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W AR R R T O

MO0 RIS

WetFEER: HLEE6 H 15 H s #2HE - 11243 H9H

W B

AWTFE BT AL B R e S e e B RN E Z 8 - SUBR ] 32 BAIIRE E 57.8 kg ZHESCRAE (&
25% HGLLIFE ke T5% HIE 5 ) » RAFE R ZFEEF > BT BN IR OHEEE R 3% ) ks S rast (A
Fo 14%) > GnHIUEY - FEE 45 sUERHHEER RPUKRER - SBRE VR EE 117 kg RiaSH - 5Ua4E
R 12 FETRES > WHEANELLE - $SRBUR - iRe s 8 2w RIWLAZK D & EREREIad
& (P < 0.05) » MIALAREASEESY R F la g 2 a* B4 b* (HRIBEE S EIEAE Ry (P < 0.05) o {HEFERAALAZE
IR~ BUE ~ BV R A2 M E e IR E R IR R (P < 0.05) - i RAMAZ ECEEER S E -

L* ~a* e b* {H - (B ANGERER - wiERERRINIAZ BE R LR R R AR - FaAs
Bt IREUT > A WISRSRERET 14% AR AR s 2 i RN AR O SGET T a2 a* B b* - (HE

HHRRAHLIAZK Y &8 e S THEE S Al -
R © BAE - SdRdEEE - NERE -

4

FRERZE 109 4 6 F IF 2SR #5440 4% (The World Organization for Animal Health, WOAH) [ 3 5
EFIAE » TS A O E RGN > iR A= BRI EFE A 2 BIFEEE T ) - 58 AT E HAELR - B
A B SRR (R BIHE R  E2E 15 5 ARELG] - K 108 B FETHEEN & #5151 H Al 2546
B 2,361 8 G ERUE 694,593 UH 0 HAEATEIHE 12.7% - BAERNESHEFESEILFEFME - L REFER
BIAREE - £ RSN - eRFIHNEE - SIEEEE - BSER - MR A 508 AR R EGhEL - B meD A
T4~ A% H AR E 2 ME M o 1P B AE SRR RS ATy T B i S (EAS (5R Kbk » 2004 ) - Mullan er al.
(2009) ~ Serrano et al. (2009) Jz Wiecek et al. (2011) F 2 WFEEUR » FA R EAEHE & BA o4& SR AR fa) fa s cbk P (L6
HEgm 2 AR BERATE RS K HLARER & & « TETEE (2013) $57% » 1° 60 — 115 kg [EEC 2 @@ BAE LR
SR RHRHEUA 20% Gafich B S e AR il Lhi - ¥ H M E - BiS R AB R ER B2 - 5755 (2014) JRfaH »
PAF R FE PR 30% BafHERER 2258 45 — 110 RZ S @B » B RElE 5% - (78 AR E PR
FHEEE ~ IHILTFE B R R R5E8E AL 2 SRS B2 - 219 (2008) A& el sE 2 W 9e s - IS HHEaiERAHE
BEDEHI%IREE % HHWME - R e R - fIRFIHZER - BEIRIE - SIEEE - FLAHEKEEE mE
FWEE A - MEE (2002) 5 - EfiEHEE S E2E 6% I A EEAESE 2 A RMERE  EEIARE
ane A RS » PR R R RIS ~ 20~ Rk B o] 8252 FE P B B T A5 Ry - PRSE (2018) 5 > HEH
HRRFAERET 14% tHAME R - HTR B ERORREEEE  HEaR 8RR BESR - B (1981) 15
Y o R Y —REFE ERB L AREY 45 2 55% - E3EMR &y NN N- = HEH IR - 2 H B R ELTEY) - 20
S P HUEAEIZE &5 (Cholewa et al., 2014) = Wen et al. (2019) BF5HsHH E R R ISR TT A L L7
IERE - BT DUE R I S5 A B el 0 B E R E R AIAEAGEL ] (Matthews er al., 2001; Siljander-
Rasi et al., 2016; Li et al., 2017) o [RIFAGES B AEPRET T AE B 5 B 54 6R 60 = SR A KR (A AN P RO Rk Rt 50
¥ ) - GRS FHAAE 14% - HEEE REOE A EL HEIGAEEE CHSE 3% ) /Y 85% » HEFENLAME KEE Mt
FRE > DIRHER GRS KRR 2 2% -

() 7B A g i BT e s i aE 2735 55 -
Q) TTBER L B A BT A -

(3) BTLFF R RHRCR B A WA IR T T ©
(4) #E/EE > E-mail: jengyong@mail.tlri.gov.tw °

|
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M A

AHBNTHEEZ R E AR EEEEESASET > R ER - FeEHEEERAE - &
wmEARITEREFYEHE/ N ESRE TR S ' 108-7 SEHERAELE -
L siEashy et
() BERBEEARNTLY 57 kg 2 BAARESCRAE (5 25% tRLLIFEEL 75% HI8 5 ) 32 BH » R A% R NZGHSF >
BB IR R s SR - SRR - FEE 4 5 SRR RPOKRER > SEBRET
PIRGEEEE 117 kg Br&EAH - pABREERIREEAEMRNE 12 BH (R AFE A ZFES-F ) HE1 TR S BRI A RE R R i B M
& o
(i) HARELAIOR R AEMRE > S8R 2 SR Ry KRR R EZEH AR - HE OB R A REREL Rt
ARAHAY 85% > WIRAH ZHHEEH'E Fy 14.43% > {UHHEE R 3,280 keal/kg @ rmdliEdaiEsl 2 BB E R 12.39% >
{UHHRE Ry 2,846 keal/kg - SERETRIHRRIIRINER 1

1. obaedkiing

Table 1. The composition of experimental diet

Ingredients, % Control High fiber
Yellow corn 76.29 39.41
Soybean meal 19.00 8.74
Soybean hull 30.00
Beet pomace powder 20.00
Dicalcium phosphate 1.00 —
Limestone, pulverized 1.40 1.20
Choline chloride, 50% 0.06 —
Molasses 1.50 —
Salt 0.50 0.40
Vitamin premix” 0.10 0.10
Mineral premix” 0.15 0.15
Total 100 100

Feed cost, NT$/kg

Calculated value 12.86 11.10
Crude protein, % 14.43 12.39
Metabolizable energy, kcal/kg 3,280 2,846
Crude fiber, % 3.00 13.92

Analyzed value, %

Crude protein 13.71 11.39
Crude fiber 2.72 14.69
Calcium 0.58 0.69
Total phosphorus 0.39 0.39

* Supplied per kilogram of diet: Vitamin A, 6,000 1U; Vitamin D,, 400 IU; Vitamin E, 20 IU; Vitamin K;, 2 mg; Vitamin B,
2.6 mg; Vitamin B,, 2 mg; Pantothenic acid, 30 mg; Niacin, 30 mg; Pyridoxine, 3 mg; Vitamin B,,, 0.04 mg; Folic acid, 0.6
mg; Biotin, 0.2 mg.

" Supplied per kilogram of diet: Supplied per kilogram of diet: Fe (FeSO, + 7H,0) 80 mg; Cu (CuSO, * 5H,0), 5 mg; Mn
(MnSO,), 6 mg; Zn (ZnO), 45 mg; I (KI), 0.2 mg; Se(NaSeO,), 0.1 mg; Co(CoSO, * H,0), 0.35 mg.

I EHEE
() @RlE BT
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(iii)

(iv)
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Koy~ MEEE ~ AHAEAG SOt AR E = Jr A i i (R B B AR — e A Ban B T 0 A (1T BB s
HfabafE > 1986) -
ALASNEBAE ~ BEE (firmness) S KB4 (marbling) BB 5777

FRERESER - B R RS 10/11 BiVIBEE » IER £ FRRE 6 20 78k - HiRBEEEE AL
EE e A fEAENT (Pork Quality Standards, National Pork Producers Council, U.S.A., 1991) {E AgE4rf24E »
WETEH 1 — 6 FREEBEF B OER - BEMEFRBIORZRE | REASLIE 1 — 10 3%
STHEERFRAREONEER D TEHERTIAKEANEEMS - EESBE SR 6 & BEERERR
o BESFRRET > B 1 RRBKEEK A 5 3 R EHkal s 5 ForIERALE - REAS T 8E sy
10 4 BEEFRRATALAERD » BESFERIAER2ES > Bl | TR PRAHAL 2 7R AV
BEAHEAL 3B RATFEEREEE 4 THASEREAE 10 RREFSEHAL - BEETH
53 Fs 5 4% 0 1 RRIEFIREOB/KELE § 2 RRIIB/K 5 3 Rk oS /Kikhy ; 4 R B BRI EE
SRR © 5 FoRERH Y KRR o
BRI E R 2 B E

¢ Lyon et al. (1980) 22 /5% » DLEaZ=ET (DrLange MC reflectance colorimeter, Germany) JHIZES 10 — 11
B2 BRI Z ALABEHE - FRESRLA 2 675 » DL Hunter L* ~ a* ~ b* (ERFEALAZGE » LE (£
BHZERE > #E 7 0 — 100 > 0 AR 8 0 100 o[ ) ~ a* B ([EEAFRLLEE - BENARGEEE) &
b* H (HEAFR=OE - AEAREOE) -
iR BEE (firmness) K #]JE (toughness)

£:% Lyon and Lyon (1996) 2 J77% » HUEE 10 — 11 Bhrg 2 s R A E 2 ALABE R BT 4C 20 -
A E1% 48 hr PHETTHIE  BHLABIES IR BN s R FE S - RN 80°C /B | 25 4388 - P R/K
N 15 Sy iE% o T AIERE AILAR4E > J7 1R (SRR TR SE T PIR 2 x I x 1Lem’ (& x E x & ) ZRITHEA
BE o PR DAORBERE AL B 2 M E Ry 1k o DL A9 M M %E % (Texture Analyser) (TA.XT-Plus, Stable Micro
Systems, UK) #E77HLAEE & R EHE - Mzl E4H {5 H HDP/BS Kl 71 HDP/90 £ H. » & J7 e 58 PR
TR A L - OHE 281 By 5.0 mm/sec T ERFEEE 5.0 mm > Z48 HBEHRECEREVE S (firmness) F1H][E
(toughness) °
JBVE et

VIR R AH 2 56 10 BhEr i R AILEY 200 g > IRBEEZESNA > ISFEZEEREE ARRMEN > 757C » 30
Sy BUHPIRREY 1.5 em® > (HEDESREE THERMATRAE 20 (rdhsE A BT - BEMLINE - &
R R AR M T E R o R A BT R ~ (0% - S REEREZ SRy BERe e B 1 —
577 BFWEARH BRI - Bk - 8 - SRR s - M EER RS
BRI 2 RV - UK E 28 Ry A e i i LR R AT RV ED 82 > SRR E 38 R HH Y A S
T IS 2GR RN - S E 2R i i O ~ N SHEBE A E R ALARIHL A B AU P B Y -

L et

SR E L SAS (2014) &5t o0 17 40 HT — R &R M5S0 /7 (General Linear Model Procedure) #1757
At ALABEET B 2 2O E A (Duncan’s New Multiple Range Test) » P A 5] e R R B &H ] 5286 53 1728
HZ =R -

e RN B

AERBE DAK 7 R B AR F R AR BRET B & S (14%) BRI A BB o 8 e jUE a2 52

° SEREE RN T -

HERRALAEERAHRL

2 VI RAEE BAE el = A e R B B S RAVWLA B2 Ay Z 2 & - SERBUR - HLAVK S S E DS 8

HEETIRAHERE (P < 0.05) B IR MK > MALAE & BRENH BN R HERAmREE 2R > BN

i

B EdEa R A R ZEE (P < 0.10) - 2% (2008) FriaslfisE 25 8Ur - LS IR M

e Er R 4% TR 6% » HERRIVRNEALZILAZKS - O E RIS & RIEEERE © 1 Mullan o ol
(2009) ~ Serrano et al. (2009) J Wiccek ef al. (2011) %2 HYFRRT » 14 FEHASHL & HIPAV RS BRRGaIfal EEerk T
EE ARSI A R & R - AsUBReS RO S S5 RAE 0 -
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2. EsURsEE SRS R RN 2R 8
Table 2. Effects of feeding finishing black pigs with high fiber diets on the chemical composition of Longissimus dorsi

muscle
Items Control High fiber SE
Moisture, % 75.69* 74.26° 0.92
Crude protein, % 22.01 22.96 0.15
Crude fat, % 2.30 2.78 0.14

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

I FEREIERNE - BEE A OO MR ER T

FEFRTRIZEERT - BEERKRHEORFT ) RHETGE AL BB S 2 EEEE  EE I SR
SEEERNRETRRIZEEAG - REEMKEOSGEr 2B IR R 3 - SRR > 666 ke
FaeH 2 B R RALUE REOSGEF B (P < 0.05) B Rye - JLABRE KRB RN _EHAEEE =R - 3
% (2008) fh @ EARAE LR - IEEMIEE MBS B 4% 282 6% > HERRIZEERNT - REHE
KREOGRER I EEE 22 - ARBNERNCKBEEERER I3 — 400 » BIEEFERNZEE
FBEE 2 oy - ALNRER & 2 58 Y LTE - MR -~ Gk BsE SRR E ENRAYF# (Segura and Lopez-Bote,
2014) o MHEEEYIESE N EZEBERBOL > ACHEFEARILLE (Cannata ef al., 2010) © MIAGUERLE RETT -
MRSE (2018) /S S EEIIRAH 2 T HEIE T K B e ARG EE PR B IR - RS i a2 Al A KB G E
sForEE R RS - RFERTNER - AR —D3E - B B HERER 33 KARH - Brody(1945)
fRHEYIH AR S RIAYHTSR - MEIRIINR&E > sEEHERTE D' G BAEAIER © 1 Gandemer e
al. (1992) FER AR O AAR B FRILE 2 —ErV RIS E: - /MR ZEPRAVRERTIE - R E
(2012) ZHHZE8E0 > FEIEFEE [ KEOSIERE GG E (LA ) Z3hnimsg i -

#* 3. R s E T RRIREREG - REE A A 22 E
Table 3. Effects of feeding finishing black pigs with high fiber diets on the color, firmness and marbling score of
Longissimus dorsi muscle

Items Control High fiber SE
Color score 3.42 3.42 0.07
Marbling score 2.79° 3.58° 0.13
Firmness score 3.25 3.45 0.07

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

Color: 1 represents pale, 6 represents dark; Firmness score: 1 represents soft, 5 represents firm; Marbling: 1 represents rare,
10 represents plenty.

L B RAFARERALAZ L* ~ a* K b* {H

L* ~a* Je b* (B AR IE AL A i sk A By €005 (Miller, 1994) 4% FYELR Y KL R = o] R IAE A Y
RLHIAGERSE > Hunter L* (F2%) ~ a* (ALEFK) K b* (HEOE ) [ERIEF A YER R HE FEACHE -
R CHEA A IR T57% - IEE e s R B R R 2 B i RN E S s 2 LA 6%
EAEREE - FIRIRNR 4 « SSRBUR - iR RALZALA L* ~ a* k& b* ER M EsE 2R > HylhL a* &
b* [ Dl e fRAH B (P < 0.05) S IRAH R - R BNER A s a4k AR 2 2 A5 S MBIEH (L el I B MR8 Ky
B 4L © Solberg (1968) 151 - W EUEZHLATHIALEN (myoglobin) BLIMALE H (myohemoglobin) 7 574 -
Hillebrand ez al. (1996) WIFE/REDT » 2B A CURN B RNZ EEN & E /AT Z B2 & & - Lyon and
Cason (1995) Z 5t > AT HEHI GBI > EZWIATAKIES 2R - g REOUR - HFARZ
L* B30 > a* {EIRK(E - Miltenburg ez al. (1992) 457 > L* EHFLAP#EFMAUE (hematin) & & E 8 (P < 0.05)
GHEA > a* (HERALA T R MAIVE (hematin) 5 8 2812 (P < 0.05) IEAHEA - Hill and Dansky (1951) JRE5H © &
AeREl 2 B R BT EKIEAHR o AR 2 @R AR Ry KR S izt 588y - HAREH A 2 S At
ViR aERIokE - HORREEEEES ST T > lLafe hE a2 a* K b* EEEEHIR
= 2 JFA © Zhong er al. (2021) WIFEHEH > HREPEEEERE BIEIHE o* EEEMEWN - —RMSHEELES
WM AR > A S E S MRS
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* 4. RS SEErREN TR RN ESECEZZE
Table 4. Effects of feeding finishing black pigs with high fiber diets on the color values of Longissimus dorsi muscle and

backfat
Items Control High fiber SE
Longissimus dorsi
L* value 53.87 55.03 0.41
a* value 3.12 3.35 0.17
b* value 7.85 7.70 0.12
Backfat
L* value 77.82 77.03 0.36
a* value 2.15° 3.51° 0.20
b* value 8.17° 9.90° 0.22

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

VI 5 i AL A RSN~ B TS R

2 5 FIRAE & B R A% el e = AR aaAe B R R 2 B i R AL e Fe B LA 2 BR R B [ A2 LR - B
Ry R B ~ $rih ~ B E SGEWE - BRIFLAZ MR RIFoR IR GURR S ~ Sl - fhdhsiin
HERER SN IR TS - BREE AR EFERLWEAFEZNE - &R8R > SEIEREEIN B2E
&£ EALE) 5 Ty W = P B A 2 72 52 © Seideman(1986) 5 > AILIAWIER MR SZALINAH R 2 502 - F 2R RER BB IR
EHZ & F - Nakamura er al. (1975) $51% » ALAFHIRBFERD & EBEEEFERIEED RG] - FEEY6 SRR R
g0 - 1 BB & B 7T MRS R4S th & 0wl 2% - [EHLAMIS E7 - Sales(1995) 1571 » HLARER & &=
&7 B UMEEAL AR & BRI o AR E S e T 22 e iBR AR~ 22 - aEMIASG LGRS 2
N EEAIRER B L B B B T i - HM R 8R - HLAYE MR 2 e I Z HLAAH L ~ Bl ~ 24
I5#fH] (aging time) ~ fEEIRRE (rigor conditions) ~ IEATTIE ~ SE1% B IS S #AE N B 2 5l 2 %22 (Stadelman
et al., 1966; Lyon and Wilson, 1986; Gerrard et al., 1987; Lyon and Lyon, 1990; Lyon and Lyon, 1996) -

5. EEHIEEsE R s A AR T I RA LA B fE SR R Bl 2 2%
Table 5. Effects of feeding finishing black pigs with high fiber diets on the firmness and toughness of Longissimus dorsi
muscle and backfat

Items Control High fiber SE
Longissimus dorsi
Firmness (kg) 3.31 3.59 0.14
Toughness (kg. sec) 5.71 6.09 0.24
Backfat
Firmness (kg) 9.17 9.91 1.27
Toughness (kg. sec) 15.77 18.42 0.63

" Sensory panel test: 1 for dislike extensively and 5 for like extensively.

V. FEEAALARE mET
Maltin et al. (1997) 1 Joo et al. (2013) $5 Hi & F AFEIZHY LS (eating quality) F 2 5 17 JE Lk (flavor) ~ 4 &
(tenderness) BAZ5 1M (juiciness) - 22 6 Sy A& HASE S a6 = B aiE B E T R RN Z Bk - 8% - %+
M RSB M RE fna 2 22 - SEREUR SR EEER ~ VY - S0 AR BB et et H DUE B4R
(P < 0.05) FE = AR a A - —RRPKER M B FIALNRERT & E il Raa b 2 B EE A 2L AR (Li
et al., 2016; Zhang et al., 2021) - LB = @4 aaiRAH 2~ BILARERN & SR IR 2 #24 » MREE (2018) W9EHEH -

2 - B (2008) R EwEHUESE TR - IEE EE A R i 4% IR 2 6% - W R RALAZERE -
WU ~ BV R AR M E e IR 2 R o AT RS A a IR JEnR ~ WUE ~ 20K
WM B e ERGE 2 RN W RE Bl S A E R B RE IR - B REARRLLL O R HLARERT & B R
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BRI IRAEEARE - RALAESR ~ 808 5 %1k 2 BB e et o S LARE R & 8 5 AaRh IR R > Wood et al.
(1986) Jz Cameron et al. (1990) ZHALARENT & &S B ERREFREZNAE M > FrRlEME - 20 -~ Ei
K758k (aroma) | o ffij Fisher ez al. (2000) 57 i Al o H 8RR B2 BE A GO HE B R ST AR JE LR 2 IEAHRR -
LA HIFIHEHEE A 2 S 4HRH > Cameron and Enser. (1991) 7545 thHLIAI 2 B BORIHS AEEEL BTS00 > 251 B AIHS
HIREEEBR D - AT LA I -

* 6. NCEMIRSAER A S A AR R RV E ety 2 s &
Table 6. Effects of feeding finishing black pigs with high fiber diets on the sensory panel scores of Longissimus dorsi

muscle
Items Control High fiber SE
Flavor 3.73 3.48° 0.04
Juiciness 3.44° 2.95° 0.06
Tenderness 3.71° 3.15° 0.07
Overall acceptability 3.62° 3.24° 0.05

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

W Em

BT M SE AT AR (14%) BH > ELAE R R (1 B2 AU IE A BAARAN) 85% - GESLET: » MM SE AT
A (14%) B0 > BLAE R RIE 1 EL & AU B IRAILAT CRIARAE 3% ) 119 85% » BETHRRS ~ 25 B AL AT AR 3T
SRR a B b {8 » B HCE R BHUILAK S 2 R T S5 AT -

S ]

S RTTE R EZ E g T EA\R e EE T HES & AR A B R E - BEEE/NE - B/ NH R R
IR GG EH - 2EREE LERNARA TGS E RS oy V) F e ERA Tl T4 ERAILAY
P HIE & (Texture Analyser) (TA.XT-Plus, Stable Micro Systems, UK) » %5 LG -

w

2EXR

TTERAOR R R R - 1986 « TEEREEIR A — el - 240 -

TTEEREZ B E - 2019 - 108 FEFEHERH AR L - 210 -

SR ~ BIBI - MR - BB - 2012 - RBEERE SRR E Y LYD =R AR B IR 2 - R
41 - 213-224 -

PRIESH ~ FIEA - SEHEE - RLUUE - SRR - 250 - 2018 - B = Bk B N SIS 2 £ RIEAE - BRSE
iR~ FLATR KRB RRE R E 258 - WAL 51 224-233 -

SPEE ~ TEA - FHER - mER - TR - 2013 < JRIIBEAREUCE 2 R AC & DK BAR AR 2 E -
FEGEE 42 (HH) - 302
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Abstract

The purpose of this study was to evaluate the effects of feeding with a high fiber diet on the meat quality of finishing
black pigs. A total of thirty-two (16 barrows and 16 gilts) crossbred black pigs (25% Meishan x 75% Duroc) with an average
body weight (BW) of 57.8 kg, were randomly divided into two groups which were fed with the control and high fiber diets,
respectively. The crude fiber levels in the diets were 3% and 14%. Pigs were allocated into quadruplicate with 4 pigs in each
pen. Water and feed were provided ad libitum. The experiment was terminated when the pigs weighed 117 kg. Twelve pigs
from each group were sacrificed for meat quality analysis. The results showed that the moisture content of Longissimus
dorsi muscle was significantly (P < 0.05) lower in the high fiber diet group. The marbling scores of the color values of a*
and b* of backfat were higher (P < 0.05) in the high fiber diet group. In addition, the flavor, juiciness, tenderness and overall
acceptability scores were significantly (P < 0.05) lower in the high-fiber diet group than in the control group. Besides, there
were no differences in crude protein and fat, L*, a*, b* values, muscle color, firmness and color values of Longissimus dorsi
muscle between groups. Although the high-fiber diets group had higher marbling score and backfat of redness (a*) and
yellowness (b*) values of Longissimus dorsi muscle, the water content and sensory evaluation of Longissimus dorsi muscle

were lower.

Key words: Black pigs, High fiber diet, Meat quality.
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Table 1. The composition of experimental diets for mule ducks during 3-10 weeks of age

Treatment
Ingredients Control 2% purple 4% purple 6% purple
napiergrass powder napiergrass pow-der napiergrass powder
Yellow corn, ground 66.30 63.55 60.82 58.05
Purple napiergrass powder — 2.0 4.0 6.0
Soybean meal, 43% CP 20.60 20.72 20.83 20.96
Wheat bran 8.71 8.77 8.80 8.84
Soybean oil 1.10 1.70 2.30 291
lodized salt 0.30 0.30 0.30 0.30
Pulverized limestone 1.44 1.45 1.47 1.49
Dicalcium phosphate 0.90 0.85 0.81 0.76
DL-Methionine, 98% 0.02 0.03 0.03 0.05
L-Lysine « HCI, 99% 0.13 0.13 0.14 0.14
Vit-premix* 0.30 0.30 0.30 0.30
Min-premix® 0.20 0.20 0.20 0.20
100 100 100 100
Calculated values
CP, % 15.4 15.4 15.4 15.4
ME, kcal/kg 2,890 2,890 2,890 2,890
Crude fiber, % 4.79 5.37 5.94 6.52
Calcium, % 0.72 0.72 0.72 0.72
Available phosphorus, % 0.36 0.36 0.36 0.36
Lysine, % 0.90 0.90 0.90 0.90
Methionine + Cystine, % 0.57 0.57 0.57 0.57
Feed cost’, NT$/kg 10.67 15.53 20.38 25.26

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

® Supplied per kilogram of diet: Mn (MnSO,), 100 mg; Zn (ZnSO, * H,0), 90 mg; Cu (CuSO, * 5H,0), 8 mg; Se (Na,SeO,),
0.2 mg; Fe (FeSO,), 100 mg; I (KIO,), 0.5 mg; Co (CoCO,), 0.1 mg.

¢ Feed cost, NT$/kg: yellow corn (ground), 8.47; purple napiergrass powder, 240; soybean meal (43% CP), 15.3; wheat
bran, 6.3; Soybean oil, 45; iodized salt, 5; pulverized limestone, 3; dicalcium phosphate, 26; DL-Methionine (98%), 145;
L-Lysine « HCI (99%), 65; vit-premix, 105; min-premix, 70.
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Fig. 1. Changes in temperature and relative humidity at 9:00 A.M. in the duck house environment during the experiment
period (3 - 10 weeks of age).
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Table 2. The effects of supplementing different ratios of purple napiergrass powder in the diet on the growth performance of
the mule duck

Control 2% purple napiergrass powder 4% purple napiergrass powder 6% purple napiergrass powder

Weeks of age Body weight, g/duck

3 445t 6 450+ 7 4457 439+7

7 1,982 £23° 2,031 £18° 1,998 £22° 2,095+ 18°
10 2,825£30 2,813 £24 2,831 £26 2,847124

Body weight gain, g/duck
3-7 1,537£24 1,582 £ 38 1,553 £22 1,655 %30
7-10 843 + 38 782 £ 63 833141 752 £ 54
3-10 2,380£24 2,364%73 2,386 £ 57 2,408 £24
Feed consumption, g/duck/day
3-7 136 £3 13414 132%2 137+3
7-10 17414 1732 170+ 2 1714
3-10 1521 151%1 148 £ 1 15211
Feed conversion ratio, feed/gain
3-7 2.47%0.09 2.3710.01 2.3910.02 2.3210.01
7-10 43510.28 4.83 £0.66 4.30%0.22 4.8210.29
3-10 3.08£0.06 3.131£0.09 3.11£0.10 3.081£0.01
Length of 8th primary feather, cm

7 48104 53%0.3 55%0.3 54102

10 159+0.3° 17.0£0.2° 16.9£0.3" 17.0£0.2°
Feed cost, NT$/per kg weight

3-10 25.39 40.99 48.62 60.82

" Means in the same row without a common superscript differ significantly (P < 0.05).
Means * SE.
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Table 3. The effects of supplementing different ratios of purple napiergrass powder in the diet on the carcass traits of the

mule duck
Control 2% purple napiergrass 4% purple napiergrass 6% purple napiergrass
powder powder powder
Body weight, g 2,839+ 134 2,914+ 104 2,808 + 89 3,100 = 131
Carcass weight, g 2,269 £ 122 2,342 £ 91 2,340 £ 79 2,458 £ 90
Dressing percentage, % 79.7%1.8 80.210.8 835112 79.5+1.0
Breast weight, g 343136 391+33 388+ 10 445132

Means £ SE. (n = 6).
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Effects of supplementing different ratios of purple napiergrass
powder in the diet on mule duck’s growth performance and

. 1
carcass traits )
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Abstract

The purpose of this experiment was to investigate the effects of supplementing different ratios of purple napiergrass
powder in the diet on mule duck’s growth performance and carcass traits. In this experiment 240 mule ducks from hatched
to 3 weeks of age were raised in the brooding house. After 3 weeks of age, ducks were randomly allocated into control group
(no purple napiergrass powder added), 2, 4 and 6% purple napiergrass powder added groups, totally 4 treatment groups, and
3 replicates in each group, 20 ducks half male and female per replicate. The diet fed from 3 to 10 weeks of age contained
15.4% crude protein and 2,890 kcal/kg of metabolizable energy. All treatments were isocaloric and isonitrogenous. The
growth performance of ducks was determined at 3, 7 and 10 weeks of age. At 10 weeks of age, 3 male and 3 female ducks
were randomly chosen in each treatment and were sacrificed for carcass traits determination. The experiment results showed
that the body weight at 10 weeks of age of each treatment was in the range of 2,813 to 2,847 g. There was no significant
difference between the treatments, through the body weight of the 6% purple napiergrass powder added group was 2,847
g, which had a trend of heavier than the other three groups. The average daily feed intake of ducks from 3 to 10 weeks of
age in each treatment was in the range of 148-152 g, with no significant difference between the groups. The feed conversion
ratio from 3 to 10 weeks of age in each treatment was in the range of 3.08 - 3.13, with no significant difference between the
groups. The primary feather length at 10 weeks of age of each treatment was in the range of 15.9 to 17.0 cm, and ducks fed
diets containing purple napiergrass powder had longer primary feathers than the control group (P < 0.05). The 445 g breast
meat in the group supplemented with 6% purple napiergrass powder in the diet tended to be heavier than the other three
groups. If body weight, feed conversion ratio, primary feather length and breast meat weight are considered simultaneously,

it is recommended to add 6% purple napiergrass powder to the diet.

Key words: Carcass traits, Growth performance, Mule duck, Purple napiergrass.
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Fig. 1. The drying curve of 10 cm thick alfalfa straw placed in an oven at 50°C.
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Fig. 2. The appearance of the drying room (left), the upper right is the conveying system (the operating power is 220 V three-
phase, the conveying equipment on each floor is equipped with a 50:1 reducer with a driving force of 1/2 horsepower
and the relative position is controlled by a switch), and the lower right is the fan.
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Fig. 3. The changes of temperature and relative humidity at outside and roof of the solar dryer during 7 days of experimental
period. T = temperature (°C), RH = relative humidity (%), the line segment in the figure represents the day time.
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Fig. 4. The changes of temperature and relative humidity at different locations of the solar dryer observed in 12 hours at day
time. T = temperature (°C), RH = relative humidity (%), ULM: upper layer in middle section of dryer, BLM: bottom
layer in middle section of dryer.
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Fig. 5. The changes of moisture contents of alfalfa under ventilated and non-ventilated conditions. F = front section of top

layer, M = middle section of top layer, B = back section of top layer; V-F, V-M, V-B = front, middle and back section
of top layer under ventilated condition.
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Table 1. The means and variations of drying rates for alfalfa dried in the solar dryer under non-ventilated or ventilated

condition
Sample no. Minimum  Maximum Mean Standard deviation =~ Coefficient of variation
%/h %
Non-ventilation-1 9 1.4 54 2.9 1.4 46.2
Non-ventilation-2 9 35 7.7 5.7 1.4 25.5
Ventilation-1 9 5.2 7.0 6.1 0.9 14.0
Ventilation-2 9 5.5 6.7 6.1 0.6 9.8
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Abstract

The purpose of this study was to develop an energy-saving drying system for hay production by taking into account
the forage quality and the energy efficiency. Solar thermal energy was a rich and green energy and was the major energy
used in this drying system to reduce fossil energy and electricity consumption. From the result of drying simulation by
laboratory oven, it showed that the moisture content of fresh alfalfa thatch with 10 centimeter thickness could be reduced
to a safe storage standard level with moisture content 15% after 8 hours drying at 50°C in the solar dryer. The prototype
drying system was designed to include forage loading, drying and unloading systems, and could be operated by semi-
automatic way. According to the records in the drying room, the temperature in the drying room could reach 50°C and the
high temperature could last until 4:00 pm, when the outdoor temperature was 28°C at 9:00 am. The relative humidity was
below 20% during this period. The design of air circulation and dehumidification devices could improve the uniformity of the
indoor environment and increase hay drying efficiency. The average drying rate of alfalfa during the day could reach 6.1%/h.
Compared with electric drying, the drying room could save 99% of energy consumption and reduce carbon emission. It was
suggested that the solar dryer might have used solar thermal energy with high potential applied in producing high quality hay

for pets and experimental animals.

Key words: Hay, Low-carbon energy, Solar drying.
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Table 1. The composition of experimental diets

Ingredients Brooding period Growing period Laying period Resting period
Yellow Corn, ground 29.20 30.00 28.00 22.50
Soybean meal, 44% 27.90 20.00 22.00 7.30
Brown rice 29.20 30.00 28.00 22.50
Wheat bran — 6.00 0.50 21.00
Rice hull — — 7.00 20.00
Alfalfa meal 2.00 7.00 4.00 —
Soybean oil 3.00 —

Molasses 1.00 4.00 4.00 4.00
Fish meal, 65% 5.00 — —
Calcium carbonate 0.70 0.50 2.00 0.20
Dicalcium phosphate 1.00 1.50 1.50 1.30
Oyster shell — — 2.00 —
Salt 0.30 0.30 0.30 0.30
Choline chloride, 50% 0.10 0.10 0.10 0.10
DL-Methionine 0.15 0.15 0.10 0.20
L-Lysine 0.05 0.10 0.10 0.30
Vitamin premix' 0.25 0.20 0.25 0.20
Mineral premix’ 0.15 0.15 0.15 0.10
Total 100.00 100.00 100.00 100.00
Calculated value

Crude protein, % 20.24 15.00 15.06 12.05
ME, kcal/kg 2,914.00 2,557.00 2,501.00 2,204.00

' Supplied per kilogram of diet: 10,000 IU vitamin A, 2,000 TU vitamin D,, 20 IU vitamin E, 1 mg vitamin B,, 4.8 mg
vitamin B,, 3 mg vitamin B, 0.01 mg vitamin B,,, 0.2 mg Biotin, 1.5 mg vitamin K;, 10 mg D-calcium pantothenate, 0.5
mg Folic acid, 25 mg Nicotinic acid.

* Supplied per kilogram of diet: 80 mg Mn (Mn,0,), 50 mg Zn (ZnSO, * H,0), 15.0 mg Cu (CuSO, + 5H,0), 80 mg Fe
(FeS0O,), 0.85 mg I (KIO,), 0.25 mg Co (CoCO,).
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FHETHH BT A
(i) AWK WERRIEHAE ~ 1248~ 12 F 16 HigA MR - MEH=ERE0T -
1. #GE (body weight) : JERGE & (kg) °
2. f4F (body length) : FijfyM& ZREIRH 2 £ (cm) -
3. #2151 (body height) © TEHF RIS » BHTEZ M S (cm)
4. £ (neck length) : JHZEF N4 2 H#HE % 2 &5 (cm)
(i) ZBIEMAR - WEREEBE (clutch) 45512 10 HAHETIRE - WiHEEERRZ VEER - 2R EZFE
EWERE > BT
1. FEE AN E S (average egg production of clutches) : BIHFE KIET A AL ER (1) / BEEKRIEE
EFAE () -
2. 3Zifg3E (fertilization rate) * AZi5 & SR LERZ H 3 (%) -
3. ZAFEEW b (hatching rate of fertilized egg) * #ERAEWE T E S ZHEEH Z H 33 (%) -
4. ZEH (egg weight) © f§—HUEEAVEE (g)
5. & Z RARBIE (egg length and egg width) &7 R ImFEEE (mm) k& 2 G lwEEREE (mm)
6. ZEJ 155N (egg shape index) : & 7 5H1E / RASHIELEZ HovEL -
“Giat ot
AEBRPTS BRI F4EET 01T 248 (SAS, 2004) #ETTEEET AT » K— MR M5 (general linear model procedure,
GLM) #EfT85 155341 » FFLL Tukey's Studentized Range Test FLt i 4H [ > 7= BEEHEE -

R B R ER

ARk

REnagZ BRIEHA R 16 BIREDITERNE 2 RN BRIGRER 12 Bleplmig 252
e RN 16 MRS HERIR RIS AE (P < 0.05) - %5 011) f5t - BOMNTEBREG - ARG 12 Bifknr - 42
HERAEE > £ 4ERIE  AIARRIGRERERERERNIEE  BURBRIEN I e NEAR LA E
FERMR - PAMIEZBRRIEERER 75 — 80% » JETARHEAEALE 10 Ml LA - 1M 10 Bkl AR RIS E R
2,067 g BERRUG Ry 1,763 g - ARFHERUR > SIS AR ERATERSS - 2 BikREEZ DN - 28
PRI A BRIERGE Fy 2,290 g+ BEEAKHE R 2,063 g - ILEAfASE (2013) A FANBRIGHIG L REF AN -
TR RIGREAIE RSN TR 3 - BARIGHES LA BARIGH R B ARIGS (P <0.05) - fERGRESAR N A THIEMHHETE
FEEL o FR5E (2013) F5H 0 120 HERFMNERIERS R4 F 96.5 £3.2 cm > BIAGRELE LML - BAIEE R &)
(sexual monomorphism species) » SMEL_EA 5o HFEL AR (A5 > 2006 ) » EUHEELLYRHIMERE - 5 HHIE S ARG 2
fir 2 JORE > A BHGHIAER 2 Sefiz2 5 > AT MERIEE (5% 0 1996 5 #8855 » 2011 ; Griffiths ez al., 1998) - 55
55 (2012) 5 - RAIEEEMIEREMERFRAAEE - HARMER AT 95% - ZMR(E A\ B fedCE BT IRA R i
NEA REREISEE A -

*2 BRIBHAEZE 16 Bk ZiGH
Table 2. The comparison of body weight at birth to 16 weeks of age in black swans

Age(wk) Body weight (g)

Cob (n=28) Pen (n=12)
Birth 14331184 155.4+14.6
1 25691532 25241447
2 485.5150.2 392.4+68.8
4 1,032.0 + 489.0 984.0 + 446.0
8 2,290.0 + 748.0 2,063.01£621.0
12 3,229.0 £ 753.0 2,917.0 £ 520.0
16 4,149.0 + 695.0° 3,528.0 £ 396.0°
Mean t SD.

“® Means in the same row with different common superscripts differ significantly (P < 0.05).
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3. BAHE 16 BRI R - les NEE
Table 3. The comparison of body length, body height and neck length in black swans at 16 weeks of age

Item Cob (n=18) Pen (n=12)
Body length (cm) 614127 593126
Body height (cm) 953%3.1° 92.0£3.5°
Neck length (cm) 515132 494+%23
Mean * SD.

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

L. ZFE MR
(i) B

SNEEZBRIEEEETEATHEZRF 1A - BFF 1 - 3HEEHEY > §EAEED — 6 -
SEHEER S5 DLIE AR WERALY 35 — 38 K FEE G R Z WG ENH L5 A Fy 45.6% Fl 34.4%
(F=4) > MAERBFE (2020) FHELERMEL > Hrh 9 — 12 AfpEEE G 2FEE 70 — 80% - FZE (2011) 34
B FMIEERIEEE MR  EEZEREZEEMR LR 5 42.3% K 26.1% > BT DL & N &
ZENHHEGERAAML - BURBRIG =M aE N = 1A B Z I MR  Jaime and Claudio (2021) f5iH »
SERBETN B INE R BRI LIRS - (& 111 — 17.3% » EERSTISEEE - DAY > £—
F—FHFCHNES T 1282/ DREERE 12 — 248 B A A EIE R (Claire ef al., 2017) » H 4% (2016)
AIFEHS - SRS FIMNBRRIEZER - SERIBE R HE R B IE B RIEE AR FE - W LA SR RS
PEER > FIFREPI BRI ERRISHEERE - BRI E R L EBHEI > B (1997) 2
FHEEERAR ML -

4. 2019 — 2021 RS FIP BT L

Table 4. The comparison of reproductive performances in black swans from 2019 to 2021

Year Incubation Total egg number (n)  Fertilization rate (%) Hatchability (%)
2019.7 — 2020.2 Nature 64 53.7+34.6 34.51£30.6
2019.7 — 2020.2 Artificial 19 47.6%29.5 64.3147.6
2020.7 — 2021.1 Nature 86 40.7£35.8 3431381
2020.7 — 2021.1 Artificial 41 70.5+£22.1 62.5130.5
2019.7 — 2021.2 Nature 150 45.61353 344+349°
2019.7 — 2021.2 Artificial 60 61.1+£27.2 63.2+37.0°
Mean * SD.

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

(i) ATHHE

PAIOHM e 41 MOreE & 53 BT T 2 A8 (109 AR B 11047 ) 7 N T bl - W bof RS Rl BriHA (1 —
14 K ) 37.5C ~ 55% » F1HH (15 — 28 K ) 37.2°C ~ 60% » 1£HH (29 — 36 K ) 36.6°C ~ 65% » 109 £} 110 4
TGRS ENH B3 A Ry 47.6% ~ 64.3% F170.5% F1 62.5% (£ 4) o FHEZIERE T 0 — 100% (&
STEIMEBRRIE RWIRAERE ) - ZHBEMLERIN T 0 — 100% - 109 48T 110 FEFH A T B H 280 b
ZE (£ 4) > N T LEEZER 2B ER LA B 61.1% K 63.2% » N THH b2 ZAEERLE
B EH AW EE S (P < 0.05) » BURERIGHEE N TWLTITE - 8% (2011) 51 > BAUSEER LR - 7
&5 B B FHA (1 — 10 K ) 38.5°C ~ 55% » HHHA (11 — 20 K ) 37.8°C ~ 60% » 1% HH (21 — 32 K ) 37.8°C -
65% > ASFAMEIFATEy (33 — 36 K) 37°C ~ 75% » HAZEEMALRTZE 50% DL E - BAEERGE R - 55
BRISEENIE 8 — 9 K% > BEEMATIML - TTARIRSF LRI FISEREEEEES > H1R
AR B EI R E A E o 55 BORYITT S A= B 8 kBl (2000) 7RFEH » BRISTHEE A TIHMEZ /S B
97.7°F » 50 — 33 K » JRIE Ky 55 — 65% > 55 34 K — ik » HIRME 65 — 70% - FREAWHLE 12 HLL B2
EEEE N T L TTLUARER & P IMERESHY E SRR SR - ML RIS > oI e
wehn - BUTREEES A > TIFEATFEERTRGER o S A TIEERM - S HME 10 476 > HEKIEE



116 BIMERRIEA &K ~ TR AT b2 362

EANTIHEALZEE - Salamon (2020) F5HH > #EEF LI > AEAGE B RIHERHELEE - NItE
HYRERFE R NI S NERE - BRI ERR - AT 2R ER LR -
(i) RRASFEEYIE IR

FEERBRIGEEZ EEENFE 5 For - iRPEUEL - EEZEENRE - AEAEEREHE
wRlEE R (P < 0.05) » MEMGBAIDPIERERS (P <0.05) » BUREEMEEREANLEPEE - Bk
F (1999) f5tt - B GEEPZER(EER - BRRVEPGEIE 0.79 — 0.83 [ » DL 0.82 HEERLR - M
EHVE HER 0.72 REAEENFHER (F%F > 2019 ) « AGHE P RIS E HEAE 0.63 — 0.65 ] » H#
5 (1996) 1% (2011) BFEEERARML -

TS, ARERBRIGEEVHEER Z R

Table 5. The comparison of egg physical characteristics at different laying periods in black swans

Item First laying period (n = 46) Second laying period (n = 5)
Egg weight (g) 223.940.5 2673122
Egg length (mm) 99.9+1.2° 109.9 +0.7°
Egg width (mm) 65.110.8° 69.8 + 0.5
Egg shape index 0.65+0.1° 0.63+0.2°
Mean £ SD.
“® Means in the same row with different common superscripts differ significantly (P < 0.05).
=+ =A
:%n Afg

AR EGREUR - SNEABEBRIEZ AR BEHEERES MR ZGERMD - B A TP e RE B AP bE
£ > MHEREE - BIEKM A ERARRSE AN TEERRIEZ 2% -

Ao &
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TIRE ~ FHENR  REQEC - HERAF - 2008 o A [ELRFEEIEFIAETEIGER LR 2R E - WEVIIT 41 ¢ 145-151
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288 °
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182-190 -
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Abstract

The aim of the current study was to investigate the growth, reproduction and artificial hatching in domestic black
swans. The investigation combined two parts: I. An investigation of the growth performances for 20 cygnets (8 cobs and 12
pens) in house feeding. II. The twenty breeders black swans (10 cobs and 10 pens) were used to investigate the reproductive
performances during in-house rearing period. The 41 hatching eggs with artificial incubation were used to invest in physical
characteristics. The results showed that the body weight at 16 weeks of age differed significantly in sexes, whereas the
cobs were taller than the pens (P < 0.05). The average fertilization rate and the hatching rate of fertilized eggs were 45.6%
and 34.4%, respectively. In artificial incubation, optimum temperature and humidity were 37.5°C and 55% in early phase
(1-14 d). 37.5°C and 60% in metaphase (15-28 d) and 36.6°C and 65% in late phase (29-36 d). The fertilization and hatching
rate of fertilized eggs were 61.1% and 63.2%, respectively. The hatching rates of fertilized eggs were taller than the natural
incubation (P < 0.05). The length, width and weight of eggs were significantly longer and heavier in the second laying
period compared with the first laying period. However, the egg shape index was significantly higher in the first laying period
(P < 0.05). The results of artificial incubation were better than those of natural hatching. Our funding could be the reference
for improving the artificial feeding technology.
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Brid AHE RYEAAZLPO

Atvfie @ BRIRESC BREE Y RELY SRR FrEE Y

WefFEEE: TITAER H 18 H 5 B2 HM - 11243 H9H

W B

AR G NI BT ZH NG E RIERE T 2 22 - [TR] 192 & | HERE R InABEsE - 20 5
HHIEAH (control) ~ FEELEE 2 (bacitracin) 55 ppm ~ 7SHAfEZ (nosiheptide) 2.5 ppm Kz FEPUER{#[ZE (oxytetracycline, OTC)
55 ppm FLPUAH o 74 3 AEEL 6 G - TR E RIE 2 HIE o SSRBURNEGE R EIIRE L - AP T REE T AR
3 e R S G A RS = AL /NI EER A PR IR R (P < 0.05) » FliEE 22 R FOPUBR 22 i B A 1 B g 4 e
BIE R - NI =RET A R SRS T OKEAAE vo 288 (vd T cell receptor) K& & S A g bk Em BRI AR S e i 5
ERE o NSRS 6 ey » B DR+ IgA & & (P < 0.05) » ¥iGE R 2 R VUERE R A fndiZ &
2o NIN=FEPTAERE 3 Bl 6 HI S MK H 1gG B 1gM B IR ML MEIE R 2 - &3 LAl - REMNHTE RS
e AT RE N — B BRI/ EZE M AR i A B A TR & 1gA SEHEN S S0V RIE R IE » REFkE
AP EEECE TR - e & BRI D aE < e AR LSRR DUAE R -

BRG] - DUAER ~ EE - AR - T REAHAE vo 254G -

4

PUAEZNEEBEZANGRER - RS RRFEEIETE - 2801 » JiERBEE G RN EDH RS e
A Bk o (5 P B AR 22 A R AR #2751 (antibiotic growth promoters, AGPs) &R\ B AL IR(E B TR R (e 4k & (EC,
2003) - A B MBS UERVERIAIIY) - Wit > ARFER D X &S EE P HTIERAIRE - 5iH
WAt A Z I ERERES] - DUERITAEZE BTS2 2% -

PUAE AN n B PR AR D SR - HE T PR 2 8IS AR (Niewold, 2007; Buret, 2010) < H BI{iZAKAE
SE ISR RLARIITTAE 2 2 (E RIS (EHEHI B2 & S [ EA R » Al-Ankari and Homeida (1996) 57511 50 ppm
FEVUIR{# 3R (oxytetracycline) » FE{EHE Q& SRR B - #0045 FROA TRRGAY S M - RV MR ~ RS Y 3 Bk ke
IL-2-dependent T cell blasts # H - 74 RIS HIH] 2 385 - Nikolov er al. (1966b) fi5H T & VUEE 2 (chlortetracycline) ~
FRPUER{E 2 ~ VUFRZE (tetracycline) HIIHIHRAHIE R VPRS2 K (Gottlieb and Shaw, 1967) < Baba et al. (1998a, b) HI[f5H
BitEA 140 ppm ZEMEZR (tylosin) > 4 MEEGAKATELE - (I ERR UMD AR Y 24F - B N4R=F4LITEK f brucella abortus
HIPiRe IE - FEIR S InbiRs A AR S H - SRR se TA R BER - RN & EEE (e A R 2K
o

REEREAZIUER > KRN ER OREEOK - BB RIS T A B2 - Hit » Aot
EBTREEEFEAZ =E4ER - MEER - ANIKEE SIREZ AR ENTEERE - BT R e
B~ BEMEE TR AR MR ER EE N (Diarra and Malouin, 2014) o 5 2 & fafg R II4 &2
HERAZEIE BT HIBE R - R e AR R 2 -

|

() TTEb e e Z B B A B AT iR Je E 55 2739 55 -
Q) fTEltREZE g T EARITEES -

(3) BT EEE R EEYIRIERR G %

(4) #EN/E¥ > E-mail: cbhsu@mail.tlri.gov.tw °
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I EZRH ARG E R
M A

S ERBIY)

E e B A Hlie 3 A% 192 & > 3265y BIUUZH - 53751 R ¥HIE4H (control, CON) ~ fAE 2 (bacitracin)
ANIO&HE (55 ppm) ~ SHK{EZR (nosiheptide, NHT) 78/0%H (2.5 ppm) ELFEVUFRMIZR (oxytetracycline, OTC) 7MIAH (55
ppm) FERHEA - ANREEM > FEEAL 4 B - FEE 12 € SEBATNE o SRR K LR B A o 66
RPN 1 - FrA EREVEFSEET Z2E RS TRV EHAEEHZ B gHAE - IS 96 FEEEYER
NP IR -

F 1. PRy

Table 1. Composition of basal diets

Ingredients 0 — 3wk 3 — 6wk
%

48.70 57.30
Soybean meal, 44% 34.88 29.64
Fish meal, 65% 5.00 2.80
Soybean oil 7.65 6.40
Dicalcium phosphate 1.10 1.38
Calcium carbonate 1.30 1.31
DL-methionine 0.30 0.32
Choline-chloride, 50% 0.07 0.05
Vitamin premix* 0.30 0.30
Mineral premix” 0.20 0.20
Salt 0.50 0.30
Total 100 100

Calculated analysis

Crude protein, % 23.00 20.05
ME, kcal/kg 3,202 3,205

Calcium, % 1.03 1.00
Available phosphorus, % 0.46 0.45

* Vitamin premix supplied per kilogram of diet: Vitamin A, 12,000 IU; Vitamin Ds, 3,125 ICU; Vitamin E, 37.5 IU; Vitamin
K,, 6.25 mg; Vitamin B,, 3.75 mg; Vitamin B,, 12.5 mg; Vitamin B, 10.0 mg; Ca-pantothenate, 18.8 mg; Niacin, 50 mg;
Biotin, 0.06 mg; Folic acid, 1.25 mg; Vitamin B,,, 0.05 mg.

" Mineral premix supplied per kilogram of diet: Cu (CuSO, * 5H,0, 25.45% Cu), 6 mg; Fe (FeSO, * 7H,0, 20.09% Fe),
50 mg; Mn (MnSO, * H,0, 32.49% Mn), 40 mg; Zn (ZnO, 80.35% Zn), 60 mg; Se (NaSeO;, 45.56% Se), 0.075 mg.

IIL.

II.

U

sRERHET T RITAER 21 RAISE 42 K - [S(EFE FEAHPEIAISEIE 8 SR METT 224800 - P BRI BT T U B R e 77k
EEARRES E AT » 1R5E 21 REUHE S E RS (1SR A TR AR )7 1A 3 A7y BREUER 3 /277 2 il ) 7T T 4
A1 <2 #8 v8 (T cell receptor y3, TCRyd) HIVAEEE (lysozyme) HITE o fE55 21 KA 42 KAEF(Epz B 4H A SEHE 8 &
o WERIMIR 2 FIFF R LAY EZZHRIME (Becton Dickinson, Rutherford, NJ) f1 » Jif£ 4'C T2 3,000 x g @y 10 73
5 o MR L EEFAE -80° C HEIRIEEKE [ ROMESERNY 4 5347 -
HEIEH K J772%
() FFE LA T REAHRE v <288 (v3 T cell receptor, TCRyS) K74 B B 34T
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fic# Kirsch er al. (2000) 7374 » JA55 21 KA SRR > 48 BIGRGER - AEEEPNEEE - BN
L5 mL BB F - ARREER P32 » BN -80°CHEfE » LAFE T REE ARG b Rz MRS AE T v
ZEAEIE & -
1. SDS- BN kh st E 7k % (SDS-polyacrylamide slab gel electrophoresis)
FIFH SDS- BN WA SRR EE koA HET TR b K7 A TCRyS RS 4B 58 B A TG - SeBUiE T IRl » (k7
IO 2.4 mL —Zk/K ~ 2.5 mL 1.5M Tris pH 8.8 ~ 5 mL 29% acrylamide-bis-acrylamide ~ 0.1 mL 10% - 5
FEAR % 8 (Sodium dodecyl sulfate, SDS) ~ 0.05 mL 10% ## 7 [i£ % (ammonium persulfate, sigma) ~ 5 uL PO
BROTRORE A% - NI 1.0 mm [EJEHY Bio-Rad (USA) B EKBERET  JIE|LYFERE 2 TR
2057 HR 0 EIEBIIAKLABRSE N AR ELY 30 70 5#1% - FRAASIHE 4% g8 - (RIFIA 6.1 mL X
7K ~ 2.5 mL 0.5 M Tris pH 6.8 ~ 1.3 mL 29% acrylamide-bis acrylamide ~ 0.1 mL 10% SDS ~ 10 uL IOFiE: 2~
TRORGIE%R - RENMATH A 1.0 mm EEAYFGIRAR - BFELY 30 o SRR 5EE N EUH DR A
Z 1B RR R AR E & Fy S mg/mL 1% 0 DL 9STCHNEL 5 4388 - FILEIIA K BRAl » wRE D 4EEH
FEWRAR - FEHL L 1 By E B BB ML B KA (loading dye) )& &1% » F{E well JI AR £ 37.5 ng/mL
ZEEdn 0 DL 65 ARFFERER AT EE ik 30 o SE(EAR BN BN AR » FECBL 100 fREF 3 A EE K 1/
)
2. SDS-PAGE FYEE i s (EHl
R AR LM (polyvinylidene difluoride, PVDF) i » FHH S B — T4 15 #0 » B A= ZUKE M 10
38 o e BAVE KR AIVODEUT o FIRHEE KR B BN &8 E 2 5RAY 3M JEAK » iR R ER
gy 1 oreE o KRR ZUEUA S (Transfer, Bio-Rad, USA) L 100 mV YR T #E1T 60 738 » (HFE HAYEH
'8 &R TERRAY )7 =) §8 4 E] PVDF B& o RE0E 52T PVDF BOEEEH 5% B Badskiiy 1X Tris 42
7K (Tris-buffered saline, TBS) t1 » FAZ B NS5 1 /N > #E7T blocking 1 /N > I A —&R 188 TCRyS (mouse
monoclonal antibody, Santa Cruz, USA) B Rabbit polyclonal to lysozyme (abcam, UK) » ¥ 4C T 60 rpm £ %
— G b HEHEEDER > PL1X TBS buffer fE206 NEME 4 2K 73Rl Ry 15 7388 — e S 7788 3 K -
B0 A —4k$15% anti-mouse IgG-HRP (sigma) Y, anti-rabbit I[gG-HRP (Cell signaling, USA) » JAZEE &% —
/NEF o EEVEOVERZ - TIAZERIRHE(L HRP - (=24 - WfEH Gel Doc Multilmager 45 (Bio-Rad,
USA) SRAHIRTT S -
(i) R RS ARG 4= f2
EPUFEANE  RCHEEEEE - iURE SIS EANERE - KL - AR 3
VEREST  AIE Rfn M AR DI RE TSI 2 — 5 T IS 4HIAE K B ISR ARG AT 4% A [E1HY mitogens JEAL » H
concanavalin A (Con A) » B T MRE4HRE T2 4 > iff lipopolysaccharide (LPS) » B[l B Ik 4 fE 524
AR o AER{RIE Shan er al. (2007) J57AMETTIRES HHAEIG 2E S ESTHT -
(i) MR EEERE H R HIE
A B E B4 % it F & 40 0 £ (ELISA Quantitation Kit; E30-103, E30-102, E30-104) » [
H BethylLaboratories Inc. (USA) - {{% 4 Bartell and Batal (2007) A T EMF R E K E A M
(immunoglobulin M, IgM) ~ G EKE H G (immunoglobulin G, 1gG) K RZEkE H A (immunoglobulin A, IgA)
ZHITE -
IV. &Ets3 i
EEFTIERS 2 B R A SAS 4t 43 HTHEHS (Statistical Analysis System, Ver. 9.1.3 for Windows, XP) (SAS
Institute, 2003) » DL—f%4RMERT (GLM, General Linear Models Procedure) #1755 54347 » FELABE B G T 26 S5 550H]
JE % (Duncan's new multiple range test) » #E{TIELLET » ol HA2R 2 B - BRI EDIPHSE £ e RER

N ©
E R AT AR

L HiE S R T ORESAINE v0 288 (TCRYS) KOS 2

1L S TR G BT - FIFITE B B A B SHIPUE BT P ERS T TCRyS BB B e

(HE 1) - Sl e s Bl 2 B A A B BT IR (P < 0.05) » kS EERI 2 R STz 26
SR RS (F2) -
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Fig. 1. Effect of dietary antibiotic supplement on T cell receptor yd in ileum of broiler at 3 weeks of age. (A) T cell receptor
v6 level; (B) Densitometry assay of T cell receptor y6 level. CON, control; OTC, oxytetracycline; NHT, nosiheptide.
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HEEE AT - (n=8) °
Fig. 2. Effect of dietary antibiotic supplement on lysozyme in ileum of broiler at 3 weeks of age. (A) antimicrobial lysozyme

level; (B) Densitometry assay of antimicrobial lysozyme level. P < 0.05. CON, control; OTC, oxytetracycline; NHT,
nosiheptide.
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BB RS N R B EN AR - BREEEAER ZREES - 1 E R JHE i E SR (L E Y
4t (Ducatelle ef al., 2018) - T 4HREFEEIFAEET HAZEEC » vS T 4HAE (v8 T cells) FiEAY T 4HHEZ 5 (T cell receptor,
TCR) /2 v $HA1 & SHAHACAYSE — 5 A8 (TCRyS) » LZL il i ~ IR 8 DL SOMPR A2 JE 8 S R R AT Y T 4R 4%
BB AS E RS AH AR F R UM EEAHAE (intraepithelial lymphocyte, IEL) #3553~ — (Ma et al., 2021) = L4
ArEE s vo T 4HAEAY £ 250 (F A (Olivares-Villagomez and Van Kaer, 2018) » iHFERTRZE & R RACHLE
VORI E R ZEERE o v T 4R S 85 12 271 52 7% K2 (Choi and Lillehoj, 2000; Sarson et al., 2009; Holt ef al.,
2010)  HrA=ZE AN —ALHHEFZ (cefoxitin) R FHEMLNE (enrofloxacin) #H4E M IS HHY vo T AU EKEE
FHR I THENTNAE (Strzepa et al., 2017) » Lee et al. (2012) $5H/DF]{EZ (salinomycin) 57525 A ZE RS 78 ARG g 1 vo T
AR ZE AR 4RSS 2 17F (interleukin 17F) Y2 » fERUENRELME - FHET - MR A AR B A A AR A b B B
PR E EEAY/EM (Cua and Tato, 2010; Pantelyushin ez al., 2012) - FYEEEENY) > 3 4 FTAHEER HURE AL AR
REIEERY 1 — 3% (Romanyukha et al., 2006) © Martin et al. (2003) 35 4 e EE87E A 2 &Y - Demas ef al.
(1997) 45 th (I $HFLIE HIMEEZ (Keyhole Limpet Hemocyanin) #E{T S i PREHY/ NG > (HRFAFRE AU (Resting
Metabolic Rate) /1T 27% » i RHBEELIGIN T HEERE K - AR EATIE RIEMH Matzneller er al., 2017) »
GBI (subtherapeutic) (TSR (colistin) FIZEMIZHEHIIEIFAE B HEAISIA CD4* CDS' T 4IHIATET S5EE »
A 48 4B S 2 B (lipopolysaccharide) [Fi:4%_F 2HAMHE A T2 F5Ef G E S FE (Er et al., 2010; Mazutti et al., 2016) » 7
Epitse 8 TCRyS WA B EHIAE R A ST IR M 25 (B 1) > BUn=TEPiEZANI > FEFEEw T
AR EEE - MR DR B R R AT R A A -

BB R 0 Ry R e R R AR B & o+ 0 BB RO /K i 4 BT 4 AR EE Y R SR (Ferraboschi er all,
2021) - WiZefEHPUEEZ= (tetracycline) ~ ZPUER{#ZE (chlortetracycline) FIFS VUL 22 1] DL4E S A HEGZLA (cleft) 37
BUEMEAIE (active site) AHOAFH - EBOSEN S 248 FMEHIH] (Chi and Liu, 2012) « FMAYBFFRETR @ A0
FRITUIRM R KA R R 3 AR S R G S E S ([E 2 ) > 281 Long er al. (2016) YT —E > (HZ
TEN KR A 2 B RS YA B R A B TR (8] 2 ) - [EIRF MBI R R AR 3 1B s SR
KESHEE A M 0 EES (/SKEZEAE 7.06 + 0.47 log cfu/g vs. $BIE4H 6.49 £ 0.28 log cfu/g * P=0.91) (K& ) -
BEIGE 1, 4-B-N- Z kAT EEE [ (1, 4-p-N-acetylmuramidase) » 1] 2 fif &5 [ (X B5 M4 41 B (gram-positive bacteria)
/M e B o JER ST [T AV 7 92 (glycosidic) (Arabski et al., 2015) » Huang ez al. (2018) $5 %5 BT T 3 2 1l £ P2 M
(gram-negative bacteria) 4HFfEE I IE R 415 B8 QP MR TR R B IS IREZIRIN » S5 A A B R A KR

REMGAE - FREE—PRITR TS R BRI [ A B/ AV FERRE -
DA ZHRR MR CC AR Y A R R SRy PR EE T B 2

RN =P AEREE AR 3 K 6 HipHEE DL Con A 5L LPS I % s~ ok B2 4 At > 3% 4 2 e
(R 2) - INHONIRERAAR 6 BEHT » B DMK [gA &8 » B ERZ ROSIURMERREETE R
M=TEPTAE RN 3 K 6 B E MK+ 1gG K 1gM -

AR AR TERE ) o TE RAn UM AR D REAVFE IR Z — » R R IIPT AR R MM BRI 42 2 52 2
W 2 > PrAEZRBEHEAHEH Con A Bl T AR 344 > S LPS Al B Sk 4HAR B i ~ o 8 »
FORI=FEARE AR B e T MEER 2 8848 - f(e ESHIH 2 fEF - Al-Ankari and Homeida (1996) 51
N 50 ppm FRVUERf#ZE > @R IR ~ B Sy 13 1 ER Kz 1L-2-dependent T cell blasts #{H > Nikolov ez al. (1966a)
s M A VUIRER - AVUREEATUIR R A A IIH IR AR A DRI A MR S aiE PR VIR EE U AE RN
I PP eGSR INAE - AstERsEREUR - FVUIREZIMIIN AREER R - IR & 22 Con A B LPS Fip
%z B R 4HRE R T MRES AR 4 -

HEEM ML R B /KRR T BTSSR HIPIRSEE - RIEFRED T 5 8 » Hf 1gG ~ IgM fil IgA
FEARFIE EHVRSIREIE I IE (Salim er al., 2013) - TgA ZRG R PR RGN FEIRE T A - B R EE S
W5 E b R 4Rt - BA A1 E 2 fEH] (Heller and Duchmann, 2003) » fEEE)HIEH & [gA 5 RIS E
IgA KPR TR - SRS B AR E HERET P AY{E ] (Broom, 2018) - Cebra (1999) 151 IgA Zh5 E k=
HIEEZAHRE 7y - B E MY S S B E 1gA IVES - AERRINSIKEIZ /D A EESS 42 Rk 1gA &
& AHFEERE R 2 NI E R R R RAR R B (/SHKEE 5.66 £1.62 log cfu/g vs. ¥fIR4H 6.34 £ 0.78
log cfu/g ) » {EASE R R RIS TUEREIR IR 72 5 (OIS - 2007 ) » BOR/AIKZR AR IR DG E KR
FTREHE IgA THHARA -
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2. EREPIRIIPUE R ERR R AN £ 2 28 (n=38)

Table 2. Effect of dietary antibiotic supplement on lymphocyte proliferation of spleen in broilers

Item Control Oxytetracycline Bacitracin Nosiheptide
3wk PI

Con A 1.01£0.01 1.06 £ 0.05 1.14£0.12 1.1910.15
LPS 1.02£0.02 1.02£0.09 1.11 £0.09 1.4510.31
6 wk

Con A 1.06 £ 0.04 1.12%0.16 1.08 £ 0.06 1.09 £0.04
LPS 1.07£0.07 1.18+£0.35 1.05£0.06 1.05£0.09

The lymphoid proliferation response is presented as proliferation index (PI).

3. ERTIAIITTERH AR REREA ZFE (n=3)

Table 3. Effect of dietary antibiotic supplement on immunoglobulin level in blood of broilers

Control Oxytetracycline Bacitracin Nosiheptide
3 week, pg/ mL
IgA 2841122 3231200 2461107 251+72.4
IgG 1,092 + 626 1,021 + 593 1,253 £ 723 873 £ 557
IgM 229 £90.6" 264 £ 80.3" 218 £101° 168 £75.2°
6 week, pg/ mL
IgA 690 £ 223° 612 £ 243° 625 % 290° 513 £213°
IgG 3,391 £ 301 3,289 £ 1,311 3,143 11,933 3,060 £ 1,574
IgM 338+212 3151220 4671119 415+133

“® Means (number of observations) within the same row without the same superscripts differ significantly (p < 0.05).

& LRIl > PUAERER REEA 2 BA B > #MEFERIRII/AIKEERR 6 Bkl - nlE AN B FEE K
IgA REFEIFEERI RIS E - AN #ERE - HNE = RIEREAMT ZRENEER > Wit - ERRHREH
# BB DIRE A ETREAR DA - DA e A RATIAERZEA -
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Abstract

This study was to investigate the effect of antibiotics on intestinal immune response. One hundred and ninety-two
broilers were randomly allocated to 4 treatments with 4 replicates of 12 birds each. The 4 treatments were: control, bacitracin
55 ppm, nosiheptide 2.5 ppm, and oxytetracycline 55 ppm supplements. Intestinal mucosal immunity was measured at 3 and
6 wk of age. In the intestinal mucosal immunity, the nosiheptide supplemented group significantly decreased the expression
of mucosal antimicrobial lysozyme level at 3 weeks of age (P < 0.05), but had no effect on the bacitracin and oxytetracycline
groups. The three antibiotic supplements had no significant differences in T cell receptor y9d, ileum and lymphocyte
proliferation of blood. The nosiheptide supplementation group had lower blood IgA levels (P < 0.05) at 6 wk of age, but did
not affect the bacitracin and oxytetracycline groups. Antibiotic administration did not alter plasma IgG and IgM at 6 wk of
age. In conclusion, different antibiotics may be inconsistent in immune regulation. Supplementation of nosiheptide in chicken

diets modulates the immune response of chickens by downregulating lysozyme and IgA.
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7785y SRHEEE R  SNEIEE - B R EARESRIENECRT - AFERIAE - BORHER - BIEREE
e R 2 2 H bA) » BEEREE 2R ORI EIMERER - AHRHF N R EES  TMEEERESR
CEAEVEY) (5E - 1998) - K2R 4 SHAEFEIEEEN BSNRE 88 4 12 HFkz mid - HEAHRUN - £&RHR
H- EEsREEARZEN  ¥OUIER - TEEFRAR T HEKSEE HERE - KELFHE > MHEESE
= EEHBTAIAARE > fJEFERCEREATET - BB —E20m %8 R SRR > HIbE
EREENFARERSE KK 2 2R (2% > 2000 ) -

R RKERYEZ B E g2 8 il - R - a7 N RICHFERZZ 2 (Hintz ef al., 1992; Chang
et al., 2012) - £ fmfE T » HIRERIHAR G5 ENE SR E ESI S BEKGE R - R RHKREE
BTSRRI SR ~ = B RS EAGASM: (Darmosarkoro et al., 2001; Rao et al., 2005) - Darmosarkoro et al.
(2001) B2 Acikgoz et al. (2013) HysAERIFHE HFE ARG T L2 kiZE 7 ISR @R K2 oiE - A TEHA
AR RT (GAc8E S 2R B IEEE AR EA RFHME (Hintz ef al., 1992) - (HZHFHEH KT EEE
RHIFNERIAARE « HIL - SpEAE RS T - SRR EREE R M ERRS - FTEAARSASEMNES
AR HEET G 2R E R & TSR E B E o HEA » R IE s R 29k R B = E B UL E Y RINE = 52
(Darmosarkoro et al., 2001; Sheaffer et al., 2001) °

FHE BIS MK GAE BRIV E R ARTTE A - BINB RIS AR A SRR TSl 55 B2 RNEE
HIRIEGRE - BYMBEER EREE AR S AR - MEA SRS EREEC - SRERESRERAES AT - Bt
K VR FEA TR — KEER 3 98k 4 9% 0 Al EIERKIER A& HECTGHE - sia Hit E A0 vk 2k
iR~ EEREERST » DI RS HAE R RAI 2 a7

M A

L BERbHR
Sl BT E KT 2R 3 9% (TN3) REAEKTEEZR 4 9% (TN4) - LIS TE 5 (Middle-east) it Z (F Fy ¥
T
L FHRTE GBI
Sl g 2018 £ 3 H (FF) K9 H (BKMF) fEEmEaR B bEE - SiBHEREE T 2 EmEKE
(randomized complete block design, RCBD) » H—stE/ NEHEEE I M’ G mx3m) KFEF 398K 4557
50 cm v U/NE 6 17 0 EHTE{TEE 30 cm > gU/NE 9 17 0 ERRFE )T REME - = - IR DI EE SR 1 57
(N P,0; 1 K,0 =20 5: 10) FAHEBEAM A & 300 27 o SRR GBI A R S TR B R » I DA
e N TRRE IR -
L. SFEEEE B &
REEZF 3 57 4 SR EIFRERE 60 K (2018 25 H ) ~ 90 K (2018 4 6 H ) ~ 120 K (2018 =7 H ) 1& ek
{EREME 60 K (2018 411 H ) ~ 90 K (2018 4 12 H ) BHRUGEE - SIGREER b3 m’ > FAEHEE O aMkS - &
&~ B2~ B E - BZE N E A G 2REE LI E R SR - BiER A FEE 60 X (2018 25 H )~ 90 X
(2018 £ 6 H ) ~ 120 K ( HEEFFRMIET » AT ) &2 - PKIEMEFE 60 K (2018 4 11 H ) DU 2018
12 HENEEAE 70 X (2019 43 ) BHRU - BRERVGHERER 3 m™» SHAEHBE kRS ~ &K - 529
o fFE R EFREMER -
(i) #kE (plant height) : fEMEMRECEE B IETH 2 &5 » BEfi7 © cm -
(i) FEK (stem diameter) : DUFAT R SEHIEEREH RIET U VST AR B2 - mm -
(i) SEEFER (fresh yield) : FRFIE FEUERT 2B ¥ EFERE S » B  mt/ha -
(v) Y & (dry matter yield) * S EIREUERTFTEFIERRTY 65°C TMHLEZ 96 /NI & 2 tERREE R » BAL * mt/
ha -
(v) §Z¥)#E (dry matter percentage) * THPRFZEEFRDUFE Z H77EE -
(Vi) T 5 EPRFZE LAY (dry matter percentage of pods per plant) © &I E HITEWRERY A & EHIEE AT 10 #F -
R TR BT T - HERZ IR NI 8 B A8 e REZE LR -
IV. &' i
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PREE 2R 65°C T HEEZ 96 /NEHZ L) - (RIFHY 4'C2TkEEH ] - FHEEE (crude protein, CP) & & 571 ¢ DA
Kjeldahl J77£MIEE #5425 (N) (Bremner and Mulvaney, 1982) » FKf N x 6.25 #EffifHELE & & - BLEH4E (acid
detergent fiber, ADF) ~ ti: 484 (neutral detergent fiber, NDF) & & HIJ{{c i Goering and Van Soest (1970) 2 7572 H]
E ° KIEMER/K(EEY) (water soluble carbohydrate, WSC) JHI5E /572 » {81F H Nelson-Somogyi FTHE >~ 7772 (Nelson,
1944; Somogyi, 1945; Chitoshi and Kobara, 1980) °

BTSRRI LA 5 it BN Bl S AR R HEC TR BB E M FEREER > Fls/ NEEZE M (least
significant difference test) LLEGERIRRTAVFES - DL P < 0.05 AR =B/ © et & SAS-EG7.1 JiK (SAS,
2014) -
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F 3 SRINERE 60 RAEMREER 22880 > W REBRAERI > £ 90 RESEES T - EALEE R HopR
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FHNEEERE 60 K ~ 90 REAKIE 60 K ~ FHAE 70 K ZARMECANE 4 - HAPOfERIEL 110 REF - [NAEFHET
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Fig. 1. Monthly precipitation and duration of sunshine in Tainan from March 2018 to March 2019.
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Fig. 2. The growth situation of soybean Tainan No. 3 (TN3) for 60 days (A), 90 days (B) in spring crop and 60 days (C), 90
days (D) in fall crop. Arrow indicated the maturity state of pods.
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Fig. 3. The growth situation of soybean Tainan No. 4 (TN4) for 60 days (A), 90 days (B) in spring crop and 60 days (C), 90
days (D) in fall crop. Arrow indicated the maturity state of pods.
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Fig. 4. The growth situation of alfalfa for 60 days (A), 90 days (B) in spring crop and 60 days (C), regrowth for 70 days (D)
in fall crop.
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Table 1. The agronomic traits and forage yield of entries in spring crop

Cultivar® Gp Ph Sd Dmp Fy Dmy Dmpp
days cm mm % mt/ha %o0fDm
60 78.3 4.7¢ 24.9° 12.2° 3.0° 0.0°
Soybean Tainan No.3 . .
90 88.4 6.6 37.2° 29.8° 9.9 15.7
120 83.2 8.8 35.8" 32.7° 9.6" 22.3°
60 96.5° 53¢ 22.1° 14.8 2.8° 0.0°
Soybean Tainan No.4 90 123.0° 8.0° 28.5% 34.2° 10.9° 0.7°
120 117.2° 10.0° 34.5° 432 17.2° 9.5°
_ 60 41.5° 2.0 24.0° 5.0° 1.3° —
Middle-east alfalfa
90 59.7° 2.1 32.5° 12.4° 3.4 —

"¢ Means within the same cultivar in the same column with different superscripts (P < 0.05).
“Gp: Growth periods; Ph: Plant height; Sd: Stem diameter; Dmp: Dry matter percentage; Fy: Fresh yield; Dmy: Dry matter
yield; Dmpp: Dry matter percentage of pods.

#2. 2aUnfERKEAREAE RHIR R EMEIR & 7 B A4S R

Table 2. The agronomic traits and forage yield of entries in fall crop

Cultivar® Gp Ph Sd Dmp Fy Dmy Dmpp
days cm mm % mt/ha %ofDm
Soybean Tainan No.3 60 77.8 4.4 25.8" 15.0° 3.9 0.0°
90 70.4 5.7 59.1° 6.8" 4.0 75.1°
. 60 75.7 5.0 21.3° 13.8 2.9° 0.0°
Soybean Tainan No.4
90 76.4 52 40.0° 12.6 5.0° 65.1°
_ 60 29.2° 1.4° 23.4 3.6° 0.8 —
Middle-east alfalfa
70 57.7 3.3° 21.7 24.4° 5.3 —

a, b

Means within the same cultivar in the same column with different superscripts (P < 0.05).

& As shown in Table 1.

m?!\

1| R SRS !

B ~ RS2 3 9k 4 SN BIE KA FREE & - BAER SRR T ER TR 3 ~ 4 - ER(FHISTP
HE R RSP BIYLERERARS - AKENKEER K EEY P& BAILURNE 2R 4 5iFRAEE - X
SR 3 SRHVEER S B R E & B & QB IR B EAVIEIN - 352 B ERF 90 REFEE S INE
fF 60 Jz 120 K > $EE BER(F 60 REFEE SNEFE 120 X AR L&Y & EEFE 90 REFEE &R
B{F 60 Jz 120 K - HAERKAE 90 KRIMEEE S HRKAE 60 K > Sorh e dia KBk dise & BAER(F 120 REFEE SR
FEAE 60 } 90 K - HEA'E MIFSBERE 60 ~ 90 K 120 K> MBIHHE 'S - thidhde KL sdE & B E
60 fz 90 K Z[Ef B REERIE VRS - 780 ~ $5 RS EAERKIE 60 RIFEE S IRKAF 90 K o K 2R 4 SEHUHE
HHEEEEHEF 120 REFEZ(RINERIE 60 2 90 K » {HIERKIE 60 REFEZ S IKIE 90 K & $5 2 8FEFF 90 X
RS = YR 60 K 120 2K > {HAERK{E 60 REFEEE S HEKIE 90 K ¢ Bia BAER(E MAKIE EriEd: & H &g it
BV OB K E &Y S BERIF RBKIE 90 REFIEEE S © A Jeiid IR & B AR R (F 120
KRG HBEVEAENN > 59 rpofedlide B & BAERKE 90 RIFHBIE S BKAE 60 K © 28k K i & BAE R (F
60 ~ 90 }z 120 K S & B AERKE 60 K 90 K2R Mo - (BH k2 EFEKIF 60 RIFEEE S
PR 90 K - EEHHELE & BRI 60 K - Z1REE R H AR &g MEaREE > B0 MRKE
av) -~ ks R e S BRI R IE KRR A R H o i S MR RS I 5 280 ~ 39 B BAERE 60
Ko 90 RZ A mEE 2R > (HE DB S EAEKIF 60 RIFEE St 70 K > HeplHERQH - #f - SR ER
FKAE 60 K2 70 Kz IR EZBZE AR -
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Table 3. The nutrient contents of entries in spring crop
Cultivar® Growth day ~ CP WSC NDF ADF P K Ca M
day % DM
. 60 17.0 3.7 44.0° 27.3° 0.9¢ 1.9 0.6° 0.6"
Soybean Tainan No.3 . . . .
90 16.3 6.5" 40.5 25.9 1.0 2.0 0.9° 0.5°
120 15.6 4.0 50.0° 35.8° 1.2° 1.5 0.2¢ 0.5°
60 14.9° 1.9 46.5° 30.5 1.0 1.8 0.8° 0.6"
Soybean Tainan No.4 90 14.4* 6.8" 47.8° 32.4® 1.0 1.8 1.0° 0.5
120 11.3° 4.7 547 37.6° 1.1 1.4 0.2° 0.4°
_ 60 18.3 2.4° 37.6° 23.0° 1.0 1.9 1.0° 0.5
Middle-east alfalfa R
90 13.4 3.9 45.3° 30.9° 1.0 1.9 1.5° 0.5
"¢ Means within the same cultivar in the same column with different superscripts (P < 0.05).
“CP: content crude protein; WSC: content water soluble carbohydrate; NDF: content neutral detergent fiber; ADF: content
acid detergent fiber.
x4 SEULERKERE L RIS
Table 4. The nutrient contents of entries in fall crop
Cultivar® Growth day CP WSC NDF ADF P K Ca M
day % DM
Soybean Tainan No.3 60 18.9 2.4° 43.9 27.7 1.4° 1.3° 1.4° 0.5°
90 16.0 4.5° 44.0 30.4 1.1° 1.6° 0.2° 0.4°
, 60 18.3* 3.0° 45.9° 30.6° 1.3* 1.2 1.6" 0.6"
Soybean Tainan No.4 . . . .
90 12.1 4.8 49.1° 37.2° 1.1 1.2 0.3 0.4
_ 60 17.9 2.3 42.2° 29.2° 1.3° 1.4 0.6 0.3
Middle-east alfalfa b
70 14.3 4.1 49.6 39.4° 1.1 1.4 0.5 0.3

" Means within the same cultivar in the same column with different superscripts (P < 0.05).

& As shown in Table 3.

IV. Z5RUF TS

KRR (2016) BYBTFEAE Y - FETEIH R 3 A 07 EAERER SR Y RT A SIEEGETUE » BRIFREZM
4SRRIk SN RS ER 3 98 0 BRIFAEER 3 I ER S eRiZEEPIE N AEER 4598 BIEREERM 3
Ko A SRAVER A R E 0 B S B R R R Hihan MRV LR S St RIS B B E 0 E
GEE o BEGFREEIANG - A RITEN AR R ER MHEQEERNVESMEE - 5K
% (2020) AYBFESEH - FERKIE (FRTEHA 9 H ) SRR AT R7 £ BIEEEITUOE - TIER T2 3 e 4 9%
Mtk ~ YRR - HERE SR MEEGES BEEEER - MMEREER 3 SRAVESE S 2REZE LS
KGR 497 0 MRS ESsES BT HAILIKIF R 2R 4 iR R E 2R 3 5t > HIEEPERIRERELTD
i > RDCEERE BLIROR T - KENRS Bz EEEGEE T > BEHEQESENMIET HEESE
Gl - BURHEASE & fE R AL A - (B EE R D EiEiHELHERBE Y %  [REAE
TERBRIEENEE - MARBREFIRESERNTER 4 SRt AHRERBES - "TREHNGICAEEZR 4 5B EE
A RAERAY T > BOLEMBE > FERFRH TEFLE - HERMAR > HtERSEBERRTT - (BAEKTE
REEF 4 RS RAERFRERTIE > WRER RIKE N IRR RS SO R - EakRe TR -

FRAEERIHER TGRSR 12 2 14% > R 19 2 20% » FRRIHVER 12 2 27% (Miller et al,
1973) > #15Y R7 AL BIEEL R A EE I E & &5 > Sheaffer er al. (2001) JRGHIAE E5E (& T ) (VERE
a8 SREREZEE  WERSEWRCEENSEEZERTHERME - MRS 2RZEZ PR
m o KEENRZHEAESERES - REfmam iRk ER7T EAFRERUEZ &IEOEEER 157
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% 23.0% (Hintz er al., 1992; Acikgoz et al., 2013) » AEXEREIKIEE RT 4= SR ELUIEN &38 5 2 HRFZE L] - 15
DUK 2R 3 970 22.38% (BIE 120 X)) K& 75.14% (FKE 90 K ) S K EERT 4 5707 9.51% (BIE 120 K ) K
65.10% (FK1E 90 X)) » HRKEZF 3 98 R7 £ FIEERIENSFRIHEAEAEINE 2 #E  £57F 120 R
FKAE 90 KEE > 437l By 15.61% J2 16.08% > {H K F 2R 4 5E1EHE 120 K FKE 90 KBS > 55 7l % 11.33% K
12.14% > SREAREmEIERAKIE > MUK T ZR 3 SRE AP EER 4 S EAEEHEAES R -

TAE G e RZE LA S BV A B SRt B RS B R BB S i etk E B RN SR AR E
Rogers et al. (2017) f5H - KEAE R6 IHEH B EE U EHREE (23.4 — 26.9%) > BEX 7 (17.8 — 21.2%) > ¥y
(7.6 — 8.1%) - @42 ERSEB G AT > BBl b e o7 Hil fy 24.1 — 28.5% 81 30.5 — 36.3% > MHEHY
o B s > MR R Ry 54.6 — 55.7% B1 64.2 — 65.3%  BEIRATAGERTHREE ~ FEEL G
B1E R7T £ BFEEE (FBIE 120 K ~ FKIE 90 K ) T > HHE4RIE K ZZR 4 9% 0 TERAKRKEER 3 SREFIERK
TEVE LB e &g - Mgk s S ERE > HAFERAEEZEM 3 St EARENERSE T8
KENFRESNERH2RZELG AN FEHATER 3 RWHEAESEHARS - HEREEERE
B NEZYVE E 2N SRR KRG EZE 4 5% 0 ARGk RS2 4 ST EEFIVHE R EE 2 (1.96 mt/ha) (B

B HAASER 3 57 (1.50 mt/ha) > FEEAY AL ERE B EHEN SR SR EERE - BEEKEGIEHATEZR 4
SERVHEE HE ZE R (0.61 mt/ha) HIIELE H AT 2 3 5 (0.65 mt/ha) 258K - (RS FfEIH & 0 B 48 =
& KT 249802 2.57 mtha > K2R 3 55 0] 2 2.15 mt/ha > M [EFLY 1.50 mt/ha > JREEHIT]2E 3 —
4 mt/ha - ERIHKEZRE 3 95 4 S EAE R ERERFIH 28] - AR &M AL TREPRIIME - 375
(2009) B7EFE HIERHE R 2 EE 4 SRRERATHA (50% BRAE ) ULEINs » HALERT R 24 RZRE1 SOt 2 2 &M AR
RIVEAL - TkkE K2V EEEEEM - R EFIUEERIME RS » 555 K (2004) #His iR S
2R 4R BERE S Fy 20 — 37 mt/ha > IR REZYVEE SR 5.4 — 9.9 mt/ha » AR T 2R 3 5E K 4 57T
EEEUEREIARBHETUE - HhaEAR G 2R 4 9 ERFAEERE (Hks 112.26 cm ~ fFEE & 34.23
mt/ha REZY)E E & 10.38 mt/ha ) HESFKAE (RS 76.11 cm ~ fifEiE & 13.26 mt/ha KEZY)VEE = 3.98 mt/ha ) £
> MTFEAAREER 3 NS - HEEENIZYEEENFIRE - IVEHEENES > fIgehi KE 5
AR - TEREFR R T EEAFHER » EEKEHIRFEERCRRET - B AKENEEEE S AK
TEM 3K 4T HIEBEER Y EE > AHEAE - KBMERKEEY) - BRI R IR BAETERIE
Z AN AIRAKIEAL -

A (2003) IUMSEIE Y > FREBEEASE - mwmEREEREE 2B (HEEEERZR T » HERDR
Sy HEZRERIELT > 75 R ST A PR /KR DIV ZRET T B8 R 2 B T RMCERI AR « AR HEN P R ETEE
FE 90 RIVEIEA#E R - HEMRCHZLER - BEEETREBENEENE gy E EE 2 7R R
> TR EREEIEKIE 12 BENSEHE 70 RgUE] > I EEFAEEDN  AfIRReEE  EEEESE
S HZYVE FEBIEER - BEAAERME IR E MR K2R 3 585 4 5% (HE R/ EEEE KT EH
398K 4 9RAHIT  ARBIERPMENERE ~ /KEMERK(EEY) - BREEMER Pt B I8 RNEEmR 3
9%~ 4 SE PR ETE 2B ARKIEL - KEMERSRERIIFEZETFEER » ARSI L 2R
HILFIE BN SR ENRR  BNFREEIR SN SRERE DRt EmElE A EEE EEDN
WS E > THRESETRMERBRFIFZ B - KEEm 3 91545 5 2RFZEIEFILIEIE 120 X (HHER R7
EEMEEL) femr o HHEAE 90 K (MHET R6 AEFIEEL ) J 120 RAVEzY)E EBUHE B S S - H/KEMER
KALEY) ~ e B e g & EAEELE 90 RixfE - S5RKME 60 K 90 RIVEZYIE & ~ #HERE ~ AKAHELR
KALEY) ~ e e e S BT - (HE 60 R{VEEEE RN ARG » IFHEETERERA HUHERS

%0 2R 90 K (HHET RT £ BFEEY ) IWEHE SRz bR » Ham K EEZM 3 STIEERIERAKIERE L 90 KU
ERE  KEEME 4 RVEZYER R EHE S 2HZEILH] > BUMHER RT £ BIEERNIEIE 120 K EFKIE 90 X
FIEE > R ENENEEEAEER R KEEM 4 501 ERME 120 KX EFKIE 90 RIGFERE - 5
Plapft 5 1sHIEE 6% (H{E (relative feed value, RFV) 5 100 » {HHEOKH 2R 3 58 K 4 98FEF ~ KIFAEAE R
HECNMHE B EE » SRBRAKEZR 3 R 4 RESKELERHETNEAZE 100 DL L Hf KRG 2
3 BRAERME 90 KA B G B [EEENS (157.8) > MERIE 120 KAV B ETEEEEIK (113.3) » ZAKTER 4 5741
TEBAE 60 K (130.3) » 120 REK (101.3) 5 KEEF 3 5% 5 4 SEAERKIE & DL 60 KAyE B e EERw » 7
A Fy 142.5 K 131.5 5 SSAEMHERACE R AR A4 & HEC Nl » LUK T 2R 3 SRHUHE = (EE S 4 5% -
M H AT G = 290K Z anfE - AR ST E RS B S E R AR K & AT ES R A (Chang et al., 2012) > [fi]
SRMEYZ HERE S 8RS > REERE S B/KAERK(EEYEEERE > RIS S8R
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i

B ZELR > HpH EAS TR SEFHEESES > EREERAFIIIRH SRATE - SESSER
TAGER BRI (Chang er al., 2012 5 5855 » 2011 5 ERBf - 2015) o AHGHFE(E LU AU EIHY S RME
VIETREMIN - EE AR ST 2P EHE > BURBE T EA AT 2] 3 BRI R E 2/ 4 9T 12
AE R ERERHER > AR S T HESHIFRIFHRIA R g P AVpTe T -

w A

H Ai{E g it T EREEAVSKIEFYI SRR G - BrA & RSN > TRa & R A E B (B RIS
MRS ER 3 5tk 4 SRR EERGAVEEN: RY - EdEE e 5 e - dHEBREREEERKFIIRE
2R 3 SR A SER BN WHERE « ABEMOK(EEY) ~ BOSMaE K i 2 P S B BB E TR R
EfaZRAKR > HAERT AFEE (B 120 X ~ B1E 90 KX) Wiy > & DUNE 25 3 5t 4 St B A ERHED
Bai o AolBaSsk A T SHEEREUR - FEMAHFEIIER AR R BT LUK E 2R 3 SAYIHE 6
BEESR 4598 OKEERM 3 SAERIERIKEE L 90 RUTERE > TIKEEZRM 4 50 BIFER(F 120 K EAKTE 90
RUTFE REL - BRI B A= 35t R anfl - (B RS E B RERHEYIESSRIAIR » 5T & e dnf R R T
o AN SRR AR - E REES A EREES 2%

Z2EXR

FRUE - 1956 « g 2 AN EAEZE L JidE - FIEESE 44) © 141-154 -

TAPRE ~ BRES - 2015 - AERERRIEG Z BRI E BB - BERT 48(2) © 100-106

RIATE ~ BRFEF - 2016 - FEHEH R S EEPREREIE RERAI N 28 - SENTIE 49(4) © 304-311 -

RATE ~ BREH - MOXEE - 2020 - AFEGEBEEEHETNKEAGIE R 2R E - EREGH 21(1) © 5567 -

PR ~ SRR ~ ZEEURR - FEE S ~ RIRR - BRSO M - 1992 - RS EENE - AN 25(2) ¢ 151-170 ¢

PO ~ BREES ~ SHEELE - 1995 - BRMREFERMWE 2R - BENIT 28(4) © 285-294 -

Pl - SR RS - IR - 1997 - WS MIRREE S R B A E AT - AT 302) ¢ 171-181

FRIEK ~ 4550 ~ BUFF - 2007 - AOKEETEER - WWE RAREES 8 - FEIT 4003) : 193-202 -

SRIARE ~ HURHE - 2004 - SRECKICAE R HHAVESERI A - 2R EaEs 50 3 © p8-12 -

HAGE ~ RS~ REAEE - SR - THOHE - 1998 - BEHmIEER 3 S BN - EFEEEL RIGHITERER 35
14-24 -

A ~ SRAAEE - A AR © TAGRE - 2000 - SRAEK SRR R 4 SR AR o BRI RSN RS TR
37:1-16 -

FFEE - TRULRE - BREAE - SRIZE - B~ BERSF - 2009 o SRATEVIBLIESSIIRIF 2 514 1 SkAEEY) 2 B B R (L5
RS AT o BEERSE 42(1) * 55-62 -

PREEA ~ TAPRE  SREES ~ ARIAZE - 2013 - HEFOR M| T 15 ) ZHK - st (M) 42:272 -

PRENE ~ BFEME - R - 2017a - REEREER T 9L BHR - AN 5003) 1 207-212 ¢

BREDE: ~ BTN - AEERE - 2017b - BHSSRERE LB - WENTFE 50(1) * 37-44

BREDE ~ STHEMY - R - 2019 - EEEEEREE 3 WL HM - WEDTIE 524) 1 227-233

sRUERE ~ BERUE ~ BREAE ~ SRIZR ~ B~ BAERSS ~ §HEE - 2011 - SREIEYIHLESSRIRI A Z oF(h 1L $RAEIEY 2
FRTAENTE - WAL 44(2) ¢ 105-114 -

SRELED ~ EIREH - 2019 - FRIERB T 9L Bk - WAL 52(3) ¢ 153-164 -

AEZREE ~ EERBR - FPRE  HEEUR - RS - BRERIE - SOCRY ~ BROC - BREAH  SRIZR - WEEL - 1997 - ST EE
BRI ERL - WAL 30(4) ¢ 337-350 -

AR FHER ~ BOER - BRI - A - 2000 - BIESREYIEER T - ITEbEREZ B G B E AT EE S
69 5% 1 1-3

FRFRE ~ PRI ~ S0C0RT ~ BRSC ~ BREHE ~ FRIZIR ~ BHERSS - 2002 - BREREERE IR A - WENTFL 35(2)
91-100

AEZREE ~ PRI ~ STHERE - 2003 - 2785 [HE TR R E B OLINE 2 FE - BAETE 36(1) - 45-52 -
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Abstract

Many cultivars of excellent gramineous forages have been selected and bred in Taiwan, but it is not easy to produce
legume forages with high quality such as alfalfa due to geographical and climatic factors in Taiwan. Therefore, domestic
leguminous forages were mostly dependent on imports, which caused the cost of forages to increase. In order to reduce
the cost of production for dairy farmers, it was important to develop domestic legume crops as alternative legume forages.
Domestic breeding soybean Tainan No. 3 (TN3) and green manure soybean Tainan No. 4 (TN4) were evaluated for the
forage use in spring and fall crops. Alfalfa line Middle-east was used as a control variety. The agronomic traits, forage yield
and quality of the legume forages with different growth days 60, 90 and 120 days in spring crop, and 60 and 90 days in
fall crop were determined. The results showed that the dry matter yield and crude protein content at 90 and 120 days were
similar to TN3 in the spring crop. The contents of water-soluble carbohydrates, neutral detergent fiber and acid detergent
fiber were the best at 90 days in the spring crop. The soybean was still in the vegetative growth stage without pod formation
at 60 days in the fall crop, which was not a harvest stage suitable for use as feed. The pod dry matter percentage of pods per
soybean was high at 90 days in the fall crop. It was suggested that TN3 could be harvested at 90 days in both spring and
fall crops. However, TN4 might be harvested at 120 days in the spring crop and 90 days in the fall crop to produce a higher
protein yield. It was recommended that TN3 and TN4 might be used as domestic legume feed, which could help reduce the

dependence on imported legume feed and stabilize the supplementation of domestic feed in Taiwan.

Key words: Forage use, Leguminous forage, Soybean.
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g LTI WS 2 - B S e N S NI RS

77~ 44 4 ;=& k= > ;é\ 1
- EI B S RS- T (A

HEEHECY GigREY |G © BEmEY Y MMEEY MEE® &0

WelhE - 11 4E 6 H 13 1 5 20 11243 H 25 1

W B

AT 2 B A ERELE TR BEE L2 MBI R 2 RAZST - B A B IS B LSRR &2 R A % 2 R8N S Rg A b
SERE IR o BRI ZZE] 99 (RS o [l 71 (EPRE (SEERR 18 {E - 3&AK 36 {E > S5 5hIERE 17 {8 ) > 3 il
SHAETT o A AR & S WA (E PR B - 854 ethylene glycol (EG)+ dimethyl sulfoxide (DMSO) £ 0.5 M Ji5%: 1k
(trehalose) 4H ( 7 {ESEERE » 15 {EZEAL ) © 25— FEELSAEC )T £ 10% EG > 10% DMSO » ~EH#iEEfE £y 5 min 5 55 Z[EEE
16.5% EG ~ 16.5% DMSO kz 0.5 M trehalose » “E#iH%[E] 45 s o 55 40 75 EG + PG 4H (11 {ES=EHE » 21 {E3E0F ) :
FE—EE R 2% BG ~ 2% N [E% (propylene glycol, PG) 0.4 M Jg55afE » SEHHER 12 min 5 55 —[EEF B8 17.5% EG ~
17.5% PG ¢ 0.4 M JEEENE - SFEFHE 30 s S5 8 0K EG + PG 4R ZERR A2 1Y 38.8°C ~ 5% CO, k& 100% BN
{27 BRI THSE 2 h BIP AR R EZEE EG + DMSO 4H{E (76.0 £ 2.0% vs. 66.7 £ 23.6%; P < 0.05) ; 54} >
LLEG + PG 4HR 7 S= R N AR R LB SRS BLAR EE 45 R 2194242 (66.7 £ 28.8% vs. 66.7 £ 57.7%) KRS EREE
(60.0 £ 15.0% vs. 55.6 + 19.2%) AfEZZE A= - 4raalinsi S8R, EG + PG 4 S HZEAR - 1245 2 h 5281
WA EG + DMSO 2H A fE ; ML EG + PG 4HpEH 7 SSER R BIRIN S B 1% 45 R BZER KIS E IR 5 R A
78 o BEG + PG VR 74 K SENS a] & E 35 DMSO 2 [ » Wi o] FH NS EIR R BEIR > S K IR E -

BEfEEE - AP E - IRIEERS R ~ LU= -

i

TEHBN A JEEL I (assisted reproductive technology, ART) 1 » FR /% B Or{ AR A A E  (HAERR S B ORTT
R WINEREESHEGE - AR BRI R fEER - KR ARHErEr 2R K &AL (Kasai,
1996, 2002) = Fyl5/5 1 AHAE P K I SR 55— (& SRS {3 12 5 P BOREE HY /2 SR OReE B AR R A IR s ] - S fEte %
RITECHES EH S LB IIRE A R o 45 F-BI6E AR 32 07 2UETTRIE 2 B - i (6 R 2 ARARE R 7
T ~ HOHAIPAN B (Lassalle er al., 1985) 5 2R » 1822 BAAMREE R 0 KSEIPRCGERIEGE - HRIFERIEETER
HESEH (Hartshorne et al., 1991; Menezo et al., 1992) » ¥4AI1 T 7554 LL S B LG ZEATRTAENM: © Rall and Fahy (1985) &
AR LA 74 SRERDL 20.5% (w/v) dimethyl sulfoxide $4HC 15.5% (w/v) Z.Ei## (acetamide) ~ 10% (w/v) propylene
glycol J 6% (w/v) BG Ky /4 (R - DUHEER 720 (2,500°C min') ZEETR/DIKE TR - BECRAEAE S MBI K
o AT RIER AR « B LI2 AR A R AT I (E S R 2 ORIy - HE e Em G E - & THiLiEERE
Lo R EREE » IRSAERERE 4 — 10% /SR IRERIAIR - EHr - AMRIRIIERS B =R 25 — 35% 2
IREERIH > 4830 — 60 s T RBRIEAE ORBRE T2 M o BI04 BB P IR SEE IS RO 2 R IRE R R
FRRE » N2 RIRERIH S BB ZRE AR 2 o RIELRE 2 B SRS B R s B R A% a2 L5 B RE T HIRA

|

) TTEE e Z B B A BT Je E s 55 2741 55 -
Q) TEbtREZ E g T EABTNE T -

Q) TTBIREEZ B & Ea P L -

4 TTEb e EZ B s b s i E -

(5) BT H B R R A ) B BRI T

(6) BT FERRHE KR EN YRR FE £ -

(7) #ER/E2 > E-mail: pcshen@mail.npust.edu.tw. ©
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i (Menezo et al., 1992) © AWFELIAES R IRERTRAT  JRIEFARC ~ i S i ORI - I DU B AR EREERT TR
B ST S SRR R BRI (L2 B R Z RS B

MR T A

L gy ess
BB Z BYIAHOE RS - ST R EZ B g R ERBAITINEG D P ERE Y I8 KR/ NMEE RS
B AR SE R BT 110003(LRI IACUC 110003) -
L HERE ~ SZARRRE R FE R LR B
AR 2 IR R R B T TR - R 2 B3R 2B RIIFREL &R BEFERD
KO 1 {EER - BRI 10 BEEERRRESE - ST 15 SHIEUAR Tl » Forp 5 BEEUIR 2 2K - & 15 EHA L B (E
CIDR" (controlled internal drug release, CIDR®, EAZI-breed, Rydalmere, Australia) » 270 Z2 5 115 814 fif 2% (pregnant
mare's serum gonadotropin, PMSG, Prospec-Tany, Israel) 2 Fij %1 HE 2 F2a (prostaglandin F2a, PGF2a, analogue
cloprostenol, Estrumate, Vet Pharma Friesoythe Gmbh) #£77 - CIDR" . A J&38 55 0 K » 55 9 KALALE S PGF20 (5.3
mg/0.5 mL) & PMSG 700 IU > £5 11 KR CIDR” » ilfijf/> CIDR® k1% 12 /NEFERZEREEESS IR - A 555
MBI AN TEHE TR ZRBCHE (55— IIBCHE 6 h 1 HEf T58 —RECHE ) - BofEfRss 19 RAEFTIMRFFiaiRIE: -
L =R SR B E
() EYREE
FUEREEAMTATRL A LSS 0.2 mg/kg xylazine (Rompun®, Bayer, Leverkusen, Germany) B 0.025 mg/kg i
P[44 (atropine sulfate » (ERARALNHIRAT] - Z& ) » Jef TERESERF 10 min % - ELUSFHRTH 0.75 mg/
kg 7 #7%% 50" (Zoletil 50, Zolazepam base, 25 mg/mL, Virbac, French) #1752 » 1% LUE Gt (Isoflurane,
Piramal Healthcare, India) 1 TR SR
(i) SVl
HERR=ELE EAER IR A S 19 KAEITRERES MR-l o S5t RN EsNE (B 1) - B0 skoNE B HE
UNEL{Z - DL& 1% fetal bovine serum 22 dulbecco's phosphate-buffered saline ARG - FHSEOHE » ST = A K
T EEHEE AR S BIUCER 50 mL SEEEECHE T EFE LR - SRR E AT
R RS » B TR BEE AR TARICHR - WO BIPY S A LLIERE - TELAZ 5% FBS 2 M-199 (Media
199, Thermo Fisher Scientific Inc, United States) /D755 3 ZX1% » {118 Putney et al. (1988) Frilt = HAT ZEHR
HETTIR Y 4Rt% - (T HOR LIR RORTE -
IV, L ARER A L2 R S it R
() B2
AW FH R R B B B2 BRBC U7 RORES #E T LLI=E IR 2 BE I L2 R o B3R 0 2 e (0 F WA P B~ %
o 55—4H Fy ethylene glycol + DMSO 4H : 55— EE 4 3 lC /5 5 10% EG > 10% DMSO - 0.5 M trehalose >
SEMTRERT 5 min 5 28 T FEEY 16.5% EG ~ 16.5% DMSO &% 0.5 M trehalose » “E#HE[E] 45 s < 58 _4H 5 EG + PG
2H @ FE—[EEE 2% EG ~ 2% PG [ 0.4 M trehalose » SE#HFE] 12 min 5 88 " [8ES 17.5% EG ~ 17.5% PG K 0.4
M trehalose » P-#iHE [ 30 s o 75 1% 2 LLEE AR AR 35 AR ST 1T 43 4H 1% DLEF(E 4 B (Cryotop®, No. 81111,
KITAZATO, Japan) i & 3 {ERHY )7 N EBHE AREE P H#ETLH -
(i) g
ZRITFIRBIREES R - BRIER E R ER P TR o A7 NG e E 2 A 7 A R EIR
SyARRA4H » EG + DMSO 4H : & 0.5 M trehalose 2 20% FBS M-199 » JE[E 38.5C » SE 30 s 1% » 2 A5 0.2
M trehalose 22 20% FBS M-199 » JE & 38.5°C » F#7 2 min > % A& 0.1 M trehalose 2 20% FBS M-199 >
S 38.5°C » i 5 min o g RS A 5% FBS 2 M-199 JREZE R H - 4 38.57C ~ 5% CO, & 100% J& /&
i B T HEE 2 h TV REIRIE % ETTIRIS E » 55 EG + PG 4H © fF 0.4 M trehalose 2 20%
F BS M-199 % 5% & A 3.5 cm £2 % [ (No. 150326, Thermo Scientific™ Cell Culture Dishes, Massachusetts,
United States) » i & HY 42°C NZ&WE _E (HI11220, Leica, Illinois, United States) £ /1> 20 min {7 - §f B IRFE S,
MR E A 42°CERRIGER 5 s » BEIRFIIRTS 206 % 38°C Z & 0.2 M trehalose 2 20% FBS M-199 H3& % »
A 1 min - GF% 2R 38°C & 0.1 M trehalose 2 M-199 (& 20% FBS ) B5&/% 145 | min 1% » 1% AORE
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38°C %4 0.05 M trehalose 2 M-199 (& 20% FBS ) B85 1 min (Tamas ef al., 2014) - 5488 A& 5% FBS
7 M-199 FEREER T - 12 38.8°C ~ 5% CO, K 100% JRFERIE 2 BEEfE HEITHAE 2 h - BT REIKIEEIZ
BIFETIMEE (B 2) -

1 (HARFONSE RS - 2. EG+PG g HIFREEER 2 h R ZIPRE -

Fig. 1. The corpus luteum of the donor ovary. Fig. 2. Morphological restoration of the frozen-thawed embryos 2 h

after cultured in the EG + PG treatment group.

V. &R
TR % 45 J% 72 K DI w1 (Aloka, SSD-500, Japan) fit & EL iS4 (Aloka, Transrectal probe, linear type,
3.5 MHz, Japan) » &8l EHEN = RERR S G2 2 2 NF -
VI &kt
A B % i HE4H DL SAS(statistical analysis system, SAS, 2012) = 4L 8 58 o0 t-test 2 17 55 2 43 #7 (analysis of
variance, ANOVA) » & R B4 MEREFRIAFIGE R 2 722 BB DL P < 0.05 F E A2 REEN -

e

RS LR R 2 L2 HEB A (05 SR & F R » S5 SCRL R (L MR i S B B R B
5 o (B DUONRHEIE AT TR PR U LRSS 53 R AR IR M T PR = 1 15 JOBERE PRI
SVl > SEUBEE 00 HHY o UCHE 71 ELLZERT o EL 2 FHERE 18 [ (25.4%) » FEHE 36  (50.7%) > FZhg - (L
FESNE 17 (5 (23.9%) (£ 1) -

HER 14 807 (EG + DMSO, EG + PG) il SxEERE B AL 5 ST - 1 38.8°C ~ 5% CO, % 100%
SRREREE THERT 2 h 2 558 » S5BERFIF EG + DMSO 41 J: EG + PG 4HAUZEENR LM 459 2 h X WA (ER
Sy E 55.6 £9.6% vs. 63.9 £ 12.7% 5 FRR 2 RIEZRRI B 66.7 £ 23.6% vs. 76.0 £ 2.0% » EG + PG 4HEZHLfE 1B KE
B HISEER EG + DMSO 48 (P<0.05) (£2) -

E QU SNve Sis eyt QN NEI IS SN LS

Table 1. The number of corpus luteum, the recovery rate and developmental stage of harvested goat embryos

No. of embryo development (%)

No. of corpus luteum No. of embryos recovered (%)
Morula Blastocyst Developmental arrest

99 71 (71.7) 18 (25.4) 36 (50.7) 17 (23.9)

" 10 does with 15 times surgical embryo recovery.
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2. FEFRERAHARILEE KRR 2 h IEPREIRIE H o Lh
Table 2. The effect of different cryopreservation methods on the morphological restoration rate of morula and blastocyst
embryos 2 h after post-thawing culture

No. of frozen embryos and stage No. of retorted embryos and the developmental stage
Treatment group
Morula Blastocyst Morula (%)' Blastocyst (%)’
EG + DMSO 7 15 4 (55.6 £9.6%) 10 (66.7 £ 23.6%)°
EG + PG 11 21 7 (63.9 £ 12.7%) 16 (76.0 £ 2.0%)"

“® Values without the same superscripts in the same column are significantly different (P < 0.05).
' No. of morphologically restored embryos 2 h after culture/ no. of frozen-thawed embryos.

Alex and Higgins (2013) iff92$5H » EG ~ DMSO 1 PG 1 21°C IFH2 B 25y Bl By 6.4 ~ 8.4 F1 4.0 pm/min o —ff%
IEHEBERT » KF1E 20 — 25 CRRAF T HVHERUESRZE 0.195 — 1.150 pm/min » 520275 A8 5 QI & S 5 AR AR
WS EREZ A KM 2 F[155 - DMSO a6 I & 5 [EUN R4S RS & - [€ SN2 88T RerY Al BETE (Kola
et al., 1988) » RFLHEELL 1 2 1 YT FEEC EG =4 PG (i FH AR RS (Gupta et al., 2010) < AGH5E EG + PG 4H{H
TRV — PSR R IRERARIE (2% EG + 2% PG) » Il A RAVEFHE (12 min) T LU - (2R IRERRE S
B R AR AR A B A AR - e T ARRERE A S NS IE B R A R HIGE o RS AN R R R RN 3 — 5
min) FF3Z 55 IR EE SRS M IRERIE S - #EDURREGE o MEUEAETIN —fH B R —FE B2 iR
SETLRRIE By 20% (#K55 - 2018 5 Vajta et al., 1998 ) EFHA[E] » iR E 2 h (YNGR E (2018) KyfE (76.0%
vs. 47.7 — 66.6%)  {EHEIAEES - B EIEN T AERETIEE - AR ERITFE HIR R IKAE T A8 2 IR e
Hie@E#% 5 2 W LB 2 A8 77 > BT R ARG FEIE (Kim, 2003; Kim, 2004) -

TEfRAHORE b AsE EG + PG R BRAH 2 2 IRl HUR S Ky 42°CIEHE 5 s (R ZRE RN —MK 37 —
38.5°C (FREE > 2018 ) o A EFE RS VB HOR R DR R 2 fig MG IS - R VIR - TR AR EARE » 15
SR BERPEES » 2 ARGHEHE BB IRE R - — RIS BT R o R B 1R » fRig /)
A 50% RAEIE © ZRMEI(E BT &R EIEeE - SN %CIBRERIMNEE > FYHRE SR RBENAE - B35
ERI% 2 BERREE VRS - (B2 ERENCEZE - BB ENREFRAAHIEE (Guerif ef al., 2002) -

TEFRET A [EI AR AR IR 02 SRR R R MRS B 2 BB - DL EG + PG 4HpR B 7 SERR S BRI AT TR A 1% 2 IR
BE » $EREBTBER 45 RUGBEE BTS00 2 2R 7 By 66.7 £ 28.8% vs. 66.7 £ 57.7% ;5 MMAEIEIE ERL
% SERE BRI B 60.0 £ 15.0% vs. 55.6 £19.2% » HEM K ERB ER 2 HPRKBERS R MEE ER
(F3) « INRBIMZAE BB S > (EFEZEREI T2 AR AR  ERBAN I T A B R > I—HRAE
%% (Gupta et al., 2010) »4~(Lim et al., 1991) 2 A\ (Al-Hasani et al., 2007) 2 #5¢ G AL 455 - Fonseca et al. (2018)
DA R 1% 2 SEHT BB BT B 1% 2 R BEE By 38.5% K 62.5% » 4% B At Ba i S HIE S B R (55.6%)
FH#EAN > BERE (60.0%) BB RERAHLL -

%23, LLEG+ PG 4Ha B AT A EIRARI 2 I8 IR Mg 4518 B 2 AR BlR 8 B
Table 3. The pregnancy rate and embryo development rate of different stages frozen-thawed goat embryos after embryo
transfer with EG + PG group treatment

Embryo stage No. of recip-ients No. of embryos transferred ~ Pregnancy rate (n)' Kidding rate (n)’
Morula 5 15 66.7128.8(3) 60.0+15.0 (9)
Blastocyst 3 9 66.7157.7(2) 55.6119.2 (5)

' No. of recipient pregnancies / no. of recipients (based on ultrasonographic detection on day 45 after embryo transfer).
? No. of offspring / no. of embryos transferred.

& BIEER - DLEG + PG B 5 sUE T Z LIFEIRBER b2 R - FEBRARARARIRAERRIMER 2 h ZIPREIKIERE
J& L8 EG + DMSO & - NEEFEFIANTIE T2 S IRER EG + PG 8 ~ DR AR AR Fr i 5 (U H DMSO
RUURBIZ 5851 B2 1R MR R BT RRIRIE Z 808 -
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ZEXR
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AN F LB ARG B RE ) 208 - BmENTZE S1(2)  126-133 -
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Abstract

The aim of this study was to compare the effects of two vitrified cryoprotective methods on the developmental
competence of goat embryos after freezing and thawing. In the first experiment, the collected embryos were divided into
two groups, cthylene glycol (EG)+ dimethyl sulfoxide (DMSO) group (7 morulas, 15 blastocysts). The first stage frozen
formula was 10% EG, 10% DMSO, 0.5 M trehalose and the equilibration time was 5 min. For the second stage 16.5% EG,
16.5% DMSO and 0.5 M trehalose, the equilibration time was 45 sec. EG + PG group (11 morulas, 21 blastocysts): the first
stage was 2% EG, 2% PG and 0.4 M trehalose. The equilibration time was 15 min; the second stage was 17.5% EG, 17.5%
PG and 0.4 M trehalose. The equilibration time was 30 sec. A total of 99 corpus luteum were observed and 71 embryos were
recovered (18 morulas, 36 blastocysts, and 17 aborted embryos). The experimental results showed that regardless of the EG
+ DMSO group or the EG + PG group, there was no significant difference in the morphological recovery rate after culturing
in the incubator under the conditions of 38.8°C, 5% CO, and 100% humidity for 2 h (morula: 55.6 £ 9.6% vs. 63.9 £ 12.7%,
blastocyst: 66.7 £ 23.6% 76.0 £ 2.0%). In addition, the morulas and blastocysts treated with the EG + PG were subsequently
subjected to embryo transfer. Again, there were also no significant differences in the pregnancy rate and embryo transfer
efficiency of morulas and blastocysts (66.7 = 28.8% vs. 66.7 £ 57.7%, 60.0 = 15.0% vs. 55.6 £ 19.2%). The comprehensive
experimental results showed that the efficiency of the combination of EG and PG was similar to the recovery efficiency after
thawing with the EG and DMSO. There was no significant difference in the pregnant rate and embryo transfer efficiency
of the morula and blastocyst treated with the EG and PG after transfer. The treatment method and strategy of EG + PG can

replace the use of highly toxic DMSO, and can be used for freezing and embryo transfer of morula and blastocyst.

Key words: Embryo transfer, Embryo vitrification, Goat.
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T TR TR Y

2y O BRE Y BERERE Y BRIl

Wl H - 114E9 H 14 1 5 20 11243 H 25 1

W B

KIHFEHY B BIE R R B R R 2 R IRFE S B > D s a2 7% - IR REE T2 /58 1
(motility) ~ {4 (vitality) sz T RTHE(E (progressive motility) SE PRI - SRR EREE B A EHERSHY AT R IAE ST
R 1% > L& 7H 0.5% BSA (bovine serum albumin) £ 0.1 M 5%, 0.058 M sucrose 2 Tris-citrate-glucose (TCG) Ay EL bk
W R 6 ~ 10 2 16% DMSO (dimethyl sulfoxide) ~ 4% Ficoll70 =, 10% LDL (low-density-lipoprotein) ZE [E4H & /4
AR (extender) MifE S o FIFILERERUE SR AEA 0.25 mL 2 2EAE 5°C B 3F i 45 min > AMRIERREE
FAR (A 5 cm jR ) T2 R 10 min > fA& S A RREE T IR o 2R DUERSEEIE T i T
BERETEND - BHEEER - BTRnEESEERZ 0 - SRS REUR - RENRERS FIERERRG RS 10%
DMSO {1 Ry /2 iR R - H A — PR RUEBEITIRIE v UEE AR N s T i35 17 (40.19 £ 7.65%) ~ fE/E%
(31.45 + 6.6%) Fo ks T-HIHEE (15.23 +2.77%) 2455 -

REdEE 2 RORER ~ R BRSO

4

KEF 2 2 MO O] fRFE2 BB 2 B & SRR R AN IR © 281 > IR 2 SR AE S
RN AT WS R R R B FE R 2 AT 1285 (artificial insemination, Al) (Lopez and Alvarifio, 2000; Mocé and
Vicente, 2009; Kubovicova et al., 2021) o /% B CRA7 MR 5 20 EE K5 T~ Fh ki & B8 HEL A AR 14 B b i H 5 FH L (reactive oxygen
species, ROS) Y& & » ZEE; DNA Br2UmEsE4HRE T (apoptosis) » [ (KK T-1F &2 (Kubovicova et al., 2021) - [t
A o FERE TS AR RATERZ T - % B R R R (O R PR 2 2 B B FE B P s Y 54 > DU ARRE A VK& (crystal)
WG E » T R B EUE TR T HY E 2R T (Holt, 2000) - {1 F HA4HREZ %M (permeable) H A 4HAHR K2
2 HRERFER (cryoprotectants, CPAs) » Bl GRE TN KE Z TR © A amie il BB MRS MERERIA0HH (glycerol) ~ —
FHELEHARE (dimethyl sulfoxide, DMSO) ~ /7, —[i# (ethylene glycol) ~ il (amide) E13E 235 MY (non-permeable) /4 B £
ST > AIESH (saccharide) ~ f§ZEH (lipoprotein) ~ ZKA MR (Ficoll) HEENFE # I AN T2 BMRER - M TIRF T
SERA EE T £ AR EE T AN ~ BURR - BRI K TN (acrosome) 4HEEE > HUETY S R EH A [EIMT
ZM: (Kulikova et al., 2017) -

FATA IR FLENYIAE T2 SRR R BT #1478 EER A Polge S5 A\ FTift S Y18 22 7774 (Polge ef al., 1949) » HIIKEIR
L&A 20% HIh 2 s — MR 4R 1K (egg-yolk-citrate buffer) FifR & - PRI ERZRMEIT 2 IR - G T18
B2 R R P EURGREIR K AL DA Tris-citrate-glucose (TCG) & {E RN & A 5 ~ DMSO S LM% (acetamide)
1E By % R ORZER (Mocé and Vicente, 2009) o ft4h - KE/T 5l BE 2t 5°C H~Efr » fER DURRE S FAHE (vapor
phase) (R E] -125C B BEENRBE T IRT « S EL R IRER B MR R EERARE - RRETF AT 37CE
HEp Rt PIKA EH#EST (Mocé and Vicente, 2009) -

|

() TR Z By w A BT T i 5 5 2742 5 -
() TR B G B BT AR R -

Q) THlEEEZ B G EmrEA R ESEM -

B TR REEZ B ST A o Fr -

(5) #E/EZE » E-mail: petsai@mail.tlri.gov.tw °
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B EE LA (vitrification) Pl A A 51 R 7% TR R a8 I D 5 o 2R [0 - DUEE %2 UK & TP B (Isachenko et al., 2003) -
Rossato and laffaldano (2013) DUEFFFEN TCG EBER » i AN & (L4 R ERER] 2 Fls TR0 (RERE 5 x 107
K+ /mL ) » EEOEAREE TSRS R - BARIEERZETEEE (1.8%) < £ 4#1% > Rossato and
laffaldano (2013) {5 FH 37 58 (LA G & — M 12 282 2% » 3 BLIR 1 BSA (bovine serum albumin) k%8 & b {51 7 JiF i
(sucrose) B M (trahalose) fi i 72 12 BR (REE K » DMSO 2 i FHY Fl 212 R ORI > H 10% DMSO £y
BRI o (R AR TR BORIEEE o H o BSA/ REREAALA (B BSA SEBIBI4LE « S4h -
Kubovicova ef al. (2021) £, HFFER DRI BSA » 0.1 M BSA B2 0.25 M kst BSA B2 0.25 M JEHE(E B/
TRIER - BB (LA Y s T A (% Bl = iy S Bl ) AR A e B -

RAE T E2BURB/KMEDL RS EREE - RB/K MR E i T2 A MR R 2 R T E /2 A IReE R4
DMSO - =i =2 /KM 2 2 R ReE B iR - mIEEL o0+ S HH B2 /KRR IU & (egg yolk) (Curry et al.,
1995) - DMSO {EulE 4 B aEiE H A B 4R A AR MK S TP REYIEA < Viudes-De-Castro et al. (2014) B7E45 HiE
Fi#& 23.44% (13 M) DMSO - FCé 0.1 M IEZE MRS RORER 7 s 2 4H & RINTE B /% BRORER » LLNINES
VE B G2 AR ORaE B B ERYRER < Di Torio (2014) ELfEZ DMSO (4% Jz 8%) F2 DMA (dimethylacetamide) (4% fz 8%)
NI BA TCG B EEBRRN S AR T RIE T2 - SERBURERIRN s a8 1 A7 53, 8% DMSO
LHA B (42.63%, 47.09%) » HIANESCEEME A7 92.02% - Hall er al. (2017) FECEHE R AT 2 TEEN T ~ (&R S
S5 (in vitro fertilization, IVF) 24552 » f5H 7% DMSO Kz 17% YUY Tris-glucose-glycerol-saccharide (TGGS)
& 25 mM %) (glucose) Kz 25 mM FENE 2 B )7 o /2 R OR 4 PE R R H Sts T i A HIEC T ©

It » Ficoll70 (Sigma, F2878) IR /%2 MAGRER B IE RIE S ENE 2 RIRER 2 F » SEIER R /G T2
i e laffaldano er al. (2014) FHAGELFRENE S ORRNIEG - Ficoll70 EESE —{EIE2E M2 R IRER S ks TR B IR AT
5o T AT R - SRR AR RBE DU RN TGRSR © B2 RR 2 RbE T EE &
AT RS e B P S L AN DI RE B 2 B - M Ficoll70 2 JNIIER s 14 MR ASTEE > fE4 AR e fg e
K52 AHHERE ~ TR D UK R 5 - R E s &% (affaldano er al., 2014) < Kulikova et al. (2015)
i Ficoll70 Il AR LIE 2 MR P E(FIRSE G T IRaEH| - ST A NER #ERCR » Rl
37°CHEM1% 30 min [N » Ficoll70 JAsfN4H > Sk TR ELHBZ R S S F/EE) )] ~ fEER RO TRTH#EE - B 15
SEREVE B S A HGAE o BRI AT AW AE R - ANeEaEE R [ER SR DMSO B & HoAth 2 B IR R T iR 2
AR DA [BIEC 7 HY2 SR ORER S A B2 IR EE 4 a3 ks 12 AR R R MEAR A S0 48

M T A

| O T )57 s ==
A 2 PR AR ETEEE(AZE g T ERBITRS > EER S BRE O m T
45 cm » 75 50 em 5 BRE IR - SR FIEHURRIE - SUKH BB /KEEELIE - fttHEEABedt
BARHEREAER(EET > A R BERAE 5 HEHEAL - BB RITFIZE - AR 3 Bl HRGEEEE - AR 28
ABNTEREZEG T EARTT > 2R - B KERANS S G PITBiEEZEg & AT
EREYIEE S HE o TEEH/NMIEEREET (HYERTHERERESREIT - 106-1) -
IL. fERERSE
PRIIE IR & RO IR B 2 ROl B SE (Marai ef al., 2002) » (EEEEVTHIIE FRAGEIAVE RIRE T » A6
BRfE 10 HJE R 2 HHEfT (FURHIE 18 — 27°C ) « BE 9 & 7T EHELL EMERGA AP a A% - K 6 H#LL
AN ERALREAVA PR RS H RE R 0 FIFHTHEL S0C 2 Rb2E (EIFEPWEE L 1.5 mL#b0E - B 1) [HARET
BRI EE AP OB TRIRINEE - BREIRER > EEE /OGSO HEEROARETE  B4IIHRE
RTR MR TAY - TR N ETIRE T -
L K5 MR i
TAEF AR 375275 Rosato and laffaldano (2013) 7 2 BRAETT » 1RFHT e B AL 1% 1Y SRk ViR 58 FH B S i B
5 T 7 M1 15 (Computer Assisted Sperm Analyzer, CASA, microptic S.L., Spain) 7 #% T~ 47 %8 43 #7T & (Sperm Class
Analyzer”, SCA evolution) & 53 A7 4% T3 8 J7 R pi (8 - JRB > B8 R E R 2L TCG E B (250 mM TRIS-
hydroxymethylaminomethane, 88 mM citric acid, 47 mM glucose, pH 6.9) ##fER% 10° sperm/mL » F# 37°C HIEVE(L
7 min {£HY 3 uL JF A7 173EH (standard count 4 chamber slide, Leja, 301115, Netherland) » Y8 f##% (ECLIPSE Ci,
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Nikon, Japan) T¥E1%{E CASA Z 48 HEEHL mot ( BIESN ST ) MIGE - 5 CASA 24 [FIHFHA R HUR IR b 5
ST RAHE(E - T8 TR SR BRI T-L | ng/mL 2 Hoechst33342 (Sigma-Aldrich, B2261, USA) ( E55
't EX/EM = 355/465 nm ) % 0.2 mM 7 propidium iodide (Life, L7011, USA) ( 4 2%55¢ EX/EM = 488/615 nm )
£ 37°C N 5 min 5 5T E2RBEOREE - WALERIESET - ety AfEE LR T A HJEEE Green
filter/ Bandpass filter (UV-2A, EX 330-338, DM:400, BA:420) [l CASA #1717 » sFEHEERE L -

(YN E & 4cm (External) diameter 4 cm

p———
Rl
‘ B

6cm

Length 6 cm

(M) ER 1cm (Internal) diameter 1 cm

I RERERZEIZE - —Iw 1.7 mL fERLE -
Fig. 1. Artificial vagina for rabbit semen collection. One end connects a 1.7 mL microcentrifuge tube.

IV. SRR 2
() AEMEERECE
TG 2 MR % DL Ry TCG B: B % » 8/ DMSO (6 ~ 10 5 16%) ~ &% % f5 & A (low-density-
lipoprotein, LDL) (10%) ~ Ef (0.1 M £ 0.058 M) B 4% Ficoll 70 ZEA[E4H & 2 /2 SRR - I FH% pH H 2
6.9 fikz -
(ii) BB ER S HUARR(E ¢
SRR A 5CFRZKFER 90 min » #3557 3 W 15 min (3£ 45 min ) (RIFIMACTHAZE 5CZ
RHEMRER (FC7eF0R 1) 5% BEEREREESTRIEAA 0.25 mL & (mini straw, 006429, IMV
Technologies, France) » FELAEf 1§ (straw powder, 018816, IMV Technologies, France) £f [ » 4fE 5C 4 FHF
{7 15 min 1% > ZFVREEE L5 5 om g (49 -125 — -130°C ) [#28 10 min » FFERE DL 5 2 R EALE A SRS
RFER NREEEM T HH -

1. BPBLAERED T

Table 1. The composition of the one-steps extender

6% DMSO + 10% DMSO + 16% DMSO + 10% DMSO + 10% DMSO + 0.058 M

Ingredients 0.1M Sucrose 0.1M Sucrose  0.058 M Sucrose 0.058 M Sucrose Sucrose + 4% Ficoll70
Tris, mM 250 250 250 250 250

Citric acid, mM 88 88 88 88 88

Glucose, mM 47 47 47 47 47

Sucrose, M 0.1 0.1 0.1 0.058 0.058
BSA, % 0.5 0.5 0.5 0.5 0.5

DMSO, % 6 10 16 10 10

Ficoll70, % — — — — 4
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(i) WP = AR A BR -
T SRR 4 (S BEREAY S5 — P BRI ( TCG ZEEER N 0.1 M sucrose, 0.5% BSA » it 54122 2 FiiR )
JBCA SC 7K 120 min J2RE A K 5 2 1%57 3 X (K 10 min ) JIAETHSRFER F 5C 255 " IR ELfikE
W [EHAERSTE fy A TR 2 % BIRETRHARRE 10 £% - BRI SRIERA 025 mL 28 » FLIE O
> 1E 5°CAFHF 15 min & - DURREARMR 10 min - 22 SRR ETERE > BFEEDS L
B ZE A SRR E R RAE E A -

2. WPEEES AR T

Table 2. The composition of the 2 steps extender

Second step extender

Ingredients }::;rtsf;[ns(;?rj 4% DMSO 10% DMSO 16% DMSO
+10% LDL +10% LDL +10% LDL 10% DMSO 16% DMSO

Tris, mM 250 250 250 250 250 250
Citric acid, mM 88 88 88 88 88 88
Glucose, mM 47 47 47 47 47 47
Sucrose, M 0.1 0.1 0.1 0.1 0.1 0.1
BSA, % 0.5 0.5 0.5 0.5 0.5 0.5
LDL, % 10 10 10 10 - -
DMSO, % - 4 10 16 10 16

V. IER R
FERETEREEM T2 > BBRIA 37°C AR NZL 30 s B¢ S0°CHNZL 10 s » BIBAZE » fEABRETAR] -
ERE RS R E B LE R -
VL &Etor i
sl 4E F DL SAS (2009) EASHUAS (SAS 9.3) #EFTHET /3 A o { FH — R4 5 =042 P (general linear model
procedure, GLM) #EFT8 5347 » FELUE/INE T35 (least square means, LSMEANS) FR#gHZ=E » iDL P < 0.05
FREBEEER R -

| Pl G2 S
RAFREREE H (0 BEAE SRR AT 10 HIRZE 2 HdA) > slBRIEILEREE 18 AR - #af « RE - /58
1~ FEER R TR E SRR 3 -

3. EEERR AT O RAE IR (CHEME £ EERERE)
Table 3. Characters of freshly collected New Zealand rabbit semen (Mean = SD)

Volume, mL Concentration, M/mL Motility, % Vitality, % Progressive motility, %

1.2+04 672 +366 69.5%15.1 62.5%13.6 31.1£8.0

I AR ERS M2 DMSO s R
LLTCG EXBEMRER > 7300 0.058 M sucrose ~ 0.5% BSA Wifd 2 &M < R IRER - SRE—DERLHE
EEEURIIARFIRIE Z 6 ~ 10 ~ 16% DMSO il 1% R kg T MR 2 s B G RANE 2 For - SUBa&EREUR > 2
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10% DMSO 1 £y /2 HERERE: 6% K 16% & HfRHI%IE T2 /&8 )] (28.61 £ 3.59 vs. 24.84 £ 3.75 vs. 22.79 £ 4.41)
FAEFHIHE(E (7.37 £2.03 vs. 527 £ 2.43 vs. 432 = 2.45) M8 A TLi 2RI (P < 0.05) MM FE/EEHH
U 16% DMSO ${H (15.38 * 4.14) Bz HAth MifEE (S (P < 0.05) > i 6% DMSO K 10% DMSO FiZ (20.42
+4.84 vs. 21.69 + 6.12) fiEZAZ =5 - HUR 10% DMSO Ry i 22 B OReER 2 NI (B 2) ©
L. S B — 0 BRSO IR A i B (A (A M

& DL 10%DMSO fF /% BRERERING  FIFH B0 B4 B 2 RIS R B R AR S RG4S - B %
5 TR s BRsS AR 3 PR o G55REUR - BEZRTLS BRI SOCIER 10 Bh4H (50°C 10 s) » 1% 215
FEE) ST (30.36 £2.24 vs. 20.87 +6.17) ~ {755 (31.83 + 8.8 vs. 27.18 + 8.08) K HHE(E (24.56 £ 5.6 vs. 15.24  4.4)
BB 37°CAEH 30 #b4H (37°C 30 s) Rilfiesfiat < B 22 52 » (HAIAEE#SS - NI R a5 2 AR Bk DL
50°CYE 10 s HyfRME-#E1 T -

% % %
35 30 10 a
30
25 g 3 b .
g 25 <20 z
> 20 = B 6
£ 215 E
8 15 8 3
o > 10 g 4
10 g
)
5 5 E 2
0 0
6%DM0  A0RDMSO  16%DMSO 6%DMSO  10%DMSO  16% DMSO 6% DMSO 10% DMSO 16% DMSO

2. A[EIRE DMSO $#/% R R APER B RS T/E8] ~ FER R TAnEEFZE -
Y RN E R (P<0.05) -

Fig. 2. The effect of different concentration of DMSO on the New Zealand rabbit sperm motility, vitality and progressive
motility after frozen-thawed procedure.
“® Means differ within groups (P < 0.05).

% % %
35 50 30
30 o=

40 £

25 z

2 ~ £ 20

> 20 £ 30 g

£ 2 o

515 s 20 2

210 > g 10

="
5 10 g
0 0 0
37°C30s 507 10s 37°C30S 507 10S 37°C 30s 50°C 10S

3. R [EIfRADR IR R A TE R O 2 SRR R 2 TEE ) ~ TER KA ER 2 -
Fig. 3. The effect of different thawing temperature and time on the rabbit sperm motility, vitality and progressive motility
after frozen-thawed procedure.

IV. BB RIRIE T - SEIR2 A S A IRER

A& 10% DMSO B2 0.5% BSA 2 TCG fF Ry u kit B — 20 B 0S A 2 BLRig 2 BRI » I %e 2 MR
H sucrose BEHSMANIIA 77T Ficoll70 » ¥ A2 B s 1% ks T IR Ay se B4 AR 4 P » H o fERR R
KT EEIAYERES F 0 70 0.058 M sucrose 4H (40.19 £ 7.1%) » H83 (P < 0.05) =270 0.1 M sucrose 4H (33.35
* 2.77%) DL R [5] B 7% 11 0.058 M sucrose B 4% Ficoll70 4H (33.35 + 3.33%) > H /A 0.1 M sucrose 4H Fil [&] B /75
1110.058 M sucrose £ 4% Ficoll70 4H = [e] Al e 51 2 75 52 - R0 > 2 W AR IR KE T IF BB A AT EE - AR
0.058 M sucrose 4H ~ 711 0.1 M sucrose 40 5775110 0.058 M sucrose i 4% Ficoll70 4H47 Al By 31.45 £ 6.6% ~ 26.5 £
3.84% ~ 31.38 £4.36% Bl 1523 £2.77% ~ 11.99 £ 1.47% ~ 13.58 £ 3.37% » LRI HEBEEN SR -
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V. {5 PP BT TR HE T IR TR R AR

LIFH% LDL ~ DMSO JRJE KA1 4% Ficoll70 B aH & pl A FEIFGFRIRHAC 7 (5 AR 2 ) HEFTRIPE B ki

R GEERANE 5 FR o HrfU2 B RIRHS TEE /I 2L 16% DMSO + 4% Ficoll70 4H#AE ffF: (20.57 + 4.4%, P
<0.05) ; ZAMAERRERIGAE TR ER A > RIZELURI 10% LDL AYRi4Hf (# (34.48 £ 4.9% and 31.79 £ 2.16%, P <
0.05) ; SSfEfE T AIHEME T » 4 SHEAREIE 725 -

VI &R [ELEE 2 DMSO il i miig ek e 2 o2

P& 6~ 10 2 16% =fEAR[E DMSO JBE >~ TCG A HMikER @ LIRS HIRGF 2 /D 7 KiEH  RtF

W FE3TCRHCE 30 ~ 60 ~ 90 J 120 min ELERMHTEIEEN )T ~ F0ER FOiE FRI#E(E 2 45 R0 6 Fon o 4558
7R > A& 10% DMSO 2 TCG /4 MR H 1% 2 RAE T1E 37°C F I E 90 min i o] fRFEFHEE S 74 HAth DMSO 41
B TEEN )T (28.72 £ 4.74% vs. 25.09 * 3.42% vs. 20.86 + 2.77%, P < 0.05) Kok5 T-Hi#E(E (7.91 £ 3.28% vs. 491 +
1.62% vs. 3.22 £1.33%, P < 0.05) » HIJEGHEE MR o MffERERE 37C FE 6~ 10 K 16% DMSO 22 TCG £
SEE 120 min RIS T 2 I EREME 2 208 TIFE] 22.4% DT - ﬁ&?ﬁ“ & 10% DMSO 2 TCG 40> k575
JIEARTHE(ELE 37°C FICE 90 min 1&H FFEFEA IS, - (HEERET = > & TCG /Eﬂfé%%/&thz DMSO &8 5 6 —
16% B > /S I RIRITRMERYERE 37°C M 90 min H B IS (L - I - AR ARIER - fR
FiR 3TCHIRF IR B AR - TEG ST N THOEIRIE » DIMECRIERE - H & 10% DMSO #Y TCG 5E491F 37C
H{RFF 2D 90 min FHEATETIETT T ER KNG TRIEES > REUES G REC TR R EEE -

Motility (%)

[ 4.

Fig. 4.

Motility (%)

& 5.

Fig. 5.

a

2

%0

b b

% 5
2 10
10 5
00— — 0 0

10%DMSO + 0.IM sucrose ~ 10%DMSO + 0.058M 10%DMSO0 + 0.058M 10%DMSO + 0.IM sucrose ~ 10%DMSO + 0.058M 10%DMSO + 0.058M 10%DMSO +0.1M sucrose ~ 10%DMSO + 0.058M sucrose  10% DMSO + 0.058M sucrose +

®
xR

Vitality (%)

Progressive motility (%)

sucrose sucrose + 4% Ficoll sucrose sucrose +4% Ficoll 4% Ficoll

ARRIRSEN S RS R AR 5 R TEEN] - SR KA E P E
* FORWAHRT A B R (P <0.05) -

The effect of different no-permeable cryoprotectants on the New Zealand rabbit sperm motility, vitality and
progressive motility in one-step cryopreservation method.
®® Means differ within groups (P < 0.05).

%
50 %
20
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§ 20 (3
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8
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s .
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0
10% DMSO +  16% DMSO + 10% DMSO  16% DMSO + 4% 10% DMSO +  16% DMSO +  10% DMSO  16% DMSO + 10%DMSO +  16% DMSO + 10% DMSO  16% DMSO + 4%
10% LDL 10% LDL Ficoll 10% LDL 10% LDL 4% Ficoll 10% LDL 10% LDL Ficoll

LAFPE B TR TR AR EU2 3R IS A FEIMREREC T BN 75807 ~ SR Ff TR E 2 28 -
YRR A E R (P<0.05) -

The effect of different extender formulas on the rabbit sperm motility, vitality and progressive motility in two-step
liquid nitrogen cryopreservation method.
“® Means differ within groups (P < 0.05).
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Fig. 6. The effect of maintaining thawed New Zealand rabbit semen in TCG with 6, 10, and 16% DMSO at 37°C for 30, 60,
90, and 120 minutes on sperm characteristics.
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1 b 5T S B — P B AT E AR 4P B 1 i 2 R TR B R Ry 2 2 MR % A IRe€ R DMSO HY B fE(E
FHIEE s 10% ([ 2 ) » FEDLRE N E A2 R 7 S A5G E 25/ Y > BEEL Rosato and Isalfaldano (2013)
HIWFEAHFT (10% DMSO > 5% DMSO > 5% DMA) « 1% » FIHEfTE (e A0 BB AT HIES - SRR BRI
fEFIBAE R E T ERE - AR EMEUER R - 2 M BRN R aa T » SRRV ERRGS BRI E - 18
BRI ] 2 M8 R AR 2 IR/ N K S B daRR L (melt) BEEHACA K, - ILAE RS SIRS - FEEE T
M Rz AR R 2 P g RUEAR o o iR P A4S SIS R - AR D RUK SR - sy i T 4RAEA
V% (Watson, 1995) o /S BE /R R —EDEE 37 — 39°CE S0°CHIT 10 £ 12 s » EEBEFHRESAER] 70°C #ET
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Rosato and IsfTalfano (2013) f5H /£ BSA fZ4F [N » 700 0.1 M sucrose 5, 0.05 M sucrose 281834 8 » HAEH %
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10% DMSO 2 0.5% BSA 2 TCG {E Ry 2484 M RERIF AN 0.058 M sucrose 4H /% R Gk /i i % 2 k5 15 183
SN HT 0.058 M sucrose FFI_E Ficoll70 LLR AT 0.1 M sucrose 527 4A-&AALL -
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Abstract

The aim of this study was designed to identify a suitable freezing protocol for rabbit semen by comparing the effects of
different operating procedures. In our study, pooled semen was diluted 1:1 or 1:4 (v:v) with a freezing extender composed
of Tris-citrate-glucose solution [containing 0.5% BSA (bovine serum albumin) and 0.1 M or 0.058 M sucrose] and 6, 10,
or 16% DMSO (Dimethyl sulfoxide), 4% Ficoll70 or 10% LDL (low-density-lipoprotein) after cooling down to 5°C. The
semen suspension was then loaded into 0.25 mL plastic straws and equilibrated at 5°C for 45 minutes before freezing in
liquid nitrogen vapor (5 cm above the liquid nitrogen surface). The sperm characteristics evaluated after thawing were sperm
motility, vitality, and progressive motility. The best results of rabbit sperm freezing could be obtained by using 1:1 (v:v)
dilution with the freezing extender consisting of 10% DMSO which contributed to the sperm characteristics after thawing of
motility (40.19 £ 7.65%), vitality (31.45 £ 6.6%), and progressive motility (15.23 £2.77%).

Key words: Cryoprotectant, Rabbit, Semen cryopreservation.
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