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B 2o F R RFE ALY p S HRAES
B A2 g @

BiGnE S SREC BRXC BT WEIES MO a0

W H3H - 113455 H2 1 5 20 I34ET7H 18

W B

ZHEENEERH AN REER - B EEHE - 240 - ST2EEEL - fEAAVRER®RZ S
WEREFE - MEEHE A EREEFEEEHE T A > N A AT ARSENEEEE AL HEEEE - (IR
— R o HEERHE S RGN B TGRS SaY - PR T EmE IR B AR - AL 0 A
SRR —RONE R ET A B NinsY - B YL 0 A AR T - S ENRE RS - DUT AR A
B AN OAFTANEESHERE - ARGUERILETEHE 22 M - B 11 EAEERERA > 5550 1R
AP o ki 21 (A —ROME F TR H B ALEE dhat ety o SHETHH BRSNS - /R - 1R (taste) Al
FERGERTRIEN (overall acceptability) » BRHEEHET T [N FLR 72 R ELRE - WAL pl o B E s H Rt
MR (5 o &EEREEDT - SEPLER T BLEE RN AR (% ] DABHEEIS 7y EVBEE LRI AL - B A ALBE B AR AL S
FFEPE (P <0.05) » (EOMEZ S HEIGIRZ WA S > KITAEEHIRRE - 47 - - 2EREESEALITLAE - AESM
FEEAR T EEERAEHASA BTG EZEEE AL REUE R - FH > BRI B2 BN AR 8
HAARL o AR7TE BRI FEmERHSR S LR - i EENE B AR E A A E AL S A Sy - B
BHAEFLEESR AR T RS HEE SnA VIR o ARACATE AT AE Seas - (e A S A R R AR 8 - 3 m] (LR BR i
2B AL SE R SIS E R /2% -

BEde © Rl ~ P ~ B MeT  OHEE R - B - BASERRRL -

4

B R ELA BT SRR VKA & ESEEETLAITLING, - (SRR LN R B B S 3
SR (Martin et al., 2005a) - THEEFLIE BSOS Er S EL BRI B2 RERI LI (Thomas, 1981) - BEFLATEIK
MUK AL AR AT - A5 - R AL TR R AR R R AR LA
LY A U % LB 2 (Martin et al., 20053) -

RS MBS & A R R AR A4 £ ) B8 S A% - (Zervas and Tsiplako,
2011) - THELP LTI  ERRIERL (UIFH B - BIFER ) - SRHRG A (15 - BEISH ) - EEELL
FBC 7 H 15 R F] (Wolf et al., 2013) = 3t + GRRAERY i e LRI 9L U SHA 0 (L AURUE R (Yayota et al.,
2013)

T B AT R S R RIS - B TS DB S R AL
(Holstein-Friesian cattle) £ 7F « ¥FAE5K + H ALY @METR (2021)  HAR BRI REHEA - 90 940 {L
3o [ 1975 FEDIAK - FLAER BT ARG » 1985 LEREE) 211 BT - RS ARLUA - 5 E AP 3B A5 S 05T
BEER B 1997 FELUk— 2 T WS - (kA5 1 B - EERATIEIF - (R4 FI K 2023 &Rt
5 (MoK BLETE] - 2023 ) - S EIFHTH 12,600 BT - SEEREAY 135.6 B IE - S L) 357,590 /4
FHAERL » FoP R EELE R KA EEIE S T (Yayota er al., 2013) « (RBIEESE A (MLH

|

(1) RN E A BT b e e 2 56 2799 9% -
(2) B E S AL & o3 P -

(3) BhE AT R E AT

(4) #EA/EE > E-mail: tpa@mail.tlri.gov.tw ©
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2022 ) FEFRFEUR - 2022 FFE > WEETRA 562 HALAF o HEELY 12.6 BEAS - s 64 BEMILT > HAERE
4746,309 EATHERA > n] HIREIS R ESCRE H AL 2 %5 -

ZHEOHEEHT DA F AR RREREEAD - 1B Bl & - MEUFFFZEEEL - SANRER%RZ
ZIANZ % (Martin et al., 20052) » HA LB HAFSRE BT - HARABA LN E T A ENAEENR
B EIR TR R o JHEERFL (consumer evaluation) JE#TERHESZ i8I GRHY ABFET T R ALEEGHHY L E et > 222N
R T EMEIEAHEZERE (Schiano ef al., 2017) - FHA AL A s P 7est B L5 2 180 ATt BTN E &
AYRERZIE © 28N ASURGC s R PN B S RS fm 4 HY P 2 (Ellis, 1969) - BilEsea R MmEFER - 7] 1
FE (A1 BN E R B A i B RS B AP R2 2 (Schiano et al., 2017) » & b > ASABRBER A JOH B #E THEAL B S
o o PRI AL O AR A2 IS - B4 EBEE IR - DU T AN S S S B A AL B O A A EE 2
fiE o

M A

L REFRERbHR
ARG ELEE 22 fl s > Hrp 11 EABES > BEEGRSEZ 2FHEAN PO - 2FER - REE-ET
BRI - R R SE R0 AP B8 EE L EERL ~ VIRE 100% SiEEHL ~ th e 2 HERET, - AR - S REEHL - HEVE
Een BT - AFHER S B - BESFE2EEA - R R - IR AR - FRKES
PrI5EE7L - AN 11 FEH A4 A B HARZE E R Z - Ei & L EL (Hyogo) ~ Jb/E7E (Hokkaido) ~ APy
(Osaka) ~ i 2% (Gifu) ~ i (117 (Okayama) ~ AL T (Sapporo) BLEE#E] (Tokyo) » & fm At R AL/EE Y o XY
S ENTREE 4.0 470 - $ARBOM - FEEA4-FL - IDFEE RE4I - REEFI - BREBESAL - HUbng
o BEBOL L WS - DA 3.7 IEEE IR ~ BEFARMDEBIE O L WEEIA 7 IV 745, - &
ZEE - T - BB aTEmEEImE 1 -
IL EVE St
At bn P A RFE — RO BEE ETE RS LR E G - BEHERLMLFEER —BE: - IR SR ER R
Binalsam i EE - 2E RPN ERERE  SEENA AL ONEE » BAREBIEE
HEHSaEAEED - eRFEEA BRI B IE - KR ERBIEARRE ER R - P 21 & ma el 2 e B
TRVE S fE i » Hp oA 13 iz » BUA 8 (i SFI9FH K 42 5% » B 26 2 62 2] -
Ak AL B 2R B R NMEORIREE (4 — 7C) » BEEEPEE IR 20 — 30 mL/ #F » BR{EEE AT
B PRI A T EORIRE A, - 22 SR e B BN A1 e PP E S o R S DA = B BE AR
WEFoR - dEp e SRR R EA Y - G ASTERME 8 — 12 {(EEE - dhat 242 (EfE 5 - HrpRE H SPaieit=
BRI E HAAGF - SR R KEE e B e RT A AOF B OEeRE - B2 IR ZED 2 AR DURD
mnaf B 2 BTHE > (E st AR E e HE R EE et G o AR AL 3 202 S DU RS SR A AR M B
ASEM:
1L §E fmeF i aass
AR AT ISR SO R PS8 - EER T MBI PLER A/ LB Ok RS EL A S
% H AR &N H0 (Umami Information Center, 2004) 5 tH—{E & 2 AV EVE oF & - bR TRk ~ 15
BRI S AV E IR, ~ B MR  BIEEEEZM > BEATEAEM - L IRRERZ T HE LIV
HUBHHIE o HORTER M e IE HET R IUKER 7y - Rl R NE ~ TR - TETR (taste) FIEEAGERIRIEL (overall
acceptability) » Z4HIEFE IR A5 > SHHTEEEERIAAOT -
(i) SMNEL: IR KETER - 5618 F B mAVINR AOERa (0F 0 - AHE SRR DRBEAVESE - dITEERE:
SRS (glossiness) ~ JEFEE (thickness) ~ FEE & (impurity sensation) °
(i) FR @ HETEEEEEENRAE (odor) » fEEEM A LR » £ EFENATRMKESZ > 4ITEEHE © 9FL (milky
scent) ~ AFELE (plastic smell) ~ FHRELE (milky sourness) °
(i) "ETR ¢ HETEWE EVEAEALRE (taste) > FEIESA LR > ECIFRANAYLRE ~ sRE B Enk - 4ITEETE © 3ok
(sweetness) ~ IR (milky flavor) ~ ZIE (off flavor) °
(v) BESare Rl SHEREBIVESE Bt EE AL FHEEHZE LA EREY - diHEaE © iR
(cloyingness) ~ I [14: (palatability) - ¥45EH747 & (overall acceptability) °
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#= 1. AEEaE A 2 A SR ALRE e PR i E R
Table 1. Samples of fresh milk and milk in blind sensory evaluation in this study
) Processing  Packaging .. .
Brand name of fresh milk Place of origin Responsible manufacturer
method method
. . 138 +2°C . e _
e b7 A2p BREE I IERL 15 0 Papercarton Taiwan BN ARAE
, o s 72 — 85C . - . RN s £ =T o
HIRE 100% &hfEH. L0 _ 15 Papercarton Taiwan  EBREE(LRHE () ZFTAFVIEECS
o 130£2°C . -
k42 BS e, 5 gg Paper carton Taiwan e TR AR AT
2o  ff 72 — 85C : . Sy A T L INT
FeE AL 10 155  Plastc Taiwan  FEEGGARAF
v 135 — 1501 . . v
=R 5 3s ¢ paper carton Taiwan = RS AL R
K B 1 R 57 130£2°C : N o R Y AN/AN =
MRVE S h B 7L 5, _ 5 Papercarton Taiwan  DREBAm TERNARAE
7 Ser O ) 125 —135C ; N7 ELRATL (73 INT
AEMREmE AT 5 54 bapercarton Taiwan MBS A AR A F]
et 4 s o 13141°C , i B
B R HEEAL 50's paper carton Taiwan BESRARAE
g s 125 — 135 . . e —
SCSREER, — Pl R % ) _5g plastic Taiwan SRS AIRAE
e 130£3C . P _
it REfE L 3 _ 5 Papercarton Taiwan & RERMDAIRAE
4 o v 130+£3C . - o _
i AR POSF5 fEL 3 _gg Paper carton Taiwan 5 MG A TR A E]
VEIE O Y B E T g 130° P gl
ACHE A o SRR C paper carton Hokkaido, Japan Fit 2 8 s 7L /At
4.0 47 2s
I S ER 120C ~ TS EN A I PN
FFLIREE DAL 5 s glass Gifu, Japan  FRE¥EREE R FELHE
e 130°C N
[lES=2 ) 55 paper carton Okayama, Japan H2H FEM S
NN - 130C . N s
dLEEE B4 5 s paper carton Hokkaido, Japan B/EHEA 1t
. - 130C o . s
Yz g=Ract:] 5 s paper carton  Hyogo, Japan JRP&EEEA MRS
e 130°C s g
SRR 7 paper carton  Osaka, Japan SR Fg A SERRA SR TS
\ ) 130 L e
HLbHWFHL 5 s paper carton  Osaka, Japan RSty 2 23EEH,
\ ; 130°C s
BEHWLL WARL s paper carton  Tokyo, Japan R Z=1EIG
N JUT. 130C . S S A
1bEE 3.7 EEE A4 5 paper carton Hokkaido, Japan 10 7L k=1t
e 130°C s e
&A=, At oD 28 5 s paper carton  Osaka, Japan PRIty 2 H3MEEH,
. _ 130°C .
BOLWEHI A7 I )L 749, 5 s paper carton Sapporo, Japan ZFEI X 7" I )L 7 (BF)

*s: second



BRtane fiME RS BRI B BETY R 80

RS E o F—E R R R ReE T - (PR T A s B R e B 2 jiZ 2
BEZE > DREER D > 08BllE (404 25 57 ) TonIEE e vie s - et 21 (o EHEE -

IV. FLB Sy B HE R A A

1L

FLEC ST B RS B B A W EE P 8 S 0 & e sl B P B & 73 P 2 B B FL I o B G 4R BRI 3E 58 (MlilkoScan TM FT+,
Denmark) HIERE T » BT EHEITRTE St 40°C Z /KB E#EITTRED R S11% - DUE T 3EEHRAT SRS (Fourier
20 transform infrared spectroscopy, FTIR) [ » JHI & FL A 04 TE H & & 505 (fat, %) ~ & (9’8 (protein, %) ~ A
1 (lactose, %) ~ {5 [E 729 (solid-non-fat, %) £ 2% % (urea nitrogen, mg/dL) ~ &5 1 (citric acid, %) ~ B- FEEL T
/i (B- hydroxybutyrate, mmol/L) 57 8% 4 Hfd 8 (somatic cell count, 10°/mL) ; g HiE 695075 HIl 6L & G SRS B % (free
fatty acid, mmol/100 g of fatty acids) ~ 446 FINEHIE (total saturated fatty acid, g/100 g of fatty acids) ~ 48R EfIHE
Fiili& (total unsaturated fatty acid, g/100 g of fatty acids) ~ BEE CABEAIHEHEE (mono-unsaturated fatty acid, g/100 g of
fatty acids) ~ 2T RERFIAEAIEE (poly-unsaturated fatty acid, g/100 g of fatty acids) ~ & kB ASHES (de-novo fatty
acids; C4:0, C6:0, C8:0, C10:0, C12:0, C14:0, and C14:1, g/100 g of fatty acids) ~ JE & HEIHEHi & (mixed fatty acids;
C16:0 and C16:1, g/100 g of fatty acids) ~ JHEEIAEHAHEE (preformed fatty acids; C15:0, C17:0, C18:0, C18:1, C18:2,
C18:3, C20:0, C20:2, C20:4, C22:0, and C24:0, g/100 g of fatty acids) ~ &Z =\ HgH/% (trans fatty acids, g/100 g of fatty
acids) ~ 45 ## Fi5 i [ (short-chain fatty acids; C4, C6, C8, and C10, g/100 g of fatty acids) ~ H* §# f5 ijj % (medium-
chain fatty acids; C12, C14, and C16, g/100 g of fatty acids) - F##HgHfi& (long-chain fatty acids; > C18, g/100 g of
fatty acids) ~ A4 (C14:0, g/100 g of fatty acids) ~ TS (C16:0, g/100 g of fatty acids) ~ fEfgHEE (C18:0, g/100
g of fatty acids) &% i iz (C18:1, g/100 g of fatty acids) - F Efi (% 25 &5 DL Wt & ISO (International organization for
standardization) [E PG LA AR s e T E HARSIE -

Gt oth

B E AL H AW A E AL Z AT R T - (/] ANOVA ETE T 04T - oI/ N7
{E7% (least squares means, LSMEANS) #£17 Tukey 28 EL#EL » DA P < 0.05 Fm B ABE T « e i{& R &H
JEUSR [ Y 3915 R 4e TR B 2 e | > DIBUREZ BRI B A4 AU AR & Bk 1 EAYsRTg =5 » Ry TR
[E M L R R AR R - W2 T R R o e e B AL B AR RUE R - T R RV E e PR E
HIRA R ) Ko T L pie oy B AR BRI o PAEE 3 704t (Principal Component Analysis, PCA) ¥ - {EfFEH,
Ao BLEVE dna I H H YRR, BY PCA H - 8T 32 {EHE & - G 12 (#EVE S 8 20 {EEFA KT EE - e

LR LR EE RSO R, Y PCA - f1 & 22 (@8 & - HFE 20 (@ P B & 2 [HE RS S -
PCA FitHl Z B & TR LR H - DIRECRIGME K 0 HAREEE Ry 1 > et RS ERRVERIGE - Fst ok
A IMP 58 (SAS Institute Inc., Cary, NC) (T °

wm R

AR A s M A L L ALY ST

%2 RIS R BT TR - IR LAY SRS B 4 4L B e 7
(P < 0.05) - EEEEETLAIMAINE SR EORINSHIEE « MR EORIAERIIA LS T amRIRSIoBe B Rt © 2L - UTE
(9 P SRS - FURSE - BERERS - - KA T RRERANARINRHIS B A -
L R TR

[l 1 LA PCA f5 8 7L 53 BRSO L OB - 38— 57 (F1) WRRE T RS R 30.99% » 8%

AERE ~ BGANRLE S BB AR - BLE B AL FI DAESAVIEMEE (load) ; MAEHT - ¥rapcBURERNE - R AR
% ~ R HEMEANE RALNE Fl LARS AR - IEREF EOY R RG22 - RO ~ SRR AE
FI PASSHVIERE - FornE SgR R REis ik & EMRANEE AR - F2 ZE b #EENNE - J'RETEN
Bz ~ WREEFIAERGNE - TERRAE IR R B4R - BUE R F2 PAWESHIEMESE © BN - Mra kA iERk - K
AERIEE ~ EEBEMEAME RA RS F2 EAREHIRER - BIREHR - &k - RFEETE F2 EATHEE
HUNIE SR A SN R e A HE . = AR -
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F2 (15.70 %)

BRtane fiME RS BRI B BETY R 82

10 -
Cl16:0
8 ® 1
MCFA ¢
6 FFA @ T
’ Mixed FA g I @ SCC
TSFA ] M Palatabili
P ) . Milky Flavor pg o v .
2 Cl40® Milky Scent M | Sweetness H “ Overall Acceptability
Milky Sourness )
Impurity Sensation ™ M Cloyingness
0 Plastic Smell -
M Glossiness Preformed FA.
Thickness MUFA
2 Off flavor g T C18:.0® °
Fat @ BLB @ Trans FA @ ®TUFA
-4 + PUFA @
De novo FA. SCFA ® Lactose
®LCFA
-6 Protein o ® Citric Acid Cis:1®
SnF@® o MUN
-8 1
-8 -6 -4 -2 0 2 4 6 8

F1(30.99 %)

L DAERT 17 (PCA) A EY ”l}zﬁiﬁtﬁiﬁﬂif@tfﬂ?ﬁ@mEnuﬁlﬁﬁé’ﬁégﬁ% —ERY (F1) il 7 8 ss

Fig.

1 30.99% » 5B E Ry (F2) AR T BB 2 521 15.70% - S5—FR ¢ ﬁzﬁ’\\lE’JEL% » 13 SEREHY F1 AT
F2 5 R TR 5 B %R ¢ ﬁzﬁAlEﬁfJ:ﬁa EEEY FL HEE - T F2 BIEE S F=8R - N EfAET
0 EEREHY F1N F2 S5 Ry &l SEIURIR © r R ERYA T A o iELeEny F1 RIEE - 1 F2 HAfHE - B5f
(Fat) ~ ZEH'H (Protein) ~ FLi# (Lactose) - Iﬁ/% (SnF) ~ JRZZE (MUN) ~ 18150 (Citric Acid) ~ B- FEEE |
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1. The principal component analysis (PCA) describing the relationships among milk compositions and milk flavors. The
first principal component (F1 axis) explains 30.99% of the data variability, while the second principal component (F2
axis) accounts for 15.70% of the variability. First Quadrant: Located in the upper-right corner of the plot, where both
F1 and F2 are positive values. Second Quadrant: Located in the upper-left corner of the plot, where F1 is negative and
F2 is positive. Third Quadrant: Located in the lower-left corner of the plot, where both F1 and F2 are negative values.
Fourth Quadrant: Located in the lower-right corner of the plot, where F1 is positive and F2 is negative. Solids-non-
fat (SnF); milk urea nitrogen (MUN); somatic cell count (SCC); B-hydroxybutyrate (BHB); free fatty acids (FFA);
total saturated fatty acids (TSFA); total unsaturated fatty acids (TUFA); monounsaturated fatty acids (MUFA);
polyunsaturated fatty acids (PUFA); De novo fatty acids (De novo FA, C4:0, C6:0, C8:0, C10:0, C12:0, C14:0, and
C14:1), Mixed fatty acids (Mixed FA, C16:0 and C16:1), Preformed fatty acids (Preformed FA, C15:0, C17:0, C18:0,
C18:1, C18:2, C18:3, C20:0, C20:2, C20:4, C22:0, and C24:0); trans fatty acids (Trans FA); short-chain fatty acids
(SCFA); medium-chain fatty acids (MCFA); long-chain fatty acids (LCFA); and C14:0, C16:0, C18:0, C18:1 fatty
acid.

[l 2 DL PCA fiialifiee #L ik oy BLE I B H A EE s AR HIRA (% - 55— Epksr (F1) e T RUEE EY 43.97% > 58
RSy (F2) fifke TR Y 21.91% - F1 IEEE?E%&EEHEHEE& BT BRIAERGEE ~ 25T BEAIRERGER
REASHTREA RGBS B B AR - BB B Fl PAREHIEMESE & BB - ¥ropZUisinmg - FsEisheg -
EHEMHAARIFE F1 DRSS EEMEE - F2 TR PR - JRSIUAGHINE - SaERIAETIE K
il PSRN R S BN B R RRAERK - BRI ME F2 _EARGEHVIEREE & BEHG ~ HropZuahnis - iRz - £4
ERIEA AT FE F2 EARSHYEREE © GEREUT - 2B AR T SRR BN T & A AR R
S8 BUNELROERER A TR ¢ i HASAEARRISETRERT ~ ¥ AR R AT SR A B
B BUrREL O E A AEA TS -



83

10

F2 (21.91 %)

-2

-8

] 2.

Fig. 2.

/ri N

TEFLR T MIRVE st A R pRET B e S B A e LB A LAY IR

C160 ¢
MCFA®

FAA®

. Taiwan
Mixed FA @ sCC

TSFA @ Cl40 o

Preformed FA
@
' MUFA ®
BHB ] C18:0 ® . TgFA
SCFA Trans FA

De novo FA - PY .
Lactose (s}
PY PUFA

. ® (Citri 1
Bt e o Citric Amd Cl3] ® ® LCFA

SnF @

Fat @

Japan @

-8 6 -4 g, 0 2 4 6 8
F1(43.97 %)

LA RS> 73 #7 (PCA) it B E e L 81 AR A= 2Lk o BLEL AE AR RR (% » S5 — ko (F1) filfse T BB =
[y 43.97% » 55" FE Ry (F2) ik T RIBE R 21.91% - 5 : {YZE’\\IE’\JEJ:% » JELEREY F1 M F2 £
FIEME - 5 FR U RERyZA B BBy F1 BE(E - i F2 BIEE  B=5R : iREATA » =
SUREEY F1 AT F2 B R f - SEVURIR © (R ERy A T A - LBy F 1 RIE(E - 1 F2 R&d(E - AER (Fat) »
TEH'E (Protein) ~ ZLfE (Lactose) ~ fEASEZY) (SnF) ~ FRZ %, (MUN) ~ 1504 (Citric Acid) B FEEL T % (BHB)
FAGHHREEL (SCC) ~ RS AL (FFA) ~ SRERMIASHG L (TSFA) ~ $REMIASHGEE (TUFA) ~ BTN GRS B
(MUFA) ~ % TR RS A B (PUFA) ~ i & RS R EE (De novo FA) ~ SR & IR (Mixed FA) ~ THE L
ZIRGEHIE (Preformed FA) ~ SZ=H5HIEE (Trans FA) ~ FLiffEHIEL (SCFA) ~ fh g5 HHE (MCFA) ~ R HEREHT I
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Principal Component Analysis (PCA) describing relationship of milk composition and geographical origin of
Taiwan and Japan. The first principal component (F1 axis) accounts for 43.97% of the variability in the data, while
the variability of the second principal component (F2 axis) accounts for 21.91% of the variability in the data. First
Quadrant: Located in the upper-right corner of the plot, where both F1 and F2 are positive values. Second Quadrant:
Located in the upper-left corner of the plot, where F1 is negative and F2 is positive. Third Quadrant: Located in
the lower-left corner of the plot, where both F1 and F2 are negative values. Fourth Quadrant: Located in the lower-
right corner of the plot, where F1 is positive and F2 is negative. Solids-non-fat (SnF); milk urea nitrogen (MUN);
somatic cell count (SCC); B-hydroxybutyrate (BHB); free fatty acids (FFA); total saturated fatty acids (TSFA); total
unsaturated fatty acids (TUFA); monounsaturated fatty acids (MUFA); polyunsaturated fatty acids (PUFA); De novo
fatty acids (De novo FA, C4:0, C6:0, C8:0, C10:0, C12:0, C14:0, and C14:1), Mixed fatty acids (Mixed FA, C16:0
and C16:1), Preformed fatty acids (Preformed FA, C15:0, C17:0, C18:0, C18:1, C18:2, C18:3, C20:0, C20:2, C20:4,
C22:0, and C24:0); trans fatty acids (Trans FA); short-chain fatty acids (SCFA); medium-chain fatty acids (MCFA);
long-chain fatty acids (LCFA); and C14:0, C16:0, C18:0, C18:1 fatty acid.
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ELRAVYIER ~ BHEREVRHE S Y B AR - HASIAESR AR ES N EEE T - B 4 HhEEHOAK

e e AL B FL 2 ha PEL RV E SHE S LR - (e R BRI ~ IR ~ iEuREVYIRR ~ BHREHET - IEA
IRy B Ry ALat E RS > BB  EREREHET > DI AR ER ALt E R - HAR W
HAEENFARZ -



BRtane fiME RS BRI B BETY R 84

Glossiness

Overall Acceptability Thickness

Palatability | Impurity Sensation

: . —Taiwan
Cloyingness + Milky Scent
f - mssss Japan
Off-Flavor I Plastic Smell
Milky Flavor Milky Sourness

Sweetness

3. BB B AA ARSI E FHERLE

Fig. 3. Sensory evaluation comparison between Taiwanese fresh milk and Japanese milk.
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Fig. 4. Radar chart of sensory quality of milk from Taiwan and various regions of Japan.
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Abstract

Most Taiwanese consumers perceive Japanese milk as rich and flavorful, leaving a lingering taste after drinking.
However, according to a number of studies, the sensory characteristics of fresh milk is influenced by various factors, and
Taiwan and Japan have similar dairy farming system. Therefore, whether Japanese milk is truly preferred by Taiwanese
consumers over domestic milk requires further verification. Consumer testing involves assessing the sensory characteristics
of beverages by individuals without specific training, who represent the true consumer base of products. Thus, this study
aims to conduct blind sensory evaluation of milk with consumers, by comparing the acceptance, preference, and sensory
characteristics of Taiwanese fresh milk and Japanese milk, and thereby to understand the true preference of Taiwanese
consumers over domestic fresh milk and Japanese milk. A total of 22 types of milk were evaluated, including 11 Taiwanese
fresh milk and 11 Japanese milk, with 21 local consumers selected to participate in the blind sensory evaluation, including
assessment of appearance, aroma, taste, and the overall acceptability. Subsequent data analysis was compared for the
differences in milk composition from different origins and analyzed for the relationship between milk composition, sensory
characteristics, and origin. The results showed that the relationship between milk composition and origin could clearly
distinguish between Taiwanese fresh milk and Japanese milk; and that Japanese milk indeed comes with a unique flavor with
higher milk fat content which is not widely accepted by consumers in general due to the higher off-flavors. In conclusion,
Taiwanese fresh milk has lower milk fat, protein, and lactose in milk content, compared to Japanese milk, which probably
makes the taste of Taiwanese fresh milk more refreshing, less cloying, smoother, and accepted by Taiwanese consumers over
most Japanese milk.The study analyzed the comprehension of Taiwanese consumers on fresh milk and milk from different
place of origin through the comprehensive understanding of products with different flavors from two countries. This helps
the daily industries to explore into the uniqueness of their products. In the future, such knowledge can be adopted to make
relative choices and adjustment, in addition to providing reference for the agricultural agencies in the formulation of effective

market promotional strategies for Taiwanese domestic fresh milk.
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By 5.94 F » BAES | (AFHES - EBV ELE0HE 3.29 F > FEUEBIMGE 1.89 7 » DL EEIEER 1 58 AT RITE — X%
2 — 8 R ZHERF 82.1% » IEZHRECEEE 7.0 K> B 6 RIgHE—XNEREEME - b i ETmEREAn
HIESTATE R » BT ER B A ST E R ISR AT - I5 2021 27 A 1 HEH M A RS HER A
ZEGHELR BB > RS AENE o i A T H R A R AR 2 RS

BRdEE © ZRERIENE - IS A - TS

i

T BRI TR BRI A BB EES (A5 x BEEIS ) BB A TR 2 R
SRR+ MR (Tai, 1985) » BIREIZHIR » S0 3 R —XH 50T - IR A TS HE
BEHE RS B BER T SIS BERRE R E R - 18RS LR B8 2 JL S A AR B B
FE + SRS DAHION RS A AL SN IR 1 B LN + ) B TR BB MR T + TR 2 A -
Tai et al. (1994) (57 (E BN R AR TIFNEHBESENS - (KA B DR TS R - SR
TREGRI 15 K2 PRIV IEHE 034 - Cheng er al. (1997) BFFRRET - 18348 = (RATZHGFFEIVERHLY 1 -
(R S R B DO R 25% » THERATE MUOERLTATHE 8 — 9% - Cheng ef al. (2002) [ 1992 4F
AR IS TR » L 4 BB ) 40 7 RIS EER - SRR SRS 261 1 SHE
B BFFER BN - 2% (2022) TSt (BTG (A FRCA x (Easeng ) - 48 7 (URE H2 s -
EFEWER | A Xk 2 — 8 RTHIZRFE 80.3% - TR 7.9 K « FUMREREE
SRS LEIS R T A T2 o (TR AT TR - LRI DL A R LR A
FEF - DL 2R BRI © AT S A A A+ ME R R IR A R
—  ER R SIREENS 2 (ISR - SR R E S TS A (T I S
HstBe o ISBEHORE LSS (L201) - ALSMBR TR 1954 4FEh P BRI ER A T Ao (LU T AMRES ) B2z
ML SNSTEZE 300 FOcae® - WHEFLAGHENS 172 & (B FEEMB AT AT + 1954) - 1965 RSN EE
BIBEEEAEE SR (B EREERNER TR PR RS EATED RIS (&
%+ 1998 ) - 1968 4F AR H B AL RS S0 USRI o0 B LGB 55 | AL (IR B Rt ) - 3t
B 1972 EIBREBE AL » 1978 EIE HERTILSIRIAMETEE | 1 - DL sIes S T 0 S R

|

(1) EEEEN = A s B T Fe i 2 5 2800 51f
(2) RN A BT R & 7 T

(3) B EEsA L@ s Pk -

(4) EEEEl A BB AT R & 7 TR IR -

(5) #E/EE > E-mail: lywei@mail.tlri.gov.tw °
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Bl (RS R ESERAT > 2021 ) DUNEREHMSZ IR AN > BV L BISEEHR A LRESS TIRA - 1LL6
RANLEAEG—K R EEE -

L

IL.

1.

Iv.

MFERTTE

2005 FEEHUILTNG AL Z (L201) 55 17 fUAHS 20 & - £HG 60 SAETTEE » 2006 FEIESS | AAATS 104 & -

RIS 127 & > (F Balba FEIS AR

ERENY)

() AT Fe Z BBt w A s BB P R & I T dT - B2 A~ 68 R E BN A A IS Lt R 2 R E)
PHREE R (o /N AR A A 2 S AIETT (FalEE)F 109001 5% ) -

(i) TEEZIHE @ SIS 48 Bl TE I - B ER I RERFEE S EEGE - HEYS
STEENSEHETEIE - DU % - EERHRERGEY 07 B FECES - BEECIBERAEST 20 (B0 - BN
1 EAISACHELY 3 — 4 RS » BERIBEREIR 3 A S REFRETEY -

(i) pEEEE GRS 0 — 3 MR NEMEEIROREE » 3 BIRES 2 PaE S RISE F R 12 B EN RS
& FEEEE - 16 BECTTE © Bk R BIUKERIEET - 0 — 8 HEREREIREFSHE L E 19% » fUHIRE 2,900 kealkg
Z Bk 8 EEYERERENISEF2HE D E 14%  {CHEE 2,800 keal/kg Z BRGRL » WIE&RRIEREIIGEF S0H
EIH'HE 18.7% » {UHIAE 2,900 keal/kg ~ AELEHY -

BRI B S
B 2006 L - FEHEE S mEDR G2 B - S5t AARGEEE gy 72U T - DAPRETIE iR~

WREEZEERR - TEEERS LHBEORE - DINFEEEAE TBINFT R - 2R EFREL

T
RE 10 — 5 E0aFINEH | AN ZEEHR - 23k elbadt /G 29 ~ 32 B 35 HER - #EfT—

7 0.05 mL JERUERERER » SEEUE 14 K (2 — 15 K) BEL=MR - §F 7 KA —X > TR ARFESE

7~ 14 8126 Koy HIME 1 X - i RECsHRHIGTEE 2 2 W EIER - Wt EARESR - 2HER - AR

B~ R RS L RIS B IR R - SRR EROT -

() AWFEEEL (the number of eggs set, le) * RHIEHY 29 ~ 32 Bl 35 Ml LUAFEISHIR A LIZKE » FEEUEERAV(E ]
RIS A RS -

(i) ZHFEER (the number of fertile eggs at candling, F) © RIS 29 ~ 32 B 35 JB# LATEIS IR A LI » &
A5 7 RIRE 2 S EE -

(i) 5 K% (the maximum duration of fertile from 2nd day after AT up to the day of the last fertile egg, Dm) : A
TARAE1% 2 — 15 RIREWIN - BN EBER RN R ERZ KRE -

(iv) ARZAEREL (the number of duration fertile eggs, De) © AN T%iE1% 2 — 15 RfgE N » HEZHE 2 &R
% e

(v) WE{L=R (the ratio of hatched mule ducklings, H) : <25 B BUis AT s0fa 38 & b (R 8% - PrS 2B EBZ H o
Et -

V) BEIHENEEME @ FHRABRNE 7T RRE - AZHHERSE 2 2HEEEMR CE 2 - i
EHFBG 0TS (FERE - 1997) B85 | A0S ETRELRES 14 R 25 R E ORI
HEBEHHR -

B HRE R RER - A 2R 2SS GE R E RIS » ETRES M RREETENE (BLUP) Z 45t

M R EEE e S EE G EEER N 20 & - £ 60 & - 2 44 — 46 BEIFETA AR - 50 — 52 1BERIE

AT —R e A - ST 13 (E AR -

Etorin

() RHHBAMSIR A ESRR - R =B 2 e 2R B E R 4REE & F ~ Dm ~ De 1% » 1L SAS MEANS #2F7
ST EAZIERHEMARRA MR (SAS, 1999) »

(il) P9 HZERZRILE - 4L SAS 2 GLM 2FF > iHiE 2 KEH 15 K2 4&H FEE(E -

(i) FEZEEEGEEBY) Gatfhy=XB+Za+e(y: ZHEEH B A (FE) —MRETHE -
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a: AEMREESE e 1872, E(e) = 0, Var(e) = Ioe2 ~ X B Z 531l K B Bl a Z REAAREUOERE ) » R (EGH
di g {1 0] (BLUP) 2 #7#% =\, (animal model, AM) » L) PEST3.1 8% (Groeneveld, 1990) #1751 (PEEE »
2019) -

BB

B BN 6 RO T 5%

SBRRTE DL A T+ 7Y 2006 EETAEE 1 O 104 8RR 127 € - (AR ATREISEACH -
5 | (BRI 2R T - BRI SR - T SRS e - (5
B S e - SN P2 20 [ b+ () 15 AT 3 4 SRS » o A
370 5 RHEHIBETERG - (55 1 (CZ55 13 1% » S030AMS 2,064 € « RHIG 3,212 S FMERIE © /AN 279 &
FREHE 700 & SETRCFEETE - £ 2006 (ERTAEEISHES | (GRIEE 13 (L2 S HRBE G - SRl REY
SR BB RS T + RIS BT A AR 12,6 — 35.0% 8+ T 24.0% + ATSHIATR 103 —
31.7% ZE > PR 15.7% (AR 1) »

* 1 BEPZREFFEMSERTIINEE 0 — 13 (AIGERER - tec B8 WS H R

Table 1. The population structure, number of ducks for performance test, number of ducks saved for seedstock, range of

estimated breeding value of seedstock and selection percentage from GO to G13 of Chihsin Duck in duration of

fertility selection experiment

Generation Number Number of seedstock Selection percentage
GO — — —
Gl M =104 M =33 31.7
F=127 F=16 12.6
G M =108 M=18 16.7
F=143 F=50 35.0
a3 M= 86 M =26 30.2
F=133 F =46 34.6
G4 M =148 M=22 14.9
F=212 F =47 22.2
G5 M =159 M =20 12.6
F =260 F =57 21.9
G6 M=162 M=20 12.3
F=234 F=62 26.5
M=1 = .
G7 61 M=20 12.4
F=273 F=55 20.1
G8 M=175 M=19 10.9
F=279 F=63 22.6
G9 M=195 M =20 10.3
F=292 F=171 243
M=165 M=21 12.7
G10 F =268 F=59 22.0
Gll M = 146 M =20 13.7
F=222 F=55 24.8
M =165 M =20 12.1
G12 F =269 F=63 23.4
M =145 M =20 13.8
G13 F =250 F=156 22.4
Total M = 2,064 M =279
F=3,212 F =700

M: male; F: female.
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1L SZREFFEMEHRA AR
sTES MBS R 2 AW ER - ZHEY - 2RERRFERE - ARCE2E KB EHEISE - &
FRERN BREEFH ZGE 2B GE R TSR BLUP Z&ist ik - faf il bbb @it &k
IR 72 B RGBT - SESEt o T S TR RE 2 o9 (E £ B R &SRR 2 - Gl £ GI13 (RZ F/le 7y
51 5 0.30 ~ 033~ 0.30 ~ 032~ 0.37 ~ 0.35 ~ 0.38 ~ 0.41 ~ 0.39 ~ 0.42 ~ 0.39 ~ 0.42 £ 0.49 > G13 5 G1 X 7 B4 Fy
61.72% > F ~ Dm ~ De }, H JRBEZSE EHHAIG0 > HIMIE 5371 By 46.7 ~ 54.6 ~ 73.8 B 57.6%

*2 BERRERENEEEEIINE 1 2% 13 RAREMIREIE P AR RE
Table 2. Means and standard deviation of phenotypic values of five traits from the G1 to G13 generation of Chihsin Duck in
duration of fertility selecting experiment

Generation N Ie F Dm De H

Gl 127 13.32£1.36 4.05%1.45 45211.64 3.36+1.63 297%1.56
G2 143 10.52+3.49 3.44%1.65 441+1.71 3.70£1.80 298+ 1.64
G3 133 13.15£1.56 4.03£1.65 4.9911.82 3.27+2.18 3.42+1.70
G4 212 13.13£1.60 4.14+1.60 497+1.67 3.58%£2.01 3.37%1.63
G5 260 13.06 £1.65 4.79£1.88 5.73+£1.99 4.02+2.45 4.13%£1.89
G6 234 11.63£1.98 405+ 1.75 5.821£2.04 3.831£2.50 3.06 £ 1.65
G7 273 13.11+£1.70 495%1.63 5981191 4.18%£2.23 420%1.69
G8 279 13.32+1.39 5.52%£1.69 6.48£1.93 490+2.24 453+1.80
G9 292 13.20£1.46 520%1.76 6.221+1.89 4.55%2.20 4.85%1.82
G10 268 12.92+1.56 5.43%1.96 6.51£2.05 490+2.39 46411098
G11 222 13.12£1.47 5.13+£1.78 6.08 +1.98 421%2.02 4.65%2.07
G12 269 13.18+£2.58 555+ 1.81 6.66 £ 2.00 4.48 £2.06 5.06%2.09
G13 250 12.08 £2.81 5.59+2.35 6.99+2.55 5.84+2.46 4.68 £2.37

N, number of ducks; Ie, number of eggs set; F, number of fertile eggs at candling; Dm, maximum duration of fertility; De:
number of duration fertile eggs; H, number of hatched mule ducklings.

1L S EERUOE

FHIREE 13 REEZHBFFEMSER - Gl 2 GI3 U ZHFER (F) RAME T A5 4.05 ~ 3.44 ~4.03 ~ 4.14 -
479~ 4.05~ 495~ 552~ 520 ~ 5.43 ~ 5.13 ~ 5.55 § 5.59 F ; IS EEETEE5 R -0.05 ~ -0.04 ~ 0.13 ~ 0.14
0.25~0.69 ~ 1.04 ~ 1.42 ~ 179 ~ 2.13 ~ 2.57 ~ 2.90 B 3.24 Fir (41[E 1) ; 75 %0 55 15 4 K 8 (De) 43 71 1 3.36 -
3.79~3.26 ~3.58 ~4.02 ~3.83 ~4.18 ~4.90 ~ 4.55 ~4.90 ~ 4.21 ~ 448 B 6.08 K ; ZiHEREFFERKE (Dm) 475 5
4.52~4.40~5.03~497~573~582~5986.48~6.22~6.51 ~6.08~ 6.66 B 6.99 K (= 2)- L BLUP &1
HAGT RIS 13 (SRS EH (F) E 2 51EE5{E (EBV) £ 3.24 £ > F RAUE 5.94 ¥ > 8155 1 (ISR
% > F {52 EBV ELUE +3.29 1 > FEEXES 1 (RISEFISAE 1.89 £ 0 3 —(EHAKUE 3.9% - RIEICHE 46.7% -

A Z 88 13 (EE AV - 55 1 AR 13 RISEFKBERATRGEER 2 — 15 H » FAEHBZBER - 2
FEEEELZ RN 3 » s 13 AR ERIERE 2 — 15 RZEBHZHEER  eElifisE2 — 6 X2
REZEIT I s 88.3 ~ 92.8 ~ 92.7 ~ 88.3 Bl 84.7% » I HER Ky 89.4% - YR HEELER S R fER - HE T H
B 2 IR ME T % (P < 0.05) « ZKEEHINS - BUREE N THROGRKEIG N - 2R EISZH5 23 Sz W EEE T -
ZEAE H AR TR - BRI E AR B E—EEREE - R EAEREE - RPTEEER
BRI R N E ~ BN ERFERE T8/ VE (sperm storage tubules, SST) ~ & T/E(E + FlEE R |- H01& BLONREAHAE LS
& (Publicover et al., 2007; Huang et al., 2011; Yang et al., 2020) « 5 T EE1F- 15 1 35 Byt 42 7 78 Toks 13 iR
170 BAE A TSR HIRAFEE ST (Orr and Zuk, 2012) « ZERAFT-EHRE 2D N TIER A S AARDEES
TSR ERIRATE . — o ARSI TREee JIREHR - BERERERE —EZBENRE - WERZHE
ENBENZERERIMAR - WEZ A IR E A JEH 7 2 TR (Yang er al., 2021) - RetERars Lo
HEBEERE—-RIER 2 — 8 RZ B L 82.1% » BL%E 1 U 47.9% tHELE: » ELHEFf 34.2% 5 2 —
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15 R 232 K55 By 46.3% » BLEEFEE 1 {2 30.4% MHEL > TRIGHI4Y 15.9% © HH 2 — 15 RZ 25 2 ghég
BLAER (AR 2 ) @ B A G ERIGEE) » BURIH RIS 2 BRI E—RA TG R BRI
EHEEELUE - ARBSESEE B EHE-—RATREERZET — 9H » THIRETHIF 17.4 ~ 257
81 39.6% » HEHAKIRE Z TR (P < 0.05) - 25 14 HZERER 1.1% > 55 15 HAME 0.2% © &% BRIl - A
A B REFR  B—RATREER 2 — 7K L6 REEZ VIIZIERE 86.4% » BIRITHEAE L HINE
3 RANTLFE—RAVZAEZAHIT -

THEBL EZEBANREEN 74% » HAEEGLIABINBE SIS DA TR B A BEEAES A
A ERARNEHAG T HHEEAE T ZZEREAS  FRABEEREEE BN ZHSE
(Tai, 1985) » L FHIE 2 RZAEER (N —ARZEENSE ) FTREEE LRI MR A JE 78 0 58 2 fE T A ZE ) > PRI PR4E
EERE T 78 H (Cheng et al., 2002; Sellier et al., 2005; Brun et al., 2008) » K[ » A T =ZFER » B E4E
N TH BRI > &R 2 — 3 RIOE—R » BEFCAZ IR © (K8 Tai er al. (1994) sBR45E - [
HE 2GS 2GR L BIS R SERET ARG » WK AEWEH B E R o E SR » (553
TRHFAE 2 IRIER 15 RZERIVEFERE 0.34 > MAHBSE FESUHS - B3RS EEIS A EE 4R 2
FERE SN R - SFHI94Y 3 K 0 5 4 KAEERIEEEE T EES (2R 0 1984 ) - (B EE e 1 3Eig~2
TEREE R ERER  ZRERIVEEE L =018 ZEEREFHEREZEH%E R h’ = 0.20 (Cheng,
1995) = Cheng et al. (2002) H 1992 - EEEHE NS 2 WEFAEENE » LhEBE P BLE IR T it 21 4K 8 RV EE B 455 >
AR RO 2.61 1 2 ER EFHE KRBT ERS I 2.87 X » $SRENER M AT ARG —X
Z BfE o Cheng et al. (1997) H5 e ZIRES 3 AV FFE MBS 18 - LB S IR 2 E A b
BERSERT MEAR 2 A O 7Y 1) By 25% Je 28% » S RHVEBIUERELI T 8 — 9% o HI5E (1998) #— Ehi
W22 AWEEESRY - ZHEER - WALEEIRE - IRARSE B E R R E R 2 R IE S AR ZE R 7 7
By +0.17 i ~ +1.22 #7 ~ +0.83 & ~ +0.40 FEL +1.50 K > et IR A 2HER 2 — 8 R iER 7
Ry 754 K 64.2% 5 Wb Ry 55.4 F 49.1% 55 Cheng et al. (1999) #rE54% 6 fRAVEF 4 RELEZAFAR ~ Wb
WRRESE T3 2 8L BERH IR R 2 2 R Rl Ry 14.3 ~ 7.8 B 6.5% » SNLLECWH i A 88 — R A LG 1% 2 — 8
K= HE1REE 6 (R EZER SR 13.0 6.7~ 6.4~ 150~ 11.3 81 26.7% » FHERZ ZE TR Ey
124 ~42~58~11.6 ~ 6.3 1 15.4% - B EZHBEE 11 (RVZIEFFEMEEEIN 2 1% o BEHUR B IR AL 2 2R KRB
R IE 2 B - BT ARINE 2 K2 ZHERE 90% » (5 3 KESE 6 KK 90% » JRE IR NS
TRZ 87% > 58 K T79% 55 9 K 65% > 5 10 K 50% - 55 11 K 29% 25 15 KA 1% > ZIEEREFFHERE
10.1 K o 2R IR AN 2 RZZ2MEFFy 78% » 1855 4 RENBAZE TIEZE 70% » 555 K2 58% » 25 6 K 40% >
BT R27% 0 F 8K 13% » 55 10 K 4% 25 14 KiY 0% > ZiFERERERE A 6 X o AR b
ZNEUREE Z#E 2 — 15 RZSEIEZER KR 2 th B baER - EhmA il ZRmaeE) - 8
RIS B —RATLFGE R 25 Kb IS8 TUE (Cheng ef al., 2005; 2009) -

FHEAYEE SR IME TLsE O IR EE E 5BR P ENEE (Liu er al, 2015) » Zm B8 7T REF (F4AE2FH 10) 1% - &
TR 2 — R FTE % 2 — 8 RS 2hE# By 80.3% » BEE 4 {827 74.3% FALLES » 4EEFF 6% (565 8 {L iz
86.13% ) 5 [ 2 — 15 RZ P ZHER Ty 46.6% » BLEEF WA 4 {2 41.5% HHLEL - TREINLY 5% (565 8 UM 2
50.8% ) » {dHIEE 4 FREEE 10 (2 EEBEESUER F 2.74 £ TR 288 7 OSBRI EIR - ik
AT 2.8 [EEEEERE (2% 0 2022) - ARG OIS R T SRAVE S SR EE L (Cheng ef al., 2009) -
E T BRAETPIERE

e B EHGAEREG - FRETT R EEEDSN  HEEEN T HBIREENTE K » NERENERE
A% B2EEEERCERHE - THSMHRE OGP BEAGEE L IR AT 14 ([EFRAEES
G (ERE > 1997 ) REIRGFELEE BRIV EELLT G T N R atiEAE (BrEEEN » FElZ BEER AL
KIHEERE ) 5 1 REF 13 Ut Eh L BINEOFERGEROFR 4 - FHIROVRTE K E 5T R E 5 Ayt
FHE (201 %) 0 H 1978 FEAE M S E5H G1 X > 1985 FERsGE Tt E IR S L HIEE O ERE » &5
IErisEaif hen  EEAOGEHRBEEL 2 BT BN HHEEELLAE - SEER R0 EEEE (L102
mnZ ) o 1988 fERERGE IR IL IR % W L BIR ROV E BES TIEMFKNE - BERERE 7T H/UANEGH
FAIEES (201 %) GIO0 R PR - Gl14 ISR L HINBEE 3 K 7 /AN E S HIZF] 80.1 K 99.5%
(ZRHE 1997 ) - IR ZERIEMEESR - BIFFEETRE LHENOEME - 2 G13 2 3 81 7 HDUINED
G1HIZE 84.6% 52 99.9% » HrhHT 5 {HEREE IV E /3 ELT R Fy 2.5 ~59.5 ~22.6 ~ 14.9 B2 0.3% » DIZEAR 2 HE % (&
ROt EHEIHIR/DES) -



MO BEE SRIGE DAY SN sREGE 94

3. FWIE Gl K GI3 SRR LI 2 2 15 HZ AWER - i EHELE R
Table 3. Comparison of the number of incubated eggs, the number of fertile eggs and the fertilization rate of Chihsin ducks
G1 and G13 from 2 to 15 days after a single artificial insemination

The day after Al
3 4 5 6 7 8 9 10 11 12 13 14 15
No. of incubated Gl 372 382 362 378 322 383 370 344 367 353 353 378 377 307

Item Generation

eggs GI3 614 601 615 580 614 610 624 624 609 608 596 622 618 590
No. of fertile Gl 267 277 239 214 122 8 31 9 2 3 1 0 0 0
eggs GI3 542 558 570 512 520 438 350 227 126 65 19 12 7 1
Fertilization rate Gl 71.8 725 660 566 379 222 84 26 05 08 03 00 00 00
(%) GI3 883 928 927 883 847 718 561 364 207 107 32 19 1.1 02

Number of fertile eggs (eggs)

213 ’r
a -
1.79 -
122 N
an
1.04 ” —&— The number of fertile eggs
069 W
- :
A === The EBV of fertile eggs
0.25
004 0.13 0.14 -
-0.05 -0. -—
0O —m=—3 -a = - T T T
1 2 3 4 S 6 7 8 9 10 11 12 13
Generation

L. ZS Gl £ G13 UFEECERAE KB EESUEETY -
Fig 1. The improvement of Chihsin ducks from G1 to G13 in phenotypic value and EBV of the number of fertilized eggs.
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The day after Al (day)

2. BERREEENERTIINS 1| £ B3 A —RATLRIFEE 2 — 15 RZZHRLE -
Fig 2. Fertility for 2-15 days after a single Al for Chihsin Duck in duration of fertility selecting experiment of G1 to G13.
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Table 4. The plumage color grade of mule ducks in each generation of Chihsin Duck

Generation Number of mule ducklings Plumage color grade of mule ducks
Gl 351 232%0.54
G2 380 2.03+0.48
G3 499 22610.64
G4 705 2.6410.74
G5 950 2.34%0.69
Go6 551 2.4910.63
G7 960 2.2710.68
G8 1,267 2.43+0.82
G9 1,315 2.32%0.68
G10 1,062 2.78+0.75
Gl11 2,749 2.48+0.90
G12 3,068 2.92%0.79
G13 3,321 2.52%0.79
A

A E R EHISEE 25 13 SIRLAEERER | TWESANHRE - RALKRKR 2 — 7 K6
REEZFIZIER L 86.4% » IR EZIERE S 7.0 K > TF 6 KITE—XNEEERE - &5 L& BEERE
FRERTE 3 e T SR LAN Z pR& 5T 1l Ry 84.6% K2 99.9% » T FEFEZFRK - HiBan B AR R in S80S - m]ffE/F4T
TR TE A AR A RS R -

SENRK

TEEN BRI SGZEE - 1954 - PEENERE&Z 8 TFERESETN - p. 79

PrEse ~ BT 0 1997  LHIGE OB AR T BOE © ST 30 £ 293-299 -

IR ~ FRBESS ~ BmRsE ~ Mal— - SRS - RIS ~ S35 % ~ A T GREE K - 1998 - BB TSR
BB 73 FTt%RASE © p. 25 -

PR ~ BRI ~ SRR - TRIGH - 2T - 2019 - & 11 2 RrE R BER 2 LR 2 W S BUa RIS -
BEEEMIE 52 ¢ 58-65 -

RN ~ MG - TUEIE - FIMEFE - WS - 2022 - AASAMEZ BRL - AT S5 1 137-144 -

I ~ Bk - 1984 - IS N T2AE 2 05E - 3. ISR S HIRBURENIRRE 2R Z % - T 17 1 85-89 -

HA(E ~ miEE ~ BIREHE - HEREE - Bk - 1998 - OSEIRZIERE DA 2B E - mEERAT (H e
1-6 »
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Breeding of Chihsin ducks
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Abstract

The purpose of this study was to reduce the artificial insemination labor costs required to breed mule ducks by
improving the duration of the fertility of ducks and establishing a new duck line. The 20 drakes and 60 ducks of Pekin (L-201)
G17 maintained in the Eastern Branch of Live Stock Research Institute (Eastern Branch) in 2005 were chosen to breed 104
drakes and 127 ducks of Chihsin duck G1 as the experimental animals. To breed the first-generation, Chihsin ducks at 29, 32
and 35 weeks of age underwent single artificial insemination with 0.05 mL pooled semen from 10 to 15 Muscovy drakes in
2006, as the source of experimental breeding ducks. After insemination, the eggs were collected from day 2 to day 14, and
were candled during incubation to determine the number of fertile eggs (F) and other traits. The breeder ducks were selected
and bred based on the best unbiased prediction (BLUP) of estimated breeding value (EBV) of the number of fertilized eggs.
After 13 generations of selective breeding, the EBV of the number of fertilized eggs is 3.24 eggs, and the phenotypic value
is 5.94 eggs in Chihsing duck. Compared with the first generation, the EBV has improved by 3.29 eggs, and the phenotypic
value improved by 1.89. The fertility rate from day 2 to day 8 was 82.1%, after a single artificial insemination with mixed
semen from White Muscovy LRI No. 1 drakes, which average maximum duration of fertility was 7.0 days and achieved the
breeding goals of one insemination every 6 days. This line of ducks was mainly bred in the Eastern Branch and named after
Chihsin Village, Wujie Township, Ilan County, where the duck line is inhibited. The line was approved by the New Line
Name Registration Application Review Committee on July 1, 2021 and the nomenclature is Chihsin Duck. The Chihsin Duck

can be used as pure breeding or the female breeder for mule duck production.

Key words: Duration of fertility, New duck line, Chihsin duck.
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PEAHE - U5 DAE(T 6 ~ 8 mm (A3 [ ELEHEEE 4 TRLIREPRILE: - 66 FHETS - KRV IS 22 B 2 CRAFIED)
FY A 1 P OIS T 25 ( BAPAKCED ) o /IR 6 mm A ML (B 8 mm = 4B 1 ME(TREIEE - AR IETEE/ %8
(/1) ~ BIETEE / 75 (91) RARIETEE / 75 (1/1) 4 FEERORISI ELl » S5 0T - SUAS I EEhokl & T M (8
RSt R AR - B EE ) R (/1) SRR B IR - BB R/ # (4/1) RIS/ B (VD)
MR RO - FORETS - FERARIITTBHRA SRR I - (RN - BT R S R B R TR B
TR » SRR E R E AT AR e S -

BRS¢ R ~ L O -

4

fAKE AR BB S T AR > (HEESRHERE B LY 5 BAVFEK » B Al - 2R ZE FR s o Ay K BT 2 A
(BEFENEER ) DR KEBEMIENFE TR (FikET)  EXHERES AR > BUNE 2 - B
SRR Sl /D - SR S B i AR R R R s B AN (RS RIN R - i VLSS A B 38 i (ED
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() HEEY) - BEEABATEET AT (AT E AT ) 2B T IIFGRE P Pk R BT (S84 30 kg ) Z RS
NEATE B 1.5 x 3 m® (ERIEER > &S OUKEEEM » ATEE A -

(i) 78OS - Bt IGRERII LIEE 4 BHILSEHEST 4 fRhrkl 2 Ehlg - ST 10 X - B HREESEET
BOMEEEEEN - B EREERET - UFEERESE - MR EE S H 2EIER 4 R - 57 4 KERE
HZ ERAERET » R 6 RZ B ERHETTRET /78T o SEE H6 EiM 2 RIREDRHE FE 4 HER
30 ecm ~ 2 15 cm BJPEEARY - G AN REE 2 2 SaliokiEHE - BP0 Bl HERRE - IR
BIEZ % - 5 H 13 © 30 GAAREER » S08RAT 20 08 2 G SRR EiEny (AN R R e 2 Rl
VE FoBC8RERRY » — 38R0k — 2 0 SR RTHAER B KB ) » Fo 1L/NEF ~ 2/NEF ~ 3/NIFZ 8RB & - 16 © 30 38k
EREBIREIV BT - T 200 g fHRIERET AR - LHESHARZREE - FH L 8 1 30 AiNEZE
EARHE - 13 ¢ 30 FHRALGER TGS -

(i) HrARERHIE R EREL © SRETHEST 2 KGR - B ICRETT 10 B > Al 4 RBEIER > 1% 6 RARAIM )T A8k E
CMEER -

1. 5tBa 1 0 RIEHE 2 82 B BN LR - 4 SRR E Rt R © 6 mm & [EEUHORE (P-6) ~ 8 mm 2 [&]
5 (P-8) Kt ~ 6 mm FHeZEECKIRE (0-6) ~ 8 mm #eZFFLHR} (O-8) - fEAdHIR} 200 g/head/day -

2.5 10 BEEE -~ 1S EUR SR bhR 4 TESHURGIR R By - SR EEORDRE (P-8) ~ 9/1 EEBIDE A
&5/ EiEhokE (P/A 9/1) ~ 11 LEBDE & IE R / Eiaioft (P/A 1/1) ~ 4/1 LERDE &[S 5 / #Z8H0Rt (P/O
4/1) - &FERDEl 200 g/head/day -

EER e RS
AU FTAETTHY AR}« SREE ~ #e2F - BRI E M & FrBCE & - LT 8UE 7 R [EOR - FRE

& 6 mm A [E SOk R RN HAth B AR R E R 8 mm o BUESERATRIEHI (RIFIY /A TS ( 10°C ) ik

B TR DR 2206 © elERAT - (AT S SR BRI - MRz 1% T2 B AH R AT » 7 bk &4

R AIER 1 -

*® 1. AW SERLIR SR 2 2K

Table 1. The nutrient composition of pellets in this study

Pellets’ Crude protein ~ Neutral-detergent fiber Acid-detergent fiber ~ Water soluble carbohydrate Starch
%

P-8 49310.15 70.90 £ 0.62 43.96 £ 0.64 7.71 £0.04 8.9410.05
P-6 4.16%0.14 76.14£0.72 45.3410.72 3.171£0.06 1248 £0.12
0-8 13.65+0.05 49.191£0.50 30.59 £0.82 13.24+0.43 4.72+0.11
0-6 12.98 £0.20 57.12£0.99 40.85%0.16 5.22+0.17 7.04+0.35
P/A9/1 6.3810.10 69.78 £0.23 43.64 £0.42 8.3610.16 8.39+0.24
P/A 1/1 11.47+0.10 61.76 £ 1.61 42.91%0.50 4.67%0.05 7.1910.06
P/O 4/1 6.30%0.14 69.44 +0.68 42.86 £ 0.64 6.2010.10 9.74%0.12

#

P-8, 8 mm diameter pangola grass pellet; P-6: 6 mm diameter pangola grass pellet; O-8: 8 mm diameter oat pellet; O-6:

6 mm diameter oat pellet; P/A 1/1: the mixture of 1:1 ratio of pangola grass/alfalfa pellet, 8 mm diameter; P/A 9/1: the
mixture of 9:1 ratio of pangola grass/alfalfa pellet, 8 mm diameter; P/O 4/1: the mixture of 4:1 ratio of perennial ryegrass/
oat pellet, 8 mm diameter.

1. EEAHB T

(i) #HEHEE (crude protein, CP) & : {KI AOAC (1984) J77AMIE - BEan LRI =R % - LIEEE S
(Gerhardt Vap 45) JHIE Kjeldahl £ & > FitE AHEHEE -

(ii) BE a4t (acid-detergent fiber, ADF) & & @ {KIE ANKOM 2000 #={E i} » {i¢ van Soest et al. (1991) 2 J5,55%
S o DI T (ANKOM 2000) HE(T - BES A IERIESS (ANKOM FS7) » 2 ERABA e AN 2 75
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o AR BUTESIEEE TRt S E -

(i) 44 (neutral detergent fiber, NDF) & & : {{cHd ANKOM 2000 #2/EF-HFRN0 a-amylase 2 )77 » DAAR4E
J3Hr#E (ANKOM 2000) #E77 o BB E RN EHIESS (ANKOM F57) » JZ BN ST EL a-amylase 7 1751
g 75 4388 - RAAR > BHEStE R E > SRS E -

(v) 7K7aEMERR/K{EEY) (water soluble carbohydrates, WSC) & & MIE * Fiamll 80% HYEAE 80°C N2HL 4 X » &
70°C HEFE TR EBRENE - S OFREEURIE R » K Morris (1948) J57% » % anthron 2 A #ET

(v) ERRHTHIE © SeA 80% HYEAE A 80°C NEEHNRZE WSC » EEZENUR @ B HLEZ1Z I AiB & RE TN 2KEE
JE E1Z[ERELL anthron EEVEHIE S E -

IV. &Et53t
AEBUCEERI DL SAS #UiG ~ — 4R 5T (GLM Procedure) (SAS, 2002) #1787 734 » T UE Rykiet f =F
& BIRES RS ER o S pR I EIE P DLER B R 2880 H1ER (Duncan's Multiple Range Test) #E/ T & » Fhi
SRR E 2 MR R R -

B

e

L A ] S B A A (R (A 2 M bR
aBR L BT TGS REBUR (R2) - okt ~ & ERUELURAIRE S RSSUIELE #)4a 20 53 PR B 208 (bouts/20
min) ~ 1/NEF REFFZPI IR & E (DMI-1 hr) ~ 2 /N REFRZY) R & & (DMI-2 hr) f2 3 /N REFRZY) R & & (DMI-3
hr) T VB 5 R tigiE (P < 0.01) - iff HAR e 2397 B a it HoAth - Fonatbahopi e R =
o FEEREOMET AR R - FRHER SRR EOERE N e 25 -

2. BEEEEACA RS RS 1 e < 85 A
Table 2. The ANOVA results in the palatability trial of pangola grass and oat hay pellets with different diameter

Mean square

Source DF” -

Bout/20 min DMI-1 h DMI-2 h DMI-3 h
Date 5 3.0 1,606.3" 9,548.5" 9,378.4"
Goat 3 17.6” 38,424.8" 32,823.9” 38,019.7"
Pellet 3 113.97 154,776.4" 103,252.7" 67,386.5"
Date x Goat 15 1.8 1,426.4" 4,934.6" 4,175.2
Goat x Pellet 9 252" 13,974.1" 10,020.0” 8,213.4"
Error 60 32 521.7 2,600.4 2,949.0

" DF: degree of freedom.
" Significant at 5% level, ~ Significant at 1% level.

P EELR Z SERBUR (R 3) 0 8 mm HEEI SOk} (P-8) #YF-45 Bouts/20 min f£ £ 0.7 » B (K]t 0-6 ~ O-8
K P-6 #4257 F 4.6 > FoHE R EM = > 8 mm 8 [ SORDRUE B A A BRAY > ek B KBS
Fy 8 mm HYEESRIEL (0-8) » BIEE =) 0-6 2 P-6 > O-6 HYHJIATR & K BHSENL P-6 » (H _FHERFBE © &
BEITHE - A EEEGRE > BE 6 mm KOREYERE B SN 8 mm Rk > 3 B ECRORHY KL £ 22 54 DMIL
h Jz DMI-2 h EEIZ > A HORHE L DMI-1 h _EERITBEZ AR S - MR (B 5 B AR AIE DMI-1 h >
DMI-2 h Jz DMI-3 h 378 BEEE - FORIIFEHESIRI S 4 @ iR EEROe) - FIRHEE 6 mm #RoRE O
ERY 8 mm ik} - 55 R 1 SRR 0-6 ~ O-8 HYEBMAMELREIA - ENMEAEHAFREEZE > Bt
GERMIBUR O E O VSRR 2 E RS RHIRE > AL E SRR -

FEHNSHHHHVEERIRE D> C>B>A > A FEEHIREXEBLR &R (bouts/20 min ~ DMI-1 h » DMI-
2 h 2 DMI-3 h) S8R M EE (R 4) > SSEFEHIT 4 SRR 1NV e BRI - A3
Sl DR REE A R RFAE (8 1) > 40 P-6 2 D FERHMFE - Frapid s e ({Raaf X/ NVaR
S R E R ARt A2 -
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3. R EFEEACR E RS RO SR B RS IR B B ELEL

Table 3. Comparison of bouts and dry matter intake of pangola grass and oat hay pellets with different particle diameters

Pellet Bout/20 min DMI-1h DMI-2 h DMI-3 h
g/head

0-6 4.2° 186.9° 192.6° 201.7°

0-8 5.7° 165.1° 176.0° 178.8"

P-6 4.6° 81.9¢ 95.4° 117.1°

P-8 0.7¢ 12.0¢ 54.7° 87.6"

" As shown in table 1.
"4 Means in the same column with different superscripts show significant differences among pellet treatments (P < 0.05).

4 MBS A F RS RS 75U TP R LS E RS PR
Table 4. Comparison of individual goat performance in palatability test of pangola grass and oat hay pellets with different
particle diameters

Goat Bout/20 min DMI-1 h DMI-2 h DMI-3 h
g/pellet

A 2.7° 56.6¢ 78.0° 92.4°

B 4.5° 116.1° 137.4* 146.9

C 3.5 120.5° 137.2* 158.4"

D 4.5 152.9° 166.0° 187.6°

"¢ Means in the same column with different superscripts show significant differences among goats (P < 0.05).

250 0o0-6
50-8
FIP-6 l o
200 B P-8 = % ::::
0150 - | — = 1=
- e — = =
z = = =
= 100 - |- — = =
) - — = =
0| |E = B E
0 i — — = —
B C

A

1. AEFE A B~ C- D) ¥EOIMEER T 5 6 mm ~ 8 mm #E[E 5 AR 2 1 /NFEZIREE -
Fig. 1. The dry matter intake of 6 mm, 8 mm pangola grass and oat hay pellets by different goat (A, B, C, D) in palatability
trail I for one hour. O-6, O-8, P-6, P-8 shown as table 1.
I R [E E R [EE [ 5/ B R S5 / R Sofiofhs I ML
B VBT 4SRN (R 5) » HYGREXREMN S - £E8N TEERLAREH - HMHE 2R #
& HIREEHERANE A - 8 ROk = E e AR E -
SEHE EEE 5 (2 6 ) 0 P/A 9/1 fifY Bouts/20 min ~ DMI-1 h ~ DMI-2 h k& DMI-3 h 43 5l £ 6.5 2 ~
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133.4 ¢~ 137.6 g ~ 143.5 g BHE = H° P/A 1/1 ~ P/O 4/1 J; P-8 =F@firk} » P/A 1/1 B P/O 4/1 —F {8 1R
AT o T PO Skt b DU A [ 50k (P) WY 1P FRERE 72 » Bouts/20 min ~ DMI-1h ~ DMI-2 h 2z DMI-3 h 43
ARy 23K ~582¢~77.6 gk 1123 g IRMIETE - #EFSEEELZEAYPRAEERECE - BERASR
EURIIEL IR A B4R M RR I -

7 By s 2l E W S 5UDR YR 4 BHS B EAF Bouts/20 min 2R ANEZE - HIE
DMI-1 h ~ DMI-2 h Jz DMI-3 h i ##EZS - D FH SRR SN HATE - H 2 [FEE R D £y
2 e E R 2 B - H 4 FESGURDRY 1/ NEFERE &Y 130 — 152 g [ HARE OB SRS
FEAK » HHB SRR R IRt B R [E] - HoAtr 3 SRR E 4R EIRIREF 2 - (EH B Al
GEIR R EHEA AT RE R A -

5 BEE - BREMHEORSRoRRE MR #0701t
Table 5. The ANOVA results in the palatability trial of mixture pellets by different pangola grass, alfalfa and oat hay

Mean square

Source DF’

Bout DMI-1 h DMI-2 h DMI-3 h
Date 5 3.0 4,857.0" 4,157.7" 6,903.0"
Goat 3 1.3 35,440.4" 20,502.9" 9,280.8"
Pellet 3 93.5" 25,513.9" 15,938.8" 3,873.97
Date x Goat 15 0.5 1,527.2 2,127.17 2,908.4™
Goat x Pellet 9 10.3 4,814.9" 2,897.4" 937.0
Error 59 8.5 976.1 897.1 622.1

* DF: degree of freedom.
" Significant at 5% level, ~ Significant at 1% level.

* 6. FEMRERE - BiE R SO R B RS IR & BT

Table 6. Comparison of bouts and dry matter intake of mixture pellets by pangola grass, alfalfa and oat hay

Pellet’ Bout/20 min DMI-1 h DMI-2 h DMI-3 h
g/head

P-8 2.3° 58.2¢ 77.6° 112.3°

P/A 1/1 3.9 84.2° 113.5° 127.8°

P/A9/1 6.5 133.4° 137.6° 143.5°

P/O 4/1 5.6" 104.2° 115.6° 125.1°

" As shown in table 1.
"¢ Means in the same column with different superscripts show significant differences among pellet treatments (P < 0.05).

®7. FEBEIE - B EHEOR SRR O MR TR LR SRR Eh ke

Table 7. Comparison of individual goat performance in palatability trial of mixture pellets by pangola grass, alfalfa and oat

hay
Goat Bout/20 min DMI-1 h DMI-2 h DMI-3 h
g/pellet
A 4.5 100.3° 117.4° 139.9°
B 4.6 60.0° 83.4° 110.0°
C 4.1 69.0¢ 91.3¢ 111.2°
D 4.7 145.1° 147.8° 147.8°

"¢ Means in the same column with different superscripts show significant differences among goats (P < 0.05).
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200 opP-8

180 mP/A1/1
mP/A9/1
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40

20

7000004

A B C D

2. AEFE (A B~ C- D) EEOPEEER T 6 mm ~ 8 mm 2 [E 5 R 1/ NV B & -
Fig. 2. The dry matter intake of pangola grass, alfalfa and oat hay mixture pellets by different goat (A, B, C, D) in palatability
trial II for one hour. P-8, P/A 1/1, P/A 9/1, PO 4/1 shown as table 1.

I 345

HOVER R BN TR > IR - AR~ BREE - SNEL DU SR &R Y SOEHR T RE 52 BB ) e KR Y L1
Robertson et al. (2006) DL ELER 7= - HIEARTF R LI=EREAE ~ SAIR - HIRE - HEUNE ~ FEHE ~ FREE - Kome bt
EEANLE R e H AR R - S8R iR srRia pr By BB 22 5 - Miller-Cushon et al. (2014) DL—2H
A Sata A & o E R fRir CEEENE ) - SRS R SRR B SRR > B S e AT
JE (T © Meagher et al. (2017) HIWTFEEEIR Aty IE S TEAVERRE - SPH{EA 20% KRG EAE SR LETR
FEATER > (EE TR R EVRRIE R &fT A R SR RIS REAERRRT > BERMETERE =
5 - Neave et al. (2018) HYEIEATFERIZRR - EEYEERTT RHEVERNRE LEEEERNIMEEESR - H
EfEEREAE A - B - R EEREEA MR o Cellier er al. (2022) AIFIREEAALISEATER & (R
g ZERE BRI - B DRI BECE B2 - Oyewole and Aderinola (2019) ARTFEEURAN SR AE &8 KK
JHE - FERARERIERDEA BT PEI R MRS A S -

W A

AW FeRy B VAL RS Z MR SR s ERIR SR PRV IN B 2 @ DIRAE & ] RE S AR EE AR Y B
HGE > DURRT U SR R A AT - AWTSeaE BT 6 mm R AR LR CIME MY 8 mm > B RA FEL

NKIASHIFLERF TR AR B s L =E S B DR Z PR & - NIOED 0 Bl e B A s mn B A S ] DA E e T T B A
[ BRI B L1 -

SENRK
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Abstract

This study aims to understand the effects of factors such as particle size (diameter), raw material composition, and
composition ratio on the palatability of forage pellets, providing a reference for the development of domestically produced
pangola grass pellets. Two batches of goat palatability trials were conducted in the study, with each batch comparing
four types of forage pellets. The trials involved four castrated male goats, each weighing approximately 30 kg, housed
individually (four replicates). The palatability indicators compared were the number of bouts within the first 20 minutes
after feeding and the cumulative dry matter intake at 1, 2, and 3 hours post-feeding. In Experiment I, a comparison of four
types of forage pellets, including 6 mm and 8 mm pangola grass and oat hay, was conducted. The results showed significant
differences among treatments; oat (temperate grass) had better palatability than pangola grass (tropical grass), and the smaller
size of 6 mm pellets were more palatable than the 8 mm ones. In Experiment II, comparisons were made among four types
of pellets: pure pangola grass, pangola grass/oat (4/1), pangola grass/alfalfa (9/1), and pangola grass/alfalfa (1/1). The results
indicated that pure pangola grass pellets had significantly lower palatability indicators compared to the mixed pellets tested.
The pangola grass/alfalfa (9/1) mixture had the best palatability, significantly better than both the pangola grass/oat (4/1)
and pangola grass/alfalfa (1/1) mixtures. This suggests that the addition of alfalfa and oat can significantly improve the
palatability of pangola grass pellets, and the enhancement effect of alfalfa does not increase with a higher addition rate, as a

small amount of alfalfa significantly enhances the palatability of pangola grass.

Key words: Pelletized forage, Goat, Palatability.
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Fig. 1. The diagram of double plastic pot culture. Left: double plastic pot culture; Right: take out the inner pot, the prepupa
was in the pot.



IIL.

RiitrE BER FEW 108

BT R R R e T

FEEEEABRIE LW 7 AT AL SRR A BN R B 2 P 3E (CM) BIRIEEA - AL ST ANy R R B R
{EFHELRFR -20°C/KFEMH T - ZEfrdORIFIREUERT I - FIFEE 142 A5 AR > AR BT )7 6 &
10 REJFBEKICLhER 2.84 ATC (49142 &) > DL 32 HHGEBEEEERN L - BRI EEM ARG 8
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Fig. 2. Experimental design. Cow manure and frass collection conditions. Left: cow manure; Middle: cow manure (142 g)

and larvae (2.84 g) in breeding containers; Right: frass.
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Fig. 3. Overview of the relative abundance of mycobiota in the taxonomic rank of dairy cow manure and frass samples.
List only the top three dominant groups of each taxonomic rank. Kingdom: 1[]: Archaea, 2[]: Bacteria;
Phylum: 3[]: Bacteroidetes, 4[F]: Firmicutes, 5[]: Proteobacteria, Class: 6[]: Bacteroidia, 7[[ll: Clostridia,
8[]: Gammaproteobacteria; Order: 9[[]: Bacteroidales, 10[: Clostridiales, 11[]: Pseudomonadales, Family:

: Porphyromonadaceae, 13[@: Lachnospiraceae, 14N: Moraxellaceae; Genus: 15[]: Acinetobacter, 16[El:

Ruminococcaceae unclassified, 17[A: Clostridiales unclassified, Species: 18[[[l: Porphyromonadaceae unclassified,
19[]: 5-7N15_unclassified, 20[]: Lachnospiraceae_unclassified.
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Table 1. Species with a reduced proportion of dairy cow pathogenic bacteria contained in frass

strain CM* (%) F** (%)
Bacteria;Bacteroidetes;Bacteroidia;Bacteroidales:Prevotellaceae;Prevotella_9:Prevotella_9_unclassified 6.25E-05 4E-05
Bacteria;Firmicutes;Bacilli;L actobacillales;Streptococcaceae; Streptococcus: Streptococcus_gallolyticus_subsp. 0.006183 0.0002
Bacteria;Firmicutes;Clostridia;Clostridiales;Clostridiaceae_1;Clostridium_sensu_stricto_1:Clostridium_sensu_stricto_1_unclassified 0.001499 8.01E-05
Bactenia;Firmicutes;Clostridia;Clostridiales;Clostridiaceae_1;Clostridium_sensu_stricto_1 uncultured bacterium 0.004622 0.00044
Bacteria;Firmicutes;Clostridia;Clostridiales;Clostridiaceae_1:Clostridium_sensu_stricto_3:uncultured_bacterium 0.012554 8.01E-05
Bactenia;Firmicutes;Clostridia;Clostridiales;Ruminococcaceae;Eubacterium_coprostanoligenes _group;uncultured Clostridium_sp. 0.001499 B8.01E-05
Bacteria;Firmicutes;Clostridia;Clostridiales;Lachnospiraceae;Lachnoclostridium;uncultured_Clostridiales_bacterium 0.000312  0.00016
Bacteria;Fusobacteria;Fusobacteriia;Fusobacteriales;Fusobacteniaceae ;Fusobacterium Fusobacterrum_varium 0.000312 0.0002
Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Brucellaceae;Brucellaceae_unclassified:Brucellaceae_unclassified 0.000125 8.01E-05
Bacteria;Proteobacteria;Epsilonproteobacteria;Campylobacterales;Campylobacteraceae; Arcobacter; Arcobacter_unclassified 0.003685 0.001721
Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacteriales;Enterobacteriaceae;Escherichia_Shigella;Escherichia_Shigella unclassified 0.005871  0.00028
Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacteriales;Enterobacteriaceae Proteus;Proteus_mirabilis 0.009993 0.001481
Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas;Pseudomonas unclassified 0.01118 0.001801

* CM: cow manure; ** F: frass.

i AE B AR 48 oK 4 s R B R G FL AR AR fn A L > W& A I Re S kA 2R EfE - Lhf LRIt E
O f#H » KRERTETE FIHEREEC AN S » EMEEBRY Christensenellaceae R_7_group (Morotomi et al., 2012) /5 85 fi5 |
Tt EEEZTE 0.25% > [ElJE S E B Proteiniclasticum (Zhang ef al., 2010) 7 1.8 2 - Ff » 5 EE4YEs 0.01%0 0 32
2 iR EREEEURE - IR E P EBEET (£ 2) - AR EICE S HERE D 2R RIRREBL DI
s Ay RIE SR {ER B AR EEE 0.007% F10.001% » H o KRR AL AL - L R A 113 {E
F B BURRE B E AT OB R R 1R A R D AYEIES (Liu er al., 2008) » 17 I AR /KT 4 i B 2 FL0S- A AH AL
HIIESL (Erickson er al., 2004) » (HYVFIRARE AN AL E P E T > TR REEMEMININEY S it
2 BEUPPIRENS Wl E| - BEEICE P aIAF TV & - BUREKIC4) 08 bE PR PP RE T
£ HEEEEEE LSk -
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Table 2. Species with an increased proportion of dairy cow pathogenic bacteria contained in frass

strain CM* (%) F** (%)
Bacteria;Actinobacteria; Actinobacteria;Corynebacteriales;Corynebacteriaceae; Corynebacterium;Corynebacterium_unclassified 6.25E-05 0.0002
Bacteria;Bacteroidetes;Bacteroidia;Bacteroidales;Porphyromonadaceae;Porphyromonadaceae_unclassified.Porphyromonadaceae_unclassified 6.25E-05 0.000761
Bacteria;Firmicutes.Bacilli;Lactobacillales;Streptococcaceae; Streptococcus;uncultured_bacterium ] 4E-05
Bacteria;Firmicutes;Clostridia;Clostridiales;Christensenellaceae;Christensenellaceae R_7_group;Clostridium_sp. 0.00025  0.021204
Bacteria;Firmicutes;Clostridia;Clostridiales;Clostridiaceae_1;Proteiniclasticum;Clostridium_sp. 0.008557 0.01521
Bacteria;Protecbacteria; Alphaproteobacteria;Rhizobiales:Brucellaceae:Pseudochrobactrum;uncultured _bacterium 0 801E-05
Bacteria;Proteobacteria;Epsilonprotecbacteria;Campylobacterales;Campylobacteraceae;Campylobacter;Campylobacter_sp. 6.25E-05  0.009887
Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas;Pseudomonadaceae_bacterium X2 0.000125 0.0002
Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas:Pseudomonas formosensis 0.001062 _ 0.008326
* CM: cow manure; ** F: frass.
=
&

At Fest A AU ETEAT YIS A > FIAAE 16S rDNA FPAILEBTT > AT DUEA TR B 150
o REMEHT AL SAMCSEAANE R > AR an T YR R AT S EE I nT R 23R - AR RE EUR R A —
S ECEEG L > Pl S SR ST EE (Providencia) HIE 5 EEXY 1.3% - ££ QE,EEPHS ELfE 0.1% > 5/ —
TR R MRS MW IR S > A STREREEAEY) T AT RE T BER] - FH R R E G e R R kG
e R ANFARIE TR THY > ([EASARER (diarthea) AYJITL - BREERF I AE @EJZJ:TM“ (bacteremia) BT
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AR FE R SRR A A R AR I S AR 2 e
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Abstract

In this study, the cow manure after solid-liquid separation was used as the feeding substrate for the larvae of black
soldier fly. The residues of cow manure transformed by larvae namely frass were investigated. The difference between
changes in mycobiota composition and daily cow manure was adopted to evaluate the hygienic safety of treating frass
produced from daily cow manure using the larvae of black soldier fly, through the changes of growth and decline in
microorganism of daily cow manure and frass. A total of 35 and 34 million base pairs was collected from dairy cow manure
and frass samples, with 72,027 and 62,530 operational taxonomic unit, respectively. The heterogeneity of sample forming
proportion in the taxonomic stratum increased eventually, resulting in more distinct diversity in the classification of genus
and species. Compared with the Mycobiota in daily cow manure, there are 13 species of bacteria in frass that could decrease
the proportion of bovine pathogens opposite and 9 species of bacteria in frass increase the proportions of bovine pathogens.
However, the infection of such bacteria was not high and whether the species of Clostridium being the pathogens requires
further investigation. The results showed a small amount of bovine pathogenic bacteria in the frass and in spite of the small
proportion, hygienic and safe operation of dairy cow manure should still be taken into consideration to avoid possible hazard

caused by opportunistic pathogenic bacteria on the cows.
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WelbH - 11248 H 18 H : #2 M - 11349 H 23 H

W B

RFZE HE T =8 /K EEE (Formosan sambar deer velvet antler, FSDVA) K 41 PERE4LEEE (New Zealand’s red
deer velvet antler, NRDVA) —f5% /377 ~ R G fe 25 VB SHR Z BEARERL » DABUR AR & 3 AR - B CIREH 2 6% -
FSDVA HiE 2 K5 ~ MR M BRE A& & > 1fi NRDVA K3 MHEAE a2 - BREEVR 2Rk
REE Ky » 353 FSDVA BEEIAYES ~ B - #F - $¥ 2 8 S NRDVA BEEDY » ARk AR F1# & S %K - FSDVA B
NRDVA f AR 4H R H g (Gly) ~ FfifEl% (Pro) fe . (Leu) Z25REEK o DIAREREE] (KEEBGHZL ) Rl E K ik
H (AR ) ZHCR[EEZE 720 ( BV ECL HREZ ) FVRE W & 1B W #E1T SDS-PAGE &k 73 #fT « 455R80R » 1F
BREEE N EME K7 50T » FSDVA fY/KZEE HEFE 15 kD (Y H/E (-7 #: NRDVA 3% o ZEHUAR HmE o KEE
AR EOER - AN & R SRR & B 528 - R [ER2E T SR B R R N A& B IR
PRI ZEHEAR ~ i S T R ESEAN RN E > ERNERNGER - HEOBRTETERERE
JE » FSDVA Jz NRDVA 7 [ 7 S KHYE 18 2 4L & H 554 (hemoglobin subunit) « &% _FFii » FSDVA B S
BBy ~ HHRERG ~ BIREE ~ 85 - B - ke 0 oKy ~ HHERE - SEAN e B REE - AE-EE
W Rl 4 72 B2 4E Gly ~ Pro 2 Leu J5 I Ry HHE o REIREEAVIMAT & A Ak (15 kD) S EEFEK -

BEfEEE - BEE - Z0EUKEE - APERIALRE - — Moy - BeEl: - E0E -

i

REE Ry RUVRAV— B 4HES - A REREMIERH 1 A0 BEANGRETHESE  AEREREES
ELRE R 4T AR S PR (Barling et al., 2004) - BEEL R IERERT AN M4 - BB EAREEAL - WETE A MUK - AP B4 H
E - BMETEHAD - EOE - BEYE KAEEHK - W2ERE S UL - EEKE LB 53515 50.7 —
76.5% ~ 46.4 — 65.4% (DM) ~ 26.2 — 49.4% (DM) K 2.2 — 7.0% (DM) ( $p% » 2009 ) - FEEF Ak B E EAYEHLE 4 E
Ep 2 — » AN TRASH BT % 1 2 D (Wu et al., 2013) » EARHEMR > SR E O EBAFE $ (Suttie,
2000) - FHEHAYREEZERRI IR 2EEN - HZLHEAR A A (C AN E (Weng er al., 2001) ~ FHEIE(E (Zhou et al., 1999) K
{EAEMECER AR ST (b (Chen et al., 2004) ZIHRY  [hAN » EE Z BEMEFE 20 - N EAIUES - INEAIEREEERH
(Wang et al., 1985)

REELERULR » F DUHLRZ B4 3 5 SNSRI A Y052 » DAL IE R ORAFIF I o AHERELEZ 1 (heat-drying, HD) {2
FErB R BVEER > 2 EZEE (freeze-drying, FD) BAIESHUREE T Ky HHE R RRE - EMREE L EEYE
(Shivanna et al., 2024) » (RIFEAKHZE el 22 —fdEzE T A EAORREE Ry 2 522 - S 2 AR E T B T ATRE
%It R AREE FHEVK ~ TR - e R R AR (Kim ef al., 2003; Hao et al., 2007; Wang et al., 2008; Je et
al., 2010; Xu et al., 2012) » (& FFLARETACHASEMNT ~ HPLC R SERB MR A2 P 1 TR ST H2HT (Weng e al., 2002; Yan et
al., 2007) - EFES RIS SRR T S EHYRE S M E R 255K - RN EGREEREH > [

|

(1) EESEH & R B P e R 75 58 2803 5% -
Q) BENEEAATEENTA -

(3) BT EEE R EHYIRI R G %

(4) #ENIEE > E-mail: bjo@ tlri.gov.tw °



115 SR H PP RALREE —fiepior ~ R R EE Ak A2 R

FEHBFREA ~ BHEEMME Rz 2R - AT EEET RO B R AV IR - M0 LUK RS Ry
TTREHHYZEHA -

TRIE R BRI taT (2022) - EE/KREA E 2 REH Ry 2 Bl A S P i EE AV EE (AR AL Pe Rl R BRI R e
—HE AR - EMEORSEREER 102447 A 10 H%E - BORREEOREEREEED > MR EE RN
AR - (HECEHEH 1,000 2 > BFEH0250 & > BCBSMNa R RIE 500% > &8 4 0% 100% > 3l 55 12 i
HUMBECER - JRED - 114 FAERBHBGH P RRE E ZRAF 1 - BEENARPS R N M & 2 BIEY) - [EFSEER > SR
HYBEEEHES

BINREELZHE TS > (R EERREINE 3 A A 2 Wi REE AR Y 2 SR EREC IR RE L - ERAATH
BEmIFIEZ S - 28T AHERONEEEEIE AR > 48 A D EREREE G - EHEA Bl
BEFLAE 2R AN B - 2ELIREZEKE T - PRI LIALRE K £ - FSDVA B2 NRDVA /8 2 72 S fE
AP > AWl T =B S A RRE R oy o' E 2 22 BRI - BSeas R m] i R 2B LA P R e
HZHSERBIRE -

MFERTTE

I EEEHAR
() ZE/KEEHE (FSDVA) : 104 - 105 FEH R & A SR & o BT R 5 I K 22 rg v R & B 4L S -
(i) 4HPHEEALREE (NRDVA) (41&E 1) : 104 — 105 G0 F 5 A P& T35 5 3t -

1. WY RIALRERE R K EE St -

Fig. 1. New Zealand’s red deer velvet antler and the product number.

IL 53504
() REERS T

1. —f&R 535347 - FSDVA K2 NRDVA AV R 1% 53 Rl HET T EHERZ 15 (HD) FRBE (80°C > 47 /NIF ) o % Mz 1% (FD)
o BUREERYIF #E1T/K4 (CNS 5033 N6114) ~ JK4F (CNS 5034 N6115) ~ fHZE 4 (CNS 5035 N6116) ~ i
AR (CNS 5036 N6117) RASRBIFEH Z 731 °

2. BBIREE T - SR FE 73775275 Kolar (1990) J572% » DAIFSHFEE; (hydroxyproline) & &5t B 4482
FEEASE - Kl aE x 125 =8BREEASE -

3. KRR R ST - 2R IR R Y] R LS B P A R B R RE R > 6 100 mesh #3EREETR{% - HF
P~ -20°C UKFE - REE N AR AT & A s B P e e BB o B T /K B B e T > FEER 2 g A 10 mL 2
6 N HCI > Jf& 120°C /Kfi# 24 /NG > DUs&E o AR 2R B Py S FER RS - DUREIE T i T E R AT

4. BEYYE ST - 85 ~ 8 - SRR E RIS HE AOAC 968.08 ; B 5347 7774288 AOAC 965.17 -

§
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(i) ZEHEFHL ~ SDS- PAGE &k 5347 e 2B VB E
1. FEEZEEHUR 2 B4
(1) 7KZE — fetE B B %+ IR REE R BLZA B/ KCOR & 19 S EC 3R 10% REEDH R » WE A 4CKFE > TIA
PEPEFIRIEEEE 24 /NEE - EOEROBEEDS/KZEEUR o MRFHREE S /KEERURT S % 2L 10,000
rpm B0 10 4388 > B FIERE DUS HEZ R Gz - BISREEDS /KZEEUE » BN -20°C K IR
)ﬂ o
() KFZE —FAEENESR | BREEHIAEICESII SR 10% BEEW R > BT EERTEER
FEHY 2 /NEE o BB R RKEER o &R R R K FOR T = 2R e O DL 10,000 rpm #ECy 10
IreE o HUEL BB LS REZ R ORRZ B REEE JR/KEE - BN -20°CUKFEIRFHH -
) HFE — MBI E R ¢ DL 30% JEiE AR HREEEME RS AR EH 10% BE 2GR
TR B A ACUKEE o AR RE TR AR 24 /NI o ZEEUAE Sh o0 DLS 2B 00 10,000 rpm B0y 10
min Z7EEICERD R 0 DA 2 SRIBARIENE » OB R FEREL 30% HEIERE > [EIREIREEZEHUATE » I 2 K
FEHUR DU Rt AR > ZEHURTFLLS BT, - RISREEER A E - Bt 20T
VKFECRAFHEA -
(4) HZE —HHEENESR © DL 30% EkE Aam - R REE R 2 RE SR S A 10% REEN 2 GG
TR DU R R TR 2 /NS > RO REEERE R AR RUR - MR R R R
S DL 2 0% 10,000 rpm B0y 10 min STEEIUEG R > DA 2 SRIEARIEIE - JIUEH KR LA 30%
KR FIERFREEUETE - 4808 2 R ZERUR DU R 4E S BRIERE » 2EHURF DL ez (T
Rz BSEEEE REEREE » B -20°COKFEIREH A -
2. BEKGTHT ¢+ 275 Park et al. (2004) Sy HTALREREH & 48 2~ 7574 - FllFH SDS- PAGE sy it BEHZEHUN 2 2 H'E
AHER o RERTAL 1. 2 S AH REE RS HURY B 25 6 /KR & S B B R AR R 10° 58 sBRA R > B 10 ul 500E
A 16.5% Tris-Tricine SDS-PAGE /34 EEE 25 B 4HAK © AFHL 2 pL 5Ee A DA 77 6 e & & (NanoDrop
ND-1000 Spectrophotometer > J & H TECHNOLOGY) 50 1B A -
3ERBEESEE  BUN BT - 22 A 15 mL fEROE > EAZIUK BN 4CIHFESFEE > B
TR AR A R ETE A E 578 E 0 1 MASCOT BREILHERENG 7 -
L 4851577
SABREUIE DIGET 31T %458 (SAS, 2008) #ET45347 - FSDVA Jz NRDVA 7 —fH 5y RIBIRE H & & irés i
PA—f 4R M5 02 7 (General Linear Model Procedure) #7758 75 734f » &80 = 2 EIHCHNEL (Duncan’s New
Multiple Range Test) Fhits &40 5 {E 75 22 > 892514 (Steel and Torrie, 1980) © fidkiis K EYIE S & 45007 £8 2 (B
HAEH ) x 2 (2050 @R TG EITEETEEE ST (Two-way ANOVA) » 3 W& T2 & Bl K H
R IRATE -

e RN B

L —fn EBREASR

REE—MEE O KB IR E B 3 T4 R 4155 1 - FSDVA ‘H#g s 2 K5y ~ HHAEH KBIREH & & » 1l NRDVA 7K
s REAEEERES -

REELAHR <2 FIRERY AL ~ fofd ~ G RGE ~ =28 - REE U0 S REH %5 5 %2 2 (Chapman, 1975; Ha et
al., 2003; Moon et al., 2004; Landete-Castillejos et al., 2007a) - BEE & =GN ~ A EFRNAVE S - BT mfEAE R
2 EEGR G R H RSN E R ERNE - 28 KL MG - M4 rEREALRE Rt & - Landete-
Castillejos et al.(2007b) F5H » BAETE FIRE G B YN RRE ~ B4z s By R (AR FE Y B e R - 1T PR IR
HREJEE (cortical thickness) k& /rEY/E & & » L PTAEE NRDVA MATHHERAYER Z — -

REEAH R > 2 SRR 2 LLBRES REE 3 VI #00 Bs £ © MBAERE (Cervus nippon) REEM & H R AHRER & & - Bk
FI N FE(K (Jeon et al., 2009; Jeon et al., 2012) » PEHLHFFERE (Cervus elaphus hispanicus) S NEERKEERE (Cervus
elaphus canadensis) REE R 7r& > B _EE FZWiHE I (Landete-Castillejos et al., 2007a; Jeon et al., 2011) » MF{ERE
FECHERE (Cervus elaphus) BEE. 2 BBIFEH & &  H EE TN (Sunwoo ef al., 1995; Jeon et al., 2012) - &
EHAYIR S BB R TR E Y 0L B E AR 5 (mechanical strength) 75 (Sunwoo et al., 1995; Landete-Castillejos
et al., 2007a) - [BJFE A S BN R (CAHEE - FREAIREMEMIEE (Sunwoo ef al., 1995) o A5 ([ 5 REREEL
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SR H PP RALREE —fiepior ~ R R EE Ak A2 R

ZREVIR T - Rk MBFEH &8 272 FE ) U 7 IR R (K - FSDVA REH R ESH
70 - 90 KEREE - 1ff NRDVA HISE5 75 — 80 K - SEZAPREERERIFARLL - B fEREE R BRI B S e
AR R -

# 1. FEHERESRBEREEES
Table 1. Proximate analysis and collagen content of velvet antler'
FSDVA” NRDVA

Moisture, % 61.8+2.3° 67.1+1.2°
Ash, % 17.6+1.4° 11.0% 1.6°
Crude protein, % 18.340.5° 20.5+1.0°
Ether extract, % 1.540.3° 0.9£0.1°
Collagen, mg/g 104.0 £ 8.0° 74.0%7.0°

' Mean £ SD. Data are means of 3 batches of each velvet antler, each batch was tested in triplicate.
* FSDVA: Formosan sambar deer velvet antler; NRDVA: New Zealand’s red deer velvet antler.
“® Means in the same row with different superscripts are significantly different (P < 0.05).

1L

1.

el gy

F 2 Sy MTREEAE I Ry N R E I AR AR R 2 58 S REUR IR SR A B B K S B A
ERENEEESR (P <0.05) [k RS RF A EEEE 5 o 22 (HD) R4 » BR T Gly K Pro
Z 4N > FSDVA Fft F i Bi e & & B B3 {72 NRDVA (P < 0.05) » {£.2 #2152 (FD) J5iE » FRT Pro Z4b - INE
FSDVA JeEi e & B &1 {7 NRDVA (P < 0.05) » h&ERELZR | HELE S B4 FMRT - SBEEAHRBRE R
T > FSDVA 7 & '8 Bl & 28 NRDVA K {E820 775078 > BR T Lys ~ Val ~ Met ~ Ile ~ His Jz Tyr 2
4h > FSDVA Jit HD 1% 7 f Bl & S BIE R FD 15 (P < 0.05) » 1ff NRDVA BEZAA M IIGER - B HARE (R Z=E0K -
PRI AR T 2 -

FSDVA K NRDVA [/ Gly ~ Glu ~ Pro ~ Ala ~ Asp Kz Arg B FEERERS » 7] H4EERE 61 — 67% LLE ° Jeon
et al. (2009) 5t > H{EREREE Ay EZHALRE £y Asp ~ Glu ~ Pro ~ Gly } Arg > JEBLARFFEFARML © #E— ELEL
SRR G AR A S th 28R (R 3~ £ 4) - £ 3 DIMHERZE T AL B REE AR REE R A R 40
5% 5HHE IR FSDVA B NRDVA 7 & i AR A0 = Bl (W 358 1) » 4552 8K » FSDVA f£ Gly -
Pro J¢ Leu J7THI & B2 NRDVA 225850 » 72 5EE Ry 1.23 — 2.98% « [3 4 HIDAHEREE AR ELEA [ER2EE 774
HREE R A AR 2 22 TR 05 HD B FD 7 BEH & AR AH R RE (R 451 1) » 455 80R » 11
HalE 7T - R E R R R A R B A SRR N (0 — 0.48%) » HAEREE BRI —2 - H E
ACATHT > REEREUE o B R T e ALl o5 SRR AR o th 2 RN E - Mz i AR REHE -
=g

FSHERNEEEE KGR TSR EENEEER - SR EERE I TR
(P <0.05) > {fi b — PRI+ [E S IR AF A By i B 25 72 52 - HD R BN FSDVA 2 89 - W e $% & & B 5 )/ NRDVA
(P <0.05) & EAZ 5 FD N FSDVA 7 §5 ~ 4§ ~ §fi K $% & 883 5 NRDVA (P < 0.05) » [ =&
ARz - 1rHZIETT =7 ZEJ71H » FD B3~ FSDVA 7 §% bl & 8 81 HD 5 (P <0.05) -

REES Byl 2 BHV4A%% - S Bl R R (LI EAZEIM A (Fletcher, 1986) » R HAAR P ZEIEE R E -
REETRY)E & Y A RIREIS I > E b DRIE R R HERES (10 — 16%) Rk (5 — 8%) A& a
151 (Schultz et al., 1994; Moen and Pastor, 1998) « B ZA AN FTREFHEREE R EURAAE L > (BRIZITMTEE R - FHERR
FSDVA 7 REE# S AR A » By RIEYVE & &1t - a8 kiR & 8K - 85 88(EIN
] B2 MR SR AE T R D & 2 AL P EL -

REEBRYVEAHR O Z G B R B B B SO B0 R RE A TR R BRI IS 5 A4S (Kierdorf and
Kierdorf, 2005; Froehlich et al., 2016; Jablonska et al., 2016) - Pathak et al. (2001) #5 t » B RE (Cervus duvaceli) ~
{ERE (Axis axis) K HKIE (Axis porcinus) » 1EFEE FABFIRYENIE 2T » BRT #8240 - BERY s ) 8 2= 52
TR/ o A AEA i 2= 2 B e R AEE - B2 R EN R E a8 ERZRR - /iR IT =7
[l > fE[E—TEREERE T - HD 2 §5 Kb & & ¥ FD #{K - H1E FSDVA J7HZEF|HE 2= £ (P < 0.05) - FHELR
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HD - FD JZ F] 6t Rz i i oh N R sl e V) o R iE iR o - ELEORJRBE e S A5 bt 2 2L ER (% A% (Mayland,
1968) - Iyengar et al. (1978) f5H » FD NG il A &HER Sb ~ Co ~ I~ Hg ~ Se Ml Zn ZEHYIAS » 24 HD AI{E
A EIHARE A FIREEAVIRYVE 18K - S RTRE R A FE Rzl )7 sV B0 o B ARl KR B S R s IR IA

—_— 0

3. PHEEC T AL A A B 2

Table 3. The effects of velvet antler source on amino acid composition of velvet antler at some drying method'

5

HD FD
%

Essential amino acid

Arg 0.39%0.14 0.38£0.37
Lys -0.60 £ 0.14 -0.45+0.17
Thr -0.46 £ 0.08 -0.47+£0.15
Val -0.66 £ 0.15 -0.53£0.44
Met -0.07 £ 0.05 -0.05+0.06
Ile -0.07 £0.06 0.03%0.14
Leu -1.38+0.10 -1.23+0.37
Phe -0.54£0.02 -0.50 £0.15
His -0.60 +0.04 -0.60+0.23
Non-essential amino acid

Gly 2.98%0.23 2,661 1.41
Glu 0.27£0.17 0.18£0.30
Asp -0.76 £0.16 -0.54+0.06
Pro 2.19%£0.19 1.75£0.08
Ala 0.45%0.11 0.37+0.31
Ser -0.43£0.17 -0.41%0.13
Cys -0.400.16 -0.39+0.08
Tyr -0.31£0.03 -0.20£0.17

' Mean * SD. The data in Table 3 is calculated based on the amino acid composition of velvet antler. The calculation formula:
(amino acid/total amino acid * 100)4yy," - (amino acids/total amount of amino acids * 100)xgpya-

" HD: heat-drying, oven drying at 80°C for 47 hours; FD: freeze-drying.

* FSDVA: Formosan sambar deer velvet antler; NRDVA: New Zealand’s red deer velvet antler.

% 4. PAHEREESIGLLBE R 7 U R E A AR

Table 4. The effects of drying methods on the amino acid composition of velvet antler at some source'

FSDVA’ NRDVA
%

Essential amino acid

Arg -0.13+£0.09 -0.15+£0.33
Lys -0.27%£0.15 -0.11£0.08
Thr 0.12£0.06 0.12£0.08
Val 0.04£0.36 0.16%0.20
Met -0.03 £0.09 -0.01+£0.14
Ile 0£0.16 0.09%0.07
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Table 4. The effects of drying methods on the amino acid composition of velvet antler at some source' (continued)

FRME  HEEw  EIL

FSDVA® NRDVA
%

Leu 0.09%0.16 0.24%0.13
Phe 0.08 £0.11 0.13£0.10
His 0.04£0.11 0.04%0.10
Non-essential amino acid

Gly -0.16 £ 0.62 -0.48 £ 0.58
Glu 0.21%+0.21 0.11£0.30
Asp -0.09+0.21 0.13£0.13
Pro 0.08 £0.32 -0.36+0.36
Ala -0.021+0.19 -0.11£0.13
Ser 0.03£0.29 0.04£0.07
Cys 0.05£0.05 0.05%0.11
Tyr -0.02+0.09 0.09£0.08

' Mean * SD. The data in Table 4 is calculated based on the amino acid composition of velvet antler. The calculation formula:

(amino acid/total amino acid * 100),,, - (amino acids/total amount of amino acids * 100);,.

" HD: heat-drying, oven drying at 80°C for 47 hours; FD: freeze-drying.
* FSDVA: Formosan sambar deer velvet antler; NRDVA: New Zealand’s red deer velvet antler.

IV. EEHEZHL ~ SDS- PAGE K& HE#iE

DIRERER (/KABGERE ) FolE i il (A ipais ) 220N FEE21 7720 (HD =4 FD) HYREE Ry & 1 B T
SDS-PAGE B3k 531 ([l 2 J2 8] 3 ) « &5 5% » 4E/KZE T » LA 15 - 28 ~ 40 % 58 kD 2 86 (1 T8 (s 22 551 6 5
FROR - MEZEJTEIAIRL 13 F 68 kD HYZERELA - KR EZ R ANEDERT (k1 — 12) BTEAE
B o SRAFE 6 0 R B4l & H 04 B-3 (hemoglobin subunit B-3) ~ [M4L 2 H 554k o (hemoglobin subunit
o) ~ [M4TE A ks B (hemoglobin subunit B) ~ Bl 7Y A% (triosephosphate isomerase) ~ ALENE [ (actin) ~ [fIJF
H#&H (serum albumin) 7 o-2- EERE H (0-2- macroglobulin) e

2 REHAKEETTIH - MHFEFZRE =0 E M B R fE T > FSDVA 1Y 15 kD Z 2 H B R FRITE NRDVA
& > R — B M S AV REEL S 2 M - fER2IR T U2 287 - HD Y 15 kD Z S B iRy R IRE FD (K >
{HAE 28 ~ 40 J 58 kD Z EH BRI 51 - AHE S A g E AR ESS (40 - HD gigrhEE e ~ 2
28 kD EHHE IR - (B SR R ER R AT ) R ) - BE I GE(K FD 2 FSDVA /KE 2 & HIFFI
15 ~ 40 J 58 kD 2 3 » WiHE+ HD 2 NRDVA /KEEZ BRI 15 ~ 28 ~ 40 2 58 kD 2 3 » t B ali&5 R a]
K1 > REHVKZZKAE SDS-PAGE BEIK4E R 51 » AEL— Ayl 2= 2 - MR A0 > 2B IR
Hrw® EREENREETHE  HES BRI R 2P K2R T e 8 - SR -
It > EREH/KZR SDS-PAGE B ERBIRTRIEZAT - Hp BRI ERREE S - #2673
HEPRER o

3 EEHAT RS MRV E BB R EOKE (8 2) > HhREE2RERNEAERT T T8 13
K 68 kD - fEAR[RIEZAR T 3R B B B R T ELR i M Y22 2 - &EIREEIRRR T FD + SR 5 i B HY FSDVA
13 kD 2 EEH'E R RIFE NRDVA .25 » HAE S ERT RIS QAR - FEAH R il s Bk i 2 R
N EriEz g 7 Y 22 52 - 4558453 HD 7% 68 kD Z 85 B iRa R B FD (K » 1 13 kD 2 T B R RIR
PR —-REES  HEENEH C EERTRIEE AN - EREE I EE T - AHE R R
fiFET 68 kD Z EHE R RIAMAT > 1M 13 kD ZEHE TR I HD + MY pa Ay FSDVA R 8 AU
ZAh - EE I E B E R R B BRI AR - AT MHEBINERSE  KEEEBA IR
bl ~ BZER T AR R B R E A E O B 2 NE BV ER BT EINEE - HER MR
f& ~ R U R s AR H — BB LS - AR R R SRR 2 B Y -
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2. BEHUKEERZ SDS-PAGE fEykE (#UEEHHRE © 10.9 — 23.7 mg/mL) ©
Fig. 2. SDS-page of velvet antler water extract (the protein concentration of sample was 10.9 - 23.7 mg/mL).
A. Heat-drying Formosan sambar deer velvet antler ultrasonic water extract
B. Freeze-drying Formosan sambar deer velvet antler ultrasonic water extract
C. Heat-drying New Zealand’s red deer velvet antler ultrasonic water extract
D. Freeze-drying New Zealand’s red deer velvet antler ultrasonic water extract
E. Heat-drying Formosan sambar deer velvet antler water extract
F. Freeze-drying Formosan sambar deer velvet antler water extract
G. Heat-drying New Zealand’s red deer velvet antler water extract
H. Freeze-drying New Zealand’s red deer velvet antler water extract

Su et al. (2001) &5& AR ~ BAEVEREERBEIE S J7 04 » ZEHUEFERERE 32 (antler base) &£ HE - W
65.57 ~ 28.18 ~ 21.27 ~ 16.79 Fl 13.79 kD HYZE [H'E 575  Tang et al. (2008) £f AR L %)) (G A FE HUMG fERERE A i
EHE - LA SDS-PAGE ¥ 11 iR&E A E R - /T E#iEF 10 — 110 kD « AARFENZEEEAE T T&
#[E Fy 13 — 250 kD » Hrr 15 kD HY&E HE {(#77 FTRE &y FSDVA &z NRDVA SRR ERE » KE0E ST
i E S BHTTEE Ky IM4T & H - Huang et al. (2010) EHMGEERERE AMERY R MEE D F - e B-3 seBIM&TEH (B-3
subtype of hemoglobin) ~ 71 & 4 ik (antimicrobial peptide) ~ FA 2 il 4% 51| 25 4 (peptidoglycan recognition protein) ~
B-c TRRIMATE# H (B-c subtype of hemoglobin) FIFJHM1E H & H (pre-pro serum albumin) » B ZARE it K ZEHY 574
HRTER - AERHVaE S BT ARIHTTA S MR - ORI R aT RE B RE Y i Al B A [RIRYZE U7 A R -

T BT SR 6 BT » AT ETE (R% 1 — 3 & 8 — 9 ) RYIHIATE E Ay £ - T
E 1 RS AT - DREATTHETLES (455 4 — 5 ) CARBERET T EIINEL - VIR R AR - Al
ENEN (4m9k 6 ) FAEATHAIET - BRI S 2N E QBRI 2 — R dilEE P EEZE AT - 40
LA ~ SR 5 3 S AR R T B SE - IIVE T (4m5% 7 ~ 10 ~ 11) RIEAE YIS E RavimiEEr - B
HERMURRSER 2 DIRE » M o-2- EXRER (495 12) N EmAEED - BATHIEOE R - A5
wE LMEAESEGZEIBEESE - iR B S R EE g - Hrh N PUMATE A AR B2 P E S
Hs2 By FsHARE 281 » BN FSDVA 2 S HCEE R » SRR ERCVEMER D MALED - RARF LN
— SIS
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3. REEHIFFERZ SDS-PAGE #K[E (S BEEHERA 1 9.5 — 182mg/mL) -
Fig. 3. SDS-page of velvet antler alcohol extract (the protein concentration of sample was 9.5 - 18.2 mg/mL).
A. Heat-drying Formosan sambar deer velvet antler ultrasonic alcohol extract
B. Freeze-drying Formosan sambar deer velvet antler ultrasonic alcohol extract
C. Heat-drying New Zealand’s red deer velvet antler ultrasonic alcohol extract
D. Freeze-drying New Zealand’s red deer velvet antler ultrasonic alcohol extract
E. Heat-drying Formosan sambar deer velvet antler alcohol extract
F. Freeze-drying Formosan sambar deer velvet antler alcohol extract
G. Heat-drying New Zealand’s red deer velvet antler alcohol extract
H. Freeze-drying New Zealand’s red deer velvet antler alcohol extract

7 6. SDS-PAGE & H'HE & Z EHEHE
Table 6. Protein identification of SDS-PAGE protein bands

No. velvet antler extraction Protein identification EESEHARLLE
(%)

1  Formosan sambar deer ~ water extract HBB ODOVI Hemoglobin subunit beta-3 OS = Odocoileus 24
virginianus virginianus

2 New Zealand’s red deer  water extract HBA RANTA Hemoglobin subunit alpha OS = Rangifer tarandus 75
3 Formosan sambar deer ~ water extract HBB RANTA Hemoglobin subunit beta OS = Rangifer tarandus 66
4  Formosan sambar deer ~ water extract TPIS BOVIN Triosephosphate isomerase OS = Bos taurus 80
5 New Zealand’s red deer  water extract 7TPIS BOVIN Triosephosphate isomerase OS = Bos taurus 80
6 Formosan sambar deer ~ water extract ACTB BOVIN Actin, cytoplasmic 1 OS = Bos taurus 65
7 New Zealand’s red deer water extract ALBU SHEEP Serum albumin OS = Ovis aries 29
8  Formosan sambar deer alcohol extract HBB RANTA Hemoglobin subunit beta OS = Rangifer tarandus 48
9 New Zealand’s red deer alcohol extract HBB RANTA Hemoglobin subunit beta OS = Rangifer tarandus 66
10 Formosan sambar deer  alcohol extract ALBU SHEEP Serum albumin OS = Ovis aries 44
11 New Zealand’s red deer alcohol extract ALBU SHEEP Serum albumin OS = Ovis aries 48

12 Formosan sambar deer  alcohol extract 42MG BOVIN Alpha-2- macroglobulin OS = Bos taurus 27
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FSDVA BRSNS ~ MHAERG ~ BIRES - §5 - 8k - sikera g > MAS - fHERE - Gk EEE
IR - P BEMR4H A7 FAE Gly ~ Pro Jz Leu JTiHIfR A BARE - o7& 15 kD WAL E A i AR & B2 RE A EN
=% .

2 &

RBRK SR E LTS (104 BF} -3.5.1- & -L1(7) ~ 105 2R} -3.5.1- & -L1(5)) €55 HhBh - FRILEGH -

ZEXR

h3E R BB A4 CNS - 1984  frfihrfyK oy 2 Mg 5% > 485% 5033 - 5k N6114 o LOBEEAE RS -

FREE RS ZRAFAE CNS © 2005 - Brank o 2 haebe ik » 485k 5034 » JEi5R N611S - LUREIEERER)S -

R R SR AR CNS » 2005 - BrimHHHE R E 2 Eg 7% - 485% 5035 » JH5% N6116 - LU -

FHEE R ZXAFAE CNS » 2005 - ErankREHG < febe ik - 485k 5036 » J5i5RE N6 117 - SUREIEERER)S -

FOISE ~ E40$e ~ BERKC ~ FIGEE - 2009 - ZE/KBEEIU T UIESE 73 704  FEEERAIT 42 © 245-253 -

FESEED - 2022 o fEIELRETESR - https://agrstat.moa.gov.tw/sdweb/public/book/Book.aspx °
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Abstract

The purpose of this study was to establish basic information on the general composition, amino acid and protein
composition of Formosan sambar deer velvet antler (FSDVA) and New Zealand’s red deer velvet antler (NRDVA), so as to
serve as a reference for distinguishing Taiwan and imported velvet antler in the future. FSDVA had higher ash, crude fat and
collagen contents, while NRDVA had higher moisture and crude protein contents. Deer antler slices were dried and made
into velvet powder, and FSDVA velvet powder was found to have higher calcium, phosphorus, copper, and zinc contents than
NRDVA velvet powder, while the total amino acid and iron contents were lower. In terms of amino acid composition, the
Gly, Pro and Leu of different velvet antlers showed considerable difference between FSDVA and NRDVA. Different solvents
(water or alcohol extraction) and ultrasonic treatment (with or without treatment) were used to extract the protein from deer
antler powder dried thorough different ways (heat-dried or freeze-dried) and analyzed by SDS-PAGE electrophoresis. The
results showed that under various ultrasonic treatment and drying methods, the protein band of the water-extracted protein
of FSDVA was lighter than that of NRDVA at 15 kD. In terms of extraction solvent, water extraction showed more protein
bands, which was favorable for the exploration of the effects of various treatments on the protein composition of deer antler
powder. The performance of protein bands under different drying methods and ultrasonic treatment showed complex results
under the influence of multiple factors, such as velvet antler, drying methods or ultrasonic treatment. The identification of
the protein band showed that the protein with a large difference between FSDVA and NRDVA was hemoglobin subunit. In
conclusion, FSDVA had higher content of ash, crude fat, collagen, calcium, phosphorus, copper and zinc, but lower content
of water, crude protein, total amino acid, and iron. The composition of Gly, Pro and Leu of different velvet antlers were

considerably different. The content of hemoglobin subunit (15 kD) varies considerably among different antlers.

Key words: Velvet antler, Formosan sambar deer, New Zealand’s red deer, General composition, Amino acid, Protein.
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A 5 EEReT A R 7 [ B M S e e e U Ta M i 9E Aoy g bt 77 =0 » it s sl A R
SETERGE  FHEREFHI - RS - ARIEE MEFEIS RIS SRR - YaRTEREE 281 HRFIASE - HE1THE A JE SN
B %EEE (poreine reproductive and respiratory syndrome virus, PRRS) ~ 3455 —RIERRIKEE (porcine circovirus type 2,
PCV2) ~ M RJFE (pseudorabies virus, PR) Kz H A4S 3% (Japanese encephalitis virus, JEV) 27 55 [REDH] » [EHG#ETT5E
JE (classical swine fever, CSF) & i i & e JIEEH - &5REUR > 2020 7% 137 BB EMREA T - HiF 3 fl
PCV2 qPCR [514 (2.19%) » E&RHEIFEH Rfieknit] 5 2021 417F 129 fiIFEEMRtEA S - HfF 1 5] PRRS qPCR [514%:
(0.78%) J2 6 ] PCV2 qPCR [514: (4.65%) » T E BRI IS R ditn il o EMFFEEITRRE i %1% ELISA fifg /118
(blocking percentage, %) B M5 > F29 ~ 12 ~ 15 F 18 #Eis ELISA $ifg J1E 55 Al E 14.0 £ 12.2% ~ 60.5 £ 7.1% ~
79.817.0% Jz 84.9 £ 7.9% » HIRHEIMESA F5E BB i RIS DI IEEGHE Y BAF - 47 BRIl - {eERES SR AT
SRS R EE £ 2252 F PRRS B PCV2 Wi RS s = 0 TS8R 9 B ETTAR I i e K 12 Hl TR
DUAG S AT -

Bt RESE BB ~ TEEROT -

4

JENE RHEIY B E AT AYE 2% A B S (Hau and Schapiro, 2014) » 7532 Bl A\ JEAR (D fiF 511
i~ AR - BEYIEN 2 R AR Y B ERENV AR B FISE 0 W A E B R R AT b R EEY B gt
HIFERE ME A28 o Horp o /NTRUFE IR R R T L ~ Bk B B 22 R 2R RK ~ B RN RIS ENERIRIE
BT S B ik B Ry =55 4 B S D (o M U F R e S ED Y - T o P AR & A ST sE A S8 8 1 22 Ko s
YEESE (McAnulty et al., 2011) - Hanse (1997) f5i > &€ AR EHEBIGEAERIRE > Tiee BRI SE >
RI'E B En a0 2 s IR R 52 B B R R - (e vl (5 RIERER » FEEMREEEE R E & 57 BF
(conventional) ~ 4 E K5 (specific pathogen-free, SPF) Kz =45 iE % & (gnotobiotic) =Fl @4k » A Hlor I Eh Y ik
FRIG 4R AR LS @R - R e E e B IRIR R T E A Z R ARIVEE) - M St a e ief e
T R AR SR ey e B MEL T IR BRI - 22 SLFE WA fy i /D90 (minimal disease, MD) Bt £ 75 (SPF) 5% » &FFE
R EI%# (gnotobiotic) A4 ZE & ATE VBN - iR R SHRe R B 1% 6 5 1 b s R R th iy 5 =X B E 2L
SPF = gnotobiotic SF&RAVIEFEAETTEE > [FIIFIEAYME B IVEEIRE MAERNEBFETE » FHR RN TR 2 K DUk
TR BB B AERENE (Hansen, 1997; Swindle, 1998) o %S Fy 2 & H A/ NE5ETE - 1980 SERHEREREEHESIL &
BN AR VIR AT EE » AR [ 4 N 16 B » ZENETIEHETEERRG > BESH > BERBATHR
&P NG S 2 8 T A E A B THI R A BR T IS B A IR R R SR RSN > TRR A&
VIR EA B AR - A R A/ NSRRI I S Z Ny TR -~ ERRT - MEES
HIBZEA I fEt > T R (Hung ef al., 2020) ~ AR} (Lee et al., 2020) ~ #HILKARE (Liao et al., 2022) % f7f (Lin et
al., 2019) FHIYIE  (HARE R IEREE RIGEEEERDT 2 Wt AR ER = » BB R A > (RIEETE

|

(1) EEREEl A s B ATt e i 2 5 2804 51f -

(2) RS OB i B S -

(3) FTTRARAPESA LN ©

(4) EEREl A BB TR & o AT -
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SETT R (R S E AVERE b AR SR ST E T A IRET I Z N - (AL - GRS 2 8 B M BB R
TAREC RS B R - DARIRAGZ RGBT 2 25 -

M A

A R S E P R s Pl T - SREY) 2 (A - S s N A & R s B & s i P R & 5
FrEbegnE sl N B BT 110-17 FEEREEE -
L EAEaE
AERHOS B E s B P R & 4y PV BB SE R RE — B Y > FEEaE N A ARRE EDE IR EH S LR E
& - BFEE N 6 AREEALIFSE - 2B AR IRRE S » (REFEN 16 Bk AL RS - HEEHEESL
FFEERIRE » aakE R0 P2 R KR B LSS - (FAE B LFE F H R % Bl 2 551K (classical swine fever,
CSF) ~ 355 —ARIAIIRIRE T (porcine circovirus type 2, PCV2) ~ 5 MAF K% (pseudorabies virus, PR) ~ 55 ZE 451
£.3% (atrophic rhinitis, AR) 5z fiffi 38 FUEHE E (mycoplasma pneumonia, SEP) » ¥ Z 38 L fE AT 5 H A& 3% (Japanese
encephalitis virus, JEV) %% o

L. sEaEhY)

() BEAEEDHIERSE 2020 R 22 2021 4R - &4 RIGEAVRREEFE MR - BORER AT R EEAL - RUFLEETED 8 20
Ly SEbEtshiE T REWIL - R 5 - A RIS MAEFEIEEFEE - SURdEE T EREEMIESE 281 TH -

(i) FEE Y e G ER A B P48 15 55 - 7Y 9 K 12 Al oy R R IS AR B v - Y e (S P BR B i 9 it
HHFERAH S R E T (BUEHRTE HCTCO18) » it 9 ~ 12 ~ 15 R 18 iR RE MR A » Ui 2 e
HETTIMUEFEE ELISA S SN - 5 BieaT S8 B i e S B 5T

L FEAEREE
FHELIEZZERIME (Sarstedt, Niimbrecht, Germany) 470 21G £ 58 H SHAFARE SREE MK 5 mL » 77~ 4°C LA
3,000 rpm B0 15 5388 > SERCRMEL EEBMUE 1.5 mL > S5 ER OE R E R -20C 2 MlEH IR -
V. 5 ARl
() FEAAZBEZEH
S b B 200 L HE{F o RARE SRR - (5 FI7% 8 b RNA/DNA 2 BEETEE4 (MagNA Pure LC
total nucleic acid isolation Kit, Roche Diagnostics, Mannheim,Germany) ° {{XIEE4H({H F F-MH#Ef TR 52 2L B 25
HY > fef% Z<HUH RNA/DNA 60 pL » B -80°CAFH -

(i) 7RG E (reverse transcriptase reaction)

HUJ% 55 RNA/DNA 10 pL A%k > A Random Hexamer ZE5[F 1 uL 5z 10 mM dNTP Mix 1 pL ° i 95°C
TEF 2 or8t% > B LI IEMI B R K I o 6k 2 085 3R BE N A K88 8% % 2% PrimeScript™ RT reagent kit
0.5 uL (Takara Bio Inc., Kusatsu, Shiga, Japan) ~ 5 {i% First-strand buffer 4 uL ~ RNase {[If%] RNaseOUT™ 1 uL -
0.1 M DTT 1 uL K RNase Free H,O 1.5 pL » SZFEZERSFE Ry 20 L 7> 50°C N H#E(TREESRER 60 778 » 2 1%
PLTOCHEA 15 spgrp (b S FE  [OiEsk 2 EEVIE Y -20°CHH -

(i) B[IHF B & HifsE$E & FE (real-time quantitative polymerase chain reaction, RT-qPCR)

PRRS - PCV2 J PR {1 ] qPCR fig HI [F AL BE W 0E & B — BB N & BRI KR fg §8 L5t 10
uL » EHrpA LightCycler® 480 Probes Master Mix (Roche Applied Science, Germany) 5 puL © 2 uM 5| F-¥f% 0.8
uL ~ /KfEZEEET (1 pmol Probe) 1 pL ~ diethyl pyrocarbonate-treated-water (DEPC-treated H,0) 1.4 pL DL RFRIEZ
B 1 ul > PRSP 1o (6 FHEVEES K% e il 247 (LightCycler” 96 Instrument, Roche Diagnostics
GmbH, Mannheim, Germany) 7 7K PR i M 22478 477 LU T K2 JE » PRRS Ffr 75 S FERF ]y 95" CAEF 10 738
% > LLOSTCIEA 10 #) ~ 55°CHER 10 ¥ K 72°CHEH 15 WV EEHE 45 (EEER - WAL (E A B —1EER 0 Y
% - PCV2 RERF ] R AE 95 CERT 10 43 81% » DL 9STCHER] 20 #) ~ 60°CAEA 20 #0 )2 72°CEH 20 FEE#E
45 {EEIR - WAL EHEEERAY 72°C M YERSE PR AT e S MERFRE Ay 95 CER 10 438Ei% » DL 9S'CHEH 20
b~ 62°CHEMH 20 b Jz 72°CER 20 #PE4E 45 (E{EER » WAL (E A S —1aER i e anst -

(iv) T ENEEHEE E (polymerase chain reaction, PCR)

JEV JEF PCR fg & — & L EE 4458 FE B 25 L » H & A 0.1 % DEPC-treated H,O 10.5 uL ~ 2 x
Premix (Thermo Fisher Scientific Inc., MA, USA) 12.5 uL ~ 10 uM 5[ T-¥3% 0.5 uL DA FRHIRZEE 1 pl > frfd
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o FHaE 1 - # PCR KZFEE i A PCR 25 (Applied Biosystems” 2720 Thermal Cycler, Thermo Fisher
Scientific Inc., MA, USA) #E/TER] » PCR KZIERRAAIT  94CIEA 5 /r8Ei% - DLOACIER 30 b ~ 52°CEA
1 o5 K T2°CPEA 1 o7 EE R 30 (81538 - Sig L T2°CHER] 7 F3 B8R IE -

1 AN RIS S o 5 S e R 2 S g s B N FE T (8 P 5 [ -3
Table 1. Primers used in RT-qPCR and PCR in this study

Pathogens Primer Sequences References

PRRSV PRRSV-M177F 5’-CAT-TCT-GGC-CCC-TGC-CCA-3’ Lin et al., 2013
PRRSV-M177R 5’-ACC-ACT-CCY-YGY-TTD-ACA-GCT-3’

PCV2 PCV2-89F 5’-CGT-TGG-AAT-GGT-ACT-CCT-CAA-3’ Tsaiet al., 2019
PCV2-89R 5’-TGT-AGC-ATT-CTT-CCA-AAA-TAC-CAA-3’

PRV PRV-210F 5’-ACR-CAC-GAG-GAC-TAC-TAC-3’ this study
PRV-210R 5’-ATC-GCG-GAR-CCA-GAC-GTC-3’

JEV JEIF 5’-TGT-GTG-AAC-TTC-TTG-GCT-TAG-TAT-3’ Chen et al., 2011
JEIR 5’-CAR-CAT-CTG-TTY-TCW-CCT-TTT-TGA-3’

(v) BEZEFS0EE (enzyme-linked immunosorbent assay, ELISA)
ST HI{3 A IDEXX" PRV gl Antibody Test Kit (IDEXX Laboratories, Inc., Westbrook, Maine, United
States) & IDEXX"® PRRS X3 Antibody Test Kit (IDEXX Laboratories, Inc., Westbrook, Maine, United States) £4H
TR > WARTEZ A AR AR E H e IS5 R -
V. MUEFHETUES ELISA fgfl
5 M S DL IDEXX" Swine Fever Virus (CSFV) Antibody Test Kit Z4H i HI5E B BEEHTEE » Wi {H F ELISA
FI| 55 1% (Biochrom Ltd., United Kingdom) 7§ £ 450 nm T & H{ OD {E - & OD {E {8 T 51| A\ =0 B 5% Blocking
percentage {2 F N 5127 : Blocking (%) = (OD,,, — OD,./ OD,,) x 100 ; FHRIFHAF 0] 41T DL #158 Blocking (%) <
30% FIl%SE5R Fsf2 1% > Blocking (%) > 40% FsF51E » /1% 30 — 40% [ R Efs e -

e R B

ARG 2020 £ 2 2021 SRR A R P& B BB TRE TR E R IR B - U 281 BIIREEA - 2020
FAE 137 PIFE E MR A T 3§l PCV2 qPCR [514 (2.19%) » HeRi I MGUR Kptiatad © 2021 F4£ 129 5%
EMREEA T A 1 B PRRS [514 (0.78%) ~ 6 5] PCV2 qPCR 51 (4.65%) » HERFE PR fz JE SRS BTG i
(Table 2) °

2. BRBEFEIEELR RIS R
Table 2. Pathogen tested in Lanyu pigs

Detection rate

Virus Associated disease Method 2020 2021

1 2 3 4 1 2 3 4
Suid herpesvirus 1 Aujeszky’s disease ELISA 0/38 0/34 0/33 0/32 0/32 0/37 0/32 0/28
(Herpesviridae) gPCR 038 0/34 0/33 0/32 0/32 0/37 0/32 0/28
Porcine reproductive and Porcine reproductive ELISA 0/38 0/34 0/33 0/32 0/32 0/37 0/32 0/28

respiratory syn-drome  and respiratory syn-drome gPCR  0/38 0/34 0/33 0/32 0/32 0/37 0/32 1/28
virus (Arte-riviridae)

Porcine circovirus 2 Post-weaning multi-systemic ~ qPCR  0/38 0/34 1/33  2/32 4/32 1/37 0/32 1/28
(Circoviridae) wasting syn-drome

Japanese encephalitis Japanese encephalitis PCR  0/38 0/34 0/33 0/32 0/32 0/37 0/32 0/28
virus (Flaviviridae)
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Kedkovid et al. (2020) Z§5 4 > #8 75 20 4F 3 80 ) &% F = 5% 7 2 <2 %] PRRS ~ PED -~ [ [ % (foot and mouth
disease, FMD) EAJ[EMFEIE (African swine fever, ASF) S fif T MR BNV E - ¥ 58 & (EFE SRR TS - 4E
ACEEZEEOR AR - ABadt B 28U E HEHEMEER (PR ~ PRRS ~ PCV2 K JE) » JAREUESE AR HET T Ry AR
ARV E R R EA] > E 2020 K2 2021 4EFE DL qPCR f6H PRRS K2 PCV2 B4R B 0 K 2.19 ~ 0.78 J 4.65% » H
BRI IR S Ry Rt o TEEEMIAE SR T B - BRSSP 1 252 5 PRRS B PCV2 Fiii R IR fy T o (EET A7 ik
KB FE R o B0 B F M 22 5L S PR 2 38 5 Y Aachen Minipig (AaMP) /NEUSE 5L 2 (Pawlowsky et al., 2017) » Plotzki et
al. (2016) ¥ AaMP A HE M P 7] 15— RIS oF O BEBEHE (T RESIES » 43304 PRRS - PCV2 BG4 (FIE AT
(porcine epidemic diarrhea, PED) H15H 10% MyfiH=e o FEIAE GRS SR BT AaMP JEREFELSONGE & B AR THYN
JRBE RSN -

E 1990 F AL PCV2 e Byt 57 3 207 17 550 (Allan er al., 1999) » H BL5EHE F 1% 25 Z 400 1 8 FE 1R E (65 BF
(postweaning multisystemic wasting syndrome, PMWS) K PRI FEFE R ~ SoRMEERE ~ B53% ~ FE % - BHm LT R R
FIEIRNA RN 15 SR IR A R R AT I L2 #4778 B porcine circovirus associated disease (PCVAD) » [ECH
HIJf# 5 PCVD (Opriessnig and Langohr, 2013; Segalés et al., 2013) - {F5&HEFdf4HE (xenotransplantation) ff52 H 5
PCV2 ARFEERNEEEH F 74 - N7 40RE & EVEARia R R EE S - (5 KE IS TR 28 B A0 5 B
HIEE » RIS T KM R K FE » AR PCV2 JEi MBI AL RS 2 HAS R R T AE e S E R, - BEAR
e B R PCV2 HYE s i A EHE - (EF5eHE H SRR PCV2 By % & AE 4HA S & (cytopathogenic
effects) (Hattermann et al., 2004; Grau-Roma et al., 2011) » [t PCV2 fE4: B2 FHFEAIMTZE ~ Bo ol s et fH e BB 5L -

Heinze ef al. (2016) #31F SPF BFEAR/NEISE ~ Aachen /NEUSE ~ BERINERERSE « B35 558 LR B =2 1Y (A4 TR
HBifges > H PCV2 HiE M 4R 50% (11/22) ~ 14% (3/21) ~ 0% (0/6) ~ 0% (0/10) K 0% (0/12) » E:rhf& T SPF
EFEMR/NRIFEEL Aachen /NRUFESN - HERFEE A % PCV2 1YIE 1 » BUREH 2% il A& PCV2 Z i -
Martelli et al. (2011) 51 » EFEELL PCV2 714 HAS AR 55 MUE & =K7Y 10° copies/pL & SEEEARIER ~ /7Y 10°
% 10* copies/uL ATAE HERFEER IR B AHRE RS ~ S 10° copies/uL HIl B PCVAD » ARG REIFE EEEAE 2020 2 2021
A 8 RESHIT PCV2 K AR B 0% (0/38) ~ 0% (0/34) ~ 3.03% (1/33) ~ 6.25% (2/32) ~ 12.5% (4/32) ~ 2.7% (1/37) ~
0% (0/32) % 3.5% (1/28)  [FII1E 2021 45— R B MIAISUFEHERE A B 0695 PCV2 5 » 1642 | 15,2020 45 =
ERIEAS R G B ER T MIE R 5.4 x 10" copies/uL BEREEAER - A 2021 55— 5 1 (ERSS F ME H
$13.9 x 10° copies/uL > FLHF ARG A /D E oy 255 & B PMWS (AHERSE A0 R - 498 - BER R 2 e %
2 5 MIEIR (Harding and Clark, 1997) » Z (& HU5 1 R4 22 RG S A F5E = R &% 2 3% — & PCV2 N&E Ly i (Ingelvac
CircoFLEX", Boehringer Ingelheim, St. Joseph, Mo, USA) » [A|[th EH 2021 455 2% PCV2 f I ZZ 45 N % » BER b
FHE LI PMWS BB DLIN MR » HEAd B8 BHE 88 N S MU ERY R 5 B 35 8 N AR  Heinze er al.
(2016) f5H1 - (ERT EVIFMTRIG SAE G LR » 6 B F S AR YA 5 BRI 8 SPF SF 2R/ NS - HPCV2 i
HIREE 14% » $EAh Bl R ARG =5 B EREAR - mAEEON ~ H ARSI PREFFEBLIZFE PCV2 TR s E T » 2531
H 0.65 2 100% kRt - BR PCV2 s F B2 A EFE SR » NILEREREYIHAK PCV2 EH REE A
SPF & e -

PRRS Fyig 20 25K H VB SR 2L - AREUN ~ BN R EENEFEE B ERKBIELR » JuistEg R
B R K I AR AR R B > LTI 45 B PRRS 1 K2 PRRS 2 FfEZAIRI] (Collins er al., 1992; Chueh et al., 1998) »
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Fig. 1. The CSFV specific antibody level at different ages. CSFV specific antibody detected by IDEXX CSFV Ab blocking
ELISA test kit. The gray dotted line represents the adequate level (blocking (%) > 40% are considered positive). Data
are represented as mean + standard deviation (SD).
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Abstract

The objectives of this study were to investigate disease surveillance and evaluate the vaccine efficacy in Lanyu pigs.
Samples were collected from 281 Lanyu pigs at Taiwan Livestock Research Institute — Eastern Region Branch at different
stages, including lactation, nursery, growing-finishing and, breeding stock, through stratified random sampling. Pathogen
tests were conducted for porcine reproductive and respiratory syndrome virus (PRRS), porcine circovirus type 2 (PCV2),
pseudorabies virus (PR), and Japanese encephalitis virus (JEV). Additionally, the antibody titers of piglets vaccinated with
classical swine fever (CSF) vaccine were monitored. The results showed that 3 out of 137 cases of pigs’ blood samples
collected in 2020 were tested PCV2 qPCR positive (2.19%) while the retaining samples were not tested with any pathogen.
One out of 139 cases of pigs’ blood samples collected in 2021 tested PRRS qPCR positive (0.78%) and 6 cases tested PCV2
gqPCR positive (4.65%), respectively, while the remaining samples were not tested with any pathogen. As for the monitoring
of ELISA antibody (blocking percentage, %) after CSF vaccination at the age of 9, 12, 15, and 18 weeks, the ELISA antibody
were 14.0 £ 12.2%, 60.5 £ 7.1%, 79.8 £ 7.0%, and 84.9 £ 7.9%, respectively. It revealed the constant rise of antibody titer
in Lanyu pigs after CSF vaccination. In conclusion, this study detected the presence of PRRS and PCV2 using qPCR in
Lanyu pigs. In sum of the above, the monitoring results showed that Lanyu pigs were primarily subject to infection by two
pathogens, namely PRRS and PCV2, while piglets showed a better specific antibody response after CSF vaccination at the

age of 9 week and booster vaccination at the age of 12 weeks.

Key words: Lanyu pig, Disease monitoring, Vaccine efficacy..
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Fig. 1. The no-till seeding system. This system includes functions for soil breaking, furrow cutting, seeding, covering, and
compaction.
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Fig. 2. The germination situation of alfalfa on seedbeds of 6 cm (left) and 1 cm (right).
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Fig. 3. Plant height of alfalfa (top) and pangola grass (bottom) under different treatment combinations of seedbeds width and

seeding density. 1 cm-100: 1 cm seedbeds width-100 seeds/m, 1 ¢cm-200: 1 cm seedbeds width-200 seeds/m, 6 cm-
100: 6 cm seedbeds width-100 seeds/m, 6 cm-200: 6 cm seedbeds width-200 seeds/m.
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Table 1. Comparison of main effects of seeding bed width and seeding density on alfalfa height, row width and pangolagrass

height in Experiment I
28 days 56 days 91 days

Item Alfalfa  Alfalfa  Pangola Alfalfa  Alfalfa  Pangola Alfalfa  Alfalfa  Pangola

high width high high width high high width high
Seedbeds width cm
1 cm 22.5 19.5 14.3 26.8 133 20.9° 34.6° 18.5 19.3°
6 cm 21.5 21.0 10.4 24.8 14.5 13.6° 42.6 19.3 14.3°
Seeding density
100/m 20.6° 17.8° 133 25.8 14.0 17.4 34.0° 183 18.9°
200/m 23.4° 22.8° 11.4 25.8 13.8 17.1 43.3" 19.5 14.8°

“* Means in the same column within the same section with different superscripts are significantly different at 5%.
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Fig. 4. The dry matter yield of mixed grassland of the treatment combinations of seeding bed width and seeding density for
the two years before pangolagrass production season in Experiment I. 1 cm-100: 1 cm seedbeds width-100 seeds/m, 1
cm-200: 1 cm seedbeds width-200 seeds/m, 6 cm-100: 6 cm seedbeds width-100 seeds/m, 6 cm-200: 6 cm seedbeds
width-200 seeds/m.
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Table 2. Comparison of main effects of bed width and planting density on the dry matter yield and alfalfa ratio of mixed
grasslands before pangolagrass production season

2017 2018
ftem Alfalfa yield Pangola yield Total yield Alfalf %  Alfalfa yield Pangola yield Total yield Alfalf %
Seedbeds width mt/ha mt/ha
lem 3.2 2.5° 5.7 50.7 2.4 3.4° 5.8 40.9°
6 cm 3.1 4.1° 7.2 43.0 1.8° 5.1° 6.9° 26.9°
Seeding density
100/m 2.3° 3.4 5.7 39.9° 2.0 3.5° 5.5° 35.7
200/m 3.9° 3.2 7.2 53.7° 2.2 5.0° 7.2° 32.1

“* Means in the same column within the same section with different superscripts are significantly different at 5%.
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IRRRTE RG] BRI B 5 A RS HEE B 5 S SRR ARG > BRI EIH R E 2B > BB E %
R R [ R R EE A 3 R B ME T F BRER DU R AR AR A &1V F574 (Hart er al., 1985; Coblentz et al.,
1999) » AIEFER T B AN AR REER AV ER > TR R 2 UVEEEE > n[ A BN IIBEREE > DI
B TE 4 ARG N o G R A BE A SRR AR o FslBess R > WK E VI E Rs e E S
PR [E EREEAVRCER > B EEFET RN GEtbfiEEs > Ko seR S ELFInTRT £+ ~ B 10y SRR
A THERENES - b/ BEEEREERNG —EEEEE LG > (HEE5 ZEREL GRS
R LB TR B R N P W B R EL 3 22 BT AT A &S AH (L (Chocarro and Lloveras, 2015; Dahakal et
al., 2019) - FEEEHHELLFBIIIHE NF - TJRECIEEIFir 2 MRE - mEWEAREE 7 [RH - HEEAM
WRER  BEFRAKER  AIRITRK > Jit > dEITERERZ R e ER E SR _F LI T ENRZE
— (3 > 2002 ; #KE > 2007 ) -
VERE ~ ARSI A R BURAE SO E AR A

ALl = AR (SE2fErkK) fix =28 K2H ~ > KA - i AbIEEE & 4 HRH - £ 62 KiF
4 B BEESTN 17 — 26 om ~ BEFERS T 11 — 16 cm 5 2 91 REFEEKRE T 15 — 34 em ~ 2
EFERRE TN 14 — 23 em ([&] 5) o REFYEER LR TEAAE— R BETHE - AR ERER AR T AE
MIHALE RIS » EREETR 62 KA FHGHHE - RS 1N 62 RiIENETER S a5 T XE 4 28 X
HIRkmE
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Fig. 5. Plant height of alfalfa (top) and pangolagrass (bottom) of the treatment combinations of fertilizer and irrigation in

Experiment II.
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Table 3. Comparison of main effects of fertilization and irrigation on alfalfa height, row width and pangolagrass height in

Experiment II

62 days 76 days 91 days

Item Alfalfa  Alfalfa  Pangola Alfalfa  Alfalfa  Pangola Alfalfa  Alfalfa  Pangola

high width high high width high high width high

cm

Fertilizer 21.8 15.2° 14.7° 21.5° 13.5 17.4 21.9 10.0 17.5*
No fertilizer 21.4 14.3 11.7° 24.5° 14.6 13.6° 21.4 9.4 14.2°
Irrigation 25.1° 15.6° 14.1° 31.8° 17.3 15.9 33.1° 14.0° 21.5°
No irrigation 18.2° 13.9° 12.2° 18.6° 12.4° 15.3 16.0° 7.6° 13.0°

“® Means in the same column within the same section with different superscripts are significantly different at 5%.

VIR > BiEE R - BEEEE R ARTHAERNE 6 o L8857 0N 1T FELLERNFE 4 - AN > &
TEEE R fy 5.6 mt/ha > S HEAE R > 4.8 mt/ha ; fEJit AR > #E[E EE 8 Ky 4.6 mt/ha » IR A TEAEEE . 4.1 mt/
ha ; 48E SRS EATEE > 10.2 mtha > SAEATAH > 8.9 mt/ha ; ETELLEIFSHEME 50% - MR MM =
FL oo NIRRT - B R R AR T RV AS B E AN AT e s i AR R PR RS (M, et al., 2024) » HERED] IR
Rl R HE— 2D ERET « R JT T > EBR I ETE e & Fy 5.7 mt/ha > (SR SEEEDAH 2 4.8 mt/ha 5 JEERERR L AR ]
FER Fy 4.6 mt/ha o S EDEAH > 4.1 mt/ha - RS AEEEINDUERAH > 10.2 mt/ha o SRR > 8.9 mt/
ha ; ETELLAIIRESHEME 50% » Wi FH > A fesaE s -

HEFEN 10 AhaREEALZE > T2 piRfRES > FAHEFEETEAE R » HIL A EEEAGZRFE
THEEEENEE - AR ER ST B E R LA - DU T35 257 » U DU (6T
F o R LR DM BARE 3 R OR 3 2F o AP ERET B W3 HACRRTEIIAYIEE - M2 tbeE R F
] 2 i K DRI SOt Y 8288 - HalBRaE SR o/ - MBI AR - ERRAYRUR A - HEHINE K ViR S
(AR » RUKTHVERDZ R E R L - AR EER AN TEERMIN RS TER - BEEER
Ky GEBAVA ) BV FES R E S AR SR E Sk S A 2 (HEE 81 mEFRUR - BIAWTE
o S E P HYAS SRAGIRILIT 52 (Stringer er al., 1994; Haby ez al., 1999) » JRATAIHERHIG I e #E 55— 0 B AR EEFY
EERNZE - A ERABE S FEYT EEAREER > HESUER (FRAUK S BB AR [E E ) DU
HEETEER - PEHIRR DUR DR E R -

AR E AR A & i 0T 5 (BRI R I B i) EBRIRNA ¢ s RO - EIE
PEEHY SR &~ R IR A S /D ik = A1 EFEHY1E 20 (Thomas, 1995; Springer et al., 2001; Belesky er al.,
2002)

e B S FURAE P N A IR R AR E 2 AN (BRSE > 2011) > MR TR - RIRRER SIHARGIR T 7T
Al > 40 s LOREIRIEAE © 2. BEAViT A RaE D AE » FREPEARERF ARVRIEME S © 3. Be iy Bl 5 H
K 4. R DINERERHR ARTRBRAR A 2 o 15 > MBS EREUEE - Rl NR ARG HR - AWt
A E M R RN - B R RIR A EIFESE - (EU1E - 38T R SHBREN(E T LA—KE5ERK 1 T B AR ]
BRI R E R AR RIEE SRV - AT NRE R FREE - &2 - 3 AR THEEEE T — e R E
EHERT— BB Z | o BEAN - FZRR RN R B R i B AR E Y £ - JRAE S F R BT E Rk
(PSR > 2017 ) AT EEE N PO BT RERZ R IR BH 5% (et - 2018 © BREE - 2024 ) A {E A] R RZ IR -
3lfz ] PRI i AR ] FOR SRR RIS s 1 (BR > 2021) > BIREIEZEINE - NEFZ00E - SE A
R AR REIRAERDINFRCR AR E fE E 2 A - &5 b BAAREIREAEERE S - (HHE
SEAbHYS o E R 22— Se ik - AERIAREET - ASUEWIDERE TERSEN TRV E > BRI ERAR
HASRL: ~ TR B E AR - SR LB AR B FIERSE RN U R ARIREST -
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Table 4. Comparison of main effects of fertilization and irrigation on the dry matter yield and alfalfa proportion of mixed
grasslands before pangolagrass production season

Item Alfalfa yield Pangola yield Total yield Alfalfa %
mt/ha %
Fertilizer 4.8° 4.1° 8.9° 53.9
No fertilizer 5.6 4.6" 10.2° 54.9
Irrigation 5.7° 4.6" 10.2° 55.1
No irrigation 4.8 4.1° 8.9° 53.7

“* Means in the same column within the same section with different superscripts are significantly different at 5%.
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Fig. 6. The dry matter yield of mixed grassland under different treatment combinations of fertilizer and irrigation before
pangolagrass production season in Experiment II.
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SBOCRT © 1998 « AR EDRIEST - FRHEVIHIEET & 3msCE - EEa R s 53 5% -

PRIESR ~ #5540 ~ BISSF - AKEEEER - 08 RRETGH 2 228 - BT 40 & 193-202 -

PRFE A~ T4PRE - R - BIE TR - 2010 - (RF ARVEBERI A FESE — T8 558 (Digitaria spp.) ¥A{CAE & (Arachis
spp.) JERAE o BEENTIT 43 1 167-179 ©

PRFE A - T4PRE ~ 3R~ BIE7E - 2011  (REE ARYA R A E I C — F5 58 (Digitaria spp.) ¥1E 15 (Medicago
sativa) JEFE © BN 44 1 37-49 o

PHEES - FATRE ~ FERE - 2017 - AR RIS HITBERELEST - &MY 50 @ 52-61 -
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Investigation of techniques for interseeding alfalfa into

pangola grasslands using the no-till method "
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Abstract

Mixing alfalfa with grasslands can enhance the nutritional value of forage, balance soil nutrient utilization, and provide
a cost-effective nitrogen source through the nitrogen-fixing ability of legumes. This study developed a no-till seeding system
suitable for interseeding alfalfa into compacted pangola grasslands. Two field experiments were conducted using this seeding
system to investigate the effects of seedbeds width, seeding density, irrigation, and fertilization on establishing mixed
grasslands. The developed system can be fitted into domestic standard vacuum seeders, which overcomes the challenges
in cutting grass and breaking soil and allows for simultaneous trenching, seeding, and compaction operations in one action
The seedbeds width can be adjusted from 1 cm to 6 cm. Results of experiment I showed that increasing seedbeds width can
initially increase alfalfa height and lower grass height. However, the yield survey showed that in the proportion of alfalfa
did not increase but rather elevated the level of soil breaking and crushing improvement of pangolagrass yields. Increased
alfalfa seeding density enhanced first-year alfalfa yield and proportion, which showed no significant effect on the second-
year proportion but significant decreases in the second-year alfalfa yield. Experiment II revealed that irrigation significantly
promoted alfalfa growth compared to fertilization treatments that did not have any significant effect. Alfalfa showed greater
responsiveness to irrigation than pangolagrass. Fertilizer application helped with early growth of pangolagrass but did not
lead to a significantly yield increase. Although alfalfa and pangolagrass did not form a stable and lasting mixed planting
combination, the simple interseeding process allows alfalfa to reseed every 2-3 years and maintain a desired proportion. The
emphasis on irrigation and minimization of initial grass competition can effectively establish a mixed planting grassland of

alfalfa in existing compacted pangola grasslands.

Key words: Grass-legume mixture, Alfalfa (Medicago sativa), Digitaria decumbens.
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AT 5 AP L & R4 B ][5 B fR BE AL % (lysine, Lys) #5HCA [E] ] fCE#HEE (metabolizable energy, ME) &
EHHAERMERE  #RCE (gain/feed, G/F) RIKAE(LE 2 #2E - sBR(EH 32 01 (AREESF ) “FII88E 6.2 kg 2B
FL1% 8 Ml RIEAE - NEME L £ RITE ME &8 (2,400 keal/kg 8 2,800 keal/kg) BLE{fE Lys JR[E (0.64% i 1.00%) Fit
SR 2 x 2 RIRFalBada A - HErT 12 8 5 - 45REUR - SBRaS R 5E & P Re LA H B B (average daily
gain, ADG) 5 DAERET Lys 1.00% Z 4HHl| &1 KR 86 Lys 0.64% & (P < 0.05) 3 G/F LA ME 2,800 keal/kg ZH A5 =
> ME 2,400 kcal/kg & (P < 0.01) - 1545 H X & & (average daily feed intake, ADFI) k7 £ F5 /£ f& (backfat thickness,
BF) 84 iN& AR 52 ME B Lys 2% 7 5228 » ME Bl Lys 7 SR UE IR & A4 R IR E 2 2 - EIMUR A BEED
55+ SRS A5 1357 2 5 & R (blood urea nitrogen, BUN) A E A BRI + LI Lys 0.64% 5 ME
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(creatinine, CRE) ~ =F&H Hfg (triacylglycerol, TG) SZHEREIRE (cholesterol, CHO) Jifi » HIJ- &40 E R 25 - 4% FFf
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WECHB s AR RE - FRT - lHERE - ME - S8 PR DR R S H7 AE RIEEE
ZERET - 225 (2003) LRSS T H 867 2 & HE 17.5% ~ Lys 0.97% BLA[JE{LAE (digestible energy, DE) 3,500
keal/kg 7 GAfE[RET 1 kg » WHARCTEIREE T HIEE 2 A RS S (2017) RIS IR RlEFE R S HE A E 16%
B ME 2,800 kecal/kg 7 flfgfHEC > EkHEE HE 13% B2 ME 3,100 keal’kg FHHE G 2 AR 5 2154k (2019) f5H
RAIBAE G A S5 ER 2 2450 (United States Department of Agriculture, USDA) /NEIFEHEEE AR 77 USDA 1160 fiiE (HEE
HE 14.1% ~ Lys 0.75% B4 DE 3,327 keal/kg ) BIT[ A IEH Z A0+ 22 521 (2020) HilF5H DAL &7 HUA USDA 1160
th 2 B TE(E Ry RGBSR T 4P RSS2 AR R 5 5 (2020) RISEEREHEGE (I 2fHE 0 E 14% Z 6t - [FERF 7
Lys %2 1.0% [ - # 2 &ifHEE H'E 16% 81 Lys 1.0% 2 Sl S i 58 & 4 R IERE S BF - W 2 2 - 47 Fallnsd s
A H RS ER  bTe EEUHE R E & 14 — 16% ~ Lys 0.75 — 1.00% B ME 2,800 keal/kg fs— A #4552 2
EEENEEIRE - PR2Y B AIEINE TS LTS >/ NRYFE S F AR R ATFE (LabDiet” 5081, Land O’ Lakes, Inc) @ HUE# =R
2 EATAHE B EFY 14% ~ Lys JRERER 0.65% Bl ME & £ 2,410 keal/kg » FEiB R Al A AR FE 555~ 45
SR FEs{& - Bee et al. (2002) S5 H7EaAE FOHHASR = EAHLUEN T » 8RE9(K DE Z fafg n]{ WEE BRI 2 2 E R
& - 2t AlBE EeRhHERESE > FSF2E/ N FEEALERARE 2 2ERE  JHFH Lys B ME & & -
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rpm By 15 73 5E(& - & IR AR IIE A Lo M (Hitach 7170, Japan) #E17734f7 - HIEIH H & BUN -
CRE ~ TG F, CHO JJE -
V. 45t
B 2 A R MR MR A AL E &R} - (] SAS 9.4 45T HAE Z — M 4R M1 =X (General linear model
procedure, GLM) #Ef T8 1550 » e A B 2= B8 DR/ N 5 S E{E A (Least-square means, LSMEANS) #7754
FRHEAH I (E = 5 BE M RUE -
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Table 1. Compositions of feed ingredients with calculated crude protein and energy values in the experimental diet
Ingredient, kg Treatment 1 Treatment 2 Treatment 3 Treatment 4
Corn 246.8 253.2 532.5 538.5
Soybean meal, 43.5% 18.6 23.0 100.0 104.2
Wheat bran 474.9 459.1 129.2 114.3
Limestone 12.9 12.6 6.3 6.1
Dicalcium phosphate 0.0 0.7 16.0 16.3
Molasses 30.0 30.0 30.0 30.0
Salt 4.0 4.0 4.0 4.0
Alfafa meal 210.0 210.0 180.0 180.0
Vitamin premix” 1.0 1.0 1.0 1.0
Mineral premix* 1.0 1.0 1.0 1.0
L-Lysine » HCI (98.5%) 0.8 5.4 0.0 4.6
Total 1,000.0 1,000.0 1,000.0 1,000.0

Calculated composition

CP, % 14.0 14.0 14.0 14.0
Lys, % 0.64 1.00 0.64 1.00
ME, kcal/kg 2,400 2,400 2,800 2,800

* Treatment 1: Lys 0.64%,ME 2,400 kcal/kg; Treatment 2: Lys 1.00%, ME 2,400 kcal/kg; Treatment 3: Lys 0.64%, ME 2,800
kcal/kg; Treatment 4: Lys 1.00%, ME 2,800 kcal/kg.

® Vitamins concentrations per kilogram diet are vitamin A, 6,000 IU; vitamin D5, 400 IU; vitamin E, 20 IU; vitamin K, 2
mg; vitamin B,, 2.6 mg; vitamin B,, 2 mg; Niacin, 30 mg; Pantothenic acid, 30 mg; Pyridoxine, 3 mg; vitamin B,, 0.6 mg;
Biotin, 0.2 mg.

¢ Mineral content per kilogram diet are Fe (FeSO, * 7H,0 > 20.09% Fe), 80 mg; Cu (CuSO, * 5H,0 > 25.45% Cu), 5 mg;
Mn (MnSO, * H,0 > 32.49% Mn), 6 mg; Zn (ZnSO, > 80.35% Zn), 45 mg; I (KI), 0.2 mg; Se (NaSeO, » 45.56% Se), 0.1
mg; Co (CoSO, * H,0 » 32% Co), 0.35 mg.

e RN B

A RMERE

s 2 B RMEREER 2 Fors > AelBnss iS58 & 2 VRS E - ADG ~ ADFI ~ G/F ~ 3235 BF K BF HEfjliER
2R Lys 81 ME & 8 2 X EGUEFE » NILERET T REZ 228 > 71 Lys TRUEE Sy slBaddi i 2 FIaieE &
BB AR ADG LA Lys 1.00% 4H#475 K 4 Lys 0.64% 4H (P < 0.05) » [istEass o 2 39 BF ~ slEafAfd 2 ADFI -
G/F ¢ BF ¥ hnf Al s E = 2 - £ ME TUEH 77 > 5B~ G/F DL ME 2,800 keal/kg 41 i #1 A > ME
2,400 keal/kg 2H (P < 0.01) » Herpfralbpds | 2 V88 H ~ 9 BF ~ 5{E3HAE 2 ADG - ADFI ~ BF #¢ /1 & HI]
HEHIE A o JhAh - {E6IfE Lys B2 ME & & 2 X RGEH - 39888 - ADG - -5 BF ~ BF ¥ fjli& &z G/F DA
Treatment 4 1Y 33.6 kg ~ 0.32 kg ~ 20.96 mm ~ 14.67 mm K 0.33 FAEE _F#S ¢ [ ADFI DA Treatment 2 9 1.05 kg
P LS -

P S (2017) A EEESE SR TR S B DUHE 08 16% dalgaR e/ NU%E - HE e RiE iR B ENHERE
13% 7 GE#g - MoeaEpel & ME 2,800 keal/kg 2% 3,100 keal/kg ¥f/NAIFE ADFI ~ ADG K BF Rt 2 » [GHGHAHZER
IS5 HY ADFI B2 ADG B8R Ry o ZA1M BF (R AR M 72 52 o ARG B rp IS8 3R sl Bt o iy 2 S8
B9 E ~ ADG - ADFI ~ *¥3#5 BF J BF HEIE RN ZREENE 2 5228 FLEIRHSE (2017) IHFRAE R —21 » AAMFEEF
YIRS EE ) ADG RIIAZF] Lys U EZ 2 » H G/F 52 ME SUER 2 - SIDUERFFHEY » DAY 5 Lys 505
ME 407 B EE S5 S &4 £ 1ERE - Bollen et al. (2005) HIlff Gottingen /NEUFE LU (& 12% ~ ME 11.9 MJ/kg »
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BLHEEH'E 20% ~ ME 13.5 MI/kg HAEEE 7 =0GETA RMEREIRE - R8T - 11 21 HfREIRE N 2 et E
TR 2R (U2 MERIRE 2 22 A ME BUARGER ~ 2,400 keal/kg JZ 2,800 keal/kg A1) » EARRSE (2017)
Z B Ry BT [FIRFBREE (2017) K Bollen ez al. (2005) { F#% =2 ME T HHEAE ME 72 BUEAE K &F AR
INRIFEE AR RIS R R - At — 0 R ME &5 T IS8 3K ME B #(K G/F - 2Ktk (2019) RIfEH
USDA /NEIFEHERE R FERC 77 (USDA 1160 : 18 (18 14.1% ~ DE 3,327 kcal/kg K Lys 0.75%) A5 » i 7 LUE(S
BN 10% S8R E - HEE 2EREN 7 UETTRIESE AR et o 45 38T LLERET USDA 1160 BG4 il 10% &
TRERCEL Y Gk CHH&ERE 15.6% ~ DE 3,326 keal/kg 2 Lys 0.86% ) FHEZAFE(E 10% &R HC#L > fakt (O
FE 'S 12.7% ~ DE 3,329 kcal/kg J Lys 0.64% ) I% » 7£ 8 — 25 kg 7 FBFE i Anypete & 5 {H1) USDA 1160 &
ERERRER R R 4 & o AR 2 GFERC 7 &8 2 &P USDA 1160 Il » EA 1 Lys & & T 0]
T RS E B ADG AR RVERE » BAR Kbk (2019) Z W98 —2L - 22 K2 (2020) A ERERI R IBLAE & 5% BT ~ 10% %%
FZ B¢ 20% %k Bz S A [FIRH AR 4 2RO =~ Bl - S8R AR RMEREEE BF {E S 4HR B EIT o AatBnr R F B 15 Bk R 50y
FHAEAE AR - W EI % ME 28 > 455 %K ME 8~ 522848 RIMEREEFF(E G/F - BI5E (2020) A5 H! 10.9 —
17.7 kg BAUFEFR 67645 2 Lys 0.8% @& - LUKHASEE /Y 17.7 — 23 kg FHE4EEH Lys 1.0% Z fdf& - BIA]
R R o IR AR i R Ele /DY BF W INE - At/ iias 7a Lys 1.0% 2 faledH A SEiR(E
ZAERMERE - FFEE% (2020) Frilt - 280 BF A s 2 #82 » AR RS A ME B2 850 E » HEHEE
BF 7 &8 BRIS A 72 5 o ARSI &5 51H » Hermesch (2008) 2575 55 —HBhHIE > 25 Hs 2 fE BIRE B A RS & &
Z FAUFERAZE 0.68 5 Kolstad er al. (1996) {3 FH B HSER /@ im 5 FIZE H 7 T RE i RS BLRS e M la i = SRR AR [E
A &Y £y 0.26 F] 0.59 » 88 BT AR RS H DML SR As i 2 B MEAA R - (HEGEHE 258 E - HR
54 EEE A BATTE N - BUEZ AR A ARG - (E A e HAS A T 18 R HERR T 75 A RE (Bollen et
al., 2000) > RIELAa[fE AR & B AR ~ ARER T 20 - RERERT DU (B AR PR AE 2 RS Bh R — B TR 1) »

2. GArEEERE N R AT R RS A R 2 s
Table 2. Effects of dietary lysine (Lys) and metabolizable energy (ME) levels on the growth performance of growing Lanyu

pigs’
Lys, % ME, kcal/kg Pooled Significance

Items 0.64 1.00 2,400 2,800 SEM LYS ME LYS x ME
Initial BW, kg 6.2 6.2 6.2 6.2 0.20 NS NS NS
Initial BF, mm 6.13 6.40 6.50 6.02 0.20 NS ’ NS
12" wk BW, kg 29.9 32.6 30.9 31.6 1.27 ' NS NS
12" wk BF, mm 19.33 20.48 19.71 20.10 0.95 NS NS NS
Overall performance

ADG’, kg 0.28 0.31 0.29 0.30 0.01 ' NS NS

ADFI, kg 0.95 1.02 1.03 0.94 0.04 NS NS NS

Gain/Feed 0.29 0.31 0.28 032  0.01 NS h NS

Increment of BF, mm 13.21 14.08 13.21 14.08 091 NS NS NS

* Values are means, n = 16 (values were collected the same effect).
"P<0.05; " P<0.01; NS: Not significant (P > 0.05).
* ADG: Average daily gain.; ADFI: Average daily feed intake.; SEM: standard error of the mean.

L fRAALE

IfF A AL E AR 3 Bl 4 Fior > 7R 6 K& Lys B ME & & 7 A2 EAEE 77 - 505828 6 8 BUN - CRE ~
TG F; CHO E4Ra % 72 5 > 5B 45 % 2 BUN DL Treatment 1 (10.25 mg/dL) Eil Treatment 4 (9.00 mg/dL) 583 =
> Treatment 3 (6.63 mg/dL) & (P < 0.05) » [fif CRE ~ TG Kz CHO {F iz B [l Il fit 85 7= 5 » {H4E CRE & CHO &)
53 RI15y BILL Treatment 1 /9 0.80 mg/dL Kz 83.75 mg/dL #%5; » TG RIJLL Treatment 2 (64.38 mg/dL) #= - {F Lys =
WIETH > A5E 6 FHELAE 2 BUN ~ CRE ~ TG #i CHO B #HZE #= 52 - ME T3Sy » 12505 6
2~ BUN ~ CRE ~ TG #i CHO 7JifigE# =5 o 3 Ep%45 % 2 BUN DL ME 2,400 keal/kg 4HEE K H ME 2,800 kcal/kg
4H > TifF CRE ~ TG Kz CHO JEFE R = 5 -
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3. dlEREER I e AT e S REIAE (20 i ) IURE(LEZ &
Table 3. Effects of dietary lysine (Lys) and metabolizable energy (ME) levels on the blood biomedical parameters of
growing Lanyu pigs (20 wks)*

Lys, % ME, kcal/kg Pooled Significance

Items 0.64 1.00 2,400 2,800 SEM’ LYS ME LYSxME
Initial

BUN, mg/dL 10.50 10.06 9.19 11.38 0.80 NS ' NS

Creatinine (CRE), mg/dL 0.85 0.79 0.79 0.86 0.08 NS NS NS

Triacylglycerol (TG), mg/dL 47.13 50.13 48.38  48.88 4.37 NS NS NS

Cholesterol (CHO), mg/dL 88.31 85.69 82.94  91.06 6.11 NS NS NS
6" wk

BUN, mg/dL 7.50 8.25 8.81 6.94 1.18 NS NS NS

Creatinine (CRE), mg/dL 0.43 0.56 0.50 0.48 0.07 NS NS NS

Triacylglycerol (TG), mg/dL 57.75  60.31 5744  60.63 2.11 NS NS NS

Cholesterol (CHO), mg/dL 76.38  75.50 79.19  72.69 4.99 NS NS NS
12" wk

BUN, mg/dL 8.44 8.94 9.56 781  0.80 NS ' '

Creatinine (CRE), mg/dL 0.77 0.78 0.79 0.76 0.07 NS NS NS

Triacylglycerol (TG), mg/dL 58.38  61.56 61.13 58.81 5.35 NS NS NS

Cholesterol (CHO), mg/dL 78.69  77.06 81.50  74.25 4.26 NS NS NS

* Values are means, n = 16 (values were collected the same effect).
" SEM: standard error of the mean.
" P <0.05; NS: Not significant (P> 0.05)

* 4 GAEEERE I R T ACHTRE SRS S R (20 A, ) MUK A BEZ 2%
Table 4. Interactive effects of dietary lysine (Lys) and metabolizable energy (ME) levels on the blood biomedical parameters
of growing Lanyu pigs (20wks)’

Items Treatment 1° Treatment 2 Treatment 3 Treatment 4 Pooled SEM"
Initial
BUN, mg/dL 8.88 9.50 12.13 10.63 0.80
Creatinine (CRE), mg/dL 0.78 0.80 0.93 0.79 0.08
Triacylglycerol (TG), mg/dL 45.00 51.75 49.25 48.50 4.37
Cholesterol (CHO), mg/dL. 78.00 87.88 98.63 83.50 6.11
6" wk
BUN, mg/dL 8.75 8.88 6.25 7.63 1.18
Creatinine (CRE), mg/dL 0.49 0.51 0.37 0.60 0.07
Triacylglycerol (TG), mg/dL 55.38 59.50 60.13 61.13 2.11
Cholesterol (CHO), mg/dL 82.25 76.13 70.50 74.88 4.99
12" wk
BUN, mg/dL 10.25° 8.88% 6.63 9.00° 0.80
Creatinine (CRE), mg/dL 0.80 0.78 0.74 0.77 0.07
Triacylglycerol (TG), mg/dL 57.88 64.38 58.88 58.75 5.35
Cholesterol (CHO), mg/dL 83.75 78.25 73.63 74.88 4.26

" Values are means, n = 8.

" SEM: standard error of the mean.

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

¥ Treatment 1: Lys 0.64%, ME 2,400 kcal/kg; Treatment 2: Lys 1.00%, ME 2,400 kcal/kg; Treatment 3: Lys 0.64%, ME 2,800
kecal/kg; Treatment 4: Lys 1.00%, ME 2,800 kcal/kg.
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SRR R AT 3R MR AR (L E P BR 2 BN ER ~ MR ~ E'RM - m&k - BEAER - BIE - RIERGIER
77022 (Humann-Zichank and Ganter, 2012) » {H15EFIEFE ~ Yucatan ~ EFIEAR/NEIGE BTl me A I 58 RS i )
TEAEEITE B 2 BE & EyA TS (R E > 2018 5 B Kbk - 2019 5 2= % » 2020 5 BI%E » 2020 ; Rispat et
al., 1993 ; Ellegaard et al., 1995 ; Bollen et al., 2000 ; Bollen et al., 2005 ; Kawaguchi et al., 2012 ) » fEARZ Ex -
HBaf e 2 FEE R B E4E R HF A BUN ~ CRE ~ TG K CHO 43 B4 6.63 — 10.25 mg/dL ~ 0.74 — 0.80 mg/dL -
57.88 — 64.38 mg/dL i 73.63 — 83.75 mg/dL - BilR Ky &5 (2018) > 455 AHLL - CRE K CHO #5{&ifj TG Hildg = »
AT RE R Ry Bl R (R (R BRI S5 72 BT EL » 1F ME Z LEBRES 53 - PSR (2017) 15 B 5455 b 38 PR AR 6 ME 2,800
keal/kg #E(T 17 i g% » E BUN ~ CRE Kz TG 47715 10.89 mg/dL ~ 0.99 mg/dL K 43.90 mg/dL » EBLAE ks ME
2,800 keal/kg R 4H 7 G5 SRR K - (5] e B 4H 7 FRTIBAE P ol 2 0% AR (LB INE/ NRYSE ~ BP5E S 2258 2
FE A HEE N (Rispat et al., 1993; Klem et al., 2010; Casas-Diaz et al., 2015) « SRR/ NEIFE By A= BE e SE B RN
A EEE 2 A HE SRR EESRE 2 EEE » R E S THR R P A R (R - fE2 il
MR AEALEERE ST » Cai et al. (1995) 5 HHAE ERHER A5 EIF HMAT + BUN SRR - FHERNTREER
s S S AR EARE - BEEREZER @ L—H AR T - SRR
BUN SE LR BEE A MR 45 R —B (£ 3) » Ib4h - —MERF CRE & &2 7] KBLVEREHAHR E 2 S
CRE Fy'F #&AILE LB PARE L H LS =~ QS ZE Y - RIRFRS A 2 AILBR Bk B AILEL S0 95% R REHLE & »
B HEBEEHLE - B SR R B EE > 49(EHEA 2% (Braun and Lefebvre, 2008; Casas-Diaz et al., 2015) »
PEAE B B DIRE Ry IEH Z R T » REFEER AR/ NZFEE TSR CRE & & 225 - DARBEERNS
HAHE B E A = 52 - (BRI K (2018) 2455 - Al RE BN A R aS G562 HHe4Y 20 - 1% &
F (2018) Frfsi FH 2 REUASE Fy 6 HECFTEL » ZRE BB FT &/ NELFE ~ B95E R R 56 2 1IE ' A= B & (& (Rispat et al.,
1993; Klem et al., 2010; Casas-Diaz et al., 2015) - jff TG Jz CHO & = B H5'E e 5 Bg 5 97 B 28 (DelGiudice et
al., 1990; Kaneko er al., 2008) ; {EAGERFTIFEUEIMYTE T/ INEISE ~ B958 K 2258 2 1R A= B[ o (Rispat e al.,
1993; Klem et al., 2010; Casas-Diaz et al., 2015)

B TSR A TR A (e 5 o EHIA 4 ( MBURET E LA R AR EL 1)+ PRI Kt B
RIGHERIR R A - DR 5% + G TSEBUR I IR SO0 #585 + AT Ellegaard et al,
(1995) % 3 HiicEL 6 HiicsHEMR/NEFE & Rispat er al. (1993) it 20 2 80 JE &8 2 Yucatan FETHAISHAE TG
CHO D555 /N e #855 » Bollen er al. (2005) HIIE8FH SF LA/ NEIZEEEE7 CP 12.0% ~ ME 11.9 kl/kg > &%
FRFEHF o 1A 21 Al EtEBsE K 2 TG & CHO DLUFER KN AFE 2 #3235 - (BAE 8 Bl A AHRR#EE: - [S]FF BUN
J2 CRE AR B REEAA BB FAT o AR /7 MR 2B LB 2 M EA B RT ARASER A R E - 2Rk » 5248
MR A ABEAIRZEE 2 (Humann-Ziehank and Ganter, 2012) » SRARA)Y A] S22 M 21T B4~ A 3 40 EHE

A

GRS R AT S Lys HEIE RS ADG 22U - 1Mis ME A3 G/F < [t4h - Gl i Lys 0.64% &1
ME 2,800 kcal/kg € #& 5 BUN SH24 Lys 0.64% K ME 2,400 kcal/kg & Lys 1.00% #51C ME 2,800 keal/kg 40152 1/
1 AAMBUEEFE EIET A& E T - Hég 2 MR A LEESEEMRmEE 2R - s R ETEEA
®o JEUKBEEATEES  RNLFEESE 2 ESERE » BN AR RS AR - A
Z v 1E Lys 1.00% = ME 2,800 kcal/kg = i@ FHFE A 2 A=K » M Lys 0.64% $4EC ME 2,400 keal/kg o] 4
FEAEFE AR B4R - [FRH SR R (GHRE A TR R R 2 » R TR R R AR
A6 T AR [F 2B RS AT A e B TS A R AR MR 2 -

Z2EXR

REOH, - 2006 - FHEEMHEER - NUFE o BIEEZEE 405 © 34-39 -

FlEK - BIT5ES - 2020 - dilke HHGRAE R E K & 2 BTSSR 1A ~ SHEEE MR A(RE 2 2 - FEMR
531 159-168 -

FRUE ~ BRSSP ~ BHEE - REOR - BHSCGH ~ BEER - 2003 o BEIESE EREE R R MOR R E R HA R K EE N
BEZ S22 o BREENTSE 36 1 157-164 -



=

FALEZZE

AR

)
=

TRE o RIS 2 R e

e

BAFRAERL B S a]

151

"S/189% 008°C AN “%00°T SAT 1t Judwyeai], $Sy/189% 008°C AN ‘%90 SAT :€ WAWNRALL, BY/[29) 00T AN %00°T SKT 17 Waunal], 33/ 004°T AN %H9°0 SKT 11 JUSUILAIL ,
‘p = U ‘JOIId PIEPUE)S T SUBOWI OB SON[BA |,

00°06-00L9  0086-00¢9 00%8-00'S9  008L-0089  00COL-007TC9 0006-0089 00 TIT-009L  0098-0099 (o3uey)
ECSFSLYL €08 ¥ 00°SL Y6'€F00vL 6CCFSTEL 0€8FSTI8 CI'SFSTLL 8SLF 0516 67+ 009L Ip/Sw “(OHD) [012)$3[0YD)
00°L9-00°¢t 0086 - 009 0085 -00°LE 0088 -006% 00'89-00'1¢  00°€8-009S 00°LL-009%  00°S9-001t (o3uey)
CI'SF0STS  LETTF00°S9 LY FOSIS 996 + ST99 LS EFST6S YCTLF 0569 9G°LFSLT9 §9'9F00°€S Ip/3uw (D) [0109K[[AoeLI],
660-180 180-%5°0 90'T-050 880 -LS0 6'0-SL0 08°0-CTL0 €'l -LS0 ¢6'0-8S0 (o3uey)
S00¥ 160 900+ €90 E0FLLO 80°0F IL°0 700 ¥ €8°0 C00F L0 LTTOF V80 LOOFLLO Ip/Sw (YD) duIunear)
0001 -00°L 001 -00°S 00'8-00t 00'6-009 00°'TT -009 00°'IT-00°L 00°ST-000T 00°¢€T-00L (o3uey)
S9°0F¥ 068 V6’1 056 S80FSC9 IL°0F00°L YO'T 0S8 S80FST6 61'TF0STI SETF006 Tp/Sw ‘NNd
M Tl
009L-00'19 00%6-00 1L 0096 -00°¢S  0088-0099 0076-00'1L 0068 -007CH 00°6L-00"IL 00°0IT-0008 (o3uey)
Y6'€ F ST69 ¢SS F0508 LTOLFSTS9 LTSFSLSL 6S°SFSL08  9C0TF0SIL SLTF00VL 0L9F 0506 Ip/Sw “(OHD) [012)$3[0YD
00%9-009% 0096 - 00°0S 00°L9-000r  00C8-008t 00°SL-009% 0099 -00¢t 00°LL-00'€y 009 -00¢h (o3uey)
€Y FSTLS  LYOIF0059 9¢€9F059¢ SOLFSLE 9 1S9 % STY9 0E€SFSLYS VS LFSLLS PEY F00°€S Ip/3uw (DL) [0109K[AoeLI],
8L°0-8C0 L80-1+0 79°0-01°0 0L0-2¢0 €9°0-LY0 89'0-81°0 LY'0-0€0 IL°0-9%°0 (o3uey)
IT'0¥ 650 IT'0¥ 190 €r'oFsCo 80°0F 050 Y00 F LSO IT'0¥9%°0 Y00 F I¥°0 SO'0F LSO Tp/Sw (YD) duIunear)
006-00°¢ 00'CI-00°S 009-00C 00°¢€T - 00°S 00°¢I -00°S 00'%1-00°S 006 -00°¢ 00%1-009 (o3uey)
Yl FSL9 0CF 0S8 L30F0SY 8L TF00°8 SOTFST6 0°CF 0S8 S80FSL9 08'TFSLO0I Tp/Sw ‘NNd
M .9
00°66 - 00°69 00'T6-00CL  006£1-006L O0CILI-00TL 00CIT-00€¢€8  00°¢6-00LS 00°S6-00'SL  0068-007CS (o3uey)
CL'LFSTY8 €0V ¥ SLTY Yyl ¥ STHPOL 62701 +00°€6 S6'GF 0586 09 LFSTLL ITv¥STY8 98 FSLIL Ip/Sw “(OHD) [019)$A[0YD)
00'89-009¢  00°6S-009¢ 009 -00'Sy  00CS-001v 0088 -00LE  00°19-00%% 00°S9-006€  00%S-00¢E (o3uey)
YELFSLOY 96V + ST0S v FSLOS 99 CTFSLLY 88 Il FSTES 6L €FSTO0S €09F0S°IS LT'SF0S8¢ Ip/3uw (DL) [0109KF[AoeLI],
96'0-79°0 01'T-950 CI'T-1L°0 9T T-TL0 IT'T-%L0 68°0-LE0 L60-9S0 80°T-¢€S0 (o3uey)
80°0F6L°0 EI'0¥8L0 600 980 C¢I'0F00°1 80°0FL60 IT'0O¥¥9°0 0I'0F€L0 CI'0F €80 Ip/Sw (YD) durunear)
00T -00L 00°CI -009 001 -006 00'%1-00CI 00°CI-008 00°'IT-00°L 00°'TT -00°¢ 00°CI-00L (o3uey)
6v' 1 +SC11 SETF000I €T FSTII 8S°0F00°¢l S80FSCTOI €01 ¥SL'8 I€TFSL8 80'T¥ 006 Tp/Sw ‘NNd
[entuy
SHID smoxeg SO smoleg SO smolregqg SO smoxregq SWwo)Y

 yusunealy,

€ JuoW)BAIL],

7 Jusueal], ,1 JuSUBAI]

,S9XAS puk SjudWRAL] JUAIYIP YiM s31d nAue Jo sidjowered [BOIWAYI0IG POOIT  °S d[qR],

SR & R 2 (A BBl o



TR MEE =R FRalE Foir RE ZER 152

REG - ERER - 2018 o BBEAE MR AE(LMIRZ 734 - FBEERRSE 51 ¢ 157-165 -
PREE ~ 144 ~ s=BUE - AREW - 5 - 2017 - gafe A [FIHEE 08 A & BRI E G HEEAE 4 R
RE KB HEVF“E’JE/E FAENTFE 50 ¢ 45-51 -

B~ 1HEEE ~ BI95E - BROLA - 2020 - N[ GateEEre ig & 8 s o & 08 & BN IR B R isE f & ey

HEVF“ZE/E PR SR EEEE 49 ¢ 317-328 ¢
BI78 - MR - 2019 - [/ E O E & Y REEAE RS Y B BLIUR AL (E 258 - BETE 52 ¢ 157-164 -

Bee, G., S. Gebert and R. Messikommer. 2002. Effect of dietary energy supply and fat source on the fatty acid pattern of
adipose and lean tissues and lipogenesis in the pigs. J. Anim. Sci. 80: 1564-1574.

Bendixen, M., M. Danielsen, K. Larsen, and C. Bendixen. 2010. Advances in porcine genomics and proteomicsca toolbox for
developing the pig as a model organism for molecular biomedical research. Brief. Funct. Genomics 9: 208-219.

Bollen, P., A. K. Hansen, and H. J. Rasmussen. 2000. The Laboratory Swine. CRC Press, Boca Raton, FL.

Bollen, P. J., L.W. Madsen, O. Meyer, and J. Ritskes-Hoitinga. 2005. Growth differences of male and female Gottingen
minipigs during ad libitum feeding: a pilot study. Lab. Anim. 39: 80-93.

Braun, J. P. and H. P. Lefebvre. 2008. Kidney function and damage. In: Clinical Biochemistry of Domestic Animals. 6th ed.
Academic Press Inc. San Diego, U.S.A.

Cai, Y., D. R. Zimmerman, and R. C. Ewan. 1995. Blood urea and amino acid concentrations in pigs of two breed
combinations as affected by energy intakes. J. Anim. Sci. 73:145-150.

Casas-Diaz E, F. Closa-Sebastia, I. Marco, S. Lavin, and R. Cuenca. 2015. Hematologic and biochemical reference intervals
for Wild Boar (Sus scrofa) captured by cage trap. Vet. Clin. Pathol. 44: 215-222.

DelGiudice, G. D., L. D. Mech, and U. S. Seal. 1990. Effects of winter undernutrition on body composition and physiological
profiles of white-tailed deer. J. Wildl. Manage. 54: 539-550.

Ellegaard, L., K. D. Jorgensen, S. Klastrup, A. K. Hansen, and O. Svendsen. 1995. Haematologic and clinical chemical
values in 3 and 6 months old Goéttingen minipigs. Scand. J. Lab. Anim. Sci. 22: 239-248.

Hermesch, S. 2008. Genetic relationships between composition of pork bellies and performance, carcass and meat quality
traits. Animal 2: 1178-1185.

Humann-Ziehank, E. and M. Ganter. 2012. Pre-analytical factors affecting the results of laboratory blood analyses in farm
animal veterinary diagnostics. Animal 6: 1115-1123.

Kaneko, J., J. Harvey, and M. Bruss. 2008. Clinical Biochemistry of Domestic Animals. 6th ed. Academic Press Inc., San
Diego, CA.

Kawaguchi, H., T. Yamada, N. Miura, Y. Takahashi, T. Yoshikawa, H. Izumi, T. Kawarasaki, N. Miyoshi, and A. Tanimoto.
2012. Reference values of hematological and biochemical parameters for the world smallest microminipigs. J. Vet. Med.
Sci. 74: 933-936.

Klem, T. B., E. Bleken, H. Morberg, S. I. Thoresen, and T. Framstad. 2010. Hematologic and biochemical reference intervals
for Norwegian crossbreed grower pigs. Vet. Clin. Pathol. 39: 221-226.

Kolstad, N., N. B. Jopson, and O. Vangen. 1996. Breed and sex differences in fat distribution and mobilization in growing
pigs fed at maintenance. Livest. Prod. Sci. 47: 33-41.

Panepinto, L. M. 1996. Miniature swine breeds used worldwide in research. In M. Tumbleson and B. Lawrence (eds),
Advances in Swine in Biomedical Research. New York, NY: Plenum Press.

Rispat, G., M. Slaoui, D. Weber, P. Salemink, C. Berthoux, and R. Shrivastava. 1993. Haematological and plasma
biochemical values for healthy Yucatan micropigs. Lab. Anim. 27: 368-373.



153 Taiwan Livestock Res. 58(2) : 145-153, 2025
DOI @ 10.6991/JTLR.202506_58(2).0008

Effects of dietary lysine and metabolizable energy levels on

the growth performance and blood biomedical parameters of
Lanyu pigs "

Han-Sheng Wang ?®  Yen-Chang Chen ® Yu-Ling Huang ®  Yi-Long Chen ©
Shih-Hsin Lee ® Ming-Fung Wu © and Chia-Chieh Chang ©

Received: Dec. 12, 2022; Accepted: Oct. 24, 2024

Abstract

This study was conducted to investigate the effects of different dictary lysine (Lys) incorporated with metabolizable
energy (ME) levels on the growth performance, gain/feed (G/F) and blood biochemical parameters of weaned Lanyu pigs.
Thirty-two weaned Lanyu pigs (16 males and 16 females each) averaging 6.2 kg of body weight were randomly allotted to
different diets in a 2 x 2 factorial arrangement including two Lys levels (0.64% and 1.00%) and two ME levels (2,400 kcal/
kg and 2,800 kcal/kg) for twelve weeks. The results showed that the average body weight and average daily gain of Lys 1.00%
group were higher than the Lys 0.64% group significantly (P < 0.05) at the end of experiment. Meanwhile, the G/F of ME
2,800 kcal/kg group was higher than ME 2,400 kcal/kg group significantly (P < 0.01). However, the average daily feed intake
and the increment of backfat thickness were not significantly different while the interactive effects of Lys and ME levels on
the growth performance were not significantly different either. In blood biochemical parameters, the blood urea nitrogen
was in accordance with normal physiological rang of minipigs, wild boar and Sus domesticus. Whereas, the Lys 0.64% with
ME 2,400 kcal/kg and Lys 1.00% with ME 2,800 kcal/kg groups were higher than Lys 0.64% with ME 2,800 kcal/kg group
significantly (P < 0.05) at the end of experiment. Besides, the creatinine, triacylglycerol and cholesterol were not significantly
different among treatments. We concluded that Lanyu pigs fed diet with Lys 1.00 % or ME 2,800 kcal/kg would have better
growth performance. However, Lanyu pigs fed diet contained Lys 0.64 % and ME 2,400 kcal/kg was adequate to maintain

growth with normal physiological performance when considering the characteristics of biomedical researches.

Key words: Lysine, Metabolizable energy, Lanyu pig, Growth performance, Blood biochemical parameters.
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