ISSN 0253-9209
DOI: 10.6991/JTLR

= ER

+R& HA RERE——Z"4 +°-H ==

JOURNAL OF
TAIWAN LIVESTOCK
RESEARCH

Vol. 56 No. 4 December 2023

N =FEBEESARFA

TAIWAN LIVESTOCK RESEARCH INSTITUTE,
MINISTRY OF AGRICULTURE




By
A
=
Jad
=0

um,
i
1 1
i
il
4

MIEE
SR
ATEE
E=YIS
BLEE
Bzt
BREMH

T filEE
ARHH
2] 2
AR
BREE
FEH
PREAZ
(GEEs
SREE &

mE=EE

e
i
MefiE
JimSesst
TRIGH
FROHIEE
PR ) —
202 2
LIPS

(PAEREE )

miRE A FROE

XAIES]

MIEE

(LI EE R )

TBUE
&
FRIEIR,
il
TRECEE
FETE
FREX W
PasHoR
LIS

F4FR&
ElE
EXEPS
FRIESE
SutER
ittty
%
[R5 5
R

A IRSL

S T

EE
REE
FEIHE
MiaE
Bt
7 o
PRIZA
EISER
BN
BER

S

T
REY]
PR
PRSElE
tREZE
AL
PRl
EWAN
el

w5 3

7
i
&

TEEE
SR
M1
o T
FTIRE
PR
K>
I
NG

B

JOURNAL OF TAIWAN LIVESTOCK RESEARCH

J. F. HUANG, EDITOR-IN-CHIEF,
DIRECTOR GENERAL,

TAIWAN LIVESTOCK RESEARCH INSTITUTE, MINISTRY OF AGRICULTURE
HSINHUA, TAINAN, TAIWAN

EDITORIAL ADVISORY BOARD:

C. L. FANG P. H. WANG
S. Y. WANG S. D. WANG
C. C. CHU C. YU

C. P. WU H. H. WU

H. F. LEE K. H. LEE

M. H. CHOU Y. C. LIN

M. F. LIN Y. F. LIN

C. C. HUNG G. J. FAN

S. C. CHANG H. L. CHANG
C. C. CHANG S. T. CHUANG
C. Y. KUO M. D. KUO

C. M. CHEN Y. C. CHEN
C. S. CHEN Y. C. CHEN
G. T. YANG S. S. YANG
Y. J. LIAO H. C. LIU

Y. S. CHENG J. W. SHIAU
J. J. SU

EDITORS:

S. S. LEE Y. C. LIN

C. Y. KUO T. M. CHEN

S.
S.
P.
G
Y.
J.
D
P.
Y.
C.
W.
M
D
J.
J.
L.

KTR=—NACO<KE T <<

L. WANG
Y. WANG

c

LEE
LEE
LIN

LIN
TANG
CHANG
HSU
CHEN
CHEN
HUANG
YANG
LIU
WEI

TOKKICON0NNSuI IO
S ZTmREORATI <3000

=

LIN
LIAO

WANG
WANG
wu
LEE
LEE
LIN
CHIU
HSU
CHANG
HSU
CHEN
CHEN
HUANG
WAN
LIEN
TANG

. HUNG

S.

HXHErHOKIN<C AT A<D
ZIOICrTEZRZONROAE

==
Z
aQ

CHANG



e =]
% T A
& 1T P
3P, fif: -
& i -
4 ik -
e\ BN
& il -
ok H
E {8

JEE R

EEMRE

L EEE e R

iy

== G
EriFEEPES 112 57
(06) 5911211
www.tlri.gov.tw

RTERETT

0985-187287

FEERE] 112 4 12 H ik
Hr & 200 JT

B EIEA LT ¢+ 26 &R TR 209 5% 1 1
7 AL E 8 2R AL TEEELRE 7 B 600 57
X 4 B E 5 ¢ www.govbook.com.tw

GPN : 2005200015

ISSN : 0253-9209
DOTI:10.6991/JTLR



2556 £ 4 HA RIERR 112 £ 12 8

=

1. YRR LT L B R ERUR 2 51

....................................................................................... DEE N QBF%?.* 230
2. HERUBGEEXRRASIEEHEHESR R EREZFERER R BB

............................................................... E’@*Eﬁ% N Bﬁd&-’r{: N ;;%9&% N Lﬂ’é‘?@ 236
3. ERANEEREEEMHAGEFERME  MRELEREEMHRZRE

............................................................... %IJ:I:&% N **Sacﬁ N %gﬁ; N EH;};% 247
4. BRHBEEEEREEERENEEEREHEESERZRE

....................................... MRASER ~ H;zé*g"t “HEE - BESEE éB%‘;ﬂ s MRS 256
5. BIUFEZEMZEERilREcBREREEERM

................................................... @ﬁﬂ%@ N Bﬁ'l{i‘% N M(fﬁ%@ N Bﬁﬁk N 1:%§E§é 264
6. S=EAFILRS - BEHEMHEAIB LS YRE

............................................................... ;;%*ETZ N %}'}Ej N ﬁ*f{ﬁ”ﬁyﬁ ~ 15RAE 273
7. ARALNXREEBACRERHBEAXBERHE - ERE BT AHE MR

22

............................................................... MHETS ~ FRESER ~ éB%‘;ﬂ ﬁ* i3 284

8. RIFNEIHHEEERGEBINE S = 2 Al TR
....................................................................................... BliEE RS 294



230 WL 56(4) © 230-235, 2023
DOI : 10.6991/JTLR.202312_56(4).0001

R BB e L X B R AR Bk R 2 m O

SEEE Y HRR Y

Wb ES - 1T 1L A3 H 28 112FE5 A 17T H

W R

LRl B (R B S s B FERE R ENYHER] » AN 5 EHRET (50 M A B g i R 2 522 - AWt it
BEIE T ~ 4 i iy [ RS F E 4H 45 8 7 %% LA (Nubian) /AT 6 8 - BEfi oy Bo2F it A 25 B FE 49 (hoof-grinding
net) 4H R SEBERFAEEAH - 940 3 U > BILEEMRLAN o SEENARBUERERT (0 H ) » DUREECER ATk TUA S
BRI AR  AEHY 15 ~ 30 45 HECskiEFE MR LB - ERERT 2 MRS R BT - miR A HIE KoMl
B TR A A MRS A PO RIIE - BEERAAH 0 ATELE A% 15 ~ 30 K 45 HAVEEEE A SA R - BURH HIE R
R - AEMEHAYHIEEELEORE - ARIYMANET ~ ZERTYMAlEE KGR MAR A RS = 2 - WIRERELE - FER4gE
I JEG [ B Y A Ry I LR AR EE R IBGOR K » AT R8N - NIREREH iR N e R LT H B
Al e B R BRI R R0 774 b o 3 B A T R Y — T

RrgiEe - LU= - RlE ~ IR~ R4 o

i

LI=E Rl Y (R BN tm fik FE AR~ — (Minnig er al., 2021) » (i (&5 HIRIE ELEE S IR AR (Sailer er al., 2021) -
SLEEIRIRIN S - UG A& LR E B ARz H A S G 43R 5L (Sarhangzadeh er al., 2013) » {EZERBE
BN BEMENSEIK L - HN @RS - e Esy DU -

ISR N S - BB RE S 2 v B - IR E SN AL PTRER - H T mr e fe B S A B R 4R (15 0 1992) -
FrEEE A BT A R o Wi SRS g AR AR > WEHEE AJEL - R ROE S BYETEIRE S E B
B - —HEARREENARINDUEEER - S =g » SRR INEE - 5[AERIE - & F
HiSE - HISEIEIEER  HERATHrESE > BRI ES > R - DR - KM MERE > &EGE
R (Ajuda et al., 2019; Sailer ef al., 2021; Queiroz et al., 2022) - #EERIE AR » B A TEEIHY A » TFEHK
3 e B R e ZL R BB AR (Amin ef al., 2022) - —fKER » (BRI —FLI =2 « ATERIFIRE -
ikt A E0A M B aiE AR g R i A By E ks > KL FR A E R ke N ETTHRME (Sailer e
al., 2021) - [EAh - (EERZEERIEE - HMER N BOVESS MRS R KA - TR RN & e 5y Enfl
A - WiprdEE b ES - AR A TERER - & HFEFEZYEE > Deeming (2020) a8 A\ T (& /NELR
HEREE AR - Do el A R -

EEREERZ E W TS AR TR - DUERRER e - 355 (2017) HRE R ERVHIE R B A RavR
2 BUnHIE R B A RARGEIIRER o R ERM - DS AR A HERRNE - Sk BRg
BN R E SRR A EAE oy AlE D eatem - AYGEs - DU IR E AR mAvERET - s R iHE e
T8 2 e T A > S B S i R AT S B RS o BRET EA AE R R B HI R

|

MR TR

L sBREh) s i

(1) B E TR s & 28 2751 5% -
() BEAEESFTREE AT -
(3) #EN/EE > E-mail: sifonew(@mail.tlri.gov.tw ©



IL.

TR A L A R A 1 A R A 231

G DTS Lo Rt PR T AL aa /A F 6 T E - AMFEE T T Hilg » BE T 415
+1.9 kg HSEREREE TS MBS - AP REIE R ARG > H B S A b R A B A R R
¥ > Wil 1B o (B A B 4R AR th 2 B S R & ) o st & 6 (S8 1= RN - IR Ak 80 cm »
AL ~ Ay 365 cm x 150 cm  FIREGME F#ifre @ » HFLEA/NE 1.7 em x 4.3 cm > §EFEBERETL 0.5
cm o FHEMIL S A BILENE - KRB - KRB AHTN RS - R BB HEE 2 X fERERZE
& -

P A e R B T A

JEEREAE (BRI M625464 57 ) 2 K5I Ry 150 cm x 100 em x 0.5 cm » A48 Ry % ¥ < @ 884 _H AL LRy
(SiC) FEhr EAAHNERE - 2al2 6 THSSLLIELLISE » BT FolR FRAH R S TRAH - SHTIRAH R MR AE4H - FIR R
B > MEERTE S BREES R Re BRI o RO T R S S B A . bR b R B
FIEEREAE - 940 3 UH > FUHBEEENEMALA - FrAFEERE 0 H CRIVERSSER] ) oG Aiist

Al ~ A& ~ ZERT R etk 3t 4 [ERASMNEY T BRI S | (area of hoof wall) ([& 1) < MAEEHEEZ 15 ~ 30 Fz 45 H
LRI (L IET -

L s R EE R EE - A 0 IEFERAE > B @SR > C : IKEEY R IEE M 2 B EEEH D K

EOER 3 Ry A T HAl - [ TS

Fig. 1. Schematic diagram of area of overgrown hoof wall in goat. A. normal hooves; B. overgrown hooves; C. Gray: the

area of normal hoof wall; D. Gray: the area of overgrown hoof wall.
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Fig. 2. Changes of the hoof wall area from 0 to 45 days of test group and control group. (a) Right forelimb, (b) Left forelimb,
(¢) Right hind limb, (d) Left hind limb.
" Means significant differences between treatment and control groups (P < 0.05, t-test).
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Fig. 3. Observation of the effect of hoof grinding net on the hoof at different dates. The picture above is the treatment group
with the additional hoof grinding net; the picture below is the control group without the additional hoof grinding net.
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Evaluation of the effect of a new type of hoof grinding

net on overgrown goat hooves "
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Abstract

The health of a goat's hooves affects its productivity and animal welfare. The purpose of this study was to evaluate
the effect of a new type of hoof grinding net on overgrown hooves. In the study, six Nubian wethers with normal gait, no
lameness, and excessive horny tissue were selected. They were randomly assigned to two groups: one group had installed a
new type of hoof grinding nets on the floor of the goat house, while the other group had no hoof-grinding net. Each group
consisted of three wethers which were independently reared. From the beginning of this experiment (day 0), the hoof wall
area of the limbs was recorded by taking pictures. The changes in the hoof wall area were recorded on the 15th day, 30th
day, and 45th day after experiment. According to the measurement results before this experiment, which found that the inner
hooves of the forelimbs were larger than the outer hooves. The outer hooves of the hind limbs were larger than the inner
hooves. There were significant differences observed in the right front outer hoof, left front outer hoof, and right rear outer
hoof when comparing the grinding area between the two groups. Visually, the horniness of the bottom box was ground away
by hoof-grinding-net gradually, which caused the broken edge to disappear. The results of this study showed that addition
of hoof-grinding-net had an abrasive effect on overgrown goat hooves. It is suggested that the new hoof grinding net is a

selection that can be considered.

Key words: Goat, Hoof, Goat bed, Hoof grinding net.
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MUETEY RN Ty > AR EREIRIARERETE ~ B3 - Bk - M(E - KEAHY - EBIEYREERENS
KRE -~ TR~ MERCHEE U EY) S T ERSUEEYEERTE 99% » 2EREEFEFHLY 70 — 90% ERSUETEY
DBl E & eiE - EREFEAERM 0 BEFFSMNBEEH » i 95% DL L& S elE [ HERSCEEY R ©
EEH 1983 FREWER B S L EEERE BB - WEERIUEEYIH: S [#EHY 1996 FEFERNBUS Y K&
FHRY 2011 FEELHES - 2 BUAME R #— T REXFSNWEIR - BURERHERSUE RN 25 & (@4 E R
o AREKBENSEEE AT ER > [Eseiddst o BEEERRIUE E IV R S T S 0
LU/ VBRI E ™ 5 HIRE (Van Eenennaam and Young, 2014) -

FERME ” FEDBEAEEEYIiaasE - DU - WhnsEar mfhaE 8 i s &'y - MEPUER 2 ARIGE
KR BB RS A LR 551052 (Glyphosate) @ IH7E IR BE G ER S EME AR » SEEUH
PERVAHE oI RE ¥ FERR B A A Bl 1 2 2B B R T REHY 2 ZEAL S (Shehata et al., 2013) « TR R AEMSIHRES
FoE Rtz 60% k2 20% » (RIBEZESETF#H (2021) B} » RE] 106 4% 108 TR 7RIl AELT 255 & ~ 263 & Kz 268
EANER T 2P R ERUEEE L > [FIHAHE 1 2 SRR TR 73 Al By 449 & ~ 428 B K 494 BANE » H B K&
T RS B A 2 R R s 7 o © A SRR B RN U S el & 5 [ S5 B )@ > Séralini er al. (2012) DLIEEA
st EAR e/ N R E ISR > ARNUSE FORS S8 BRI ERE - (HItRam Y 22 B A = 8 B Se A
Fom/D R EN A SRR S RN SUEEIER NS S R BN E R E SR AR E R 2 &
SRS o DIEUA FERRE K -

() R EE SR FTITFe i 26 2752 5% -
() BN EEARATE e -
(3) REEE T A R EEY -

(4) ESEENER BT TE AT BRI 74N
(5) #E/EZ > E-mail: hwhung@tlri.gov.tw °

|
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Buzoianu et al. (2012) MUEHRBGETOR AT 40 Fli (LY 10.7 ke ) Z 110 HE PR » S8 RBURETARIUE
TR AR B RIEAE - BERR RIS - Gao er ol (2014) JEFI & ETERENY (Phytase) SEERF B2
Z RIS T (2 FEAEREGE A B ) 616 SO I IERE 16 38 » 4 Rar T T SRR IR AL DRI » (IR
ST ~ TR ~ HTARBBIAVSE IR b TGOS H B - I s se TR LR (R » e et
BRFIT (B3P ) B AU TR B B S 2 2 BRATRELS T 5 Y MRROSERIT EE - (S
(2022) MEREIPIHET FORIERH Bt 10 (590 ATHMIER H B HI0ESIE - AEbL DRSO ok RS
AL A 163 HUE SR I ~ HWT) - BOP - T EPENAR RIS ASE DNA S - KSR -
AEPA B FYEY - P55 (Q017) WIFEHis NI TS TG R R SR 5 ~ FEMEIR - IR B f R
PR (L% [FIRERRES DNA RS IRIR U SORALIER F B B LR R ORI B S PSR TR BRI
TEZ RGBS  MIEEEER - BB AT L GRE 2SR » BRI
DRI B IR R 75 A SRS (FY R SRR S » EHERS R aT o 2 IR S 2 P (R -
2016 ) - FNBPYEE AT ES 2 AR TE R RSB R B ASEOR, - ERTODT ZBRA0 - SOABBR e
F DEATCETOR ST AR AR TR - BURSULIATCE R BHENE - USRS T SR
B AR B E R R B S 2 FTAER

MFERTTE

L sttt
() ERRIR
WATE AR R IR - 43 Al Ry I RE R i fe iR 4H B AL R S Rl R A - BRCUEEYfE FoOR K ZMWifE - Ik
FER S e ke 5 F B N R S B AR B i 2 2 TN R & priditE 2 B A I FRE R UE TR K HE A O 2
BRI SUE R b R I ER R s 2 Rt » SR SRR R A O FOR R (B ) BRSNS
JFAE o AReAERPT 7 AR UUE B E R R BUSEYIER — B R IS0 R T DA E BN SUSE R Big 2 B E
HIEHMEEHAHSIVEY  RRHERIA A Aot 2 B o A o R B E S R RS AR R B -
(i) SABRENY) R AT
DL 100 R4 AIFIS (ISA) S A EHE > DUHFEIRRSUSERIEFEE 2 10 88 - 10 B ATaEE R
PREES > ik EE NG ERIBEE EHE S - vk 2 S DAERSUS S E R RS faR E TR S - R
50 €& > 5T 5 R FEE 10§ A 24 Bl S EEE > FrETEEIREER HESHN - &
12 1A e 7E S A AR 2 B AT A NRC (1994) HEREEHEC » SEiREt B Alsom e %E - i I 2 R IR 16 /)N
B -
FEEABRAY 12 AR (24 2 36 88 ) - MEREREE - EER - EE - fBES LK ETRHEHRE »
WL e SR E BT o NelBRbaiRE4s RIS HIM - M EHE MR P ek E A (1gG ~ IgA K IgM) &=
(%> 1997 ) - fAE SRR R AH AR 1T 2 B A0 31T (AOAC, 2012) - Aeha ~ &= KN
B &R [ EeEh) IR NGl A (106-19) -
II. HIETEH
(i) FEERAEEMRE
1. SERBa A R &EH Sy BIFEEE - DUAE B ERe (L -
2. A RNEGHPEE KESEM (BEE) R R R BRESSEEERE - ERERX
HETREEHEER - EHEEE MERHRER -
EHEER (%) = (HEEY/ EEHFE/ EERE )X 100 -
EHESSE (g/d hen) = ( EHEER x FI9&EH )/ 100 -
fARHAER = EHERHR B E / EHEER -
(i) ZEmE
1. FIUE R R SEE 20 > WEERGE - ZZIREL (Haugh unit) FEFBAD » ERWEEBEIEE
FRORIE ~ RS MERL (S ERE ) BE .
2. ERGREHIE © DIl E N EE RIS R % (HT-8115D) » DB # BB HEEE - Fil i L -
HEAT B R 2 HE
3. FERLEEMIE ¢ {k Nordskog and Farnsworth (1953) 2 J57% » fEEEM#il ~ 28l KR E S S H— R &R (5

i
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PREEFEN ) > DIHBEEROHIES ( FHK - HA ) HIHE R 2/ NG 3 i - BHEEN =N & E 2 F9RHE
ERERE -

4. ERLILE  HEMFER > IRIERTE > ETEERESEE o -

5. EEEACMIE © BUES K Lyon ef al. (1980) JiALIBZE ( HAE MG » MR-12 » Japan ) #1743 BIMNIE &
SEfE (L) ~ 4LEH (a) R EE (b) ©

6. SEREALNE « BESTHR - EABER/KENINENES (FHK > HA) L JHEREEHEE - WP
FEA S E R EERESCE L (Haugh, 1937) ©
SEEC B (H. U.) = 100 x log [H— 1.7(W)*¥ +7.6] -
H=EAS% mm; W=E&H" g-

(iii) FREETER

sl P R 2 FoRROKE (F) » EEEE R EEY BT - AR ASaEmPREEE
Befpbn )7k — ZEEHE O T (1) (FAEEME B MEEY)EHTE > 2014 ) » £2F QUEChERS J57% (quick,
easy, cheap, effective, rugged, safe) Fij iz ¥ 1% » DU A & M &2 B E 5% 48 (liquid chromatography/ tandem mass
spectrometer, LC/MS/MS) K GAHEHT S B/ E 515 (gas chromatography/ tandem mass spectrometer, GC/MS/MS)
I e

(v) I oREBkE Bl

SERAS TR - AHRRMEREE 12 SR SR > HEMmT IgA ~ 1gG K IgM (H% > 1997) °

v) FEBENEYEH

ERERASE AT - T AH SRR 12 € ETHRENEYIE 2T (Covert er al., 1989) - FEHL
1 g FriEs BN YA 10 mL 0.85% NaClJE &394 » B4 H 0.85% NaCl 4 HifE 2 1/1,000,000 - H:5
FE 5 2 - FHLLL BB A B R BB E  (Lactobacilli MRS Agar &z CHROMagar™ ECC) » 43 BIAE 13%
CO, ~ 3TCHIRIRESE 48 h B 37T CHYIRIEHTE 24 h» #ITAME - AEAGEE - MIREEE K RSHEK
e EEEEE R -

(vi) 25'B et A

FAEUBRGT R - AR 12 SR hESEHEEIE T A BT RS B R E AV A
FHERAERE - HE0RER 10% RS PIEE 24 h RAUT - DUSHERE Z LB (50% — 100%) #E
TR > OB ~ UIR MR - SR LBRRREEL {4124 (1 (haematoxylin and eosin, H.E.) S0 /IARES
2 0 FYEERERTY SR (Nikon, Labophot-2) #{Z= AR (2155 » 1996) -

o) FEAEGE A Bl

g B 2 £oKk ~ R (A1) 81 36 e 2 4 S HAENY 12 S5 EE T - e N EREE(E MM
W~ HEMY ~ B ~ OB - FPRE - BOEE - ONESEAHAR - [EINFEREE S 4H 20 R - FTA R B A sl B
77 DNA ZZH{ (Aulrichet al., 1998) » 51 168 {[il DNA £/ » #E{T DNA EMVEER > DUgolgak B R s
EHE R KBt E Y ERE R VBT -

FoR K ERER R Bl > R AR A B EEA S e niEYEHE (2014) J77A#T
PREVEOR BT (FA ) #ETTRRON] « FoRDL T MERERE e A B el Ba 5 [ 46001 7572 (Method of Test for
Genetically Modified Foods — Event-specific Qualitatively and Quantitatively Test) | #EfTa00] » K S AaHIELR H
) Real-time PCR 5 [ T4 8l ©

(i) BERERICY

A BR AR —RUE B AT AOAC (2012) 73#fr » s3I HEE/Koy ~ MEEE - AHHGH - HHdksE - Mk
Gy~ 85 - 4EEE > WS EREMEY (EEM B A 100 — Koy — MKy —MHEOE — M —
#)-

1L 455747

L

AERFTIEUE BRI SAS EHEHUAE (SAS, 2008) HEF T3 - (] —R&R4EE X (general linear model procedure,

GLM) #FT8T7 07 - Aelba@iE KA Ry (P <0.05) -

e

R SR B KRN Bt
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Ay B e JE AR UE FOR RoR &R > WA — 2 R B RS FoR KM 5 Hp IR RS FOR K
RS T il > R ETER R B BRMSUSE £k H Nos-T ~ CaMV 35S-P ~ EPSPS-CP4 -~
FMV 35S-P J% Pat ( LA SR R BN 755 ) % 5 BAMRERF B ARRUGE R Gkt Nos-T ~ EPSPS-CP4 ~
FMV 35S8-P J% Pat (i EH RBUEN 155 ) 55 4 (EIMRESH F B -

BB A RHE MR R A NS ok R ~ JREL RS TR K5 - SR EEY s s Be F gl 373 2
% GERSH RN YOS FORE R B i 2 R A28 & - BT S (Piperonyl butoxide) 0.02 ppm ( [R &4
7 ppm ) a4 (Pirimiphos-methyl) 0.1 ppm ( [REAEAE 8 ppm ) - (HIGIERBERH AT EMAEZ N - FEEKUEKR
T~ JEERSUE FOR R SRR TS B R 2 -

F 1.0 — 18 Al EHEETIRAC T AR (RN SUE R )
Table 1. The ingredients and compositions of laying hens feeds during 0-18 weeks of age (GM " ingredients feeds)

Ingredients, % 0 e ofate 7 1% weskaof age
Yellow corn, ground 69.00 71.85
Soybean meal, CP 43% 26.00 16.50
Fish meal, CP 60% 2.00 2.00
Wheat bran — 7.00
Dicalcium phosphate 1.20 0.90
Limestone, pulverized 1.15 1.20
Salt 0.40 0.30
Choline chloride, 50% 0.10 0.10
DL-methionine 0.05 0.05
Vitamin-mineral premix” 0.10 0.10

Total 100.00 100.00

Calculated value
Crude protein, % 18.16 15.26
ME, kcal/kg 2,936 2,909
Calcium, % 0.93 0.86
Total phosphorus, % 0.68 0.60
Non-phytate phosphorus, % 0.40 0.35
Sulfur amino acid, % 0.93 0.82

Analyzed value, %

Crude protein 19.30 15.40
Calcium 0.97 0.82
Total phosphorus 0.65 0.61

“ GM = genetically modified.

* Supplied per kilogram of feed : Vitamin A 16,000 IU ~ Vitamin D, 2,667 IU ~ Vitamin E 13.3 mg - Vitamin K 2.7
mg ~ Vitamin B, 1.87 mg - Vitamin B, 6.4 mg - Vitamin B, 2.7 mg ~ Vitamin B,, 16 ug ~ Folic acid 0.53 mg ~ Calcium
pantothenate 26.7 mg ~ Niacin 40 mg ~ Choline-Cl (50%) 400 mg ~ Fe (FeSO,) 53.3 mg ~ Cu (CuSO, * 5H,0) 10.7 mg ~
Zn (ZnO) 106.7 mg ~ Mn (MnSO, » H,0) 93.3 mg ~ I (KI) 0.53 mg ~ Co (CoSO,) 0.27 mg ~ Se (Na,Se0,) 0.27 mg.

I EFEEEMERE
B 10 Bife& 7 HEREERNIUSSTRERIUES R - BHAERMEZZE > 1Y 11 — 18 Bl E R I EHERH
ZAERVERENREEE 2 5 BB AR USSR R U B R A 5 B AR FHER 2 A R MERE - BRATERNEL
iGEAREYT 24 — 36 ML TDEHEE MR KA E 2 8 > FINIR 3 - MRl N s BRI R ARSI
A M FGERMT - SR EEH  EORAE - EHEER - EERE (egg mass) ~ FIEHAER KT
TERFERZ P ENSUEER 2 8 - RWAHREN AR > BURERSUE TR o KRS B R
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EEMRE R FERE | LHEERE Gao ef al. (2014) BREISTEREREERNR B2 BRNIUETOK - WARPEE
EMREZGEFANL - SRR - BRSSP SUE EE SRR (R4 0.6 TT » (REUE TORFEAE RAAS
F&Y 12 — 1370 > M ESZRR ROEE A > REIFERSS IOREATHEEL 14 — 15 78 > (B EHATREIFERN
EIOREMAE 2 F > BIDIEOIORBOEDE - EHAIEERE]Y)  FrIEERBUE TORTILIE AT 15 JTfl
B #EAERSCE SR A AR AR ALY AT 0.6 T - HEE MRS RN SUE SR G &G R AH T

% 2. 19 — 36 S E B RAL T

Table 2. Compositions of experimental feeds for laying hens during 19-36 weeks of age

GM' feed Non-GM" feed (control)
Ingredients %
Yellow corn, ground (GM, CP 7.5%) 56.7 —
Yellow corn, ground (Non-GM, CP 10%) — 64.2
Soybean meal (GM, CP 43%) 30 —
Soybean meal (Non-GM, CP 47%) — 23.5
Soybean oil 1.0 0
Dicalcium phosphate 1.2 1.2
Limestone, pulverized 10.0 10.0
Salt 0.3 0.3
Choline chloride, 50% 0.2 0.2
DL-methionine 0.2 0.2
Vitamin-mineralpremix® 0.4 0.4
Total 100 100
Calculated value
Crude protein, % 17.16 17.04
ME, kcal/kg 2,754 2,753
Calcium, % 4.2 4.1
Non-phytate phosphorus, % 0.35 0.34
Total phosphorus, % 0.58 0.56
Analyzed value, %
Crude protein 17.22 17.36
Calcium 4.25 4.18
Total phosphorus 0.59 0.58

“ GM = genetically modified; Non-GM = non-genetically modified.

* Supplied per kilogram of feed : Vitamin A 16,000 IU ~ Vitamin D, 2,667 IU ~ Vitamin E 13.3 mg ~ Vitamin K 2.7
mg ~ Vitamin B, 1.87 mg - Vitamin B, 6.4 mg - Vitamin B, 2.7 mg ~ Vitamin B,, 16 ug ~ Folic acid 0.53 mg ~ Calcium
pantothenate 26.7 mg ~ Niacin 40 mg ~ Choline-Cl (50%) 400 mg ~ Fe (FeSO,) 53.3mg ~ Cu (CuSO, * 5H,0) 10.7 mg ~
Zn (Zn0O) 106.7 mg ~ Mn (MnSO, » H,0) 93.3 mg ~ [ (KI) 0.53 mg ~ Co (CoSO,) 0.27 mg ~ Se (Na,SeO,) 0.27 mg.

Gao et al. (2014) FEFIF EEREERAANSUE A Bz 3ok (2 MEANBUE R By ) 816 50 Ml EHE 16 1 - &GR#
HTiem A AR - (BAEEEMRE R ERAHBZZE - (R Tufarelli ef al. (2015) f5H  DIEERHUESET
FRERET O WHE S BRI R B R R EENRE - BAGERG R - 5585 (2017) KSETE (2019) 73 LLE K
IR~ KEHERET ASE OB AL ALIFEEDR - FRE NS e I S I B B A8 £ R MR S AL AL RE Ko 7L
an'E o IR ATENRE AR 2 &5 -

I &E5HE

EREAELNSUSEIRES 24 — 36 BRI PEMMENE ZHE > JIFE 4 - ANUUSERHER B HE BN E T

GEREDT - EREFHAH IRV (LES ) EERGETH > SEERNEEE  RE (RRE/EH) A
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STEE R ERRE R Z B R NBUS R IR 2 EwE (ERE/ EH) Aot ENREEREEELS

J& e SR BRI S - AR 4H 2 SIS

BUEEER - EEEBCHH > GEESLE (RE) aH (L) kb{E

(HOE) ERZEENSEFAMNEE 2P D EEMENES BT - ERReENSUEF RN R E
HeEAE © K Gao et al. (2014) K Tufarelli et al. (2015) DRSS ToR RaliREREIEHE - SR EEME R ER
EUEEMEIR - PEEAGERAE SR 2L -

% 3.

EREIELRIUE TR ES 24 — 36 Ml EHEE MR

RN E P E

Table 3. Effect of GM diet on egg performance and weight gain of ISA layers during 24-36 weeks of age

Items GM' diet Non-GM " diet SEM
BW of beginning, g/hen 1,519 1,515 20.2
BW of ending, g/hen 1,694 1,723 232
BW gain, g/hen 175 207 19.6
Daily production rate, % 89.5 91.2 2.2
Daily egg mass, g 50.9 50.5 1.3
Feed conversion ratio,
feed intake/egg mass 2.01 1.99 0.03
Survival rate, % 100 98 1.4
Feed cost, NT dollar/kg 10.5 11.1
N =50.
“ GM = genetically modified; Non-GM = non-genetically modified.
4, EETHEROSEIRE 24 — 36 BT ERNESE Y P
Table 4. Effect of GM diet on egg quality of ISA layers during 24-36 weeks of age
Items GM’ diet Non-GM'" diet SEM
Egg weight, g/per egg 58.72 57.33 0.57
Eggshell breaking strength, kg 2.69 2.87 0.05
Eggshell weight, % 7.81 7.69 0.09
(Eggshell weight/Egg weight)
Eggshell thickness, um 38.58 38.38 0.29
Yolk weight, % 23.83 24.19 0.35
(Yolk weight/Egg weight)
Albumen height, mm 9.01 8.25 0.20
Haugh unit, unit/egg 112 107 7.68
Yolk color
L’ (Lightness) 58.85 58.73 0.38
a’ (Redness) 8.65 9.62 0.97
b (Yellowness) 435 41.56 1.96

N=20.

“ GM =genetically modified; Non-GM = non-genetically modified.

IV. MR e ERE

ERETENSUS RS ER MR T REEREN S B 28 > JINR 5 - EHEREANIUSERR MR Rk E
HEfE IgA ~ 1gM K 1gG FEBIPRZEFIENIUSFER P E > BURENBUSE LA 2 B E RIERET - i
5 (2022) BT DA AR B AR N SOE TR — R EAAHE 16 18 - 21 b 00y BRE & B B EAL DA XU el e B AHE
ACFEIARAERL © [ Sieradzki er al. (2013) #IEER BN IUE TR — KGR - WEZEEERFE « SNEEDE
11 BaEE R R AR R S ER R B &S R 2 (58
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F°5. EREVERIUSEIEYS 24 — 36 MR EMMIR CEREN B 208
Table 5. Effect of GM diet on immunoglobulin content of ISA layers during 24-36 weeks of age

Items GM' diet Non-GM " diet SEM
---------- [TY:7250) DPYaR ) e—

IgA 392 383 33

1gG 1,802 1,726 58

IgM 7,487 7,292 67

N=12.

“ GM = genetically modified; Non-GM = non-genetically modified.

V.

EHERGEMEYIEM

EREA AN SUES B R W E RS B E A M E B 8 YR 6 For - BREE 36 Bk E XIS EHN B YIETE M
ot o GEREUT - EAFEAGREE - EMREUTEE - SMEE - AREEEEERE > NERSUEETRE
RS g IR ABEA L - BUREERSUS ERRAEIIRR BG M AE YIEAT  HiS (2022) & Sieradzki ef al.
(2013) 7y HIBT T 8530 4 2 e ERFERR R BRI SUS FoK — R EHE - B A BV E Y H B B R R s 2 IR 4
gL - SR b - BLAGUERGTIRANAT -

6. EEIUSHTRE 36 BB IS EHREEE R EE (x10) 22
Table 6. Effect of GM diet on gut microbiota and bacteria countsof ISA layers during 36 weeks of age

Items GM" diet Non-GM™ diet SEM
Harmful Escherichia 30.1 24.0 7.4
Gram-negative bacteria 14.8 13.9 21.4
OtherBacillus 11.4 13.0 3.9
Lactobacillus species 176 223 21
Total plate count 233 273 24
N=12.

“ GM = genetically modified; Non-GM =non-genetically modified.

VI #EERRE

EEHRERRE TN - BHEWIEE - DB A BN R SR 12 EEHET IR - REEHER
s > BRDCHE - BPBE - BB B NS KBS RN RS KN o BOREE SRR ROHE o AR SRR S A2
GRACESE T PTB R AR - B IR R -

{&k Zhoung et al. (2017) LA maroACC E:[A ( PifsF chIRIFE BN 7 B ) BREAFE A A= 25 2 12 48 > &R
32 MR A HERERIDIR A ZENSUE TR 2 F 8 FEREEER OEHREUNEHEER - AN E B
T ER ER N PRS2 T B R AH G e S B & - TERE NI T KRR S B B A R P B ISR (FSH) ~ HRONE
(LH) J 2 [E] (testosterone) A Z BN UUE ToR 2 288 > B RAANSUSERNEA 2 B E M TIANERE » Hhesmal
AABREERATT -

VIL EE#EH AR 5 2R N 7 Bttt

HRMUS RN 2 B > HERMUEERR BREMW T 24558 > 058 7 Fios > BEE - SO0 - FHE -
WhE ~ ONEL ~Rg P ~ BRI ~ U S B (S - ZX DNA ZHU1% » B Rt ARSI 7 B IR R Ih4S R % (2022)
AT R A B RN M B R tH R R 7 B 2 &fam— 2L © 59 Gao er al. (2014) DIEHEER & & 4 EE R
R B BRI Fok (2 ERIUE R By ) 16 812 - & TREHAEINE ~ €5 - By R AR A AR b e
RERUUER Y - 2B 2 HRHmEFR > RN - THEERREEEEN FOk—KEMk > 88 @
4k ~ A KB DNA s HAMNRE R H BS (s » 2022 ; Sieradzki et al., 2013; Gao et al., 2014; Tufarelli et al.,
2015 ) » BUAGAERGE R /TG © 5991 » fik Agnieszkxa er al. (2020) HHIEEUR » HHY)H4H DNA A G LIEE
FHEZENK pH 2 5B ~ BREOEG 5o NERIA S - 285 DB S T fiiis - HHECrERBHE R R B AR 2
Bg -
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EHEEREAE N SUE R R 2 B8 - FEERFHIR By > WA EEE - EnE - T REkEd a8 MEE
PCEYIEA - A ER R B - FIFATA Bas 404k DNA Biin R ie tHEJER N A B > BUREHRR A S
BN BSOS SR AT AR 2 2 B S B e s 2 P

SENRK

EUKI ~ SRR ~ PSR - 1997 - REWIRMURALE - ILFHktE - 2T -

SO ~ AR ~ BT SREEAD - FEHTT - 2019 o BN SUE SRR LISE R R BE i 2 EEE L - TR e
48( BT ) 305 o

fitate ~ H5E -~ F5E - BEE BT BEESE  OREE - FEHTT 0 2022  BREUE FORBUR TGRS L 2
A~ (R AR 7 B R A - BENTST S5 1 101-109 -

SRR R U B sEE A I P A B - EERE] 105 1 H 4 HAE -

R R - 2021 - fERMRECE - TBIRREZREGHE -

BR fiAnle - BOTE - FRE - BEK - B - BEC - REE - FTHIT - 2017 - BRSUSEIR S R
Bl e et - TEGTREZ B g wERAT 107 FEREGEIEIRERE - 210 -

BIPRET ~ {73k ~ 5ROCEE ~ LEF ~ EFHE - 1996 - SHEHE AL ORGiT BlERE © HSLRA 0 - BaFiiiftt - it
m 1720 H -

A AEEAE B B Y EHEE - 2014 - BRRSUS & migbE o [RE 103 45 H 29 H 21 - http://www.fda.gov.tw/TC/
siteContent.aspx?sid=3963.

Agnieszka, K. K., B. Gralak, G. Faliszewska, and E. Karpiniak. 2020. The influence of GMO feed on ecosystem stability of
the gastrointestinal tract in different species - a review. Anim. Sci. Papers Rep. 38: 213-224.

AOAC. 2012. Official Methods of Analysis (19" Ed.) Association of Official Analytical Chemists, Washington, D. C.
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Abstract

The purpose of this experiment was to investigate the genetically modified (GM) diet on layer hens’ health and to
evaluate risk of the food safety of eggs. One hundred 10-week-old commercial ISA layers were used as experimental animals
and allotted to two groups, the GM group contained GM corn and GM soybean meal, and corn and soybean meal used in
non-GM groups were both non-GM. The experiment started when hens were 24 week-old and conducted for 12 weeks.
Feed and water were provided ad libitum. Feed intake, laying performance and egg quality were recorded. Gut microbiota,
modified gene segments of eggs, organs and excreta were investigated. The results showed that hens fed with either GM or
non-GM corn and soybean meal diets had normal and similar egg production, egg quality, immune immunoglobulin and gut
microbiota. There were no pathological characteristic lesions in the internal organs, no residue of transferred gene events in
egg, meat, organ tissues and blood as well. In conclusion, laying hens fed with GM diets for 12 weeks did not affect laying
performance, egg quality and health. The modified gene segments could not be traced in eggs, tissues and organs. Eggs and

edible organs of layers are recognized safe.
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FIEgE 00 MEERY WEEC EBEY

Wl HSE - 11245 1 H 9 H 5 20 : 246 H 191

W B

ARl 5 I ESTERR IS IR EEEN ¥ 30 — 116 HERIEE A BMEE - MURELE R BRIk 22 - 5
HY 90 & 30 HES I EFERE AN E 0% (HI84H ) ~ 3~ 6~ 9 K 12% SRR EEE RIS 40 » S 4ifcfra
HRHEAZ — 3 — & & FEL (cyanidin-3-glucoside) 0.03 ~ 1.62 ~ 3.28 ~ 7.14 ;7 9.33 pg/g > LB ERE HEEAE
FAHRE M EH A - G5 REUR > 30 — 56 HERFI9E HIGE DL 6% FEaH S (P < 0.05) #7 12% EEk4H Rk
57 — 84 HEFIIEHEDL 6 K 9% EEMEHETE (P < 0.05) S IR - 116 HEt O =g AR T A E A L
(glutathione peroxidase, GPX) JEMEFEIEM AR 2 s 281 (P < 0.01) L2340 - DL 12% EE4HEEE (P < 0.05) 5
JREHREH - BRI 7 L IR (glutamic-oxaloacetic transaminase, GOT) ~ #kH1% P BAIL BN (glutamic-pyruvic
transaminase, GPT) JEM: & =& H MBS RS BEIEN A INE 2 25 28 (P < 0.05) 4RMERK - AEHE KREHRE
[ AIBE =Ry AN N & 2 b 2 B IR B - DURID 6 F2 9% TEM$HEZE (P < 0.05) S id4H - FEleE S5 B ReE
HrEERL 6% FERAHEE (P < 0.05) SR EHIRAH - BEEEMININE Z M IN2IR 4R - 4ia il - RERER
TR B B EESGATIE - ERLL 5.8 — 6.1% B R E -

BEPEE A RMAE - REIREEIEEY - OEIELS -

4

& B AR EIEGREYIREEER > TR AR EHESNE A& B AR (Zhou et al., 2018) - GaIERIHE RAEED
G EGRL - AIORZEEE (Manihot esculenta Crantz, cassava leaf) ~ JBZREL (Lolium perenne, ryegrass) ~ S{CE & (Medicago
sativa, lucerne) B FOREFR (maize stalk) HHSHYA A REZE > W] R NS A2 TV E e - DATHE
[ e B2 1B P ol S YR (pica) ZE[HRE (Lou et al., 2010; Liu et al., 2018; Zhou et al., 2018) -

{E75 2 (anthocyanin) 2 #H & (flavonoids) HY—7& » EAOAMETE » BIZ i SHHEY 2 R ~ &~ BERTE
T o BELHEMEYINE DT~ BE K AT (Bridle and Timberlake, 1997; Tsai et al., 2002) - {675 Z H 1A LAE
TS HE e e 48 B o K 7 7 4P [ i e = e O s 2 & 55 203 (Tsai e all, 2002; Changxing et al., 2018) < % &R0
BEtEZEY R - BB T (Vicia faba, horse been seed meal) ~ L EHEE K} (Ipomoea batata, purple sweet
potato skin powder) ~ /N (Triticum aestivum, purple wheat flour) EG{E# 0 AZEELANE > 4 B HERE KRS Eie
GE (Tanguy ef al., 1977; St'astnik et al., 2016; Yadnya ef al., 2016) » 2R A& RIIE ECE £ 5 E ik tiEE A 5
R~ BYRR e R KE BN ERRE - BN &V EREE (Changxing ef al., 2018) -

LEEIREE (Pennisetum purpureum, purple Napier grass, PNG) B 5 2H4EE » W HA PSR EMINEE sy -
BIEEHEZ - HeElEaiia bV AERYE - KRB E  EERS 8 — 10 Ay —Xx - BEjukas
H B RSEEHEY) (B > 2014 ) o T ARGEE 2 B BT ST Bl A TR BE ME DR IR - A B EE G (Anser
cygnoides, White Chinese goose) JEISAIFEFE » L8 E £ 4.5 £ 0.55 kg n[ERPEHAIEC 22 H (3% > 2011 5 7
%> 2017) 0 A 12 Bl DR HE HIY BB H f kiR » St BRNEIFEASPIME - WHZEE il

|

(1) B E AR5 & 28 2753 5% -
() BEEESATIL&E AT -
(3) #EN/EE > E-mail: newsho123@tlri.gov.tw °



248

B IIR AR R B O R EE A RIERE - MURA(LEREBIERZ 28

ek B 16 B (FRE > 2003 ) - AHER HAVEIERST A I R CUREEERL B 0 CEMRE R IERE - IRAE(LE
KRR 8 - feffEEs -

L

MR T A

BRI E

{E RS & B AT JL & Sy Fr B R B BEHE - BRSO EIRAE T A BRI - 7Y 30 HlvIEEHT 90 &g
HITECE 0% (BfIREH ) ~ 3~ 6~ 9~ 12% PNG ipdl - BRI 1 - [0 3 > DI ER > B o &
(EFMZERRY 2 5 ) > ABLRHIER-F - PNG it B R E B E SR e e EY - AIKEREE R 8 B
Wikl > EUESERTAEADIR EIAET T4 48 /NEF 65 CHZIE - SO IRIUSIER - T HE/KE - lEQE - 45 - 480k -
KHAE4E ~ FUHIBE K cyanidin-3-glucoside & & 73 7l Fy 11.6% ~ 7.20% ~ 0.09% ~ 0.82% ~ 32.3% ~ 1,826 kcal/kg fz 53
ng/g > MRV 63 pm - FEEENBENIFFBEIES - REDOLR ~ GUKBERIIREE - BRI
KA BRI A 10942 H RS A > SP0RE 18.8 — 27.7°C (FF35922.2 £ 8.9C ) BLAHENRE 57.5 — 82.6% (¥
#970.0 £22.5% ) - JEET 0 — 29 HERsa T E R > HAGHAES & 2,900 keal/kg ~ HHEHE 20% 5 2 30 — 116
Hiesa THENAHERE - FHELE RSS2 SR - LS R 2,800 kealkg ~ HIEAE 15.5% ki
4 6.4% - (PR BRESFRE R ESERATETR R 108 4 9 H R EE BRI - ARSI 2 A -
18 M ERAN TR £ & & & S BR Pr  LE S R R e Y e R (E A NA RS (Bl
BT 10902 57) -

1. obaeaEang

Table 1. The component of experimental diets

PNG' leaf powder levels, %

Ingredients
0 3 6 9 12
Yellow corn, ground 606.9 602.5 594.7 588.6 597.5
Soybean meal 198.1 195.0 193.0 190.0 192.5
PNG leaf powder — 30.0 60.0 90.0 120.0
Fish meal, 65% 30.0 30.0 30.0 30.0 30.0
Wheat bran 30.0 30.0 30.0 30.0 8.0
Rice hull 75.0 54.0 34.0 15.0 0.0
Molasses 25.0 25.0 25.0 25.0 25.0
Soybean oil 10.5 8.5 7.5 6.0 1.0
Dicalcium phosphate 11.5 11.0 11.0 10.5 10.5
Limestone, pulverized 4.0 5.0 5.8 59 6.5
Salt 3.0 3.0 3.0 3.0 3.0
Choline chloride, 50 % 1.5 1.5 1.5 1.5 1.5
DL-methionine 1.5 1.5 1.5 1.5 1.5
Vitamin premix' 1.5 1.5 1.5 1.5 1.5
Mineral premix’ 1.5 1.5 1.5 1.5 1.5
Total 1,000 1,000 1,000 1,000 1,000
Diet cost, NTD/kg 13.16 15.33 18.23 19.98 23.03
Calculated values
Crude protein, % 15.52 15.51 15.52 15.51 15.53
ME, kcal/kg 2,800 2,800 2,800 2,800 2,800
Crude fiber, % 6.49 6.43 6.42 6.45 6.50
Calcium, % 0.73 0.74 0.73 0.73 0.74

Auvailable phosphorus, % 0.34 0.34 0.34 0.34 0.35
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1. oUBREfEsR (49)

Table 1. The component of experimental diets (continued)

PNG" leaf powder levels, %

Ingredients
0 3 6 9 12
Sulphur amino acid, % 0.85 0.84 0.83 0.83 0.82
Analysis values
Crude protein, % 15.65 15.49 15.65 15.60 15.69
Crude fiber, % 6.58 6.50 6.52 6.48 6.53
Cyanidin-3-glucoside, pg/g 0.03 1.62 3.28 7.14 9.33

" PNG: purple Napier grass.

' Supplied per kg of diet: vitamins A 6,666 IU, D, 1,333 TU, E 13,333 1U, B, 0.7 g, B, 3.2 g, B, 2 g, B,, 0.7 mg, K, 1 g, biotin
0.13 g, D-calcium pantothenate 5 g, folic acid 0.3 g and nicotinic acid 17 g.

* Supplied per kg of diet: Cu 10 g, Fe 53 g, Zn 28 g, Mn 53 g, Co 0.17 g,10.57 g and Se 0.10 g.

1L HIEHH

() fAkEEEA O HE - fHEH'E (method 984.13) FfHAAE (method 978.10) & &k AOAC (2012) At J7 /A MIE
Z » gl cyanidin-3-glucoside & & RI[fi¢ Fuleki and Francis (1968) Fiaft /72 0E 2~ »

D EEMR - REEE 56 - 84 K 116 HERHF 3 BIFEASE —2X - [EIRFECEk &0 2 FIerekiE - DIETRISE AN
e P E H kY & & (average daily feed intake, ADFI) ~ “FH5E2 H I & (average daily gain, ADG) i}
>R (feed conversion ratio, FCR) »

M R AE(LE - PRIEE 116 HERE: - BEMEEEL - G 2 EREMEE S - RIATEE® 12 /NHEEH
BIUK o [ FH 21 SR ST UEHPRAERE E IS ARARIMIT 10 mL %57 5= A & EDTA-Na SR SHiEeHIEE - &80 L1
(Hettich Universal 320 R, Germany) » 3,000 rpm ~ B/ ()7 5 1,057 x g » BfECy 30 min 18453 B HUS (A S E R
o T -

i MR ILEEE ¢
FEEMMAE L2 B84 L& (Automatic Biochemical Analyzer, Hitachi 7150, Japan) g R385 { L& (superoxide
dismutase, SOD) ~ GPX K #% & (b &l (catalase) JEHE -

ii. fFA(RME -
A2 884 {bE (Automatic Biochemical Analyzer, Lanner 7900, Taiwan) fg HIBE € 105 &% HE (glucose,
GLU) ~ GOT ~ GPT ~ 447 [H'& (total protein, TP) ~ (HZ& [ (albumin, ALB) ~ ERZ [ (globulin, GLO) -~ =%
HHEE (triglyceride, TG) ~ 42 i [E FE (total cholesterol, TC) ~ = %% & f5 2 1 i [E S (high density lipoprotein
cholesterol, HDL-C) ~ {25 & Hi58 H JE[EIEE (low density lipoprotein cholesterol, LDL-C) ZE 2R a2 5 -

™ EBRMEIR © A IEE 116 HERSERUMUR R iR R 1% - TSRS - BHIES 1 & ME/EHE - BiE -
HERESREE - WK R EE G A B AIE UIRLE (T REEE > 2016 ) HEFHEGE « lWEE - &4
H - WIFSE - WIS E R ARETE R R SRS E H L -
L &Et53HT

S\ERET S EE - DIARETHES 240 (SAS, 2012) 1T M » 5 — 4R 142 X (general linear model, GLM) #

&8 L SIHEE 25 5 € (Tukey honestly significant difference test, HSD) #% gz B 4H ] P44 > B 72

5L (P < 0.05) - FlIFEIEFIEST (regression procedure) 53 A4E R NERE K AR ECA S » W DAZ I L (polynomial

contrast) fREE A R &R IS R EAREI G o (ERAMVEEREA R Y=a+b1X+b2 X* » Hf Y SR ESE (S HEE

ECEARIECA ) 5 a~ bl ~ b2 ByililfiF 58 X RERCIREEENIE -

L R

L A fRMERE
RIS OIREEEN O CEBAERMEZPE - JURIR 2 - slBRsEREUR > 30 — 56 &2 30 — 84
HERIEE ADG DL 6% Bk 4HEEE (P < 0.05) £ 12% Bk 4H Ryl - 57 — 84 HERUEE ADG DL 6 2 9% FERT4HE
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% (P < 0.05) B IE4R By - fiE5m 30 — 56 (P<0.05) ~ 57 — 84 (P<0.01) 2 30 — 84 [ (P<0.01) §£8 ADG 15
ERFEZ “REHLRER - 30 — 56 HIRHEE ADFI DL 6% EE4H &3 (P < 0.05) BT IRAH K2 3% ~ 9% HEk4H Ky
& » FCR LA 12% #ER4HEEE (P < 0.05) #5 3% BEf4H7E » 30 — 56 Hib#EE > ADFI 2 FCR ¥ 2 IREEE (P < 0.05)
T RHRSRREA 0 30 — 84 HEBHEE: FCR DUBHEAHEEE (P < 0.05) fii HA R #HAH Fy 7% o

F 2. EARFIIEEIREEER Y 30 £ 116 His A O E RIEE PE
Table 2. Effects of dietary supplementation with PNG leaf powder on growth performances in White Chinese geese at 30 to

116 days of age
PNG" leaf powder levels, % . Signiﬁcance3
Item SEM
0 3 6 9 12 L Q
BW, kg/goose’
D30 1.61 1.63 1.69 1.66 1.65 0.04 ns ns
D56 3.63 3.69 3.70 3.65 3.58 0.06 ns ns
D84 4.44 4.59 4.61 4.69 4.55 0.07 ns ns
D116 4.53 4.66 4.67 4.64 4.63 0.91 ns ns
ADG, g/goose/day’
D30 to D56 67.43% 68.98% 70.48° 66.24" 63.42° 0.26 ns :
D57 to D84 24.01° 28.20™ 29.67" 29.72° 28.89® 0.58 ns v
D85 to D116 5.04 3.60 3.99 6.05 4.17 0.33 ns ns
D30 to D84 47.61" 48.60° 50.81° 48.00° 46.16° 0.64 ns -
D30to D116  32.16 33.93 34.71 34.00 32.16 0.93 ns ns
ADFI, g/goose/day’
D30to D56  233.3° 234.9° 245.5 234.7° 239.4® 3.39 ns :
D57to D84  238.9 249.0 251.4 251.0 246.2 3.90 ns ns
D85to D116  236.1 241.9 248.3 242.9 242.8 3.17 ns ns
D30to D84  269.6 270.5 248.5 270.0 254.9 3.17 ns ns
D30to D116  247.3 251.5 248 .4 251.9 246.8 3.50 ns ns
FCR, feed/BW gain’
D30 to D56 3.51® 3.46° 3.53% 3.60™ 3.92° 0.13 ns :
D57 to D84 9.98 8.81 8.65 8.55 8.78 0.42 ns ns
D85to D116  54.12 76.04 63.97 45.48 65.81 4.86 ns ns
D30 to D84 6.38" 5.54° 5.73 5.55 5.51° 0.11 ns :
D30to D116  22.53 29.43 25.37 19.22 26.19 3.77 ns ns
Feed cost of BW, NTD/kg
D30to D116  152.4 175.2 208.6 242.7 284.5 — — —

" PNG: purple Napier grass.

' SEM: standard error of means for treatment.

> BW: body weight; ADG: average daily gain; ADFI: average daily feed intake; FCR: feed conversion ratio.

* Orthogonal comparison of various dietary PNG leaf powder level treatments. Significance level of Linear (L) or quadratic (Q)
effect: "P < 0.05, “P < 0.01, and ns: not significant.

" Means with different superscripts within the same row differ significantly (P < 0.05).

WFFEFE HRIIMEE 2 & & cyanidin-3-glucoside fEY)E(ZEHY) - AIEHE KK (purple glutinous rice bran meal,
19.8 ug/g) (Punyatong et al., 2018) ~ #jZ&& ) (grape pomace meal, 210 pug/g) (Aditya et al., 2018) K & {2 AU
(grape seed extract meal, 20 pg/100 g) (Yadnya et al., 2016) i RN & 8257 & A BMERE - tRAE RBFIRIIEEE
EICEZ 2 2RISR ERMEY) » WS EEREEU) (cranberry extract meal, 11.1 mg/kg) (Leusink er al., 2010) fz 5%
H+ (black mulberry juice, 4.02 mg/100 g) (El-Hady et al., 2017) » 43 Bl E. /G 032 A 2 K T TE Aa 1 85 K7 fapfeb i 2
YEF - 2R Stastnik et al. (2016) BZEE53R - BE/KTRETFIT (Silybum marianum, milk thistle seed cake meal) J7f1&
H cyanidin-3-glucoside 6.45 ug/g feed S /I1%E 19.35 pg/g feed - H AIHE ~ GRHR & 8 R AE M BRI > S50 HAM
WA il s B L EREETE SRR SR 2 #E O MR R REAE - SEERICTE (Ndou ef al., 2013;
Changxing et al., 2018; Miya et al., 2020) - A3 ER4EE S R 56 30 — 56 ~ 57 — 84 & 30 — 84 Hfb [ (BN ADG
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J2 30 — 84 Hifit FCR HIPL 6% B4 RIERERINEUR T ~ 12% BRI - HIgEH “h&eRith - #
JHIERL ECEA)HE cyanidin-3-glucoside & & 47715y 3.28 K2 9.33 ng/g AR (= 1) » BFiiFess EAHIT ML - BESE (2003)
faH 12 EE% MG IR S (05 T I EBRS ST I3 R - RGN 16 Bl IR F 1T LT - PREEET (2004)
fath 10 FHiREG M LECE 5 S - IBEEER R EM R RGBS E(E - SRORE RN e S5 0E
PLELEE ST H 85 — 116 HEt O thEE G4 RO EW B RHEMR T AT S f B AR » HUEEH 30 — 56 K&
57 — 84 Hlit H L FERG{H I Ryl -

BERFR AN IEGRAN 3 ~ 6 ~ 9 K 12% LEIREBEIEY ~ GRHA S A T3 Al F 13.2 ~ 153 ~ 18.2 ~ 20.0 fz 23.0
T RBEEER 2RISR i e - FE R R RIS AT EE 60 TTAR - MHGEEEA TRE
Fres 2 AR A 43 Bl By 152.4 ~ 175.2 ~ 208.6 ~ 242.7 7 284.5 J¢ » 4y BUECRAS INEE My 4H 38 1 22.8 ~ 56.2 ~ 90.3 =
132.1 55/ N7 14.9 ~ 36.9 ~ 59.2 ~ 86.7% » JREA IR E I I ATRS -

1L fiRE(b(E

g IR RIS B 116 Hille O ISR LB 2 28 FIivER 3 - §§& M3 SOD K catalase 27
PR HEAH PP R R ST - D EEERS MR GPX BB IE A& 2 e 2813 (P < 0.05) 4R H0 - BL 12%
B S IR - IEEMIE GOT JEME LI IREHEE (P < 0.05) @ H e - S5 MUE GPT JEMELIE
HHZHATE (P < 0.05) mijit 9 Fe 12% TE4H « S MUE TC K TG IR LURN 12% FEkp4H (P < 0.05) MK ¥
WH - HEBEEMAINE 2 s 28 G ERE(R - J8EMUF TP K& GLO JRIE » LU 6 K 9% ZEy4H = (P
<0.05) = EEaE - BEFEINIIE 2 e 28E —RihE G -

3. fERNINROIREIENE 116 Hie o HERS MR E(LE S B2
Table 3. Effects of dietary supplementation with PNG leaf powder on blood parameters in White Chinese geese at 116 days

of age
PNG" leaf powder levels, % ' Significance
Item SEM

0 3 6 9 12 L Q

SOD’, U/g Hb 1,845 1,807 1,804 1,918 1,901 92.27 ns ns
GPX’, U/g Hb 977.2° 1,078 1,076 1,098 1,181 6.94 - ns
Catalase’, nmoL/min/mL 6.27 6.06 6.96 6.22 7.94 0.62 ns ns
GLU’, mg/dL 177.0 176.3 181.3 189.6 191.3 4.63 ns ns
GOT?, U/L 32.00°  24.94°  2433°  20.78°  20.00" 1.59 ” ns
GPT’, U/L 13.17° 11.94°  11.17%  9.60™ 9.06° 0.72 ' ns
TP’, g/dL 4.89° 4.81° 455 4.56° 469"  0.07 ns !
ALB’®, g/dL 1.99 1.92 1.96 2.04 1.91 0.11 ns ns
GLO’, g/dL 2.90° 2.76" 2.60° 2.64° 278" 0.07 ns "
TC®, mg/dL 199.7  201.4*  178.8°  176.9°  172.8° 7.22 ' ns
TG, mg/dL 168.8°  116.6®  105.4™  103.8" 93.67° 3.71 ’ ns
HDL-C’, mg/dL 99.61 90.11 89.72  102.20 96.61 17.10 ns ns
LDL-C’, mg/dL 89.44 82.33 88.72 78.28 78.17 4.06 ns ns

" PNG: purple Napier grass.

' SEM: standard error of means for treatment.

* Orthogonal comparison of various dietary PNG leaf powder level treatments. Significance level of Linear (L) or quadratic (Q)
effect: "P < 0.05, "P < 0.01 and ns: not significant.

* SOD: superoxide dismutase, GPX: glutathione peroxidase, GLU: glucose, GOT: glutamic-oxaloacetic transaminase, GPT:
glutamic pyruvic transaminase, TP: total protein, ALB: albumin, GLO: globulin, TC: total cholesterol, TG: triglycerides,
HDL-C: high density lipoprotein cholesterol, LDL-C: low density lipoprotein cholesterol.

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

Changxing ez al. (2018) f5HIfEHFZEABDILEAER ERVER » A GPX V&Mt s A BRREIRE A B
FH 5 S TR AR A B i R B DR » PR (2019) WEFTEE SRS HEIEIR N 2% R EIREEZLHUE (purple Napier
grass extract meal) 7 [ [AIZERT i GPX JEM4EEEE = i EHIELH (800 vs. 455 TU/mg protein) © GalfERIIE &= cyanidin-3-
glucoside 7 BEIZEY) » s5U1E %) /4K (grape pomace meal, 51.2 — 153.6 ng/g) (Niekerk et al., 2020) ~ & FEKH) (purple
corn meal, 80 — 240 pg /g) (Stastnik ez al., 2016) > [ AZEIMAT GPX SEMERRIIE > FEE MRS - RIS OHF
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E R (purple sweet potato skin powder, 16.7 — 29.8 ug/g) (Yadnya et al., 2016) ¥ ARINVEHITEE R - AslERsi R
SRS BB O L P PR S R B3 AR AT -

& TP FH ALB J¢ GLO 4HpY - Hp 7 5N ~ RIEIKEN ~ £/bBE R/ H £ (interleukin) F359/8 GLO 7345
(P > 2006 ) - [fi GOT ~ GPT ~ ALB J& GLO # #fift /% B85 38 72 25 F5 15 - FL B (e A Wit 5% 3% A2 PS5 A S kR
(P » 2006 ) - Changxing et al. (2018) f5HIfEHZEAHIRE RIEM - HrZ M &E 0 EMbsrs e A4k
fif§ (xanthine oxidase) 2 £ interleukin 2 I - FIE ~ KB - QAHERANIEEE S/0H R 2 FAWEEEZ
Y > AHASEEE T (4.02 — 40 mg/100 g) (El-Hady et al., 2017) ~ BE&ZEH DN (blueberry extract meal, 20 — 150 mg/100 g)
(Alkhalf and Khalifa, 2018) ~ 4] %j%)&f (red grape pomace meal, 1 — 15 mg/g) (Niekerk et al., 2020) » FEEaERIN
B BNMmEEMIE TP ~ GLO JEE K GOT ~ GPT J&EMAREESE SR - Aatba i 116 Hiis A ¥ % GOT
e GPT JEMEREEER NI E 2 15 24 ERR R - B5EIME TP K GLO JBEFEEEMNIMZE 6 5 9% Eixm HE R
HH4RER (% » B B IS RRES SRAR T

AIABZEREH - GRS S/CE R ZHEYZAW) - AESKEEHU (black rice extract meal, 2.15 — 21.5 mg/g)
(Xia et al., 2006) ~ EEEFZEHK (blueberry extract juice, 0.2 — 1.0 mg/mL) (Prior et al., 2010) ~ S EZEHUES (cranberry
extract meal, 7.5 — 15.0 mg/100 g) (Hussien et al., 2015) ¥/NEIME TG & TC JEERERIIE 2 N FE - Hajati
et al. (2015) ¥5HHFE A AZEITE TC RS LGSR &k ZEHUI) (grape seed extract meal, 15 — 45 mg/100 g)
B MR o AelERsE R B ST L - AR D70 65 & 2 ORGSR T RERT K TC JERCK
LSRN LAE PR AS ST - IR ARE (Wang et al., 2010) -
FE RS IR

BRI R OIREREIE NS 116 HE O EISER IR 28 > FINR 4 - BREE KBS 3.26 —
3.57 kg )2 73.75 — 77.17% » Wit IR & BEHEAHFE A E 7= 5 - RRARSREELURNIN 12% ZERy4HEEE (P < 0.05) /KA
R4 - HEEWRINER S 2GR - il E S BREE 7 ELLL 6% BE 4R (P < 0.05) &t $iR4H K&
12% BER4H - BEIER AR Z 30 2 3 R ih&RRi 4 - BRECEE S RERSEE H /oy EERIDURTN 9 & 12% TER4HEE S
JREHEAH (P <0.05) » WEFEEERANIIE 2~ £25 2 4R -

4. GRRNIIEEIRRIERE 116 Hit QB EEER ISR 22
Table 4. Effects of dietary supplementation with PNG leaf powder on carcass traits in White Chinese geese at 116 days of
age
PNG" leaf powder levels, % ! Significance’
Item SEM
0 3 6 9 12 L Q
Live body weight 4.56 4.60 4.52 4.69 4.53 1.01 ns ns
Carcass weight, kg 3.36 3.55 3.42 3.57 3.44 0.15 ns ns
Dressing percentage, % 73.75 77.17 75.60 76.09 75.99 1.12 ns ns
Abdominal fat pad weight, g 88.6° 81.4® 83.5" 81.2% 44.9° 1.25 ' ns
of carcass weight, % -------------------
Head and neck 13.56 14.13 13.23 14.39 13.77 1.23 ns ns
Breasts 2638" 2677 27.87°  26.65°  25.86° 0.38 ns '
Back 17.65 15.48 14.23 14.15 15.89 5.21 ns ns
Wings 16.22 16.42 16.59 16.49 16.28 0.61 ns ns
Feet 3.13 3.23 3.20 3.21 3.08 0.11 ns ns
Legs 23.06° 2397 2488 25.11°  25.12° 0.45 ” ns

‘P
'S

NG: purple Napier grass.
EM: standard error of means for treatment.

* Orthogonal comparison of various dietary PNG leaf powder level treatments. Significance level of Linear (L) or quadratic (Q)
effect: "P < 0.05, "P < 0.01 and ns: not significant.

a, b,

¢ Means with different superscripts within the same row differ significantly (P < 0.05).

BA RN 6%PNG Fiyy Al {4 10 #H 13U (Cairina Anac, mule duck) g [R5 & 2 B0 (455 » 2023 ) - 55
SRR ITI4E T2k (purple corn meal, 30%) (Amnueysit ez al., 2010) 52 %42/N38H5 (purple wheat meal, 60%) (St'astnik
et al., 2016) T2 5 A HE 2 By & S MR E0EE 5 B S B o EEIG PR RAEAE IR EE » 6FRRNINER L ZE R (purple sweet
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potato skin powder, 30%) ¥ AIS T A AL (Yadnya er al., 2016) » AGAER%S SR BT G ERAS FAHLT - HEATE
H 2 AR RS E R B AR P - RellATh SR E - DEEREEEEMHEEK (Yadnya ef al.,
2016)

i bRl - 85 — 116 Hit 0 884 R SAH M EE 282 > HBEARCAER  FHERBRER
EMTATTEEERNA - (E38 30 — 84 HERUSEM - (A ER4E SR 3% 30 — 56 ~ 57 — 84 [ 30 — 84 Hii®
H RS R 8 HIY B S EIREEIERINE 750005 3.9 — 4.6% (Y = 67.475 + 0.742X — 0.099X’ » R* =
0.565 » P<0.05) ~ 7.1 — 8.0% (Y =24.476 + 1.515X — 0.098X*> » R*=0.816 > P<0.01) }% 5.8 — 6.1% (Y = 46.975 +
1.179X — 0.098X* » R* = 0.689 » P < 0.01) - Z A5 IR EEEMIRIIE B 6.0% » HII 30 — 84 HEt [ CHERET LA
Jr GRS E TR 2 BRI B 2 212.7 7T [Y = 146.34 + 11.056X » Y = falfIEA (7T) ~ X = EWiRinE (%)
R*=0.730 > P<0.01] ¢

w W

RO R EN WA e 30 — 56 ~ 57 — 84 K 30 — 84 HiiRH S - s3BIPURIN 3.9 — 4.6% ~ 7.1 —
8.0% k¢ 5.8 — 6.1% B E » AREIREFIENARBELATHIER 60 7T - A0 CHEME A TERETR Z &Rk
A5y R & 210.5 — 213.8 7T - IR IIEE R OIREEEN B e o QEEIRE & - WEA RS MM
BB S LEEE TR 17.2% ~ SEINRY A S RS B H o7 bR B (R P A T i 5 £ IR BG4 22.1% ~ SRR IE PY R B i
BE&Y 27.1% ~ SERERIAZEY 10.5% FFRCR -

ae &

RS R SETH R EZ B PG ELE (109 B — 17.1.2. =& — L1 — 1) XFf - SBRIRRIt& 2 A
{ESENTFE R R30S TAE AN SR BHES R - (EatBadiiioenk - Rrb 2 -

ZEXR

LB EEE © 2016 ° & NREIEEEMFE S UE - https://www.naif.org.tw/upload/279/20160422 100259.7265.pdf -

PREEHT ~ PRI ~ R85 ~ SROUIAL ~ BHY ~ GREIE ~ SIS0 ~ ARHERS - 2023 o ERE TR FIEER R IR E
H LB ERMREEERMIN 28 - SEMIE 56 © 97-104 -

FR&EME ~ BIBRS ~ ERE ~ MR ~ S - BESE - 2019 - REIRE SRR 2 MR ERDR IS A A ZEHE
e RTEE R - TEgst 483 T ) + 281 ¢

PRfZ 2% - 2006 - EEAE(LE - 5 7-2 H - FEoUbROARAE - 210 -

BREZR ~ PRIEMH ~ FH% - =R H ~ BRIz - 2014 - ZEROIREFETISE(LE 2 - TERBIMEFE T35 :
46-61 -

PREIZE ~ BFIRE - 2004 - FEACE B R SISHERMLER S 23T - FBSH 45117 -

RS ~ SRS~ Hotale ~ 2089 - BRIFES - 2003 - NIGEE LBl 25 - fEgsi32 ¢ 111-121

AR HRRE - MROPE ~ BRESE - 2017 - HEESHS - It B iEEs Al B SIE e AE RIPAL M BRAE 8 5 i BRAH 2
EL#E - BEERSE 50 1 157-164 -

AR ~ REIER ~ EEAE - 2011 - EIEEERESIEB AR Z DT - BmENTZE 44 1 115-128 -
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Abstract

The aim of this study was to evaluate the effect of purple Napier grass (Pennisetum purpureum) leaf powder for the
growth performances, blood parameter, and carcass traits of White Chinese geese at 30 to 116 days of age. The ninety
goslings were carried out at 30 days of age and randomly allotted into the 5 different treatments, 0% (control), 3%, 6%, 9%,
and 12% PNG leaf powder, respectively. The metabolizable energy, crude protein, and crude fiber of the experimental diet
were 2,800 kcal/kg, 15.5% and 6.4%, respectively. The content of dietary cyanidin-3-glucoside in each group were 0.03,
1.62, 3.28, 7.14 and 9.33 pg/g feed, respectively. The results showed that the better ADG was observed at the treatment
supplemented with 6% leaf powder that compared with control at 30-56 days of age (P < 0.05), but the better ADG was
found on the treatment with 6% or 9% leaf powder that compared with 12% leaf powder at 57-84 days of age (P < 0.05).
The activities of plasma GPX were linearly increased with the increase of the leaf powders at 116 days of age. The activities
or concentration of serum GPT, GOT, and TG of geese were linearly decreased with the increase of the leaf powders at 116
days of age. The concentration of serum TP and GLO in goose showed a quadratic curve relationship with the increase of
leaf powder, and 6% and 9% leaf powder were significantly higher than control. The carcass weight of breasts in geese was
significantly the heaviest with 6% leaf powder that compared with control, a quadratic curve relationship at 116 days of age.

In conclusion, the recommended supplementation of PNG leaf powder was 5.8-6.1% in Chinese geese, respectively.

Key words: Growth performances, Purple Napier grass, White Chinese geese.
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HAEZ a2z g0

MR ® MEZY YEEY BB BT MR Y

WelbH s 112493 527 0 #2200 - 112496 H 29 H

W B

Kb 5 BT B IHAtE E 2ETE (Brown Tsaiya ducks; Anas platyrhynchos domesticus) Gilf& & H & FEE 2= R
HAEEMREZZE -0 — 3 & 15 — M BERGTHEEINER - HERISE S8 0 RS TS 2 2w Eate -
4 — 8 A AR H & H'E (crude protein, CP) 15.0% fz{CHIEE (metabolizable energy, ME) 2,800 kcal/kg gl - 5 A
(9 — 14 FEs) FEREEREERE > 40505 CP 10.0 ~ 11.5 ~ 13.0% k& ME 2,800 ~ 3,000 kcal/kg 2 ¥ [N T-&%=t » A4
3EWE  FEE I18E > Lo A - N9 — 14 8RS > HEAERMERE - 1Y 21 Bt E 44 AR HEEEME
AE - BB aS AR - RIEHAH 9 — 4 ARFPHEHReEEVIIRE  SHEHMBEMEEEE - 021 — 48K
By » BRI ETER Y 82.4 — 87.4% ; {HLL CP 11.5% ~ ME 3,000 kcal/kg 4H ELSI R B2 87.4% Ay 5 4HB{E
REH © SR 21 — 44 18I - SPIIEESH 58.1 — 60.0 g5 {HEL CP 11.5% 403 f2 CP 13.0% HEFI9EE T
By 59.5 g 51 50.9 g KHEEEHE CP 10.0% 1% VI 58.3 g /T (P < 0.05) - &HRHMIAL 21 — 44 M P ATRHICE
I 2.59 — 2.81 > {HEL CP 11.5% ~ ME 3,000 kcal/kg 4HH A3 faliRHAE SR 2.59 A H A AH Ry 2 #8235 - 4% BT
it > HEFSEEENEESR - EEREARHRERFERER - HEJEEEREE] CP 11.5% - ME 3,000 kcal/kg B[IH]
eI EE L TR -

R - HRGW - NS - EEMAE

i

O SENE (Brown Tsaiya ducks; Anas platyrhynchos domesticus) FyVERef BB R 2 ENG > BREAU/N -~ EEK - E
IR EE ~ MYEVE S R EE SR E R ERN M - AR —EERSE - HprE ZINEIN I TE (K EMBE )
Z FEARE (225 0 1992 5 B155 > 2012 ) - [ (1985) $5 & B2 16 (050G 65 = BART AV R #E - FTE = 1 2R Ay I
b ZEERAESE  StaENE IS SRFEESEEEE - HEORBEEERRERZERER - B (1995) 5 s
RHAR R 7 P B H R e (oSNNI Hie ~ EEBEEREN: - FBEEHEE SRIRE - RV TET R - (1)
REE : AIGHEIEEREEZ 70 — 80% fiiE - (2) [REE @ LEREBRE Z6iE - R HHERERSG DT 120 H
e 2 IRBRMAEE - WEGRENEEREERT - IBEGERIIRGE R (B - 2021 ) - 3% (1999) f5HIENE 9

SRGEAIY 1.2 kg HHESEFEWE » HAREZEESR - RKZENIHE (Walter and Aitken, 1961; McDaniel, 1983;
Kling er al., 1985) 5t} » IEBEHEMERH » EESERARSHIESEDR © Xie ef al. (2023) HYWFFREEFER > 8 — 24
BERAVILEISEZ 4 T LR REE 2AVETIE - DU R E EERIRE AR K EE EAERE MR 2 E 22 » B Chen er al. (2021)
Hy R[] -

7 (1988) 5 B R IAtE NG ME A R RS N HERERGH - BEES - sEE 2 HUE - DI IEEH e 2B RIEA] » HiE
2RENFHEAEFENESEMEG RN ERE PR AERTENERE/KE » HEdHEmEISERE 2
& E B AEHERE FH &7 A1 Ry 13.2% K 2,600 keal/kg 5 W&/ el SR IR A S e R B 20 BLEaD R UR R o ~ [ERG S &)

|

(1) EEEEl e BT T e e 56 2754 9% -

(2) RN e B AT R & 7 T

(3) BT H B R A YR T SRR & -

4) BT BmARE YRS A -

(5) #E/EZE » E-mail: linyalingl 65@mail.tlri.gov.tw °
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Bl GHRE S B MECT 205 IRt IS B pdleE 2 SaitE s - fISRSIIEN -

MR T A

RSB B

At (e R S B s R T I 4 FT 1T 324 B8 EEIERE - 0 — 3 RN E = NS IREE -
3RS E P ERENERK » 0 — 3 K& 15 — 44 B4 THENGR - AERISEEEsrTEZEFM (k-
1988 ) #fEE S AE ARG - 4 — 8 MHER IS IRB L BasE 45815 CP 15.0% K ME 2,800 keal/kg 2 i} ( #4
,02022) 0 15 — 44 JEELERET S CP 18.7% ~ ME 2,730 keal/kg ~ 4% 3.0% Ky 7550 0.43% 2 Gl o stERTES B
1E¥7 S AMVIERIGNR S > 3 I8 SFaIREE - IR/ BRTIAR - H30AR & 21 AR » Z4HEFH
AR EEE 0.76 & - WEEEN N EMMERENLS TR 50 A% ~ TR 30 A% ~ FE 15 AaM/Ka R #ET/K
B NERE EIRFUEEIRE » EEER AR 120 457 ~E 3507 ~ 51 30 AT REL T « ASERIIRE SR (9 —
14 8 ) TR & REER 2 5 RS CP 10.0 ~ 11.5 ~ 13.0% & ME 2,800 ~ 3,000 kcal/kg 7 6 R+ %3
(F 1) o R - PRI 3 HE > FEE 18 & > 31 324 BT - s & 11042 12 H 6 HE 111
10 5 14 H > GFEIEE 9 — 14 B ERHIHEL 21 — 44 FipEER - SHHE - I8SREVEIRE K 23.2C -
SEIIAE RIS fy 84.3% (STEE LRGS0 2023 ) o AWFES R 2 BN TR R E R B g B E AT E
B FTT > B2 A - A ERERANASSKTE R EZE g EERMATHE T ERE IR RS
NGO SO (B E BT 111 — 001 57 ) BdsRBae T -

x 1 B9 — 148 ) ORI RAE K

Table 1. The experimental diets composition in brown Tsaiya ducks during growing period (9-14 weeks of age)

CP, % 10.0 11.5 13.0
ME, kcal/kg 2,800 3,000 2,800 3,000 2,800 3,000
Ingredients
Yellow corn, ground 73.43 69.55 71.20 66.70 68.94 65.15
Soybean meal, 43% CP 5.12 6.00 9.85 10.65 14.55 15.43
Wheat bran 17.40 16.75 15.05 14.95 12.80 12.10
Soybean oil — 3.63 — 3.80 — 3.60
Pulverized limestone 1.62 1.55 1.57 1.56 1.55 1.50
Dicalcium phosphate 1.20 1.30 1.25 1.27 1.23 1.30
lodized salt 0.30 0.30 0.30 0.30 0.30 0.30
Choline chloride, 50% 0.10 0.10 0.10 0.10 0.10 0.10
L-Lysine 0.23 0.22 0.12 0.11 0.01 —
DL-Methionine 0.10 0.10 0.06 0.06 0.02 0.02
Vit-premix® 0.30 0.30 0.30 0.30 0.30 0.30
Min-premix” 0.20 0.20 0.20 0.20 0.20 0.20
Total 100 100 100 100 100 100
Calculated values
CP, % 10.0 10.0 11.5 11.5 13.0 13.0
ME, kcal/kg 2,800 3,000 2,800 3,000 2,800 3,000
Lysine, % 0.51 0.51 0.59 0.59 0.66 0.66
Methionine + Cystine, % 0.42 0.42 0.48 0.48 0.55 0.55

CP: crude protein; ME: metabolizable energy.

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

" Supplied per kilogram of diet: Mn (MnSO,), 100 mg; Zn (ZnSO, * H,0), 90 mg; Cu (CuSO, * 5H,0), 8 mg; Se (Na,Se0;),
0.2 mg; Fe (FeSO,), 100 mg; I (KIO,), 0.5 mg; Co (CoCO,), 0.1 mg.



258

IIL.

1.

ARt OISR E 5 SR B A MR 2

HIETH H 817574

() BERIHMRENE - PISE AR (8 Al ) SR NERE © WAEIRE 9 — 14 BiRE; » FENEIRE[Eh5E
B RD AR DT RS AHER A -

(i) PEEEHAMEREMIE © SEREist IR EWIE HES (12 5% EESR ) BlEE - EIREF 17 - 33 K 44 HiRE: - HIENS
EEpIReE - IR St EIS A F SRS EEE 17 - 33 & 44 HiRiEE 2 22 - 1t 21 HiRit
Z 44 R I FIENE —XESE - etHEEER KRR ER -

Giatoath
SER BT 48 SAS (Statistical Analysis System, 2011) ZEZE S~ — R 4R 1 F2FF (GLM procedure) #1788 75 4

B FELURFET N IE B 722 %477 (Tukey’s honest significant difference) » PR#E S5 4H FHEME [ 2 72 BLEEE M -

RN B

B RGHERE
B B RS ORISR R S B RE AR 9 — 14 Bl A RIEREZFEUER 2 s « SEEHEH 9~ 11 & 14
B EHREEIT AT 85 — 87 ~ 84 — 87~ 80 — 86 g SIS MEAIE AR - FUEMAA 9~ 11 R 14
S IR EE 4T IS 1,147 — 1,184 ~ 1,201 — 1,257 ~ 1,210 — 1,245 g » JeHE S E =R - L EHAH 8 — 14
Bl PR E IR 203 — 235 g BAHMEEEE AR o h EEEBREREGH > S S AR EERE
YGRS RIS 9 — 14 B AERIERENMEE S - FEHEN > ENEEENRS @ HILARE
e > WERHGHERE O S E o B R e B BN E 7 [ ERCA IR - fE5h - BR (2008) 45 A Oy EE T3
FEHNRGORISE N - EEHEEERFEN - RERMRR E ) E O ik SRR EEHSB R ZE
EFEN - OIS E RSB RIRE - L ftEREESS -

*2. REAFIEERISAEEEREEREY 9 — 4 BRERMEZZE

Table 2. Effects of feeding different nutrient concentrations diets in growing period on growth performance of brown Tsaiya

ducks during 9-14 weeks of age

CP, % 10.0 11.5 13.0 Significance
ME, kcal/kg 2,800 3,000 2,800 3,000 2,800 3,000 SEM CP ME CPxME
Weeks of age  ------------------—-- Feed consumption, g/duck/day --------------------

9 85 86 87 87 86 85 2 NS NS NS
10 89 91 87 90 91 88 4 NS NS NS
11 85 84 86 87 86 86 4 NS NS NS
12 81 80 86 85 84 85 4 NS NS NS
13 85 82 85 83 83 85 7 NS NS NS
14 86 84 81 80 85 86 4 NS NS NS
9—14 85 85 85 85 86 86 3 NS NS NS

Body weight, g/duck
988 1,008 1,019 1,038 998 999 119 NS NS NS

9 1,147 1,158 1,154 1,184 1,158 1,166 127 NS NS NS
10 1,162 1,172 1,195 1,199 1,197 1,186 110 NS NS NS
11 1,201 1,205 1,216 1,257 1,243 1,219 108 NS NS NS
12 1,202 1,205 1,220 1,249 1,235 1,213 107 NS NS NS
13 1,192 1,188 1,201 1,235 1,222 1,206 105 NS NS NS
14 1,224 1,210 1,244 1,245 1,231 1,230 113 NS NS NS

Body weight gain, g/duck
8§ — 14 235 203 225 206 234 232 45 NS NS NS

CP: crude protein; ME: metabolizable energy.
NS: not significant.
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Pl pp i 2 R R e B (3R 2) B R B Z ek B T AR A5 SR SR B 9 — 14 i Z SR oA
(F3) - M9 — 14 Bl 2 FEEEREAT Y 66.66 — 77.25 7€ > HLL CP 10.0% ~ ME 2,800 kcal/kg 4HHA45
EERIEA 66.66 TLH(E : LA CP 13.0% ~ ME 3,000 keal/kg 47 77.25 JTft s ©

®3. BEM (9 — 148k ) SO AR EERE ZER AR

Table 3. Estimated feed cost of experimental diets in brown Tsaiya ducks during grower period (9-14 weeks of age)

CP, % 10.0 11.5 13.0

ME, kcal/kg 2,800 3,000 2,800 3,000 2,800 3,000
Feed price, NT$/kg 16.22 18.05 16.49 18.35 16.74 18.57
Feed consumption, kg/duck 4.11 4.16 4.11 4.16 4.16 4.16
Feed cost, NT$/duck 66.66 75.08 67.77 76.33 69.63 77.25

CP: crude protein; ME: metabolizable energy.

IL.

FEERIIMERE
EREAIE R (9 — 14 \8ik ) HERISAF S B RE R E H EEE Z 28R 4 Frn - SmiH 1)
FEH#R T RIS 98 — 103 H > H4HME I 2R - SEHAEYIEEE AR 35.1 — 35.6 g » H4HHGE

365 o DL EEUBRAE R 18 6N BTSRRI ) R A GRS L 1 e 7 T A S
£ .

x4 EREVERM (9 — 148k ) HERISAFESEREFEREREE Ol - EERSEiRGE IR

Table 4. Effects of feeding different nutrient concentrations plant-based diets in growing period (9-14 weeks of age) on the

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

CP, % 10.0 11.5 13.0 Significance
ME, kcal/kg 2,800 3,000 2,800 3,000 2,800 3,000 SEM Cp ME CPxME
First laying age (day)
99 101 98 98 103 102 4.9 NS NS NS
—————————————————————— Egg weight of first laying (g) ------------==--------

35.6 35.1 352 35.5 354 35.5 3.5 NS NS NS
Weeks of age Body weight, g/duck
17 1,284 1,278 1,306 1,337 1,360 1,341 129 ’ NS NS
33 1,275 1,269 1,295 1,322 1,309 1,320 123 ’ NS NS
44 1,261 1,258 1,272 1,301 1,270 1,293 120 NS NS NS

CP: crude protein; ME: metabolizable energy.
NS: not significant; ": P < 0.05.

BEA S B IR R A S B RS EiREE 17 33 K 44 BERSE L BUIR 4 R - SRHEH 17 8Ee-1H
BEEE Y BIAA 1,278 — 1,360 g 5 {HEL CP 11.5% 4HE FI9R4E 1,322 g Kz CP 13.0% 40L& B8 EE 1,350 g Ev R
iz CP 10.0% 4H# IR EE 1,281 g BEE 25 - ZpRIHAH 33 AE- IR E 2 B 1,269 — 1,322 g5 {HDL CP
11.5% 4HE P3G E 1,309 g Kz CP 13.0% 4HE VIIRGEE 1,315 g BRI CP 10.0% 2HE-FIIRGE 1,272 ¢ HE
G2 o KPR HEAH 44 BECFIIESE I BIMIR 1,258 — 1,301 g SAAMNGREAE 2R - DL BB R EH - Bk
HItE LB ERET CP 10.0% HE R EREIRE A RE S - MEER 17 81 33 B IR EREEE CP 11.5%
40 K CP 13.0% 4HE VB8 e Ryl -

A F AR RIS A FE B RS GRS HR R R 2 EAIR 5 Frn - SR 21 — 44 HiFiaE
FREESAA 134 — 136 g » SAAR R 2R - DL FEBRdE RIGA - (AR E & B R e ated 5 il
eI HEEREHRaR - SEMREE L -

TEEERITHMZR 5 AR o 1233 — 36 f 21 — 44 el - ffE CP Bl ME & 8 S @ HE BB ENEE
(P <0.05) - &FEB SRR EEEHYE SRS - CP ¥ ME S8 0VHG AR « 7229 — 32 K 21 — 44 Hi
5§ » CP 11.5% ~ ME 3,000 kcal/kg 4 HEE BRI Fy 95.1% B 87.4% & RBUE Fivs « I - BREHE GRS
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HEERST CP 11.5% ~ ME 3,000 keal/kg (96T » TI(EAMNE & A BITE REMEEREH - 5% (2017) FF
Fl S (B A B S S PRETA 20 — 40 BESEERSN 774 — 84.8% » ASER & EFRAH 21 —
44 BIATEERS W, 824 — 87.4% » AABREE FEL L -

x5 REIFAM (9 — 14 8E) OIS AE S ERE R HEEI R 8
Table 5. Effects of feeding different nutrient concentrations plant-based diets in growing period (9-14 weeks of age) on
laying performance of brown Tsaiya ducks

CP, % 10.0 11.5 13.0 Significance
ME, kcal/kg 2,800 3,000 2,800 3,000 2,800 3,000 SEM CP ME CPxME
Weeks of age  -------------om-mmmv Feed consumption, g/duck/day --------------------
21 — 24 136 136 134 133 136 137 12 NS NS NS
25 — 28 138 138 139 143 142 142 12 NS NS NS
29 — 32 136 133 134 134 134 134 7 NS NS NS
33 — 36 136 132 128 136 135 136 17 NS NS NS
37 — 40 135 132 134 131 128 131 7 NS NS NS
41 — 44 135 137 143 136 139 137 8 NS NS NS
21 — 44 136 134 135 136 136 136 11 NS NS NS
Egg production, %
21 — 24 78.8 83.3 79.7 83.6 82.0 86.1 9.1 NS NS NS
25 — 28 88.5 89.8 86.3 92.7 88.8 93.6 6.4 NS ' NS
29 — 32 94.5 92.8 91.4 95.1 93.7 93.0 5.5 NS NS NS
33 — 36 88.3 85.3 83.9 86.3 85.6 88.8 6.2 NS NS NS
37 — 40 84.5 86.2 77.6 84.1 82.9 83.7 7.3 NS NS NS
41 — 44 80.9 78.4 75.5 82.7 80.6 78.5 14.7 NS NS NS
21 — 44 85.9 85.9 82.4 87.4 85.6 87.3 9.8 NS " NS
Egg weight, g
21 — 24 53.0 53.1 53.1 54.7 55.5 53.6 4 NS NS NS
25 — 28 57.1 57.1 58.2 57.0 57.4 55.9 3 NS NS NS
29 — 32 58.3 60.2 58.9 60.1 60.0 60.6 4 NS NS NS
33 — 36 59.1 60.6 60.8 62.0 61.2 61.5 2 : NS NS
37 — 40 60.1 60.7 60.9 62.2 61.8 61.8 2 : NS NS
41 — 44 61.4 60.9 61.2 62.8 62.2 62.7 3 NS NS NS
21 — 44 58.1 58.5 59.0 60.0 60.0 59.7 4 ’ NS NS
Feed weight/egg weight
21 — 24 3.26 3.07 3.17 291 2.99 2.97 0.33 NS ' NS
25 — 28 2.73 2.69 2.77 2.71 2.79 2.71 0.28 NS NS NS
29 — 32 2.47 2.38 2.49 2.34 2.38 2.38 0.34 NS NS NS
33 — 36 2.61 2.55 2.51 2.54 2.58 2.49 0.26 NS NS NS
37 — 40 2.66 2.52 2.84 2.50 2.50 2.53 0.20 ’ ’ ’
41 — 44 2.72 2.87 3.09 2.62 2.77 2.78 0.37 NS NS '
21 — 44 2.73 2.67 2.81 2.59 2.67 2.61 0.37 NS ' NS

CP: crude protein; ME: metabolizable energy.
NS: not significant; ": P < 0.05.

EEEFENES P o 1A 33 — 36 HERlE » KR FIIEENT59.1 — 62.0 g5 {HCP 11.5% 4H %
Je CP 13.0% 4HE V19 55 5 B BE L CP 10.0% 40 P2 FE (P < 0.05) © 2 37 — 40 iRy - K pRHEH
HEEAN 60.1 — 622 g+ {H CP 11.5% 43 K CP 13.0% 4% 19 % SR EEZE 8 CP 10.0% 4% P9 EE A E
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(P <0.05) « A 21 — 44 FEisi% > ZEEHAHFIEE NN 58.1 — 60.0 g ; {H CP 11.5% 403 % CP 13.0% 4015
B B B CP 10.0% 4H3E 9 2EE yE (P < 0.05) 5 HIELFRD - R R e = & B g i e EE S &
B FRMEE D R ER TREERETEAESES  SUPHISER EEQEMET 2  SAIKESES
NG

TEERHAE R EIAFR 5 Frn o 1A 21 — 24 HEE: - SR RHRER TR 2.91 — 3.26 5 HE
Epat SRR FRCEAGIRE 3,000 keal/kg 4HE P AR RHEEE AR 2.98 BHE#L 2,800 keal/kg 41 &P g M EE R 3.14
FyfE (P <0.05) 5 FHELTIHD » B pcHAfAIRER A & ME S22 HBINEERTHH (21 — 24 8# ) fRHAERIFR
B o A 37 — 40 HFEREE > CP 11.5% 4HE FIIaRHAE R fy 2.67 » BE#: CP 10 4H# & CP 13.0% 41 ¥ F15 6k}
HAZEAR I By 2.59 81 2.52 Fy7= (P < 0.05) 5 HaEest RieA » & AT E 1 RE7 CP 11.5% ~ ME 2,800 keal/kg 4H
HEeHAE Ry 2.84 BEEHEHMAL 7 > TZEZL CP 11.5% 4HE PR HAE R By 2.67 BEEHE CP 10.0% 4HE& K
CP 13.0% #HE~FHaaafHasE 257 7l By 2.59 B4 2.52 fy7% 5 52 HN » ke~ B0V E ER RN 054 > CP
ME & EVAGER - A e s REFHVETRHAES - #F (2022) f5H1 CP B ME & EVA G ER - EERAER
HA CP Fy 13.5 B4 15.0% B > #2155 ME HMSEEE A IEERGES » AAME CP S E] 16.5% I - 8=/ ME 21
ARG EEETIA - SHEVEEREL Ding e al. (2016) INEEFIELL - HEFYIFTFTRIVETIE CP S &N EEA A
HURZEE - B RN R ny CP MER S T & i ol S ol B B AEAVRE & © 1 21 — 44 BiRHy > SpRH
LHSEHEERRHATE R AT R RS 2.59 — 2.81 3 H L ME 3,000 keal/kg 4035 8RR HATE % 2.62 #4254 ME 2,800 kcal/
kg 4H#E-FIaRHAERR 2.74 K 5 d62L CP 11.5% ~ ME 3,000 keal/kg 4HH PR fHALE SR 2.59 HEg HAAH i
2 DA EEER T BEGHEIRER GRS ME & 22 A BN RHRER -

+ =A
I%I:I aff
GroalBadE ReA > AslinE e SEis E S AR AT CP 18.7% ~ ME 2,730 keal/kg > (RIBHEEIHREE - f85H -

FEERR ~ EEMERHREREEIES 8 - HEFIOHER S E8RE CP 11.5% ~ ME 3,000 kealkg » BIH]jR e &g Em
KNSR EEZFTHR -

ZENRK
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Abstract

The aim of this experiment was to investigate the effect of feeding brown Tsaiya ducks different protein and energy
concentrations growing diets on laying performance. Ducks were fed the same diets that nutrient concentration recommended
in the manual of nutrient requirements of ducks from 0 to 3 and 15 to 44 weeks of age. In the period from 4 to 8 weeks of
age, ducks were given a diet containing 15.0% crude protein and 2,800 kcal/kg metabolizable energy. The experimental diets
contained 10.0, 11.5, 13.0% crude protein and 2,800, 3,000 kcal/kg metabolizable energy given as a factorial design during
9 to 14 weeks of age. There are three replicates in total of six treatments (3 CP x 2 ME) with 18 ducks in each replicate.
Growth performance was determined from 9 to 14 weeks of age, and laying performance was determined from 21 to 44
weeks of age. The results indicated that the average daily feed intake and body weight of each treatment during 9 to 14 weeks
of age were no significant differences between the treatments. The average laying performance from 21 to 44 weeks of age
was between 82.4 to 87.4%, and treatment of the CP 11.5% and metabolizable energy 3,000 kcal/kg was 87.4%, which was
the highest one. The average egg weight of each treatment during 21 to 44 weeks of age were between 58.1 to 60.0 g, and the
egg weight of the CP 11.5% and CP 13.0% groups were 59.5 g and 59.9g, which were significantly heavier than 58.3 g of the
CP 10% group (P < 0.05). The average feed conversion ratio during 21 to 44 weeks of age in treatments was between 2.59
to 2.81, and 2.59 of CP11.5%, ME 3,000 kcal/kg group had a trend that was better than other groups. In summary, if factors
such as egg laying performance, egg weight, and feed conversion ratio were considered simultaneously, it is recommended
to provide the diet containing CP11.5% and metabolizable energy 3,000 kcal/kg in the growing period, which is sufficient to
meet the brown Tsaiya’s egg production requirements.

Key words: Growing period, Laying duck, Laying performance.
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N TR & n= A 2 5 4 ¥ R, ¥ 2, .2 (1
ErpEFEE ez gt kgt in

PR @ BRIESE @ MMARRC BRILA® HSsEZE OV

WefFEER : T 4R 12 A 16 H 5 B2 HET: 11246 H 28 [

W R

AEERFI A Matrigel” 4l NEE (R @4 s ARR R EFT(H H ~ & B4R - fc &3 CHIR99021 B SB431542
Z StemFit Basic02 81 mTeSR1 ¥4l A EE FHESE K (F5 K 61 S+2i B M+2i ) » 1154555 2 5E MR 4R (porcine
induced pluripotent stem cell, piPSC) 7 fEAf & G 245 © 4558 » S+2i Bil M+2i T 4E£F piPSC 2 4IRS K =%
BEEFFM: - BT piPSC 4R RIFHIAR T LARES o AR REMEBUR AT 2 &5 SR BURFRIAE AT Octd ~ Sox2 B Nanog
2050 > SSEA-1 ~ TRA-1-60 Eil TRA-1-81 FRIRFE 0] » 48 SSEA-3 Bil SSEA-4 RIAMHERTT - BNFIREGERT - 256
MR R IR S E B EEATIR T - Horp DL S+2i FRIAF (A o 4% S+2i Bl M+2i 5% > piPSC A2 ER I 1% » 1l
Bayr B R =R 4Rt H B GFAP ~ SMA Bl AFP S [R5R3R - H B oIl Ieh 8 i iag » AR NSRS N 2 1848
=R EREITMEERIR - AsBRaE S MR 7 DL R =4l s fRE - IS i s A5 2 etk
FHEAATA M - TMEN B R GRS 24 0 I fit piPSC RIETEHH -

ResHEE - EAEEEITE - SRE SRR RN - 5 -

1

BN A JEPRERATAE (embryonic stem cell, ESC) B 2 5 MER4MAE (induced pluripotent stem cell, iPSC) #E 17
LI (Evans and Kaufman,1981; Martin, 1981; Thomson et al., 1998; Takahashi and Yamanaka, 2006; Takahashi, 2007) » %
BRYEFELHRAME (fetal bovine serum, FBS) BL&E4x S22 C (mitomycin C) A E{LEEEE 2 /N B a4 4k REAHAR
(mouse embryonic fibroblast, MEF) 5, Sandos inbred mouse (SIM)-derived 6-thioguanine and ouabain resistant (STO) 4HHf
PR EEERRIMEE 2SR R A RE T - Al (RFEFER AR B B B4R L2 RetE: - ZREN M2 e =
CTTEYEZ AYERNE AR L ARHZ AN T - EininE B RER - NI ILERE 245 2 B E R A s
TSR  INo Be A BRI R ROpIE e 2 5858 - (Rt > B piiediifss 2 S s ES A Y
PEADRIEIVE > AT EREZN o RENERFEEYE K (replacement) ~ Ji{ & (reduction) Ei{E(L (refinement)
HY 3R % - H @Yt s e nl sE S B A R THEAM R - IR el st R R E— Rt R4 H B E
HY TR ARt o ERIE » LA B e 6 S A Y B8 240 P 1 i 25 R MR A B B Rl -

HATC A NEEREMEZ e idliiE (hiPSC) MRS RIS 240 » HRRBERNENEL - ZAMEESE (porcine) 57
BV RERRAHRE (piPSC) 7 fEfI BT B A 2RI A% « HEI L REMRAE Y MBI E RS - BiEH
laminin ~ collagen ~ fibronectin + vitronectin Eil Matrigel® 4RI Y[NEE (extracellular matrix) 7 5725 (G @ 4RHE > 1)
'E (Amit and Itskovitz-Eldor, 2006; Hakala et al., 2009; Nakagawa et al., 2014; Choi et al., 2019) - Bi{E 454l =75
AL - DR BT RS R A S g 4R - (R diRadE - SRS MY E AR (= S AR - P E
B~ At A IRV EAY - AN - erdiREEEE N AR NEE - BrE SRR BN 2 RS - R RS S E
e LKIEMS AR E R - ARNEESHIERA T -

S AR R R SR Y MY E A A 1% R R FEAEIE] - BIZOEEEE collagen i fibronectin » A MEF g 2 3%
/& (MEF-conditioned medium) it & laminin 7 20 &80 e A JEILER4MAE (human embryonic stem cell, hESC) (Xu et
al., 2001) = [:4) > laminin-511 E8 fragments fif & StemFit B5&% » 1] i Ih4EFF hESC B hiPSC 4k & (Nakagawa et al.,
2014) » F535EE fibronectin » HIESE R T B &8 iR E @4 DFANRE AL R R T (basic fibroblast growth factor, bFGF) B/ =

|

(1) EEEE i s\ BT I e 5 58 2755 9% -
(2) Rl s P A A T4 -
(3) #EN/EE > E-mail: jryang@mail.tlri.gov.tw ©
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R A= £ [T~ (transforming growth factor beta, TGF-B) » 75 0] % $F hESC 4 (Amit ef al., 2004) - Matrigel” J5 £ 3/
E2.~ Engelbreth-Holm-Swarm teratocarcinoma cells (Kleinman, 2001) » 7> 2001 EZXFER Y hESC 2 ftfi & @ E5E 248
(Xu et al., 2001) - [K Matrigel” &5 &fE £ £ R T » LUK collagen IV ~ laminin -~ proteoglycans Eil entactin ZE 4 4P E:
B AR AR R S b SRR o #E Matrigel” A HEAEE B R — 2 Bl 0 A B B R R e R e
ZEBE o Byfii Matrigel” (1S > SEfEH T vitronectin BiRR 43 HEE H AT B A . Essential 8 55ER 2 41
& (Braam et al., 2008; Chen et al., 2011) » 7} » TeSR1 5% E X Thomson 25 A (1998) it )5 » n]E )/ ZEA N &
collagen IV ~ laminin ~ vitronectin £ fibronectin ZE4HEYNLE > B & 248 (Ludwig et al., 2006; Ludwig and Thomson,
2007) -
/NEREE NS ESC B iPSC 7 St % g B8 A 4 LB 582 » 201 H AT R A $1E piPSC 7 i &g E 241

R AR ES DL iMatrix-511 ~ Vitronectin XF Eii Matrigel® 4HffYMEE it & StemFit Basic02 ~ mTeSR1 Bl E§ a4l EL
FEsER - fHEHE piPSC BN TR E LRGSR -

MR T A

L DI 8 AR B E % R i A
it 28 > piPSC JE [ 7 Liao ef al. (2014) » L1895 3 (lentivirus) K 8% ¥ Oct4 ~ Sox2 ~ KIf4 ¥ c-Myc 1 5%
T B H BRI HE R AR 2 IR Yang er al. (2009) Fit L2 J77AHETT - RpAlif s &R iC 7 &
DMEM (11885084; Thermo Fisher Scientific, Waltham, MA, USA) E%& & N1 16% FBS (16141079; Thermo Fisher
Scientific) * 0.1 mM B-mercaptoethanol (21985023; Sigma-Aldrich, St. Louis, MO, USA) ~ 1% non-essential amino
acids (11140050; Thermo Fisher Scientific) ~ 1 mM L-glutamine (25030081; Thermo Fisher Scientific) BIfZHHE R &1
(nucleotides mixture, Sigma-Aldrich) o piPSC 5% /> 4% mitomycin C (M4287; Sigma-Aldrich) ‘N E{EFEE 7 /NEEE
(LRGSR 4RI (STO cells, ATCC CRL-1503, USA) gl [@4HAE (feeder cells) » HFEF{EI: A 37CHiE 5% CO,
TIER, - BEE IR P EA E AR T L Y mitomycin C RE(LEEFE > STO il @4 » % 2 KE# 1 X
B2 o LU piPSC 2 R {EiREE -
1L DURETE I MR a5 A A2 pe MR 4iAe
18 piPSC e &R E L4 T LI IS kL% - BN iMatrix-511 (T303; Takara Bio Inc., Kusatsu, Shiga,
Japan) - Vitronectin XF (100-0763; STEMCELL Technologies, Vancouver, BC, Canada) £ Matrigel” ( 2L DMEM/F12
¥ 100 {2 ) (354277; Corning, Corning, NY, USA) 5 #235 FUB pR il 7 #2252 L > F§ LA €& 22 StemFit Basic02(S)
(SFB-500; Ajinomoto Co., Chuo-ku, Tokyo, Japan) ~ mTeSR1(M) (85850; STEMCELL Technologies) Fii E8(E)
(A1517001; Thermo Fisher Scientific) ZE 4T 2 B B IR & - BSEREAINANT 3 uM CHIR99021 (HY-10182;
MedChemExpress LLC, Monmouth Junction, NJ, USA) Bi 2 uyM SB431542 (HY-10431; MedChemExpress LLC) >
FAlt R ORI YT By 21 0 RINIEE 21 27 B8R a5 %4 By StemFit Basic02+21 (S+2i) ~ mTeSR1+2i (M+2i) B E8+2i
(E+2i) = % {15 4 B2 5% DL ReLeSR (05872; STEMCELL Technologies) j& 3 » A 37 CH:EFEEH S ik B
K e 5% 2 IT1L 2 8 {0 40 if o Pl I o s 7 DA AR = e AU 8 4 M R B ROAR I 10 uMLY27632 (HY-10071;5
MedChemExpress LLC) DU AR 7S - BF H R EIRIR e A & Y27632 858K » 908 2 KRR 1 20
IR DUOREF piPSC Z AR IMBIRRE - A ERigaHEE 3 REA L » DIREORES SR AT M -
1. G4t LER L
DAt s S ARG B s 0 B 1T RE AR B o A > BB ] 2 — M B A8 A Oct4 (AB3209; Merck Millipore,
Burlington, MA, USA) ~ Sox2 (ab97959; Abcam, Cambridge, MA, USA) ~ Nanog (MBS420182; Mybiosource, San
Diego, CA, USA) ~SSEA-1 (MAB4301; Merck Millipore) ~SSEA-3 (MAB4303; Merck Millipore) ~SSEA-4 (MAB4303;
Merck Millipore) ~ TRA-1-60(MAB4360; Merck Millipore) B2 TRA-1-81 (MAB4381; Merck Millipore) £ - 43{bad 5
e 7 BigS By glial fibrillary acidic protein (GFAP; ab4648; Abcam) ~ smooth muscle actin (SMA; ab7817; Abcam) Fil
alpha 1 fetoprotein (AFP; 14550-1-AP; Proteintech Group, Inc, Rosemont, IL, USA) » Z¥EiF » 4HAELL 10% 15 5 £k
AEETRIEE 15 4388 » FEFEIIA 0.1% Triton X-100 7 J# 10 434 » £ blocking solution (BlockAid™ Blocking
Solution, B-10710, Invitrogen) S/ 1 /[NF§ « FEAILAGS —SRbURIN 4°C F XM » 5255 — SRR IE 1 /1%
1% DA DAPT ZL (T8 oA -
e 7 —adiEs By Goat anti-Rabbit IgG (H + L) (for Oct4, Sox2, and AFP; AP307R; Merck Millipore) ~ Donkey
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anti-Goat IgG (H + L) (for Nanog; AS069; Abclonal, Woburn, MA, USA) ~ Rabbit anti-Mouse IgG (H + L) (for SSEA-3,
SSEA-4, GFAP, and SMA; 115-025-146; Jackson Immuno Research, West Grove, PA, USA) Ei Rabbit anti-Mouse IgM
(for SSEA-1, TRA-1-60, and TRA-1-81; AP128R; Merck Millipore) °
V. fig R EE e < Aol
ZRe M ER4HAE AT 2 AR MEBERE RS (alkaline phosphatase, AP) » piPSC L 10% 4 1E AR [E & 2 73§12 - FIH]
Ha LB E4H (SCR004; Merck Millipore) gl H: AP AR -
V. JEHLAS (embryoid body) JP k.2 554
FIHB T piPSC BERIZIE » B THUR UM RS B TR E 5 K> & 5 RNREIEERIPRK
FRES - PERF A DA R AR B IR R IR A R B 124K 0.1% gelatin JRHl 7 BEE IR E 14 K BT E LIS
REINE RS b - JEIR RS E R /5 By DMEM/F-12 558&51% (11320033; Thermo Fisher Scientific) A JI#5FE 100 £
GlutaMAX™ supplement (35050061; Thermo Fisher Scientific)  20% fYJ KnockOut™ Serum Replacement (10828028;
Thermo Fisher Scientific) ~ #% f 100 {% 22 non-essential amino acids (Thermo Fisher Scientific) B2 # #% 550 i >
B-mercaptoethanol (Thermo Fisher Scientific) ©

VL &4l L 2 RE R R R R o
URBE UL B2 1252 7 RNAlater™ [R1E -40°C - st ERRS PR R ) » 40 Mg RNA DL Quick-RNA™ Miniprep
Kit (Zymo Research, Irvine, CA, USA) Z£ H{ 1% > Ll PrimeScript RT Reagent Kit (Takara Bio Inc., Kusatsu, Shiga,
Japan) [Z#E8% B cDNA » {771 -40°C © F{% L SYBRY Premix Ex Taq™ (Takara Bio Inc., Kusatsu, Shiga, Japan)
#E1T Real-time PCR gl &AL 20 BEMERR NIRRT, « B 2 51703 1 Al -

F 1. 5775
Table 1. Primer sequences
Gene F/R Primer Sequence
F GGTCCGCGTGTGGTTCTG
Octd R TCCTCTCGTTGCGAATAGTCA
F TTCACATGTCCCAGCACTACCAGA
Sox2 R TCACATGTGTGAGAGGGGCAGTGTGC
F GAAGGGAGAAGACACTGCGT
KLF4 R CGGGGGAAGTCTTTGCTTCA
F GCCAAAAGGTCGGAATCGGGG
Mrc R CGCAGCACGTCTTTTTCTGACAC
F CCGAAGCATCCATTTCCAGCG
Nanog R GGTATTCTGTACTGGCTGAGCC
- F TGGGCGTGAACCATGAGAAG
R GGTGGTGCAGGAGGCATT

VIL AT < TP EGEE )

HEM] 2 & 6 1Al 2 NOD-SCID [ /INER, » KF piPSC AR R ZE (B IS E R T - 1T i e e A et -
FE/NEBMEE 1 x 10° BE4HA LB A&7 100 pL Matrigel® (354263; Matrix High Concentration, Corning) ~ 100 pL
DMEM/F-12 £ 10 uM Y27632 (MedChemExpress LLC) HR AR /K LIRS - FHRF 200 pL AR R GRS E 7
1 mL $+75 > PA 26G [ff $HRAHRZAE NS BT « & 2 FENE—AERRAVAREEIRAT AN - 5B/ N AR tE
% 2 {li B e - SRR e o T AR AR AR U 5 B HE Syt 53 rdiifE o biRes -

e RN B

I {0 GSK3 il ALKA4/5/7 4HRfEERE B ARES (R LA ET & g 558 piPSC Z B
A\ ES(H ] iMatrix-511 ~ Vitronectin XF i Matrigel Z/8 » DL & i StemFit Basic02 ~ mTeSR1 £ B8 g
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AR R R - 2 9 fEAH G SR piPSC 7 fitei & g & 5k - KF piPSC H STO fi &[G 4Pkl » H&R
AT G RO - S5RBEUR > 1 piPSC B B AT /E15 % 4414 » Vitronectin XF B2 Matrigel® S8R E 1
N Z ARSI o IRREET iMatrix-511 40 R 5 Hh4D > StemFit Basic02 R &R ERAE 4T — EVAIRIEIIR - 1
E8 B mTeSR1 4HAl & AT 25 Bl 4HAE (& 1A) < 28 » &40 4HREIP AR B L8 - CLRidG il o Lirif
ZIRERE (B 1A) o H4E A R » iMatrix-511 ~ Vitronectin XF B Matrigel F28 - i & >~ StemFit Basic02 -
mTeSR1 1 E8 Frrdfif H &R » WA BRI piPSC Mfd &g & - 281 » StemFit Basic02 A 4ERFHL
ERVARREIZRE » Ry T REFE AT piPSC 2 it & i & 247 - (R » o] #E— 2D iEH StemFit Basic02 it J7 » (i
FrE e R dAEiE & piPSC 275K -

Ma et al. (2018) 54, » CHIR99021 %4 glycogen synthase kinase (GSK) 3 E& R A I 7 » SB431542 4 activin
receptor-like kinase (ALK)4 ~ ALKS B ALK7 E&{CAYHIHIAE] » TRE4Efr piPSC R b2 EE AT - I - A5z
# 3 uM CHIR99021 B 2 uM SB431542 ZERF- - NI StemFit Basic02 » Wifit & iMatrix-511 ~ Vitronectin XF i
Matrigel” 55 o &5REE/R > iMatrix-511 Bt & S+2i > piPSC {5IHEE b > PhaH &G R A A piPSC 2 k6 E
1% ([E 1B ) » Vitronectin XF [t & S+2i 1] BHE 3= piPSC YT EE » AL 24 T4 BiEsR1g - B a /b
E5rE3HS (8 1B ) - ZA0fi Matrigel” fié S+2i - piPSC A4 A7 - HAERMETEE - #(0% 5 RENFEHRE
R o H 25 BRI R S B i B LAY RS (3 ([8] 1C ) » BB piPSC R HA RSB 2 iR RS » [h41 > Matrigel®
FC & M+2i 2 41 & 7R A R BB ARVEE S - piPSC 4HREEE S R L8 HEE » BUR piPSC 4EFF(E RAFHY AR
F8 (B 1C) = ZAMM - E8+2i WIHARE mT4EFF — E RV AR - 4HRE/NR S E LR » Al E R iEA4E
£ o HEHI ES B8R )7 M A B > A R HI4EERS piPSC A o Hh45 R - CHIR99021 B SB431542 JR A0
StemFit Basic02 il mTeSR1 £58f% » Afifite Matrigel® FVE » 045 piPSC 5L Be4HREAIEE

Matrix-511 3 o Vitronectin Matrigel

iMatrix-511 - iMatrix-511 | iMatrix-511

S+2i M+2i E+2i

Vitronectin Vitronectin

.

N
3

Matrigel § Matrigel Matrigel

Matrigel e | Matrigel

L. FEFHELRE IR N S B8 2 2 P RE - (A) AR S g e AR R HEEE R -
(B-C) piPSC £% % > Matrigel” E:'8 » fil & S+2i ~ M+2i 81 E8+2i 528§ = S © StemFit Basic02 K23 )% ; M :
mTeSR1 ¥4Ef% 5 E © E8 B23%f¢ 5 2i © CHIR99021 Eil SB431542 -

Fig. 1. Morphologies of piPSCs in feeder-free culture systems. (A) piPSCs are cultured in different feeder-free cell culture
matrices and media. (B-C) piPSCs maintained in Matrigel” with S+2i, M+2i, and E8+2i culture medium. S, StemFit
Basic02 medium; M, mTeSR1 medium; E, E8 medium; 2i, CHIR99021 and SB431542.

1. ffEfE B 5T piPSC MR AEMENUR

Oct4 ~ Sox2 Bl Nanog 5% HEMEARREAERSER F > 1M SSEA-1 ~ SSEA-3 + SSEA-4 ~ TRA-1-60 £1 TRA-1-81 f
ZREMEAHBAV AR R SR - B B2 et AR B S B AREE » FrEE R » S+2i B M+2i By Al 4550
#F=F AP ~ Octd ~ Sox2 £ Nanog ; SSEA-1 ~ TRA-1-60 il TRA-1-81 23R4T » 48 SSEA-3 £il SSEA-4 2 FHiH||
FHEMSS (B 2) - FTFERCHZE TSR ER4HAf (porcine embryonic stem cell, pESC) Hjg 2 15K » H SSEA-3 »
SSEA-4 ~ TRA-1-60 £ TRA-1-81 FIH ELEHZHE Tt (Choi er al., 2019; Zhi et al., 2022) - ZAff » A3k B4 F B0 Hi
piPSC T%eHE1EL (Ezashi et al., 2009) » piPSC 27 Oct4 ~ Sox2 Eil Nanog 23 A0 & = » ZAT Hae iR T HE %
55 » ERAEE - BURHAT piPSC Z ZAEMERIAHL pESC 7 -
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1. 66 B EF & piPSC Z ZRE RN (E

S ERILAGH Oct4 ~ Sox2 ~ KLF4 ~ MYC ¥ Nanog %% 5 T REMARRAEEA - &8kl 2 2 s MR IR AT Al -
ZIRERIPRE TE SRR NRIE - slBR LR g R - SREUREEEEEERE T > 2R
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Fig. 2. The pluripotency marker expression of piPSC in the feeder-free culture system. S, StemFit Basic02 medium; M,
mTeSR1 medium; 2i, CHIR99021 and SB431542.
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Fig. 3. Pluripotency gene expressions of piPSCs in the feeder-free culture system.

IV, SEgaE i piPSC o] BCRR AR b R — R 4R
SRS A R 2 REME AR R I 2 — - BB M558 B e (L = AR E IR - SIRESIE R T A @ 2 0T
NRERRE - SRAIARRE )RR U BURCRE R D - AR SRRV BERRAS - IR aTRE th BRI Rr 2 B L > G4
FERE R B R B LA SRR A (Kurosawa, 2007) - ASsABabR H (ATHYVE/ NEIE BT 7R EST > 465 RAVERF
FEEETR 0 S+2i Bl M2 TP RICEANAS (B 4 ) - BRI REEIREE RSB 0.1% gelatin 3~ 4 FLEFEERAETT G
SR ELT LR > & 14 RAVAEITE R - aJB{EE] S+2i 8 M+2i 3L Z 4lHE 2 A5 GFAP ~ SMA B AFP fifiZ%
B BN Z IR IR A S MR Z FaE AR ~ IR Z LA AR B A IR e BB BRATAE ([ 4) -
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Fig. 4. Embryoid body formation of piPSC in the feeder-free culture system.
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Fig. 5. Teratoma formation of piPSCs in the feeder-free culture systems.
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Abstract

The present study established the feeder-free culture system for porcine induced pluripotent stem cells (piPSC) by
using Matrigel®, an extracellular matrix used to replace the feeder cells in the traditional stem cell culture, and stem cell
culture medium named StemFit Basic02+2i (S+2i) and mTeSR1+2i (M+21i), StemFit Basic02 and mTeSR1 supplemented
with CHIR99021 and SB431542. The results showed that S+2i and M+2i maintained the cell morphology and showed high
nuclear cytoplasmic ratio, indicating that piPSC showed an undifferentiated state. The pluripotency markers expression of
Oct4, Sox2, and Nanog was very high, the expression of SSEA-1, TRA-1-60, and TRA-1-81 was low, but the expression of
SSEA-3 and SSEA-4 was very weak. The expression of pluripotency genes was significantly improved, and S+2i exhibited
the best results. After embryoid body formation, piPSC in vitro differentiated into three germ layer cells, expressing GFAP,
SMA, and AFP antigen. Teratomas were successfully formed in both S+2i and M+2i, but their ability to differentiate into
three germ layers was still quite limited. Taken together, this study provides a new method for long-term culture of piPSC.
This culture system not only solves the problem of preparing feeder cells in a traditional culture system, but also improves
the cell pluripotency and utility which is better than traditional feeder-dependent culture systems.

Key words: Feeder-free culture system, Induced pluripotent stem cells, Pigs.
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LA ERZ » BIATYEEE Z &R -

IR EEREE R RERENE > E AR SEE AR TGS FGE 2 HE > DA A
BEF A& E8RAAZFZHE 0.4% (Jensen er al., 1991) » HEHAIZEKER AT » HF K EFHRK (Ng-
Kwai-Hang et al., 1985; Lindmark-Mansson et al., 2003) #, T HEY)/E TR E 2 B ZE15228 (Chen et al., 2014; Poulsen et
al., 2015) » ZR1fi » REFSEA 2 ZEMEL 2 MHEINTZEE/) » Mayer and Fiechter (2012) k2 Nemanja et al. (2018) {5545
HFEABR I 2R E > FEMER TR S22 FCRE (air temperature) ~ H HEFF ] (solar radiation duration) JZf
TR Hrp R ORI 2 BT ERR pH (HLASN > B 2GR o 1 H IR FOR RS FE R B A E 7
Sy EEMHER > AHEEMRZERORE(K o b IVERREESL - FEHRT IR EEIA FEYE > Li e
al. (2022) WEFE R sfa - FA TS - B - SR SF S BHFEGIER T 24 MR - & - $F R 23RIEAR -

BRAT R BB B SR AT ONS 3055 HRRA B E I 2 SRR ALE V)R E By 8.0% DAL > (HIRIEESE ~ FLAnMURZE
EER R ENEFERALBINAE LA S AR BRI E > #5305 B A 4 ZE BN 78 KT
B FEFR ey B o ILAEHZERS 2016 2 2020 A TR EA A M F AL E RS - B2 MEEE L
5y 2 BHREHE - MUR R BB T T 3 R B 2 A 2 AT -

|

(1) e & R B P s R 5 56 2756 9% -

() BENEEAATILE AT -

(3) tHELE A R E T -

(4) #E/EE > E-mail: max1986@mail.tlri.gov.tw °
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M A

L AEAESRE

AEA LS EAREHEEE AT ERBEFE AN SNEE FAEE 2 BEFASFAR > B
2016 £F 1 H % 2020 £ 12 A H @RS SRR P A F A - WIMEIRERF A B R Se i &R ATt
&5y FT (LA ESFRILIE AT ) 2R AL il = T TR St B At -

I AFAFRTT - AadHREE s 3 B AR
F ASRGEA R Z ARG E R L& 55 Fr 2 H 8 7L 57 LS 4 AEDHT E 8 (MilkoScan TM FT+, FOSS, Denmark)
HEITHE » EFIEAT BT RTE LY 40°C Z /KRR ETT RN E 21% - DAME I IEEIR AT IMNEEE (Fourier
transform infrared spectroscopy, FTIR) [5 B K * 5L, b 4 e 17 il > 9L B 40 b7 78 H 6 &5 LA B (%) ~ L2
HE (%) ~ FLIE (%) ~ HEA5ALE Y (%) KA IS (%) - 585 B DL & ISO (International organization for
standardization) 17025 F#iE7T7E HIFCIE » SEFLELEAANRIE CNS 3442 #E#TT - FAFLRE (%) fHlfk#E CNS
3441 HE LT - FEHKEE (°C) DL/KELH]ZE 45 (Advanced 4C3 Cryoscope, Nelson-Jameson, United States) 3 {7 H]
ﬁ o
R AR RS B (< 2% B > 8%) EFILEERERE (< 2% 2 > 6%) & > ZEAR T KEEZ H
kg e H ARSI AIRESRGT > B 2016 2 2020 4 > 43 RHilfg0H] 896 ~ 729 ~ 798 ~ 696 K 910 (= 4E AL
L B4R R R i
BIREFAMMERILL SAS 4t B A 1T & B (oAt Egat » FERF(XF 123 K127 H
Fi6-T8KRIHHFE 4510 & 11 F) &7 AIDUH R 78 BE T4 (One Way ANOVA) EE#E £
FHIBER MRS AEEER  BRERILL Tukey HSD A E#E1T Lsmeans 5 ELLEL -

e RN B

AIFE R EIN A SEFL A o BE L AT REEHER & - SEEF 2 & A A S AL R T ERREF &R
FAAMRABIN 2016 £ 2020 FFLF (123 R 12 7))~ HF (4510 11 H) REF (6T 8KIH )"
I3 IR S B2 P AR PR i 60 — 90 {iil / F > HHICEE Y FT#ErT S R H 0 A2 =E AR i il oy BRERA B S AT -

EAFRAEHET - SR BUR T EZRET 2 A BB R0 Ik 7y (FLAERG ~ ZLEEE - 20N - Sl ERY
S AGAnRE S ) DU BRABRE (EREE ~ B/ SokBh ) R A B E SR (P <0.05) (fE 1) - SIHEIAM T MHTE H 2 #IE
FI R F77 (R square) BURFLAEHG - JLEEE ~ UM - MAS LIS K i 4R A R B S R iy 4 88 B oh ] g R 2
by A By 33.5 ~ 46.8 ~ 17.7 ~ 47.6 2 3.9% ; STEHA L MrisllTE B 2 HIEGEEURILE ~ FefE R o/KRL R B
HEssE T R 2 FH bR B s 0.8 ~ 23.4 K 1.1% » HrhiSiIE H AEASILERY) - A ESE KIAAEN > M
Kljajevic et al. (2018) AL (Saanen) (117714 DAZREH L B RIRY I EGEU R 12.3%  EAG RS R AR S 5 &t
ZE B DA R AR R R Y H B (R B Ry 22.5% - A BEHIER 0.8% - 45 EUN 2B A F A S R AL E
FL 7 2 7 SR A LR o B PR LR R (e N -

EE RN > AN - AEAE - A - EEALEPY) & EEE A ZE (P < 0.05) KHZE (P < 0.05)
Rl (8 1) 5 Hrp o BERAEFI ARG A ZE RO 2R 57 8135 T 0% 13.1% (P < 0.05) K 4.9% (P < 0.05) » &
RS AR E R R E R 7 AER 3.59% @ REFHRRMER R 5 H 3.68% » ZAZRASEHEH 4.12% DLk
(£ 1) BEREFAFIAEAERLEREZEITHIEE T 8.8% (P < 0.05) & 3.0% (P < 0.05) » H IR,
EOEEFRRER 6 HEAR 3.07% » HEREEIRRER R 5 H 3.10% » LA EA 3.34% DLE(F2) BEFR
A I AR AT RORZR ) B T 3.4% (P < 0.05) f2 1.5% (P < 0.05) » Hf B AR FRRARER 6
RER 4.12% P REERE 5 H 4.18% » LA EAH 4.25% DL E (3R 3) ) ERAFA AR ILEE
Yo 425 FORZR o7 B T 5.3% (P < 0.05) Jz 1.9% (P < 0.05) » H e i ESE I fAs ALEP Y E R R(E fs 6 HE
H1.89% (£ 4) HEVPEAMER R 5 H 7.98% » LR/ EH 8.35% LLE o Goetsch er al. (2011) IHFE&ETRIL
FAEFHEAEAERETEHIRN 6 AL T H  BEEAFRERAIFHE LAZE 11 812 H > SR EEZE RN
&HIRAHFAT © Mayer and Fiechter (2012) fz Kljajevic er al. (2018) RUEIZEL==ALAEE V) - A EE RARHEESSE 6
£ 8 Ak - £ 10 Higs
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Fig. 1.

A% ORI S U 275

(a) (b)

4.5
4 a
= 3:54
4.0 . c
s ’ g
s c £ 3.0-
= g3] -
= 2
3.5 oy
2.5
3.0 T 1 20 |
Winter Cool Summer Winter Cool Summer
Season Season
(© (d)
9.0
4.5+ a & 85 a
—~ c S b
g g ]
& B 1 &
g 40 Z 80
3 =
— % 1
35| 2 75
3.0 ‘ 7.0
Winter Cool Summer Winter Cool Summer
Season Season
() )
1.10 ]
g a ]
<
& 250 = b b 1.5 a b b
g == == z _
3 z
[
= < 1.00 -
8 =
Q o)
= 200 =
£ 0.95
5]
150 T 0.90
Winter Cool Summer Winter Cool Summer
Season Season
—0.60
0.16 - a
- a
- b £ 055 — b b
2014 2
s 2-050
< N
:
S 012 =
: = -0.45
=
0.10 T —0.40
Winter Cool Summer Winter Cool Summer
Season Season

2016 — 2020 FFAZF ~ HEREFZFEIARERR (2) - EHER (b) » AR (o) ~ EMAFAEIZYR (d) ~ 24
B (o) ~ LEEE () ~ BRIE () Rk (h) 2258 (S R ) EEFRARFHZHEABEEZR (P <
0.05) -

The goat milk fat percentage (a), protein percentage (b), lactose percentage (c), solid not fat percentage (d), somatic

cell count (e), density (f), acidity (g), and freezing point (h) (mean % standard error) of goat milk in winter, cool, and
summer seasons from 2016 to 2020. “"° Means with different superscripts differ significantly (P < 0.05).
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EA KRR (253.07 £ 2.24 x 10° cells/mL) FE3 2745 2 (240.83 £ 2.34 x 10° cells/mL) i B = (242.83 £ 2.39
x 10° cells/mL) ([& 1) » JFFRELE FESAHANBRAEE 22 2 o JLAEFRB Kim ef al. (2013) #{L > 22 R4S REUR
B R AR ER (Toggenburg) (112EA4: ALASAIRECH Y ERETTI B A EE £ R » DBEFRK (0.94 £ 1.54 x 10° cells/
mL) » ZFEE (3.95 % 7.14 x 10° cells/mL) © fiAztEg » DL 4 FBG4E A BRI BT E (K (213.30 £ 67.10 x 10°
cells/mL) » 12 HH%E S (273.72 £108.23 x 10° cells/mL) » HAF 55.71% > 44 BA4HREE= 72 2,501 x 10° cells/mL L1 |
(& 5) - FHEIFZEFAAGMAREEY R IRNHEN 1 ZBDEEIARH - Peris et al. (2002b) } Garcia-Hernandez et al. (2007)
WS fa o eE g S SV MR EAE - HILE HIEEF R IEE > e ingLE &30 SRS -tk
T AT AR H IR A2 0 WA RET B2 R - PR AL B R A FUASAAEEL (Peris er al., 2002a) 5 {E4¢
FEWF T H B 2 e s - AL R R SRRSO 7t - e A B e A SRR

EFEABEALFERE 7 - XFFALLEMAFEREFTI RS - HEEEMSE & AZRTAKR R
1.030 — 1.031 Zff (& 6 ) ; (HEFFALERAEBERME S/ NN AR IEHE - HEFA 11.56 — 17.63% F
FUEARLLES A 1.027 — 1.029 > B S/ NWREI P LLERCE LA S - Al AL HHEREELE -
RERBEFZMABREZLE > ERVPHREE 0.140 — 0.144% 2 (R 7) > (RFAHEZER 0.139 — 0.153% DLR A
ZFEfY 0.149 — 0.160% 5 5 AFAELE 0.140% LN ARIELPIM S - ERA 42.34 — 61.13% » SRR 12.79 —
63.40% LR AR 3.97 — 21.83% 5 Hf i KFIEHRES H 0.14% » 2% —i& B2 12 B E R S FE9E
0.16% » FEfER R BlEg P A ELE (REHEOED ) FKIr (MG KB ) AR (Kelly and Fox, 2016)
R B ARG B AT A 22 BRI FLA Y 2R 6 S A (i B LIS - AW E A KBS RN R R E ZE (P < 0.05) »
ERBUGRRIAREE 2R (B 1) HEKE R S EHIRAE 5 HEH -0.539°C » SE R RE R ERELZFM 1
AR 12 F > 6] -0.549C 5 5 LLEALFUKES -0.559°C LN ML S - LT F AL ST ELLFIL 89.09 —
92.03% » HZFE R EZAI3HIER 77.45 — 90.31% Jz 68.75 — 70.26% (3 8 ) » BURFETH N F A /KR B
K o BB T EREGARELED P EFAER (Alpine) LLIFE AT > SEIFRAEEMA L FK > AL HALRERG - A
EHE - AME IR AL E Y S RAE LU e - A R B4 5] 2 VKBS {E L Kljajevic et al. (2018) ke
F (-0.462 F -0.490) Fy( - (HIE(RESEREA N FLE LS ~ FUE IR HEEHEESAVIERT © Henno er al. (2008) {E4F#LK
Bhe LS S HUR BT - (BRI AT sE B T 3 A U I E HE R R AR » (BRSPS 2 ILF
58 RaNEE o FILHIERROR SR EE8UKER N4 2 aoKE: EFAR TR (Bjerg et al., 2005) -

BB e B AN R A H 42 (Broudek et al., 2011) » MHRATAZ INERAE AL T 2RI ROB BLE ALY
5y EH AR (Kljajevic er al., 2018) » ZIHFEEUR RO BIFALAGRS ~ ALEEE ~ FUNE R IRAE AL E Y 2 AH R (28055 71
5 -0.90 ~ -0.74 ~ -0.77 Jz -0.74 - [£4} - ERHRE RS E BTG EFIA NI - WRERER T thEmEE =
F74h > HerALHER - AEAE ~ U REAEALEIPY & g2 5 H B RENEZE (Kljajevic et al., 2018) » HH
FUIEHT ~ ABEEE - LN SRS FLIE ) B H RS R R AVHR (R BT B 5 -0.79 ~ -0.51 ~ -0.57 Jz -0.52 5 H HEHFfH]
RE MM ERRIIATIEUKE » 0B A WE (Bjerg er al., 2005; Chen et al., 2014) < 5 BIAREHRE H]
RESLFEIZ B EALANE - WTZERUTORREE R (temperature humidity index, THI) B=EZL A5/ ~ FLEEE - FUHE KRS
FLETZIAAERR M 73 7 Fy -0.93 ~ -0.72 ~ -0.76 J2 -0.40 5 A1 » fEAAINEIZLEIE THI EF R & R BEUKE -
Tt AR LAy B B M AR B I 52 2 (Gantner ef al., 2012) » (A EREI L EIFL Ry T AR LAFLAERI AT &
ELBlEA > B HET 0.5% > JRELRT ARFZCER 2245 RAHAT -

A

Al A 2016 — 2020 I - ZEEEAFAVAT (ALER ~ AEQE ~ AR EREALBEY ) £
BRRETREGH MRS > WS B A A BRI (BEIE - ELE KoKkRE ) - BT o 58 R S AR 4
CNS 3055 g4 FAAMERMIEAEYEE 5 8.0% DL IHFRERETAE - BEREFEE/FERT
97.41 ~ 68.53 J 39.60% » EFA/NHAEF A S LB Y & BORAETT & ONS 3055 A AR » EiEfs AL
PIREAEAEIE By 7.5% » ISR ~ HF R EF PTG B A EE 100.00 ~ 99.91 K2 99.09% - B T R4S Z i AL F
SRR LASET T FLRE T R R (EAG AT E A1 HEH At m] AEAY [ DR Ry L i BEER A B P AL SR 0 JEE R 8 FE Y v FEE R A
BEFTEL - SR ACHRAD TR — D IR E RN - DASH A A S 7L =l L MR RE e L B T B RGPS - T
s E R A REAERNEIE N - (B RoR AL Eh e s 2 HAT -
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Abstract

Current National Standards (CNS) of the Republic of China No. 3055 regulates the solid-not-fat of goat milk should be
higher than 8.0%. According to the feedback from dairy farmers, milk processors, and farmer associations, a large number
of bulk milk samples in summer was unable to comply with the regulation. National standards should be flexible and be
able to adjust based on the production facts. We analyzed the bulk tank milk of dairy goats in Taiwan from 2016 to 2020.
The results show that during the summer seasons from 2016 to 2020, the average milk fat, protein, lactose and solid-not-fat
of raw sheep's milk were significantly lower than those in winter and cool seasons (P < 0.05). The somatic cell count was
significantly higher in winter than in cool and summer seasons (P < 0.05), while there was no significant difference between
cool and summer seasons. In terms of physico-chemical properties of raw sheep's milk, although the density of winter milk
was significantly higher than that of summer and cool season milks (P < 0.05), there was not much difference among months
on average; the mean acidity showed significant differences among winter, cool and summer seasons (P < 0.05); the mean
freezing point of winter sheep's milk was significantly lower than that of cool and summer seasons (P < 0.05), while there
was no significant difference between cool and summer seasons. In summary, a domestic goat milk composition database
was established for the further revision of related national standards. The result showed that milk components (fat, protein,
lactose, and solid-not-fat) percentages declined in the summer and partial cool season. It further caused the changes in

physico-chemical characteristics (acidity, density, and freezing point) of goat milk.

Key words: Dairy goat, Milk component, Season.
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Pl ALK AR RS FGA B
Ftl A AR e A

PRRERS @ BRERET ) EVEE S BRI OO

WefFEER: L2453 A 17 5 #2AM 112E7H5H

W B

Aeb 5 ETRETR A [ T SE A AL B 2L I 18 (03218 (brown Tsaiya duck; Anas platyrhynchos domesticus)
FEEEMERE ~ EE - BT BB AR 2 - SERfEH 144 SR E S F i B R & 77 P B 1T B I e 0 32E
AERTE &0 19 B PER L2 3 A TIERRGUE NI - B =R/ N 570 x 330 x 235 57 (%
X H x =) WH 4 HHEREE - & 1 BFF 12 Efifr - SLrTaaes 48 S - 583 3 45 0 hlk (1) B2VEIRE
HiC B 8 ¢ (fluorescent) YR (2) B AL IFERL B (.88 5% —f5udg (light emitting diode, LED) £ (3) H LA AT
1 LED S¢HE » Hir (1) %R - S4HEHLBERS B 16 /N5 » A THIERELY 185 lux » 5B E T8 & 52

HEMWITR > IR E 25 ~ 31 ~ 37 ~ 42 ¢ 48 iy - PRIMTBEIMAE BN F R M B2 R R - SERGERETT > 6
FHREER - EEME - ERGREAFBRBEL EAVCERCALE LED Jelddiiks > MEE ~ SZREA REFRE
FER S e BRAH ] A 72 5 - DIAL (8 LED SRR A=W A TOEIRACR - Al IS EEE M iERE - 2IE
EEE A TR (B R -

R - GRS - EEMRE - ST -

1

&t 3EHE (brown Tsaiya duck; Anas platyrhynchos domesticus) {E Fy 5 7% A ENS ffE - HAEALN » EE A -
B A HLARLCRE (M5 > 2006 5 AR5 » 2007 5 &5 0 2016 5 #1555 0 2017 ) - fRESENG—ARFREE 15 £ 17 /NI
HYEHERIE - DLdERr HoZE R RV R - TR =0 B 2 A R R B 20 IaRF [ 7 Al By 13.5 /N 2 10.5 7
o B/ DA FROLIR R - Wt - B e SR ERE VRS Ml efR e H T & RIS S AR A T8
HA o

{EA NS E (fluorescent tube) Fy B HE AR T [ FIHY AN TOEHRACOR (885 » 2017 ) » BEHE AR AR R (&
EHET EUBEDE - MEEREL S (1) BB B R &R M - B@E /DS A~ —20 Q) BB EFaHMEN
K EARKIEERE - RAENRERE T A E - R85 T H6ES (light emitting diode, LED) A REJFEHARR S ~ ]
Fan - BN A S REHE O HESS (Parvin er al, 2014) » B A BBUGE —EOURYRIE - TRATREEIERR
FHREHIEEMERE - BEEHH LED AU RS EERBNTE » LEELOREELE - PEBINSEHREtLIL
TSRV RMERE R T - 2P LED SIS & B R 2 E RIS -

PRIt A ER g H Y Rt 1 6 LED SEHR - 416 LED SEIRBLE RS EREEC RISt - Mt eIBE &M - EnE
(WEFLGRE - BRI - EEREREA) - BT HEUEMIR (BB R R 2RRE) (I8 - 7SR5 IR
REDEIRAEFERC B 2RI T BE & e (NS 2 AR AR [EIAY LI RDEL -

|

(1) B E TR sH & 28 2757 5% -
(2) EEAEE ST R E AT -
(3) #EN/E# > E-mail: chsu@mail.tlri.gov.tw °
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HRIBRTS K
L SEEh)

B A R Em A S SR AT R & oy BT BT WE(E 2 144 € 1 H i B8 (2 23215 (brown Tsaiya duck; Anas
platyrhynchos domesticus) - #1550 — 3 Bg e IEF SR B HES - 4 BEGEE SN IER RS AR P E B R
W5 > FHiS®Eim 19 BiREFEMR O ICE 3 (I IEF RN NS - I8R5 3 Hlsl 7 Bl IR RS ERLE
i o AR IR A A SR T AR o0 A B B ) IR K (5 A/ N R I (R sUE B S 105006 57 ) -

1. GEReafE

BaEE Ty 3 EERAE T > vl ks 0 — 8 EIVEBERL - 9 — 18 IBAVE ROk ~ 19 AV E Sk} - sERHR 6

B REUKEER > fREC s Rt R EOR 1 PR -

* 1. B - 5RdHSlEENZ EREC TR
Table 1. Diet composition in the rearing period (0 to 8 weeks of age), growing period (9 to 18 weeks of age), and laying
period (after 18 weeks of age)

Ingredients, % Starter diet Grower diet Layer diet
Yellow corn 55.54 51.94 49.93
Fish meal 2.00 — 3.30
Soybean meal, 44% CP 25.30 10.00 27.00
Wheat bran — 10.00 6.50
Wheat flour middling’s 10.30 20.00 —
Soybean oil 1.10 — 2.50
Yeast powder 3.00 2.00 2.00
Rice hull powder — 2.40 —
Todized salt 0.30 0.30 0.40
Choline chloride, 50% 0.08 0.08 0.08
Limestone 1.10 1.50 1.50
Di-calcium phosphate 1.10 1.50 1.50
DL-Methionine 0.05 0.05 0.05
L-Lysine-HCL — — 0.01
Vitamin premix® 0.03 0.03 0.03
Mineral premix” 0.10 0.10 0.10
Total 100 100 100
Calculated values
Crude protein, % 19.5 13.5 20.0
ME, kcal/kg 2,900 2,660 2,700
Calcium, % 0.81 0.94 3.05
Available phosphorus, % 0.36 0.27 0.39
Lysine, % 1.05 0.60 1.11
Methionine, % 0.38 0.27 0.39

* Supplied per kg of diet: 60 mg niacin, 18 mg calcium pantothenate, 22.5 mg vitamin E, 9 mg vitamin B,, 6 mg vitamin B,
6 mg vitamin K, 3 mg vitamin B,, 1.5 mg folic acid, 0.03 mg vitamin B,,, 0.03 mg biotin, 15,000 IU vitamin A, and 3,000
IU vitamin D,.

® Supplied per kg of diet: 8 mg CuSO,*5H,0, 120 mg FeSO,, 60 mg ZnSO,*H,0, 60 mg Mn,0,, 0.7 mg KIO,, 0.2 mg
Na,SeO,, and 0.2 mg CoCO,,.

I s Sapa
Al =ROLIRA G B R (1) B2AVCIREHC B GEHLEIR (2) B Z0BIR AL B € LED YR (#0H 6000 K )(3)
E A CIFEICAL t LED SEiR (2% 460 nm ) - SUBRECE Y H 2D G IR 2 N TOEIRGRELY 185 lux - A TR
AR 16 /N (EIESEEHEIRERE ) BECE T E 20 13.5 /N (A THEEZVCIRR HEE - Wl A TR
e 16 /NEPDEIRRE ) - JEIREERH B L4 5 BEEG E 9 B -
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IV. ERERE
F—IERARE R/ N 570 x 330 x 235 A5 (OF x B x /=) THEA 12 (EER18E - A TeHE » [EH15ER
/NEy 40 x 30 x 45 253 (OF x E x 15) . i RIERR E v EE A 48 EHE NS o WSEE 19 HlkEE Sy Bo T
IEFIE R T 5 I E BRI K alEgo e Ia - 70 24 HiREG AT IE W T 52 BEeAEH -
V. sERHIETE H
() ERHREE
W€ 0w 24 HIRFMG - & 2 BHE —XIEEaE R PR EE - HETTDL L HER | 5BaEEAr - FFEESERREY
gkl > SE B e > RSB A BE H KRB R > RIS E AR ' - &3 K% 0
SHERERERIEE R WA ER - STREEFRBERVEEZS - FRUREIREEE 3 X > B AZ AN ENEER
keE-
(i) FESEMERE
FRECFHENNSEEEEY - ENZEHEAANEEERRUEEIRE . R4 EmER -
(i) ZEmE
2 FEERUEME 3 RABISEMEE > HINEESE - EEE - EREE - E0SEHEEEAL -
HETTRI AN - FEE A E FF (FAY-06, Nagata Inc., Taiwan) ZE{T{EFIFFE - S5 ERTHHR L - fEH
ERRENE 8 (HT-9635A, Hung Ta Inc., Taiwan) &8 T EE » T~ BRIl 2 2500 B8 RS (R T 2012 1F > S0k
EEHENRARZEE - AT BE R » Findliis&— R/ DEREELET (FN595, FHK Inc., Japan)
HIE > DAL =B~ (E AR ENEREE - B FIRETIERRENELENEE » HRlHK %
DUZE GBI E £ (FHK Egg Quality Gauge, FHK Inc., Japan) JHI7E 2S5 1 =8 » MR DASTFESE BEAr (Haugh
unit) » ZEEC AT =100 log (H- 1.7W*7 +7.6) » Hrh H (RFEHSE (mm) - i W FoREHE () °
(v) BT R
EISE 24 JHIRIE - 5 2 BRI #5215 (HDR CX-240, Sony, Japan) [ EZEFAEN » $EZBENRET R
4K o fFiE 4 Rp o BRIk S EIEN 4 HEpiyE g 1 PErp i@ 5 S8 E 8 /N - FfEHEIEE 20 &R
EINSEAVIT Ky o Pyl e Z8ee N BT3RS ST T8 - (ERMasRZaisRiz 30 788 fyeh 1 (EeUBRER e is i ss -
TR AEERR 1 /NEHEREE | X BRI ZEE 1 186 15 P - SURAHAEE ISR 2,100 &R (5 & x
TRx4Rx 158 ) DUERER S E IR ERIRET & Wi BT AEIRZ A (AT AHR
RE S BRI SRR SRR - (T RHAIESHE R (1989) 1= - EEENSE1T o or R DU T B © BR & (R
B~ BoK) -~ JEED (B =L - ) ~ RE (VI ~ BEK - BEE ) 5 o BB E A B HEERER— > 3
EetEHE—TIE ABHEIR SR ETE -
(v) Mg MR
ANSEE 25 ~ 31 ~ 37 ~ 42 k48 R - BHZAHNRI — K AEENIRE S 12 € > DISEEEIRT =(EREL
2 & 3 mL iy W FE A EZHTZ (heparin) FYEZEHRIME (BD 367871, BD, Franklin Lakes, NJ) {&%5 %7
JETAHEK IR © FEFTA MURER ARS8 5 - DIBE L% (Thermo TIEC MUTIL-RF220v, USA) 3% 3,000 g
iCa 15 57857 B EREAMAE o 1A MAE 34528 2 mL IFEREE OVE I RFER -18°C » AR IR H )
TH2 (estradiol) B2/j 522 (progesterone) HY R[S - FI#lUE BSE RS inbnZ iR B EiabafT - ARG il T
EL (06656021 190; 07092539 190, cobas”, USA) HEFF4HF -
i) &t
SNEGERHEE A SAS enterprise HUAR#ES T48ET574HT (SAS enterprise guide 7.1, SAS institute, Inc., Cary, NC) »
Horr DL —fE4R MR U F2 7 (general linear model procedure, GLM) #1758 154347 » FF LA Tukey’s honestly significant
difference (Tukey’s HSD) & il 25 B Hil 2 72 SREEEE: - BT Rl =R Ao 25 FdA [BI1T B o0 8 =Rl ] (BX
&~ EE) - (KB [ =FEMERIFE LA categorical data analysis procedure (CATMOD) F2 7 3 Fhifis & i B 4H Y
PRV o GEET O MTEERIL P <0.05 R FBHE A R - SlEass R DS ENIFAEAE(R 7 (mean + SD) FIR -

R R
L STk R

W 24 T 52 S RIS EI S LR ELEE 2 - ARG SAB 2 MO U RAT € LED SRR &
R S 16 LED SEHRAL (P < 0.05) (143 £ 12 g vs. 136 £ 13 g) » SORHEFAHARRHR A RA M HARIAL R (140 £
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15 ¢) (£ 2) - BYEIEHBLL 5 LED SEHEAHAYE SR R Gongruttananun and Guntapa (2012) JH{LL > 22 1-%E
ST BRI ER I METE 4/ NFHY DR ELLT (o - SERBUR W B H e R B IERTE 225  Min er al. (2012)
Eefi B (e BT (0 LED YUl EHAY 8 - SERBURG TAL0 LED St M E LR BRE G A (L LED
JEHEE TS © 55 Hassan ef al. (2013) ELf 0 (24T (0 LED SLIRHMEEHHR QB E > SRS M EHEREE
5 RIBIAGAERAE RAESE - MiEbEnYZE R v R R R 4 T — A DORIRACR - ARSI - BE
BTt LED SEIRAIAHAVE AR MERTE 2R > R EMRREEMAD - R EFE R E L -

R2. GaTECRIRAEDEREE B 2R HE R R R B E

Table 2. The feed intake of brown Tsaiya ducks reared under natural sunlight supplemented with different artificial

illumination
Weeks of age Fluorescent tube White LED Red LED
Feed intake, g/day/bird

24 — 28 133113 128112 13618
30 — 34 13312 13011 1357
36 — 40 138+ 13 137112 139+ 10
42 — 46 144+ 17 1396 14819
48 — 52 154 %13 147 %15 1559
Means 140 £ 15 136+ 13 143 £ 12°
Methionine, % 0.38 0.27 0.39
Means * SD.

" Means in the same row without a common superscript differ significantly (P < 0.05).

IL.

EEEMERE

24 & 46 FHIR AR - SEHANEERI - RAFEZ R - 48 2 52 Al 2RI IR L EE (74
+4% ;5 65 1 9%) B4 5 LED £ BB (75 + 3% ; 66 + 8%) i 4H 883 = /A [ 8 LED 3% BB 4H (67 £ 5% 5 60 = 7%)
(F3) - BUREERCRGEHER - BRI R AR F A TR - SR EE EERE > A A& LED i
4H - 4168 LED SelRaHAVIS A ENEES » SIS RELE /7 SURGE SR AH (L (Huber-Eicher et al., 2013; Baxter
et al., 2014) » G TALEOEIRFIMMNEER N ERFRGES - HEERPUNRG T O esrtEE - AEST
(pigeon; Columba) (Wang et al., 2015) BA#8EE (Japanese quail; Coturnix japonica) (Woodard et al., 1969) 175585
GEIR o INATHITEUR - AL EOEIRREEIAN R RO IR n AR I E E S A E E R AR (Pyrzak ef al., 1987,
Reddy et al., 2012)

® 3. aTEORISAEDEREE B IR HEERIRHE

Table 3. The egg laying rate of brown Tsaiya ducks reared under natural sunlight supplemented with different artificial

illumination
Weeks of age Fluorescent tube White LED Red LED
Egg laying rate, %

24 — 28 725 6615 7114

30 — 34 6417 61%5 59+4

36 — 40 5916 5414 6117

42 — 46 5616 5416 6218

48 — 52 74t 4° 67 £5° 75+3°
Means 659" 60+ 7° 66 * 8
Means * SD.

“® Means in the same row without a common superscript differ significantly (P < 0.05).

L. E5E

(i) ZEE : 42 2 46 Bl - (0 LED i (63.9 £2.3 g) ~ 411 LED SE07 (63.8 £ 1.6 o) M IS EFTAE
ZEEFESNECSEANENES (62.6 22 g) - FlBaRMIEE - SEEZ MRS RAFEEER
(F4)-
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T4 BTHOISA DR E Ot L EEATE

Table 4. The egg weight of brown Tsaiya ducks reared under natural sunlight supplemented with different artificial

illumination
Weeks of age Fluorescent tube White LED Red LED
Egg weight, g

24 — 28 599122 59.5+2.9 60.1£2.9
30 — 34 61.5£2.1 61.51£23 61.8%11.9
36 — 40 61.8%£2.0 62.6+£2.2 62.3+22
42 — 46 62.61£2.2° 63.9+2.3° 63.8+ 1.6
48 — 52 64.0+2.1 64.112.6 643124
Means 62025 62.313.0 625127
Means * SD.

“® Means in the same row without a common superscript differ significantly (P < 0.05).

(i) SRR @ &Lt LED SRR SR 2 ERGEET 24 2 28 ~ 36 £ 40 Bl EHE SRR EELH » Hat
LED SERRAH T 42 2 46 BHeHTE &2 SR aE R S N2 UG E A - b iS4 PE & 2 Eik
SRME I - O (5.42 1 0.53 keg/em’) BALTL {1 (5.53 £ 0.47 kg/em”) LED SEHAAHANZE & 2 Eiafs B8 s it
JEREE4H (5.28 £0.50 kg/em?’) o

RS GETEEIERREDLIFREECE 2O RS HE RS2
Table 5. The eggshell strength of brown Tsaiya ducks reared under natural sunlight supplemented with different artificial

illumination
Weeks of age Fluorescent tube White LED Red LED
Egg shell breaking strength, kg/cm”

24 — 28 5.3240.49° 5.4240.53%" 5.60 £ 0.34"
30 — 34 5.66%0.53 5.7340.48 5.8410.40
36 — 40 5.21%0.50° 5.3240.60%" 5.57%0.51°
42 — 46 5.08 £0.40° 5.48£0.51° 534+0.51%°
48 — 52 5.1510.39 5.1510.33 5311038
Means 5.28 £0.50 5.42+0.53° 5531047
Means t SD.

“® Means in the same row without a common superscript differ significantly (P < 0.05).

(i) EFL/EE 5t LED SEHRAHFTEE 2 ERIEEAE 36 £ 40 BRI EE s et EMHTZEE - 406 LED ¢
IRAHAN B S W FR A e E = 52 - GiBEslBa e BRI AIBTR - 416 LED SeiRdpTEE 2 EREE > &S
PR E SRR S - 1 E & LED JERRAARI MR S5 MR HEAER (% 6) ©

* 6. LTSI AEDEIREE B 20t RE HERRE A8
Table 6. The eggshell thickness of brown Tsaiya ducks reared under natural sunlight supplemented with different artificial

illumination

Weeks of age Fluorescent tube White LED Red LED
Egg shell thickness, mm

24 — 28 0.402+0.014 0.403£0.013 0.404 £0.013
30 — 34 0.411%£0.014 0.414£0.011 0.418£0.013
36 — 40 0.400+0.013° 0.408 £ 0.016" 0.407+0.011*°
42 — 46 0.396 £ 0.008 0.400 = 0.009 0.400 = 0.009
48 — 52 0.400 + 0.005 0.400 = 0.004 0.401 £ 0.005
Means 0.402 £0.012° 0.404 +0.012%° 0.406 +0.012°
Means * SD.

" Means in the same row without a common superscript differ significantly(P < 0.05).
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(v) ZEIRERAL : $5RBUR 24 F 52 Ml Kl s R RN M SR ABEEZR (RT) -

F7. ETREEISAEDEIRRZEC B 20 IRE H S BB Y72 2
Table 7. The egg Haugh unit of brown Tsaiya ducks reared under natural sunlight supplemented with different artificial

illumination
Weeks of age Fluorescent tube White LED Red LED
Haugh unit

24 — 28 94%8 9319 94 £8
30 — 34 86110 85113 87114
36 — 40 86110 85111 88112
42 — 46 89%9 88110 90 £ 11
48 — 52 8919 86110 87+10
Means 8919 88+ 11 89t 11
Means * SD.

Iv.

VL

WESTHEMBEIIIFE T » Er et al. (2007) LLEL BRI - BS ~ 41 - &k LED JRIRSERN R » SRR
JeAH 7 SRR S PR R B A A TS BLEE A - AL EAHAVRIR & A I 7 < [ Gongruttananun (2011)
HIBHZE Ry RIS BRI M FREE RS ~ B RIS B 4G AL = B 2R L R 8 - S5 RE R =4HRY
HHE - EHSE - ERFEEEMEEESR  Min e ol (2012) LEEH G ~ 406 ~ B0 LED SEIRE 180G B AT
FEENFE  ERBRSEAMERSEMAE ER » M4 TEOCHAVERE S BE SR BB F &L  Borille
et al. (2013) 45V EESEHE LED BS ~ & ~ & ~ 41~ HEIIELE 6 A [EBHCOLIREM - SRR 4HTEE Y &
B EOSE - SR B AL 25 0 Hassan er al. (2013) {1 LED 41 ~ %k ~ B ~ [ ~ 4L#5HC%E ~ 4LH8HC4:
BEE AL 6 A FIBH AL R HE - SRR EMEEAED SE - ZREA - ERaE SREE SR - §
A B eI ERBE BRI R B ORISR - DLE RIAYNZE M ARG R B E R4S » 40 Min er al.
(2012) 37 Ry HbH 9T BB W FT 45 SR B0 AT e R R A R [EIRHZE SEIRAY R 5] DUECHI & e HY 2= SR 2L 5 Borille et
al. (2013) &fzmER4N LED EHEH BB Ao 5 2 8 2078 HEsY 0 ELF) 2020 4 - England and Ruhnke(2020) %25
FraniE LB O B B BB R - A BRIBIEEREE TR R (B HELEZENE -
KREBBHVAE RN S - MR IR P EEMAE AR » (FERGRE > O B1BI41 (1 LED Y HRAH B as ok
B EREEEALE LED SEIRAHSZ IS EHE - EERAEBERER S AR - EZ 2 E
B E L 5 LED SEHR EUR ROMATEEL - MERRESTRAE AR » 4L eI M a3 e & E iR 24
[&IETH -

BT Ry

LA 4HEL A (1 LED SEHGR4H (P = 0.0011) S 4T t1 LED YEHG4H (P = 0.0070) 2 IRV T Rt =UH B =5
1A% H th LED ¢ HR4HEAAT 51 LED YeHa4H AR R 4H s Bale & 2 17 Rl Z R FEE (£ 8) - A&
RRPTH B B IR BAHRV B2 2 EEARE ] RALE LED SR IRAHNS ERIUEET AR > BraeEd
5 TSGRz A FIBCOL IR AT RfF U nT sE Bl AV FT 4 SR (Prayitno er al., 1997; Huber-Eicher er
al., 2013; Sultana et al., 2013) °
INAESIN

e B AP B MY 31 MEBAIEAT ¢ LED SEJEAH (452 £ 92 pg/mL) B2 & LED YEJA41 (422 £ 85 pe/mL)
Me € fI i R EE 2B B EE SNBSS (327 + 156 pg/mL) - SSapseil 2 Bn 201 R ENE 2B TR DL
4L LED JYHGgH A 5 (453 £ 23 pg/mL) ~ H 8 LED SEHEAHZCZ (430 £ 22 pg/mL) i PLas e B 4H K (389 £ 39
pg/mL) (% 9) « ZAMFBNEZREE 7 - BB B R BB 252 - {¢ Hassan e al. (2013) FVIHSFEISAIZE
EHMIR P EIE 2R DAL LED Yeid4H 83 S 85 (6 LED JYelE4H - (HEL LED [ yeigdmaR » BAERGS
FHAL - BYE R & A A AEAERA - WERRHVIPEL (Etches, 1987) ~ {i2 4 UNE 3¢ 5 818 1 7746 (Palmiter,
1972) ~ EE=EHIBEYIHY &1L (Deeley et al., 1975) % » BUREHMRFEIERREEEEERRFAHER AR
i e
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*® 8. GTECEINAEDEREEC B AR AT BRI
Table 8. The results of brown Tsaiya ducks behavior pattern reared under natural sunlight supplemented with different
artificial illumination

Original behavior (%) Fluorescent tube White LED Red LED
Feeding 8.8 8.0 8.6
Drinking 14.4 13.9 12.4
Preening 22.5 28.3 27.1
Frolicking 11.2 12.1 10.8
Standing 21.7 18.8 20.3
Crouching 7.8 53 4.6
Sleeping 8.4 9.6 10.4
Wagging 5.0 39 5.7
Main behavior category

Feeding 232 22.0 21.0
Activities 38.8 443 43.6
Resting 38.1 33.8 354
Probability of ChiSq 0.0025

Analysis of Contrast

Sunlight with fluorescent vs Sunlight with white LED 0.0011

Sunlight with fluorescent vs Sunlight with red LED 0.0070

Sunlight with white LED vs Sunlight with red LED 0.5064

R, LTRSS AEDERZEE B 20 HIM T EE R K2R REHIE
Table 9. The blood estradiol and progesterone levels of brown Tsaiya ducks reared under natural sunlight supplemented
with different artificial illumination

Fluorescent tube White LED Red LED
25 Weeks of age
Estradiol (pg/mL) 394+ 102 440 £90 468 £ 101
Progesterone (ng/mL) 0.2910.13 0.41%0.26 0.321£0.22
31 Weeks of age
Estradiol (pg/mL) 327+ 156 422 £ 85" 459 +92°
Progesterone (ng/mL) 1.04 £0.45 0.32+0.15 0.41£0.15
37 Weeks of age
Estradiol (pg/mL) 399 +98 403 £ 96 417£120
Progesterone (ng/mL) 0.2910.16 0.41%0.57 0.35%0.15
43 Weeks of age
Estradiol (pg/mL) 389197 423 80 445120
Progesterone (ng/mL) 0.20£0.09 0.3110.28 0.2710.12
49 Weeks of age
Estradiol (pg/mL) 436176 463 £ 103 476 £ 95
Progesterone (ng/mL) 0.32%0.12 0.32%0.16 0.34%0.14
Means
Estradiol (pg/mL) 389 £39° 430 +22%° 453 £23°
Progesterone (ng/mL) 0.43+0.35 0.3510.05 0.33£0.05

Means * SD.
“® Means in the same row without a common superscript differ significantly (P < 0.05).
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Abstract

The aim of this study was to investigate the effects of natural light supplemented with different artificial lights on the
egg laying performance, egg quality, animal behavior, and reproductive hormones in brown Tsaiya ducks. The 144 brown
Tsaiya ducks at 19 weeks of age bred from Eastern Region Branch were randomly allocated into three independent non-
opened duck houses. The size of each independent non-opened duck house was 570 x 330 x 235 cm (depth x width x height).
Each house included four rows of individual cages with 12 pens in each row, and they could accommodate a total of 48
brown Tsaiya ducks. Here, we designed 3 different treatments: (1) natural light with white fluorescent tube light, (2) natural
light with white LED light, and (3) natural light with red LED light. The ducks in all treatments were exposed to 16 hours of
light including 185 lux artificial light daily until 52 weeks of age. From 24 weeks of age, daily egg production was recorded,
and feed intake, egg laying performance, egg quality, and animal behavior were measured twice a week. The concentration
of estradiol and progesterone in plasma were also monitored at 25, 31, 37, 42, and 48 weeks of age. The results revealed that
the group exposed to red LED light showed the highest feed intake, egg laying performance, eggshell strength, and estradiol
level. However, the egg weight, egg Haugh unit, and progesterone level showed no significant differences. The results
indicated that red LED light could enhance effects on the egg laying performance and egg quality, suggesting an alternative

illumination option for a non-opened duck house.

Key words: Brown Tsaiya duck, Egg laying performance, Light emitting diode (LED).
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I Pangolagrass-alfalfa Oat-alfalfa
' mixed planting > mixed planting

/

B 1. BEE - B R R g R E -
Fig.1. Trial of pangolagrass-alfalfa and oat-alfalfa mixed planting.
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I Pangolagrass- .I:. Oat-alfalfa
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/

& 2. XIFEHEME -

A~ E-~T: #JEEEE > B~ D~ F -~ H: JEREEE > C - G @ 2R -
Fig. 2. Mowing sites of the experiment.

A, E, I: unshaded areas; B, D, F, H: semi-shaded areas; C, G: fully shaded areas.
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IS ERARMLA & .2 S BRI HILL SAS K3 (SAS, 2002) GLM Procedure (7RI T2 T34 - 4%
JE Ry R [RIIEFERRESS - E R & aE S = IS F DABE R4 (Duncan’s test) JHIERpRHE AV 2= SATE 1 - Ailha
FEFLEAE KA B P <0.05 ©
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PTG T I S A C - G AIBIEACHSS - HOTHIIBRE (57 B 3,089 lux 2 2,004 lux - EEHIERIBER 4238
P LR (L B EETA I 15% » Fom A B O L C B R P R T -

Il Sy EE
() fREE—EERE
1 0 LA BB 55— JC O A T A B R 2.5 mt DM/ha » ST /5 2.8 mt

DM/ha  REIET FAEEAEAIS 2.6 mt DM > = HER LISBELR - MUEEHEEERT 19 m

DM/ha » AT % 1.7 mt DM/ha » RIERMBEE %R » SOLEIT T EBAE RIS 0.1 mt DM/ha » 85

Wk - SETA SIS TR 6.7% % » FTE ROCTAT FIYMEEL S EES IR 1.0% & 0.2% -

5 R BB 5 O AT A 5 1 % 2.3 mt DM/ha » AT 5 2.2 mt

DM/ha » 8 AL SEREE 5 AEAm R A B TS M A IO BT ATEE 78 5 1.6 mt DM/ha

%% Fy 1.8 mt DM/ha » IMEREE AR - SEFABL LA AR 2 BRI - 20BN T 42

A ETE 4 BF B (0.2 mt DM/ha) 41 » 4 E 5578 R 1 ZEE T (1.2 mt DM/ha) -

G ETHRUGS T » SERTE R L A B e R E S R - ST ERANER © iSEEEn
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Table 1. Yield comparison of the of pangolagrass-alfalfa mixed planting in areas under different shade-level

Shade-level Pangolagrass Alfalfa Others Total

mt DM/ha

First harvest

Control” 25+04° 1.9+0.1° 0.310.3" 47%0.1°
Semi-shaded 2.8%0.5° 1.7%0.6° 0.1%£0.1° 45%0.5"
Shaded 2.610.6° 0.1+0.1° 0.0+0.0° 2.7+0.5°

Second harvest

Control 23+0.4° 1.610.8" 0.1+0.1° 4.1+0.8"

Semi-shaded 22+0.5" 1.8+0.5 0.0%0.0° 4.0+0.6"

Shaded 1240.2° 02102 0.0+0.0"° 1.4+0.1°
Total

Control 48+0.5" 35409 0.4+03" 87109

Semi-shaded 49+0.7" 35409 0.0%0.1° 8.5%0.7"

Shaded 3.810.6° 03£0.3 0.0 £0.0° 4.110.6°

" Control: no shading areas A, E and I, Semi-shaded: areas B, D, F and H next to the photovoltaic panel, Shaded: areas C and
G under the photovoltaic panel.
“* Means in the same column of the same section with different superscripts are different significantly (P < 0.05).
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TR RIEIE RS R A RS (FEEEEGIE 6.7% TIE 2= 1.8% - [E 3 ) - #ENZHHYEMR B i
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Pangola-Alfalfa first harvest Pangola-Alfalfa second harvest

100% 100% - mr————

80% 80% -
60% 60%
40% 40%
20% 20%
0% 0%

Control Gap Under Control Gap Under

W Pangola MAlfalfa [1Others WM Pangola WAlfalfa COOthers

3. BESE—EEEHEASTEA FEEEEE TR RE 2 SRS -
Fig. 3. Proportion of species at two harvests of pangolagras-alfalfa mixed planting in areas under different shade-levels.

Control: no shading areas A, E and I, Gap: areas B, D, F and H next to the photovoltaic panel, Under: areas C and G
under the photovoltaic panel.

ﬁ

(i) #E—ETER

R GRS RSN R EEMHE S 0 25 7.2 mt DM/ha > 2EIEFETE B 4.8 mt DM/ha » —

BHET IR E R - (HR IR TR PR R AR S R B MR E AR - EE RS

ERFE  NEEERER R E SIS HMEE 2R PR CERERSUER I HF iR

A RAEER - HEE BRI R R RN RS RI BEEE - ZFHEAE %Tﬁ%%gﬁ HEEETH

R - AR FTC e TR EL DS PR IR A BB E BN Hr i 2R AR LB e (SRR - S

& A 77 1] s 4.0% ~ 11.9% J2 0.8% ) » %&/EJH*%%%?J?ﬁ?%ﬁ%ﬁ%%ﬁﬁ%%ﬁﬁz% 7'1: R T &I
fiam S AE YA A S A RS IR 2 - BTE A TIHK - YERZEE B8 RUEFE &Y 30% -
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Table 2. Yield comparison of oat-alfalfa mixed planting in areas under different shade-level

Shade level Oat Alfalfa Others Total
mt DM/ha

Control” 7.2£3.0° 03%0.2° 03%0.2° 7.7£3.0°

Semi-shaded 48+1.9" 0.5%0.6° 0.7£0.8" 6.1 £2.0°

Shaded 2310.7° 0.0£ 0.0 0.0£0.0° 2410.7°

" As shown in table 1.
“® Means in the same column with different superscripts are different significantly (P < 0.05).

1L §Z5CE BT LR

T o ITaE R - am e i E E — E%ﬁﬁ(%wﬁﬁ@%—‘é%/
ERMOHEBEER  RRERENERGIGEE - HE L ENES
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*® 3. BEE-EERIEHE A R T R 2 koo

Table 3. Chemical composition of two harvests of pangolagrass-alfalfa mixed planting under different shade levels

Treatment CP NDF ADF

% % %
Ist cut pangola-alfalfa (Control") 11.67 £1.12° 60.84 £ 8.66 38.38£2.37°
Ist cut pangola-alfalfa (Shaded) 10.42 £0.46° 69.81 £1.59° 4245+ 1.15°
2nd cut pangola-alfalfa (Control) 12.36 £2.11° 62.35%2.88" 39.93+£2.21°
2nd cut pangola-alfalfa (Shaded) 12.80 £ 1.60° 67.20 £4.59° 41.34%0.81°

CP: crude protein, NDF: neutral detergent fiber; ADF: acid detergent fiber.
" As shown in table 1.
“® Means in the same column with different superscripts are different significantly (P < 0.05).

T4 R -EEREHSIAN FEEERREE U Z Ry i

Table 4. Chemical composition of oat-alfalfa mixed planting under different shade levels

Treatment CP NDF ADF

% % %
Oat-alfalfa (Control") 11.59 £ 1.04° 62.07 +2.46° 35.38 £2.63°
Oat-alfalfa (Shaded) 1836 £2.19° 58.35%1.33" 32.31%£3.37°

CP: crude protein, NDF: neutral detergent fiber; ADF: acid detergent fiber.
" As shown in table 1.
" Means in the same column with different superscripts are different significantly (P < 0.05).

Oat-Alfalfa first harvest

100%

80%
60%
40%
20%

0%
Control Gap Under

B Oat MmAlfalfa @Others

4. HE—EERIEHE ST R T g FRELL ] -
Fig. 4. Proportion of species at harvest of oat-alfalfa mixed planting in areas under different shade-levels. Control, Gap,
Under: as shown in figure 3.
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X B B RS - BEAT XU FERR AR 54% o HEHI AT RE BRI AR M S Y s e R EE ~ B 2 R A R0 B 1
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RAET - BEEEE R E R REHE SN RIE G ERE R - BRI M RARCAMEZE -
BUrmaIEEH EENAERATE - HREFERCEE T EEEREREAVHEBRET - £ETE - HERE
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*5. BEFE-EEREEEE —HE R E 40% SERGE EEHE
Table 5. Forage yield estimations of pangolagrass-alfalfa mixed planting and oat-alfalfa mixed planting in the field set with
40% photovoltaic panel

Mixed planting Treatment Yield Percentage
mt DM/ha %
Control 8.7£0.9 100
Pangolagrass-alfalfa
40% photovoltaic panel 6.710.6 78
Control 7.713.0 100
Oat-alfalfa
40% photovoltaic panel 46%1.7 60

FAEER R GE R » 3CE 40% WYL ] DL R R TR RS AT ARSI M A EYCR
YRR A (R IAI RSN - BIEER DI E Ry HAY - 1 m]s Dt R ER - IR R K R4 5 -

W

=Rk
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aspx?menu_id=32800&policy id=9

PEEE A ~ FATRE EERE ~ BIETE 22011 (RADRHSE AR ARSI E T — 1558 (Digitaria) tUEELE TS (Medicago
sativa) JEFE © BEENTSE 44 1 37-50 ©
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Feasibility assessment on the production of short stem forage

mixed planting in the field set with photovoltaic panel "
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Abstract

In order to understand the feasibility of growing forage crops in the field set with solar photovoltaic panels, two mixed
planting experiments of pangolagrass-alfalfa and oat-alfalfa were studied under simulated solar photovoltaic panels. The
results showed that the yield of mixed planting of pangolagrass and alfalfa were 8.7 mt DM/ha in the unshaded area (control)
and 8.5 mt DM/ha in the semi-shaded area (next to the photovoltaic panel), respectively. There was no significant difference
between these two treatments. There was also no significant change in the ratio between the two harvests. However, under
photovoltaic panels (shade area), the forage yield of pangolagrass decreased with the harvest times, and alfalfa could hardly
grow. In the oat-alfalfa mixed planting, the oat grew well under the unshaded area. Its forage yield was up to 7.2 mt DM/ha.
While that of the semi-shaded area was 4.8 mt DM/ha, and it decreased with shading level. According to the estimated forage
yield, it showed that the total yield of pangolagrass-alfalfa mixed planting grown in the field with 40% shading could reach
78% of that growing in the field with no shading. The forage yield of oat-alfalfa mixed planting grown in the field with 40%
shading reached 60% of that growing in the field with no shading. In addition, there was no significant difference between the
forage quality under the shade of photoelectric panels and the control. The preliminary results of this experiment showed that
the field setting 40% of the photoelectric panel could be considered for short stem forage planting at the same time which
could produce forage with low input. In addition to being used by herbivores, forage planting could reduce exposed ground

and had the maintenance effect of water and soil, even if it is not for production purposes.

Key words: Solar photovoltaic field, Pangolagrass, Oat, Alfalfa.
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