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SR e ORI B AR R 2 RN 2 R P2 K B

A A RHA LR E RS LB

FRECY BBRBL® FFRE Y BREE O

WelbH s s 2 5 13 0 #2115 F3 5 13 H

W R

KB H 0 B R R I T RO S W S B R A B MR~ 20 - $R 2,664 €2 42 7 [ (AT
EHE o ST R 3 (EREERA - 4RI R R4 (EHEETRE ) - ML AR (phytogenic) P ERAH (EEBEATREIRN 0.2% HRES
FRAE I AT ) R & 7 (photosynthetic bacteria, PSB) J B4 ( H2 T K7 1T 0.2% &7 /NAL U (Rhodovudum
sulfidophilum) 2 Y51 ) » SERHA R 7 8 - AR 3 TIE 45T 296 € » FRITAISLE (HAOK - AR SEbRAE -
46158 - AR S 4 5 6 R T HEIEE » SRS ERIE 6 E - AUEEALE 18 HE - WEHES
B - HABRIMA 5 S B 7 B S EIEAEIER RS A IR T R - SR 0 OR
11 0.2% 1 A= FRIPRFENAH > AR RS K SR (P < 0.05) + A 0.2% {2 THIER 0.2% e T BHAR > & F A &
SRISHEE B R4 (P < 0.05) » BTRHREERITI » LA AP AR S0 4E S (B 4 (P < 0.05) » B303fE 9% - R4S
W BT (R B 0 T - TE AT T SR 0.2% f A IR ERAE > T ALAN ZUBRTEE - A (T B
ST ELBEEE B I IRAE (P < 0.05) - ZATT » = (B HEAF H 6 > WPEas e B RS & BRI 75 3 - S L) BTt
BERRRN 0.2% AREEHR M J ML L IS W NAL TR I & THEFHE IR - SO R SR i B > B
B R FEFE B 7 -

R B - B EEMER LA - AR -

i

SEANBERYENEYTHEERYIRE, —  HRESASEIVEER - e HEEZRE alEE R 25k
R — o FHEESIERERE f 216 — 240 mg (Bair and Marion, 1978; Watson and De Meester, 2023) » HH7A i & e &7
FhHRGGIREE B4 O 229 (atherosclerotic cardiovascular disease, ASCVD) 2 FEIEV BT M4 — B 1FE(F 5% (Spence et al.,
2010; Rosenson and Song, 2019) » E{F A& IR 2 HEE RN AL & » R RIE SRR 2 & 2 Gk 88 Ty R IEm 4 -
LT Z BN R > (HREEREE SRR —  BURRE T IEHERE (5] > 2004 ) 5 5540 » RIEERE » YRR > &
PHECAERET Bt - W BRI RFE S RIS R E R E AN B RIEL el e T 7 SR i 7 SRR Bt H B[R R A A 2 =
ERULLE - LR EHE S HEE ARG IR TN EERE - PEEAGHRESFEENELE - SEEZTEY
E o FH SRS EEEINA (F T > 2006 #2006 ; 5 > 2006 ) - IR A I ERIIAF] R gEEL ~ b
BRI )T ~ TPEERLZHIYISHEIE SRR LR S S E 2 'L - (REAR - B - RAEERRREREIE
(PRBER > 1996 5 7E5E » 1996 ) » 5 tbrp 5rg « Folsl LR ZAAE Y o] A COUHE B 5 72 R U AE ) i 2 B AE | (Windisch
et al., 2008) » BECEEREEMEIRIITIVRE L — « SH—HH » FEEGIEE R S 2SRRI AR B A T AR
HZ 8 - FEREE TP HE B S e NS A (saturated fatty acid, SFA) HY#RHUEL O S B Y3 R & VIAHRER -
PEETH B SRR B H R S 2kER - IS IE S IR RS AL Al A B B E VP B R E 2 - Mk EH S HREN
NRE R SN TR BRI BRI ELREAOR - 8EA ORI - BEEEA = SN E B AR S H & & (Kritchevsky
and Kritchevsky, 2000) » {HITHFAAEZEE HE 2 HE BT 2 B RIBEEIEESETEE (2024) ERER > £

|

(1) B eFIRE BRI 2 -

(2) BT H B ER YRR 21

(3) FEREEaRIETT L -

(4) #EN/EF > E-mail: yh7chen@thu.edu.tw °
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2012 FEEEE A JHE 17.0 kg (4 283 eggs/person ) 5 FA[M 2023 45 A\ JHEr 22.0 kg (4 367 eggs/person ) o [K[HHEE{E
{RAERERE & 2RV E R HE B AN FE R PTHARERY -

H A ZE g ORI R e (S ELATAY HMG-Co A E 78 (Hepatic B-hydroxy-B-methylglutaryl coenzyme A) ~ HE[EfiE
Ta- FALEF (Ta-hydroxylase) ~ A5 H I 5 RIBR FE 2 748 0 & A [E] 10 3 A= (Qureshi e al. 1983) « [MERE 1% DL E
K N B e oh 1] R = EEE 2 & (Sharma et al., 1979; Chowdhury ef al., 2002) - Chowdhury et al. (2005) 1£
GAlKE R AN 2 ~ 4 ~ 6 B 8% HYHZKE M IR S i GEEDIAVAS R - EREETHE R0 2% AP EE - AEMIEHE
] P R 2 e P T e 7 1) T B 1117 1 8.55% (i Ke%s » 2005 ) » {555 (2003) (i 4R ES ~ BARR ~ LA ~ il ~ E8F
BT 111 K7 S5 FT A AR D7 AN SR ZE G > 4K 40 KRR 3 I v [ R AR S MEEIAE 2 & DU PR RAE RS Ta- FYLEGHY
JEME o 5248 0 Salma et al. (2007) BHZTEEH S LR TR0 0.04% YE&H (Rhodobacter capsulatus) A [F{KE = H =ik
HIHEEPEEE RS - SRS - % 2001) DLE 5% 2 FEEEH T2 10 X2 1% - AIAHIIEREE (0.37
mm vs. 0.44 mm) » HUZFE ~ $ERT ~ RE ~ BT SEE4H Rl AVE A TSI Al F B 2R 0.22 — 0.4% (#6855 »
2005 ) o ¢ FAEER > B AW A AR RIS S E N E R R A T R E 2 AR - AR DR Ky
AR O FEA H AR R ERE ST (PRSE > 2007 ) > Gl 0.5% HREEFR R J7 (5 - RERe Y B hn H A2 =i < biag
JHE CI£55 > 2011) « EPADREERAE 77 BIERT NALINE 2 Y& BRI SR R iR o] S UUEE E e A & 2 s
TP B LR > SME ERIRIRYECA » RELAHSE 2 B W R R AR B AR R 78 AR T B g i NAL O
A BN E E R E AR R

M E
I FEAREE S EACHR
A AEAR B EFED AR AN EREES s LEaFEMREEL TEMAMEE hREI FEiE s —
(g /INAL N (Rhodovulum sulfidophilum) » EHEFE RS 50 K A H K& 10° CFU SEH + fHA R A IE =& A
EENEIVEREY) > TAORMEREMIAT « 5550 - IREER - HERISEREUME 70% > BEdssT - EERAZHAIE
30% ( 27 4R AR/ ] o https://www.twinen.com/item.aspx?no=12865900 ) -
I sEEnyelstinsts
BB ER A 42 il 0 RN ERE 2,004 € > EH TR 3 EE A - SRR 3 1 - FEE 296 & - 5{ERs A
Ry o BIHRAH (FERERETRE ) - FHAERIAE ORI 0.2% HREEFRRE ARG R ) ~ SeEEH (ORI 0.2% YeaEmR ) &
3 TEAAREpE AT o SR HAIL 7 4 o SAER AR AT Ry e aaE - 2 CEIRE fy 2,820 keal/kg ~ MHEEHE Ky 17% ~ §5 4%
DU AT HI R 0.5% 5 Gt vf — M B B2 AH 5 oy 2 B E AR B BB o A B g 5+ (2000) Fratt 5 0EME =~ > o #r
BHAFE 1 Ao > GERHAFUKEIEENE > (R ZE R E#ERE (K 40 cm ~ & 46 cm -~ FijS 39 cm ~ {& 15 30 cm )
fiE - 4 SR8 - FHEIE 17 /N\iF -

® 1. ABRETEETE S BT T E

Table 1. Analyzed values of nutrients in basal diet

Nutrients %

Moisture 10.98
Crude protein 18.38
Crude fat 6.00
Crude fiber 3.01
Calcium 3.70
Total phosphorus 0.77

* As-fed basis.

ML $RERE
AN 45617 SEEWSEE 6 > FEHEL 18 > (UHEHERE - FERUER - ERRE
€~ EeE > HNEESEZHEKESILOSE (Roche Yolk Colour Fan, RCF) o MiatEREs 7 # s {R{FH -20C
LUN » il EEiEE R =R R e & - el 5 5 20 7 B SHNEEEMER - 65 EHEE
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EHESESE - HERRa R - fRERER - EF - lERMTRER - WNEBGES et B e 2 5% -
IV. HIETH B K J57%
() EEMIR
L EHEER (%) © sl SR Ebke At S HEER > RUUE HIEZER x 100 -
2. EHERHR B E (2)  BEKHBEREMESEE R RE R - MERKEHEIReE -
3.EHEER (9 EHEERXEH (9) -
4. gl (fRE / EH ) | TR H SR — B fRHER -
5. BHER (%) - FFHEEEERLUE HIG#EE x 100
6. JGAER (%) - BHGHE (R ESHAEAEERENEZE ) FRIVE H/EHEH x 100
(i) FEmEZME
1. &
(1) E =R e 1 = HH B R E
A FEFEAEEREHL
ftc Folch et al. (1957) 2 JiAMSIMETE » PERATT
FEPE 1 g BB EROE T 800 10 mL 2 & {)5 (Choloroform, HPLC) B HAFE &7 (HSTELL
F2:11>%0.01%BHT) > ?ﬁ{ﬁﬁ’}i"{]éb}% (POLYTRON PT-3100) 10,000 rpm JCAIEE 1 4388 » HEIR
FALA 2 mL 2 0.73% BE/KER » BEES 10 738 - DL 2Ee 0% (Sigma 2k15) 4°C » 12,000 rpm
(10,500 x g) Ffe:Ls 40 4368 © B LM% > HU N @S 2 microtube S 500 pL o FEHHA -20°C HEHIE
B. (53 M E
B e o v R AR [T P B = e TSRS 2 HI7E > 2 A Human (Germany) 4B/ F] A 7 2 HIEAELH
(kit) » {50 P EE L T 43S YL ST (Hitachi, U-28000) #ETHIE -
Q) E=EFENE
FIFERESLOBEZNE  SEESTHESBENA® - DEERESILESS (RCF) HIZHAE - #
FH 1215 B RREREEBIOIE
2. EEL
(1) EFRHE YRS
PIEE T-EE =0 BE JJ#% (Hung Ta Instrument Co., Ltd.) $2ACAHREERYEY: » 25 50 mm/min H & > JlwH5EA
FIE R AR ZGRIE (top force) » BAA DL kg/em® TR o
(2) ERHRIEE
fi< Nordskog and Farnsworth (1953) 2 J57AMIE 2 « ARSI ~ Rl AR EE &I —/NA - KFRERR
1% DA H 20RIEs (FHK) SIS (mm) - SEEN=ENEE 2 S - BUAERRER -
(3) By EFEEFLE (shell weight per surface area, SWUSA)
SWUSA & kT EHR LY » REEE N EHRIEEFEE (Curtis ef al., 1985; Izat ef al., 1985;
Harms et al., 1994) » H /A0 -
SWUSA = ( E#ZE x 1,000 ) + EAEAFEHE
Hep o ERFRERE =3.9782x W™ W BEH (g) °
IV. &Etori
AR 58 12 ELET (Completely Randomized Design, CRD) » silBgFfits B LASRET 7317 Z:47 (Statistical
Analysis System, SAS, 2014) E4EHEEEITARET 04T > (5 — %4 4L (General Linear Model Procedure, GLM)
HETTETT 0T > FLABNE R 2 RO (Duncan’s New Multiple Range Test) EL#g g B E Y722 SEIEE -

e RN

L EEMER
AR ZEAERRNDLEEHEEREOREER - EHEER - EHEER - (PREIE - EHERIET
R FIRER 2 - SR - fBEER L ENRABLMEARIRHAR(E  SeeFEHHReaERS
R 2 M B AR 25 (P < 0.05) & HEERDIE AR BB S i ¥R (P < 0.05) » fHARIEREILE Kot
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BRI & HEERABIAHILE IS EER 4.1% ¢ gPRHRERITH > DUE A B AH B (B B0
&H (P <0.05) » UHE 9% ¢ SEEAE S pa B P IERE 2 5 ([BAEAR ROt S E B AR IRt e 2 35 -
BEILRTTH > S MR 2 R o (B RE A AR IR R 2 -

*2. EREPRIEARNDLEEHEEEEER 8

Table 2. Effect of dietary supplementation of phytogenics and photosynthetic bacteria on laying performance in laying hens

Items Treatments SEM

Control Phytogenics PSB
Daily feed intake, g/bird 94.06° 89.67° 96.05° 0.04
Hen-day egg production, % 79.64° 82.90" 82.87* 0.67
Hen-day egg mass, g 44.42 46.41 46.96 0.83
Feed conversion ratio, feed (kg)/egg (kg) 2.12° 1.93° 2.05® 0.04
Egg weight, g 55.78 55.98 56.66 0.71
Mortality rate, % 1.35 0.90 1.46 0.31
abc

Means within the same row without the same superscripts are significantly different (P < 0.05).

Phytogenic: Basal diet + 0.2% Isatis indigotica root compound prescription.
PSB: Photosynthetic bacteria; basal diet + 0.2% Rhodobacter sphaeroides.

1L

RilBptEARR A e S & H EER R St RHAER » IhEER B E K5 (2005) £5 H E E HE kR R
1l 2% FHfpEE ] R E M EER S FIEE S 1.67 fl 4.95% - MERHAE R O[$E 5. 4.65% 2 AREFHDL - AT AZES
BREUT AR T IREEESR - ARE A RE A DA EEIRE )7 2 EE MR 2 M > VAL Z &R - f
A1+ 55 (2006) 35 & FEERKE RN 0.2% G2l (FfC T E 2Ry 2 — ) Bod 0.3% HEf T2 6.07% EER > H
REEMEAEER ) % (2005) f5HEVEFE ~ IBIKT ~ RS - EEEHMAHE AR SBERZE RN INE/RE
(0.25 ~ 0.5 1 1%) AI$E S EEHRL 4.25 — 6.35% ° {55 (2003) RN 2% 2 SRR ~ BB ~ L& ~ 3Kily ~ &5
TR 2 P dH R AR 7 s EE R kR mT 2 5 9.42% FEEERS 5 AR (2009) 5 H EalkE A0 5 5 30 ghkg s=E R 5
15 5 30 g/kg Ml HE > Tk 61 — 80 HEE#H v E HEER - fEAHE T » DARERE T 2 EAR S ZE
ERAIRE AN N E Z AR - RR%] (2009) DUAEERAH [EIAVAR EEARAE 7 2 8 A 75 6% 6] 2 € m] 0 L o o
liff — [ (Estradiol, E,) 5 B)j%#2 (Progesterone, P,) & & - E, SHETRE A ~ ROENUNEN R - BV UNE 4
B > BAMNE, RS S IaEIEE ARSI M P, s EINEPEHINE » IR EmINERRESNEE
(Mishra et al., 2019) ©

EHRER02% HEE A HMINEHEER LB (2004) 15 B EHEER I (64 BE) A12%
Rhizopus STV AR S EER 19.12% AHEUZ &R - LEE e EERE HEESR - JMEERER SN
ZOREAHRE o HERIEEN (2004) BREEIR 0 YCEE 2 — Rhizopus S5 ZEEVY) - vl EEEFRT IS e R B EVE =
(follicle-stimulating hormone, FSH) & {2 &5 #a4E % 2= (luteinizing hormone, LH) 27 J&2[F - Salma et al. (2007) if75$5
t o EEHEETRE TR0 0.04% SERELLLNE (Rhodobacter capsulatus) ¥ FEFE VRIS EE o (HE R (2002) > & #E
FARE AN 1 — 3% REIEFDOEEHE IR =4 10% EER o ¢ Ltpr AEARIEYEEE 2 sk g 383l E
HORIEN IS > RlEERT G » BURFEEiE AR EER 7 = E 9 E (dose-dependent) FHRH (%

S ARG E A B AR BEAR 2 07 7R o] S B RHR A R LB AT AAR UL 2 s A E S (1996) [ A R fEiE
RN IIER 0.5% K » 377 | (HZFENEFAFEREEHAR ) (IR EER 5.6%  ftHERES
7.57% 5 J7 2 (HHIER TR B S5 PS4 ) FTDUR S R 6.35% @ fRHRESRE R 7.17% © AitEa R Edrk
(2009) sHEAFE AN S B 30 g/kg wE K 5~ 15 5 30 g/kg #liE A > AIEEE 61 — 80 Ml SR %~ G RHRE AR 7 45
SARML o tEAERI TSR RHAER Y FTHFN Y — » BEAH T EERGERER S MRS HEE T ZRUL - It
T fER (2009) DA ERAH [EIMREERTE 77 2 M A BRI 278 1 2 aaie 2 s Ba 80U > AR g e+ 45
15 ~ 2205 BOERG 2 EETE » IREE S S S R E R 2 LEAE RS EEE -

(i) &
ERET R AR SEARRD S B HERLE C P8 JINER 3 - SBEERER - ERENES
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EEBIE S e Bl 2 S 2 2 - BRI & B M EE = i S B S B M 2 -

*® 3. ERTIAIIEARIDt RS EERE R wEH P8
Table 3. Effect of dietary supplementation of phytogenics and photosynthetic bacteria on yolk quality in laying hens

Items Treatments SEM
Control Phytogenics PSB
Yolk weight, g 14.42 14.57 14.71 0.14
Yolk wt./egg wt., % 25.85 26.31 2593 0.20
Yolk Cholesterol
mg/g yolk 15.63 15.14 14.59 0.24
mg/yolk 221.93 224.73 217.43 3.97
Yolk triglyceride
mg/g yolk 231.39 223.67 214.65 7.58
mg/yolk 3,218.5 3,306.0 3,207.7 108.59
RCF value 9.33 9.65 9.76" 0.10

“® Means within the same row without the same superscripts are significantly different (P < 0.05).
RCF: Roche Yolk Colour Fan.

Phytogenic: Basal diet + 0.2% Isatis indigotica root compound prescription.

PSB: Photosynthetic bacteria; basal diet + 0.2% Rhodobacter sphaeroides.

KB EHERE AR e EiEH S PEERE K =B H HES S8 TE 28R - FRERTAS
AR —E B0« 8 e 1% DA EAGFRi i B g aa ke o ] [ A S E &I R¥ & & (Sharma ef al., 1979; Chowdhury
et al., 2002) ; 2= (2004) DAAT R 3 T = VAN IS SR 2 AR 8 3R T [ RE S IEEIE 2 & 6 (2004) 11 & 2 i
F& RN Rhizopus S5 TEEYI A AIGE R 5 Salma et al. (2007) ZEZEGFE RN 0.04% Rhodobacter capsulatus
EEFERERE D =R BB E R 2 & - RIS AR S A BRI & E e & 5 P B E EE R
=R H MRS E T R AR BRI AR BRI & 2 A EIFTE > B DARS #E— 2 alEm DU = A Bt A= A
M eE BRI 2 B 2k EEHH I e 2 BRI ©

TEEERESILEREE (RCF) JHH » AR KA ER A EE S IR (P < 0.05) - §F 5 TEHE
RPN EER - fHARRDEE R A AN INESEBCNIER - AEZERIERS - QI HBEEHBZEIBEE
(5 > 1999 ; 5% > 2001 5 Salma et al., 2007 ) o ARZEERNIIE AR & E R A Z 90 BUrE
ARRDEEETEABHEGSHEOE RN INESEC Y BN SR8 HEEEERE
HIERE » KRB SRR OHIES (Karunajeewa ef al., 1984; Fluck ez al., 2023) » HAAGERFr(E AR IIY)
AEEENEONE ARG TS FOHEEIIFRK -

(i) ik

AN S EEEEHER S 222 FIFE 4 R o (6% 4 §55880R 0 RI00.2% fEA IR A
RG2S (Egg shell strength) ~ BEi7 [ fE &% 5 (shell weight per surface area, SWUSA) BAZEF4H 47 EEYS
B SN HIRA (P < 0.05) 5 A1 > EEREE ~ ERE - & H /7L (Broken egg) BLG AL EFE MR » £%&
PRHAH 7 A 72 AR -

—fEE - EREEEERRE 2 TFAHE (Romanoff and Romanoff, 1949; Chen et al., 2024) » 2R » A&,
Epte A= IR FRAH 2 BRI RS SIS 0 > Al TR = B O T 2 AR o M T REAE AR R = R R AT EL
DRI A= 71 e PR 4 2 S K RUAES (size) » M A B BRI R ABEEREEAN I > SESHEENEREENY
e ABERERANSE » DRI EIEAYEA © fik Zhang er al. (2006) 5 HEEE &Ry 2 —8i% R (flavonoids)
] N5ERE B A 5 2 UL > 21 (2009) BEFTINEUR 0 14 EERHEREACT TS 2 EEE A RN ITIER 0 2 0.8%
A0 M E SN - B EARIEE T AL iR SR PR E B oy bh n RE Y 58 A5 28 5L
REJIARH - REI (2009) B (2011) WHFTFEH - DABAKEARN 0.5% SR EEAR 48 J7 ks R EE 2/ NG A = 1Y
£ ARG EESRUT - SR EA HARER » G40 : FEHE AR s & e % > 2011)
A E A CHIRRE DR S ER AR E T » (EEERAEHIREE » YIS RAEENEE
A EFEHI AR HE— PR AT -



FREC B SHRE BREE 282

F4. GREFINIEARRNDE SRS E SR SR E L 28
Table 4. Effect of dietary supplementation of phytogenics and photosynthetic bacteria on egg shell quality in laying hens

Items Treatments SEM
Control Phytogenics PSB
Egg shell strength, kg 1.39° 1.74* 1.61° 0.10
Egg shell thickness, mm 0.302 0.309 0.309 0.003
SWUSA, mg/cm’ 66.44° 68.59° 67.50® 0.71
Shell weight, g 4.51 4.62 4.65 0.06
Shell wt./egg wt., % 8.10° 8.38° 8.17% 0.11
Broken egg, % 1.17 0.93 0.85 0.22
Polluted egg, % 1.39 0.97 1.47 0.18

“® Means within the same row without the same superscripts are significantly different (P < 0.05).
SWUSA: Shell weight per surface area.

Phytogenic: Basal diet + 0.2% Isatis indigotica root compound prescription.

PSB: Photosynthetic bacteria; basal diet + 0.2% Rhodobacter sphaeroides.
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Effect of dietary supplementation of low-dose Isatis indigotica
root compound prescription as phytogenics and Rhodovulum
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Abstract

The purpose of this study was to evaluate the effect of dietary supplementation of low-dose phytogenics and
photosynthetic bacteria on laying performance in laying hens. In this trial, 2,664 birds of 42-weeks-old laying hens were
randomly allocated to 3 treatments: including the control group (basal diet), phytogenic treatment (basal diet added with
0.2% Isatis indigotica root compound prescription as phytogenics), and photosynthetic bacteria (PSB) treatment (basal diet
added with 0.2% Rhodovulum sulfidophilum of photosynthetic bacteria (PSB), for a seven-week experimental period. Each
treatment consisted of 3 replicates with 296 birds per replicate. Four birds were housed in one battery cage. Feed and water
were supplied ad libitum. Six eggs per replicate and a total of 18 eggs were collected to measure the egg quality at the 4",
5" 6" and 7" week after trial. Laying performance was recorded from every replicate daily between 5" to 7" weeks of trial.
Mortality rate during the experimental period was calculated after the trial. Results indicated that the phytogenics treatment
(0.2%) had lower feed intake than that of the control (P < 0.05). Moreover, dietary supplementation of phytogenics (0.2%)
and PSB (0.2%) treatments increased daily egg production (P < 0.05), compared to the control. Phytogenics and PSB
treatments had higher egg production than the control (P < 0.05), making an improvement by 9%. Both phytogenics and
PSB enhance yolk color. With regards to egg shell quality, the egg shell strength, shell weight per surface area, and shell
percentage were higher in the phytogenics treatment than those in the control treatment (P < 0.05). However, the mortality
rate and the content of yolk cholesterol were not significantly different among 3 treatments. In conclusion, based on egg
production, feed egg conversion, yolk color and eggshell quality, the dietary supplementation of low-dose Isatis indigotica
root compound prescription as phytogenics or Rhodovulum sulfidophilum as photosynthetic bacteria may increase the daily
egg production, improve feed efficiency and enhance egg shell quality, with a potential to develop the application as a feed

additives for hens.
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#2. SEpEEEEOME (B %)

Table 2. The nutritional analysis values of the experimental diets (%)

Nutrient concentrations/Periods Starter Grower Finisher

Crude protein

22 — 19 — 17 21.75 18.27 17.32
21 — 19 — 17 20.52 18.52 16.92
23 —20 — 18 22.69 20.75 18.33
22 —20 — 18 23.24 20.67 17.87
Crude fat
22 —19 — 17 5.70 4.26 2.40
21 — 19 — 17 5.95 6.98 5.87
23 — 20 — 18 8.38 9.05 7.41
22 — 20 — 18 7.92 6.40 7.43
Crude fiber
22 — 19 — 17 2.33 2.56 3.39
21 — 19 — 17 2.51 2.52 3.11
23 — 20 — 18 2.37 2.40 3.07
22 —20 — 18 2.54 2.06 1.95
Calcium
22 —19 — 17 1.00 1.07 0.96
21 — 19 — 17 1.05 1.04 1.01
23 — 20 — 18 1.14 1.05 0.97
22 — 20 — 18 1.17 0.89 0.87
Total phosphorus
22 —19 — 17 0.60 0.56 0.58
21 —19 — 17 0.62 0.57 0.67
23 —20 — 18 0.63 0.57 0.51
22 — 20 — 18 0.69 0.55 0.53
Lysine
22 —19 — 17 1.14 1.02 0.97
21 — 19 — 17 1.15 1.04 0.84
23 — 20 — 18 1.31 1.18 0.94
22 — 20 — 18 1.38 1.13 0.92
Methionine
22 —19 — 17 0.42 0.32 0.31
21 — 19 — 17 0.39 0.39 0.29
23 — 20 — 18 0.42 0.35 0.29

22 —20 — 18 0.39 0.33 0.32
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Table 3. The price of the experimental diets (NT$/kg)

Periods Starter Grower Finisher
22 —-19 — 17 17.47 15.07 13.68
21 —19 — 17 16.94 15.67 15.17
23 —20 — 18 19.00 19.00 18.40
22 —20 — 18 18.48 16.61 15.89
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ELEHIE - AL 21 — 19 — 17 4l - (R3S 4551 - 13 Bikly - ME S BiE 2R - Hink TG RETE
B E 2 82 M - ME/CP Lh{EE S 2 B - B TG RENCREDS & - BUnA S s TG
b - B peBleEiE ME S &R - MIFER ME : CP S{EATEE -
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Table 4. Effect of different nutrient concentration on the growth performance for red-feathered Taiwan native chickens

Items 22 —-19—-17 21 —19—17 23 —20 — 18 22 —20 — 18 SE

Live body weight, g

Chick weight 40 40 40 40 0.05
4 week old 502° 517° 519° 620° 8.29
8 week old 1,616 1,670° 1,678" 1,949° 39.84
13 week old 3,122 2,921° 2,998" 3,465° 99.06

Gain weight, g/day/bird

0 — 4 week old 17° 18° 18° 22° 0.31
5 — 8 week old 40 41 41 48 131
0 — 8 week old 29° 30° 30° 35° 0.73
9 — 13 week old 43 36 38 43 1.94
0 — 13 week old 34° 32° 33 38" 1.10
Feed intake, g/day/bird
0 — 4 week old 46.6 455 44.4 47.3 0.79
5 — 8 week old 87.5 93.1 88.8 97.1 2.58
0 — 8 week old 67.4 69.8 67.0 72.8 1.56
9 — 13 week old 150.3° 161.0° 153.7° 120.5° 2.39
0 — 13 week old 99.7* 105.2° 100.7* 91.2° 1.76

Feed conversion ratio, feed/gain

0 — 4 week old 2.72° 2.58" 2.52° 2.19° 0.04
5 — 8 week old 2.20 2.26 2.15 2.05 0.04
0 — 8 week old 2.37° 2.35° 2.26™ 2.09° 0.04
9 — 13 week old 3.59° 457 4.14° 2.82¢ 0.13
0 — 13 week old 2.93° 3.30° 3.09® 2.41° 0.05

Mortality, %

0 — 4 week old 0.0 0.0 0.0 0.0 0.00
0 — 8 week old 0.0 0.0 0.0 0.0 0.00
0 — 13 week old 4.2 1.4 1.4 4.2 1.10

"¢ Means within the same row without the same superscripts are significantly different (P < 0.05).
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Table 5. Effect of different nutrient concentrations on the plasma traits in the full period (0-13 weeks old) for red-feathered

Taiwan native chickens

Items 2219 —17 21 —19—17 23 —20 — 18 22 —20 — 18 SE
Uric acid, mg/dL
4 weeks old 52° 6.8 6.5 7.8 0.51
8 weeks old 3.7 4.0 4.6 3.7 0.33
13 weeks old 4.0 48 4.7 48 0.33

Total cholesterol, mg/dL

4 weeks old 212° 203 190° 209° 6.45
8 weeks old 179° 194° 201° 172¢ 6.21
13 weeks old 166™ 179° 158° 155° 5.31

Triglyceride, mg/dL

4 weeks old 49¢ 45° 60° 66° 4.57
8 weeks old 26° 22° 34° 25° 2.61
13 weeks old 25 27 25 31 2.54

Creatinine, mg/dL

4 weeks old 04 0.3 04 04 0.02

8 weeks old 0.3 0.3 0.3 0.3 0.02

13 weeks old 0.4 0.3 0.4 0.3 0.02
a, b,

1.

¢ Means within the same row without the same superscripts are significantly different (P < 0.05).

JERG MR R A R

F 6 B A FrE BB HE AL BRI AR RS - s BRGS0 22 — 20 — 18 4 VERSE AR
BGERIEE S 21 — 19 — 1741/ 23 — 20 — 18 ZH (P <0.05) » 22 — 20 — I8 4H X VEAGEE /& 3,360 g ~ FBAGEE fy
2,825 g Sy RIERAY 21 — 19 — 17 4H (2,809 g/2,325 @) Kz 23 — 20 — 18 4H (2,974 g/2,487 g) » #H/x 22 — 20 — 18
HEEERING > REOEEEHE TERHEEEE 2 TEH R EIE - sEIP R & 08 Pt 8
& DUEENL AR RREE -

{EHBEAR A T > 22 — 20 — 18 4HEE 23 — 20 — 18 4{IgMIE =Y 22 — 19 — 174082 21 — 19 — 174 (P
<0.05) « FATRERADL 23 — 20 — 18 4HFEZ W22 — 19 — 1740 K2 22 — 20 — 18 4HE (P < 0.05) » HE &
MRS EERY - FORBEFID UCE G RHEHARCR » WA —E R LR A - B A DL 22 —
20 — 18 HEAEE HAM R HE4H = (P < 0.05) » Galfeh2 R HE AR A A i BB Y — 3 > (G QS 70 — 80%
(Ibrahim e al., 2021) ° $E S ERHEHSERE RS EEE S ZRES » A][ERHET A BRI - fEm 6
FHEHRRCR S N RS R EEREE - KA HE &4 ERCR B 1A & B 1Y (Al-Khalaifah et al., 2020) -
FEHEHW TR HELP T RELL 22 — 20 — IS AHAHZ# 23 — 20 — I8 E'BEEMHK 21 — 19 — 1745
(P <0.05) 5 22 — 20 — 18 4HAYEEE e FH AL P L 2 2 MH S GRS FTRORAERAH (23 — 20 — 18 4H) 2k 40.5 7T - B/
22 — 20 — 18 4HZ AT P - % - HAG & VI (R E B /K AELH (23 — 20 — 18 4 ) /&t 40.5 7T -

AMFCEETEUR 0 22 — 20 — 18 4HINEHERA ~ A RIS HIFERC 3,180 ~ 3,220 Kz 3,250 keal/kg 2 A]
AL TERPRHEIRCR - A R IERE MRS s IR BN AR A - e T » 23 — 20 — 18 4HEE
HERmr 2 BRE - (ERAEFEPP A RN 03y - BURBRATE 5 &8RS IR s oRg -

G BRRMEIR - A REBHIEAERNG TSR - AMREIR R L #y 2R R EEENENEN
AEHRE B E LG - TIHME LIS E B RERL T 1F R I - WIFE4EREUR - BEZR 22 — 20 — 18 4HAVERIAY
REAER E » {H H i H R HEH RS CR B R G S IR T - RS AR s (B AR A - BUR R4 R
REEALR s < L - % B S E PR B G » AR S SR RE T HEHEHHEE -
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Table 6. Effect of different nutrient concentrations on the carcass traits and economic returns in the full period (0-13 weeks
old) for red-feathered Taiwan native chickens

Items 2219 —17 21 — 19— 17 23 —20 — 18 22 —20 — 18 SE
Carcass traits
Live weight, g 3,120% 2,809" 2,974 3,360° 60.94
Carcass weight, g 2,625% 2,325° 2.487° 2,825 55.96
Dressing, % B. W. 84.0 82.9 83.5 84.0 0.58
Feed cost, NT$/birds
0 — 4 weeks old 21.3° 21.5° 22.2° 25.5° 0.86
5 — 8 weeks old 38.4° 39.3° 41.3° 51.7° 2.76
9 — 13 weeks old 79.8% 77.4° 85.8" 77.6° 2.85
0 — 13 week old 142.8° 146.1° 154.2° 157.1° 5.95

Gain weight cost, NT$/kg

0 — 4 weeks old 46.1 45.0 46.6 43.9 1.71
5 — 8 weeks old 34.8" 34.0° 35.8" 38.8° 1.60
9 — 13 weeks old 54.5% 62.8% 65.9° 51.9° 4.35
0 — 13 week old 46.6° 50.9® 52.6" 46.1° 1.96

Earnings at 13 weeks old,

NT$/birds at 13 week olds 118.5° 96.5° 95.6° 136.1° 15.32

“® Means within the same row without the same superscripts are significantly different (P < 0.05).
+ =A
rjﬁn Aff

ASERGEREUT > AN N E R - ARBAEEY > SRIRAHEAESER 22 20 K& 18%
REREE & B 3,180 ~ 3,220 J% 3,250 keal/kg 7 Fa#BAHAY » ATARHRTE R - BE8ME > LL22 — 20 — 18 24
ERERCTHE - BECHEREEEAEE - NAERIEE - BRMER K EERG T HRIEE - BURH RBIEF 40T -5
FEEI ) 2 AT R R -

Ao o

AR R RS i A B P e W T B SRS e SR 5 N e i B e R R e B - R A &
BT AIR A SRR AR F R E B 52 oy VI T » Rt -
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EEREGEITR - 2023 - HEEABEEESRESE i -
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SR o FEERTFE 39 ¢ 189-198 -
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Abstract

An experiment was carried out to compare the effects of different nutrient concentrations on growth performance,
economic returns, and carcass characteristics of commercial red-feathered native chickens. Two hundred and eighty-eight
healthy commercial red-feathered native chickens at 1-day with similar body weight were used as experimental animals,
adopting different nutrient concentrations during different growth phases. The experiment was designed and assigned to four
dietary treatments, with each treatment group divided into 22-19-17, 21-19-17, 23-20-18 and 22-20-18 groups, according to
the crude protein content during the starter, grower and finisher phases. The corresponding metabolizable energy contents
(kcal/kg) for the four dietary treatments during the starter, grower, and finisher phases were 3,106-3,004-2,918, 3,054-3,105-
3,158, 3,203-3,204-3,2006, and 3,180-3,220-3,250, respectively. Each treatment included four replicates with 18 birds per
replicate. The experiment duration was 13 weeks, comprising the same starter (0 - 4 weeks of age), grower (5 - 8 weeks of
age) and finisher (9 - 13 weeks of age) diets. At the end of the experiment, chickens were slaughtered at 13 weeks of age.
A total of 96 birds (24 from each treatment group) were selected for slaughter. The results showed that live body weight,
average daily weight gain and gross profit in the 22-20-18 group were significantly (P < 0.05) greater than the other groups,
while feed conversion ratio (FCR) was significantly (P < 0.05). The findings showed that commercial red — feathered native
chickens fed diets containing 22, 20, and 18% crude protein during the starter, grower, and finisher phases, respectively,
achieved improved growth performance and economic efficiency. These findings may serve as a reference for future

evaluations of nutrient requirements and revisions of feeding standards for commercial red — feathered native chickens.
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(i) # HE Q-Q [B (Normal Q-Q plot) : DA 7 7 £ A 47 {ir 8t (Sample quantiles) ¥} JE 3 &6 & 58 47 {17 #( (Theoretical
normal quantiles) » FI LU EEE /RS T i 8814 (Normality) °
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(ATHI,) BURFELLE] (D,) #lE T2 2L B (L -
L AL L
LS 2012 — 2024 (ERIEEAAL - P - B - MU O EEFLAVBOS - RETA 3,753 TSR 2 A 0E HBIIERL © 1
AREFERRE 2 THI BE 70 bl b2 A5 RAB IO (5347 - BUETERIBRE (A THL,) PA9(E % 8.94 - B £ 3.80 ;
RFLI (D) I 073 (4G H 17.5 /15 ) » BB 028 1 G HILRIK (L) FE7 254 kgleowiday
AR 1 2.66 + FOK(EREHS 10 kefeowlday (72 1) » BTSSR B BB AR -

* L BEUOGRA T 2 REGER - REILOIHE H AL B RA 2 B AGE Il

Table 1. Descriptive statistics of heat load, exposure, and daily milk loss under heat stress conditions

mean standard deviation mini-mum median maximum
ATHI, 10.41 4.98 0.06 11.33 19.54
D, 0.77 0.32 0.04 1 1
Exposure hours/day 18.52 7.71 1.01 24 24
L, 3.4 2.39 0 3.18 11.03

This table summarizes the descriptive statistics of valid daily observations recorded under heat stress conditions, defined as
days with a temperature—humidity index (THI) > 70.
ATHI, represents the magnitude by which the daily maximum THI exceeds the threshold.

D, denotes the proportion of the day during which cows were exposed to heat stress conditions.

Exposure hours/day were calculated as D, x 24.

L, indicates the daily milk loss per cow (kg/cow/day). Values are presented as the mean, standard deviation, minimum,
median, and maximum.

Il EEAAFAEIENETEAR TG (FRER
Wik 1 Fr - A H AL SRR PR E 6 S BN NEEE - BRI AT B - [MIFReR RIS
ERHEE o (HREE A A ENEANE IS A TR E k 5 0.0200 - HEAIEERE S (Adjusted R?) J 61.2% » BURAIHITAT
S B R A IR AR AL BBV T 49 AP R R © 8. RMSE 3 2.59 kglcow/day
(& 1)e
L &R B MRS
DA LB T TR A R 5nEs - ST 4 THEFR T - SR ¢
(1) HEITRE B A s 4 ]

BuaE el (X) Bl H AL ERA 2 Rk EE 1 Fros > BB R e p S B i E A o (27
FE—ERENERESEIFIY  fERs e ET#E - ASEKAEE Einmies - BEHEEEm 25
PEo3AR A AT R AL S BRI S » BURAE RIS RGO -

(i) %&7% (Residuals) Bt &{H (Fitted values)

AR B aE SR AU (18] 2A ) » BBt S [E G E T - BEZTEAME (ALEIR%) B0 - eS8 R
FEZdE/ N - BE R EEPNR eSS EEE - SRR REE R R eNaBREFE N
B - MEHERE Q-Q BT &, » LEB L KECE N AR - FoREERInUIE RS - BENE - A
AR RR M P EEZ » (HEBREIE M A RHE— P el -

(i) HRE Q-Q [E (Normal Q-Q plot)
Y= HRE Q-Q [EIEUR (8 2B ) » KES > ERHEAL A R BRI T BE SR AT - (£ 1F I (7 (E L2080
HEH RIS, - BRI IR AR o IR GREEGN H R T I A i s B I R B (B -
(v) FLEIEFHE THIL,,  BCESEEL LOESS PR ifh4R
& THL,,, (fiL}* 70 — 78 WfElF - HLEFBLLEEN N & THL,, (8B4 80 1% - ILEIBEATE TS
HHEE 2 BRI AR H R R i Es - &S SREE E 5T THI B{ERLE (THI = 70) REVEH A 82 IFG TR
ZHMEFAE (18 3) > BUrs THI SR A4 N A RBUE RN EE A EE -
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Heat-Stress Milk-Loss Model (OLS)
k=00200 AdjR*=0612

L -]

Milk loss (kg/cow/day)
[=]

g

ATHI; = THI,,, 4, — THI,,,

=

1. BVEUEHEE X = (THL,,, o — THI,)" x D BIZLEIH (ke/cow/day) - HREfE - BUHIRE R 2014 — 2024 SFEfEEE 9

FEAAS R HENE - B8R UE V574 (OLS) I Z SRIEEIERLR -

Fig. 1. Scatter plot showing the linear relationship between heat-load index X = (THIL,,,, ,— THI,;,)* x D and daily milk loss (kg/
cow/day). Each point represents a daily observation collected from 8 representative dairy farms in Taiwan between
2014 and 2024. The line indicates the ordinary least squares (OLS) regression line fitted to the data. The scatter plot
illustrates a clear linear trend between increasing heat load and milk loss, with higher heat load values corresponding
to more milk loss. The linear assumption is well supported (coefficient k = 0.0200, Adjusted R* = 0.612), validating
the model’s applicability for heat-stress impact assessment.
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A) Residuals vs. Fitted (B) Normal Q-Q
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Fitted Theoretical Quantiles

(A) G EFR R TR L I - AR S M E - LRSS SR - LR
H[EE 1 (Homoscedasticity) K &R PR S ARILRIE © (B) HRE Q-Q & » HILACLEE A= 7)1 Bl s B Ak
SRR - HEPRREUEER G » FoREETDIERRIIAN » NI A] SRR = 15 H R MR
%

Diagnostic plots for evaluating assumptions of the linear regression model. The (A) panel shows the residuals versus
fitted values, which is used to assess whether residuals are randomly distributed and whether homoscedasticity
and linearity assumptions hold. In this plot, residuals show mild heteroscedasticity, suggesting potential variance
inequality at certain fitted values. The (B) panel displays the Normal Q-Q plot, which compares the distribution of
residuals with the theoretical normal distribution. Points closely aligned along the diagonal line indicate that the
residuals follow a normal distribution, thus supporting the normality assumption.

i i

G

Milk-loss vs. THImax
Scatter + LOESS

Milk loss (kg/cow/day)
(=)}

70 75 80 85 90
THImax (°C RH index)
FLEEAE H A s ORISR (THL,,, ) ZRBGE - B EAFRS HEEEN 2 AL.2HKE (kg/cow/day) » H
4 B e RE AR B S g 4 (Locally estimated scatterplot smoothing, LOESS) »

Relationship between daily milk loss (kg/cow/day) and maximum daily Temperature-Humidity Index THI,,; ,).
Orange dots represent observed daily milk losses, while the blue line shows the LOESS smoothed trend. The plot
illustrates a nonlinear relationship: milk loss remains relatively stable when is below 75, but increases significantly
once exceeds §0.
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Abstract

Climate change has led to increasingly frequent extreme climate events, posing a growing risk of severe heat stress for
the dairy industry worldwide. Heat stress adversely affects cow health, lactation performance, and the economic viability
of dairy farms. Situated in a subtropical region, dairy farms in Taiwan are particularly vulnerable to prolonged periods of
high temperature and humidity, which intensifies issues related to heat stress. This study evaluated the heat stress risk and
established a localized model quantifying the relationship between heat stress and milk yield loss for dairy cows, under the
climate conditions in Taiwan. From 2014 to 2024, the daily average herd-level milk yield data were collected from nine
representative dairy farms located in northern, central, southern, and eastern Taiwan. Meanwhile, historical daily weather
data, including the maximum daily Temperature-Humidity Index (THI,,,, ,) and the time proportion the cows exposed to heat
stress conditions (THI > 70) daily, were retrieved for each farm. By integrating the hourly climate data, daily milk yield, and
heat stress indices, this study developed a localized heat-stress risk assessment model for Taiwan’s dairy sector, in addition
to estimating the vulnerability coefficient (k = 0.0200), using the ordinary least squares (OLS [Taipei Livestock 1.1]). This
study further employed Monte Carlo simulation to model future heatwave and high-temperature scenarios based on historical
climate data, to assess and to quantify potential milk yield losses. The results indicated that under the heat stress conditions in
Taiwan, the average daily milk loss was approximately 2.07 kg per cow for the dairy cow farms. In extreme cases within the
95% confidence interval, the daily milk loss could exceed 6 kg per day, equivalent to the an economic loss between NT$0.59
and NT$179.49 per cow per day. Under the existing climate and milk price conditions, the findings showed the significant
financial risk of heat stress on dairy productivity, which model established and the assessment results could be applied as

scientific reference for future adaptation policy and the subsidy mechanism design.

Key words: Dairy cow heat stress, Monte Carlo simulation, Vulnerability coefficient.
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A S B R sk — Rk i

PREE S B BUEMS GRER© HEEC mes OO

WefFEER : 114510 H 31 H s g2 HE 11542 H 23 0

W B

AT H GG M R R A B AL B RE RS RS T — FR ARG TR i B 2 52 2 o B 58 P (B R M R A ST EE
JE - 7Y 10 2 12 H DLEE O R ERE IR A » 653 B FIF Tris — f& 5 f — & 55 (Tris-citric acid-yolk, TCY) ~ Tris
hydroxymethyl-2-aminomethane-sulphonic acid — 7 & (TEST-yolk, TY) B & ZHs — & & (citric acid-yolk, CY) = f&
R TIRREL SR » sBRsE IR » RS AT Z KGR E 1.5 0.7 mL ~ B5+7517 44 2 0.7 - {5 FRE 18.5 &
9.9 x 10° 5 T8 / mL ~ 5 TSR 11.4 £ 1.7% B T1EIER 77.9 £ 5.5% BRI RS % I TrE - (5%
% 1 /NEE TCY 4127 AiTesE ST B TY 40 (P <0.05) - 3RERRIREHILCEEIE ISR » 4351 CIDR® (controlled
internal drug release) £ 56 58 + 60 5 62 /NIFHEFT TCY 414 FBLAIHE 2 A THEHY 15 CIDR® 55 5% 58
INERHELT N RS 2 B 4235 By 57.9% (11/19) » BHEE Y 60 B 62 I FF (P < 0.05) » Fif A REE B A8 (5 52 £y 42.5%
(S4/127) « &5 FF7L + STRERERARER] TCY FRREGHE % 8 (HEH: 2 WERIRATHET /) » L CIDR” FSIR1&35 58
INEFHETT N OIS Tl R A -

WSS ¢ ATHERE - WS - A TN -

i

ORI SN ELE SR S RS  TETD AR - ARTAE « A REE R S LR S R - RS (e
VIR R L 5 B R T » il e RO R MBI 52 2 IR A B T - ERERER S R 38
VAR EL A FIE/ DT | (Asher ef al., 2000) - B EREA S = + % Al ph 25 EE CIBERE (Elk) B0 > > 1%
4IPS | HEATE (Red deer) - BIPURERS By MRS (B84 DI RESUBEREAE S DR B B R » LRI S A AT e B
BEREREIS - Rt E AT LACLBERERG - - ALRESLBERES R AURERE » FUAF /A RERYEE 7742 318 % 363 /A FF (Dean ef al.,
1976) » & MIREHE AL TE A W A REE A R TR A T > K SRR RS R RRCRE » AR5 1yt J B Flees
PR - A BEREE R M 4R H R M A - FL B R A B R B - RS
M AT AR R HAREE Y AR - SRR LR » SRR
9 HIEE 11 HJE - BT ETER A BIREAE R B R A R 50 o LSRR I 26 SO A > 3 M pRiR > R
9& o

A R R TR M B S REGUNERE - BLBORE(T 3 A BRI SRR &
R R T (R TR 2 G R A (Suzuki, 1993) » S SHHATE T4 B A T RS e FR S
AT - e R S AR AR A S (B R B KA/ B BE RS TR Y2 (L (Asher er al., 1987; 1996) -
IR AR IO BN BR AR R AT B (L0 - (BB TR R A oE 2 R T » T A hE T2 R =
o R IR - B - TTSAORE TR o RS RIS B E S I AEREE (azoospermia) » B E IR
FRAEAB RS » B VB E M A TR T 2 BB ER I R 2 e T TS R BT B M » sk
SR PRI o IO RET IR R A TR MR e (L2 2R - S S (e B TR R R
BN > HEEIRCRBMAE ST o E S S L R S A RS JE (Morrow et al., 1992) » Bl » K5
{1\ TS AE ST TR o R AT (Asher et al., 1993) -

|

(1) EESEH & R B P o5 R 75 56 2850 5% -
Q) BENEEAFTR & AT -

(3) B E E S P A T4 -

(4) #EN/EE > E-mail: jryang@mail.tlri.gov.tw ©



307 MR L BRRERE % R — PR IR S 2

— M 2 AR 2 B AR R oy FEBL RGBT R IR EE T 2 S )8 40 = 5 FF AR & R B G (Tris-hydroxymethyl-
aminomethane, Tris) Fz = ¥ H Bt — 2 — & H s i (Tris hydroxymethyl-2-aminomethane-sulphonic acid, TEST) Z5 >
DIERR G T 25 B e pH B F > MIE2EMREEOS ST TEYE (NEHSAAEA) T IEF21K% > /5
Il B2 35 V> HUSEIAI 7 = ( glycerol - {376 HMl ) - 75— B2 (propylene plycol, PG) 5 I #5414 /647 (dimethyl
sulfoxide, DMSO) T2 {5 TP IrE - MR LS T8t 2 2R 2 BE 2045 &) e S M /M i & B2 22 (Vishwanath and
Shannon, 2000) °

e (S PR E R )RS 7R 2 RIS 2 PR s A B — 2555 — T (sodium citrate-egg yolk-glycerol) F1=%%
AL S AL o — B &b — 15 — &= — HUl (Tris-glucose-citrate-egg yolk-glycerol) (Asher et al., 2000) * K EF57 ¢
TIFE A RERIARRER £ 2208/ NI S Eh 3 Jeg 1T 2R A Ak = R ER @ ELH e (sugar-based Tris) 1/ BGEREL HE 4%
IR (citrate-buffered) » DL s & B 5 1002 IR R HHIE fy /% SR AREE (Salamon and Maxwell, 1995) = #£% (2025)
43 BRI FE Tris fE 45 i — 25 &= (Tris- citric acid-yolk, TCY) ~ Tris hydroxymethyl-2-aminomethane-sulphonic acid — & &
(TEST-yolk, TY) Bf&5% — B (citric acid-yolk, CY) =fEMBERMETEERCERRS K » $SREURIER CY Mk
WIS 2 f R s S Bk T Eh 28 - [ERA AT =R T 2B /KR 2 MR 2 e At - AITERT TY #
TR A R E (155 ,2010) ¢

AT SR M R R SR E Oy R REAE AT BERE » TAEE LRGN ~ BIERE v ERE A - PSR SaAE S BRE
% 2 HL E 2 BUHETRERE - BUCS ST HBINALERRREE R 2 S IR E A 2 H9tE /D - TNEAE RV Fe S 5%
F o K7z HIIEREHE R FRRE L e R BB 2 R  WSEEE ZMBR - B EZ S RRE
MR LU AN TR - 8 R 2 B RCRBURNE D ECRE R R -

M T A

L kB els s 1
P A M R RE S 5 — 10 B 2 (B AN ELERIE 7 58 - sk (TR G S et in
FrrEE & oy A B B ) G 28 K (i Fl 22 2 @& (Institutional Animal Care and Use Committee, IACUC) & E 2 #iE (KAPS
IACUC, No. 110-16) - 5AEg1* 2021 4£ 9 HIEZE 11 HEARET - S HREMEIRE R K ETE S5 SHR BLE 2K
K SETHBEEFHFA 1,000 g f5E} -
1. R
RERG R A & IR ERES R At 2 slBn A REETT - SZIRINEESGENYEE BUE B R - it > SElBAEZ
PRARARRIE AR TE 2 — 8 o 5 VEEBR A EEEREE 1 2R > 2 BHARERRNS 2 k% 3 18 - FHHARENEREEITAT 24 /NI
BOKEE G BRIERF DL 10% 27002 S ( Balanzine; Xylazine 10%, 100 mg/mL, 2% ) Bilf7%= 50 (Zoletil 50; Tiletamine
base, 25 mg/mL and Zolazepam base, 25 mg/mL, France) FHCEY 1 2 ELFIRE & 2 il » 5ENLAE S 6 mL »
[EIEAILPAEST 2 mL 45 ( Atropine; Atropine Sulfate 1 mg, 1 mg/mL > 22 ) - SJAFFIRER - FFLLEBERIERS
(Electroejaculator, EJ6CCGS, CGS Products PtyLtd., Australia) » £%F3 #E S =0 EE 8 7 2O TR EA RS » #)iaEEBR
M RERRRRLG - ZBRAZE 2 V 5 A — ARG B DS E BRI 20 ¥ ~ = 1R 8 0 F—TEIR » FLiEfT 3 RIE
B DREARENR - FHERR ML 50 mL 2 Bl LVEUWERTR - BREZERINELS S EETTRIRMIREEL -
KRR NERET 9378 (0 — 5) My & TaT4al ks 4 4L b~ FIIFHZERE 3 — 4T (nigrosin-eosin, NE) Hy b A5l f7/E %
70% LA_E 27 BrEtE i E AR AN IR T 8RR - (ks IR R s A -
L 3 éeEtd i AR A
FrEEiE R T Y MARERAS -
(i) 5K E (Semen volume) * AREFTERGE 2 R UR LA E R EETHRREEE -
(i) KEFE ST (sperm motility) : F/AEEZAFRAE LN EREE 5 78N BINCEENEE (Nikon SE, Japan) T » DU
TEREET A (0 — 5) FlETEST (525 > 2002) -
(i) FETRE (sperm concentration) : Z/AEERER LA 3% BEIKZAEMTE 200 %1% - FLAMBKETEWR BT E 1L # W
SR -
() P4 (abnormal morphology) : FIFIEH M — 4T (nigrosin-cosin, NE) efeff » IS FBEAEA T LU A
(Ax et al., 2000) - FLEIPEEE 1] 77 F 3 18 - 1. E—AYPRESLE (primary abnormal morphology) : FLFETHESEE
VENE SR 2. 58 AP AE S (secondary abnormal morphology) : HEfj (middle piece) & HFAEEHE » 3. 5
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= RIPREELH (tertiary abnormal morphology) = FEH BRI #

(v) #5765 (sperm viability) * FlFHZRzZ M — F4L (nigrosin-cosin, NE) AL {/ARF(S - Bl 5 pL JEFREL 10 pL
NE RORPRARERIRR - WEF 37°C 30 KR Rk - BENECEMeR M EiR > HhEHLe
B LB R BILUE T B TR 2REDLE T B AU EHE S - FHE2E/D 5 ERENE
1200 fEl LA b Z K7 st RAFESR -

VR 2 2 RO AT

AWTFERTEE 2 iR RERIEC TS - BE TCY ~ TY 20 CY % 3 1 - MlRR T - 4156 1 Fion - SCERERE N
B2 R RS THEARE - MROE TR R 4 SRDA L ~ 752 70% SIS TH&MEE Fy 1 x 10° {E#E T/ mL DL R~
FER > Jeifihn 1+ 1 Z TCY ~ TY 24 CY By Epkor Zikeiii% - PERIR/KERYZ0R/K S 30 7388 » PPz -
PR IIM R ZEAE TR 2 x 10° (@) T/ mL > BR/KIUEAE S B4 40 1 /NSLL L (R I8RERE 4C - &
FEIROR S 2 4 CIRRNETTEE —IREHRRE - DIEH 12% HIZ TS £ 4C 2 WMBIRErT 1 1 1 Mk - DUEEIR
LIRS Ry 6% HUHURE » INIIPURBIRERIR - 6 LS /NIFLLE » 281838 A 0.5 mL 28  KERE B IR
IRREEURARHE 77 4 om BRFEH 5 7788 - BEEIFEA -196 CIRAE S HURAS 1% - IS 2 IRAR SR IR -

# 1. TCY - TY # CY MR 2y
Tablel. The composition of TCY, TY and CY extenders

Components TCY TY CY
Egg yolk (%) 20.0 20.0 20.0
Tris (g) 2.7 0.2 —
TES (g) — 1.2

Citric acid (g) 1.4 — —
Sodium citrate (g) — — 2.2
Fructose (g) 1.0 1.6 1.0
Glucose (g) 1.6

Gentamicin (ug) 250.0 250.0 250.0
Penicillin (ug) 150.0 150.0 150.0
Total (mL) 100.0 100.0 100.0
Reference Fernandez-Santos et al., 2006 Pontbriand et al., 1989 Garde et al., 2003

TCY: Tris-citric acid-yolk extender; TY: TEST-yolk extender; CY: citric acid-yolk extender.

V.

VL

72 B MR

] BRSNS T- 5787 4% (computer-aided sperm analysis, CASA) L5z CEROS II Animal #(ESF2 7 (Hamilton
Thorne Biosciences, Inc, Beverly, USA) #E{TEE{IFE T-7E J7 (motility, %) ~ Fij#E)E 77 (progressive motility,%) ~ 15
FRIZIHIE (average path velocity (VAP), um/s) ~ S5 B 43 3 875 (straight line velocity (VSL), um/s) ~ 543 78
& (curvilinear velocity (VCL), um/s) ~ #HEF] A4 (sperm track straightness, STR, STR = VSL / VAP x 100; %)
BEE) E 4R (linearity index, LIN, LIN = VSL / VCL x 100; %) MRS - SRS T orfF— U B2 %
HIERIR RS RTE 2 TR 2.5 x 10" {##EF / mL > H{ 2.3 pLJE A% Leja 55 (Leja® cell, IMV, Aigle, France)
b WENERERE IR - 467 37°CHROR 10 738818 » 7% 200 [T - BEHEEEET 5 (@2 1 THEE A -
1% 2 R EER 3TCREER T 48 1~ 2 /NSRS BB A CASA MEITRRAR AL -
FEEIH LR R TRk

ARWFFCIA AR FEIFAG I E B (56 — 62 /INEF ) T N THIUFEE » NS AR Z 57 BL (3R RE S E 7% sl
PERIFEAEST - B2 (RIBEREERIPR DGR 2 AT S » DI R TSI - (EILERET » &%
KRR FETAH A ER 26 N REAS XS J7 SO Bie 2 BB/ » (S8 [E] 4 i B e 0ok 25 26 AROR A RERB IR » AR S (A 22 52
HIOESE R 2 08 - B3 & 8 BRHEIEE AT A H 8 S T iE 2 1 (5 B (a3 DR A T 35 1 RIS LR
B B AREE DL RE S B [E B 2L E % 5 0.3 g progesterone -2 CIDR" (controlled internal drug release, CIDR”. G,
EAZI-breed, Australia) B RHEE 2 f2EH (BEFEEZFE 1 H) » 125 10 HPLAER & 330 1U 2 BB HE
H 2% (equine chorionic gonadotropin, eCG, PROSPEC, Israel) » 25 12 H#%[s:: CIDR" » i [FIIF AL LSS 2 mL & 125
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ng/mL 2 PGF,, (Estrumate”, MSD, Germany) - fF CIDR" f[&1% 56 ~ 58 ~ 60 B, 62 /NI » FI| FH Al 4 Bk IR
AP 2 AR > DUSH 0.5 mL 2885 5 x 107 B T S EHEE A TS ATELH TLEIEE 37°C f 8 30s 1%
HRF 2 RS IR S I R AT N LF2E « MATOIETREE 45 Hig » DU E R (Prosound-2, Aloka, Japan) il & E
W ZE i IR TE (Transrectum electronic linear probe, UTS-660, 7.5 MHz, Japan) @ i85 imias2 b T = A Ba
AR -
VIL 45t o0

BB AR 04T 5478 (Statistical Analysis System; SAS, 2005) EACHAGHETTARET 04T > A EMRER ZHE
TIPS B ] — AR U2 (General Linear Models) #1782 5 534 - W —2 DISEE IR 2 B 80HIE
7% (Duncan’s Multiple Range Test) LEEZRIE[E 2 22 504 5 LB [E RGN SRR 2 28 » [ — M it
T2 P TR -8 B8 0 ffT (Analysis of Variance, ANOVA) » ifi 2L Tukey Honestly Significant Difference (HSD) J5
TEMEATSEIEEL -

SR ELET AR

CURRE Sy R ARSI RO » LA S 9 HIEE 11 7« R AREAE EBIRLUR(E + IR
TR ELBS LRI » DB (TIRRSISE 25 ELARE TN RS0 ML T RERE I R 1
fk + EHER I IR ETHEBEACE - ORISR YT ACT BRI SORA 2 HE - M UG 2 R E -
B9 AREE 11 BHRETRERE . - USSR TR - RS A
72

R P SERRE S £ AL T SRRER AR » FTATEREAER O FIEETE 11 FSOTRBRARATE » ASRERATLY & KR T3
I EERE 15207 mL ~ BT/ 44107 - TR 18.5£9.9 x 10° T~ /mL ~ #E TR 1.4 £ 1.7% BLk5 1
T 719 £ 5.5% (#2) o AIRFTHRE T FAREZ & FRIRIEIR S » Heb 6 5.2 % AN BT AT T
ENIUEERELE | HSH (2006) Z IR ARSI 2B 56 MR - BIT5 BRI - 195
RIS - (I FITTEAERRS ERATBEREARE - o BIREERN BN 5 - BT T
P AR - A5 RE ORI 7 SRR S 4 T RS (Asher er al., 1993) » (B FIRRIEEIR
BERAARE G0V AT - (AR B AT LB R 2, TSI R S SR I H5 Y AT -
BTREEHREE S R4 » HECE MRS AR IR D BB RATBY) - S 8807 T FIH A RESRR -

2. NELERRE MR MER (Mean £ SEM)
Table 2. The semen traits of individual Red x Elk hybrid stag (Mean + SEM)

ID of individuals

A B C D E F G Mean £ SEM
Age of year 5 8 10 9 7 9 10 —
Semen volume (mL) 2.3 2.0 1.4 0.9 2.2 1.1 0.7 1.5+0.7
Sperm motility (0 — 5) 5.0 5.0 4.5 5.0 4.0 4.5 3.0 447107
Sperm concentration (x 10°/mL)  34.3 30.5 14.2 10.2 16.8 15.2 8.5 18.5+9.9
Abnormal Morpholo-gy (%) 12.5 11.5 13.0 9.0 12.5 9.0 12.0 11.4+1.7
Sperm viability (%) 78.0 80.0 88.0 76.5 70.0 75.0 78.0 779155

JEF TCY ~ TY 5 CY WHRER AR A RIE 6% HIHTE Fo /S IRGER TR BRIRFRENE TR 22
TCY ~ TY B CY =4Hf# 1% 0 /\IF 2 Motility ~ Progressive motility ~ VCL ~ VAP ~ VSL ~ STR B LIN » & 4H 15
fEgHE R (F23) o fEH 1 /NE§12 2 TCY ~ TY Bl CY =4H7F Motility ~ VCL ~ VAP ~ VSL ~ STR B2 LIN /i » &
A HEREE 72 2§ {F Progressive motility /57 » TCY 418 282 £16.3% » BEE =Y TY 402 11.8 £11.7% (P < 0.05)
(F4) - il 2 /NF% 2 TCY ~ TY 81 CY =4%H1F Motility + Progressive motility ~+ VCL ~ VAP ~ VSL ~ STR 2 LIN 5
[l > SAHEIMEE AR (R 5) 0 M TCY 42 &5 AHEN TY 81 CY Z4H » IARE % > SRR E T Cheng
et al. (2004) Z 5 HEEE » MaxHFTHUREZE/KEEREIRLL TCY B TY BMRRRAT 2 - MR 2B TSR ER CY
MR (B R EIAEEHEERERI D TY R T2 S MR IR EEEAH TCY 8l CY MilgE M &
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SR FENFSE A - 1 Parkinson (2001) 7 fZediitd + B Tris il Citric acid 4 bl BB A& FERCR » o]
FRERRRERE pH {8 » I ATRERARIZE T » &7 Citric acid 2 TCY 414 kS el | /N2 » JIBEBER & Citric
acid 2 TY 41 Progressive motility 5 - ETRIHE - & dife SIEM T B S MO AS BEET 7 Motility 77
[+ TCY 4IAERLAEING R 1 812 /NI S 4e A A B4 B 5 = 235 5 TTTE Progressive motility 757 » TCY
SRR | B2 /NE R R BB 8 - BRI TCY FREah AL RERER S AT o BB e RO
B » BT L B EL B S R R -

%3 AEERRIESE ARG RS AR % 0 /NS T B8 2 8 o8
Table 3. Effects of extenders on sperm motility and motility parameters of Red X Elk hybrid stag 0 hr after frozen and

thawed

Items TCY (n=9) TY (n=9) CY(n=9)
Motility (%) 46.7119.6 31.6£22.7 46.0+ 18.4
Progressive motility (%) 35211438 27.7%£213 3741 16.6
VCL (um/s) 9251194 90.31£40.4 91.5£29.0
VAP (um/s) 7121125 74.5130.5 77.5% 183
VSL (um/s) 62.319.7 66.3 1252 7141938
STR (%) 833%74 80.7 £28.8 88.0t6.1
LIN (%) 68.4116.0 68.0127.1 80.3+£11.3
" Mean * SD.

TCY: Tris-citric acid-yolk extender; TY: TEST-yolk extender; CY: citric acid-yolk extender; VCL: curvilinear velocity; VAP:
average path velocity; VSL: straight line velocity; STR: sperm track straightness; LIN: linearity index.

F 4. AEERRIESE ARG IR R R% | /NS B8 28 o8
Table 4. Effects of extenders on sperm motility and motility parameters of Red X Elk hybrid stag 1 hr after frozen and

thawed

Items TCY (n=9) TY (n=9) CY(n=9)
Motility (%) 36.31£20.2 19.1+15.4 31.1+185
Progressive motility (%) 28.2+16.3 11.8+11.7° 22.8417.3*
VCL (um/s) 88.0 £ 14.6 78.6+41.8 79.7%30.9
VAP (um/s) 70.7%13.3 61.2%33.0 6531258
VSL (um/s) 62.8112.3 5284294 588+ 154
STR (%) 85.1%11.5 75.7%29.6 86.6 7.7
LIN (%) 73.0%19.3 63.1128.4 7731152

Abbreviation as Table 3.
" Means with different superscripts within same row are significantly different (P < 0.05).

5. NEMERREE AL RERERS RS A A% 2 /NS ) S B2 8 528
Table 5. Effects of extenders on sperm motility and motility parameters of Red X Elk hybrid stag 2 hrs after frozen and

thawed
Items TCY (n=9) TY (n=9) CY(n=9)
Motility (%) 224185 13.71£14.5 1471158
Progressive motility (%) 13.6+5.2 9.5%£11.9 93+%13.1
VCL (um/s) 78.2120.9 48.2144.0 55.5140.0
VAP (um/s) 59.3+£10.0 35.5+£30.0 39.8+£26.9
VSL (um/s) 52.1£93 31.5+£26.9 3491239
STR (%) 87.0 8.1 56.2+43.5 61.8+39.3
LIN (%) 69.5+15.8 46.0£37.8 50.3+353

Abbreviation as Table 3.
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R IR E R s R B R (P BRI 2 — » B T UG BT N A0S DAST Al 2 -
DRI A s e 5 Y R 2l B A 4R g R B P A B (2. TCY 42 HURSIRGEES T A LI > BRI 6 Fom » B Se&E REUR
CIDR" # B 1% 55 58 /NRFHETT N TH2IE 2 1223 B 57.9% » FHATIA 56 /NG (46.7%) » {HBF R i~ HAMFEE (60 /1NEE
F536.9% ; 62 /NIy 42.8%) (P < 0.05) » 56 & 62 h 2 ERREE 7 #LRE A B A0R By 42.5% (54/127) » FHITHS Bowers et
al. (2004) ] 2 HFERAET TALREZ N THRE - AI1SEPHY 41.6% A2 > GERWIALL (Aller et al., 2009) FPaffiit
Mt lE A AR PO R 3E L2 HUREIROE I TALRE N LIS - B TR Fy 36.8% (14/38) - RENMEIANIRERIENY) - BERE
ERFNE R HRABENZ 5 - B EFICRBEGR 1G] > 35 E bR G H RN E (Morrow et al.,
1992) > RIFEAHER 73 HY N THME SIS AR 1 T BURIHERTT (Asher ef al., 1993) © Lincoln and Short (1980) f5 tH I EIH
BHIEL > R SRR 2 B IR B M s B AR SRR B A - R BB AE S BCHI T R E FDE
B DA ERBIKRRI Ryt - HRiEWAETaRin AT 2R - M RERIEMY) A M B S - RILEIR A
Hagke - NS IEBEAN S INILRERIENY) B ATRHED LS5 [F L iR 2L 1% E A\ 6% (Synchronization of estrous
and fixed-time artificial insemination, FTAI) (Aller et al., 2009) -

6. AFEPIERF SRR AN TGRSR IR

Table 6. Effect of timer on the pregnant rate of Red x Elk hybrid hinds inseminated with frozen semen

Hour of AI after CIDR"” remove (h) No. of service No. of pregnancy Pregnant rate (%)
56 15 7 46.7

58 19 11 57.9*

60 65 24 36.9°

62 28 12 42.8°

Total 127 54 42.5

"¢ Means with different superscripts within same row are significantly different (P < 0.05).

SREHTIL - AERZEE VIV BEIIALRERERS R AT IEA TCY ~ TY B CY =4HMRRRGEIT /2 IR » 45580 TCY 41
BT 2 T8 RS B S BA a2 % - IR OME RALBRREE TR 2 2% » Tt CIDR” B Frik
55 S8 /N B 1 RN AR TSR (R AR - RS ] JE R RRALRRRE % R — R AR I B e Rl o

SENRK

FIGEE ~ M5 ~ BERMC ~ FOOIEE ~ RO ~ MR - BORSE ~ BIPTEE - JUIRE - 2010 - MRk 08 /KRS
R IE R B SRR 3% - BRI 43 © 317-326 -

MABETE ~ AR - SVTERT - SRAPES - 58655 - 2025 - TR 2B ACRERG IR2 R R R 2 28 - EEMR
58 :32-38

St ~ B ~ Bl - AR - ZUMER - BIRFS - 2002 - BB EENGCRE K EEKRE 2 A FE MR AT © DL
HRGEBERIE S TERMIREHE - ZEEESE 28 ¢ 204-210 -

B - 2006 - SIELLFE L SEREEN B E B ZHTE - [RRBERERES & - HEw -
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Effects of extenders on semen quality of Red x Elk hybrid stag
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Abstract

The purpose of this study was to evaluate the effects of extenders on the semen characteristics of Red x Elk hybrid
stag after freezing and thawing. Semen samples were collected from healthy and sexually mature Red x Elk hybrid stags
through electro-ejaculation, between October and December. The semens were diluted and frozen using Tris-citric acid-yolk
(TCY), Tris hydroxymethyl-2-aminomethane-sulphonic acid-yolk (TEST-yolk; TY), and citric acid-yolk (CY) extenders. The
experiment results showed that the mean semen characteristics before freezing and culture were as follows: semen volume
1.5 £ 0.7 mL, sperm motility 4.4 * 0.7, sperm concentration 18.5 £ 9.9 x 10® sperm/mL, abnormal sperm rate 11.4 * 1.7%,and
sperm viability 77.9 £ 5.5%. The TCY group exhibited significantly higher progressive motility after only 1 hour of thawing
(P < 0.05). Estrus synchronization was performed in all hinds, and artificial insemination was carried out at 56, 58, 60, or 62
hr after CIDR"” (controlled internal drug release) removal using thawed semen from the TCY group. The pregnancy rate was
highest (57.9%, 11/19) when insemination conducted at 58 hr after CIDR" removal, which was significantly greater than
those at 60 hr and 62 hr (P < 0.05). The overall conception rate across all inseminations was 42.5% (54/127). In conclusion,
the use of TCY extender for cryopreservation yielded superior post-thaw sperm progressive motility, and performing artificial

insemination in 58 hr after CIDR" removal for optimal pregnancy rate in Red x Elk hybrid deer.

Key words: Red X Elk hybrid deer, Semen cryopreservation, Artificial insemination.
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FU e F AR 418 B (Leucaena leucocephala) 7 7% fif
E-YEN N S W R T T (B R

A7 @O BphsE® Rajendra Adak @ iz @

WelbH s 1151 H 30 B g2 MM - 1153 5 13 H

W B

RE BN (Leucaena leucocephala) =& E E HE BF#E IO > BMEEAHBR  HEBEEEFENEER R
(mimosine) fz H ALY 3,4-dihydroxypyridine (3,4-DHP) » [RHIFAEEH HAVFIH o FRrael o peFE 2 RFsR & #
SR RENE A BHEREET AN - HEMEERR L EEEY) S ENEHRTEEE - A5 IL
M B AT B S 2 WA PE > CEEIR G EE I BEER M - RMEERAHR - B EE X 3,4-DHP & 815 A [F 8 FE
(0~7~14~21-30-46 74 X ) VEENET - SlasEREUR - IREGEEITRI Z 2% 5 36.1% - MEDEEE
19.4% » S 2EF R 3,4-DHP 5751 F 1.36 81 0.99% - FhiyitE » AL PSS IR AL IR AR B ~ ARENHI N
BT gL - 5N 30 REEREEEE - B EIBAE> 46 K - AMEPHEL Y pH 51T 46 K THEEL 52 H
Flieg [CEFITIAEE 14 RENZE R (88.3) » HBZENHIRA - FURAMEREIERGE Z RIFEEE - HHEUEY
BRI WITERTE > & AT A IRl 7 KA 64.3% » W77 30 RGN ETE » NEIFLE > &8F R
Jo P ] SR 75 B R > 3,4-DHP 1Y 7 KRINTE 20% - {H A8 B BEEAH A 14 8 S I e BE > & Bt B
a4 » BURILRE A BINE#E 3,4-DHP [&fif - Fily 74 K% > AleEPHEH 2 HEAE 281 S (20.2%) » Bt
U S BHK (37.8%) > H T H&EL 3,4-DHP & EFEE RN BIIRAH » BB H I BN EE - &7a L REREUR - s
BRI B 22 > NI BREERN IS E R G S - HEiEEERE - ¢RraaEE (e E 3.4-
DHP [#f# » 2R ¥ FE i on/E e e B 2 bk -

BefEEE - FLMRE - IREE - S2EFm - FiraE o

i

SREEK (Leucaena leucocephala) j&—TE FAHVA ~ BV BLE R YRS Z MR T RHEY) - BZ ik
ENVIFEATEEVFE 57 (Akingbade ef al., 2001; Honda and Borthakur, 2019) < $R&EHHN AR TR HERS EaEH
B B R NEYE > NEE O B B IR TREE AR (EEAE R AR AR TERRIRE o R
Ry R E S ERVIBE 251} (Garcia et al., 1996; Akingbade er al,, 2001) - ZA[f > SREEHABEEE - (HEEHY
BV B3 MY & 25 F R (mimosine) BLELUHY) 3,4- BEECELILIE (3,4-dihydroxypyridine, 3,4-DHP) ~ 2,3- B EORLIEIE
(2,3-dihydroxypyridine, 2,3-DHP) » fE & FINE N EEAME - B R - BEE TE - FUIRIRIIRERE - s 7RI K&
ANEEFHIGIN (Halliday er al., 2013) » HERAEEEAF ] -2 EIH0 53 PRA -

REBN S EFREMERITARA S ¥ 0 RERE BrdfaighizE 21 —
10.0% > ¥R PHIZELYHFZE 0.6 — 10.0% » MEHSEEE T BB SR AEELE - Hp A RPEASFTH
WAL S & A 2ERZ B 12 — 20% (Yanuartono et al., 2019; Honda and Borthakur, 2024) - L9} » S & EMH 2 &N S
AnfE ~ RSB EREE KR 2 AR [FIA A2 52 (Honda and Borthakur, 2019) - & T AHIREEEA = S @ (EEAVER - M
B R GACEHL - EFS T ZIE S A NELE R EE - 140 - FREEEER BEREE T 24 — 72 /86

|
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A& AR S B EE 23 — 27% (Agbo et al., 2017) 5 7R8[ 70% F& 100°C N HnEL R v] #8132 K 50% &2
i & (Akbar and Gupta, 1985) ; JZ/> 0.05 N EEEESR (Tawada et al., 1986) ~ FR Z 5L €84 (Hossain ef al., 1991)
R A AR S 2 80% DL B2 EFREEE - AN 0 LR g R S B PR E E RN R S - &
M~ BUKE AR R RN RRIEEAN S HERAE S - NEaEw AR T AgEZERRRaEzEH
BHFEEE S AR KEISAEZEE BEEHER (Agbo er al., 2017; Yanuartono ef al., 2019) -

capacity) 58 K /K& PERRZK{E &%) (water soluble carbohydrates, WSC) & 8 A & A FR Ay BV REME - HrEH8
AN E I T B i R AT 2 i (Du et al., 2023)  $REECE R B 20% KPR 125 I 7] (& AT e 20
90% DLE 5 SREEMA BEEE R R & 12 0 RIS IERE ~ FEAEEL L BER AT T35l BRI 70 il vl (E & 22 i = 2K
V49 B 48% - FR T RS AT - BRIV HEIREGEBE R R E AR ESNAR SR RN T RS
8 BE A EE B4 (Angthong et al., 2007; Chen er al., 2014) - ZAf > FTFHEA R EEE 3L - (HiE
REPELEE - RV - SEF RN EFERHY &8 8 BREUR 2 RER TR Z R M LB RS - H
DIRECREEREARE S EH b 22 et -

IREEUE IR H AR & (International Union for Conservation of Nature, [UCN) /A5 7 R K EG E 4R
HIA YIS - 28N FIE R R Z RSB ARIIE - £ (2012) DURGEE REER LI 20 - sRERrILL
FREAREN ~ (REE KK 0-6 FEHIEE /o-3 HERTRAVRRE - BURER T OBREBUS I - $2 B ATl R 3R S
ZBEr T RSN INEE « K 7 IR & EE R R Skt ay s Tk e g F R - A SR AL B B TR &L
HT - PR FLBE R PR B A R AE T 2 ISR VRGN ~ S AR RBIEM Y S BB L EEHBY - £
IREEERMEN2% -

M A

L Bttt
SREEE AR 2024 /£ 4 H 8 HAVE EIEH & i s BB P B & 7 Fr B & (PR A IRGSE ) - PSRRI R
PRERGEE T - BEAUEAR S mm DU Z 8RB bR S P < T/~ FE ~ SAeE el (TEE H 36 &4 5
mn 2 81 5% ) BT TIEAGSIRM LERAH R AT R A el
1L TEAGEIRH LERAH R AT
RERE T IR F T RTELE AT 74 RIGETHR - AU 5 =8 » i 60°Citiz R N ERFTHZY%
MEEZ 12 BB ROy (ERAEFLIE | mm ) AEFTIERS SHRM L E2H R BT - 0 H E & & H & (crude protein,
CP) ~ [ e 484E (acid detergent fiber, ADF) Kz f15E&54fE (neutral detergent fiber, NDF) & & » 437 540 ¢ CP &
208 AOAC (2019) 2 J55% » ADF 2 NDF HJHI5E 2% Vogel et al. (1999) L ANKOM™ 44 5347 (ANKOM™
fiber analyzer, USA) #E{T °
1L FHhredls
RGBT L) 2 om > MR ENREGTREL | kg SHEPNEZZBEBRN - Firakia o BT 70T - HIE
g - FFEFEEADINE] o R - FIERRIIPE AR E ] ( Lactobacillus plantarum B Lactobacillus casei »
BB R R 2 x 10° cfu/kg PHRMEEE ) » SHIEEEBEAHS S RIEHE 0 ~ 7~ 14~ 21 ~ 30 ~ 46 K 74 K » GFEFITHERTEL
SRR IR G Ny 3 A BB E R EMEN R N AT 0 7~ 14~ 21~ 30 ~ 46 J 74 RILFAES - BRSO
TEFATREEE -
IV. Hhr B NE
HY 20 g BAEH 1% 2 75 BT RR dn I ZE 857K 180 mL - FTHY 48 I8 1% DA i & 510 8 7 AT ikl (8 - I RAe a8
fi< Jones and Kay (1976) HY /7 A MIEF T 2 Z 85 ~ WlE ~ Tl RABE S E - FirmE DL Flieg [REFIEFR
Flieg [REFm AL BT AL - S8 T BR# H FmAlE S R I B B AL B & 2 E B H o bt K =THEUE K
Woolford (1984) FF/r A NIKEETH -
V. &7 (mimosine) i 3,4- BEECELIEIE (3,4-dihydroxypyridine, 3,4-DHP) 27 Z<Hy #3H] &
27 Wu et al. (2012) iXE57772% » S5 R DU NP ERNE & 28 S g Pl CHY) 3,4-DHP 2 & & - FEEUHIE SR &
BERHE 2 FER IR 1 g A 20 mL 0.IN BFEE /KSR » FFE 1 o#EREIZIEZ 10 708 - #HOUEFE 24
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/NES - B FEL 1 mL BA 0.IN EEEE KSIRORIIE S mL » 4% 0.22 um EX R 2% (polyvinylidene fluoride, PVDF)
RIS > JEIRLLE UK HE T (high performance liquid chromatography, HPLC) 20 e 51 = Az A
7% (Photodiode array detector, PDA) 47 #1& 225wl 3,4-DHP & & » /T 28 F2 5 HEAE 0.1% (v/v) Bl /KRR -
Z.iE (acetonitrile) = 90 : 10 » 3 H7E+E By Agilent HC-C18 (4.6 x 250 mm, 5 um) » B 1.0 mL/min » JHEfE
L G 98% R EE 22 i (L-mimosine from Koa hoale seeds, CAS:10182-48-6, Sigma-Aldrich) EA4fif& 99%
~ 3,4-DHP (CAS:10182-48-6, Combi-Blocks) * 47 I DU £ 290 B 280 nm 7 2R HIE & 22 5k (retention time: 5.60
min) B 3,4-DHP (retention time: 6.48 min) & & °
VI 8B &st ot

SCER 85 DL SAS 48 5T HR A8 (Statistical Analysis System, SAS 9.4, SAS Institute, Cary, NC, USA) #: 775 75 47
1 (analysis of variance, ANOVA) » #1378 E =R » BRI EBEDUR/NEZE =5 (least significance difference,
LSD) #(THE » L SR I E 2 MR A A R -

e RN B

L Firpiz @RS AR B e E

REEGE T Al 2 2R SR B R IR 1 NI EMRC B A 556 » NIt g s > &
36.1% > CP ~ ADF J; NDF & &7 5y 19.4 ~ 36.1 Jz 58.0% - $REECZ FRMEE2AH B G INE RS EL ~ Sl ~ T
RS R WRE R SR [EI A T A% » 3R/ S~ CP ~ ADF }z NDF & &47 7 £ 10.0 — 30.1% ~ 34.1 —
36.1% Kz 32.0 — 42.0% (Garcia et al., 1996) ; ¢ #0535 -= f& 12 CP ~ ADF K NDF & & 47 Bl By 22.1 ~ 35.7 J%
52.0% (Zapata-campos et al., 2020) - Verdecia et al. (2020) [E#EZEREEONE1£4K 60 ~ 120 fz 180 KA 2 ZhfHE
4R > TEMRBCAVEREE AR e R MmN > {2 CP & & H 31.8% #E[F(KZ 25.5% > ADF ¥ NDF & &4 HlH
23.8 B 42.3% SHE N2 31.6 1 60.8% - el 2 SREEHEER ~ TR IR - S RAEATAEAL - CP & E e
HIAAZEAH AT (G4 = EMS w  HEH AU SR S BN ERE N B4y B3¢ » HERERAVE R S M2 E S ER

=

*® 1 REEFAIZEZYER - ML - BESm K 3,4-DHP &8 (n=3)
Table 1. Dry matter, forage chemical composition, mimosine and 3,4-DHP content of Leucaena leucocephala before
ensiling (n = 3)

DM’ CpP ADF NDF Mimosine 3,4-DHP
% % of dry matter
36.1£0.1° 19.4%0.1 36.1£0.6 58.0%1.3 1.36 £0.01 0.99 £0.07

" DM, dry matter; CP, crude protein; ADF, acid detergent fiber; NDF neutral detergent fiber.
¥ Values are means * standard error.

IRGEE AT 2 & E R HL 3,4-DHP &80 515 1.36 810.99% (£ 1) » FEERE EGHMME - RS
fir ~ FEAR A R BR 558 SR % A [ 1 . 72 52 - Honda er al. (2022) [E#Z K636 ~ KX2 ~ KX3 ~ KX4 ~ KX5 ~ KX7
EFEERISEAE (L. leucocephala subsp. glabrata) i % 2 & & Flip & E7 L B EZ 725 H B MR S8 (L.
leucocephala subsp. leucocephala) 7 & &INAMHE » B DI KX2 BL KX3 7 & 8i#gE » KXT 2 &8RK - S5F
e EAETE R 4 HEZE 0.6 — 10.0% » R R4 HEZEE 0.15 — 2.2% » (E&Y5HHZEE 1.2 — 2.7% » 45628 2.1 —
10.0% » RN[EE Y& 22 5 i 2 = 2 e A R R S0 A S T [ (& (Yanuartono et al., 2019; Honda and Borthakur,
2024) - AXEBFTUCRERY SR S ENMELATE R R RS2 » (EAERRTERIE BB 536 - ATRERME PRER AL 4R -
AT v B AR R 2R T AR i 2 2 Sl 2 R -

I Hhraie sl EY il Eme 8 2 BHEY

IREEHF B Y R EY) 2 EFHUE | > AMFEEFEEEHREE 2 ARS8 hITE%EE 30 - 46 X
WEIE N - BB & sieE (B 1A ) - f£5 0 30 RN - A FEIHIEE I DLAL M R 2 AL & 88
SN EIRAE - HARE S EAEFEHTES 30 ROJZ 2.56% » HfIRAHAITEFITEE 46 KA 2.66% o FLI& B F7fd4H Bl e
HFITZ 2B ~ MK T B BIEE SIS e R BEE NI - RitEEE Y & 81 E T 46 RI&WtErs
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T ([ 1B) : WigE EHERT 30 RMEiRE (8 1C)  ARE#E Y T a8 ERir 30 RgEFRE -
HIHAER Y 46 K& T RS E4185E (18 1D ) -

(A) (B)
3.5 4 1.0
3.0 1
S 25 S 08 1
[a] o
3 2.0 1 s
S S
_-Z_,’ 1.5 - < 0.6 1
< Q
S 107 o
E 3
3 05 < 04 1
0.0 4
0.2
©) (D)
0.12 0.04 1 :
010 1
= < 0.03
2 0.08 Z
% E
= 0.06 1 £ 0.02
= 9
S 0.04 1 g
E £ 0.01 -
‘2 0.02 1 g
A m
0.00 A 0.00 -
0 7 14 21 30 46 74 0 7 14 21 30 46 74
Days after ensiling Days after ensiling

1 REEFEREZ (A) A - (B) 2B ~ (C) Witk (D) THREE%1E - (n=3)

Fig. 1. Changes in (A) lactic acid, (B) acetic acid, (C) propionic acid, and (D) butyric acid content (% of DM) during ensiling
of Leucaena leucocephala. CK, without inoculation; I, lactic acid bacteria inoculation. (n = 3)

Chen er al. (2014) W28 » SREEMAL BT R ORGSR 7 UNIIRENE ~ ALBEE - REVEEA R E T E T
EFIT T RA > SR S HRAH LR OR IR HAH 2 I ~ Ll KNG & S TEEE LA ZRMIEREE - T
o 2 AIFEE S I R i LS EnE A AR R tE (L - 2hM » SINIIEREAH Z L8R ~ 288 ~ WRE AT .
SREFENINZEFT 60 R4 ZEEE » AR 46 K% > "B SR G #5295 (29.3%) R
A (36.1%) AR » & TR &K (DM < 30%) G E IR AE & (Kung er al., 2018) @ $REEEER
(30.49% DM) Eil 20% >K i (91.01% DM) JE-& %75 1T » TR m A2 Y32 (37.07%) T » &% 21 REI A 2R RS E
(Angthong et al., 2007)  [t4h » Al aate ~ Alg & 8L F T 30 RN LIARREFEHE S (E 1A) > 2
ST IRAH B PR A A 2 M A A ([E 1B ) - NEREL T e 2R DU IRAEES S (18 1C K 1D ) » 1H#R
Ji* Chen et al. (2014) Z SREEFITHEIE - FONIEIRAH IR ER N 2 2 ~ 2k ~ R T & 87 It
EE AR > NHABRESEENAHE 48 - WiE& T BRasIsinAabs - BRI S KRN AS
HRE > ERMUCEEZKER S (DM < 30%) g E8HEFTA RS ER(K - 4% - WiEK T Ra 8RS (Kung ef dl,
2018) » 4 » Chen et al. (2014) R0 ALEE T B BE 3512 (heterofermentative) £ (Lactobacillus rhamnosus) »
TNE i R % 2 AL R B E KT £ 42 & ¥ (Li and Nishino, 2011; Borreani ez al., 2018) <

2R ENRAIRE  IREGEWERE 2 Fiy pH I91E 2B EERY 46 RNEE T MERITEL 52 2%
EE (B 2A) - AREAEREEREL Chen er al. (2014) R[E] » HAEEHE SRS EGE Y pH ¥91E 3 RN THEE » FiF
15 Ki% > SRS IBAH B AL BB AN DN4H pH 3938247 5.7 2B EE - RESHEREGEZFZYPE (29.3%) (KA A5
(36.1%) HAETEEEE (0.1 — 0.2%) BZE SR AGEES (< 0.03%) » fEEZRFITF » S7KRES (DM < 30%) 2 HHiT
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HREH 2K RIS (DM > 40%) 2 A IS T RER K S + 5 pH FHOERE S & KRS8t - B
K APBIRE (clostridia) W LERIE Ry T8z » THE pH 575 (Kung et al., 2018) -

TEFH T LN BREAL. Flieg ECHTAMERTIFE 14 KEIRTEE 883 1B RE4 - MW : &
SIAEL I E IS5 30 Kooy i 85.3 2 B RUKSE + 7MY 46 Kol /37872 (18 2B ) - Angthong et al. (2007)
HESR & BUE L B 20% K MR & B E R R (7.07%) R - 4821 KT M AR Y AL/ 2B
(3.43) ~ S TERZER R, 94 53H91E LA EHE - HAT A ISR BUASRBR T (4 LI - TS LRGN & B R BT
SYBEUT (18 1 RJB 2 ) eI o R T TLN 1 TS (R e b B PTG L
D RIRE T AR T T B B R -

(A)é 8 ®) 100
’ o} —A— CK -0 1
6.6 1 90 -
6.4 1
80 1
6.2 1 o
. S 70 A
%- 6.0 -
5.8 1 2‘) 60 -
5.6 1 =
50 -
5.4 1
40
52 .
5.0 ——— T T T 30 — T T T
0 7 14 21 30 46 74 0 7 14 21 30 46 74
Days after ensiling Days after ensiling

2. IREEFIEIEY (A) pH B (B) Flieg [REF78(E - (n=3)
Fig. 2. Changes in (A) pH, and (B) Flieg’s score during ensiling of Leucaena leucocephala. CK, without inoculation; I, lactic
acid bacteria inoculation. (n = 3)

FHr RS G 22 5B E 3,4-DHP ([E 3 ) - fE 227 (E 3A) » LB EFfEE B IR
TEF I EIE 2 SEEEAEN - NHEESFIFEE Y S 89REE 2R > Fir 7 RINGHY 1.4% BERER
£0.5% » [EAEISEE 64.3% 1R EMEE BT E R M E IR - ZFE 30 X282 E - /£ 3,4-DHP & &
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MY IS M B 58 - X 3,4-DHP IR <2 (B Vg By i 7 Y) (Derakhshani er al., 2016; Honda and
Borthakur, 2019; Honda and Borthakur, 2024) * 4 & Al AWTZ2BLAS ER4E 5 (22 3B ) #5R » 3,4-DHP £ A [EF i



319 BT RGEK (Leucaena leucocephala) 7k S B R DL B2 S iR (Uit B 2 W92

1T 2 PR B A A2 5 FIRERR T2 25T pH ~ ALBR RAE R MERRTL & B 2 84N > IREEE /KR
SRR BN E B R BN T > MR ES T pH MR - SREREHHNSESE - BREFE
Z RSB -

A (B)
1.6 7 1.1 -
—4— CK -0 |
= 1.0 1
z =
a a
1) <09
2 X
o =
-9
8 Z08
E <
= e
0.7
0.2 ——— T T T 0.6 ———— T T r
0 7 14 21 30 46 74 0 7 14 21 30 46 74
Days after ensiling Days after ensiling

3 IREEGHITEIE 2 (A) 225 R (B) 3,4-DHP S 85(L - (n=3)

Fig. 3. Changes in (A) mimosine, and (B) 3,4-DHP content (% of DM) during ensiling of Leucaena leucocephala. CK,
without inoculation; I, lactic acid bacteria inoculation. (n = 3)
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S B EE I ARAEY EAAEER Y - ARz ErEse /)58 (> 500 mEq/kg DM) ~ WSC &84 € (< 6% DM) K4
ZABFHEAR (< 10° cfu/g FM) » FHEASRZYIRAAE M E#E (30 — 40%) » HD BEMRE B2 HilF 0 &
07 pH 8= 5.0 » X pH FIEIE S AN EZE H4% 18 (Angthong et al., 2007; Heinritz et al., 2012; Chen et al., 2014) »
M AR B Y B BUE MR 5 2 FHEI T G B AL R B A T e - B T MaEfs - ARFIYE BsE
BEAMEER  BFEHERE - NINARE - BEHECRARHEY S 7 X L EITFAIH (Du et al., 2023; Guo et al.,
2024) o SREEIMABLEE R RAGR T HINIIRENE - ALELE - REMEELFLERE (29.3 — 31% DM) » &F T 60 KDL F7]
5P 4T (Heinritz et al., 2012; Chen et al., 2014) < 28 » CEECA[EDRIIY 2 F et il - REEONIIRIER 2
B BRI E > BEARE I GEE > R pH ~ ZBEWIESE - &2 0 BRI S AR E
e B AHE (Heinritz er al., 2012; Chen et al., 2014) » BI/x WSC & 878 B LG E 2 B3R GEE Irm B B HHVEZER
o

*2 AMEHEHHREEE N 74 REZ B BEEY S BHWEPE (n=23)
Table 2. Effect of lactic acid bacteria inoculation on silage fermentation products and quality of Leucaena leucocephala
after 74 days of ensiling (n = 3)

Type pH A P B L Score
% of dry matter

CK 53%0.1° 0.72£0.13 0.09£0.04 0.03 £0.00° 2.841+0.35 91.7+0.9°

I 52%0.0 0.75%0.01 0.07 £0.03 0.01 £0.00° 291+0.12 943%0.7"

" A, acetic acid; P, propionic acid; B, butyric acid; L, lactic acid; Score, silage quality of Flieg’s score; CK, without
inoculation; I, lactic acid bacteria inoculation.
¥ Values are means + standard error. Values in the same column with different superscripts differ significantly (p < 0.05).
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(proteolysis) » JNEE(EHEAE TS MR /KA L& YIAYEE 7K fi# (acid hydrolysis) » #E[T (K44 & & (Heinritz ef al., 2012; He
et al., 2019) = fE4h » WFERIEEF TR 2 CP &I REERNEITAT (194% > £ 1) » Firig CP 2 EHEL(KA]
HEEBSR & 45 & B85 (condensed tannin) & &= B = B8 (2.59 — 4.53% DM, Zapata-campos et al., 2020) » HIEY'E
REANR (AR YL B ¥ &5 ('8 2 7% (Albrecht and Muck, 1991) ©
WTE A IR E AT S I 74 RIB 2 &R 2 EREE AR > TTRFITRIFEMEL 75% 5 3,4-DHP 28D 7%
EPEEAH (0.65) BN EIRAE (0.74) (£ 3 ) » HEINEITRT » BlrR IR E EEEEH 77 74U T g 34 81 25% -
Chen er al. (2014) WHFTEIR » S &SRR N &8 2 HEIGEER K - HIUE pH » SURALEE & S5 [F R
3‘:%@5%@55% FCHERR PR 2 75 s B 1 AR Bl 2 AR pKa i fi (3.86) Bk t45& » AE PR ERFF(E pH (e
EEE S i o AW EEIEETRE 74 Rk SERMEE N E 2R TR kANEIrRIAKEE
/ﬁi pH A E = (£ 2) - 11 3,4-DHP S &7 H > NEEE @4 5y 3,4-DHP ~ 3,4-DHP #— -3 Rfiig =
Yz Mg &R 3,4-DHP & 2AV8 RE EH80H - EHA R GH B R TR ER > FiiaiE 3,4-DHP & &5
B[RRI R — T s B RaT -

3. ABFPEEH RS EE N 74 K1e 2 FPRHLEHAC - & 25 3,4-DHP &% (n=3)
Table 3. Effect of lactic acid bacteria inoculation on forage chemical composition, mimosine, and 3,4-DHP of Leucaena
leucocephala after 74 days of ensiling (n = 3)

Treatment CP’ ADF NDF Mimosine 3,4-DHP
% of dry matter

CK 19.0+0.1% 432+0.9° 579105 0.3110.01 0.74 £ 0.03"

I 20.2%0.2° 37.8%0.6° 56.5%1.1 0.3410.04 0.65 £ 0.03

" CP, crude protein; ADF, acid detergent fiber; NDF, neutral detergent fiber; CK, without inoculation; I, lactic acid bacteria
inoculation.
* Values are means * standard error. Values in the same column with different superscripts differ significantly (p < 0.05).
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Abstract

Leucaena (Leucaena leucocephala) is nutritious and highly palatable, making it a suitable forage. However, the
presence of the toxic amino acid mimosine and its metabolite 3,4-dihydroxypyridine (3,4-DHP) in the plant set limits on its
use in livestock production. Ensiling is regarded the most effective method to preserve the nutritional value of leucaena while
reducing its toxicity. Yet, the fluctuation of lactic acid, volatile fatty acids, and toxic metabolites in the fermentation process
remain unclear. In this study, two treatments—with and without lactic acid bacteria (LAB) inoculation—were compared to
evaluate the fermentation characteristics, chemical composition, and changes in mimosine and 3,4-DHP content of leucaena
silage at different fermentation periods (0, 7, 14, 21, 30, 46, and 74 days). The results showed that prior to ensiling, leucaena
had a dry matter content of 36.1%, crude protein (CP) of 19.4%, and mimosine and 3,4-DHP concentrations of 1.36% and
0.99%, respectively.During ensiling, the LAB treatment significantly accelerated lactic acid production and effectively
inhibited propionic and butyric acid formation. Fermentation stability was achieved by day 30 in the LAB treatment, earlier
than the 46 days in the control treatment. The pH of the LAB treatment decreased to approximately 5.2 by day 46, and its
Flieg's score reached an excellent grade (88.3) by day 14; both were significantly superior to the control, indicating that LAB
accelerated the desirable fermentation. Regarding toxicity degradation, the mimosine content in both treatments decreased by
64.3% within the first 7 days before ensiling and gradually stabilized after 30 days, with no significant differences observed
between treatments at any ensiling time point. The 3,4-DHP content in both treatments decreased by about 20% within
7 days; however, at subsequent time points the inoculated silage consistently had lower 3,4-DHP levels than the control,
suggesting that LAB inoculation facilitated 3,4-DHP degradation. After 74 days of ensiling, the LAB treatment demonstrated
higher crude protein (20.2%), lower acid detergent fiber (37.8%), and significantly lower butyric acid and 3,4-DHP contents
compared to the control, resulting in better overall silage quality. In conclusion, ensiling effectively reduces mimosine levels
in leucaena. Although LAB inoculation did not increase the level of mimosine metabolism, it accelerated fermentation
stability, preserved nutritional value, and promoted the degradation of 3,4-DHP, thereby improving the overall quality and
feeding safety of leucaena silage.

Key words: Lactic acid bacteria, Leucaena leucocephala, Mimosine, Silage quality.
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weight at 1st egg, FEW) ~ 40 57 £ %7 (number of eggs laid up to 40 weeks of age, EN40) ~ 52 #Ai&5 7 % (number
of eggs laid up to 52 weeks of age, EN52) ~ 100 5 zE 557 (number of eggs laid up to 100 weeks of age, EN100) ~ 40
PHESTEE (egg weight at 40 weeks of age, EW40) ~ 90 FHESEEEE (egg weight at 90 weeks of age, EW90) & 100 #HiE5E
& (egg weight at 100 weeks of age, EW100) °

I 4st5iT

ZREUEE 2 W i 2B EORHE ] SAS 47515307 %482 PROC INBREED 2 B A RS 2 T AH
Al PA— 4R PR E0RE 7 (General Linear Model Procedure, GLM) #7785 75 734 » 5TE S IAIE IR 2 P9 {E BHE
HefmE N EE > A SRR ELE S — M f i3 E (Student-Newman-Keuls Test, SNK) FR# % o £ [l S {EAY
725 (SAS, 2002) °

HeAlgsea T PRI 58 218G (completely randomized design, fif CRD) » BT THIRZ RAUE (Y) » HRERRT

ERERGEHEAAT

Yij = p+ Bi + &ij

=

Yij ¢ BEE i SR 5§ EHAVEDIE

w FREUHNE 2 SEEE

Bi: BFE I EGRAZE(=1"2)

elj + BBt EE e — N (00 082)

e RN B

L BRASZITHRGEER
Wi FAE 16 UESHR - SNSRI Z DR GECFENR | AR - e (R R
o RIS — QTR ARECPIE R 0 - fE8 RATHUECHYBIASRES T - E56 16 (A > Bl R A IREEHE 2 15
AR BT IR 18T I 2 0.212 B 0.209 - (i 9 i Z: U 53 1l RAE 2 0.056 £ 0.054 By 1 (i & s /D AT ¥ i



W] ZERRE BIMEEE  MEETE SIEE MGR  Roger Rouvier IHA(E 326

HIEEE - B 2 R IR TR E (G E 2 HR 7 BB 2= RIS Rl 2 Bo Rt 7 SR #EST - SERBUR AT
(BB LRIV IZIE NN > BEIAH 205 10— 11 QTR (A B R BAAY T (5 0.118 31 % 0.140 - & 1)

A RE B R R B IR FC R BRI R B D ARE - 25056 14 1K (2008) $HHR 5 & 2 S BLEING 73751 By 0.052 £
0.048 > {2007 FEEERATAIRAH R EE A J2 - IR SCEEAL T 2005 SEA AR Z A IR mn A 56 29 &

FIFEE 2008 £EAHCRTEL © Chang (2025) st H e RIS 2 B R PR & & (residual feed consumption, RFC) #E
B B MR R BRI GEEER - RFC EF AL 12 RUREIRIGIIE 0.167 B2 0.169 o 1y it £ Al
F5 0.084 81 0.083 - BLAFRE 2 4ERAH L - RIELSEARCIE G T Ryl 0 AT XCHC » (B AR R AT B T RE T 2K Y
FEPE  UWHEEEEEESHEE R -

* 1. FILEER A (S) HEER

Table 1. Mean of inbreeding coefficients in males and females of S and C lines

& (C) ARG Z S AT AE P E

[min

Generation S line C line

Male Female Male Female
G1(1992) 0 0 0 0
G2 (1993) 0 0 0 0
G3 (1994) 0.018 0.017 0.0078 0.0067
G4 (1995) 0.036 0.041 0.025 0.022
G5 (1996) 0.047 0.053 0.034 0.034
G6 (1997) 0.065 0.067 0.038 0.040
G7 (1998) 0.084 0.082 0.048 0.047
G8 (1999) 0.106 0.106 0.063 0.060
G9 (2000) 0.108 0.112 0.066 0.065
G10 (2002) 0.117 0.118 0.074 0.065
G11 (2003) 0.140 0.142 0.059 0.059
G12 (2005) 0.154 0.156 0.068 0.074
G13 (2007) 0.170 0.169 0.072 0.077
G14 (2008) 0.189 0.190 0.052* 0.048"
G15(2009) 0.197 0.195 0.043 0.043
G16 (2010) 0.212 0.209 0.056 0.054

" Because female ducks of control group selected in 2007 were not sufficient, additional 29 female ducks of control group

selected in 2005 were used to reproduce generation of 2008.

1L {2 IR B o 2 2 A R M RE LS

M N 1 B2 IS R M IR BB IR 2 Z AR RMERE P ITRERAIR 2 > Wi S I ARG E 77/ 31.0 £3.5
(24 — 43) 8133.943.0 (26 — 42) g > 10 S PIIEEE 3 HI B 1,129.5 £87.9 (790 — 1,371) B 1,157.5 £ 90.1 (872 —
1,412) g » WIEE IS E YA By 1,185.8 £ 78.5 (920 — 1,405) B 1,251.7 + 92.4 (965-1,512) g » 30 P4 &
S5l By 1,218.9 £ 101.0 (1,000 — 1,478) 81 1,304.9  124.9 (1,007 — 1,670) g » 40 P ¥ % & 435Il B 1,237.9 +
107.3 (925 — 1,687) 51 1,308.4 £ 115.3 (985 — 1,652) g > N FIAZERMEMIGY; - 16O NG Z BN EFRIE
HEMe RS FEAREAIN - WAR AT ERGE « EH - SRS R EERFHEZEORMEINEER (FR
B 1970 0 225 1992 5 Tai er al., 1989 ) > [A I Tai (1985) F % #5 (3528 16 B 30 i i B4 & 53 Bl A 1,255 B
1,366g » Tai et al. (1989) #—2H SR EF TG ORIGEEZ 8~ 16 ~ 20 ~ 30 1 40 BEie-FHI E 3 75l &y 997 »
1,270 ~ 1,403 ~ 1,397 B 1,405 g » A58 — I e BESJAE (R IR AV EE G £ 2 R A 40 i B ~ 40 HIRASE ~ 52
i EE BB 30 B¢ 40 Bl ERa 2 RAE - L ERREGE AR S2 BlEERZ T - SUEERGRREMR
B 40 i ~ 40 BECHSERE (M > 1994) « fEtk Cheng er al. (1995) s &N E Giat 15 2N (1t 2005
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1.

T OISR L B A R A M S B B IR 2 B R R B VR AR VB ST

SRR A SR R E A% ) S (A2 ERGER - 2 (E 2k RIERE 2 RAVE & 20 Bl IR E NS £ 1,263 —
1,329 g » RIS R5 1,317 — 1,418 g 2 [d] » 11> 40 BEERIF-FHIRa RS HI /MY 1,326 — 1,459 g » 55 Cheng et al. (2007)
s e NS T — IR IR S B R BN 56 13 R 40 IR ERIE & 1,359 £ 127 g AR
A S REURE OIS I o £ 30 B 40 Ei-F RS E R Bt RS - FIRE Rt o SENs Tal — 9% 1 B E
EH OGRS SR T IRESERENE IR E - RS EIRMEIR 2 EA R E— P ERET © Rouvier ef al.
(2017) 52 ENLINNS 110 HECHSE f 1,269 g » B Tai er al. (1989) #He FE TG EENS 16 Ml VIR E
1,270 g AH4T » 212 300 H#EGASE &y 1,381 g Al Cheng et al. (1995) iz 40 A IR E RIS /L 1,326 —
1,459 g fH{LL > B8 EEA Cheng er al. (2007) Z S B EFIG TR 13 U2 40 Bl IR ELE & 1,359 £
127 g o A2 S 2 8RR L T 2 90 S S H B R 43 71 5 1,212.2 £ 103.0 (987 — 1,513) 811,350.1 £ 118.7 (1,111 —
1,576) g » 100 L Eo e e 4y 7 B 1,174.2 + 110.6 (857 — 1,400) £ 1,317.5 + 151.7 (921 — 1,810) g » 45 HFET
HIEMATEEENER M AR (P <0.05) (1FR2 -~ [@ 1) - AL S HEENE B AR REE (W BW0: n =
243/274 | BW100: n = 54/57) » JHRI it e 125 15 45 20 & NGFT 60 E RIS THIANY 44 — 46 HERIFHEI T AT
T8 A 50 — 52 LA R TN — (0 (s EE g iR A o HILE] BW100 BHEEIR L 2 54 & » WA
57 EFTEL -
{5 1 BRI BT IR i 2 R R MERE L

FHYNER IS FEEETTE E AR A 2 100 Bl 2 W i R BRI SRR 3 ME IR R A
B IR L 2 P W) EE HES ~ WEBES IR 117.9 £ 11.3 (94 — 150) 811183 £17.2 (94 — 178) H ;382 +
53 (25— 52)8139.5%6.9 (15 — 62) g MR FHEWEEHE - VEEEITEEEZSR - 1?40 HiR-F9E
E R Fy 62.3 £3.4 (55 — 76) 81 67.0 £ 4.5 (52 — 80) g5 DUF IRBEIIR i Fa 2 40 FHES 1215 B B iU I o A g
(P < 0.05) » 40 IS FIIEEE 139.4 £ 25.7 (46 — 173) Bl 136.1 £27.8 (35 — 175) i > Wi & HIfmaEE 5
52 JEEL I AE TRy 218.7 1 34.2 (127 — 260) £1203.8 £ 39.3 (79 — 252) ¥ » DL I8 i 4 0 £ 52 B AE Y
% (P <0.05) -

2. 0— 100 HZIZEIEZRERFE ML 16 fUEHm A (S) BHIRIL & (C) HURRELLER
Table 2. Comparisons of body weight (g) at 0 - 100 weeks of age for the 16th generation selected line (S) and the control

line (C) after of cessation of duration of fertility selection

Trait S line C line

BWO (g) " :31225 3.5%(24 — 43) . :3327941; 3.0°(26 — 42)
BW10 (g) (1;11:29235; 87.9* (790 — 1371) (11,11:572.5571; 90.1° (872 — 1412)
BWAFE (g) (1;11:851-685 78.5% (920 — 1405) (lﬁzzs 11.9701; 92.4° (965 — 1512)
BW30 (g) (lr’12=1%3?8§ 101.0° (1000 — 1478) (11,1334;.6951; 124.9° (1007 — 1670)
BW40 (g) (162:372-2991; 107.3* (925 — 1687) (15332?91; 115.3° (985 — 1652)
BW90 (g) (1;12:125~52)i 103.0° (987 — 1513) (11,13:5(;.71;; 118.7° (1111 — 1576)
BW100 () 1,174.2 £ 110.6* (857 — 1400) 1,317.5£151.7° (921 — 1810)

(n=54)

(n=157)

''S: selected line, C: control line.
(n=): number of ducks.

Mean * Standard deviation.

() : range.

BWO: body weight at 0 weeks of age.; BW10: body weight at 10 weeks of age.; BWAFE: body weight at 1st egg.; BW30:
body weight at 30 weeks of age.; BW40: body weight at 40 weeks of age.; BW90: body weight at 90 weeks of age.; BW100:

body weight at 100 weeks of age.

" Means in the same row by line without the same superscript are significantly different (P < 0.05).
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Fig. 1. Comparison of body weight from birth to 100 weeks of age between the selected line (S) and the control line (C). (afe:
age at first egg.)

*"3. FILZREREMEIIR S 16 (UEHI S () BHIRM % (C) HEEMEREIRE (B M #EE
Table 3. Egg production performance test values and ranges of the 16th generation selected line (S) and the control line (C)
after cessation of duration of fertility selection

Line afe (days) FEW (g) EW40 (g) EN40 (eggs) ENS52 (eggs) EW90(g) EWI100(g) ENI00 (eggs)

S 1179+11.3° 382%53" 623+34° 139.4%257 218.7%342° 60.9%4.7° 598+4.6° 507.7+41.8°
(94 — 150) (25 —52) (55— 76) (46 — 173) (127 —260) (51 —77) (54 — 78) (393 — 578)
n=166 n=166 n=155 n=160 n=>56 n=48 n=47 n=38

C 1183+17.2° 39.5%£6.9° 67.0+4.5" 136.1+27.8"° 203.8£39.3"° 66.515.8 64.9%5.1° 480.0+53.6°
94 — 178) (15 — 62) (52 —80) (35 —175) (79 — 252) (54 — 81) (52 —76) (316 — 563)
n=190 n=190 n=176 n=179 n=>56 n=>50 n=48 n=47

afe: age at first egg.

FEW: egg weight at 1st egg.

EW40: egg weight at 40 weeks of age. (Egg laid over 5 consecutive days at 40 weeks of age were weighed.).
EN40: number of eggs laid up to 40 weeks of age.

ENS52: number of eggs laid up to 52 weeks of age.

EW90: egg weight at 90 weeks of age.

EW100: egg weight at 100 weeks of age.

EN100: number of eggs laid up to 100 weeks of age.

S: selected line, C:control line.

() : range.

(n=) : number of ducks.

“* Means in the same row by line without the same superscript are significantly different (P < 0.05).

Tai (1985) A MG ERIS Z FIEE Hile fy 127 H > 30 iR EE & 64.9 g 0 35 il mEEER 108.7 £ > 55 Tai
et al. (1989) H— T EFEHRIEEER I WEEHE & 126 H - 40 BE-FHIEERUS 139 10 40 BiR-F
HEH 67.8 g v 52 HE-FIYEEE S 207 £ > Rouvier er al. (2017) e LLIRISWIE £ V9 Hille & 109 K > 1£210 —
300 H#eHAR - ZEEEH 65.0 g I E 67.0 g » £ 300 H iV &Ry 161 # » BLig (032G (Tai er al., 1989;
Cheng et al,, 1995) HYEEE LT A S FHEEREUNG OIS OFFFEMEE L EUR M AR IR 2R 2
P E E HE L EAR R & fyF > 92 Cheng (1995) s SO SEHEOSRNS 5 RZERER » FHIVEE

HEB/ Y 116 — 125.6 KRAIIFHIT » Cheng (1995) JRsi s 30 MBS FHIEE /T 62.4 — 64.9 g » 40 Wi V9 EEHS
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laying rate (%)

T OISR L B A R A M S B B IR 2 B R R B VR AR VB ST

A 67.4 — 68.8 g 52 FE I EEHAIA 197.1 — 219.2 #¢ 55 Chen et al. (2003) 7 — {5 F [R5 (H B HFE
HOofE(T 4 (R EHR - BEENE 40 BEFHIEE Ty 63.2 — 68.7g ~ 40 FHl-FIIR8E Fy 1,349 — 1,415 g fe 52 7
WP EER 207.4 — 219.3 £ » ARy EEGAE S R EURER 40 515 AS B IS H A (50 FH PR Fil 78 (S I F 20k
1T 4 20 - 40 BRI EE L 52 B I E EEITE A K > fE1% Cheng ef al. (2007) 515NN
YE [ FPRSE FEBEHIE RN 13 (R P WIE HER & 108 £ 11 K > A 40 RIS E S & 1,359 £ 127 g
40 JEESFHHEE Fy 68.7 1 3.9 g » 40 B VI ERRIEE By 5.1 £ 0.8 kg/om’® > 52 MBS I E EHHIRT £ 228.7 £
26.6 I o ARSI ELERBURNZIERIE N 2 B & 52 BECFIIE &R 218.7 £34.2 (127 — 260) 17 > {LLIF
lig/ > Cheng et al. (2007) #5150 NS 4 4E {1 FHFR FI 8 EEHFE RN 13 02 228.7 £ 26.6 L » ZAEIRML A
RIED 25 @245 » IRBUR e el & el — 9 (o0 A PR B S PR BUEI  R Z R TR 52 Al e E
o Bl (1988) 5 fi5 i Khaki Campbell ZEFSFZE EE LY 260 HLL L ERAH® > ZEE4Y 70 g > Pingel (1990) 45
& ik #H5 Cherry Valley (UK) 5 1855 2 5 A0S i 2 0E 20 2] 72 B0 7] 7 275 #&& » W5 [ 4L Hutt (1952) #H s
Khaki Campbell FE & ] #4EZEE 418 KA[EET » Rouvier et al. (2017) 57545 H LTS 300 H i FH9&EE B 67.0
g BURSRE 7 BRI 20 (0L > ([HELEE T A E > JRENILTRTS 300 HE P EE M m AR [ -

E12 90 - I EEM A R 7 Ky 60.9 £4.7 (51 — 77) 81 66.5 £ 5.8 (54 — 81) g » 100 FHE FIIEE A
59.814.6 (54 — 78) 1 64.9 151 (52 — 76) g » HITLAITHEEIMF ILEHIR M AR (P <0.05) » FREHTL 2 B2
A2 100 FEES I EEHS R By 507.7 £ 41.8 (393 — 578) B 480.0 £ 53.6 (316 — 563) £ » 100 i EE
FLUEN ARSI 2 277 L (P<0.05) (R 3) ©

A& it e s E el IR R B IR AR e W E ) 100 B E E R i AE 2 - 12120 F
PSR EE 16 (AWM A HYIE R 100 Bl A EEE 2 VI E EEERZ REENFE 4 - SLEERHL (
2) BiEL > B AN WIERSS 2 (B H 2 Sl (89 90% ) » WP 3 — S{EA ZmEFai Bt AEER -
SR A (EERAR (49 87 — 88% ) » “SEEHITNESE - DIRHEME S > B A TEEHMA 15 @R 2 HEE
BRUEFF> 80% » ¥R ANE/ D BN H EEBUEI AR 21 ELLEA 18 (A - fm B{0%EE 27.45 £ 6.69 1
(90% FEER) » WA ZIVARDIIIZRIR > s B2 26.68 + 6.64 1 ( 87.5% FEER ) (HFE4) - HHE 2 &=
ERMGBER T A2 EEREN RS & o B R E E S (8 H A ] G E AR 80% DA L2 E
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Fig. 2. The rate of monthly egg production for selected and control Brown Tsaiya lines from age at first egg up to 100 weeks

of age.
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A 1S A  BRABIESH TS 100 54.4% » Chang (2025) i s 10 (L NP RN A B (RFC)
B L 2 R B IR 2 EEE AU 10 T 60 EESHARY » BLE B @ IEnE—E » RFC 5 5L A0E 52 B4t
80% DL ERVAESER - KGR L2 R EMEIE 2 16 i A BUE IR M R0y A RBLIZE R MEAE LGSR - Wi
LSRR E B B Z (P < 0.05) » IR A SRS I B ER PR 0 40 I DR 2 S EE
NS > (B 52 i P A SRR 100 Hil P EEBIIRER S (P<0.05) > & 100 Hi k= EER 2 FFEER
B BRI 2 B I S 2 O AR S Y S AR R R SRR HA 100 EES L A E R =12 18 E A B E R
I & - ERR AR EELISEL Khaki Campbell 1§ -
Gre DL B BRI O e REUR SR M RUTEI T RE e BB A 2 BB TIIRE E » 40 AT
HEE Y 52 Ml LM%~ AR - FAHBRMERIA R — I SeERaT -

F 4 (BFILZREREMEEIRS 16 (OB A () B (C) HWEE 100 Bk A E EH PO EBUEER
Y HE
Table 4. Mean * standard deviation, and range of monthly egg production from first lay to 100 weeks of age for the selected
line (S) and the control line (C) in the 16th generation after cessation of duration of fertility selection

Year month (weeks) S line C line
201008 (13 — 14 W) 0.07£0.51 (0 — 5) (n=166) 0.11£0.40 (0 — 3) (n=190)

201009 8.95+7.06 (0 — 26) (n = 166) 9.22£7.03 (0 — 24) (n = 190)
201010 25.75+5.90 (3 — 32) (n = 166) 23.76+7.80 (0 — 31) (n = 190)
201011 25.88%7.13 (1 — 31) (n = 164) 26.14£5.64 (1 — 30) (n = 183)
201012 (30 W) 26.63 £ 7.47 (0 — 31) (n = 166) 25.09%8.72 (0 — 31) (n = 187)
201101 26.85+6.46 (0 — 31) (n= 162) 25.86 +6.68 (0 — 31) (n = 185)
201102 (40 W) 24.53%7.79 (0 — 31) (n = 165) 24.25+7.34 (0 — 31) (n = 186)
201103 27.45%6.69 (0 — 31) (n = 60) 26.68%6.64 (0 — 31) (n = 59)
201104 25.61 £5.72 (4 — 30) (n=57) 24.28 £5.35 (3 — 30) (n=58)
201105 (52 W) 26.00 £7.99 (0 — 31) (n = 60) 22.05%10.61 (0 — 31) (n = 59)
201106 25.76 £ 6.95 (1 — 30) (n = 59) 25.14%6.06 (1 — 30) (n = 58)
201107 27.14 £5.94 (6 — 31) (n=57) 25.54+6.78 (3 — 31) (n=59)
201108 26.49%5.95 (6 — 31) (n = 55) 22.98 £7.48 (1 — 31) (n=57)
201109 25.75%5.61 (5 — 30) (n = 55) 24.64%6.37 (1 — 30) (n = 58)
201110 (72 W) 26.72 £6.00 (2 — 31) (n = 54) 24.86+7.54 (2 — 31) (n=58)
201111 25.77%5.64 (1 — 30) (n = 53) 23.95+7.75 (1 — 31) (n = 56)
201112 24.87%6.03 (6 — 31) (n=52) 23.98%6.73 (2 — 31) (n = 52)
201201 22.76 £9.23 (1 — 31) (n=51) 23.24+8.29 (1 — 32) (n=54)
201202 21.02 £ 6.94 (0 — 29) (n = 49) 22.12£5.90 (3 — 29) (n=52)
201203 22.07%7.98 (1 — 31) (n = 46) 21.368.24 (0 — 31) (n = 56)
201204 (100 W) 1631 £8.07 (1 — 25) (n = 49) 17.11 £ 6.62 (1 — 25) (n = 55)

AW RS RSB e B T A AL B A = AR BRI SR [ 2 SR B Bh e & T R R
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253548

ae &

ZENRK
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» RFIEEESS -
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RIS SO - 1970 - EIBHTRENS - FESFEREATEY o BHE 8 WEM ¢ 146 -

BREY - 1988 - Khaki Campbell ZEHS © RIS miEE - 157 H - _EERERGT TR -

I ~ Bk - 1984 - IS N T2AE 2 H5E - 3. ISR S HIRBURENINRE 2R % - FaETFT 17 1 85-89 -

Wk~ F=EEEE - FEGE - R - 1994 - EEISIREESIEE T - TE i 23 1 355-360
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Abstract

This study aimed to investigate the effects of duration of fertility for six years on the growth and egg production
performance of selected and control lines of Brown Tsaiya ducks after cessation of selection. The experimental animals
comprised the 16th generation of the Brown Duck No. 2 selected line and the corresponding control line.A total of 517
Brown Tsaiya ducks, including 243 from selected line after cessation of selection, and 274 from the control line, were used to
measure growth and egg production performance until the end of egg production records at 100 weeks of age. The inbreeding
coefficients of male and female ducks in each generation of the two lines were calculated. The results showed that by the
16th generation, the inbreeding coefficients for males in the selected line were 0.212 and 0.209 for females, respectively. For
the control line, the inbreeding coefficients were 0.056 for males and 0.054 for females. The comparison results of the birth
weight, body weight of 1st egg, and the average weight at 10, 30, 40, 90, and 100 weeks of age between the two lines showed
that the control line was significantly heavier than the selected line (P < 0.05). There were no significant differences in
average age at first egg laying or egg weight of 1st egg between the two lines. At 40 weeks of age for two lines, the average
egg weight was 62.3 £ 3.4 (55 - 76) and 67.0 £ 4.5 (52 - 80) g, respectively. The selected line had a lighter average egg
weight at 40 weeks of age. At 90 weeks of age, the average egg weights for the two lines were 60.9 £ 4.7 (51 - 77) and 66.5 £
5.8 (54 - 81) g, respectively. At 100 weeks of age, the average egg weights were 59.8 £ 4.6 (54 - 78) and 64.9 £ 5.1 (52 - 78)
g, respectively, indicating the control line was significantly heavier than the selected line (P < 0.05).The average number of
eggs laid up to 40 weeks of age of the two lines was 139.4 £ 25.7 (46 - 173) and 136.1 £ 27.8 (35 - 175) eggs, respectively,
and without significant difference between the two lines. At 52 weeks of age, the number of eggs laid was 218.7 £ 34.2 (127 -
260) and 203.8 £ 39.3 (79 - 252) eggs for the two lines. The selected line produced more eggs up to 52 weeks of age (P < 0.05).
The number of eggs laid up to 100 weeks of age in the selected line and the control line was 507.7 + 41.8 (393 - 578) and
480. 0 £ 53.6 (316 - 563) eggs, respectively. The selected line produced 27.7 more eggs at 100 weeks of age than the control
line (P < 0.05). In summary, the selected line in the 6th year (16th generation) after cessation of selection for the duration of
fertility showed that the lighter body weights at all ages, but still exhibited better egg production continuity than the control

line.

Key words: Brown Tsaiya ducks, Cessation of selection, Duration of fertility, Growth performance, Laying performance.
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Fig. 1. Geographical location of meat goat farms in Taiwan (2018).

NTPC: New Taipei City; TYN: Taoyuan City; MLI: Miaoli County; TXG: Taichung City; NTO: Nantou County; CHW:
Changhua County; YUN: Yunlin County; CYH: Chiayi County; TNN: Tainan City; KHH: Kaohsiung City; PIF: Pingtung
County; HUN: Hualien County; TTT: Taitung County; MZG: Penghu County; KNH: Kinmen County.
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S 57.0 B AR A S BETREY ] G B A 8.8 B 32.4% o SaniE T AL BIRBEH B RAT
A8 DASS LGS (Nubian) Je HREAZ T (hybrid) RoAOR > (HEERHER AFEIREY 80.4% - HATHEIRA S
WIFEZ 2 A SRBISSEETLE 2 76 - BUSBIATR A 33 EE LIS (Anglo Nubian) R AH[FISHZ (R > 2008 ) » Hp
REE Y S0 = 70 kg BAIEA ~ EARET HAZERNY - BORETIREUEEVERE - KL AT M Brown
et al., 1988) - (IR -PHE REIEE 1 &1 2000 2B 2004 G & 2B L P BRBUR - Wi fE L2
ERBLISSLREFE R (4F > 2008 ) £ (2008) 15t > 23LLEHILA 2 B2 BLEARANR - HANHBEEE
DA AR AR T 2 L ETRE R AR B (A B e B I RN - KT B B EE K Rl B LLISE (Boer) » 5
R EAERBER LN - BATHERE RUVRIER - 2B S RN A LRSS L a4
A e RS R A R

AIHE Z FEEEHELLEIEL Akpa ef al. (2010) FHEZR KA B 2 BRFEMELL - BRI
Rl (1) - REFERETFEARZ R 1 2 2 08 (Mellado ef al., 2011) » K- RFF B @5 0 1E Ry 11 2 1
IR - DAHERFHEETRULA -

* 1. ZREANFSZSnEFEERRE

Table 1. The heads of various breeds in the investigated meat goat farms

Breeds Buck Doe Kid Virgin goat Wether Total, head %
Alpine 5 61 281 90 1,503 1,940 6.1
Saanen 2 8 0 40 80 130 0.4
Toggenburg 0 10 0 0 30 40 0.1
Lamanchu 0 25 8 15 25 73 0.2
Nubian hybrid 585 8,007 3,696 4,554 8,917 25,759 80.4
Boer 157 1,106 466 698 1,139 3,566 11.2
Taiwan Black 7 82 19 75 336 519 1.6
Total, head 756 9,299 4,470 5,472 12,030 32,027 100.0
% 24 29.0 14.0 17.1 37.5 100.0

Buck: billy goat, male goat; Doe: nanny goat, female goat; Kid: immature goat, small goat; Virgin goat: nulliparous female
goat; Wether: castrated male goat.

1L
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() SRR BT EE
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and Boyazoglu (2004) % Choe et al. (2012) J8ESHIFEHAHE) - (LIERIBRELIET A5 ED 8 L T 2E R EL
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HiA: % 24 75 36 /NEFETBITAARA &  BITRS A G R B 1 R A5 T P B ) L o 6 B
B B E R R 2 IRGEE B R B (Dwyer et al,, 2016) »
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#2. ZHEHENFGIFFEEI
Table 2. Feeding methods of goat kids in the investigated meat goat farms

Survey question Response Percentage (number) of farms, %
What are the rearing rates of kids born in different seasons? Spring 84.3
Summer 85.2
Autumn 86.6
Winter 85.0
What is the average age at death during the kid period? 0 — 7 days 56.8
8 — 15 days 19.5
16 — 30 days 9.3
Over 30 days 14.4
What are the common diseases that cause death in kids? Diarrhea 52.0
Pneumonia 23.0
Bloat 13.5
Quardriplegia 11.5
Does the kid barn have insulation equipment? Yes 66.2
No 33.8
What types of kid insulation equipment are used? Heat lamps 49.7
Heat box 25.2
Heat pad 7.9
Others 17.2
What types of kid nursing methods are used? Natural suckling 76.7
Artificial rearing 233
When do kids start feeding with starter? Less than 7 days 10.0
8 — 14 days 14.0
15 — 21 days 26.0
22 — 28 days 34.0
Over 28 days 16.0
When are kids weaned on average? Less than 2 months 8.6
2 — 3 months 74.2
Over 3 months 17.2
Will kids have disbudding? Yes 44.1
What is the average age for kids to be disbudding? Less than 14 days 23.9
15 — 30days 65.7
Over 30 days 10.4
What types of kid disbudding methods are used? Chemical 4.0
Hot-iron 95.0
Sawing 1.0
What is the average age at which male kid undergo castration? 1 — 3 months 7.3
4 — 6 months 86.1
Over 7 months 6.6
Will the goat's hoof be trimmed? Yes 82.1
Where are the manpower sources for goat hoof trimming? Farm owner 73.5
Contract out 26.5
How often are the hoof trimmings? Less than 3 months 11.3
3 — 6 months 73.0

Over 6 months 15.7
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73.5% ES R ETTIER » LEPEES N A FSHEAE R 49.3% (7F% » 2024 ) - Heg YV EEEH &R -
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PLE(F2)  BHBEENESE (2024) RAEGHERS Z 6.5% » FrER: LIEIE ATISEIHT A EHERK -
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BHE (£ 3) > RAERmMTESZ FELSHEAERE AR ~ AFEATE - B0 > 2EFREEEEMUFEA
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1995; Koyuncu et al., 2007) » RAREZEF R O] SRITTHH MRS > WA L EAHE -

*®3. ZHENFEGZEEBHELS
Table 3. The production and marketing information in the investigated meat goat farms
Survey question Response Percentage (number) of farms, %
Where do the male kids born go? On farm rearing 74.8
For sale 25.2
What is the average sale weight of meat goats? 40 — 50 kg 3.6
50 — 60 kg 14.6
60 — 70 kg 56.9
70 — 80 kg 242
Over 80 kg 0.7
What types of meat goats marketing methods are used? Livestock auction markets 77.4
Livestock traders 13.4
Both 9.2
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BT E S VB 2 AR B D R #E R R -
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Fig. 2. Age distribution of owners in the investigated meat goat farms.
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T4 ZHEHENFSZERZIHRN

Table 4. Labor status in the investigated meat goat farms (mean £ SD)

Farms Total labors Employees Family workforce Goats managed

(person) (person) (person) (heads/person)
Meat 2.1+£0.8 0.7+0.8 1.8+£0.8 109.0 £ 80.5
V. EEER
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Table 5. Goat house information in Taiwan in the investigated meat goat farms

Survey question Item Results
What type of ownership is used for a goat barn? Self-owned 97.2%
Rented 2.8%
What is the orientation of the longest side of the goat barn? East — West 52.3%
South — North 40.3%
East North — West South 2.7%
West North — East North. 4.7%
What is the average age of the goat barn? (17.1 + 8.37 years) 0 — 5 years 7.3%
6 — 10 years 19.9%
11 — 20 years 42.3%
Over 20 years 30.5%
What is the average structural size of the goat barn? Roof height 545+t145m
Heel height 442+127m
Barn length 53.9+t439m
Barn width 1641 13.5m
High-bed height 1.93£1.25m
What type of roof designs are used in a goat barn? Closed roof 74.0%
Monitor roof 8.7%
Airflow deflector 12.6%
Ventilation fan 4.0%
Skylight 0.7%
What type of roof materials are used in a goat barn? Corrugated steel sheet plus heat 34.8%
insulation foam
Corrugated steel sheet 26.1%
Asbestos roof 26.8%
Other 12.3%
What type of sidewall designs are used in a goat barn? Tarpaulin 86.4%
Solid wall 13.6%
What type of high-bed materials are used in goat barns? Wood 5.5%
Stainless steel 1.4%
Galvanized iron mesh 75.2%
Cement 17.9%
What type of feed trough materials are used in a goat barn? Stainless steel 46.3%
Polyvinyl Chloride 44.9%
Cement 8.8%
What type of cooling equipment is in the goat barn? Fan 62.9%
Fan plus spray 6.6%
None 30.5%
What is the type of manure removal method? Manually 73.4%
Manure sifting net 25.0%

Manure scraper 1.6%




341

EEWE N BRI A

HAEERATSESEMN (Ba R x E) &% 884 m” (£ 5) - filE Toussaint (1997) FHigtH > &N E#®
ZEMICEEAE - REEEEHEDE 05 m* BFAFIFEAIRFR 03 m*  ZBUE FI{E RS S B sk
EZSHE TR « DEREEA 2 HE BB E AR > V58N 209 HFE  GUERmEs =7
Z—E R B E SRR MR 2R 141 m”  BURERE SRS E RN A Rm 2
HiE -

e e kEEHSESSEHES R > SSREREZED 3 m FRIN 4R & N2 AR AR AR
SAMRME (Mrema et al., 2011) © ARHFFEEIL 98.0% AFL IR = RETE (BRREUR ) > SFRPITEER 1.93
125 m > FEHEEEPEEMEE 5451145 m (R 5) > BUORAFSEEEIE 5 iEAa A E AR RS ETE
B

(ii) SFHETH ~ FIR RS

RSBERZHERNFSH 740% E5 BEHETR > 12.7% HEREE  Heg h A TEER &
t AR EIRR A Z E5H 5.5% NETREEDREE (BEREUR) - ZEFERER BEFARTEED
JE\ ~ BRR B I 4R T T BB S - AT I T R A R - BIiE RGN R R B EEEREEIR
il - ZHERFL T 60.9% ZFEHRETARFRIME > Hoh 34.8% FYRIIEE 55 380 n SR BEIE 2E
(F£5) HEEZT » &F 2024) RAFESZHEIEL > 70.1% RARMRETR > H 41.3% PRRIREEREE
MHEARBRREE R - BURASESER RGP ELL A LB R - IREER » ZHAFESEHBRANAG
M50 (86.4% > K 5) » BURZ G EE S RS EE KM - HFK A RE BB BERCARR ~ BHPARRE T R
58

A EGEREUR - WIS E DU SR 75.2% KX HRB7KE 17.9% ~ R8H 5.5% > A s & 1.4%
(£ 5) > HIFHHEERE AN 52.0% » Nl 44.9% R > BRI E LR E] b2 & B m B
BB EBEE (OFF > 2024 ) - SFRFORFIRME B SRR R - EAFSRELE - S
B~ MSRIPEEL S - Bof S L RRRU SR - ATEE HRYEERR RG] - NSRS AT -
AL F B PR AR REA ol - 3% 22 RE N F5 R A RN A &R > FFaRFHCE R &
Z A EERIRR -

AL A 97.3% SRR ENE (BRIREUR ) - EAME DL 46.3% A HHH L > HR 44.9% %
LN (PVC) BRBE - JKEMERE S 8.8% (£ 5) - MHELZ T » 7T (2024) $HEFLFE5 2 BHEE L > ok
Bl 2 (EFIEE G 80.4% - [fi PVC MERRE 15 12.1% - BURWUIE S LA A AR LI e F 7 52/ - AoF
S IS EAEEIORS > BE SR Zi A nE A - BCN SRR EEBRS NS
DARA B BRIV 5 F 258 - PVCEM RIS - i L5E ks - Wi Esths) -

(iii) = A

SHEPER T W 69.5% FEEIEHRE - H VBRI R E » 30.5% FERFERRE (R5)
BUFLE AR 8.6% (B% > 2024 ) SEASRIEMFERRATELL - BR A VISR AL
BN » AL P ELBTE A LSS LT R U SO B > BT FRIRSLLLER 4 (Brown e al, 1988;
Mellado et al., 2006) » ELEfRARMRKAA » (HFENRIFHE  BEHERHRAFE » Koluman
and Daskiran (2011) fiith 26 SIS BURS A58 DI 89 2 ERE R TAD T S SR B -

(v) BE{EFPRH - 3\

RRPFER » ZEINTIHHEE 73.4% TR A LT 20FREME (£ 5) » BHEEES (2024) HALF
GEREFTHRE L 54.7% » N5 ERIEEREAREAT » 555 NE R EHEA R E - HIFEA R A=
SRR E R B R R LE R EA PTG S AR RRBREE S HARZEERS - B A
BRI A5 2 AN TTERICR -

VL FE 508k

() FEMEREFRRT

BB B HPIAT 5 7 SEREBHUH TN (Olivier ef al., 2005) « PHEHUT: - PIEHF S (BRI
FAS1% 36.4% (%2 6 ) » BIBR(EHATLAE 82.5% (GBSE - 2024 ) » 3 PARE AR 1 (A L T 0 LAT 8 4
JYER 2 - (BRI 25.2% 4% - FL1 8.6% 2K -

(i) HAEELCH

REERAFSAFEERRHG] > NILARITENEE - 68 - iR EERL# Z AFHIEREA
F33% (£ 6) - MEANAILL > A 88.1% N5 HGINHTECH - IR BRI THIY)E AR AR BIEHEE



G SUEEE L FPRE OMORER R 342

MERHRERR o RAATEBEHE TEHFE T AR  RREIISNCH TR -

To. ZREANFEZFHLCH

Table 6. Goat records in Taiwan in the investigated meat goat farms

Survey question Item Percentage (number) of farms, %
How to establish goat individual identification? Ear tag 25.2
Ear notch 8.6
Collar 2.6
None 63.6
What types of management records are used in meat goat farms? Reproduction 27.2
Feeding 21.2
Cost 325
Therapy 27.2
Disinfection 88.1
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Abstract

This study aimed to investigate the current farming status of meat goat farms in Taiwan and to provided baseline
information on industry development and related research. A total of 153 meat goat farms with herd sizes over 100 heads
were surveyed, accounting for 32.4% of the national meat goat population in Taiwan. Among the surveyed animals, 80.4%
were Nubian goats and their crossbreds. The average weaning age of kids was 3.0 £ 0.6 months. No significant differences
in kid survival rates were observed among birth seasons, with an average survival exceeding 84%. Kid mortality was highest
within the first 7 days after birth, with diarrhea and pneumonia identified as the primary causes of death. About 66.2% of
farms come with insulated facilities, whereas only 24.0% of kids were implemented with early starter feeding within the
first 14 days of age. The average ages for castration and dehorning were 5.1 £ 1.3 months and 22.9 * 13.4 days, respectively.
Most farms (86.7%) marketed goats through livestock auction markets. The average age at sale was 12.8 £ 2.7 months, and
the majority of goats weighed more than 60 kg at marketing. Among the principal farm managers, 94.1% were male and
68.7% aged over 50 years. On average, each worker managed 109.0 £ 80.5 goats. The mean age of goat houses was 17.1
8.37 years, with an average floor area of 884 m” and a platform height of 1.93 = 1.25 m. About 30.5% of housing units do not
come with cooling facilities. As high as 73.4% of meat goat farms adopted manual manure removal, and only 36.4% of farms
adopted individual animal identification. Moreover, less than one third of farms has maintained records of on-farm breeding,
feeding, production costs, and disease management. Overall, the meat goat industry in Taiwan has established a stable
foundation and is gradually moving toward more professionalized and knowledge-based management. However, substantial
potential remains for improvement, particularly in labor-saving practices, automation, early kid management, and systematic

on-farm record keeping.
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em HETT HIRERERAR & o # N /KHEL B 1 (upstream 1) ~ 0 2 (upstream 2) 52 7 (downstream)
3 ESHIE (B 1) ~ 3 CESHIHEE SRR 112 ~ 51 K 78 m > & 53 k/KHA (dry period, D) Kz '8 /KHH (wet
period, W) ©

(i) A-ZEPRIK R N KKE 73

NEFRFERTRIB R A S 2 K EMH T A T/KE 5347 - pH DL NIEA W424.52A (3REEEREI 23
1EWFZEEE 0 2008 ) ~ EC {E 2L NIEA W203.51B JHIE (BRI B IR 7 » 2000 ) ~ 4855 DL NIEA W427.53B
HIE RIEE B ZRIRRENTZERTE > 2010 ) ~ NO;-N DL NIEA W419.51A E (BREH B R IRRE5ET - 2006 ) -
NH,'-N [ NIEA W448.51B ( B25E 3B S BE BEhT 220t > 2005 ) ~ 4840 NIEA W423.52C 318 ( Bk E 5
BERSERT > 2004 ) ~ $FR 8L NIEA W306.55A SHITE (BB B etz > 2016 ) -

(i) TIEEREEELSAT

D 1m-~ A 54 cm ~ /ML 6 em B9 188 » 2EHEEREE S5 — S {EEE ~ Z£E 0 — 20 cm Y1388 » 9 5RE
BHEE & 3 ETE - FTIEE LT E - pH {E DL pH meter HIE pH {E ( F/KEE =11 1) 5 DIBEE I E
EC{E (£/KEb=1:5): #au USRI TEIRIER DL IN BRFRZE B ZEHL - R LA YT HNE (B3 HTF
fitt > 1995 ) 5 i ;e $¥ & & DA NIEA S321.65B (ERIRESEIZZIRIEWTSEME » 2018 ) D (L1t E &8s - FFLL NIEA
MI111.01C ( BRIEE B R IRENTFERT > 2012 ) HIE -

L &7
DL Excel 2016 5T &4 FEPR/K ~ T BAREMEE Rt T /KE 2 SE 3 E EAEAE 7 o F|H GraphPad Prism 9 #L#S
(GraphPad Software, USA) iy —[R T8 8/ HT (two-way ANOVA) #EITEEET57HT @ DL Tukey's test f# & 7= FLEAZE M
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=
=

(P<0.05) -

A The monitoring well of upstream 1
W 1 monitoring well of upstream 2
@ The monitoring well of downstream
&= Groundwater flow direction

1. =& (A10~ A13 J Al4) Jii 8 Kot F/KBE L BB » (A10 ~ A13 K Al4 =& EE 57 5 A 13.63

15.11 2 6.15 )

Fig. 1. Locations of irrigation areas (A10, A13, and A14) and groundwater monitoring wells (with respective areas of 13.63,

L

15.11, and 6.15 ha).

BT

FEIRKKE KRR

o Mo G0 It E A PR OK T B - 8 oy R B B B B A A7 4R B PR /KK B /2 0 BEHY (Angin ef all,
2005) « sAEREARIA-SER/KKE405% 1 Fiow » SF39 pH{E £ 7.8 » EC {H £ 3.78 mS/cm » #8E & &K 669 mg/L > 4
BEERR 76 mg/L > FIE RS 155 mg/l o SFERNY 318 m/L - SRERNEE R (AR 55 FRAR K R R A SR K
SEETE SRR > HiE S E 2 Frr 0 A10 BT 59.9 ton/halyr DL 2020 4F i & e =4y 138 ton/ha/yr
2024 4 i EE B B (R4 14.9 ton/ha/yr 5 A13 [ 250 ton/halyr » [ 2022 4 i % & B 47 402 ton/ha/yr » 2020 4
S BHRE4 75.2 tonhalyr § Al4 39 76.6 ton/halyr » BL 2020 4EHi# R 247 177 ton/halyr » 2023 4 i it
{4 4.47 ton/halyr -

B AT E P R R R B R RSt — E BRI (Station No: B2N890) PR &k (& 3 ) »
2018 7 2025 4F 7 2 4F BEHERG & L 2024 FFEE =49 2,901 mm » (R4 RI A 2021 4F (2,759 mm) ~ 2025 4F (2,196
mm) ~ 2018 £F (2,167 mm) ~ 2019 4F (2,099 mm) ~ 2020 4F (1,544 mm) ~ 2022 4F (1,201 mm) > DLKz 2023 4F (1,166
mm) > FEFHE 1,166 — 2,901 mm - K > FAER AN KT AR R 11,660 — 29,010 m’/ha/year » EA V-1 &
4.47 — 250 ton/ha/yr EEFR - Jifi ) & R FRIZKE AR Z 1/100 LUT » #1280 — 20 em -8 7 BI S Y B <2 RS
Eifip/ N o [EAN - BINSUKER (B4 5 A2 10 B) BflKEH (54 11 HERF 4 H) ZEREEHEZER  [FER
FHEFRNRS — 9 F » MFERZLEKAFEEETE - B - MK EREZZF NG > WSS S EmR s
& > RN b 2 nA MR T B BB K E MK E A M ER (Leaching) » £ 47 -39 ERR 2 EhREFHT - (K
B

ABi S e 2 g R 2ROV BI PR (2 % ARRRRRAMEHAE R - RIERE R
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THEIRR SO H b A B PR 7K TR [l St 3 LI IR St N AOKE Z 2%
TEMFSEE P2 RGN Z - 2 He B s O [k B8 1+ & Ka R > R 3 R KBE M KSR » W& atEM
# o DHEERE o B ML B PROKE B RE /R B R M - BRI T iR Z Bae i B B B2k
S - T A3 B RAPAT BE /KBRS B 2022 SRR A SR U EURGE » AR B (O - EAR SR
PRI 5 (1 A e e Al » SR P I R &2 (249 ton/halyr) ZE Sif7% A10 & (59.9 ton/halyr) Jz Al4 [&
(76.6 ton/ha/yr) °

x 1. 3B/ FIIRETERKZKE T
Table 1. Characteristics of irrigation with anaerobically treated dairy wastewater during three-year experimental period (n =
4/yr)
Items 2018 2019 2020 2021 2022 2023 2024 2025  Average SEM
n 4 4 4 4 4 4 4 4
pH 7.4 7.9 7.5 7.7 8.0 7.9 7.9 8.1 7.8 0.1
EC, mS/cm 3.04 3.79 2.10 2.52 4.47 4.68 5.28 4.35 3.78 0.2
Total-N, mg/L  746° 857° 472" 519 606° 630 964° 560% 669 50.1
NH,-N, mg/L 204" 254° 135° 274° 213° 218° 340° 279° 237 26.1
NO;-N, mg/L 109 157 90.4°  149° 182° 128° 358 87.8" 117 14.6
Total-P, mg/L 81.4 57.4 57.1 64.5 92.6 80.2 98.2 76.6 76.0 9.39
Cu, mg/L 1.75 2.18 1.66 0.78 2.64 1.86 1.35 0.16 1.55 0.19
Zn, mg/L 3.03 2.10 3.02 2.55 4.53 522 4.25 0.76 3.18 0.66
»bedel Means in the same column with different superscripts are significantly different (P < 0.05).
a09 1 W 2018 E2019 52020 2021
T 2022 E42023 E§2024 ®2025
= 400 - rE
i o=t £
S~ A
c '
2 g
T 300 - 4
£ 7
S b
200 e
S 2;
£ 100 -
0 % .
A13
area
2. BRI (2018 % 2025 4 ) =& (A10 ~ A13 kz Al4) it 2 B A R E & -
Fig. 2. Irrigation amount in three irrigation areas (A10, A13 and A14) during the irrigation period (2018 to 2025).
1L Jiti R A PR /KPR [T it i s B
PAEEE (2021) 12 2017 SEEHIEHR MR o S AR AE ETILE (R 2 258 4) - HABRHIR A10 - A13

Fr Al4 415 pH (B PH9 53 BB 5.4 ~ 5.4 5.9 » BIEFE{E (5.1~ 5.1 ~ 6.0) 2EF K » SIERERIEEE 2SR
FURDIASER IR RE T » BRI B R K RS [E St T Rl e s BA TR - WA SR B SR (L ek -

EC /71 » A10 B4 44.5 pSlem » ZAEREESEEE (P < 0.05) R S{E (146 pS/em) » Horfr 2021 3 2025

. (15.4 — 20.9 pS/em) Y EEZE (P < 0.05) /KA 2018 2 2020 4F (86.3 — 90.3 pS/cm) 5 Al3 & 1595 77.3 uS/em »

2021 4E J7 2023 % 2025 4F (61.6 — 71.2 uS/em) 2 EC {H 53 (P < 0.05) & j*

B 5{E (114 pS/em) » DLFZ 2018 &
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2020 4FEH 2022 4F (76.1 — 114 uS/em) 5 Al4 &5 63.8 pS/em » FAEEEREE (P < 0.05) (KA A 518 (214 pS/cm)
ifi 2021 %5 2025 4F (18.5 — 35.0 pS/cm) FiZ (P < 0.05) {E}F> 2018 %5 2020 4 (121 — 135 pS/cm) « Ofori et al. (2021)
fatth > 1388 EC (B Rya R/ K P Rt & TR B O ny —TH B BEAT - e T3 ea ARk LAY EC B T #¢
B0y BAEIEE 0 T EC HESRnEPWIAMEEESES - DUBKER ] se g R E K A& o mhE
B - ST R B HAOTEE(E o ASER A10 K Al4 T 2021 7 2025 4F EC {EEEEZ S SE K 2018 — 2020 4F
5 PR P BT IR e B 8 1 o ARG PR PR AR OMROSE A P48 2 4% EC B TN » Vergine er al. (2017) DAZRERZEHY
BEZKE G - 23R H R R R R EE » BEARE R REOERIEHEE - (EEFR R —E R
B AR =t B & BALd = [ PRI FITEY © Abunada and Nassar (2015) 7Rf5HY » 2RJg 1187 &y Bl ) RRABLE R 2
TEFERE - RE REKHE S By N R ER - EREREEH MR g ERESEEA - FREIME - RERHE
Z 5y AT EE IR eI F P [r) K2R J& (Subsurface layer) » HETT 4R AR 118 2 BE 7y & fi -

1200 7 m2018 S2019 =2020 [@2021
1000 4 ©2022 ®2023 ®2024 ®2025

800

600

400

precipitation (mm)

200

3. BRI (2018 % 2025 ) HIEME (BRACR © SOEH T SR ERE — mEEs SRR ) -

Fig. 3. Monthly rainfall during the irrigation period (2018 to 2025) (Source: Central Weather Administration, Ministry of
Transportation and Communications - Station No: B2N§90).

T2 HEREERER R TR KE A0 S S 5

Table 2. Effects of irrigation with anaerobically treated dairy wastewater on the soil of Pangolagrass pasture in the A10 area

B8R
57

(n=4 /)

(n =4/yr)
Items pH EC' TP’ TCu’ TZn*
uS/cm mg/kg

2017° 5.1 146 218° 6.27 42.5
2018 4.8 89.2° 220° 10.6 37.3
2019 5.5 90.3° 307° 6.94 39.9
2020 5.1 86.3 289° 7.25 48.6
2021 5.2 20.0° 217° 7.56 42.5
2022 5.4 17.6° 167¢ 7.80 443
2023 5.5 17.3¢ 158¢ 5.78 37.2
2024 5.7 20.9° 154¢ 6.88 38.8
2025 5.8 15.4° 144° 6.22 37.8
Average’ 54 44.5 207 7.38 40.8
SEM 0.1 4.83 20.8 0.43 2.01
" EC: electrical conductivity; > TP: total phosphorus; * TCu: total copper; * TZn: total zinc; > &% »2021; ® Average: from 2018

to 2025.

"¢ Means in the same column with different superscripts are significantly different (P < 0.05).
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3. ERREEMR IR K A3 AR ER E TR B (n=4 U/ 4F)

Table 3. Effects of irrigation with anaerobically treated dairy wastewater on the soil of Pangolagrass pasture in the A13 area (n
=4/yr)

Items pH EC' TP’ TCu’ TZn*

uS/em mg/kg

2017° 5.1 114* 197° 5.24 29.9

2018 4.8 103* 279° 9.06 23.8

2019 5.9 93.0° 283" 7.65 29.9

2020 53 87.2° 169° 5.03 35.5

2021 52 62.3 169" 5.44 27.5

2022 5.4 76.1° 171° 5.55 27.8

2023 53 61.6" 197° 5.51 25.2

2024 5.8 71.2° 191° 5.83 24.7

2025 5.9 63.4° 204° 6.22 26.9

Average® 5.4 71.3 208 6.29 27.7

SEM 0.2 10.1 11.1 0.37 2.51

' EC: electrical conductivity; * TP: total phosphorus; * TCu: total copper; * TZn: total zinc; ° &% »2021; °® Average: from 2018
to 2025.
" Means in the same column with different superscripts are significantly different (P < 0.05).

s B

4. NERREEERFFERKE Al4 G BRI 28 (n=4 R/ F)

Table 4. Effects of irrigation with anaerobically treated dairy wastewater on the soil of Pangolagrass pasture in the A14 area (n

=4/yr)
Items pH EC' TP? TCu’ TZn*
uS/cm mg/kg
2017° 6.0 214 322° 7.11 41.6
2018 5.7 130° 335%® 8.70 45.6
2019 5.9 135° 354° 9.23 40.7
2020 5.6 121° 284° 7.49 50.6
2021 5.8 22.9° 257 9.54 43.5
2022 6.1 35.0° 175¢ 7.94 43.0
2023 6.0 23.6° 156 6.52 36.4
2024 6.1 25.4° 230¢ 6.66 36.3
2025 6.2 18.5° 196 6.74 39.0
Average® 5.9 63.8 248 7.85 41.9
SEM 0.1 13.1 10.5 0.46 2.19

" EC: electrical conductivity; > TP: total phosphorus; > TCu: total copper; * TZn: total zinc; > &5 »2021; ° Average: from 2018
to 2025.
“»¢&¢ Means in the same column with different superscripts are significantly different (P < 0.05).

s ZFR

SARETTTE 0 A10 &S 207 mg/kg > L 2019 B 2020 4FifE S (307 ~ 289 mg/kg) » A I (P < 0.05) &R & &
{8 (218 mg/kg) » fij 2022 % 2025 4F (144 — 167 mg/kg) HH (P < 0.05) (KA EFE-(E 5 Al3 [&FH 208 mg/kg > 2018
E51 2019 4F (279 ~ 283 mg/kg) FAZ (P < 0.05) SAEE1E (197 mg/kg) » i 2020 & 2025 4F (169 — 204 mg/kg) HIJEL
B (AL RS o Al4 @119 248 mg/kg - Hr 2019 s (354 mg/kg) @ B (P < 0.05) SiiE 5=1E (322 mg/
kg) » 1j 2020 % 2025 4F (156 — 284 mg/kg) #E (P < 0.05) KA E 5HHE ° Sharpley et al. (2004) F5H - Jii &8
HEEMEHEERE T R > HEESERIREE R - T ERS - TR AR ) R e B i
Mg o Astln A10 K Al4 453 HIA 2020 J 2022 fF1% 48R ERZE (P < 0.05) N - HEHIF] A B &= FH (K -
TRV R HIREE(E R - BUREEEH T - B RFEEEAIR < Cuadro er al. (2022) 7545 » EE#Z 0 — 7.5 em
B0 — 15 cm FITEEREOREH TR & 8 e SE PR R EARRINHERT » BiEAHENEE 3G
W WEEERE (0 — 7.5 cm) SRR TIREDHIE B EEZ RN 0 — 15 om 8% > BURRERAE S 52 HRE
T gl W s T R v B B B KAV EUE - 2019 AR = @B R A Ay B T - 8 e & By
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151 R R 2R B I B RIS R R E S B E S B T TS 4SS > MR AN B M A S0
TRRIFBIZIEE -

TIEESEE 0 =& (A10 ~ A13 & Al4) 4852894537k 7.38 ~ 6.29 K 7.85 mg/kg » stEaEAR &t
PR AL - PR BT By 40.8 ~ 27.7 J 41.9 mg/kg AR el @ B LI R BB (R
8 S P AR AR E - BRI 5 LB A (R MEYEH ) (3 120 mg/kg ~ §F 260 mg/kg ) » BUR{EHEE
i SR AR T IR e & ol -

AR B PR /K I T /KK 'S 2 2

REARERE KN B se g R E0VE 57 » EEE YIRS FTRe UL AV LR - FE M ER AR T KE -
EMEER T/KE > FERTFEEM T/KMUAER - HIEVEEA BRI - HIBIVEPKEES - BEKEMIE
MR~ TN KA S E & DL EE K S (Hamilton er al., 2007; Abaidoo et al., 2010) - sXEHHAR > EHIE
B (2 00 BN (1 10) #RKE > BORIEERAFER S £5R 7 s o Bt 1~ B 2 BN pH (E
3 Fs 7.6 ~ 7.1 J2 7.9 - B S EHEEUERRE > MBS L - EC{EE » B 1~ B 2 BN
53 s 627 ~ 546 ~ 598 pS/em » = [ F7/KHEEHG /ALY 500 — 700 pS/em o G N IFFHL A7 5 i i s 22
ZHEIEN > HHEZBAE EC {H Y 598 pS/em 3%~ EijF 2 B HIE > #EEIA (498 — 702 pS/em) » B EjffEas R
Ko HIt > BURASERH B IR K% > HE 75808 388 A NOKERE T o 28 TIEY R R REFHY
B REHEE 2 T KSR E > EC HINERTEEEUKY - MEFZESHS - NH,-N &85 51 5
0.16 ~ 0.08 K 0.59 mg/L » [ FESHIH: > NH, N &2 s ERHHRT (0.26 — 1.01mg/L) BiFE-{H (0.77 mg/L) fEHE
E725  NO-N S8 P57 A 0.12 ~ 0.35 J2 0.14 mg/L » [EECHIH 2 NO,-N & &7 &l (0.03 — 0.21
mg/L) 815 51H (0.13 mg/L) S ER - ERBETHE - #ilS 8450155 0.02 - 0.01 ~ 0.01 mg/L > FE&E &Y
4350 B 0.03 ~ 0.02 ~ 0.02 mg/L > SAEGHARTEIETEE (58 : 0.01 ~ 0.02 ~ 0.02 mg/L : £%:0.03 ~ 0.03 ~ 0.03 mg/L ) 7R~
BB E E (L - ESBE RPN EIRE DR ES G504 TK > BURRESBE HIEER T 2 AR - i+
PERY SR AREAEYINREEE & - DUOKIEA RN pH 78NS 2 E SN (Kunhikrishnan
etal.,2012) o [EAh » AeERle 3 IR /K 2 BRI 5842 50 SKDLE > SdiRs 20 N /K 2 5E5E -

5. BRI L 1N AOKE ST (n=3 3K/ )

Table 5. Water quality analysis of groundwater at upstream 1 during the irrigation period (n = 6)

Items pH EC' NH,-N NO,-N TP? Cu Zn
Upstream 1 uS/em mg/L

2017 — 2018’ D* 7.7 548° 0.22 0.10 0.08 0.01 0.03
2018 w’ 7.2 539° 0.27 0.19 0.10 0.02 0.02
2018 — 2019 D 7.6 674 0.17 0.11 0.09 0.01 0.02
2019 w 7.6 636" 0.11 0.13 0.06 0.03 0.03
2019 — 2020 D 7.6 562% 0.08 0.15 0.16 0.00 0.02
2020 \ 7.4 611 0.09 0.04 0.08 0.02 0.03
2020 — 2021 D 7.2 634" 0.07 0.02 0.09 0.01 0.03
2021 Y% 7.7 564% 0.09 0.08 0.03 0.01 0.05
2021 — 2022 D 7.5 567% 0.22 0.17 0.14 0.03 0.03
2022 w 7.5 702° 0.05 0.06 0.29 0.06 0.03
2022 — 2023 D 7.6 690 0.10 0.11 0.06 0.01 0.02
2023 w 7.5 677" 0.12 0.07 0.08 0.02 0.04
2023 — 2024 D 7.7 680 0.23 0.10 0.17 0.00 0.02
2024 w 7.7 672* 0.24 0.13 0.01 0.01 0.05
2024 — 2025 D 8.0 648" 0.26 0.19 0.08 0.00 0.02
2025 A 7.8 635" 0.21 0.24 0.08 0.00 0.03
Average® 7.6 627 0.16 0.12 0.10 0.02 0.03
SEM 0.1 16.8 0.02 0.02 0.01 0.01 0.00

" EC: electrical conductivity; > TP: total phosphorus; * 2017-2018: monitoring value; * D: dry period, November - April (next
year); > W: wet period, May - October; ° Average: from 2018W to 2025W.

»bede Means in the same column with different superscripts are significantly different (P < 0.05).
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6. FERIRE LF 2 T AOKE AT (n=3 XK/ 4)

Table 6. Water quality analysis of groundwater at upstream 2 during the irrigation period (n = 6)

Items pH EC' NH,-N NO,-N TP’ Cu Zn
Upstream 2 uS/em mg/L

2017 — 2018’ D’ 7.4 498¢ 0.07 0.18 0.10 0.02 0.03
2018 w’ 7.0 500° 0.13 0.21 0.11 0.02 0.02
2018 — 2019 D 7.2 502¢ 0.15 0.32 0.13 0.02 0.01
2019 W 6.9 498¢ 0.03 0.46 0.09 0.03 0.02
2019 — 2020 D 7.0 518 0.03 0.43 0.17 0.01 0.02
2020 W 6.6 544 0.16 0.21 0.10 0.02 0.02
2020 — 2021 D 6.6 542 0.01 0.60 0.09 0.01 0.03
2021 W 6.9 509¢ 0.05 0.20 0.04 0.02 0.02
2021 — 2022 D 6.7 539¢ 0.07 0.42 0.11 0.04 0.02
2022 W 7.6 559 0.08 0.30 0.15 0.03 0.04
2022 — 2023 D 7.2 618" 0.04 0.09 0.04 0.01 0.01
2023 W 6.9 584 0.03 0.19 0.04 0.02 0.04
2023 — 2024 D 7.2 594 0.13 0.52 0.17 0.01 0.02
2024 W 6.8 624° 0.06 0.26 0.01 0.01 0.04
2024 — 2025 D 7.6 559" 0.18 0.63 0.05 0.00 0.03
2025 W 7.2 557" 0.07 0.65 0.13 0.01 0.03
Average® 7.1 546 0.08 0.35 0.10 0.01 0.02
SEM 0.1 6.80 0.02 0.05 0.02 0.00 0.00

" EC: electrical conductivity; > TP: total phosphorus; * 2017-2018: monitoring value; * D: dry period, November - April (next
year); > W: wet period, May - October; ® Average: from 2018W to 2025W.
"4 Means in the same column with different superscripts are significantly different (P < 0.05).

* 7. HEMARE TIE TAOKE 2T (n=3 K/ )

Table 7. Water quality analysis of groundwater at downstream during the irrigation period (n = 6)

Items pH EC' NH,-N NO,-N TP’ Cu Zn
Downstream uS/cm mg/L

2017 — 2018’ D* 8.0 525¢ 0.77 0.11 0.13 0.02 0.03
2018 w’ 7.4 550¢ 0.66 0.13 0.16 0.02 0.01
2018 — 2019 D 7.8 580 0.92 0.15 0.14 0.02 0.01
2019 W 7.9 564 0.44 0.14 0.15 0.02 0.02
2019 — 2020 D 7.8 586 0.37 0.15 0.18 0.01 0.03
2020 w 7.6 592 0.35 0.05 0.15 0.02 0.02
2020 — 2021 D 7.5 585 0.41 0.05 0.13 0.01 0.02
2021 w 7.9 596 0.36 0.06 0.03 0.01 0.01
2021 — 2022 D 7.7 594 0.48 0.19 0.19 0.01 0.02
2022 W 8.2 594 0.44 0.09 0.19 0.03 0.03
2022 — 2023 D 8.0 626" 0.38 0.10 0.10 0.02 0.01
2023 w 7.8 632" 0.26 0.35 0.15 0.01 0.04
2023 — 2024 D 8.0 695 0.61 0.10 0.21 0.00 0.02
2024 w 8.0 601> 0.96 0.12 0.07 0.01 0.03
2024 — 2025 D 8.5 630° 1.01 0.20 0.08 0.00 0.03
2025 W 8.0 627" 0.97 0.22 0.17 0.00 0.03
Average® 7.9 598 0.59 0.14 0.14 0.01 0.02
SEM 0.1 6.64 0.04 0.03 0.01 0.00 0.00

" EC: electrical conductivity; > TP: total phosphorus; * 2017-2018: monitoring value; * D: dry period, November - April (next
year); > W: wet period, May - October; ® Average: from 2018W to 2025W.
"4 Means in the same column with different superscripts are significantly different (P < 0.05).
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DURRSGEOHAL & 2 A S PR/K B Gt AR (S Skt 11 48 - REDE ISR A 3R Rt N /KE - R R IRy NI S8
M DUt Kz ke > BREENEEEREREAHEAZ BB R IR R TOKEHE R AT R R RR
HREENRIREE 2508 - FERECRAIE 228 - MiFGERERE RREEE - SR BEIE T Rt oK
TEHABH] -

ZEXR

rhEE T IBARLEREr o 1995 o LIS T o ERSEEEAEE - ZIh -

wAMERY ~ BITRR ~ FRRHEA ~ FERESI ~ ZERRER © 2021  BARRE/Ki RS [ St 3 IR Bt N KOKE 2 28 - &
FERFSE 54 © 282-291 -

TS 0 2013 o SR EEYEAEHYLE - PEERRE] 102 £ 6 H 3 H{EIE - https:/law.coa.gov.tw/glrsnewsout/
LawContentHistory.aspx?hid=1484 -

BEIEIEE - 2005 - /EVIHEAETM - Pt E - Z2drii > E 1525 -

RIS - 2017 o ACSELP EHE I R Ag I R E BRI A - thEERE] 106 4F 12 H 27 HEIEAE -

IR R BRI TR - 2000 o /K B8 N E U704 — BE E A (NIEA W203.51B)  rE2 R[] 89 45 11 H 23 H

N

BRI R FE R © 2004 - KPR EOATT7E (NIEA W423.52C) - FEERE] 93 £ 8 H 9 HAE -

BRI B R BT ZE e - 2005 - K & EURgflT 7% — BEfpEL €)% (NIEA W448.51B) - EERE] 94 -8 H 15 HAE -

BB R BRI ST - 2006 - 7K H s I B8 SEARol U5 0k — S e e EETIA (NIEA W419.51A) - EEREY 95 £ 8 H 8
HAS -

BRETH B SR E B - 2008 » K @B TREFE R ( pH B ) AE J77A — EiivE (NIEA W424.524) » thEERE] 97
FOHIBHAR -

BRI R BRI 5N © 2010 o /K lltadfll 0% — 7 e REst / 44 2 NA (NIEA W427.53B) - FIEEREY 99 /£ 9 H
15 HAE -

BB R BRI SEbt © 2012 « YERIE T IRUOEREE NIEAMITL.01C) - EERE] 2012 457 H 31 HAE -
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Abstract

This study investigated the effects of long-term irrigation with anaerobic-digested dairy wastewater on soil properties
and groundwater quality in the Pangolagrass pasture. The experiment was conducted from 2018 to 2025 across a
34.89-hectare area of Pangolagrass pasture, divided into three sections (A10, A13, and A14) based on topography. The
wastewater was irrigated to one section per month in turn via tanker trucks, resulting in a 3-month irrigation interval for each
area; additionally, a pipeline system was integrated into parts of A13 starting in 2022. Irrigation volumes were determined
by the nitrogen requirement of the Pangolagrass. During the period, the dairy wastewater and soil by region were analyzed
every 3 months, with the groundwater quality from upstream well and downstream well analyzed every 2 months. The soil
and groundwater quality were compared with the soil monitoring values in 2017 and the monitoring valuse measured during
the dry season between 2017-2018, as the background values. The results shows that the dairy wastewater contained average
concentrations of 669 mg/L in total nitrogen, 1.55mg/L copper (Cu), and 3.18 mg/L zinc (Zn).The average soil pH in areas
A10, A13, and A14 was 5.4, 5.4, and 5.9 ( background values: 5.1, 5.1, and 6.0), while electrical conductivity (EC) averaged
44.5,77.3, and 63.8 puS/cm (background values: 146, 114, and 214 uS/cm). Average soil total Cu contents were 7.38, 6.29,
and 7.85 mg/kg (background values : 6.27, 5.24, and 7.11 mg/kg, and total Zn contents were 40.8, 27.7, and 41.9 mg/kg
(background values: 42.5, 29.9, and 41.6 mg/kg). In downstream monitoring wells, concentrations of NH,"-N and NO,-N
were 0.59 mg/L and 0.14 mg/L, respectively (background values: 0.77 mg/L and 0.11 mg/L), showing no significant changes
throughout the period. In conclusion, long-term irrigation with dairy wastewater had no significant changes adverse effects

on soil or groundwater quality, with no evidence of salt or heavy metal accumulation or groundwater pollution.

Key words: Dairy wastewater, Anaerobic digestion, Soil properties, Groundwater quality.
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AR AR AT (DL T RSBl ) BB T - SBREIY > (5 - (RS Rt ER
7 > BT R B I R N B R BT 113-07 SRR -
L BB
B SERRTE 5 BIATST - FEFE RS - B A 300 — 360 EEREEAFRIL - 5E5H5 A B-C D E
35 4 BEERIE LA TR AT A RHER] > (GRS REE 75 B 43T 150 6 3 E > (G 25 B2 - [SHMETE 3.3
PR - BRI S (0 — 4 88 ) DURSTIEHRE 24 /NI » 5 4 B > HIHRELE ZOLR - 169E
B AR - SPURE 24 — 30°C o ACHRALHIE BB (0 — 4 EES - HIZEE 22.02% > (OHIEE 3,188 keal/
kg) + R EHT (5 — 8 M > HIZE T 20.44% > (OBIAE 3,222 keallkg) RAEEHT (9 — 12 ¥ » ML 18.04% » (0l
HE 3,257 keallkg) ETHBBUK(T & » EERPREEER ST AR DTS 1 -

1. SRRk

Table 1. The composition of the experimental diets

Ttems Starter Grower Finisher
0 — 4 weeks old 5 — 8 weeks old 9 — 12 weeks old
Ingredients, %
Yellow corn 46.90 54.85 62.57
Soybean meal 37.43 32.30 25.00
Limestone pulverized 1.3 1.3 1.3
Dicalcium phosphate 1.4 1.4 1.5
Fish meal 2.5 2.5 2.5
Salt 0.3 0.3 0.3
Choline-50% 0.02 0.03 0.05
Vitamin premix* 0.2 0.2 0.2
Mineral premix® 0.1 0.1 0.1
Soybean oil 6.75 3.28 5.40
Lysine 0.10 0.22 0.45
Threonine 0.04 0.17 0.22
Methionine 0.26 0.37 0.38
Tryptophan — 0.01 0.03
Calculated value, %
Crude protein 22.02 20.44 18.04
ME, kcal/kg 3,188 3,222 3,257
Calcium 1.03 1.01 1.02
Total phosphorus 0.69 0.68 0.68
Available phosphorus 0.46 0.46 0.47

* The following contents are provided per kg of diet : Vitamin A, 10,000 IU; Vitamin D,, 1,000 IU; Vitamin E, 25 IU;
Vitamin K, 3 mg; thiamin 3 mg; riboflavin, 5 mg; pyridoxine, 3 mg; Vitamin B,, 0.03 mg; Ca-pantothenate, 10 mg; niacin,
50 mg; biotin (1.0%), 0.1 mg; folic acid, 3 mg.

® The following contents are provided per kg of diet : Mn, 60 mg (MnSO, * H,0); Zn, 60 mg (ZnO); Cu, 5 mg (CuSO, *
5H,0); Fe, 70 mg (FeSO, « 7H,0); Se, 0.1 mg (Na,SeO;).

I FEEZFERAR LR
fif A 2 MR (ANTEWEAK, HiRERAERRNARAF > 28 ) EHHHER AN - ARE 10 KiET
B - FERFHSER - ROk B A B -
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() FHEESZHER (fertility, %) @ ( ANFEESL — Mg EEH ) / AWEEEE x 100 -
(if) FEZEWE(2 (hatchability, %) © BEZES / ABEZES x 100 -
(iii) =ZHEEWF(E (hatchability of fertile eggs, %) * BE#EH / ( AWFESL - MEHEES) x 100 -
I A FERE
HEE TR ~ 4~ 8~ 10 2 12 Al #ETIEE - BELH S 2 8RR B & (feed intake, FI) » 7347 & FERT
2 #8E (body weight, BW) ~ HI 85 (average daily gain, ADG) ~ 75 (flock uniformity, FU) K% Gl a2 (feed
conversion ratio, FCR) ©
() EHERREE (g/day/bird) : SREE/ HEEHE -
(i) EHHMEE (g/day/bird) © LK E / HEEHE -
(i) gEpRHEAR - EHERNREE / EHNESE -
IV. FEHEMER
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Table 2. Fertilization rate and hatching rate of incubation eggs
Items Stock

A B C D E

No. of incubation eggs, n 301 363 364 298 297
No. of fertilized eggs, n 281 299 277 240 273
No. of chicks, n 245 232 216 228 178
Fertilization rate of incubation eggs', (%) 93.36" 82.37° 76.10¢ 80.54" 91.92°
Hatching rate of incubation eggs’, (%) 81.40° 63.91° 59.34° 76.51° 59.93°
Hatching rate of fertilized eggs’, (%) 87.19 77.59 77.98 95.00 65.20

' Fertilization rate of hatching eggs = (Number of fertilized eggs / Number of incubation eggs) x 100%.
? Hatching rate of incubation eggs = (Number of chick / Number of incubation eggs) x 100%.

’ Hatching rate of fertilized eggs = (Number of chick / Number of fertilized eggs) x 100%.

“*¢ Means in the same row with different superscripts are significantly different (P < 0.05) analyzed by CATMOD procedure.

A G B SR 34 TR B PATRAT IR FAL P - #E B RV AR RVE T - EER 5 BIE M RE R 0% - ENRE T
R R R G Ry B — 5 5 H AR - (R R IR 2 & 1) B (A BRI - R A R B (LR IR
T o AHEIR 2 (2003) 1E 20 LERTEHE R L HEETAMERE Z A EDS - B S RES A2 ZEER RS
BEARARE > BUNMEIERERIERENFR - A SREEIARCRI B LS 2 B8 EH - ClAERTELN

- FE A S AR R T L R

L &P HEERMERE

B RIALPI RE N R R BE RN A [F G 2 B B S TR SRR 3 Je3k 4 » LL PROC MIXED METEENE >
ITEEREUR > SR Bl B A BE KA (EM (P<0.05)

T3 ADPILEEAHN S B 2 RS E B R AR

Table 3. Body weight and coefficient variance of the red-feathered roosters at different weeks age

Stock
Weeks of age
A B C D E
Body weight, g
0 37.3+3.2° 419%3.7° 39.5+3.8° 35.1+3.3¢ 424+3.1°
595+ 104° 650 £ 102 616 £ 112" 634 £ 162" 673 £ 107
8 2,052 +235% 2,110 + 134° 1,931 £192° 2,035 £231% 2,022 +214°
10 2,833 £259° 2,731 £215° 2,511 +255° 2,713 £356° 2,515 £290°¢
12 3,645 + 403" 3,315+ 376° 3,150 +336° 3,500 + 566° 3,333 +361°
CV %

9 9 10 9 7

18 16 18 26 16

8 12 10 11 11

10 9 8 10 13 12

12 11 11 11 16 11

%<4 Means in the same row with different superscripts are significantly different (P < 0.05).

Values are mean £ SD.

Type 3 Tests of Fixed Effects (PROC MIXED, repeated measures, AR(1), Kenward-Roger df):
Stock: F(4, 626) = 30.81, P < 0.0001; Week: F(4, 1426) = 13095.8, P < 0.0001; Stock x Week: F(16, 1609) = 12.27, P <

0.0001.

SLICE test (Stock effect within each week): Week 0: F(4, 1925) = 0.02, P = 0.9995 (NS); Week 4: F(4, 1925) = 1.49, P =
0.2028 (NS); Week 8: F(4, 1939) = 5.82, P=0.0001; Week 10: F(4, 1926) = 27.20, P < 0.0001; Week 12: F(4, 1931) = 45.28,

P <0.0001.
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Table 4. Body weight and coefficient variance of the red-feathered hens at different weeks of age

Weeks of age Stock
A B C D E
Body weight, g
374+3.3° 419139 393%3.1° 35.5+3.1¢ 41435
4 523+ 87.6° 563 +88.8" 434 +132¢ 568 +88.3" 599 + 108.5
1,689 + 124° 1,681 +182° 1,150 + 133" 1,723 + 130° 1,682 + 156
10 2,269 + 208" 2,174 £237° 1,562 £ 183¢ 2,247 £ 194® 2,168 £222.5°
12 2,673 1307 2,619 328" 1,964 240 2,659 £ 261° 2,568 1 403.3"
CV %
0 9 9 7.9 9 9
4 17 16 30 16 18
8 7 11 12 8 9
10 9 11 12 9 10
12 12 13 12 10 16

“*¢4 Means in the same row with different superscripts are significantly different (P < 0.05).

Values are mean £ SD.

Type 3 Tests of Fixed Effects (PROC MIXED, repeated measures, AR(1), Kenward-Roger df):

Stock: F(4, 694) = 341.20, P < 0.0001; Week: F(4, 1619) = 14264.1, P < 0.0001; Stock x Week: F(16, 1798) = 53.89, P <
0.0001.

SLICE test (Stock effect within each week): Week 0: F(4, 2058) = 0.03, P = 0.9984 (NS); Week 4: F(4, 2058) = 13.59, P <
0.0001; Week 8: F(4, 2140) = 153.98, P < 0.0001; Week 10: F(4, 2066) = 224.39, P < 0.0001; Week 12: F(4, 2081) = 220.09,
P <0.0001.

INHERLSY > WIAEEE (0 #8HS ) DLE 85 (424 g) BI B ¥ (41.9 ) BAE IR E » A H;5 (37.3 ¢) B1 D #; (35.1 g) Rl
€ (P < 0.05) - [LEBSEAFHEASE 4 BHE > E GG (673 ) (IEE ST A5 (595 ) (P < 0.05) - i A\ AEREIIRIGE
S LRIES IR A SO > 10 JEERET A SSHGE (2,833 g) Bl tha ] - BEEN B~ C - D~ E &4 (P <0.05) - =
SERGE R Z 12 8l - A SRR EE 3,645 ¢ Hreallatime - BEER B (3,315 ) ~ C#5 (3,150 g) B E 55
(3,333 g) ; DB (3,500 g) Bl A SSHERE 252 - fERETT L TT1H > SN HE C BEEERAE (CV%) ZHE
4 BRI ]S IE (16 — 26%) - FERZH ME o Ht D $551E 4 ik (26%) B2 12 i (16%) 2 CV HE HEHE
& 0 BURHEAG I R REOK - REEE RS > P EFRE B 5H E SiE - AR E 4 BiRl; > CHlEE
(434 g) BAEAR H AL DUAH (523 — 599 g) » H % 4H & RAARRE E 30% - £ 12 BiklF > A5 (2,673 g) B
(2,619 g) ~ D55 (2,659 g) #1 E #5 (2,568 g) 4 SHIAGEMMIE 2252 - il C S 1,964 g > BIEEIRH H A5
(P <0.05) - FEFRETGIA] - DABERFAG B ARG - SPALHERE A REE > fRYE North and Bell (1990) ¥ 5 AZERFEL
PEVER M > DUBGEERYEE SRR R ~ (B - 08 ~ A~ EEBUECE NN o H o A HEEG B AV S S AR )
Fy56.77% LU ~ 6.78 — 7.98% ~ 7.99 — 9.26% ~ 9.27 — 10.70% ~ 10.71 — 12.41% F1 12.41% L I > T RFEERI457 5
B 6.25% LLT ~ 6.26 — 7.46% ~ 7.47 — 8.70% ~ 8.71 — 10.05% ~ 10.06 — 11.63% F1 11.63% DL _F - i C 355 HH
SEMCRIN - E BIE 12 Bl 2 CV H (16%) IRE it HAhaHR] (10 — 13%) » BURHAZHIA &7 —2hEsE - A
St BT A I RSP - B A R A AR EAFEM YR E S - DNEEBUREUR A S R IR TR B
Ak B TR ) KRR BEPR 0 — 4 BRI IS - (H 8 IElR IR ST IR - RIRAE 12 Bl ET RS
ETHRGE - BB (2016) IHTE R IV & E R AL L8 A RIGIRE S RS REMARRT © B ESRRKIS Erihe
B (ATIBREEAE 28 ) AVETE AT S - A SRR FHRENEE Y] - S8 E S A R EE R4
REE - B 10 Bk A REE - 12 7] RE R 5 2 PSR IETRI SR N EAR - B3E7H > CHAERR
HBERE - 12 BiRRE (1.96 kg) BRPHAR AP LM ARE R 2 2.3 — 2.6 kg #il& - H CI5HIE 4 HERE
CV {H=E 30% > HEMZ TR ZEAE & BEPR B TR BRI RO S B U S E e RURALERENS Z i & (AT
FEE Z AN ) - HEERIE A E (5 > 2016 ) - BEEAE (CV%) EiHi B L EEHRESHIETER - —
PSR A EESIE K CV (B 10 — 12% DUkECR ErTAAg—2 - Astlarh D 5028 E SR e (1248)
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Z CV BTy 16% » BURE W R (A2 RECK - B RE B EUB SE M LR AR T 4R IR EE - st e
GECZ R > B REE DIENR ) B ARSI R BRI L B DIGE SRR

BRI L HE N N B RVERESABREE RO ISR 5 813k 6 - FENHETH > 0 — 4 #i% - EZ ADG
BE ST AGEL C 55 (229 g vs. 204 g, P <0.05) - BUR E BEABRENFRHLERES - A > BEBREINE
9 — 12 8% - FHMZ ADG SERTEZR - FEFLESY - ESE 0 — 4 Bk 2R B ERE SRR (61.8 g/
bird/day) > H1E 0 — 8 #ify » DG E 57 IREBIREE SN A B C 5 (P < 0.05) - 5 FCR I > 0 — 12 4
e 2 EHIRBLL A SR EE (2.6) ° BEEER E2 3.0 (P <0.05) - EHUR E G AR MR B R HMER - H
R & R RICR A RsE - EREEETTH - FIEEZEE ESE 0 — 4 Bt B A REHI ADG (203 g) »
HUIEENCHZ 13.8 g 281 > =M (0 — 12 ik ) Z ADG R I - D5 (29.5 g) 1 B &5 (29.0 g) RITEL
- CHRAIEEETER (22.0 g) - {EEIRHEHRE ST - 0 — 12 Bk D 52 RIRE (2.9)  BEER CHZ 3.6
(P <0.05) - HFEBHYE » C R ES IR Z R BB BRI REE(K - H FCR EERGE > BURHARY
AL S GRS T HAE -

TS, ADPIEEEAHEN SN 2 A RERE

Table 5. Growth performances of the red-feathered roosters at different weeks of age

Weeks of age Stock
A B C D E
Average daily gain, g/day/bird
0—4 204%0.6° 21.840.5° 204+1.3° 22.210.9%" 229404
5—8 50.6 3.6 50.8%2.3 462128 483%1.1 474%19
0—38 355+2.1 35.9+0.8 33.3%0.8 352+1.0 349+t1.6
9 — 12 522+35 414166 43.6%1.7 455%2.9 40.6+8.2
0— 12 38.32+3.7 352133 35.03+0.2 357+1.4 3441137
Feed intake, g/day/bird
0—4 50.9 % 1.5° 51.7+0.7° 51.8%1.0° 57+1.3° 61.8 £0.4°
5—8 101.9+9.1 1142+75 1023422 114+5.0 104.7£43
0—38 76.1£3.9° 80.7 £3.6% 764+ 1.1° 84.9+2.8" 84.2£2.0°
9 — 12 158.3+18.1 156.2£13.0 149.5+2.9 139.0 £ 8.1 147.7+53
0— 12 100.6 £10.8 103.7+7.5 100.0 1.4 100.0 3.8 104.0+2.2
Feed conversion ratio, feed/gain

0—4 2.5%0.1 2310.1 25102 2.610.1 2.7%0.1
5—8 2.0+0.0° 2240.1% 22+0.1% 23423° 2310.1°
0—38 2.1£0.0° 23+0.1% 23+0.0" 24+10.1° 24+10.1°
9 — 12 3210.1 42+0.7 36102 3.3%0.1 41134
0—12 2.610.0° 3.0£0.1% 29+0.1" 2.840.0" 3.0+0.3°

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

Values are mean 1 SD.

Type 3 Tests of Fixed Effects (PROC MIXED, repeated measures, AR(1), Kenward-Roger df):

FCR-Stock: F(4, 10.4) = 3.12, P = 0.0640; Period: F(2, 15.3) = 70.51, P < 0.0001; Stock x Period: F(8, 15.5) = 1.65, P=0.1891

SLICE test (FCR, Stock effect within each period):

Period 1 (0 — 4 wks): F(4, 28.6) = 0.38, P=10.8233 (NS).

Period 2 (5 — 8 wks): F(4, 28.6) =0.43, P =0.7840 (NS).

Period 3 (9 — 12 wks): F(4, 28.6) = 5.33, P=0.0025.
FI-Stock: F(4, 9.74) = NS; Period: P <0.0001; Stock x Period: significant
SLICE test (FI, Stock effect within each period):

Period 1 (0 — 4 wks): F(4, 17.8) =1.19, P=0.3480 (NYS).

Period 2 (5 — 8 wks): F(4, 17.8) =2.03, P=10.1330 (NS).

Period 3 (9 — 12 wks): F(4, 17.8) =3.09, P = 0.0426.
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Table 6. Growth performances of the red-feathered hens at different weeks of age

Weeks of age Stock
A B C D E
Average daily gain, g/day/bird
0—4 17.4+0.5° 19.3+1.7° 13.8+0.8° 19.0 £0.4° 203+0.6°
5—8 414%0.5° 37.3£0.9% 258+ 1.0° 41.0%0.2° 33.5+£5.7°
0—38 29.1£0.9° 289104° 198+0.8° 29.7£0.5° 28.510.4°
9—12 322148 329165 29.1£1.3 37.5+£7.0 30319
0—12 284+14° 29.0+£2.1° 22.0%0.9° 29.5£1.1° 27.610.7°
Feed intake, g/day/bird
0—4 40.8 % 1.4° 46.412.9° 43.6£1.0° 41.210.5¢ 51.9+0.8°
5—8 89.8 £2.1° 86.6+3.1° 582+1.9° 873+ 1.8 88.9+1.5°
0—38 64.110.5° 66.3 2.3 5321 0.4° 6321 1.0° 74.4+0.8"
9—12 130.3£8.1 131.5£12.7 133.5£2.6 133.0£10.0 133.0£54
0—12 84.8+2.5% 88.0+2.5° 794+0.2° 84.6£5.0" 90.0£0.4"
Feed conversion ratio, feed/gain

0—4 2.410.1% 2.410.1% 3.2£0.2° 22%0.1° 2610.1°
5—38 2.1+£0.0 23%0.1 24101 2.1£0.0 3314
0—38 22101 23%0.1° 2.7%0.1° 2.110.0° 25100
9—12 4310.6 42107 47%0.2 4.1£0.5 45103
0—12 3.0£0.1% 3.01£0.2% 3.6£0.2° 29%0.2° 3310.1°

"4 Means in the same row with different superscripts are significantly different (P < 0.05).
Values are mean £ SD.
Type 3 Tests of Fixed Effects (PROC MIXED, repeated measures, AR(1), Kenward-Roger df):

FCR-Stock: F(4, 15.7) =4.21, P=0.0165; Period: F(2, 21.9) =79.19, P <0.0001; Stock x Period: F(8, 22.1) = 1.06, P = 0.4265

SLICE test (FCR, Stock effect within each period):

Period 1 (0 — 4 wks): F(4,30)=1.98, P=0.1231 (NS).

Period 2 (5 — 8 wks): F(4,30)=3.31, P=0.0233.

Period 3 (9 — 12 wks): F(4, 30) = 0.86, P=0.5013 (NS).
FI-Stock: F(4, 11.8) significant (C2 5z{I ); Period: P < 0.0001; Stock x Period: significant.
SLICE test (FI, Stock effect within each period):

Period 1 (0 — 4 wks): P>0.05 (NS).

Period 2 (5 — 8 wks): P <0.0001.

Period 3 (9 — 12 wks): P <0.0001.

AHBEEREUR > ARG AP LA RN L ERE 2R - ESARHERAT " RHERK
= E’ﬂ%‘& EBLHESS R IREEAR - IRIBME (2010) HITFTHEH - %/%Fﬁﬂ%qﬂj:%’EZEPfiﬁkE_ﬁ
SEEERER B HAAEGEEERBGHINE o E B PR RAEES M
Ho-—12 FEJ@%Z@]HE’%@?E@M?( YHE3.0) 0 B A RER R AR HARY HERFRE E TR OREGE %@Z%ﬁﬂxﬁtfﬁcp

& -

MHHEIME > A SAHH D SRR R ER 2GR (2505 2.6 812.9 ) - [LEE
R AP L2 12 Al FCR /0jt 2.50 2 2.98 Z &5 FAHFRF - FERIFEAZE L o BRHCAS 5 #8 R4y 60 —

70% » DRI 2 H FCR @eEEAURERES (40 A S8 D 855 ) FEA0s Fl s EmE ) -
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st > LA BB AT 2 87 T EEREUR - BB B AR EIEL O 2 P B R GETBE /KA (P < 0.05) > (¥
HgERLE ] P BRI BT - N 10 BECRREEEBILT Fy 28.2 — 29.9% - 2 12 BERIFAFES £ 29.5 — 31.0% ;
BEERS 3 IR E3UEUIESS 10 FECHREREE BRI Ry 25.9 — 27.7% - 12 iR EFHE 26.2 — 29.1% > BUREEEEE
Al > BRSNS BAE R T T S0

®T. GDPEEEAHEN SR E R TIR

Table 7. Carcass traits of the red-feathered roosters at different weeks of age

Weeks of age Stock
A B C D E
Carcass weight, g/bird
10 2,440 £ 65° 2,395+ 119° 2,158 £48° 2,417 £ 95° 2,189 +125°
12 3,022+ 176 2,915 %266 2,728 £ 164 2,937145 2,860 £ 160
Dressing, %
10 84.110.6 85.7+3.5 82.510.1 85410.8 84.4+1.7
12 87.1+1.2 86.2+52 849123 85.7%0.5 859%0.2
Head and neck weight / carcass weight, %
10 109%1.2 12.7£0.1 11.5+1.6 11.5+1.9 11.8+1.3
12 11.7+65.0 11.8+1.2 10.7+1.1 133%1.6 12410.8
Breast weight / carcass weight, %
10 223%1.6 20.6%1.5 19.7£23 18.410.6 20.11£0.6
12 19.0+0.2 19.6+1.3 184+1.9 182+1.8 199+1.7
Abdomen weight / carcass weight, %
10 19.810.6 19.5%1.5 20.6£0.8 204+%1.9 19.9+£2.7
12 18.8%1.6 18.7£0.2 18.6+2.6 19.0£0.3 189%1.6
Thigh weight / carcass weight, %
10 28.310.8 282103 28.8%1.6 299104 29.6+£2.7
12 311£0.6 29.510.6 309+2.1 30209 298% 1.6
Wing weight / carcass weight, %
10 11.410.5 11.8+0.9 12410.6 11.7£0.6 11.8+04
12 12103 11.7£0.6 11.7£0.7 11.7£0.5 12.0£0.1
Feet weight / carcass weight, %
10 69103 7.010.6 6.810.9 75105 6.810.7
12 6.910.8 72105 69103 7.4%0.8 6.1+04

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

Values are mean  SD.

Type 3 Tests of Fixed Effects (PROC MIXED, split-plot, Kenward-Roger df):

Thigh weight / carcass weight, %: Stock F(4,20) = 0.65, P = 0.6318; Week F(1,20) = 6.29, P = 0.0209; Stock x Week F(4,20)
=0.95,P=0.4572.

SLICE: wk10 F(4,20) = 0.93, P=0.4690 (NS); wk12 F(4,20) = 0.67, P=0.6172 (NS).

Breast weight / carcass weight, %: Stock F(4,20) = 2.38, P = 0.0864; Week F(1,20) = 5.20, P =0.0337; Stock x Week F(4,20)
=1.03,P=0.4143.

SLICE: wk10 F(4,20) = 2.71, P=0.0595 (NS); wk12 F(4,20) = 0.70, P = 0.6002 (NS).

Dressing, %: Stock F(4,20) = 0.88, P =0.4938; Week F(1,20) =3.33, P = 0.0830; Stock x Week F(4,20) = 0.40, P = 0.8062
SLICE: wk10 F(4,20) = 0.93, P=0.4670 (NS); wk12 F(4,20) = 0.35, P = 0.8405 (NS).

Carcass weight, g/: Stock F(4,10) = 3.80, P = 0.0396; Week F(1,10) = 134.00, P < 0.0001; Stock x Week F(4,10) = 0.31, P =
0.8643.

SLICE: wk10 F(4,19.8) =2.69, P=0.0612 (NS); wk12 F(4,19.8) = 1.75, P = 0.1790 (NS).
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Table 8. Carcass traits at different weeks of age of the red-feathered hens
Weeks of age Stock
A B C D E
Carcass weight, g/bird
10 1,885 £ 44° 1,839 £ 27* 1,265 26 1,882 £ 63° 1,852 £ 22°
12 2,328 £ 96 2,242 £ 115° 1,669 +93° 2,110+ 97° 2,155 £ 56
Dressing, %
10 82.4%1.6 834113 81.5+0.63 77.7+£9.77 84.1+33
12 8310.58 83.9+1.08 81.7+3.37 811£0.99 83.8+1.45
Head and neck weight / carcass weight, %
10 10.1£0.3 10.71£0.7 1091 1.1 99104 10.210.5
12 9.810.3 9.510.64 9.6 £0.22 9.4+£1.05 9.910.1
Breast weight / carcass weight, %
10 23.0+0.2 22.910.8 223+1.4 243104 22+2.0
12 229113 22.5%1.9 22.610.7 233+2.7 233109
Abdomen weight / carcass weight, %
10 214%1.6 21.610.4 21.8%£2.7 19.8%1.1 21.5%£1.0
12 21.1£2.1° 21109 24310.9° 20.1£0.7° 21.71£1.8°
Thigh weight / carcass weight, %
10 272103 27.710.9 26.210.1 27.6%1.1 259121
12 277+1.9 29.1+1.0 262%1.5 283122 272%1.6
Wing weight / carcass weight, %
10 12.6£0.3 12.5%+0.1 133104 12+0.1 12.1+£0.9
12 124103 12.7£0.2 129+£0.3 13£0.3 12.7£0.2
Feet weight / carcass weight, %
10 5810.6 55103 57103 610.0 5.8%0.1
12 55+0.7° 51£04% 44104 5.8%0.6° 53%0.3%

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

Values are mean  SD.

Type 3 Tests of Fixed Effects (PROC MIXED, split-plot, Kenward-Roger df):

Thigh weight / carcass weight, %: Stock F(4,20) =2.41, P = 0.0829; Week F(1,20) =2.32, P =0.1433; Stock x Week F(4,20)
=0.23,P=0.9165.

SLICE: wk10 F(4,20) = 0.96, P = 0.4486 (NS); wk12 F(4,20) = 1.68, P = 0.1937 (NS).

Breast weight / carcass weight, %: Stock F(4,10) = 0.58, P = 0.6825; Week F(1,10) = 0.00, P = 0.9538; Stock x Week F(4,10)
=0.41,P=0.7959.

SLICE: wk10 F(4,19.9) =0.84, P=0.5156 (NS); wk12 F(4,19.9) = 0.17, P = 0.9521 (NS).

Dressing, %: Stock F(4,10) = 1.43, P=0.2937; Week F(1,10) =0.51, P =0.4912; Stock x Week F(4,10) = 0.27, P =0.8929.
SLICE: wk10 F(4,19.6) = 1.47, P =0.2483 (NS); wk12 F(4,19.6) = 0.39, P = 0.8100 (NS).

Carcass weight, g/: Stock F(4,10) = 64.74, P < 0.0001; Week F(1,10) = 226.65, P < 0.0001; Stock x Week F(4,10) = 2.77,
P=0.0875.

SLICE: wk10 F(4,19.3) =41.67, P < 0.0001; wk12 F(4,19.3) = 37.69, P< 0.0001.

SNBE 10 BB FEBEE ) 2,158 — 2,440 g Ho o B BB EHAE (85.7%) » C HHRIK (82.5%) ; & 12 JE#S
W AREBEEEN A SREE 3,022 g CHBRIER 2,728 ¢ - TIEZRAILERE 84.9 — 87.1% KIS
T - PR AL BT » ABEE 10 BEHIEELHIE 184 — 22.3% » BREELHIR 282 — 20.9% ; % 12l
FSHTEOLL GBS IEZE 18.2 — 19.9% » BEESELGIHIIEEZE 29.5 — 31.0% » BERBEHEESRE T - BB SN APRATEHET -
FEHEE 10 U FE AR /170 1,265 — 1,885 g » 12 MEHSHI % 1,669 — 2,328 g+ WrLL A B AR - C BB - FHERIE
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SERY 10 Hii By 77.7 — 84.1% > 12 8%y 81.0 — 83.9% - MEEECZE (LB AR - SEEERIETELPIRY 10 Bl &
22.0 — 24.3% > FEEBLLBI R 25.9 — 27.7% 5 12 FHESFFRGETLLE R 22.5 — 23.3% > BEESCLG1 A 26.2 — 29.1% - B
ONHERHE ZIRBEEEEBI_ETT ~ B BPEL BB SUS FEHiESs - 281 > FERERER T > ARRE Y C SHH1 23]
HEEREAVHRAREER] - 12 R EE] 24.3% > BEES D 5 (20.1%) (P < 0.05) » BUR C ] gEE I F A S HE
TEHEAIHY G % - BEVIZEEL - 2B NS RGN E T BN ERREE - C RS RER g
HERGRFEBLORE(E - AR > A58 D SEGER S A RERAER - BRRERIZESIE 21% 7246 - Brraiin
HETHSE R AMAYERK -

EAZREE (2001) $1¥ 7 RADPIEZES 13 Bk B RMIRZHEML RN L #ABEERE 83.1 —
88.7% > R LB 16.1 — 17.7% > BREFEL I 25.4 — 26.4% ; B3 FE 52 % Fy 78.5 — 83.7% > A T LL 1 19.7 —
20.5% - HREBELE] 21.3 — 22.8%  AMZEAERB R LEARIMEREME » HifR - B > BRELOIHES
PAEREASEUE - BOEDELBIIRIS Rid e - BURERAT RRRIAL Y L R Y BRI E R AT S BB T (R T Rl
%~ BAET ) ZTT MR o LB bR TN AT H T R ER RN S EE A (LA ) HE
B BRI = 2 MBS 2 FIF - A5l [N 5 B AL T ZERREBLL 1 R = A RB AR 1R (FK > 2024) -

ST LD - HEME 2 E AG B N E MR Z AT - B0 b S Z R EDEL BT Ky 30.23 — 32.02% > HigiEf
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2016) -
9. KDDL HESE R R oS B RS TR
Table 9. The positive rate of pullorum disease (PD) and Avian leukosis virus (ALV-J) of red-feathered native chickens
ltems Stock
A B C D E
No. of birds 109 101 116 104 121
PD No. of positive 6 9 9 5 6
Positive rate (%) 5.5 8.9 7.8 4.8 4.9
No. of birds 74 59 95 51 80
ALV-] No. of positive 5 1 1 6 15
Positive rate (%) 6.8 1.7 1.1 11.8 18.8

Analyzed by CATMOD procedure, no significant differences were observed among different stocks (P > 0.05).

FERE B Pt T - SE5MERFE R 1.1 — 18.8% - SEZZ 5 E BIGIR - LL PROC CATMOD J3Hi-F
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ALV-] [ 1R IR T2 R - Hoh C 58 B SIGTERERE (5515 1.1 8 1.7%) > #EME PO 28 S 5
fEPERES FE e K2 0 BB D 2 GIERIT A E 18.8 B 11.8% - NME ] ARG RGL 5 A A MERE T %
BRI N A] RERR Ry BRI M I © AR (2004) Jr 2004 SEEHEFET A 2 o A B HET T IR
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Abstract

The aim of this study was to compare the fertility, hatchability, growth performance, and carcass traits of red-feathered
native chicken breeders from five commercial farms of red-feathered native chicken. A total of 750 healthy chicks with
similar body weights were selected for the experiment. After hatching, the chicks were sexed and separated into male and
female groups, with the experiment consisting of 3 replicates per treatment and 25 birds per replicate, lasting for a total of
12 weeks. Birds were raised under identical conditions during the brooding (0—4 weeks), growing (5-8 weeks), and finishing
(9—12 weeks) phases, with feed and water provided ad libitum. The results indicated that the fertility rates among the five
breeder farms ranged from 76.10 to 93.36%, while the hatchability of set eggs and fertile eggs ranged from 59.34 to 76.51%
and from 65.20 to 95.00%, respectively, revealing a significant variation among the farms. Regarding growth performance,
male and female Red-feathered native chickens from all farms reached approximately 2.0 and 1.6 kg, respectively, at 8 weeks
of age; and by 12 weeks, the average body weight exceeded 3.0 kg for males and was approximately 2.0 kg for females. The
overall feed efficiency was best during the 5—8 week period, followed by 0—4 weeks, and was poorest during 9—12 weeks.
The carcass trait analysis showed that the leg meat proportion increased slightly with age, rising in males from 28.3% at
10 weeks to 31.0% at 12 weeks. The same trend applied to females. Although the breast meat proportion at 12 weeks was
slightly lower than at 10 weeks (decreasing from 22.3 to 19.9% in males), the overall yields of breast and leg meat were
significantly improved compared to earlier literature. Additionally, there were substantial differences in the positive rates of
Pullorum disease and Avian Leukosis Virus Subgroup J (ALV-J) among the farms, suggesting discrepancies between the
biosecurity measures and disease control. In conclusion, under the long-term selection oriented towards growth and carcass
traits in Taiwan, red-feathered native chickens exhibit rapid weight gain, and their carcass composition closely aligns with
domestic market demands for high leg meat and moderate breast meat content. Nontheless, improvements in reproductive
performance and the reduction of disease carrier status remain insufficient, suggesting that future breeding strategies should

incorporate balanced considerations to ensure both industrial profitability and breeder health.

Key words: Red-feathered native chickens, Growth performance, Carcass traits.
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