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AEERAE AT A R A B MR - st EER NUGEBEY BRI T2 H (RE - SR 2B LA I ITEIE
R A 20 {EAAEMIR > SHEAR FEE R KA FH BRAv IR AR BB T oo A B bR - SRS SRR - RIS 421k
faBptE HONESE R > 3 Hille Z M ~ HEREURAE 2 FE#E (Mg) R itk (P) FISIEAREER (P < 0.05) - 6 HiRl - i
FAAAE Ry N 2 B B A EEAE TG (ALT) ~ B MEREREES (ALP) ~ #& 1 (GLU) ~ $EHEREESE (CHOL) ~ JREE (BUN) ~ Al
FF (CREAT) ~ Mg ~ #% (Na) ~ &b (CD) F1$5 (Ca) 5 10 HknSara H BA#E 25 (P < 0.05) » HALXIERERHE
I ~ MERAEAATIOMEBRE 2 R - 05 3 e 6 AR A bielRTH H gt o e A ALT -~ ALEEAR € (LDH) »
7% H&EHA (ALB) ~ Y88 H (TP) » HIH =85 (TG) ~ CHOL ~ BUN ~ Mg ~ Na ~ Cl ~ Ca Jz P 55 12 TG R HBE 2
(P <0.05) > £}5# 3 J 6 AR A biahaH H BV&Rat /3 és R » (2 ALP ~ GLU ~ TP ~ TG ~ Ca J P % 6 JHIG R
HAREE (P < 0.05) » 7t 20 IR LEREIREEE > Hdvg 9 TN BHERET - iR A (biekare HRE ERE
BE o KRB Ry NEGE AL R R T

R © S - A(bRREBRHE -~ IR -

i

IS Fy 2R A/ NIFETE » AR 69 FEE R BAE T #EE S EREMR H | MBEK (ZHE
EEIEY > 1996) 0 HRIES [ HEFEE 4 2 16 £ > DI R ETT A B F/NRIFE TSI R - 7Y 2008 4 5¢ B i 54
{RfffH % Lanyu 200 % f#l%E GPI-CRC-PGD ELRFI4N & £ Lanyu 300 S/ NEUFEHT SR Fl BT i £ 2 550 (9REE >
2012) o /NEUFEIELfEE] - PRSI A AEEL > EABEMRARIREREE  SHENEREY 0 AT
HHBHEER » AONEET RS ERMEEETTT - THEK » SR BALE/ NUFERRE 5 R BRI < B
SR 2R A LA B IE B #ETTHERETTSE (Rispat et al., 1993; Kawaguchi et al., 2012; Ellegaard Gottingen Minipig, 2016)
PRI OB S 8 i P BB 1R A A AR B TE B 1T 2 MR B 0T $RI NEFE(E B B BB I 2 e 2 2%
Eit - EREECESHEFEFER HEER - BEESHREEREY)  MAZTCET IR A CieERTE B 0y b Bl s
¥ BT EREYEE LR RS E AR E AN S B EH -

|

M TR

L EEEY)
REAE 7 2 R E EIE G BRI A B VR ~ BE - OtIRNEEAVEREE - hsEsRiic ek - /£
MREGRE T HEARETEEEHE > HHREEgUK - 380 Rk 24 - 3 HERE 6 Al - M - HEMES R 10880 - 1
WEAETS 6 H MR n R IR RGN (TTEbE R SR Z R G R =Rt > 2010) -
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L. EEIE
PRIMATES & 12 /N S B EREIOK - B EZEREEREF T - BRATINEAL ORE FTFEAFARERI - 5H 5 mL MRE A&
(AR < sERBRIME 1 - 2k 2 RSB Bl T L BT IURAHIE A AL MANE - A b hedfizE B 4 20 755 - B4
KA G R FENG (AST, UL) - NRBRZIEEEEE (ALT, U/L) 3ENEE A E NS (GGT, U/L) - AILEETEE (CK,
U/L) ~ B MERERERS (ALP, U/L) ~ #%8% (GLU, mmol/L) - Zf&H7 485 (LDH, U/L) ~ MIE & [ (ALB, g/L) ~ 447
(1 (TP, g/L) ~H3H =5 (TG, mmol/L) ~4&HE[E s (CHOL, mmol/L) ~ R Z 4%, (BUN, mmol/L) ~fJLf (CREAT, mmol/L) ~
#7 (K, mmol/L) ~ $# (Mg, mmol/L) ~ $4§ (Na, mmol/L) ~ Zt#7 (Cl, mmol/L) ~ §5 (Ca, mmol/L) ~ ##f#fk (P, mmol/L) »
BHHAHILA B4 FEN 2 HE)4E{E4E (Automatic Biochemical Analyzer, Hitachi 7020, Japan) » & #1801 E 248
MRAEAAHAIEE -
I k43T
TR E SRR MR A (L IH B Ay P8 0 T8 SRR M tele - SE A A RV A E A feE
IR A5 A B g R P B OHE (B AETT t- AE bEES - F mean £ SD R 0 LLa = 0.05 Ry @ B 7KHE « W LAHEIE
S/ NAE (U555 > 2013) FIESMEFEMD/ NESH (Ellegaard Gottingen Minipig, 2016) a2 HH e fg I3 H #E1TELEL
ERGEIRET S - FORBENARGEERB O 2 NEE TR RTEE HSE RS -

e

BABCREMLREE 6 TERGE M (Lo E AR R | - 3 Al - MBS E AR - PEERA
/INISRE 3 FIBE 3 TESENE - HEBYAIRE FEEE YRk ALT - GGT Al CREA (P < 0.05) + Ecir & bisi Fl i - i
RESEREE R (B 2013) - WSS 6 FIEA 2 TEMONUEE 571k ALT fI ALP 1AM - HeBRl BERE 2R (P <
0.05) » ELftr &5 TR - RIIREEE R - PEIESRAIVERE 6 FEE 2 EHIE E U BBy B R - 575
F5 GGT Fil CK (P < 0.05) » % TEle  HEFSIORHEE A (5% » 2013) « FBUFE/AAFE 3 2 6 7 BTl el & L
SSE F A9 - s 74s 5 HLas FUEEEIR H fy ALT R LDH % 2 JEHSHE (P < 0.05) » 5154 3 % 6 F B mes & e
> AP E L+ 8 ALP J5 RS2 5 (P < 0.05) -

RAUBCRE IR - 407 (B F = B A > 8 TEILREE (AR HIE B A R - SR 2 - 3 e - HeR feses
PR - L BRI, 3 A EATE 3 Sl - HBhYIR EE FEEE © 4RI CREA « CHOL il TG (P < 0.05) »
ot 5 RS R © IS A R (% » 2013) - BB 6 F#4H 4 TEMAPEF 5 71% GLU - CHOL ~ BUN il
CREAT %1ifs - HEBhPIR BEE 2R (P < 0.05) » ECL W HIE E I - HERHMmRE 25 - EERA/VIFE 6 B
oM ~ EEBYYINIE A/G « BUN JSREMEIE % - Hiftt S ollE I SEIE A R (B% » 2013) - BEFATE 3 R 6
F BRI - 4675 (B R S RIS > 8 SRR A (AR IV B ELd  4ESt TR 2 A SRS TE E B ALB ~ TP~
TG - CHOL J BUN % 5 JESfE (P < 0.05) - 5% 3 & 6 A BRIALKA: (LA HIE B AILLE: - st s R A2 R
BEEIEE i GLU ~ TP 2 TG % 3 38 (P < 0.05) - 3 FIBSHELFS TG & &F49 %% 0.2 mmol/L + (S EAEAL/IVILRE 0.4 5
0.5 mmol/L I EIET5% A/ VELFS 0.4 % 0.6 mmol/L » ARA TR IR 2 AIFTA 3 F B BT . 0.4 mmol/L ( #7 Bt
7 B G BRI © 2010) - ZEEHHS (triacylglycerol, TG) /e FLBE ML K M 34 ¥ B 11 P74 (Thomson er
al., 1988; Pufal et al., 1995) » FALRHRERRRIASY 2 — » (e SIS (RO E TS (Chen ef al., 2013) « =W H M
SHHIENS © ATRES =B EOMAS O O~ MR ROMBSHORRECRAT AT BN LR - BT - BRI
LIRS ~ SEPIEREFRARDIAE 53 % (Nafikov and Beitz, 2007; Helfman, 2013) » 53—#5# GLU » (P EUEFBRF/[VEIFS 5.4
Z 5.8 mmol/L FIEFZEMR/NEIGE 4.6 2 5.1 mmol/L » 3R NIEEEIE 3.9 2 5.6 mmol/L 5 » EHlEFE 3 HESHIE A 7.1
mmol/L &5 » BARIELRE  FIFTHI 3 5 6 A 4.6 mmolL IRA R ({TEIALES B @rasmstBanT » 2010) - MfEE
TR 2 (insulin) FFHHEZE (glucagon) ACHZEA] + EL 22 WA A ME A S BBATIRR » SIS A 25 T 45 i -
B AR+ B TP R o BB A 2 5 T 35 (ORI = 25 P
EZSUTE RGN - BEOERAS S RE 2 R SRS o SETRRE LA
BRI R o B AT SFEREREY % AR 2.1 mmolL % 27.8 mmol/L (L » 89 7.1 mmol/L - %5
FEBFMREAEE » £ 1.7 mmol/L B 15.5 mmol/L HYEE(L: + fFER IR HYFE IR IF A R HIKE (L (Eveleth, 1934) « HTHR
FITG ~ GLU A:(b{E 8(L » A SUmIaN A R B 0T I B - e -

BABCREIILR 6 SE e AR b LI G5 1% 3 Foms = 3 I BRI Mg . P VB LB 7%
5 (P<0.05) » HEHVEF IMBEEE R - HEIERA/NIG 3 FEE 2 BRIVEE N - BB REE - R K
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1 Ca (P < 0.05) » HAMSIAFEAEME - MR MEE AR (OF% > 2013) - THIESE 6 A#A 4 TEkHITE B ~ EErE
FEBEAE > 77K Mg ~ Na ~ CL I Ca E451% (P < 0.05) » HA & THEME - MEfiig e =5 - pREREA/ NS 6 A
BH 3 TREEAOHITE H i - BRI B > 770l K~ CLAT Ca (P < 0.05) » HALSIEFERENE - MRE I METE 2R
(5% > 2013)  HIE FEERSE A58 3 Fe 6 FBeR MR B A E Ao lIZE B HVSET /oA » 45RH A= RBETHH f Mg ~ Na
Cl~ Ca J P %5 5 THIGHE (P < 0.05) » £}5E 3 K 6 H#SRI MR A LA NITE HAYEbEs » &RaHrirésF Ca K P —IEFSE
HEFEZS (P <0.05) « MRAALAHITE H R T EiRe A AR S A2 BREE (Braun er al., 2010) » ZA[M %8 LEFE
ZiEE - A ATEIREY - R - EEEEIOIE T AERZENFE MR ENZ R M (Humann-Ziehank
and Ganter, 2012) - BB % 4B E R I NBEIUR A LSS EEE A 9 78 « AST ~ ALB ~ A/G ~ TP -
BUN -~ CREAT - Na ~ Cl ¢ Ca - "R &/ NUFERE s NER A b2 5 E&EE FHINE 935 GLU ~ ALB ~ TP -
TG ~ BUN ~ CREAT -~ Na ~ Cl f¢ Ca  SFZEFR/NFERE Y MR A (b2 E & E 69 10 75 © AST ~ GGT ~ LDH -
GLU - ALB ~ A/G ~ CREAT ~ K ~ Mg ¢ Ca - B 54 tE N IR A2 R KESHEHEHEEHA 935 + ALT -
GGT ~ CK ~ ALP ~ LDH ~ GLU ~ K ~ Mg & P - FEIE g/ NUFELL NEIME A (b2 5 KME s VEE A 9 15 ¢
AST ~ ALT » GGT ~ CK ~ ALP ~ LDH ~ K ~ Mg J P - FZEFR/ NS EE N BIMR AL 2% R AE SR E ETH H A 4
JH * ALT ~ CK ~ ALP Jz P - RIS EE IR A bS5 R/ MEERAYEEAIA 2 75 © TG ) CHOL - H &5
/NEFEEE AR AL 275 f/ MERAYEIE A 135 © CHOL - BREMYNIFELE NITR A b2 5 MERAVE EA
335 ¢ TP~ CHOL - Na J¢ Cl o F#fibbsc A B il il sef2 B & MU AR (s HIE B R EI R RS 2 72 22 -

AU TE 2 BLER s/ NI FE A e R o B 8 B FH /)N B 5 (Chinese experimental minipig, CEMP) » 2 1[5 &£ 3% X 2274
1985 LA N/ NEU 58 By JRARIERT - &R [EIREACHD ~ 150 S ~ e llER: B ey —E/ N EisETE - BA
BEEE  PURMSR RO A SR E S EEL (FF 0 1998 A2 > 2003) - 55— EFEMR/NEUAE (A A B e AR K2
BEF M > 55 TIERER 1962 4 » HAARIE BHEfF 2/ NUFE - B RRFEFAC - FIEEIR O58 #7015
BEH & (P 2008 5 585 - 2012) @ EREFAXAVETE - 2 H ATt R s i bA Y B 29T H /N EY%E7E (Bollen
and Ellegaard, 1996) H 1F & R ARG PR AE YL E2HIH BN 25T 3 2% (Ellegaard ef al., 1995; Petroianu ez al., 1997,
Damm Jorgensen ez al., 1998; Christoffersen et al., 2007, 2013) » FDA &3 B0 0] » iy o] (8 12 b Fy SE T 25 T
A5 o ARG ATIRS = NS B BRI 7 AR FHIE - AR R B NS e ] MR AR (B A
MERYZER IR SE » HESEERGEE R 4 2 5 Atk (ITBIREZE G SRS » 2010) » 7 E{ERE R
563 ~ 6 Hil% 20 TEIMUREE AL AR RERY 50T > ol TR AL T MR AT ~ 1 RS BRIV IR AR (LIRS - A B B
Sm /NGRS (U5 > 2013) FIEHEMR/NEYSE (Ellegaard Gottingen Minipig, 2016) #E{TELEIWZE - AHIR 2 Bufigoil &
EFET > HBLZ FPAENSE R I (TTERt R EZ B g S E5AT > 2010) - BHEFE 20 JHIME A (CRTE E HElE
9 {EME HFIASEHIEH 25 BT - sROFEFE TSN AH « (BRI » AT BBER S i
1 (RS - BEENEREHE  WIERED R EESF AR  REMFER AR BEREERTK
DUR/ DR fiTaR e 2 22 (RIS R R 2582  HNIHERE o AWFTeaS S vl Fy 58 5 5 FH R A8 R 4 (b AR HITE
B{E - AR EELLEoE - FREAE R A B R ERR 2 -
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Analysis of Blood Biochemical Parameters in Lanyu pigs ‘"

Sheng-Yang Wu ©® and Chia-Chieh Chang ®'©

Received: Sep. 4, 2016; Accepted: Apr. 2, 2018

This assay was aimed to examine the blood biochemical values in the Lanyu pigs, so as to provide the reference data
for experiments on minipigs animals. Twenty biochemical blood values in Lanyu pigs were measured using automatic
biochemical analyzer. The differences between sexes, and two age groups were analyzed. The results showed that among the
blood biochemical values, only Mg and P showed significant difference between male and female Lanyu pigs at 3 month old (P
<0.05). ALT, ALP, GLU, CHOL, BUN, CREAT, Mg, Na, Cl and Ca showed significant difference between male and female
Lanyu pigs at 6 month old (P < 0.05). The other values were not different between the genders. The results showed among
the blood biochemical values, ALT, LDH, ALB, TP, TG, CHOL, BNU, Mg, Na, Cl, Ca and P showed significant difference
between 3 and 6 month old in male Lanyu pigs (P < 0.05). Only ALP, GLU, TP, TG, Ca and P showed significant difference
between 3 and 6 month old in female Lanyu pigs (P < 0.05). Nine observed values of twenty biochemical blood in Lanyu
pigs were the same as for human beings. The comparison of blood biochemical values would be helpful in establishing the

biological database of minipigs bred.

Key words: Lanyu pig, Biochemical values, Blood.
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W B

AR > TR LRI 2 e MR dAE 2 Kol > WRRER 4 AEFL 7l (embryonic stem cells, ESCs) ~ B — R %E
HE 52 41 At (single blastomere-derived embryonic stem cells) ~ §& 4 At #% i & JF g3 41 iE (somatic cell nuclear transferred
embryonic stem cells) ~ I M 4= 58 BE 4 4H A (parthenogenetic embryonic stem cells) k% 55 28 14 2% & %4 4 ffg (induced
pluripotent stem cell, iPSCs) & - Hrf > SFEM:ZEERRAHREE 2006 F253= DURTE 10 R4 225 TR Z EA TN
PR~ ZEYER 5 S AR AR E TR AE IR B2 2 T B B 4HRE AR B P A B BB I 2 58 @ - iPSC Fiffi 2
R ARG R A2 L (reprogramming) ~ #H§E K- (transcription factors) Hy#FH BIRRERdfAfR B AL iy | - 22
SEFFE AR EL T iPSC AVEIEAE © ZRT » iPSC FEfiTiIESE EMI - A2 MBI E— P58 > 41iPSC EHTy
VS - ERACRIVERA R E MBS - RElE R a2 s iRy S R RAR - R E i
KA L IR E T R -

RESHEE © SRS RERPANNE - ARERANRE - BEEEY) -

4

A RHER AT 2006 fEEEA T —IHERIVZERYE - HARTTEIRERRY L T {f158 (Shinya Yamanaka) ZHSFIF Oct3/4
Sox2 ~ KIf4 B c-Myc %5 4 T ELRMEL THEY - B AT RFAGHHAR (somatic cells) HYRLR IR BL M LIBREFE I 210 & A AR R4
fifg (embryonic stem cells, ESCs) fYJ&Z 4k - FLANREAE ih 2t 2 RERe 4 (induced pluripotent stem cells, iPSCs) (Takahashi
and Yamanaka, 2006) - [ [fti2 4 (B g A T #a7# 5 Yamanaka factors « #5% 6 1% » 50 Ry LLIH IR EIZ N EH
Feffr > B 79 BRAVIEEI R 5 A VIR R LG S B (John Gurdon) » FE[E|50& 2012 AF5% H R A4 B B1BE E2HR TR 5% - iPSC
Feftrig 2 < 10 8R4 1 2006 L3RR - s [ 2 E2% 0 BALEESY) - SRy - sE8Y) > E2
NI > ALY 2 iPSC B 5 | LR BASCRR o AR B SR RIS B R R AT 9% > B TR Rl RE A S i —2 0 1Y
ZEt - A B 2 RE MR AR R 1l 2% e FEAR R AR [l e -

L iR L7ERE ST

FRAHRE S AT A AR 73 b (differentiation) 822K 3L (undifferentiation) 7 73 Bil{R ARG E SFHEHETT < 1k
AHAE R R e AR R N AT TR E AR B ThRE - WIHLAAHAE - R AHRREL &K 4HRESE © MR B4tRE
B AREHME » TN RRERBRGET » T CECR e 4 - B AR TR E A IIEERVEE ST - Bp4HREEE N &
S ACPEERAAR - S P T SR A TARE 2 A6 53 R e 4T (Sreenivas er al., 2011) o “R[EFEFHER4HAEE
SHAETBREINAE] - S BVBEE & 2R AT 43 8 Ry 3 (b2 BE 1 (totipotency) ~ s3{LZ0REM: (pluripotency) ~ 73 {EAERENE
(multipotency) ~ 77{LEAE M (oligopotency) B173 {LEAE 4 (unipotency) (& 1) - FR#E NIH (2001) ¥ 73L& REME
EFEL T IEE R RS LR RRS R AalEERTA SRR E 2 66T - HIb > & 2AE INBHLGETT
UNZ% > IR A 2 4 2 8 YA 2 AT - AR IEANAE (blastomere) ${RA BRIV {LBRE > IEIF—(ERREEAHAR
BIEFA 2 REME 2 BEE » b HRTE RSB ERE R 2 4R - Mo bR 2ds " Bl EAE 5 /ERk

|

() TTEbE R B G E R BT e i 2555 2584 5% -
) TTHE R B G Em e R LR -

(3) B H B R BRI ER £

(4) BT R B SR A YRR R L -

(5) BRI TL A ERORER B P U LELEE S B2 Pl -

(6) BTLI IR A MR TR

(7) #E/EE » E-mail ! jryang@mail.tlri.gov.tw °



167 2 RE MR ARG 3 Fr 2 [

IR ~ F B ML g S5 = fERE g 2 (78 RE L 1 KLY ESC BLASC/4HRY iPSC RIE I B2 RE M~ 4
Al o SHEEREMEAIE LR I A B AR L AR /3 (L7 AE » BN BE624HAf (mesenchymal stem cells)
B3 4R (hematopoietic stem cells) B3 {LAERENE - Hop (LR ERVERAAE T LEEIAIR - (EREMLRK
DESRTEAIRE - B/ DR BE R E AR BN B Y BB RE T - S BB REME 2 B4R R sE I E — 7 m oL - B
AL AR AHRE R Y LB REME - SLVBE T EAR - {ERE 7B HLIA4HAR (NTH, 2001; Bellomo, 2006; Maron-Gutierrez
et al., 2009; Sreenivas et al., 2011) °

ECQ O il 0P g fuviei= Py

Table 1. Classification of stem cell differentiation potential

Classification Differentiation potential Examples

Totipotency Embryo and placenta Oocytes, zygotes

Pluripotency Three germ layers ESC, iPSC

Multipotency Cell types of their original tissue sites Mesenchymal stem cells, hematopoietic stem cells
Oligopotency Few cells Lymphoid stem cells, myeloid stem cells
Unipotency One single cell type Type II pneumocytes, muscle stem cells

(Maron-Gutierrez et al., 2009; Sreenivas et al., 2011)

ERIUSARRIE  SRAHAE AT 53 B ESC BpBBHHANAE (adult stem cells) A + R 2 KA1 2 Frs -
ESC 5 £ YR (blastocyst) Y PS4 (inner cell mass) » 5302 SE HEBRARAR » o753 (L6348 220 HEAHAE - (B
[ By 53 (L B BARATN - PRI » RV S (L2 M 2 JBFAE - AU ESC (40 ARE » DRI (A b — BT
S EHATE IS ARSI - IhA) - ESC MR RE G I E IR MR FHS: - IR L —ABER - 1
2 ESC » BB S AHAIR S B & T » AR - BB %% ~ S5 ~ LA - S - L B - R -
FFFA DL E RSN SR S AR B P PRIRISEL + 50 8 A S A R @S (b - AT P Ee
BOBCEATD  ELSYb (L R B TR PR USRS - F4SC DNA ISR E - B i
BB AT DNA %2 B ARG - 122 + OSE AN BUS: ESC 55 » (MBS FRETT - FATRiE -
WOR S - DRI - 5 1A P 5 B B MR T BT 92 2 (1% (Maron-Gutierrez et al., 2009;

Sreenivas et al., 2011) o

* 2. IREPUIRREBL ARG R Z R

Table 2. Characteristics of embryonic stem cells and adult stem cells

Items Embryonic stem cells Adult stem cells
Source Embryo Adult tissue

Potency Pluripotency Limited differentiation
Cell culture Easy Hard

Transplant rejection Yet to know Less likely

Usage Ethical concern Patient consent

(Maron-Gutierrez et al., 2009)

1L Z et AR e L R

PR FEE A AR ig A BT 20 > H i w) 5 BERE 2 A 41 BB 22 07 ESC 2 £y (Evans and Kaufman,
1981; Thomson ez al., 1998) » £, %[ H1 7] 15 B2 ESC MH Ll 2 RE MR AHRERC AT » 40 B — PR ZERR ER4H AR (single
blastomere-derived embryonic stem cells) (Chung et al., 2006) ~ #5 41 ff #% 3 F HE % 41 H (somatic cell nuclear
transferred embryonic stem cells, SCNT ESCs) (Wakayama et al., 2001) ~ Il I 4E 58 HE % 41 B (parthenogenetic
embryonic stem cells) (Revazova et al., 2007) B iPSC (Takahashi and Yamanaka, 2006) 25502 GEEE40RE (& 1) -
DUR 1 & Ta R i i i 5 =~ /48 -
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A. Normal embryonic stem cell derivation

0-® -

Ferilization 8-cell stage Blastocyst Embryonic stem cell

B. Single blastomere embryonic stem cell derivation

)~ @ — -

Ferilization Biopsy Blastomere culture  Embryonic stem cell

C. Somatic cell nuclear transfer embryonic stem cell derivation

Muclear transfer 8-cell stage Blastocyst Embryonic stem cell

D. Parthenogenetic embryonic stem cell derivation

o-@ -

R
Parthenogenetic 8-cell stage Blastocyst Embryonic stem cell
activation
E. Induced pluripotent stem cell
- "
ae —_—
S g -5 W ARy
Somatic cells Gene transfection Induced pluripotent stem cell

ZREMEEAINAY 1L T3 (80 > 2011; Kao er al., 2008)

Fig. 1. The methods to establish pluripotent stem cells ( /7EZZ] > 2011; Kao et al., 2008).

() AR E AR AR R i

B WL ESC Z Rl Se RS- 2ERR - 1R N AR B B 022 8 g 4HIAf (trophectoderm) 7% #ETTHEE - DARK
{BJETT ESC( [E 1A) - &S NAHAEEE 7 ESC 2 J77AA (1) REIMEZE (immunosurgery method) © /8 B
YRR I EE% & (pronase) /&R ZENR 2 1AWITE (zona pellucida) - FFIHIHUZEBAME 2 2 ED U 2%
EREEH (polyvalent immunoglobulins) E2K™ B A% (guinea pig complement) » AFRFEILSNE 2 22 &G4 -
S NATREEEfTESE 2 77 ESC (PBREE » 1991a » 1991b; Solter and Knowles, 1975; Chen et al., 1999) - (2)
By IEEE A (partial-embryo culture method) * 35 48 5 45 BRI FH SRR M E R T UIBR R E 70 026 g 4
A% o fEEE T S E R ERY AN ATRR E A TR M 1L ESC (Kim et al., 2005) < (3) ©ffH%# % (whole-embryo
culture method) : {54/ & NAHAE > ZEiE - FIHEQBERSMIER 2 EHTE a7 EmET
ESC (Evans and Kaufman, 1981; Martin, 1981; Chen et al., 1999) -
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111

Iv.

2 RE MR ARG 3 Fr 2 [

(i) E—HREERR AR i
Z RPN EE ARG AR - F I IR R r IR BEAHRE R - (R iENEE 5 2 4 — 8 4fiflARy > 54
PREEA R A b rett - S E —REMMETRE - oI ESC > FEBR /B — R EEiR 4 At
H44fi (Chung et al., 2006) ( [&] 1B) «
(i) ASAHAIZ B AR R 4R fifr
EBLSEHEHT (Dolly) VI AR 38 B RS AHREAZ B B Rl > nT (A AR =L E O 2] b2 RE MRS EL (Wilmut
et al., 1997) - FIFIEF flr ol fE15 e R B R DAFR (L PO AHIREE] - 72 —20 17 ESC » JLEN A Re st B i e
4P i (Wakayama ef al., 2001) ([&] 1C) »
(iv) PIMEA: FE IR R AR AR filT
PO A= 58 fy— T AR FE 7 =X > BN RIS RIS S R e Bl - B E AT T LAY ELT A - /N
Bl L FE o SRTF - AREUEEE (marmoset) FY U RFAHAE IR BT 48 T ANMEUE (parthenogenetic activation) &5 5
FCEERR > ZRT RS2 G E S EIEL A (imprinting genes) &l > IR IRIG A IE R 355 HERS (Allen ef al., 1994;
Brevini and Gandolfi, 2008; Hsieh et al., 2010) - FI| IS0 G355 2 2t - BUSNANIUEEEE%1ES ESC »
BT R UM 2F FE AR R 4HAERL fiir (Revazova er al., 2007) (& 1D) -
(V) SHEMEZ RERRAHRE R iy
LR A 4 (18R E 2R Oct3/4 ~ Sox2 ~ KIf4 ¥l c-Myc #34 AE b2 fedft s » J&155{bRE
B3 ESC MR 2 REERPAHAE o HEIHERAHREAS R R AR i pk - HLE1 ESC [E@ b2 el: > BUHIES
V2 RER4HAM (Takahashi and Yamanaka, 2006) ( [& 1E) i8> VUSEFL AT {7 F HUNEF4HARE ~ FHARR 52
FE Rl » J5al 3817 ESC > Wik5e e WAk EE T » 2800 » iPSC AR HBARHITTIER: > o] 58 it iRt
BTLZ FiE -
ZHEVERR AR O RER
2 RE VR AHRE A B8 S MBI 5 38 42 B 88 1 731k (spontaneous differentiation) » 7 A4 5274 1E ¥R 41 AR T RE 2 4]
MR A A B2 Rl > RILEHIR i & B4 (feeder cells) B EF HURTRERSTEIR > RodERFRp AR B2 RENE
ZHEBETAE - ZEeMEirdiia 2 8N EES - W HE AR E P R LIRE R TR BT TMHE
B o RoOobZ LRI MNETZRE L EA LI 4 fEFFE
1. B AVARRERES « BEE THEEANAEAY SR EE D A ([E 2A) -
2. HHpEEE% B SR OHE - dHRERE S B e R 2 SR AR EHE ([El 2A) -
3.ECKAURZELE © BEA KA B D E0V4HRE (18] 2B) -
4. BHEEAIAZ(". (nucleoli) : BE{UERERZL T » o] B B BHEEIIZ L -
=2 Re R R A E 1 L BARHERR R A o WRHR BT B S - AHRETE IR B SO [ e
FEHRAEE (18 2C ~ 2D) « #HR457 b2 ZRE M RPAHREE E s P Al B v B E B o0 I > (R ARRR B T
BEEIRF & A R B E b2 B4R ([8] 2E) » FE4h - RIEYIRERT S RE MR AHRE ~ SR ES S e TR thaF 2 52
WEE R (NER ) SCEBE (58 ) B2 EE R AHRE RS o IR (flat-shaped) ([&] 2A) » M EHH ( KREEVINE)
HIZ HE MR AR AR Ry (Bl ik (dome-shaped) ( [& 2F) (Chen ez al., 1999; $% » 2008) -
ZREVE AR AR
ZHEMERR AR A IR B PR AR - 281 2006 52 H AR STEARER L FR iR 3830 > BRI BE AHRR IR il 4%
P LS T YRR IR 1 10 (B8 2 B2 BE PG BE > F A PE R (& T 71 A 4R Bl ol & 1555 A M 2 sE e 4
R o AOEHEARMERRFSE - iPSC BYRE il /537 FE Y RT ABVHZE R TS > sz B R iray AR A LU T 3 18 ¢
() AE4tFEERTFEERL
YIRS S B Y 1962 4F > SR B AT EMTERVRG 18 _ i SRRV AR IS B AR 2B O > Bl pREh
ZEF R (Gurdon, 1962) © 35 4£1% » SLEIEIEE SR 0 R EFI 2R (Tan Wilmut) B AFLIR B A 4HRERCTHHE
BUHHEFTFE (Wilmut ef al., 1997) < 226 CERESE > B0 BB & A ml ke 5 pk e B (R ny A R
HINFE&FH 2R AR E b2 Bz =L - Iboh W2 IREIR AR 3 E8Y ESC AETRAERF AT
T RS CRSAHAE - WA BLIR e A A ESC Az 2RS4 P2 20 EAYRCR (Tada er al., 2001) -
(i) EHFHAFHYEEIR
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g T Ry —MiA B DNA &5 & > MR EARNRRNESE - H U723 35 R (Drosophila) #Y
Antenna-pedia #8 5 X -1 1] {6 il 5 3% & Bl (Schneuwly e al., 1987) > {fif MyoD #5 §5 [N~ 7 {55 4 8 £ 411 e
(fibroblasts) EHEE LALLM (myocytes) (Davis et al., 1987) - FZELEEREUR - BEERIN T 0] LACELHALHAHTHIE F15¢
J& o I i R B4R S B2 R VA B 2 B8R A Oct3/4 ~ Sox2 ~ Kif4 ~ c-Myc ~ Nanog ~ Lin28 91 Glis] 55 -

(i) FRERAAERTE

LR A Y SR BT 4R S B BS - (Martin John Evans) BEZE[ER 2 R 4R {035 T (Gail Roberta Martin)
7 [N 1981 4E53 ik hE T/ g8, ESC (Evans and Kaufman, 1981; Martin, 1981) » B 1% 28 HH 4 S RE MR
SRR s 9 M7 %] (leukemia inhibitory factor, LIF) (Smith ef al., 1988) o A 17 1% » EF &G 4L 5
EWHTTEFELLA S A% (James Alexander Thomson) I 17 A8 ESC (Thomson et al., 1998) » JREEFR4ERFEL
2 REVEA R SRR - o i VR4 4 REAIRR 4= R X T (basic fibroblast growth factor, bFGF) ©

2. ZRMERHAERIVRE o ROCAVFESBIE L rirdliie - HAREEEE® () ~ BRPE (O EFH) (A) A2
AMAEAZE EER (FIA hematoxylin {22 ) (B) » E /0 LHVAERS EM: 2 RERPATIAN - HANAEEE & 5UEHH (
R ) (C) » A EFEHEBRA R (REFTHH) (D) - diesE T ol sERRHFAEARIME (EREE ) HESt
ZAHRE (RESR/EE ) R EAHRERY SRR TR - CorLAHRERY FRAR NS (B) - /AR ERAIRE AR 2 B A Fok
( HEEEA ) (F) °

Fig. 2. Morphology of pluripotent stem cells. The undifferentiated porcine iPSC show compact colonies () with intact
boundary (white arrows) (A) and high nucleus-to-cytoplasm ratio (by hematoxylin staining) (B). The differentiated
porcine iPSC show blurry boundary in colonies (black arrows) (C) and irregular growth (black arrows) (D). The
undifferentiated (right side of dashed line) and differentiated cells (left side of dashed line) might exist in the

same colony, and the boundaries of them are intact and blurry, respectively (E). The mouse ESC show dome-like
morphology (white arrows) (F).
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&Ry HHFR R IERD > ONFE0 ESC A& S 1ER T » Pl {HERS 4R A AZ A LIODARIREREFE B - BhAk - BRER4H
A B R EY T - (EEPARRRERF AR L REMIRAE - (B TE4E R Ky iPSC Rifln 2 5 260 T B0 (& 3)
(Yamanaka, 2012) = #2¢] » LI 5@ 2z i 58 BF5 & Ecatl ~ Dppa5 (Esgl) ~ Fbxol5 ~ Nanog ~ Eras ~ Dnmit31 ~
Ecat8 ~ Gdf3 ~ Sox15 ~ Dppa4 ~ Dppa2 ~ Fthil7 ~ Sall4 ~ Oct3/4 (Pou5f1) ~ Sox2 ~ RexI (Zfp42) ~ Utfl ~ Tcll ~ Dppa3
(Stella) ~ Kif4 ~ B-catenin ~ c-Myc ~ Stat3 ¥ Grb2 % 24 {5 [N 4K 57 ¥ 3% 5 5% (retrovirus) 8% A /)N B BA 7S 4 4 1)
4Rl (mouse embryonic fibroblasts) » f&E#5-84 ESC fH{IAVAHAREAE S - &K@ N B ER 22 BLER 58 - BIERR Ocr3/4 ~
Sox2 ~ KIf4 B c-Myc % 4 fEEEN » BlIA] /N ASAIRE[E{E 2 55 4R BE (Takahashi and Yamanaka, 2006) » fE4E - 1L
cf (e 5 B B S AR an R LUK S I AR I 28 B A 38 2 T A iPSC YA ZE R (Takahashi et al., 2007; Yu et
al., 2007) «

1962
Cloning in frog
Gurdorn

Gehring

1981
1997 :?;_8 Mouse ESCs
Clonging in sheep : Evans, Martin
Wilmut : -

uman ESCs
Thomson

Yamanaka

3. FHEMZ AR AR (Yamanaka, 2012) -
Fig. 3. The foundation of induced pluripotent stem cell development (Yamanaka, 2012).

SR S B B L @i 2 AU S0 R B RS AMAERE (D18 £ 2R IRAE > R 2012 4 [ERFFEAS3% H 7
ETHELELE o BEIR A 2014 4 > HAHYEIIE AT 5422 (RIKEN Center for Developmental Biology) i#5¢ A &
= (Masayo Takahashi) B 5@ 5% & 7F > TR IPSC I ARSHER - HREBRGRIK B B =B 5%
8% (macular degeneration) B FZHVFGAAE - 1L EEH B iPSC « &b ARG 2% L 7 (retinal pigment
epithelium) 72 FEHHE [0l B ZHRHG - U035 7 S BEEAEE - ZR1M0 > 1A 2015 FEETTEE RO BEEEaES » (L i 38
B BN iPSC IR ME AR AR A R S 4 88 - Fy T BB 2RI F 1EEES (Scudellari, 2016) ©

V. FREM SRR AN A

iPSC 3B E 5 E 10 8345 - EFIAVEIL AR MOoE - B 10 fE77A v pEhER Y iPSC - 2R
ifi o EESLT R AR R B T R4 0.001% — 1% 754 » RS 7 R Ee4RA AR 5 A A (51T 22 - seise fny
55 PR - L PR SR S 6 Oct3/4 ~ Sox2 ~ Kif4 ¥ c-Myc 55 4 & » 347 Nanog ~ Lin28 ¥ Glis] 55 3 fai o] L5 o
0] o FR E B R B RS ER s S Ry H AT A 72 o AR s fy S g
5 ~ 12957 (lentivirus) ~ B 3 (adenovirus) B[ ZZ95 55 (sendai virus) o H i K75 955 55 LM T A S S 7 iR
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A (integration) - 555 DNA & Eifs T+ DNA AH4E S 5 B sl 2 m s s @ I E Stk AR (non-integration) ©
ZAIM » R T RS L AT RE (78 £ 4Rt E A= BRI 35 1% (genotoxicity) » PRI 38 HIS B S MR G AV T =

DIbE i A= B2 | E ] (Kumar ef al., 2015)  {FI41EE4HEE [ (recombinant proteins) (Kim ez al., 2009) ~ [ %Y
#2 (episomal vectors) (Yu et al., 2009) ~ piggyBac transposon (Woltjen et al., 2009) ~/\43F- (small molecules) (Desponts
and Ding 2010) ~ % 8 DNA (minicircle DNA) (Jia ef al., 2010) ~ & £3 ik 58 (plasmid vector) (Okita et al., 2010)

mRNA (Warren et al., 2010) B Sleeping Beauty transposon (Kues et al., 2013) ZFiE2L 5, » HEEEE A e ohE 17
iPSC ( [E] 4) -

1
Factor delivery methods Auxiliary methods
| | [ 1
Viral I I on-viral |Sma|lmolecules][ Somatic stem cells |

Retrovirns | Episomal vectors ERK inhibitors Endogenous expression of
COMe reprogramming
Lentivirus 1 Minicircle DMA MEK inhibitors factors

Epigenetic modifiers

Sendai virus | Recombinant proteins

plasmid vector

piggyBac transposon
-| Sleeping Beauty transposon

|
1 |
1 |
Adenovirus | H RNAs |
i )
L |
L J
|

4. FHEMEZEERARERYETL ) 0 (Kumar ef al., 2015) ©
Fig. 4. Methods in establishment of induced pluripotent stem cells (Kumar ef al., 2015).

VI 5FE 2% e AR A AR A 51T
SFAl iPSC Ay J7 =0 ESC AH[E - PREFFEIZIPRRSN » T I 70+ 8 B3 (Las SR ER AL - 3+
72 B M AR 22 0 B2 oA B 2 REMEAERA 2 AREERY R IR » o0 {bRE T Bt 2 65 7] o0 (b Ry R AR - Ee (0
KE -~ /N BB R (MAB) /Y iPSC » HARREFREHUREARIE - Fl4 > /N iPSC Z AR EIHH 7T 1 stage-
specific embryonic antigens-1 (SSEA-1) FifS{=0] 5 iff AJH iPSC RIJF2IR SSEA-3 B SSEA-4 F1HPiE » MJE SSEA-
1o S LA TR 3R] 73 BB A MBS N 7L o BSA ML AT H R 35 28 SR RS TP 1 (embryoid body formation) 7€ [A]
731k (directed differentiation) » fg M2 A dHREERHARRVES Y M EER B IRGET - B &AL FRERSHAE - B8N
(LR AR AE A BIRe N LA LI - BIARZ e 4R MR AR I e i /) Bl (immuno-deficient mice) DA
HIPRERGT (teratoma) » ZA1% it B RETRE N AV AR 2 45 (b R BB 7 = HRJ& (three germ layers) 7 AR £ B¢
RFZ i AHRERS 1 A BERE BRI AR B YN E Rk & - SIS HEIR 2 T HYH G S (chimera) » fi HAGAIHY
WE - BB E GA % 5 B HE AR Z AR ($8 0 2008; Stadtfeld and Hochedlinger, 2010)
VIL 555 M % i 4Aan B 22 e
iPSC HYFlT (A= B8 22 ~ BEF A 9T BB ) A V)Rl ry S I e — 0 » FRER(FE T » iPSC BEE M7 BFy
FEE4RAE o RIEL > o] R sR A M EE Y 4R 351 - T B IR AREEYIAY(E IR - A AR NBUHEERGRSE - iPSC ¥
2 BURECEC IR W) 5048 B RERSERE RV BN VA TR RHYE B - 5 iPSC bRl TE0N+ - a3 inZ= s T~ —(RAvHE
(Kumar et al., 2015) = [FL51 » 456 iPSC WY LAE ST BASEYIER BERL 1l » A 2 s NBBIEHE « B0 - AT s 38
PERLAIZ4EIE (spinal muscular atrophy, SMA) &5 FHUGASHRRE - B EEH B/ iPSC » FRFHEFEE b RyE
B fH4ETT (motor neuron) < K| FL77H SMA GRFARVESN A TTAEITEEYEREE - 7 B R & BB HIEEY)
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DUR D S (58 F &0 T TG AR B0 « IhAL - IR eI AR TA2 75 =UE18 iPSC HY SMA i » FHRFIEH Y iPSC
BRI E AT - BB A0 B S A THREYEE (Stadtfeld and Hochedlinger, 2010) -
VIL 35814 2 fe e 4 AR S AR e 4R AT LR

BEZR iPSC FE#L )70 ESC A [F » Wi & fEmalpiz R ~ o IEst R e bre 7w - Al IRV -
INMBEZ TSR ETHESD - 1A 2000 1% - 512 SRRFRMA RS B IV £ » BIF0AJH iPSC B ESC IVERFIA
FETERYZESE (Chin ef al., 2009) » AJH iPSC {372 F A HLEE4HHAR (donor cells) AYELR (Marchetto ef al., 2009; Ghosh
et al., 2010) » DLk DNA FHELAL (methylation) F2[SHY7E % (Deng et al., 2009) - [E{% - TR AJH iPSC V1% 4218
HECHE (epigenetic memory) 352 - BIIZCIRAS A AV AT AR E AR A iPSC > {53 B 2 [ IR Al T R Ay
FEfE4HE © (Kim et al., 2011; Lister et al., 2011; Ohi et al., 2011) - fHZHY > FVERIFTRE SRR - FEfBRIE TN 22
] DI 2R o 585 [EIAVEE S a s E (R > BlI{E & iPSC 81 ESC YR N EABE - JANTE RS L E A
(Guenther et al., 2010; Newman and Cooper, 2010) » H {1 & s B KRR e DNA HEVBRERE » fHER By EL
RS 2 FEHGEELIT S - BEELIYERIAZ 5 (Bock et al., 2011) » [fEAh » BEZAHIEE 0 LaERETR AJH ESC A 90% HY57
{EREST > TTHEHR 10 — 50% HY NS iPSC B p T3 b R4S 4R (Hu et al., 2010) » R > 55— TAWREUR » W&
o b Ry BN G T HYRE ) R 722 2 (Boulting ef al., 2011) o AR [EIHYFEEH R B R0 B G S FHIEE R -
i iPSC ZE#LBAZEL ESC A Z AR » NILME RS S AHENZERIVE F3HE - AL SRRMEAZRNSL
ko HAAZE R PR VAR E - B RE R R R R RS SRR AT SR R AHREE H (5% 3) (Yamanaka, 2012) -
Nt > BEEEEMN IPSC IWEZREK > hHEEE PRSI ENELR -

3. SR EAEME L R R A B AR Er AR R &
Table 3. Number of iPSC and ESC clones analyzed in published articles

Clone Numbers

Items References
iPSC ESC
68 23 Newman and Cooper, 2010
Difficult to distinguish 54 36 Guenther et al., 2010
12 20 Bock et al., 2011
5 3 Chin et al., 2009
2 2 Marchetto et al., 2009
4 3 Deng et al., 2009
Notable differences 4 6 Gh?Sh et al., 2010
9 3 Doi et al., 2009
9 3 Ohi et al., 2011
12 6 Kim et al., 2011
5 2 Lister et al., 2011

(Yamanaka, 2012)

IX. BRI B & FE Y

H 1990 24 » 525 ESC W5t 20 grl - Hp DIFFEARIR 5% - A A ARA —#E% & ESCHY
FrMERE L/ NE ESC AH{L » B2 EMIE T - X7 ESC MRe g /@ B MU AFF @B AR - H RSB L8R »
2 PEOE R R & B8 SR GRS (Ezashi ef al., 2015) © 3¢ % iPSC WIS E LK & ESC % > H K {H w5
Jef) 5 2B Oct3/4 ~ Sox2 ~ Klf4 Bl c-Myc 25 4 T 5L PRI 4 4 REAT R 45+ (Liao et al., 2014; Ezashi et al., 2015,
Kumar, er al., 2015) - HFIFTHA R & iPSC & m] Iy i aTE » A2 & T pkik & RS B2 A MR (H (germline
transmission) §E /7 » IR H TR - /NEL iPSC VIR EARE AR > SAAVEE R I REE AN AJH - ZAM A
[E\F BB R R S A iPSC HYET 2% S Bp P Bk G A B ME R 28 [ RE (A BeES - iPSC NEEEY) -
KA N2 TR HEE A1 4 FioR (Kumar et al., 2015) < [EA) - TR ER B S & s\ T 17 2 FERRRR AT
(Yang et al., 2009) ELFE A MBS ARLAE (£ » 2012; Yang et al., 2010) ~ HFE1E(5 (Yang et al., 2013a) B 3% (Yang
et al., 2013b) FEYIEA I > WS RIFIVARERER - #EAF ERAMEIT BRI B » AR &
FrAfRE R I RE ~ T IER B LR D B U ER ARG - (RIHE R & AT B NSO SE EHIREER » HERMEIRR
B



AR R BOLA R 174

T4 FEEZRERANEEEY) - REEAHIIUER

Table 4. Achievements of induced pluripotent stem cells from rodents, farm animals and humans

Achievements of iPSC Rodents Farm animals Humans

In vivo differentiation Fully proven Fully proven Fully proven

In vitro differentiation Fully proven Fully proven Fully proven

Chimera Fully proven Partially proven NA/NCD'

Germline transmission Fully proven Partially proven NA/NCD

Follow up generations Fully proven Not achieved yet NA/NCD’

Transplantation of iPSC-derived cells Fully proven Partially proven NA/NCD'

" NA/NCD: not allowed or no clinical data (Kumar et al., 2015)
A

ZRER AR BRI IT RAFRINTIE P2 - T P B 2 e ar Al AT 10 SN RYBERDTIE -SSR AE DR
SRR SUE R T B B RZEN (Shi ef al, 2017) < 2810 > R [EZZREMEEAIRE R LRETIRFAAE] > BILIRIEEES
HHREACIRAHE > 3% ALY iPSC Ay HERE DA ZER - INILHIEARFFRIEINER (Inoue e al., 2014) - AHRZHYEES
V) BESVICHES - HERAL - SSE AV ~ MREIEE - AHDNAE - (U B ELIRRE B B SR AL WA
FHEEPRATHINT A E RHIR B (Gin and Kues, 2014) - [N & #4HREAYRTFE B AR HIR LG AR BREE IR
AR AR R TIE R -

SENRK

a7~ FRAE © 2011 © 7 ZREMERRAAEIRAY DT UL flr 48 2 - FEIEIEE g & st 4003) | 141-157 -

HgESE - 2012  FERRERAHARIE A IS AR E BB 2 9T - SRR RS T 31 & 44-51 -

PR R 2008 - ERAHAEEE o EpdHARELAR AR TAR AR AR L - 2L -

PRIZA ~ SRR ~ 3 - 1991a o A BRI ERAHRE 2 38 5MEE (D) /NRBIFE IR ITAEY) 2 B8 IMNEE - PRI
BararzE 203) ¢ 327-339 -

BRIZA ~ SRR ~ P8 © 1991b o3/ N B BAAE SRR N ARRR Y~ RPLMUFAVELME - PRIBEEEEEE 20(1) : 61-
67
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Abstract

Recently, various techniques for establishment of pluripotent stem cells has been developed, such as embryonic stem
cells (ESCs), single blastomere-derived embryonic stem cells, somatic cell nuclear transferred embryonic stem cells,
parthenogenetic embryonic stem cells, and induced pluripotent stem cells (iPSCs). Among these techniques, the success
of iPSC technology in 2006 was more than a decade which had been widely used for biomedical research, such as disease
modeling, drug screening, and cell therapy. This technique had opened an avenue for stem cell technology and regenerative
medicine. Thanks to the previous studies that verified the mechanism for reprogramming somatic cells, discovered
transcription factors, and optimized culture conditions of ESCs, foundations established from these basic researches promote
the development of iPSCs. However, many issues, such as production efficiency, and quality of iPSCs, should be improved.
In this review, we discussed in detail and looked back the history of pluripotent stem cells, stem cell development in farm

animals, and the future perspectives for better understanding of this new technology.
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fat percentage, MFP) ~ # Z& 4% (milk protein percentage, MPP) ~ ZLH#E% (milk lactose percentage, MLP) ~ H ft 5 [E T
¥ (milk solids-not-fat percentage, MSNFP) ~ H 4E[E /¥ (milk total solid percentage, MTSP) ~ FHS4MHI4 (somatic cell
counts, SCC) ~ F&&4MAE 57 % (somatic cell score, SCS) K #.%& H'E B A5 H7 2 EL{E (protein to fat ratio, PF) - 45 554
T BEEF 12 A ERS 3 Ay THL &R 72 A 4 Aty 11 B4 THLAI A 72 — 78 2/ - HerEE
5 Af3E 10 H{y THI A 78 < HIGEIE H DMY ~ MFP ~ MLP ~ MSNFP J; MTSP &[53 THI B4 1 EAYFR & -
ifi SCC ~ SCS Ei PF HIfE%E THI M IA RS 282 o 47 DRl » R AATE AR R Mg g HE A MREELEA
HIHYEZEE « R > & THI KRS 72 I > R ME PR AR A4+ & N 2L S8 Py 2R B B I 8288 B FT REAR SREE EHYHRA
FHEH RN -

RG] - DAL ~ FLAHRC ~ SRS TR -

4

AFE BRFRVEEAR > WA A RBEERNVHENEEY - LANEBREEGEELANEX TELS
5o HAARHBARAEE et A e wEE RS AR E R - N deREd: B A ALanE
HHEE (Fox and McSweeney, 1998) - B{TEIERS 2 = RIS A ARG EETTEHE - LA FLAVAH B FTUCHES
FEIFRIY AL I TR B - A AR o MM B AL AL B 7 BB (HE (Kefford er al., 1995) » M
FLionE B R (Auldist er al,, 1996) - (NIt - FRZHRETRZBAE LA INE » DI @B S B R BB i e A
SN EEER - RER LI B EmEYE B A E M RERYEE N R (Hill and Wall, 2015) » 3R ERATERSE AT AE
BRI P ERESRERE  FrlEs b AL EN & (Kadzere ef al., 2002) » YA G RCE EE G
(metabolic heat load) » #ULFLA-EHENEEM & HUEL (Beede and Shearer 1991) - #H THI af (i i T ER B A B R AE
HysZ% - H THL & —(ERriEeE - AR TIRBDAENUREAVEGR G 722 (Kendall and Webster, 2009) © (At - Ab/5E
PRETEEE R A [E THL AR N RO E AL B AR 2 -

|

M TR

L SABABE el
BB 2015 4 | HEE 2017 45 12 B (T B R 2 B Gr eE s SR T A L R SL A S
R NRC (2001) 57U/ 2 EHERT. 55 238 25 L i (total mixed ration, TMR) » R4 AR TR 175 « 5

() TTEIRREE B G E BT st s 5 2585 5% -
Q) (TEb e Z B s b e -

Q) TEbtREZEgEEABITEES -

D TR EZ B SBT3 AT -

(5) #EN/EE > E-mail : wlt@mail.tlri.gov.tw °



A E AR B T L AL A AL B By 2 B 180

TEAZE ~ HIFTOR ~ KEROL ~ &s2ie ~ U R DA TR KRS A 2R - FHECEW R > 45l B4 7
00 Fc®Y 1/3 EEL N2 1 30 fic#d 2/3 & - SSLAE B4 /Kt F ek RRETE -
IL &R

() RUEETEE: 4 RGN B B4 (free stall) 8651 > R RE TR 3 F > E4SHICEAR FEE 2 m
EEREE 1 4R RESS (HOBO pro RH/Temp, Onset Computer Corporation, MA, USA) #E{ T 8BRS
HIE > gt 6 41 RElEn AR RN 0.5 /NEEHIE KM ELsRERE —R - SERE R sk 2 S DUE TR
PRI S BN B E TS > THI {H LA National Oceanic and Atmospheric Administration (1976) JAE5HE o H/AF
THI = 9/5T + 32 — 0.55 x (1 — RH) x (9/5T — 26) - 2t THI 3B R fefs sy : T A58 (BArC ) RH 4
HRE

(i) ZLAsr - B HEAM R > 3Rl RE RS 2 00 BENF 3030 > FEESECRR(E A4 &L FL & (daily milk yield,
DMY) - & H U EABE N A B TE IR T B g B E ST 7753 F DHI 2R b LT AT 0
15 MFP ~ MPP ~ MLP » MSNFP ~ MTSP ;. SCC ZE47#f1 - E.rt SCS RIlFE (<3 Ali and Shook (1980) 7 /3=
K5 SCS = log2 (SCC/100,000) + 3 AEfTHEMAE  (RIBTEPTE¥EZ B L i1 RS 2= R0k A 2L UL
FeEHE SRR > A S S SRR - AL B AT SO 1 x 10%mL 2 BRI - 4645 1,368 7 F £ 8l DHI
BORPETEHET M7 FTUCERIALMEARE R - W58 1 « KRB ARG 7310 Ry s —Ha 43.64% (n = 597) 5 26
4 29.68% (n = 406) ; ZE=F4 16.00% (n=219) ; S5TTHA 6.58% (n = 90) ; S5FHa 3.87% (n = 53) -

% 1. Uk DHI 20K 2 5345
Table 1. Description of collected DHI data

DHI Data' Average Minimum Maximum
Parity 1.97£1.09 1.00 5.00
DMY, kg/d 26.36 £7.45 6.70 50.20
MFP, % 4.08£0.71 221 7.35
MPP, % 3.13+0.36 2.20 4.65
PF 0.79£0.18 0.39 3.05
MLP, % 4.7710.24 3.42 5.34
MSNFP, % 8.6110.41 7.11 10.06
MTSP, % 12.68 £0.87 9.77 16.00
SCC, 10*/mL 19.06 £21.32 0.10 99.90
SCS 3.19+1.51 -3.64 6.32

'DMY = daily milk yield; MFP = milk fat percentage; MPP = milk protein percentage; MLP = milk lactose percentage;
MSNEFP = milk solids-not-fat percentage; MTSP = milk total solid percentage; SCC = Somatic cell counts; SCS = Somatic
cell score; PF = protein to fat ratio.

L &t
WIS &R SAS 485t 0T ERES (SAS, 1999) » DL—f & MR (general linear model procedure, GLM)
HELTERET M - DABRE = 2 018 7% (Duncan’s new multiple rang test) CE#A[E] THI 2 Z2 52808 > & P < 0.05
REREE 0 P<0.0] RERMBE -

R

1 B > 2015 4£%2 2017 4££ H {7439 THI - THI AR HFOR RAEENRES S 251 HEE - "THRERZEE
FESE SOE SR o B 2 BVEHA IR (Harrington and Bowles, 2004) « & R{EAE S0 e m s & - PRI &R H
% 7RG IWHREIPRAE 2 BVEIH (Hahn e al., 2001; Mader, 2003) © [FE#{E 85 F SR 2 251 (climatic
safety index) FH LATGESD K (R R ZVESH P& R AYFESE (Nasr and El-Taraban, 2017) = 534k » West (1995) K Chase (2006)
W5t - EEESREAN 25CE THIE KR 72 » BESE4AEEAEE  HEREERVIZYEREE - EAE -
EELAEER ~ A4 GHEHE BERMAERER » IR RN ERRS - B8R a R - HARI =45
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HE[EH - B 4 B{OBGESANES THE e 2] 72 DUE > —EREE 11 By > BnE g ta G rsyain
8 {l&l 7 AV > AP ERRAENBEIAAREE - ZEEF 3 £ 5 A MMERFERRERMES - SRR EAR
BHE 4 AOrEL S HOpFriilis & Si s st 25°C » Al 2 #OREE -0.5 2 20°C 2 [H (Johnson, 1987) »
RUREERR TE (B LS > mtlhls g It e R SiEpi 50l - NILEERR RS - Rl 2 m bl il - EfE
REFE 4 Abladst B EARE g THE  GENESEATIE EREED RS RER K IE%E 2
BE) - DA R R R T EAEIA Y EA - BEPR THI LSRRG A S EVEARISEE - (H/2 THI HRES EEE -
KR BRI LR 1 rT B BN S R i £ AR eEVEE 2 IRAE (Huber, 1996) ©

Temperature-humidity index
~
o
o

January  February March April May June July August September October November December

1. 2015 5 2017 F£ 2 F PR Fa gy -
Fig. 1. Monthly average temperature-humidity index from 2015 to 2017.

A2 4F THL A 78 F 0 H: DMY HIIBEZE/E 7 THI /NfA 72 40K THI 72 — 78 41 (P < 0.05) (3 2) » 1fj MLP 1L
THI /NA 72 15 N ERZE S 7 THI 72 — 78 4HE THI KJA 78 4H - Kohli er al. (2014) $5H - S ERAVB A4 EIEE A
FHE BUR - FEAlE R EIREE - TIRE RN Rysnb AL 21 A BE R S 8 YIRE N Q2L (metabolic heat) HYZE4E (West er
al., 2003) - {F = FCR S REIRE N4 SRR S - &5 T EAYZEIE (heat disparity) » HfR & - (UG5 -
R E K EAE G HREAIES (Wheelock er al., 2010) - MERE AL ERFEEATAERR L » (1) fEEERE T R TH#T2
AR RO B 2 B AHAR - NI ATRECCE S AR FLE S (Hossein-Zadeh et al., 2013) ; (2) BAZUE T & {f
FHhgR et SRR - B E Y LR TR KA ST A EEEIG N - TR AR AHAR & RCALERT R A & b -
HEENZERENRINE > RAeAREEREZSAEAENZERESHNT  FILENEEENARSERFAEE T
[% (Baumgard and Rhoads, 2007) - FFE{E s THI T GFH{E4- AR (Nardone ef al., 1997; Shwartz et al., 2009)
AIRE R BE RV N g H BRI R Y e (A& ) (#2 5 ZLHR4H4% (Bernabucci et al., 2010)

R 2 WEEEBARROL AL A AR 2 R

Table 2. Effect of temperature-humidity index (THI) on raw milk composition in Holstein cows

Temperature-humidity index (THI)

Row milk composition1 SEM
THI < 72 THI 72-78 THI > 78
DMY, kg/d 27.4 27.3° 25.1° 0.37
MLP, % 483" 476 4.75° 0.02
MFP, % 415 4.09% 4.02° 0.03
MPP, % 3.14 3.14 3.13 0.02
PF 0.77° 0.80™ 0.81° 0.01
MSNEFP, % 8.67° 8.60° 8.59 0.02
MTSP, % 12.74° 12.74* 12.61° 0.03
SCC, 10*/mL 17.15° 18.44® 20.23° 1.06
SCS 2.92° 3.04° 3.31° 0.07

' DMY = daily milk yield; MFP = milk fat percentage; MPP = milk protein percentage; MLP = milk lactose percentage;
MSNFP = milk solids-not-fat percentage; MTSP = milk total solid percentage; SCC = Somatic cell counts; SCS = Somatic
cell score; PF = protein to fat ratio.

" Means in the same row with the different superscripts differ significantly (P < 0.05).
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XS MEP HIDLTHING 72 J5cf - T THI KT 78 RS (P < 0.05) « THI /IR 72 411 MSNFP B
Y THI 7954 72 — 78 41K THI K% 78 40 (P < 0.05) « MTSP HILL THI AR 78 41BEARIE (P < 0.05) - 155 HEES T
SRS W DR A TS R B R RIS - (B R R COR DT BB LI S B - SNSRI th G (g
ML PRI RS VI8 - WEIERTE pH FTAEREIETLAEAI L (Bmery, 1978) « AHHSE PF (8 (FLEEH
st/ FLARHIE ) BILL THI AR 78 SR (P < 0.05) - JLHI5 ATAERIN B A S A PLIE (1 B s 5 2 L
ST TRLASHIBEE THI BEERE(E - TH8EL PF (A THI S AT -

ATFFEAT SCC R SCS B3 THI N T HL A5 AT B %2 LA THI AR 78 4LHB IR (P < 0.05) » JL4s Rl
fiL 17245 AL (Bertocehi et al,, 2014; Zeinhom et al., 2016) = #ATTT 4.5 975 SCC (R AT ELH AV BRI L7
3% (subelinical mastitis) §752%¢ » FL2BEL SCC 5 1A 75 5 1 B30 7L GRS (Harmon, 1994) - ££74
YA R THIAR: 78 R T » H5pk SCC AT A 3 B B B A ey 38 oA BR B A B ML
1 (Zeinhom et al,, 2016) - EWBFERALRAGEEL T + 4R % LATIREIAHEEAY L RO A (Harmon, 1994) -
FERSSBEIET » B LBBUEIR - L~ KAISEERERNG » TRSHE @ISR 2 B RS YO E (ayarao et al,
2004) - AL R AT SCC -

w A

FHAWT 2 38 & By 45 SR 4 B - & THI FEE 8L SCC A HHRBHME - W H W G EEARHAWE - FAith - &
THI Kf? 72 f o SR AU T BN A G0 E AN AR E - BN IR SeEghE ke F A ORI -

BB

BRI R S E SR SR — e = Re R 1) - SEEGHTL -
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Impact of different THI levels on milk yield and composition
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Abstract

This study aimed at assessing the impact of temperature-humidity index (THI) on milk yield and composition of
Holstein dairy cows. Experiment animals were carried out inside the barn and in a dairy farm. Daily ambient temperature
and relative humidity were recorded and used to calculate the daily THI from 2015 to 2017. A total of 1,368 sets of complete
Dairy Herd Improvement data were obtained and grouped by THI levels (THI < 72, THI 72-78, and THI > 78). These data
included daily milk yield (DMY), milk fat percentage (MFP), milk protein percentage (MPP), milk lactose percentage (MLP),
milk solids-not-fat percentage (MSNFP), milk total solid percentage (MTSP), somatic cell counts (SCC), somatic cell score
(SCS), and protein to fat ratio (PF). The results showed that THI were less than 72 from December to March between 72 and
78 in April and November, and greater than 78 from May to October for each year. DMY, MFP, MLP, MSNFP, and MTSP
were decreased with the increase of THI, but SCC, SCS and PF tended to increase with the THI. In conclusions, the results of
this study indicated the seriousness of the negative effects of hot conditions on milk yield and composition. Thus, when the
THI is greater than 72, measures should be taken to alleviate negative consequences of heat stress in dairy cows and related

economic losses.

Key words: Holstein dairy cows, Milk composition, Temperature-humidity index.
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R B NS L U R
FRES PR L G v 2 4R O

bR O0 EamC pEE

WefEEEA 2 106 55 11 H 16 H : #22 HHL : 1074 1 H 30 H

W B

ARBFSEH 6 LR st BRRET » 1. L F ISR « A HENR A IE © 2. DI B B B i 5K
JEBK (L 5% (water soluble carbohydrate, WSC) 2t » MISEEPEUIMEE | DU 3. FHFSIEA0R/ - HstiR 1 -
2 GERET + I 1% ZBRAVSCR BT § SRAD 1% FUBREK 1% RERPA RS (R AP ML BLRT R @ RARUR - A M
R A R R TR A I ] R B > 0 L WSC & S AT AR B (SR BRLLE (3088 3 - 4) o (T Saia A9
WSC BB 2.5% — 7.7% » Swan £ 2.9 — 10.7% » ] WSC & RATEE IR ANR R B ABR LR - Histsh
3+ 4 GERHET o OIS AT WSC S REBRE Y T - LA EEEEOE - AR EE
SABR S 6 GEREUT » | PR AR R RN o B A (R B SR
e LTS M ] E O 81 DR IS S AT I PR 2. MR A AT & R O R ikt
S R G B TR R 3. A B S M R S P O R S R SRR R
I BRI IR -

WS ¢ O L ~ S - A

i

HETE I (palatability) SEBIYIER G R BR € B - T MEHOMRE IR T8 - USROS - SRt e
% (Baumont, 1996) + EEREAVRFE - WIFEMEET - (LA SALIRTF LGRS A E B (VR B 2 51) (Baumont ef
al,, 2000) - FECIVERH R BT BRGS0, B F AT S B RIVEE SR A PRI T B0
VBT ~ SRR IR R E R R BT BSOS (LR E O A REEEN BN
SEASEIRS B YIRVE PR EDT » e 2 55 RIS B0E KRR AR 1ESUIR AR (Greenhalgh and Reid, 1971;
Church, 1979) + Matthews (1983) 7 £y 14 8247 1 (preference) FF{E 5 7T LUBA] » HuE R RRIIRE - S0k -
SNBL ~ SHLRERETHE - Forbes (1995) HIIfS LML H B SR UE FATARO ST - th GRBNYInASBRET (R BHIRRE - /)
FTRRAE VISR BT - th SRS B A -

G b o VR EIEIRATS L B RA R » AR S SR B A R — (I - T
O R PV B A S BT (RRETE - B F% ) BULE (500K  CI9R% ) WIH5HE (Arsenos and Kyriazakis,
1999) - Dumont and Petit (1995) fEHZERECRM, - HHR GRS R MBI EENE | —RBEBIED.
FRIAE S » SEEHRE - DIFRB R IR B R R « BB — e ) WORAIL - (R AR B AT R 3T
& AITTIOLL TR (OHIR o EOERRS AR E VTR - (A RELUR G BB » TTREAREP A T2
A S R L4 FHE (Church, 1979) -

BAE 2 DU R RS SUBER (0 A T T HEE SR (PRI e 9 TR o 7 0 4 P PR 2R
> PSR ET AR o FUR NI TSR (AR - LT R B 2 B P

|
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FRRMEBETFRRIE - A& T INRZF R ERA - 5 REERS DR A R [Fiky B L B LM R A i - (B2
FITE > RN TR flary Br S e Fl 58 Ry mlA T -

AWFELL RSN IR P2 - T IEF SR EORE L V2= RV BINBE AR - HEMHRST o] SEFET TR
B CIVERERELT A - ARZEH 6 TR IESERIRET - | ISR sZR0RIIRERE - AHIEHISIE © RS TR e
FALERAVIE &R - $EE DL 2. WERBR B E/OE MR K b Y& & (WSC) > sl H s BAy &
3. G R E

M A

L Btk
() BERZEININRENE - AieaEs (5 1 BaaEs 2) © VO(ERE R F - AR ERZE (LARZESTE ) + 100
mL 7K (EH34H ) ~ SEEHZE + 100 mL 10% FERE (1% REFEAH ) ~ #2[EFZE + 100 mL 10% FLEE (1% FLEE4H )
B ERZE + 100 mL 10% L% (1% g4 ) - BREZE U B IRE 7Py EE - 50088 1 ekl 2 K E FEftUL
T AN FEIEH - TSR P& & - BREE4E (ADF) 39.2% ~ HR7E&idE (NDF) 70.3% ~ fHEEH'E (CP) 7.2% »
HZYE R 85% o ZPRELDIA FR A RIS RUE &1 AR > B HEASEME 190 ¢ - GHEEGSERZES
EFLETIHR 300 g ~ HHFEEE 300g -
(i) #eFEZE WSC & Bl - alha 3 BisEn 4 5017 Bl Ry 28 fufd Saia B4 Swan © 11 H 26 HIEPEEITFT
R0 HIZ 1Y 9B Rz 14 857 RIXIE] - XIE[TR AV T 77 Bl DU EZA HaREZ)ge (F) B = SMNgRE 5 K (S) »
B TE RINRZ B BN A IR T R EUB DR TIE: (495 A% » 87K 10%) #ErTaRea 5 - PU(ERE
BRI R 9S (9 FFUHE » 18 3REZ1R ) ~ OF (9 BFUHE » PRIREZIE ) ~ 14S (14 FISCHE - 18 7RRZ 1% ) ~ 14F (14 BFUSHE -
PRzl ) > HRRYE S8 90% » fHASR T BRI 3 - BHEZSHME 40 ¢ - GHRHEEBE fREE
FLE TR 300 g - HARZEE 600 g o
(i) FHHPIE (5055 5 BLEkER 6) ¢ o3 HDHIGAREHEA (5] 38 S0 1 2 3 [ S P2 75 Wy R R R AR (AR B
iz ) > B[S & AR 2 R B e 2 1 R g R 5 2 PR - 5B 5 2 FRZFF T SR U s AL e i - 5B 6 K
PG > FREF T MR AR 2 pH - HHESMEASAE - FiTeEy 23k 6 - 3l 5 B rEE Y
HITF Ry 270 g (HZY)E & 59%) » B2 180 g 5 5lbn 6 B E P25 1T/ 320 g (RZE & 50%) > HZE
180 g - G HIHELE R BEETL TIHR 300 g ~ FHEHZF 300 g -
1L EYrats
EE RSP 2 2B T PR ER h PO RE R BT 2 RIASE 4 T8 - 23 BIFERER 1.5 x 3 m® AY{E B B TR
SR - 4 BB AREE T R 419k ~ 42.1kg ~ 43.1kg ~ 413 kg -
F—55 0 A4 REBEER - % 4 R B - S 2 &GRS L& 4 B 30 2% ~ %20
NOYETCERE - g RINE E E 2 ATt R R - B eI ES HinS i E > #eilEXNE 22 -
H 13 : 30 fgaeaasE - 4C8kAT 20 388 2 B $EER B AR > 2 0.5 /NI ~ 1/INBE ~ 1.5 /]NBF ~ 2 /NBE ~ 3 /N2
BREE - 16 1 30 ilSrE R BEREI &M > TRl E 8 2GR aREZEE - LHMESHMRZHReasE - &
H B9 1 00 52 60HE - 13 © 30 FRataaR e g -
ML &t oA
HEGLEE DL SAS #UEE (SAS, 2002, ver.9) 2 GLM Procedure #7588 5047 » S 4HRGE BEIER » DIETSK
7Z: (Duncan’s test) JHI gz HE ] Ay 7= SR EEE M -

L BRI - AR
SR 1 SR © BRI TS LEERE » T2 BRI EHR & - SRDALBRSEATAT S 575
REAE (B2 B3 19 F 0 6 — 10 REVRATE 16 5 RINZBEARAT 02 4 03 50
IR EARAF TR Y S RELL L - S0 1% RERBSECR R SRS o » T BB T - DURECR
2+ SRIALBAEAT 30 SRRV 45.1 g+ FRUIREREAR 383 ¢ - $106 32.7 g  BRETEIORIIZ BN 149 g
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AT 1 /NS ER B IR AL IR SALNE S 53 71 By 106.6 g B 98.8 g » = ¥HHRRY 73.8 g BRI ZBEHY 63.5 g « HIRIA
0 1% FLE BB A A B8 L MR R -

SRE% 2 T BEERZ BRI NEAHAIAT 5 R AR B S (HREEEE AR 6 — 10 S EIVERaRE R 1.95
R BEEESPHMAL  RINZBERAS > 04 X - BREEM S > NIRRT 30 SENVREER 1352
SR BLE A - R RIR I ZBERY 25.2 g 5 Al 1 /NEFHVER B & TRLURII ZBRAHRAK

FHERES 1~ 2 ATADARI 1% ALEREE 1% FEVEA e & (R i 1 AT ER & EAVREE ¢ IR 1% ZUER HE
M HERIGEE (25 BOEE R A B S iE S s AL S BEA IR A MG I - W& U R B e A 1%
I TR -

F 1. BERZE - BEEZEIRI 1% B~ 1% A - 1% ZEERTIIRE B RRER 222 (55 D
Table 1. The effects of adding of 1% surcose, 1% lactic acid, 1% acetic acid to pangola hay on bouts and dry matter intake
in experiment 1

Bouts Dry matter intake (g/goat)
Treatment - -
1-5 min 6-10 min 0.5 hr 1 hr 1.5 hr 2 hr 3hr
Pangola hay 0.9 1.1° 32.7° 73.8 110.6* 119.4* 127.9
Add 1% sucrose 0.9 0.9® 38.8° 106.6" 119.7° 127.8" 133.6
Add 1% lactic acid 1.9° 1.6° 45.1° 98.8° 117.3* 123.5° 129.5
Add 1% acetic acid 0.2° 0.3° 14.9° 63.5° 88.4° 102.0° 116.2

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

2. MERZE - BERZEIRID 1% FEAE - 2L - ZIHFTHRa B Re ' 228 (55 2)
Table 2. The effects of adding 1% surcose, lactic acid, acetic acid to pangola hay on bouts and dry matter intake in
experiment 2

Bouts Dry matter intake (g/goat)
Treatment - -
1-5 min 6-10 min 0.5 hr 1 hr 1.5 hr 2 hr 3 hr
Pangola hay 1.0 0.7° 41.9° 97.2° 117.4° 123.5° 128.3"
Add 1% sucrose 1.5 1.9° 73.5° 111.2° 122.6° 131.6° 137.2°
Add 1% lactic acid 1.2 0.9 45.3 103.3° 118.6 121.4° 123.5°
Add 1% acetic acid 0.8 0.4° 25.2° 71.2° 95.5 104.6° 110.3°

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

I YRR 5 WSC & RV E

et | BB 2 G5 SRS » ORI 1% RERBE T SEE0E ERVCR - TS T A S AP > L
B AT WSC 2 B R HEABR L - DR TR A0S 1 R R R B S SR 1R
3 o TPUCRER WSC B L AFIIE S » DRIz S R MBIz » T2 WSC & B R
b T AFUCREETE - RIS RIS SARFE F (E05 WSC &8 - B SIS ARy L - B WSC [
& » CP 4% M - ADF « NDF AURHER - IISLHEAIRC MBS - 2405 o PIsta (LIRRE R TR - AHSH
R A B ARSI 7+ Saia #9 CP i 20% LA_E » Swan £ CP JREE 13% /A5 « S bbE: WSC 9%
BREIE - Saia 5 2.5% — 7.7% » Swan 5 2.9 — 10.7% » FILUMEATES, A B B 0RiE B RS -

3R 3 (TR Saia) VST SMATAESE - MR EORMEAT S Y8R G KM TAERE G » PEFIRIFE 20 5
Sl ~ 40 540 ~ 60 SYEHATIR S RIS IRMEE B - IR R R TR 0 RO R B ] - SR 5 49
SR Er T B A 95 (10 1.68 B 148 119 0.69 %X » 51 WSC B5{EARHI > 6 — 10 S ENRAR - BUEAs
S54T Saia (ERERT » I WSC HOSBIEHEC MR -

SR 4 (AT Swan) G55 » ] S SR EXBILL9S ~ 14F 1Y OF - 14 - 6 — 10 SYETHRA R - 7] 20
SYHTIR R B TR R - 5 14F £933.9 ¢+ Rl R 145 49269 ¢ - H1 4 (3R WSC
ERBZ > HREERLWSC BHEIEREH 25 40 585 R EFHREIR & R -

B 3 - 4 S5 TEATI DO BIEITRATAE L 0 WSC & REBEITIEY T » I RP SR GmIE:
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M WSC & R s S B HAE RS T ELp] - HEBMRE /)N > HeEERER =g —

3. RIENFING ] R R R R BB Ty
Table 3. Nutrient components of oat hay cut at 9 and 14 o’clock and drying by fast and slow speed

L REER

188

Forage CP NDF ADF WSC Starch
%

SA-9-F 229+1.2 51.7%£25 295+1.7 5.5%0.6 3.0£0.2
SA-9-S 23.1+1.1 589128 346114 25105 25103
SA-14-F 22.5%+1.1 53.0£23 289+1.9 77112 35104
SA-14-S 233109 56.6£1.9 32.1£2.7 42710.7 27104
SW-9-F 13.5+0.7 532125 31.5+2.1 10.0+1.9 56105
SW-9-S 16.1£0.8 633128 39.1£2.5 29113 351 1.1
SW-14-F 11.3+0.7 57.0%2.5 33.5+2.0 10.7£1.1 4.1%£09
SW-14-S 132%1.1 589128 354+19 7.671£0.7 3.5+0.7

" SA: Variety Saia.

SW: Variety Swan.

9: Mowed at 9 o’clock.

14: Mowed at 14 o’clock.

F: Drying in 60°C-oven for 2 days.
S: Drying outdoors for 5 days.

F4. FHARILAE Saia A [EDU I Sz G R P Sz AT iR e B e PR v & (B 3)
Table 4. Bouts and dry matter intake of oat hay cut at 9 and 14 o’clock and drying by fast and slow speed for variety Saia

Bouts Dry matter intake (g/goat)
Treatment - - - - -
1-5 min 6-10 min 20 min 40 min 60 min
98" 1.7 1.0 41.9° 97.2¢ 128.3°
9F 1.3 0.8 73.5% 111.2° 137.2°
148 0.7° 1.3 45.3° 103.3* 123.5°
14F 1.1* 0.8 25.2° 71.2° 110.3°

" The same as in table 3.
“® Means in the same column with different superscripts are different significantly (P < 0.05).

5. HAALTE Swan JOA [E] B R R P SR S RVATIISR e KB B & (55 4)

Table 5. Bouts and dry matter intake of oat hay mowed at 9 and 14 o’clock and drying by fast and slow speed for variety

Swan
Bouts Dry matter intake (g/goat)
Treatment - - - - -
1-5 min 6-10 min 20 min 40 min 60 min
98" 1.7 0.9 329 343 353
9F 0.6° 1.3 27.4 33.0 35.6
148 0.7° 0.9 26.9 35.2 35.5
14F 1.7° 1.5 33.9 34.8 35.7
" The same as in table 3.
" Means in the same column with different superscripts are different significantly (P < 0.05).
ML Firsdinys 8
Hathe 1 RakBe 2 70 1% ALBA MRS S VR RUR - Rt — P IRET a2 F i s B 5

B MO R ] S AT B R Y R A T Y A R RE R S DE% °
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s 5 VST TGS » BRSNS T TR R R S A BURCE MR R R R K H 5
Ve o BEIE R EITAYRT S S8 6 — 10 Sy PR e Ry 3.4 JEL 3.5 20 > A3 [E]RZ B BLE 1 P SRy i %
£ 0.5 KLAT » FR-LHFINERG | TESIRERIE o FEZERTRT 30 /rHEVEREaE 5 120.5 g (LIEZYIEET)
SN HZE R A ATHY 50.0 g ~ MEERZEHY 25.5 g RAECTHFZZERY 40.5 g B =F R AEE 5 BT 1 /NFHY
REE > IRPERZERE 152.5 g SN2 Rz AT 102.7 g ~ LI SERZ 5L 83.0 g M EHZE 60.2 g > VUFRZE
BEITERERE KA -

ZEA o BIEER 6 2 FRIEITRI T ER 50 53 > HA TREEL - /I S 8k 6 — 10 rEREREURLIERZE
fries > MEZERFRZEIr R - Bl 5 ERAFREIR-FIEE IR EESN AT (HEERAEE ) -
AR 30 STV ER B & R 106.1 g K 89.9 g EENREIHZFHY 6.9 g BIMELT RIS 12.5 g 5 A 1 /NEFHY
BRI - 2P EITREEE 0.5 /NEHERTS N FEZE 1T (HEZRARE ) - 2 2 /NF R 3 /N
BTSSP - ME Rz Rz A ir iy (mir MERER (R P2 A i (FHZ A R e B ) > R Rs
ATEZYIR B S P B S E R e B -

A Bl BRaE REBUR - 1 S ER PO RE LSS ARREN R - HREE-FCETRTEENRE
BEpEZERT - NE O E R - DUREREAE MR 2. 2Rt IR s i P E i i
RRF R B IR R AT EE NN 3. BER B EAVE RGN E O ORISR > FErE
B A IS 2 BRI A FIRERCR

6. MEFEIENREEZRR 2 B pH ~ #HETERERRE & B RS TRy (Sl 5 B 6)
Table 6. The pH, volatile fatty acid and Fleig’s scores of haylage and dried haylage of pangolagrass in experiment 5 and 6

Dry matter content Acetic acid Propionic acid Butyric acid Lacticacid pH  Fleig’s socre

%
Exp 5 Haylage 59 0.19 0.0 0.11 0.99 4.68 80
Dry haylage 90 0.29 0.0 0.09 1.27 4.83 82
Exp 6 Haylage 50 0.37 0.08 0.57 1.07 5.24 50
Dry haylage 90 0.23 0.0 0.07 1.12 4.71. 83

R 7. BEIFFLEZEIR - 2R ZFIR - BB R O RETZEARIRE B R e B 2 EhE (558 5)
Table 7. Bouts and dry matter intake of pangola haylage, dried haylage, hay and Bermuda hay in experiment 5

Bouts Dry matter intake (g/goat)
Forage B ;
1-5 min 6-10 min 0.5 hr 1 hr 1.5 hr 2 hr 3 hr
Pangola haylage 3.4° 3.5° 120.5° 152.5° 154.8° 156.3° 157.7°
Pangola dry haylage 0.1° 0.3° 50.0° 102.7° 117.9° 128.5° 135.5°
Pangola hay 0.4 0.3° 25.5° 60.2¢ 78.9¢ 96.3¢ 115.1°
Bermuda hay 0.5 0.5 40.5° 83.0° 105.7° 120.4° 139.0°

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

8. BMEIEFEEIR - SRR EITR - BB T RE SRR E KRB SRR B ZthE (55 6)
Table 8. Bouts and dry matter intake of pangola haylage, dried haylage, hay and Bermuda hay in experiment 6

Bouts Dry matter intake (g/goat)
Forage B ]
1-5 min 6-10 min 0.5 hr 1 hr 1.5 hr 2 hr 3hr
Pangola haylage 2.1° 2.0° 89.9* 129.5* 135.4° 138.7° 140.0°
Pangola dry haylage 1.2% 0.9 106.1* 144.4* 158.9* 165.1° 173.0°
Pangola hay 0.4° 0.5° 69.0° 62.5" 68.5" 79.7° 93.0°
Bermuda hay 0.5° 0.7° 12.5° 53.3° 82.2° 100.2° 114.0°

“® Means in the same column with different superscripts are different significantly (P < 0.05).
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AR BN T 185 B - B8~ 1R - SNBIDUR R B R0V S FEH vl sE 2 B EN Y aal @AV 11 - ARIH9TaY
HiY - JEEZ SRS B E M R E R > MEDARIKA B I Re &S H A E BRI RS - DI E
LMY 7 R AR HE T AR S R AR AT « R - R G e le EH R AV ER & SON I R 38 B T 2RV A IR EY) (FL
e ~ 2Bk ) S5 [EIRZ B PR T BE s o S8R RS RS - B MERELIR S HCE S & & (Rotz and Muck,
1994; Burritt et al., 2005; Undersander and Craig, 2013) » DLR 7 S04 iU PRz A el sl > SR gk A mamfg o m]
Ty T = -

TEaEm 1~ 2 0 1% BVRERE oA IR - ¥ WSC &) ke BT BRIV E £ 2 —EE&E N SRR - H
AERAER T ERININAR. ~ B - ZRREHEERZ R M E - HIRREXEER e E - I - RSN SR
Y EWRBAE E R E o IR S i S E D &P 7EEH - BERT A SS RRART M2 (Goatcher and Church, 1970b) < £
EHLZERY Two-bottle stbg A 1 fit 72 5 R EHYEGRFTIE [ EVAAEE » Ginane ef al. (2011) & AT AIFZE4ER - Hm
EHR TOLF ) B RFE R IERE -

SRR S TE R B E T - IRRT A B R# T ek | UGS R AHEE - BRET Rk Bl O M En A 2
A% ~ Tl ~ EiES - 5H 7 % (malonic acid) > DLZJ% £ (Goatcher and Church, 1970c¢; Gherardi and Black, 1991;
Ginane er al., 2011) - BFEY)RS A BEES oA FoA 2608 - 2878 So P 1T IRV B R G R 5 %2 (Ginane et al., 2011) « §
BREORZE R » Z B0 S FESE <A B2 85 5 & A (Goatcher and Church, 1970a) » {# Ginane er al. (2011) fE4F AV ES
o NN 0.5% B 1% ZBESEREEE IR AR EESR o T BRAIEST 25 il L el B2 &) » {H Gherardi and Black
(1991) ARSI N 4R-A IEAHI S IE o AR EDR S EZ AT AT ER —EE RN E » ASOR
1 1% By Z g XA [RGER > R0 1% BYFALEE I 2 3R 58 8 [E [ 45 5 -

AN S BBk B iR et ot Dok ¥ BT AR A IR (B ERELBIR FLER B A R & R I 4R =F
ReEaiad BB S A2 2T E TR & & (Buchanan-Smith, 1990) -

RIS 1~ 2 DLYMINDT /AR SR KON ALEE Pl IS IR RS R - Ao B TR E D7 mAVERET > 1 BESHENA
EEENRE (BURPFE) sRIEA#E M 5 2. UE TR AR REE - SRS SRl E M -

g WSC &t » B —H& > LomErz i dn 8l iy & B8 BIEEHE R MmfE Saia 1Y
WSC &85 2.5% — 7.7% > Swan 5 2.9 — 10.7% (3 3) » M & & BB S H A R PR 2888 dn e o)
A EREAEERIAE R - SRR 0V O 5 PR = R FOASEIRIMNIIREEI R -

Fofal N4 WSC BYE_ A B~ 88 LUMEAVER T 2 S ZRAT A HEsm AR A 4R > 4B == B R A e () B S TE
{EUIEEMIRFZE AR - 455t ph 6 2 T8 EEg i 85197 (Goatcher and Church, 1970b) ; Burritt et al. (2005) f45
Falls o B T PNENEERFEEREESN DT RECENGER - mMEGIREBER K LEYINE R R K
(7.21% vs. 6.75%) - AelEafie A IEM&ER - SUREM IR E - B0R WSC Hygcg s 7 HAihpcsy » FUlEIAY4E SR
AR RGNV EE o RIS DUA SR A BR 45 SR B I 48 WSC R sz MR IRV 7 B - EL R0 M
AN EIRYERE ~ BifiEE WSC 285 - ST WSC SRz B IRy Rl 1T -

HHY Btk WSC R RAVAREEN: » F sl A B eI frAvig e s ey 5 =0 » ez airatle (s 5 -
6 igEARZFRAE ) o HENEE > P2 E T A% 2 PRz F IPRHERS —BEE R HE O ER E b
oo FIPRIHVE LR ARG ERGS R E B EINR - HENFEEEFE /B B9 R (Gerlach ef al., 2014) - Miiller and
Udén (2007) 8RB UL R ARMCE R F RS - FrE @R siE s 2t Flr - FHENRZYE 220
HZFENT » BEEAE  (EEHEI R R T sE B A TR EER /D > WA TR R B I LG e ny 8 e -
HEFFREARA - BAMRIVEZ - 85 RN Irscraz Fira s [LLU=ERY R - SR EIEREII%E % - sERl
MHEER BN IE (hedonic response) » AT 5 53§#E¢ 10 S SEER BBV FERI O] A « R8T oI gE 2 IE R Z -
EHEER S - 6 > R PR A IR BB A an N PRz E i o HIE MG I R BT SR AR T « DU R Bt
HTAEETNS 1 B2 DU aE KRR & 8 M - REEVT S ERAA A 298 R 4738l - DR SEhk s [ I8y 1A
A6 LUEE R I TAZ PP L -
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Study on forage palatability: I. The response of goat to forage
with adding sugar, organic acids, changing the water soluble

carbohydrate and ensiling "
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Abstract

This report examined six batches of preference tests: 1. The responses of goats to hay with adding sucrose and organic
acids; 2. Changing of the water-soluble carbohydrate (WSC) content in hay by harvest conditioning to test whether the
change is sufficient to cause palatability differences; and 3. Effects of silage fermentation. Tests 1 and 2 showed that the
effect of adding 1% acetic acid on palatability is negative; while adding 1% lactic acid or 1% sucrose had the effect of
improving preference and intake in early stage. The study further compared two varieties of oat hay with variation of water-
soluble carbohydrate (WSC) contents by different mowing time and drying speed (Tests 3 and 4) . The WSC content varied
from 2.5%-7.7% for Saia and 2.9-10.7% for Swan, while changes in WSC content also significantly affected the proportions
of other components. The results of experiments 3 and 4 showed no impact on the palatability for goat under the range of
variation of WSC content modulated in this study. As for the effects of silage fermentation, the results of tests 5 and 6 showed
that: the goat showed a high and stable preference for pangola haylage, while dry haylage also showed higher palatability
than imported Bermuda hay and pangola hay. The dry matter intake of dry haylage may be higher than haylage due to its
higher dry matter content. Palatability of domestic pangola hay is not higher than imported Bermuda hay. Ensiling is an

effective way to improve palatability, and has the same effect after drying.

Key words: Palatability, Goat, Pangolagrass, Oat.
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R R PR 2 AR R RS AL H
FACRR AN S RE B E LA i%;ggrg(l)

SELIE @ BRfEE © ARIESE

WefFEEA : 106 42 12 H S H 2 - 1072 1 H

W R

Rk 5 TEHRET 208 /K e 78 £ 1 R 6] 2% B% 6 Ft (fermented feedstuff, FF) B 4 5 5 K H B %% % 7£ ¥ (natto and
fungal fermentative products, NF) $fFEE A= FE M RE M i 1 2 522 - AREERf HEZ8KE AR 12 & » (KEB(ERSRTR
REEE &8 AR T4 - oy Ry iRaE ~ SEREETRIAE (ORI 1% 2 2R ) ~ V2B R EE SR EYH O~ 1%
7 EEIEERRL K 0.15% AN T B R E B R EY) ) 31 3 41 - MEEIETREHE > S EERENE 70K - &5
HARTEARE R OKEME & - sBRGS REUR » EEKEEE i EN S AR A 2R - (HiREZE R e E1h
REEELLW - Rl LIS R GalehaH B de HA 4 Ry i (P < 0.05) - REELEE & K EEH IR 4H R AR T2 52 - (H 3B
Tl > R ISR A TR S - FEEEZE 2y Mk E R TR A B B R ELE S A 4
HREE E N EIRAE (P < 0.05) » $5&BEIVE IR 23S - MR BBk E HREN BRI - SR maEE R -
GrEEBRGER > NI 1% 2 SRR 2 EKEE SR » BABEENIIEE RS EE » S IIEEEE
2B -

BHSEGE © ZEKRE - SRR - VT E R EESTEEY) - EEMEREREEAR - ®ET -

i

B (probiotics) EIE AR E TR 2SR A (FAO/WHO, 2002) » B2 HE RN Bl R B AESE » DU
FURREE - THFAREF e - AR EERI R SR IE R DR - SF A EE NS E
B I Z B HHE R 2 Bh2s (Lahtinen, 2012) » (AL - TEEHS R HATAESUCEHZEY) ~ JEERG - BWEHWIE - BRI
WA AEBEAVEE - ST UE A A EE A E SRR E AR AL - RS bAVS R AL B - SRR
REN T E - R RVINGEE R EREFEMR - FEEECET - FARERRINEVIER - TMTZAE - Hikg
VIR S E B LR OE A B o MEQE > mAEFERAEERBNIHIBUAEREM 2T > BUEE 2006 FE
S EERAPAEREAESEE ZERURINY) - U2 E E s AT R Z AR (phytogenics) - {#
oo B AR EYIE R BRI Z T Db 58 e - SRR IYIRI I Sl F A psiln - alied T His %l Ei=s
B R (HEY LEGHEY) > 1R b SV A R Z BT (Stanbury et al., 1995) » HIHAFERAR »
Rig o #ER 2 EMECRSEH 2 R Eigm HEREE - RESVIRGR KOS R HRER (Lee and Yu, 2013) °

EE KRN EEY) > L& %Eﬁ@ﬁﬁf” B A aEE R o (U RE I TR 2 B - Rl Rl
WEEKEEE 2 gl > e =B T o eEdiRftc DR AhREEE 28R - BNeERICAEHEE S
R FEREIEE R Eﬂ&f“ﬁf”’i%%ZﬁMb&ﬁéfx&E %?ﬂz?‘ﬁ&ﬁ%ﬁ%?ﬁﬁéﬂ% EELERERE (5
2015) - FEHE BAUIGHEREASAGE 1 — 5% (Huxley, 1931) - FEE(ERE 2RI - ERTU S ISR E R
BEHZEERME L FH 25 — 40% Z§5 R G REE S E & R R S5 (B 2 BRLIEF (Muir ez al., 1987) ©
FEELTRERAE RN - ABIRER H R REE B2 85 R bl 25 g f¢ 12 g DA (Moen and Pastor, 1998) - EEURE &
FHH RS AV RRINY) - DA e A 8eR RO DR R B AGE - (e ERE ERy Em R Z R InEH R
YRR« INEER R 4ERFRE O bl 2 (RR - ISR I AR BEA025 4 B (Deer feeding guide, 2012) - ZEE Y

|

() TR R B G Em e e f & 5E 2587 5% -
() (TR Z B w e A S = i s B -
(3) #E/E®E » E-mail ! jengyong@mail.tlri.gov.tw °



KR IS5 T A IS AL o B R ELB S I T B B K RERE e ~ BE A R e e I o 194

B RRERETSHAEE - B'FERKNERA 8y KBV ERIERIR B - BEmEEE REREE (2]
2015) - —fCEREEEMGEHEHEEFEAT L ER > TREEERFARE - ReEEEER > I B R EEA B8
Was o

BRI PN 7 S (5 F 2 BEPREAR I 26 Ry I FE i > FRTEIEGE R BRI - I TR B EE R 2 L2t D2
SRCEEREE ~ B ERE I REREG TS o R » BINF % 2 i 4E E B e R BRIy - Hh s
P B} B4 o T S L R SR B W) o REEROTAY A 2 A B A i (2 AN FLIR AR BB (Lactobacillus) » TEENYE®R JTH »
S R Y 2 A B B R AR E & (Bacillus) ~ BZEKEE & (Enterococcus) DA REE & (Saccharomyces) (Simon et al.,
2001) » FEE#ERHL 24 o B R L B 2 P e 7 B 1) PR Aol A B i e I ) 8 . T e 1 T 3 e B ol 2 [ el A
V) o w5 (20162) FSEHI A Bacillus subtilis natto Jz Saccharomyces cerevisiae S5 EfE » Fl| FH — P& e[ HE S5 1% 2 Bl S5
gt o 22 (2015) LL B. subtilis natto #E{TH5E% » B E poly-y-glutamic acid (y-PGA) #BFEY) » LI EER - B
a2 AR E B PSR (Botryosphaeria rhodina) P g~ EE R &GRS SRS RRE P REE > SIS EE K EEF
SETEEEY) o B. subtilis 22 S ELZEUARE 0 B. subtilis natto N IR BN G HE - A S S TORRE 2 nofE > FRIEARHA
EamasiE el - INEE R E R ETEYEREE - DIEA KR v-PGA » FFZI5TH5H v-PGA RE(E BN E 1EY)
'8 Z FHI#E (Tanimoto et al., 2007; Yang et al., 2008) - y-PGA 2 s H 1] LV 0 i 2 B HICR GY) » CREIZIEM
e BN EKEMESE - T B. subtilis i A LLEYIM: AR v-PGA 2 EifE (Luo et al., 2016) » &£ B. subtilis
natto #E¢% 2 JFRE - GEFETHH S AR R ENIRI RIS - GRS B A=) F-fir (Patterson and Burkholder, 2003) >
(RS EHAL B4 RMEEE (Kasmani er al., 2012) -

AReABpHA A B E & EH - y-PGA Bl B-glucan 7 S FEAFI BI4 & 58 e S BREEY) » IR 208 7K i 28 5 A
K $EHE S ZOMLAERE I DA E R RS  fEE RS E R R » WS SRR a R By & 5 R B R 5
I EYI S 28K e R e 22 DIHIRA 28/ KBEEERE T DN ERE Z higwm 3T -

M A

L slesest e E Ry

I Z AT R E T TRE B ERR BB A et (=5 © 2015 5 555 > 2016b) - BAHEE & F R EED
B Sy Ry =40 - HIEERA (control group) ~ S4EETIIAH (FF group) BT B K FL B ¥ AE V)4 (NF group) « A
B{sh I S F il A 228 (2014) 20774 - DIENIME R Yt O B RRHET TR &K CP 61% Z BB HEES
I iRy S BEARE - BN 10% /K318 LL 121°CORE 30 70 » A T —EEL 340 - 55— REHBAE T B.
subtilis natto N21 8% 1 x 10° CFU/g 1% » /TR BTE 2 K o 55 FBELLL S. cerevisiaes Y10 » FHEEH 1 x 10°
CFU/g 1% » MEATRRESENE 3 K - #5508 %E - DL 65 CHRIEEK ST 12% DU RIS « S E R AEEBHEY UKD
FAME RS IR > SRR 2 65% 12 LA 121°C I 30 705 » S AI&LL B. subtilis natto BS2 K » sRFEAH
Z 1 x 10° CFU/g 12178 88F% 3 K > DLSSCHAEEKSY 12% LT » BANEEEEEY) - FHRBES 2014) 27574
DIsE &~ B2~ FRZ R EEER (B. rhodina) Tt E 2 HFEGIEE Y (2 3% B-glucan) S5
B2 (B Lk NEEES ) TR EYDIEELPIE SR - AT E R EREEFEY) - HARediE
S E 15% ~ {REHAE 2,400 keal/kg ~ §5 0.6% Bl Er & 0.4% - EEHGHRERAEEER 70% ( EHERST
RIRAE - IRER - BRE - SR BTN RERIORR  SEEEEOE 14.09% - AHES 2,410 keal/
kg) ~ EiITEELR 10% FahBafiiet 20% o (RIBAHBIRC A FIsABatiich - BHRAH thor & S B e Bl o i B L B S 1
FEY) > MR S ARETIE 1% Z SRR EARL - AV B S E B 5B Y4 S 4R ETHE 1% SR EI S 48 ET1E 0.15%
NS R EEEREY) - SBEREE T 1 -

SERENYIER ] S R A SIS A R EEKREARE 12 & - (RIB(ER I AT X E R TRy
o A 4 & R FERBHTREELNR 2 - REEEEINMEFIRA - & HRE R SUBREIRR AT e foKe
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s BrAANT R U H A TRE S SAFARER M » B MR BUMEEEAS - M ez ER ALl ABBOTT c16000 f#
REFTIR TP RS ER [ (immunoglobulin) IgG, IgA Kz IgM 27 JEEEkH] -

1. sEiERE sy

Table 1. Formulation of diets for Taiwan Formosan sambar deer during antler growing period

Ingredients, % Control group FF group NF" group
Yellow corn (CP 7.5%) 53.00 53.00 53.00
Soybean meal (CP 43.5%) 20.00 15.00 14.25
Wheat bran 25.00 25.00 25.00
Salt 1.60 1.60 1.60
Vitamin premix' 0.20 0.20 0.20
Mineral premix, 0.20 0.20 0.20
Fermented feedstuff (FF) — 5.00 5.00
Natto and fungal fermentative product (NF) — — 0.75

"FF: fermented feedstuff.

“NF: natto and fungal fermentative products.

" Supplied per kilogram of diet: Vitamin A, 1,000 IU; Vitamin D,, 500 IU; Vitamin E, 500 TU.

* Supplied per kilogram of diet: Cu (CuSo, * 5H,0), 16 mg; Mn (MnSO,), 6 mg; Co (CoCO,), 0.2 mg; Zn (ZnO), 30 mg; I (KI),
1.5 mg; Se (Na,Se0,), 0.3 mg.

* 2. REESHRSE TR MATKEE

Table 2. Average of last antler velvet weight and ages of each group

Items Control group FF" group NE™ group
Last velvet weight, kg 1.3810.51 1.38£0.51 1.38£0.48
Age, years 6.86 £1.97 8.421£3.28 8.0814.17

"FF and "'NF as Table 1 described.

(i) FEEMAREEER Y
sERAS RIS BREENDA B BEEEE E% - 2R IREN 20 CHAAIRTT - F2 MR E DLEEV A %
VIR > o BstgR (R ) ~ R (BB ~ B (B Bdg R (ERED) UL FELFDRARAERE K5
THEE'E ~ KRG ~ R ~ 52 S8 - Ko aEAEF A 65CHEFREIE 4 /NSHH EHELES
HEZZ R TR ME RSB/ IR 0.5% Rk > STREHKS & & - daze 2 B ERE B AR - ]
S HUEEHET TR ME » MHEAE ~ FHAEHE SOl oy & 80H1E (i TR 5 R B B 2 A AR arliet i B2 (1986) il
TETTEEAT AT > 85 S EHIE TS AOAC(2000) il E J7 AT 34T ©
L &Etorif

sl BB EdE DA ET 0 AT HRS GraphPad Prism 6.01 (2012) #ET4RET 04T » &5 R LIPI9E £ FEAEER IR - DLt

253 (Student’s t test) #E{ T WIAH R SEME LR - DU R 188 B8 53 #T (One-way ANOVA) 1T 240 > 39 {E L

M7 LA Tukey’s 26 EELL#T (Tukey’s multiple comparison test) 1F Fy S {5 € 2 FE4E - 5 P < 0.05 BF st BEE =R -

e RN B

L RERNEAGEST
BRI R AR BUR I T E R EE SR EYH 2 KEE R B Y E P BRI -
SR AR B M H R EYI 2 A RIRRR > EE Rk EE SR EYRIARIER - e E R R
PEREERE - Htslakatant 2 BLUE RH e R - ZEE IneReIte ] - SRR - 2EKEEENZHZ
YrE PR & R RS BN S AR R A R (P DY E R e B RS E LRI AT - RIS TR SR R 4R B
BRHAERK - f§ (2012) RS EE/KRERE AR T i LRSS BB E AL E 2 BR (A0 > SRS B AaHE
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Table 3. The effects of fermented feedstuff (FF) and natto and fungal fermentative products (NF) on dry matter (DM) intake
and body weight of Formosan sambar deer

Items Control group FF group NF group
Average DM intake, kg/d 3.801£0.70 2.8210.78 3.4410.88
Initial body weight', kg 131.05 £ 12.60 127.20 £ 18.40 116.63 £ 12.04
Finished body weight', kg 143.95 £25.44 125.50 £ 23.66 129.42 £ 23.64
Body weight gain®, % 9.54%13.64 -2.09+£5.72 10.24 +£10.07
DM intake / body weight’, % 2.76 £0.30° 2.20+0.34° 2.78 £0.55°

“® Means within the same row without the same superscripts differ significantly (P < 0.05).

' Body weights were measured at the beginning and the end of trial as the first and second body weight, respectively.
? Body weight gain, % = (finished body weight - initial body weight) / (initial body weight) x 100.

* DM intake / body weight, % = average DM intake / (average of initial and finished body weight) x 100.

IL. EEMEE

28K E B G R D S B AR BN T R L S A Y B R B IR 4 B o 45 SREUR  fd
M R IS TR AR R BRSNS INAN 2 M B S T VA A B IR S A H I FEH S S WA = R (H3
FEERIAH > REE EE B A N2 3 - RBIELH > 1.17 (% - Bz REHE BN E R R BT LETE
HEHME  BRSH EENIREEEZR - NE—D MBI ER > SRR 3/4 (E5E 2 REEE &1
g2 30% DA_E (38.3% ~ 37.1% B 32.4%) » HUHEEG I #E5S » EIgE BRI > 1.56 £% - BERARAT 55T
fRHE EEE MR E R 2 5 - HGaAHBR e B EBES LB ER > 28K EEIHENR TR INEEE
FRHE RS AR EE(ET  BAURE REeEMFTRHREEEEE BT -

x4 RTINS B S T R BN RS 2R KR EE R
Table 4. The effects of fermented feedstuff (FF) and natto and fungal fermentative products (NF) on antler velvet
performances of Formosan sambar deer

Items Control group FF group NF group
Antler velvet weight, kg 1.4710.21 1.72 £ 0.63 1.3910.24
Last antler velvet weight, kg 1.38£0.51 1.38 £0.51 1.38£0.48
Antler velvet growing rate', % 17.41£31.97 27.10 £ 15.48 9.20+23.94

' Antler velvet growing rate, % = average of [(individual antler velvet weight - last antler velvet weight ) / antler velvet
weight] x 100.

L BEERY

R RIS R AR BRI E 3 M SR EY) - WEEKEREE R Z P ER 5 For - &REUR
FEEE /KR E HIER RIS R e SURIMN T E R EE SR EY) > HEE 2K ~ WSS ERYE & BRit
IRAHAM N ISR - 6 & SR AR O B B R E R R EY 28K Ky e B EEE 2R > 52Y)
BriHEAE M E S B ERE R - DIIKOE RIEYE & B2 TS - £ e R HEN T &
FEE#BEEYM > HEHTZYE S 2K & SRR B IR I (P < 0.05) - #E— D HIREEEZE T 85
Folde e B SR » SR E R AH B T e EL SR EE Y AH  REH 2 HE i & BRI E S BIIRAE (P < 0.05) 5 §5
SEMRERTEE SR o (EERRFERE (P < 0.058) B B M HE SR YA (P < 0.060) /A B I AH Y
I f%5 -

JeRIbTFEa o B. subtilis RENETHIL S y-PGA FAEEEIRT » ZM Bacillus JEHTESSH 770 y-PGA Z4HRLAT
ZAEST (Shih et al., 2004) - y-PGA B TRYVERCABE (R EZRUER - AawlERRS Nee N a3 IS5 A Y
B - BEYNEER y-PGA W ELEE NISSEE T8RS - ST —BIE 2 y-PGA BEHIE IR BV NG T 2 AT &
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& (Yang et al., 2008) o TE{ZEEHIZE4AE T B — & 2 y-PGA JREE(R IS A ESIRIL - JCHAERUTRE THR & 4S
SR RyiE (Tanimoto er al., 2007) - y-PGA it 1937 SEHEEIRFAENRT B. anthracis HHfEES - ILSF AT A
VB SR L SR v-PGA EVEm A BN 2 FEERTTA W2 FERI &I L (Luo et al., 2016) - AgtEaf
HIFH Bacillus 18 2 B4 2 35 B G R BN i e HF R EY) > NIk 28 KEEEIHER T - BRI InHEE
qullior Ktk & - $5a B VAR 2 B3 - SN ST TPE - Sra bl REER > EEKREEEN
B SRR B N I S i e E S R E VI i RS R E T Iy ek 2 & > $5 S BV I8
e

xS GRRTURDI S AR G T R E R R Y =K RERE Ry Z
Table 5. The effects of fermented feedstuff (FF) and natto and fungal fermentative products (NF) on the composition of
antler velvet of Formosan sambar deer

Items Control group FF group NF group
Moisture, % 65.84+3.79 62.17+2.63 64.89 +2.46
Percentage of dry matter
Crude protein, % 55.07+5.92 50.32+1.04 52.46 +2.09
Crude fat, % 425%2.93 5.14 £ 2.64 3.05%0.59
Crude ash, % 34.93+3.49° 39.36+1.54° 39.03+1.56°
Calcium, % 11.97+1.24 13.26 £0.66 13.28 £0.74
Phosphorus, % 5.98 +0.69" 6.8010.23 6.74 1 0.24°

“® Means within the same row without the same superscripts differ significantly (P < 0.05).

IV. [ R AR

JEE € 1 BR 6] B Rt AT S HUEE H AT T (8 i i - 1 ReakBRpinie 2 MU A - TR P e kEn S 8
JE o 1gG REREEBRTRIRIYIEHEE (< 6 mg/dL) - slEEHT > [gM REERFSAEHE (< 1 mg/dL) » Mzl
PR GH R A= L - TR IgA BTEE Y » SABRRIR SR MESE E R (£ 6) - —MEL R EEET
T 1 SRETE AR - 5 4E R SRR R R R T RS B 1Y R & BRI (Kaila e al., 1992; Isolauri ef al.,
2001) > Bifidobacterium breve E s M58/ NS E AL Z RN 1A RIERE (Yasui ef al., 1992) » 1EEH =Mk
REEIEE % E & Lactobacillus rhamnosus GG & 1% » BN 1gA 7 4HEE (Kaila e al., 1992) » B RTEZEISN
YIRS - AR ERE (R HETE £ 2 RIEHENRE ST « 1RSSR a R B i M BB E Y 2 FER > Seribtge/n g
PRETEHAYIfEER B 1% 2 IR - 22 (2015) Al S B aa) R A4 o 5 S R S BEEE VAN IR R R e i op - 283
HEEH MR T 1gG K IgM JRESEEZE L - M=% (2014 ;5 2016a) 1248 58 KL G54 2 il Ba B0 - 8FERN
T iz aaiel B2 IS - 1eG K IgA &8 - HEFERIEN G H R EE R EYINSES - 558 K EEHY)
REk > BURAEZ R REERE QBRI - ISR EREARE - E EASSESE BT -

6. ARSI AR A E R H S I Y 28 KR MR e e MR s &
Table 6. The effects of fermented feedstuff (FF) and natto and fungal fermentative products (NF) on blood immunological
parameters of Formosan sambar deer

Items Beginning of trial End of trial
Control FF NF Control FF NF
IgG (mg/dL) <6 <6 <6 <6 <6 <6
IgA (mg/dL) 83105 68115 73117 27.0f1.4 25.8%29 248121
IgM (mg/dL) <1 <1 <1 1.31£0.5 1.0£0.0 1.3%£0.5
fw

EEKRER EE e TR B R e B T B T 2 g > e E8EN > 528
FEEVERE IV IHBANS I 183% - DA R BRI B el W B K RERE B B I 2 8 8% - U ERAT 34 RS
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Abstract

The purpose of this study was to determine the effect of fermented feedstuff (FF) and natto and fungal fermentative
products (NF) during velvet growing phase on the antler velvet performance and immunity in Formosan sambar deer. Based
on the age and previous antler performance, 12 male deer was divided into 3 groups utilizing block randomization, which
were control, FF (containing 1% of FF), and NF (containing 1% of FF and 0.15% of NF) group, each group was fed different
concentrated feed. The average antler develop period was 70 days, feed and water was provided ad libitum. The results
showed that the body weight gain were no significant difference between groups, yet the dry matter intake / body weight
was significant decreased (P < 0.05) in FF group. The antler velvet weight and growing rate were no significant difference
between groups but largely increased in FF group. The crude ash and phosphorous content of antler velvet dry matter were
both significantly increased in FF and NF group (P < 0.05), and calcium content of antler velvet dry matter was also markedly
elevated. The concentrations of immunoglobulins were no significant difference between groups. Taken together, by using 1%
of FF during velvet growing phase, the mineral concentration of antler velvet was significantly increased and antler velvet

growing potential was markedly elevated in Formosan sambar deer.

Key words: Formosan sambar deer, Fermented feedstuff, Natto and fungal fermentative products, Antler velvet weight

and content, Immunity.

(1) Contribution No. 2587 from Livestock Research Institute, Council of Agriculture, Executive Yuan.
(2) Kaohsiung Animal Propagation Station, COA-LRI, Pingtung 91247, Taiwan, R. O. C.
(3) Corresponding author, E-mail: jengyong@mail.tlri.gov.tw.



201 AW 51(3) : 201-208, 2018

i AT B AR R IR R 4 e

Al a L sl UL = £ N\ , = 3 ; B2 e
=3 PAS TS (A TR 3 R T

REEY WE® ERWY RB$R Y e FENY MEEY

W HSH 2 107 1 19 H - 28] 0 10742 H 14

W B

At B EPRET T U5 #L (temperature-humidity index, THI) ' (K7 72) i il A HEF ~ SBLREH T
FORAFZTE 8 ZERRE - RENEARZPE - SRR & 2017 F 4 HE 7 Ay > i 24 BULAL P
AL AEEE ~ AR ~ ARSI RBEER 7y pRiAE - sl A H Rl e 0 (WIRAE ) RAERIGHRT#E 360
mg ~ #i 125 mg kzf 200 mg (35 ) - SUBHSE AR SRS B (LY  RE ) B ROLEES
B AEYERER - AR o) - RREREALR - sURET 4 E A - sUBREREUT > sl 4 =
7 B ) A PR IR U A Ry 73.9 £ 6.2~ 792 £3.9 ~ 82.0 £ 3.9 k 81.5 £ 3.4 Bify - GAfRMTCAMEY - SRS
A A EERETRES 30 ~ 60 ~ 90 Jz 120 RZATEI ¥ - HAERYEREBIHEE MM oA - 5 30 -
60 ~ 90 fz 120 RAMIIZ S, - A EEEENRZ R MT AN E L 8 - b RAEEREH - EEER
FERRECT > R P CE - B T RE A B S T SR B R e B (R R R

FEdEEA © ERDLTLA - TR E - AR - AR - AR  RUREEE

4

RS REUR A ROR RAEEREGE S 25T RE  TTHRERE FEEE M EWMEE R & AT A RN
(Harrington and Bowles, 2004) & R{BEAE = K mnRsa ol o [REIGFEREERS 2R  IEHR P EVEE (Hahn
et al., 2001; Mader, 2003) - E/&SFHEH 3 2 5 H {7 AIEMRZRETR R R - HiRSE (2017a; 2017b) A 2016 14
FRHEARE (4 25 Ay ) XEEHM (6 £ 7 Ay ) MG E & 2SS T 72 DL - A REE IR 72
BT IS EARE SRS E & T (Chase, 2006) < ZAMAREA BRIV > MALFTEEZE
SR B Y ZRETIAR - 3B (lameness) HYEE IS (Sanders et al., 2009; Madadzadeh et al., 2013) o = #7
T RIS R S PHEA R EIN EEESE AT 5 3k > HAAE R 25 B8 e S - & S 220 (@ M/ (Bruijnis er al., 2010;
Huxley ez al., 2013) - 4-E il e pli i AL R R - FRHEREIERI - 580K (culling) 28232 K A INEAES VAR RA (Cha et
al., 2010) » HEREARER Al 2 —THE RLOFHEL: -

B ITE Zn ~ Cu J Mn Bl FLAA4ERERR ST E (NRC, 2001) - HIEEHE G - S - RREARGLIL
SAbEEEYFEEEE A A (Griffiths ef al., 2007; Nazirolu and Yiirekli, 2013) o [SE]HF 13 Lo il S 0EY B AV AL IE & so 24 &
HYAE R - BRSBTS R - 428 11 ROBFLIIEE (Miller et al., 1988; NRC, 2001) -

PRI - AEERERET A SRS R (KR 72) T REREF R sy « fPiR SN A ETE 8 - EERE
= RENEAEZTE -

|

() TR EE B g E BTt s 5 2588 5% -
Q) (TEb e Z B s b e -

Q) TEbtREZE g T EARITEES -

D TR EZ B G SBT3 AT -

(5) #EN/EFE > E-mail : wlt@mail.tlri.gov.tw ©



gAY - B SRR A R BRI R AL T B B e FSR 2 P 202

M A
L sSaEh Ve e
AFERIE £y 2017 524 H 1 HZE 2017 57 F 30 B - (EREEBAT > EEETERERZ R wE-R
PSR Ee s - EHZEYPEBT R REE R g E\RAr E e g B A N2 F - SllE
I Ry R BT 5y Bl By 24 m B 10 m - fSFEAFAEEhZEE Ay 8.6 m® > sBRHAR PR LR BR i B E 4 H BE R VU 22 U5
(61t 2 By > 3R A& 26,300 m/hr) - JHUGE R EEE R AR LT ERSE - KRR R A R E A
REEEE L) AR EFHRET/REH-8:00 —8:3029:00—-9:30+10:00 —10:30~15:
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6 fEER » RFIEER 5 o0 i (ELFEMEUK | 738 - 15 4 0 ) -
1L sABREhY) e i E e B
BT HEAE VPR 26.62 £5.71 kg UHHEDLALA- 24 B - (RIGALE - Ao WA REBBEEE ) KR
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Zn ~ 125 mg Cu }2 200 mg Mn (‘AHESHEARRY)H ) (SR) - BIRHSREEZ A8 - 670 - A KB
HEEE 7 Al Ry 26.69 + 4,70 11 26.54 + 6.99 kg ~ 1.83 + 0.94 B 2,18 + 1.17H5 ~ 159 £ 55 B 158 £ 57 Kk 621 £ 714
B1609 + 97.6 kg - ABRaatiRor 2R R %Y 120 K (106 24 H 1 HZE 106 4£7 H 30 H ) < IFL AR (R
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Table 1. Ingredients and nutrient composition of the total mixed ration of lactating cows

Ingredient Percentage, % DM
Corn silage 24.71
Pangolagrass hay 3.44
Alfalfa hay 6.52
Brewer's grain, wet 6.77
Sorghum distillers’ grains, wet 4.45
Soybean hull 15.40
Wheat bran 4.40
Corn 19.55
Soybean meal, 44% CP 10.03
Fish meal 1.13
Molasses 0.73
Salt 0.40
Limestone 0.74
Potassium carbonate 0.40
Sodium bicarbonate 0.59
Urea 0.40
Premix' 0.19
Total 100
Analyzed value

DM, % 49.1
CP, % 17.2
NDF, % 41.3
ADF, % 25.6
Ca, % 0.7
P, % 0.4
NEI’, Mcal/kg 1.57

" Each kilogram of premix contains: Vit. A, 10,000,000 IU; Vit. E, 70,000 IU; Vit. D,, 1,600,000 IU; Fe, 50 g; Cu, 10 g; Zn,
40 g;1,0.5 g; Se, 0.1 g; Co, 0.1 g.
* NEI value is in accordance with NRC (2001).
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Fig. 1. Daily barn average temperature-humidity index from April to July in 2017 (means * SD).
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Fig. 2. Effect of Zn, Cu, and Mn supplementation on locomotion score of Holstein dairy cows under THI above 72 (means *
SD).
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Fig. 3. Effect of Zn, Cu, and Mn supplementation on dry matter intake of Holstein dairy cows under THI above 72 (means *
SD).
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Fig. 4. Effect of Zn, Cu, and Mn supplementation on milk production of Holstein dairy cows under THI above 72 (means *
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Fig. 5. Effect of Zn, Cu, and Mn supplementation on body weight of Holstein dairy cows under THI above 72 (means * SD).
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Abstract

The purpose of this study was to evaluate the effects of dietary supplementation of organic form of Zn, Cu and Mn
on locomotion score, dry matter intake, milk yield, and body weight of Holstein lactating cows under high Temperature-
Humidity Index (THI) above 72. From April to July, a total of 24 Holstein lactating cows were randomly divided into two
groups according to their body weight, milk yield, parity and days in milk. Cows received diets with adding 0 (control) and
360 mg zinc, 125 mg copper, and 200 mg manganese (head/day) respectively. The barn environmental parameters (including
temperature, humidity and calculated THI), feed intake of cattle dry matter, locomotion score (5 points), body weight and
milk yield were collected monthly for 4 months. The results showed that the THI in barn from April to July were 73.9 £ 6.2,
79.2£3.9,82.0£3.9 and 81.5 £ 3.4, respectively. Diet with organic zinc, copper and manganese supplementation decreased
locomotion score while dry matter intake was increased with the continuous supplementation of organic zinc, copper and
manganese for 30 and 60, 90 and 120 days. Milk yield and body weight were not affected by adding organic zinc, copper and
manganese. In conclusion, Diets with organic zinc, copper and manganese supplementation might improve dry matter intake
and hoof health of Holstein dairy cows under high THI.

Key words: Holstein lactating cows, Locomotion score, Organic copper, Organic manganese, Organic Zinc,
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Table 1. The characters of pangolagrass biochar used in this study

pH EC C N P K Ca Mg Cu Zn Ash

ms/cm % ----ppm---- %

Mean 9.6 5.0 64.2 1.7 2.0 3.8 0.2 0.4 15.7 8.7 12.9

Max. 9.9 7.5 73.0 23 2.3 4.8 0.3 0.5 20.8 10.8 14.1

Min. 8.7 2.9 54.2 1.0 1.5 2.7 0.1 0.3 10.8 7.5 12.1

CV. (%) 5.4 38.9 20.0 11.3 20.4 19.7 9.3 24.5 14.6 9.0 5.0
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Fig. 1. The methylene blue value (left) and iodine (right) of pangolagrass biochar. PB1-PB7 mean different lots of

% 2.

pangolagrass biochar.
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Table 2. The effects of pangolagrass biochar on dry matter yields of forage corn

Treatment Spring cropping” Summer cropping

Dry matter yield, ton/ha

Control 10.2° 9.2°
Biochar, 1 kg/m’ 15.2° 9.4°
Biochar, 2 kg/m’ 14.7° 9.1°

" Pangolagrass biochar was applied in spring cropping.
“® Means in the same column with different superscripts are different significantly (P < 0.05).
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Table 3. Soil analysis for forage corn before and after applying biochar in spring cropping

Treatment Control Biochar, 1 kg/m’ Biochar, 2 kg/m’

Item Before After Before After Before After

pH 7.4 7.6 7.5 7.5 7.4 7.5
EC, ps/cmp 546.0 504.0 542.5 479.0 620.0 531.5
Exchangeable phosphorous, ppm 104.5 105.9 93.7 112.0 90.8 110.5
Exchangeable potassium, ppm 438.0 556.3 470.0 582.5 447.0 642.5
Exchangeable calcium, ppm 2,564.0 2,746.3 3,383.0 2,793.8 2,285.0 2,670.0
Exchangeable magnesium, ppm 223.8 226.3 295.0 236.3 275.0 235.0
Total nitrogen, ppm 4.341.7° 2.268.0° 3,711.8* 2,515.3° 4,156.2° 2.460.5
Total carbon, % 2.6° 2.4° 2.7 2.7 2.5 2.9°
Organic matter, % 4.4° 4.1° 4.6% 4.7* 43 5.0"

" Means in the same row with different superscripts are different significantly (P < 0.05).
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Fig. 2. The effects of pangolagrass biochar on dry matter yields of alfalfa.
CK: control, no biochar; T1: biochar, 1 kg/m2; T2: biochar, 2 kg/mz.
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Table 4. Soil analysis for alfalfa before and after applying biochar in the field
Treatment Control Biochar, 1 kg/m’ Biochar, 2 kg/m’

Item Before After Before After Before After
pH 7.2% 7.1 7.4° 7.3% 7.3% 6.9°
EC, ps/cmp 366.5° 579.7* 348.0° 568.8° 339.5° 573.3°
Exchangeable phosphorous, ppm 347 29.6 26.2 324 322 323
Exchangeable potassium, ppm 222.5° 457.3" 221.2° 482.0° 221.7° 482.7°
Exchangeable calcium, ppm 2,727.1 2,730.7 2,724.6 2,881.3 2,862.5 2,599.3
Exchangeable magnesium, ppm 233.8 221.3 217.1 228.0 244.6 229.3
Total nitrogen, ppm 3,538.5° 2,559.1° 3,529.2° 2,595.3 3,473.8° 2,807.0°
Total carbon, % 2.3° 2.2° 2.2° 3.9° 2.2° 4.2°
Organic matter, % 4.0 3.9 3.8 6.7° 3.9° 7.3

"¢ Means in the same row with different superscripts are different significantly (P < 0.05).
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Fig. 3. The effects of pangolagrass biochar on dry matter yields of pangolagrass.

CK: control, no biochar and no chemical fertilizer; F: chemical fertilizer; B: biochar, 2 kg/mz; BF: 2 kg/m2 biochar
and chemical fertilizer.

xS, ALY ER E S ERETR A IR AT
Table 5. Soil analysis for pangolagrass before and after applying biochar in the field

Treatment Control Fertilizer Biochar Biochar & Fertilizer
Item Before After Before After Before After Before After
pH 7.2° 6.8 6.8 6.6" 6.9 6.7° 6.8 6.5"
EC, ps/cmp 370.8°  520.8°  319.9°  461.1"°  360.3"  504.5"  2022°  430.6®
Exchangeable phosphorous, ppm 23.0 23.0 27.8 243 28.5 30.2 26.8 28.9

Exchangeable potassium, ppm 216.0° 126.8° 2243 119.8° 2223 126.8° 239.8°  119.8°

Exchangeable calcium, ppm 2,797.4% 3,070.5*° 2,777.9" 2,776.0° 2,627.4° 2,805.3" 2,438.6" 2,645.0"

Exchangeable magnesium, ppm 168.1 176.3 204.2 186.3 175.8 183.8 190.8 198.8

Total nitrogen, ppm 1,466.8  1,456.0 1,514.6 1,3759 1,489.8 1,506.8 1,383.4 1,407.0
Total carbon, % 1.7° 2.0® 1.8° 2.0" 1.8° 2.3° 1.7° 2.3°
Organic matter, % 3.0° 3.5% 3.0° 3.4® 3.1° 3.9° 2.9° 4.0°

" Means in the same row with different superscripts are different significantly (P < 0.05).
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Fig. 4. Comparison of pangolagrass biochar with biochar data base from UC Davis, USA. Left is pyrolysis temperature vs.
C/N ratio, right is pyrolysis temperature vs. ash content. Red circles were the variation range of pangolagrass biochar.
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Abstract

The purpose of this study was to investigate the characteristics of pangolagrass biochar produced by Hengchun Branch,
Livestock Research Institute, and to find its effects on different kinds of forage production and soil properties. The biochar
was made from spoiled pangolagrass hay. The kiln temperature was about 450-500°C and lasted for 5-7 hours. The biochar
production rate was about 20%. The average value of pH was 9.6, electric conductivity (EC) 5.0 ms/cm, carbon content
64.2%, nitrogen content 1.7%, phosphorous content 2.0%, potassium content 3.8% and ash content 12.9%, respectively.
The average iodine value and methylene blue value were 469.8 mg/g and 15.0 mg/g, respectively. Three kinds of forage
production systems were tested in this study. Application of biochar could increase the dry matter yields of current cropped
forage corn and increase the accumulated yield of alfalfa, but it had no effect on that of pangolagrass. By the way, the soil
organic matters and carbon contents increased after applying biochar in all three forage production systems, which indicated
carbon sink increased by these operations. The results of this study showed that spoiled hay was a good candidate material for

biochar, and the biochar could be used to improve forage production, which might be a good model for recycling agricultural
by-products.

Key words: Biochar, Forage, Soil amendment, Carbon sequestration.
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Fig. 1. The average monthly temperature and rainfall at Hou-Long township, Miao-Li County during October 2010 to April
2011.

F 1. AEMEREEAIRS ~ S R 57 B PR
Table 1. Comparison of plant height, fresh forage yield and dry matter yield of Swan oats planted at different locations

105 days after planting

Crop season Location of planting Plant height Fresh forage yield Dry forage yield
(cm) (mt/ha) (mt/ha)

2010-2011 Hou-Long 73.0%£3.3 33.0+34 6.6

2015-2016 Fu-Xing 123.8+6.1 51.0%6.1 7.5

R2 REESEHRE ZAE - JUE - HEIABFU SR T
Table 2. Analysis of production cost, harvest cost, sale income and net income for the Swan oats planted at Hou-Long
township location

Cost and income NT$/ha
Production cost
Land rent 5,000
Seed 8,125
Fertilizer 5,000
Subtotal 18,125
Harvest cost
Mechanical operation 4,300
Baling operation 3,200
Transportation 3,000
Subtotal 10,500
Sale income 39,600

Net income 10,975
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Fig. 2. The average monthly temperature and rainfall in Fu-Xing village, Chang-Hua County during October 2015 to April
2016.

3. REATHEAE 2 AR - O - BB ABL R T

Table 3. Analysis of production cost, harvest cost, sale income and net incomes for the Swan oats planted at Fu-Xing village

location
Cost and income NT$/ha
Production cost
Land rent 15,000
Seed 5,000
Fertilizer 5,000
Other” 7,300
Subtotal 32,300
Harvest cost
Mechanical operation 6,000
Baling operation 8,000
Transportation 12,000
Subtotal 26,000
Sale income 67,500
Net income 9,200

" Other costs including costs for pesticide and labor.
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Economic benefit evaluation of activating fallow farmland to

. . . 1
plant oats as winter season crop in Taiwan M

Shih-Hsiang Liang ®®  Yi-Nan Yeh ® Szu-Han Wang ¥ Jen-Wen Shiau @
Jih-Tay Hsu “ and Rhung-Jieh Woo ©’

Received: Feb. 5, 2017; Accepted: May 17, 2017

The purpose of this study was to investigate the economic benefits of planting forage oats to activate the fallow farmland
in winter. The experimental period was from 2010 to 2016. The experiments were conducted at Hou-Long in Miao-Li County
and at Fu-Xing in Chang-Hua County, respectively. During the fallow period after harvesting the second rice crop, the oats
were planted for forage purpose in winter. The results showed that the plant heights of the oats were 123.8 £ 6.1 and 73.0 £
3.3 cm at Fu-Xing and Hou-Long, respectively, and the yields of fresh oats were 51.0 £ 6.1 and 33.0 * 3.4 mt/ha at Fu-Xing
and Hou-Long, respectively. The input of costs for oats planting production and harvesting and the output of income for oats
production at Fu-Xing were 32,300, 26,000 and 67,500 NT$/ha, respectively, while those at Hou-Long were 18,125, 10,500
and 39,600 NT$/ha, respectively. The net income was 10,975 NT$/ha at Hou-long, while that was 9,200 NT$/ha at Fu-Xing.
This study showed that it was economically beneficial for activating fallow farmland for planting oats in winter. It might be
helpful to improve domestic requirement of forage and increase self-sufficiency rate during spring period. Planting the oats
as forage use in winter the climate factors might affect oat production. Also the oat production might cause time pressure for

harvesting oats because of the 1st rice crop season coming soon in the fallow farmland.

Key words: Fallow farmland activation, Forage oat, Winter planting.
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