscripts differ (P < 0.05).
Bar: standard deviation.
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2= KRR T EEYE B FoRMEMEREA f 10 HEEFE2 A (B 1) SR ERsg - Mgk
FAE B [ 2 R AR R M S I By T oR S 2 T E R R USRI AR - B B A R E R R Al DL
FLPHER BB (BB » 2021 ) « (AL - #8550 A ~ E B E8E(E 75 H RITTUHERT 7202 Saia 1F R R 89 RHE
Y o R Saia £ AT (BN B ARV TR E RS R o IR EE R 34.8 mtha (R 5) 0 IFRZE
By 4.6 mt/ha > 3 CP & 87% 13.3% (32 6 ) » [ NDF % ADF & &HI43 5B 56.2 K 34.2% o fHig 4%
(2018) A FE R FRHVEAEREE R - HeR Saia T & KR E TR R » RN ] sEEL 518 H EHARE - R A4
EpAr (S AR I B 12 5 BAg (1@ 1) > RS (2018) HIME 11 H NEJfEE - BElYh e - A8 miE
HYFER B VA AR IRV USRS R - (E R [EI B TERA AN 2 2% S| EE5E (Coblentz et al., 2011) -

FHeZE Saia 55 2 I PR ER By 5S4 mt/ha (n = 16) (£ 5) > EE S 1 4£EHY 3.8 mt/ha (P < 0.05)
IAIMEE 1 SRS UL RZYIRA 11.1% » BRI AR i (U - BIYMBE S st I5 - R EUHEIARY
R B BEE = BAYFE I (Jacobs et al., 2009; Coblentz ef al., 2013) - 455 (2018) $5 4! #He 28 Saia [ Z2f#HIHHABH
4 > GREZUTHEIHHOEE - S2VR Y EE GG - B2V E 45.5% I > Rz & 0] 10.5 mt/ha > [ 5E
(2021) HYBAZE 1 > #EZ2F Saia W FRIRAE EIAVEEES o AR ERHZE Sala AYULFERAE £ 75 H > MESRBURE AR ZE]
B EAVCHERA © PRI - #e2F Saia WY B REAE B KA (R UNERH M 7R — 2D I 9% > DURS EARWEEE > EFi
By v e

#HEZR Saia TS A (Y EHIREEE 8 F 42.0 mt/ha (n = 8) » B =50 E /Y 27.6 mt/ha (P < 0.05) ([E 6 )
HZFESEE R 2 ARG - DN A 1Y 5.0 mt/ha B335 = A5 E 7Y 3.9 mt/ha o 2R - 2 Saia HYRZY)ZRAI
HAREFR - DS E (VY3 R 14.3% > BE SN A #Y 12.0% » B3R E T > #HeZE Saia 11 2 {52
S35 CP ~ NDF J; ADF & & S5 (8 7 ) > &7 WSC &L E /Y 3.5% FESNEN A 1Y 2.1% - {H
“HEER o B EAAS RIS A o BEZASZR Saia 75 R [FIMIEHVRZ L E B A HE A RITE  {H CP & E0E 13% LU
b BREFRIREE » BUREEZE Saia HEE BB AR ERHEY) -
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6. AFEIZHRHRFIFE T HEE Saia (75 0 ) £ SR F _FAVREMIFYE -

Fig. 6. The averaged agronomic characteristics of oat ‘Saia’ (75 days) grown with different rotation production modes at

different locations in two years.

FW: fresh weight yield, DM: dry matter yield, DMR: dry matter percent, LSR: leaf/ stem.
“® Means in the same item with different superscripts differ (P < 0.05).
Bar: standard deviation.

HAE Swam FYEPRIE B S > (HNEAREG > FOREEERA L FHA SRR IR © HE Saia YEEHENR
WK - ERNERAR SRR - RESTZREREREN SRR E  AEFHEENSRAGERY
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BRFEEA NG > RESCERRSHEREHRMEYIER - NIt - BEEEasE - HE SRk
eofE R 4G R RAEE S R EY S LEVEZE B AR - AR (E2a 039 r st amilryRIE > B
BUHHEBE SRR > BT HEASER TSN - HEREFRLE - HASENERUNESEE  DafEiE
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7. AEIBSEHRFIFETHEES Saia(75 H ) 5 R (F _FRVSRGLE -

Fig. 7. The averaged forage quality of oat ‘Saia’ (75 days) at different rotation production modes at different locations in two
years.

CP: crude protein, ADF: acid detergent fiber, NDF: neutral detergent fiber, WSC: water soluble carbohydrate.

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

Bar: standard deviation.

sl = i &2 RO SR E R ki e SREESRHEYIAY A BRI AR b a B e 2R T
BRI (B ZRGREEA AT - BURPSE Y SR E R BN IS - 55— MEZRE SRR REEr ATy Sk E B3R
WA PEED - (RS REIRIE R - WA SRR bt R E il - (R A& 1T &y im (F =
tRES A E R S -

w W

P YA - BRER P S g Bk B TAVEI S EA N - % - BN ENEEA BN E
Ko (EEEREE I HH B E SR EE LU SR E 2 BRI - AU B R S EEH & 22 RO A E S5 i
FEHER(EHEA 2 T EESR - HERMmEEEKEZ F o ZIEFE B RAVEIIZREY) - SRRt mer i s
PRI > RS a2 AE B E 20k -

SENRK

ITEPEEETRE S - 2019 - EIEGETHESR - https://agrstat.coa.gov.tw/sdweb/public/book/Book.aspx °

RIATE ~ FAPRE ~ IFERR - BRFES. - 2018 « SRR EAREUEIA Skl E R ~ w8 K EIT 5T - BT 51 ¢
16-23 -

Bl ~ SRRCR - 1984 o B S 2 s Pk BATE R AR BRI ES - e RIERAST 33 & 372-376 -



Bz sRiTFEh 66

SR A - 2004 - TREGIEAEIRBHEITAE IR - ZRIEmALEEEN 50 ¢ 8-12 -
WERER ~ 2R - 2020 - EELEIHIIE Sk FIRR R AR BRI H19% - BRERISE 53 1 244252 «

A ER R - 2019 - JERIMEH CI4ET - RYIETDR ] Z HEY)EE & © https:/portal sw.nat.gov.tw

TREES ~ EREE - 2019 - Bl EREER T 5 2 HHE o BmENTST 52 ¢ 153-164 -

PREDE - STHENE - FEEREE - 2017 - BN ERESE IR 2B - BN 50 ¢ 37-44 -

PR - 2019 o LIRS EE SAF Rt AL 2 5HE - BRI 52 1 3744 -

PBREhE - TRIERD - 2021 < AR EHEHEYII S 2R Rote e 2 AR 7 1 sthl& i Fi =2 s - Z%E}f%‘{ 54 1 198-205 -

PREE S~ 4R R - BIE7E - 2007 - ol ~ FEAEHAELGREHTH B HI FOKE B LB 1522 - mAEIRTT 40 ¢
1-15

PREE S ~ Bk5r ~ R ~ EAPRE - 2021 - SRR E BT BB L PR - BT 54 1 116-125 -

EPNEV %Tﬁi‘ ° 2010 » EHE 2R A PRAEIE © FERH G 70 © 8-12 -

FESCRE ~ ESRE - 1989 « & S RS E AT BT - B EEE RIGHITRER 25 1 13-25 -

Bean, B. W, R. L. Baumhardt, F. T. McCollum III, and K. C. McCuistion. 2013. Comparison of sorghum classes for grain
and forage yield and forage nutritive value. Field Crops Res. 142: 20-26.
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Profitable production of forage crops -sweet sorghum and oat
II. Evaluation of forage yield and quality with different crop

rotation modes "
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Abstract

The objective of this experiment was to evaluate the forage yield and quality of sweet sorghum and oat grown with
differed crop rotation modes in various regions in Taiwan. The 6 crop rotation modes were proposed as follows: Changhua
region, A. Rice (Oryza sativa L.) - Sweet sorghum (Sorghum bicolor) - Precocious Oat ‘Saia’ (Avena strigosa Schreb.) and B.
Manure soybean (Glycine max L.) - Sweet sorghum - Late maturing Oat ‘Swan’ (4vena sativa L.); Tainan region, C. Sweet
sorghum - Manure soybean - Silage corn (Zea mays L.) and D. Manure soybean - Sweet sorghum - Late maturing Oat ‘Swan’;
Taitung region, E. Manure soybean - Rice- Precocious Oat ‘Saia’ and F. Manure soybean - Sweet sorghum - Late maturing
Oat‘Swan’. The averaged dry matter yield of sweet sorghum for 5 modes in the three regions was 12.8 mt /ha, while the
averaged contents of water-soluble carbohydrate (WSC), crude protein (CP), neutral detergent fiber (NDF) and acid detergent
fiber (ADF) at harvest were 13.2%, 7.1%, 53.9%, and 30.3%, respectively. The fresh yield of sweet sorghum in modes A, B,
C and D, ranging from 51.7 to 60.8 mt /ha, were significantly higher than that of mode F, with 29.7 mt /ha (P < 0.05). There
was no difference in the contents of WSC, NDF and ADF among the different modes. The results indicated that the forage
yield and quality of sweet sorghum were quite good and stable, making it suitable as a summer forage crop. The dry matter
yield of late-mature oat ‘var. Swan’ in average was 8.9 mt/ha, and the average contents of CP, NDF and ADF were 8.8%,
60.3% and 34.9%, respectively. The dry matter yields for oat ‘Swan’ of mode B and D (8.9 mt/ha and 9.2 mt/ha) were higher
than that of mode F (7.8 mt/ha). The CP contents of oat ‘Swan’ in modes B and F (9.3, 9.4%) were significantly higher than
that of mode D (7.7%). There was no difference in the contents of NDF and ADF among the different modes. The results
above showed good forage yield and stable quality in oat ‘Swan,” making it suitable as a winter forage crop in Taiwan. On the
other hand, the dry matter yield of early oats ‘var. Saia’ in average was 4.6 mt/ha at harvest on the 75th day, and its average
content of CP, NDF and ADF was 13.3%, 56.2% and 34.2%, respectively. Although the forage yield of oat ‘Saia’ was much
lower than that of oat ‘Swan’, Saia may be used as a winter forage crop with high forage quality. It is suggested that both
sweet sorghum and oat ‘Swan’ with high forage yield and quality might be suitable for profitable production of forage under

different crop rotation modes in various regions in Taiwan.

Key words: Oat, Sweet sorghum, Forage yield, Forage quality, Production mode.
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Table 1. The respondents' basic characteristics analysis in the questionnaire survey (n = 270, 2019)

Items Characteristics Number of valid cases %
Gender male 103 38.1
female 167 61.9
= 30 93 344
31 — 40 73 27.0
Age, year 41 — 50 26 9.6
51 — 60 45 16.7
= 61 35 12.2
= Elementary school 4 1.4
Junior high school 15 5.6
Education Senior high school / Senior vocational high school 43 15.9
Junior college / University 140 51.9
= Graduate school 68 25.2
= NT$ 30,000 115 42.6
NT$ 30,001 — 50,000 91 33.7
Average monthly income  NT$ 50,001 — 70,000 38 14.1
NT$ 70,001 — 90,000 10 3.7
= NT$ 90,001 16 5.9
Northern Taiwan 98 36.3
L Central Taiwan 88 32.6
Living area .
Southern Taiwan 79 293
Eastern Taiwan 5 1.9
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* 6. ARGEREZEHNBEYIEIEAZFARFR (ES (n =270, 2019)

Table 6. The willingness-to-pay of responders for animal welfare-friendly pork in the questionnaire survey (n =270, 2019)

I'd like to pay more than... Number %

0% 12 44
5% 101 37.4
10% 73 27.0
15% 37 13.7
20% 23 8.5
= 25% 24 8.9

®T. OOHEEDRA - ET - 2E - BERER - R PIHWABFRMERZAHBE (n =270, 2019)
Table 7. The correlations between consumer's awareness, expectation, influence, purchasing determinants, age, average
monthly income and willingness to pay (n =270, 2019)

Awareness Expectation Influence Food safety Label WTP
Awareness' 1
Expectation’ 0.26" 1
Influence’ 0.12° 0.17" 1
Food safety” 0.19” 0.41" 0.10 1
Label’ 0.26" 0.35" -0.02 0.48" 1
WTP® 0.10 0.23" 0.16" 0.19” 0.25" 1

' The awareness of animal welfare by consumers.

* The expectation of animal welfare policies by consumers.

* The influence that consumers believe animal welfare will have.
* Food safety is the most important thing when buying pork.

* Label is the most important thing when buying pork.

® WTP, willingness-to-pay.

"p<0.05 " P<0.0l.

VIL JHE A HVSERE T

AUIFEIREDNEES T SRS ARIEAE T WBURRTINET )~ TGRS SR R =
R P 7 B BRI A B FE A A ity WTP (T S EEERE A TR T - By R =4 > H
WTP JRERET R BREER T0%, ~ 15%, ~ T10%, ~ T15%, ~ T20%, %] " = 25%, > {KI¥4s
T 65T~ 55r 407357~ 207 ke 14y > USSRt o3 o 20 DUBRIR T8 BB i B R U7 g oA = (el
HOREEY TR ERE AR, T WBUSEET, - TEEEEER e - THRESE
EREEZER ) - TEEERN ) BLWTP 2258 JRER 8 - MRS RV RS 1 2 &3 05
iy PV ERUEEE - TBRADEEE ) K& T REEONEE ) -

ZESERENEEY T Bt S A R WEURHTINET - BYIEL g gk P - HRmE e R
e HBUFREIMABEEZR - HRARFTSERAAER > —(EERH LI FERIE B KB i sk
HEZ o R CPIEEDHEE ) AT WTP 5fK (2.32) « SR A LME 30 kL T AES > 7 33.3% » 5551 - 61
PR EA ERINAE = (B R E EE B S > A 18.6% « PR AU ATTH > A 38.2% HYAFE 3 EITLLT » 374% YA
FE3HE S EMH - BIVEI SR AN R e o HEUFIHHRFREE SRt SV EL g S b E
FOMBEIERRE ~ B e SRR SNEEAI R O IE EEE P RE > WEERNEREE RS - BUryEi
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Table 8. Responder segmentation based on awareness, expectation, purchasing determinants, demographic features, and
willingness-to-pay for welfare-friendly pork after clustering analysis (n = 270, 2019)

Cluster 1 Cluster 2 Cluster 3
Statement Contradictory ~ Conservative Active P
(n=105) (n=98) (n=74)
Awareness" 5.28" 2.99°¢ 491° 0.000"
Expectation™ 5.73° 5.20° 5.94° 0.000
Effect”* 5.54° 5.03° 5.65" 0.000"
Food safety® 6.27" 5.89° 6.42° 0.000"
Label>* 5.43° 4.95° 5.85° 0.000"
WTP** 2.32° 2.55° 497 0.000"
Gender (%)
Male 38.2 38.5 37.5 NS*
Female 61.8 61.5 62.5
Age (%)
=30 33.3" 41.7° 26.4° 0.002°
31 — 40 26.5 26.0 29.2
41 — 50 9.7 11.5 6.9
51 — 60 11.8° 10.4° 31.9°
= 61 18.6" 10.4* 5.6°
Education level (%)
< Elementary school 2.0 2.1 0.0 NS*
Junior high school 4.9 2.1 11.1
Senior high school / Senior vocational high school 11.8 15.6 20.8
Junior college / University 54.9 56.2 41.7
= Graduate school 25.5 24.0 26.4
Living area (%)
Northern Taiwan 353 43.7 27.8 NS*
Central Taiwan 333 29.2 36.1
Southern Taiwan 30.4 25.0 33.3
Eastern Taiwan 1.0 2.1 2.8
Average monthly income (%)
= NT$ 30,000 38.2 51.0 37.5 NS
NT$ 30,001 — 50,000 37.4 29.2 347
NT$ 50,001 — 70,000 12.7 10.4 20.8
NT$ 70,001 — 90,000 2.9 5.2 2.8
= NT$ 90,001 8.8 4.2 4.2

' The mean of the awareness of animal welfare by responders.

* The mean of the expectations of animal welfare policies by responders.

* The mean of the impact of forced promoting animal welfare in responders’ opinion.

* The mean of food safety is the most important factor while consider purchasing pork.

* The mean of certification label is the most important factor while consider purchasing pork.

® The mean of willingness-to-pay.

“The average score of those attitudes. We use 7 point Likert scale to sum the values of each selected option and create a
score for each respondent. Score 1 means strongly disagree, 2 means disagree, 3 means more or less disagree, 4 means
neither agree nor disagree, 5 means more or less agree, 6 means agree, 7 means strongly agree.

S The average score of WTP. Score 1 means 0%, 2 means 5%, 3 means 10%, 4 means 15%, 5 means 20%, 6 means = 25%.

* Analysis of variance.

* Chi-squared test.

"¢ Means in the same row without the same superscripts differ (P < 0.05).

NS = not significant.
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Abstract

Animal welfare is an issue that drawing more and more attention all over the world. To encourage more production of
animal welfare-friendly products, the support from consumers is quiet necessary. This survey was conducted to investigate
the consumer awareness and willingness to pay for animal welfare-friendly pork products. A questionnaire was designed
to collect meaningful data. The questionnaire comprises 6 major dimensions, including consumer background, awareness
of animal welfare, expectations of animal welfare policies, effects of forcing animal welfare, willingness to pay, and the
determinants of purchase. Among the 270 valid questionnaires conducted in 2019, 64.6% of consumers were willing to pay
additional 5 — 10% in price on animal-welfare pork products, and 17% of consumers were willing to pay for more than 15%.
There were positive correlations between expectations of animal welfare policies, effects of forcing animal welfare, the
determinants of purchase and willingness to pay. Consumers in the survey were divided into three categories: contradictory,
conservative and active. Active consumers showed highest willingness to pay for animal-friendly pork products. People in
this group were mostly 51 to 60 years old, who paid attention to animal welfare, food safety and certification label. They
tended to have a certain level of awareness of animal welfare and expected the government to do something for animal
welfare. Consumers with these characteristics can be selected as targets for the marketing of animal welfare-friendly

products.

Key words: Clustering analysis, Questionnaire survey, Animal-friendly raising, Swine.
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