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AWTE B AEPRET Gk tp A [EFH 2R B B Ut AR & B8 S WE A ASE A R A R IR AL ER
W SR BT  SRBR AT 6 S - AU 30 kg AURE 16 TRAERT - S5 41 ARESE © M8
—DL 30 kg [AI5E 64 BEEEST{CHTRE (Metabolizable energy, ME) 3,250 kcal/kg i 3,100 keal/kg M fH& H'E (Crude protein,
CP) 15.5% Bl 14% #Hp 2 2 x 2 N Fallie s A R 2 22 - 5l DL 30 kg (A5 48 SHAE— P ERETAAEHAE 3,250
keal/kg #EEUHAEHE 18 ~ 16.5 i 15% HHEEA R 2% - Wl —4 18R - SR i E - LUHERE 15.5%
B2 (P < 0.05) AFRIE I 14% » SR ADG LU FET 15.5% M (P < 0.01) AFMHE ' 14% » G
A3 (Gain/Feed, G/F) JRLAHEEE 15.5% B (P < 0.05) A HHEEE 14% - M4 4 M2 fmH /K ZEE (Blood urea
nitrogen, BUN) J fJLEZRET (Creatinine) & & DU '8 15.5% i (P < 0.01) KN HHEAE 14% - il 45 1 #1
o RPHEREEERH 15% £ 18% - FEin2H ADG - g HR A E (Average daily feed intake, ADFI) i
G/F - [akBalit e 4 72 BUN DUFHE '8 18% HiZ (P < 0.05) KMHEEE 16.5% - FEa sl igati R - il BHE
HE &S8R ME &8 B4AERIASNERE 2 ERMEEABEETZE MY ME 3,250 kcalkg 2 & & » DUHEA
BaE 18% A4 RIERE R I 2 5 -

RRgiER - FHEETE - (QHEE ~ A RMERE - MURAAL(E -

i

15 26 S A8 Ry P LLIFE B S se FERC T B i 2 PR A i (3555 > 2011 ) » H 2009 FIEFUREEZ G FEEmA L
1= T A THE R - MR 2B RAsH - HERSE A REREANEZEME - (HEHEEEER
S AERHMBEEF S E - HIGEES IR - RIS UMIE e S 5 B T BEH AL EANR MM) -~ #1
LUEEN (AA) s WEERZ AFERE (HH6) » B {EHR S TEMmER 50% ~ S B MAR 50% 2 SR8 i %
(TR — mAEESE » SO Q) o Mh— i E LR E AR - B RS R A ErTREEL—RERY
R = miEE A RFE N A E o AR R AR R 2 RS HEEAL R ERE & & 16% BN
Fefig > Gk A4 S VERERSET o [FIRE(UHTAE & & 3,100 keal/kg B2 2,800 keal/kg FHELHIfEEEE 755 (Chen et al., 2017)
BLNRC (2012) 7EEHHE RHERE 2 3,300 keal/kg A1 o« =SS FEAS AFEE = AVE BBAE AR R Ry BV BB TR KIS
N BB RIS - HIRE AT 28R TR EHEEEARMNE - #R S B R MmN RTHERIERE - B
BEEAE mE - ERAREGIEEAR (Chen er al., 1999) » BUEFRMY ISRV E B RAVIAZ (Just, 1982; Noblet et al.,
1987; Noblet er al., 1994) « Fritb 24 » #11-FAR G B RHFURHEAS R 8 KRR SR E F SR E4E - 4
RSP AR HENE 22 A A SR ER rTEE R B2 BN IR B S S8R & (Alonso et
al., 2010; Figueroa et al., 2012; Wang et al., 2018; Zhang et al., 2016) °
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e FeMERE (Kumar et al., 2012; Liu et al., 2019) - [FRHEBEA R IRESE - "TAMIRRHEERE ZEHE RN REE RN
iR (Gloaguen et al., 2014) K% yE+51E (Peng et al., 2016) - Noblet et al. (1987) {FE&FaHi B REGE ST 8T » =6l
B A TR o BENAHAR A E 2 SR HERETE o LLAN  Noblet er al. (1994) JRHE HERS NN IIRERR AT
ERFE E R FTEE 4 2 VS - Fraga et al. (2019) 3 3% 22 — 30 CEIR 2 IR P A EE gl st EHEDE
fkE - G HAOREREN A RIFFEE » TEEESFIEIHNE o RELE B RIZAT G S0 ~ BBOR R R (5 2 IR
o SRR 2 Al - HEN B KEES B EEHERS -

FA = AR RS A LLIFE B AR 25% » HUA D EHNEA RIIGHEEET KETERE - UKD AR &
TOREDIURRERNFE » FFFFERELAEZME - BAES R EFaHEEFN - MELS HEE LR ER (] By R %
BTz Bk - BAE e e R R - I A ES H VRIS & A E BAE N R BRI S RS - IR E
TEIER 2% -

MxESE
L sEgEaiEhc rasst

sREREC T R FoR— R R RN - [EIRF R B B iR it 2 E 2 & - sl — PR EE
#EH'E (Crude protein, CP) Bi{{EAE (Metabolizable energy, ME) & & 2 x 2 # A T-al@ (413 1 > CP 15.5% 42
2 NRC (2012) /A 20 — 50 kg FE AR FAEE T K x 6.25 Ff5 » CP 14% il CP 15.5% #ffF 10% Firfs ) > GiiE sy
B HPHE (CP 15.5% ~ ME 3,250 kcal/kg) ~ LPHE (CP 14.0% ~ ME 3,250 kcal/kg) ~ HPLE (CP 15.5% ~ ME 3,100
kcal/kg) Kz LPLE (CP 14.0% ~ ME 3,100 kcal/kg) ; &5 — R DL F—3ERpriEsT 4 B e 2 fCHTRE 3,250 keal/kg #2
E=fEfHEES= (WFE 1) 6897 R G18 (CP 18.0% ~ ME 3,250 kcal/kg) ~ G16 (CP 16.5% ~ ME 3,250 kcal/
kg) & G15 (CP 15.0% ~ ME 3,250 kcal/kg) -

* 1. SEREIEEC T R S ARy

Table 1. The composition and calculated nutrient values of experimental diet

. Experiment 1 Experiment 2
Ingredients
HPHE LPHE HPLE LPLE G18 Gl6 G15

Corn, ground 738.0 777.2 675.7 709.9 672.0 711.9 751.1
Soybean meal, 43.5% 197.7 156.9 193.3 153.1 265.6 224.9 184.1
Wheat bran 0.0 0.0 70.0 70.0 0.0 0.0 0.0
Limestone 9.0 9.2 10.2 10.0 9.2 9.1 9.1
Dicalcium phosphate 11.0 11.5 9.1 9.8 10.0 10.4 11.1
Fish meal, 65% 20.0 20.0 13.5 13.5 20.0 20.0 20.0
Choline chloride, 50% 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Molasses 0.0 0.0 16.0 20.0 0.0 0.0 0.0
Salt 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Soybean oil 12.4 11.8 0.0 0.0 13.7 12.8 12.2
Vitamin premix* 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mineral premix® 1.5 1.5 1.5 1.5 1.5 1.5 1.5
L-Lysine-HCl, 78% 3.1 4.4 33 4.6 1.0 22 3.5
DL-Methionine, 99% 0.3 0.5 0.4 0.6 0.0 0.2 0.4
Total 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0
Calculated composition

ME, kcal/kg 3,250 3,250 3,100 3,100 3,250 3,250 3,250
Lysine, % 1.05 1.05 1.05 1.05 1.05 1.05 1.05
Methionine, % 0.32 0.32 0.32 0.32 0.32 0.32 0.32
CP, % 15.5 14.0 15.5 14.0 18.0 16.5 15.0

* Vitamin supplied the following per kilogram of diet: 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 supplied the following per kilogram of diet: 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.
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W s R T B R R B g F AR S S E S BRI IRE MR B g EEmS -
Sp—(H PG E 30 kg 2 S AE RS 64 BH - @O BCS 4 4HEERIC T (R 1) - FAH 1650 - F 4 BN —H
ANREEE - BB 3.25 m x 2.95 m RS slERiErT 6 - BRI /K R AR ER(EEd 5 g — R A SPae
B 30 kg Z = WE RS 48 B - O 3 dHEERECTT (W1Fk2) - ML 1650 » F 4 BHR W - ARESE - &
B 3.25mx 2.95 m I o slERiErT 6 18 o BRI /K R B eHER (6 -
B Rl R iR 4B B EHE

A RAART - FEEEHBFRGHEVIAEE - 2N EREETIE Dt B« P8 H Y E (Average
daily gain, ADG) - [EIFF/RECEE R e 2 LT E S ERHAR 2 P98 HEE & & (Average daily feed intake, ADFI) FZ i)
22 (Gain/Feed, G/F) < SSAGREaEI4A ~ 55 4 P8 Rk Bndd iy - &8N TIEE 1% L T SAAFARER L - WK e (oAt
TEMRAAE > AEHH &R FE S (Blood urea nitrogen, BUN) ~ HILE&HT K =8 H 5 (Triacylglycerol, TG)
}E o
eatotr

BB 2 A R RE R MR AEALE B R - (8 SAS 9.4 4858k AG <~ — 4R M2 (General linear model
procedure, GLM) #7877 5347 - F5 AR B 2= B g slba— DAL/ N 77 SEME % (Least-square means, LSMEANS)
T S PRI VI E A R B R E - el LAZE3E S 7% (Scheffe’s S method) #E1T & FRHIAH PII(EAR 2
HEMERE

R B R ER

ERMERE

g — A EHE A E A2 2 30 — 60 kg SNEEFE 2 A RMEELERNFE 2 s @ sllpshi i 2
VRS E R E 2 5 0 (HDL HPHE {2848 ERY 64.6 kg s - sEpiHR 2 ADG ~ ADFI J G/F JREEEIZ 7252 - DA
HPHE {E8#5 FA FRIEHT ol 2 #3577 nll Ry 0.82 kg ~ 2.23 kg J 0.37 - AN EG  FAUMEMACRUER » &
FRETERST U 522 > 7E CP ERUES 57 » B4l o 2 E3aRG B DL CP 15.5% i3 (P < 0.05) KA CP 14% >
imEtEEHAR 2~ ADG P CP 15.5% fi&2E (P < 0.01) A~ CP 14% - G/F L) CP 15.5% 8% (P < 0.05) KJj* CP 14% >
ADFI I8 72 2 - fEAEIRE TRUESS 7 - sllndd i 2 e E a2 2 S~ ADG - ADFI }; G/F
R A=

2. ERHEOERAHEESEEEE 30 — 60kg ZENE RS RIERERE (R —)

Table 2. Main effects of different crude protein and metabolizable energy levels on the growth performance of 30 ~ 60 kg

body weight Duroc x KHAPS black pig growers® (Exp. )

Significance
Item LPLE HPLE LPHE HPHE SEM
CP ME CP x ME
Initial BW, kg 30.2 30.4 30.7 30.2 0.66 NS NS NS
6 wk BW, kg 60.0 62.4 60.1 64.6 1.32 * NS NS
Total period

ADG, kg 0.71 0.76 0.70 0.82 0.02 ok NS NS
ADFI, kg 2.14 2.09 2.02 2.23 0.06 NS NS NS
Gain/Feed 0.33 0.36 0.35 0.37 0.01 * NS NS

¢ Values are means, n = 16.

LPLE: CP 14%, ME 3,100 kcal/kg; HPLE: CP 15.5%, ME 3,100 kcal/kg; LPHE: CP 14%, ME 3,250 kcal/kg; HPHE: CP
15.5%, ME 3,250 kcal/kg.

* P <0.05, ** P<0.01, NS: Not significant (P > 0.05).

B LA 3,250 kealkg Z UHIRERC G A R E QT E & B A RIS AE B 2 A RMREEROE 3 ok -
ABRGS R 2 IR E R E 2 5 - (HEL Gl6 £ 8UE LHY 61.0 kg 247 » slBRIHE 2 ADG ~ ADFI K G/F fEF1E
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725 ADG DL G16 {E8dE 1Y 0.73 kg #5155 » ADFI DL G15 {F8% 9 1.89 kg #= » G/F HIILL G16 K G15 158
£ 19 0.38 ek -

3. EHEAESEEHEE 30 — 60 kg 2 SN EEFEEEMERE (B )
Table 3. Effects of different crude protein levels on the growth performance of 30 ~ 60 kg body weight Duroc x KHAPS

black pig growers® (Exp. II)

Item G138 Gl16 G15 SEM

Initial BW, kg 30.5 304 30.2 0.85

6 wk BW, kg 59.6 61.0 60.0 1.31
Total period

ADG, kg 0.69 0.73 0.71 0.02

ADFI, kg 1.87 1.87 1.89 0.07

Gain/Feed 0.36 0.38 0.38 0.01

¢ Values are means, n = 16.
G18: CP 18%, ME 3,250 kcal/kg; G16: CP 16.5%, ME 3,250 kcal/kg; G15: CP 15%, ME 3,250 kcal/kg.

Deng et al. (2007) £ YD R ASEAERIEIN - B CBEREEE ~ £T Bl S FRmRels - RN ROEE R E H 18.2%
FE(EZ 13.6% IFf > B8N SHEU R AR B EE T % - FIFSREHLERINEE T 5 Lier al. (2017) HIfE LYD
G RIAFEE T - BRI ABERRE - BT Bl ~ PRS0 FIRSROH S BE H 20% [ R 14% B
B R AL R B & BRI TE(R > Yue and Qiao (2008) 11 LY B (FA&6AE R HETE 4% FERF e
Fele ~ FLH Rl - SENGEE - 4HREIE ORI RERE » ADG K F/G B [%{X > Roux et al. (2011) £ 20 — 45 kg 2 LY
B LYD Fh &R PO & (& D 18.18% [E(EE 13.34% - [FIRFHH TG ~ FC T Ralg ~ F s K (il -
ADG K G/F 8K - £ B —F > CP 15.5% 255 6 H-EIIRGE K G/F BE &1 CP 14% - (fil ADG gz
S CP 14% » Bl FiltrBRaE SAE 0L - BEREL CP &8 14% 0% » 1l 7o Bl el B i e s o8 S A B A 4
R ASEGEL CP 15.5% Z A RE - FIRE R B8 Ml e A S i A B T HHE D E & 8 » RS
WEBFEE RN 4 RIERE -

atBE RILL CP 15% Ry BERRE - [FINH[E] e B I b P it & B Bl —HE - 2Pt HEn E a8 A
EA NI TSR AR TEHEO B EERE  SREN > IBHHEO B EH L RIS a1
AR © Noblet er al. (1987) #5HAE 20 kg KYe E ARG T - (EH CP & & 15% F# CP & & 18% » {Fai& 7
HiE AR AGE - HEH CP & & 15% » [FIFf Tt 2 CP 28 18% N8 E ~ Il nE & E
e AR AR Bl & GIS RIIBEREiL e G18 —Ely - HAE RIEREMEIE 225 - Kerr er al. (1995)
f5th 20 kg 2 LYH FEAC AFE[E CP 12% - [FING fepfe et - 5T Relie ~ (ofelg - 45535 B CP 16% 20
AT A MRS 7252 5 1f Kerr and Easter (1995) FIIZEER{E 18 kg BERmHT 2255 PAFE s be 1 K CP & E[E]IEF
THTCNFR AR ] RN E & 2 (E A © Figueroa er al. (2012) fELEFIFEMEARE A58 4 RIIT[R{K CP 28 2.5%
AGFRT R 2 0.93% IS T ARUMKIE ADG Jz ADFI > p EAICCRRGE SR T 3837 > Sl A [FIEE A T & e A i
E—ERER - & CP 2L RMEIREN /7 vl Bl s CP 4HZE AL RS » 1B — o {5 1 7o il e B B2 FR i P
FEENPTETBHEEE 18% HEZ A RME  FRSWEREMATIEERET » NIWERERC TR EE R
FEoK - 281 e RS SR R B A R AR F R R E O E & B WM E A R 2 &R R —
B HINARE A - BRISE - IR - S N ERERAIIERE & & K EHENE 2 EE Bg e EanlE
R IR S O E R - HINSIRRHZ— i -

MAEARAFE EREEE 77 » Nieto et al. (2002) {EFLLFIBFE 4 RIS h & Bl R R aEF 2 CP 2 129 g/kg
DM n[ SR E B E BEEE E E o Smith er al. (1999) 322 (55 A58 H 5 (Choice white grease) ££ 44.5 — 73
kg 7 B RIAFEETIEAREE A E S 3.56 Mcal/kg 522 ADG 3 > {H ADFI #83& T % ~ GiRPEREE S
1£29.5 — 72.6 kg fEfEFRERE S E X 3.57 Mcal/kg TRNEETF{K ADFI H B SCEEERIREER « fEalbe— ] 8 BE R
HHE T REER 7Y - ADFI Jz G/F KA B —E0 2 3580 « Bhoh » 3% 2 a3 AE sEaiif ADG k. ADFI & DA
LPHE {&Ji* HPHE » Kuan et al. (1986) 5 F IS E 20 — 50 kg 2 R LYD A5 HA R 2 EHER
tt - ADG FEZ thEfEA mBEZ I - DA ER = - HPHE 2 & A REELL#E LPHE 5 » W& ADG 23R A15L
RAFTHE 2 #2%  Bowland and Berg (1959) HIZ2# M4 RIFFEE N sk ESHEDEiE MERAZBHERERE >
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e — SR A BLAEA B i et B[] ADFI Brsd i 2 <5 SR L - istle— Kl — 2 £ R MRS > WNAERMY
ESWERFENE - ALEEREER 2 ER 1.05% Fh T IRTPHEAE SR E 18% HARMAEEEE N E 2 5
o
MRAE(EE

i — DA FEEE KAHE S B 30 — 60 kg SAE RS ZIMRA(CESERNFE 4 Frs > 5 4 BHE
Ea&i R 2 PRZEE (BUN) ~ HLERHT ke =F& H s (TG) MEE AR - AN B2 ERUEEREM - S ETH
of BB 2 - FE CP ERUER ST - 55 4 82 BUN KHLRERTLL CP 15.5% HxBHE (P < 0.01) KjL CP 14% > TG
AR £ 2 2 > MatEadi R 2 BUN ~ JILERET & TG MERTE 2% - AR TRUER Y - 5 4 HEEERGE R
BUN - HLE&HT ) TG fE#IE 2 5 - 5B 2 3,250 kealkg Z UEHRERC & I E A E & B E RIS AE R
Z MR AABESS R 5 Fos » 55 4 2 BUN DL G18 #Y 12.98 mg/dL &3 (P < 0.05) Kj* G16 #) 7.10 mg/dL -
AILBERT &2 TG fREEE A5 5 MslBass Rz BUN ~ HlLBEHET Fz TG fEEE 25 -

F4. GREHELE RBRES EYEEE 30 — 60 kg > = AVE BAEMUR A LE 2 W0E © (38— )
Table 4. Main effects of different crude protein and metabolizable energy levels on the blood parameters of 30 ~ 60 kg body

weight Duroc x KHAPS black pig growers® (Exp. I)

Significance
Item LPLE HPLE LPHE HPHE SEM
CpP ME CP x ME
Initial  10.19 10.75 8.95 8.81 0.72 NS NS NS
BUN, mg/dL 0.95 0.98 0.93 0.98 0.04 NS NS NS
Creatinine, mg/dL 35.00 26.88 30.00 32.25 3.54 NS NS NS
Triacylglycerol, mg/dL
4thwk  6.86 12.15 6.80 8.59 0.90 o NS NS
BUN, mg/dL 1.03 1.21 1.04 1.10 0.03 o NS NS
Creatinine, mg/dL 36.00 44.00 31.25 30.75 5.36 NS NS NS
Triacylglycerol, mg/dL
6thwk  7.31 9.70 7.31 8.60 0.90 NS NS NS
BUN, mg/dL 1.14 1.14 1.15 1.10 0.04 NS NS NS
Creatinine, mg/dL 31.00 26.88 29.00 32.63 2.42 NS NS NS
Triacylglycerol, mg/dL 0.33 0.36 0.35 0.37 0.01 * NS NS

¢ Values are means, n = 32.

LPLE: CP 14%, ME 3,100 kcal/kg; HPLE: CP 15.5%, ME 3,100 kcal/kg; LPHE: CP 14%, ME 3,250 kcal’kg; HPHE: CP
15.5%, ME 3,250 kcal/kg.

*P<0.05, ** P<0.01, NS: Not significant (P > 0.05).

Ak ittt —2GlEn — - &4 BUN - JLEZET K TG B EIEE &IE N (Klem ef al, 2010) - {Eak5E—
4TSS IRATES 4 0% BUN <2 CP TAUEEZE » H DL CP 15.5% BEZE 550~ CP 14% » 356 RS THAE 5 4 0%
BUN LA G18 BEE 512 G16 » 45562 Powell ef al. (2011) {F4TC B FEAZ AFE K Fernandez-Figarez et al. (2007) {F
TR LL AR A RIHETERHEAE S EHB T ISER 8 & CP §EFEE A= 2 BUN ZE
4 B ERERAE TR TN 23Rt — M BME R R 22 5L o Cai er al. (1995) RIS HIFE S HUE: 2 At E 1 H A4
PREFFHEERE » FTEREEEERNGEHEEFNHAE AR ESRS  WHHEEERES LT H—%
B BLAGA B — 1126 4 8 BAe Badd R = A pe PR B (A R RE R B 2 PRZEVEAR T » BRI R 2 FREE
SRS AR B0 QAR » 5 TR 2 BRI 0 /D B0 B (Wang et al, 2018) + (5L LS HIEE
HE ARG ALHETE 16.5% Z ffg YRR SURPER A BB SHIMESE 4 B [EEE F AL A2 CP
FRGERZEE - HEL CP 15.5% BE S )* CP 14% - fR4% Baxmann et al. (2008) f5iH - MUBHIEEET = EFERSE I -
AEff & T ~ BRI R EE =G I0IM _EFF » BHY CP 15.5% st BRiA 9 s HIY SR E A i e 2 #sh
(A —HF R N P EERE - RIS EE T - SE B B —2L -

G455 - FTEH CP S EMEN ME &8 - S WE B E RIMREAEEZE - sl A%
B TEf ARl 2 1.05% FE5CT » [ ME 3,250 keal/kg #8580 CP 18% i) A28 35 1Y #E AR R R -
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x5 EEHESE S EHIEE 30 — 60 kg 2 WERFEMIRALEE © (58 )
Table 5. Effects of different crude protein levels on the blood parameters of 30 ~ 60 kg body weight Duroc x KHAPS black
pig growers® (Exp. II)

Item G18 Glo G15 SEM
Initial

BUN, mg/dL 9.31 9.25 8.50 1.05

Creatinine, mg/dL 0.94 0.95 0.98 0.04

TG, mg/dL 40.00 32.00 47.38 6.45
4th wk

BUN, mg/dL 12.98a 7.1b 8.24ab 1.34

Creatinine, mg/dL 1.08 1.06 1.14 0.05

TG, mg/dL 37.25 35.25 30.50 3.21
6th wk

BUN, mg/dL 13.61 10.38 12.65 1.65

Creatinine, mg/dL 1.23 1.24 1.20 0.05

TG, mg/dL 33.50 36.50 32.50 3.34

“® Means with the different superscripts differ significantly (P < 0.05).
¢ Values are means, n=16.
G18: CP 18%, ME 3,250 kcal/kg; G16: CP 16.5%, ME 3,250 kcal/kg; G15: CP 15%, ME 3,250 kcal/kg.
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Abstract

Two trials were conducted to investigate the effects of dietary different crude protein (CP) and metabolizable energy
(ME) levels on the growth performance and blood parameters of Duroc x Kaohsiung Animal Propagation Station black pig
(DK black pigs) during growing period. In each trial, sixteen pigs (eight males and eight females) were randomly allotted to
different diets and were fed for six weeks. In experiment 1, sixty-four pigs (30 kg BW) were assigned to one of the dietary
treatments in a 2 X 2 factorial arrangement with two CP levels (14% and 15.5%) and two ME levels (3,100 kcal/kg and
3,250 kcal/kg). In experiment 2, forty-eight pigs (30 kg BW) were assigned to one of the three dietary CP treatments (18%,
16.5% and 15%) to assess the effect of higher CP levels under 3,250 kcal/kg ME. In experiment 1, the results showed that
the average body weight in CP 15.5% was higher (P < 0.05) than CP 14%. The average daily gain (ADG) of CP 15.5%
was higher (P < 0.01) than CP 14% and the Gain/Feed (G/F) of CP 15.5% was higher (P < 0.05) than CP 14%. The blood
urea nitrogen (BUN) and creatinine in CP 15.5% at the 4th week were higher (P < 0.01) than CP 14%. In experiment 2, the
results showed that the increase of CP levels did not influence the ADG, Average daily feed intake and G/F during the whole
experimental period. The BUN in CP 18% at the 4th week was higher (P < 0.05) than CP 16.5%. In conclusion, the CP
level was more important than ME level on the growth performance while the diet with CP 18% did not improve the growth

performance of DK black pig growers.

Key words: Crude protein, Metabolizable energy, Growth performance, Blood parameters.
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SERTLIT A VR « LR IBESGLE AT - SERTYIRAT 4 MR LYD = AR TR 3258 (4
B4 )+ ARBEERVER - 9% 4 RIRAR - S RIGTED 16 (ERE Mt - SR 1 4 15 TR0 4 825
B - GRS ORI S 18% HIZE T8 3,500 keallkg FT3H{LAE » IESMYRITRIN 0.1% 567 - BTSSR S S
REUY R BHIBLTRE SARETEAGTR - 17 3 YIS MRS R - DIETE S MREIYIRIS - 152428 (Dry
matter) 2 9.0% : BERIZY » Fy 11.6% : IREEESRE » B 17.9% « SERGERET » (PRI METLISE 4 BRE - R
11 0.1% SRR & S MEREHLILLRAN 0.1% B8 5 AU IR BE AR (P < 0.05) : (FREMBETLIZE | 8 - ARETR
11 0.1% FREEECSREREUYIE + ELIRAN 0.1% SRS MEREHUETHRAL - (THRIBCREEEIREE (P < 0.05)  MHstBRHT (
Tk 1 — 43 IREDURETRNN 0.1% SRR H SRR ML BIRUUAEEE (P < 0.05) BeErYERIAE - fEHL8 RIME
FI + DIEETHETLIFRORAN 0.1% IR ES + E578 Rt Ry S REEIUYIENE - 47 VA I 3 T8 AT (IL-1B -~ IL-6
J IL-8) ~ 2 7 (IL-6 82 IL-8) bLR, 1 5 (IL-1) HIFF « S FREBEEEINEE - SRERN0.1% IR 5 5 M
HUYIEENE » AEHETLIESE 15 81 28 K ARIF R BE T AR IR Y S RIS AR A+ IR R L4515 KA »
FPREOILE B E IV (P < 0.05) R4 « &raTTS - FEMALIFRETRRAN 0.1% RS SMAENY) - 7Dl
DEEHERL R 4 T LA (TR 1 — 4 ) ORISR  [EINFA B RS2 35 DR - DL R A R (AL
B B R0 0.1% BERTER 0.1% ETESREREHY) AR ISARI 8 S FAaf e -

BT RIS R - RREACED) -

4

R ARG EI L (RS SR EASER ) AU B F P A FE S MERE RSB - nTDUR 58 & 5 — 28% HUREE
FEEE & (Kass et al., 1980; Klavs ez al., 1992) - [E|FF KRG 2 AEYEE - B8 ERGERFE I EIFF EZE AT RN e
Vi 4 2 F SRR E (W EE ~ 28 ~ NBE R Bsie s ) - HIRIA EMEY 2 145 - A IReE4ER5 5L E RS < EF (Blottiere
et al., 2003; Anguita et al., 2006; Biagi et al., 2006) - 55€1% 15 (Hindgut) S 07 ~ Z2WERE - 4B RE R B afE » B2
BN IEABE Y - BFEAEYANIEEE 2o - e - GRS BE 0% Bt (Inulin) BAET M) SE (Cherbut,
2002) - EAIE Y MEHTAREEELIATERE (Xylan) BLEREE (Pectin) Al A] DIEIE PG E TP RERUHIZR - WP RS M -
B RR M ZE - BARES SR ERAMANIE (Cherbut, 2002) - FE/KA MG 4E 2 AL ARG FHIIE G R AR
F 0 KA E AR - BB F LG E R 9 DL e HE I H BHERVIIEE (Reid er al., 2003) o JE/KAE M@ MEZIR
HARHER E 5 R W A R U TERIIE A > e 4 AR R 28 ] DA R 5 i A W) 2 & & Z AR (Schnabel ef al.,
1983) » GERGE N VAR B AT - H P aiE T AR A AV (William er al., 1991) - EhY)RGE T EAH
HFfr - EZEVMRYYER T8 - EERESIRIIEAR © 50 - el DA EREEBLE 2 B E i A Prga bRy - Hd
S R R L AR AT o i Fy i 28 (Yao et al., 2016) © RliE > Al AR ~ BT LR RAE 2%
FEZEHIR AR » SHE B AL FE £ RIEEE - BEMEYEMEAGR R 3 R RE T E -
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AABENTT B SRR R g s ESAr e BB ST > B ZEH - FEEE ks EsER

SerrE R EH AL BB 104-25 SRR AR -
L s\BREhY) S e e 2

ERRANIIZ BV Z AR RIR B - B IREEEa B =98 - SRR 4 Bicirl 2 LYD =
RS A AR SE 32 B (ARESF ) o IREEERBIMER - 3 Ky 4 IEHAH > o RlEERY 16 [ERERMET - SR
VA VB B4 4 R - BT R 4 H 25480 - HIRAHATIE S 18% MHEEB/E B 3,500 keal/kg ADMLAE » 53534l
N0 0.1% ZEKFZ ~ EfEfBUR %%&EEKER%Z%%E%@%H - BHIRH IR - 0% 1 For - SR RE R - L
o HEEUK - BEERE AR X sl HPnEER 0 DA TEETTE - SRR RN
10 mL 53 A S ek 0 BN R 2 B ~ SREBFHESL(ERE S (R sBabasa - BEALIRER 15 KBRS

RH) foismEmAeY 2 B - sHSEY 2RI E NS A R IR ~ FEEE BT RAVRCR -

* 1. EEA e EsER Z GRRHE (HIRAE)
Table 1. Composition of basal diets for postweaning piglet (control)

Ingredients, kg Basal diet Basal diet + Plant polysaccharide
Corn (yellow) (CP 7.5%) 597.3 596.3
Soybean meal (CP 43.5%) 200.0 200.0
Limestone (pulverized) 10.0 10.0
Dicalcium phosphate 15.0 15.0
Fish meal (CP 65%) 50.0 50.0
Skim milk (powder) 50.0 50.0
Whey 50.0 50.0
Choline-ClI (50%) 1.2 1.2
Soybean oil 20.0 20.0
Salt (iodized) 4.0 4.0
Vitamin premix* 1.0 1.0
Mineral premix® 1.5 1.5
Plant polysaccharidec 1.0
Total 1,000.0 1,000.0

Calculated value
Digestible energy kcal/kg 3,522 3,522

Analyzed value %

Crude protein 18.96 18.86
Lysine 1.17 1.18
Calcium 0.85 0.86
Total phosphorus 0.63 0.65

* Supplied the following vitamins per kg of diet: Vitamin A, 6,000 IU; Vitamin D,, 800 IU; Vitamin E, 20 IU; Vitamin K, 4
mg; Vitamin B,, 2 mg; Vitamin B,, 4 mg; Vitamin B, | mg; Vitamin B,,, 0.02 mg; Niacin, 30 mg; Calcium pantothenate,

16 mg; Folic acid, 0.6 mg; Biotin, 0.01 mg and Choline chloride, 50 mg and Cobalt (II) sulfate heptahydrate 0.5 mg.
" Supplied the following minerals per kg of diet: Fe, 140 mg; Cu, 7 mg; Mn, 20 mg; Se, 0.15 mg; Zn, 120 mg; I, 0.45 mg.
¢ Added 0.1% extracted polysaccharide from wheat bran or alfalfa meal and napiergrass.
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TEPZ BEACIU I BEAL (A A R MR - BEEEHELSE KR THIRUE

Y2 BN ZE U R ) 2 B 2 i

Y2 WERIZEE 7774 » T527% Baets and Vandamme (2001) 757k > #E/TEEF - B 75 MR R & (Pennisetum
purpureum Taishu No. 3) ZEAEY) L ENZERL - BFENTF - FfE ~ SHEEIRRE - INEL ~ AR EBLIRE IR -
HEITEEILT A B - FERAREMEY LAY - WL > EEYZEEZEIYR ORI S8 - AR
F 2 AHBEE YRR - Hep P BEgHE -

REE S TEE RSN - EEF B E MR - DL 3,5-dinitrosalicylic acid (DNS) 3| B 2 H ) 2 Ff
Y BRI EE Y EA T B A - BIgE M4 AR N EEEBIFAES) o i DNS (&) #EF K 3-amino-5-
nitrosalicylic acid ( fF4LE ) » BH RS R B R TR FE B IEEE > W LUK R 540 nm HIE T EAE - #E AR
W BUFEEL 5 S HVE > S BINA 1,000 mg/mL REEEEMER 1246 2 8 mL DL ZERE/K 9864 2
mL > fig# 100 — 800 png/mL HYAEHEAR » BT EE MR ELR - BT S IS 250 FIFE 2 e E
SFEMEYFERW) . SRS E (%) AT ¢

s o, POEJFERE (ng/mL) x ZEHUR (mL) .
T T N

FEE(E P E A AT

£:d Lactobacilli MRS Medium (Difco™ & BBL™ Manual, 2nd Edition; https:/legacy.bd.com/europe/regulatory/
Assets/IFU/Difco BBL/288 110.pdf) 77457 M AL.BE B &L - FEEL 1 g E{F S A 10 mL 0.85% NaCl ;R &5 » 8
%8 0.85% NaCl #4772 (1 mL + 9 mL 0.85%NaCl) & 1/1,000,000 - 575 5 2 - H LA L BIF R A%k E
Lactobacilli MRS “F[gif%#E 5 (Difco™ Lactobacilli MRS Agar) | » 2188 A CO, B5&5 » IEMBRENVEREE T (13%
CO,) » A 37 CHE 48 /NI » IR IRIBEEA A N RE Pk HE BB RS

FEEH(E T RIGIRE (Escherichia coli) ~ HAKIGHREEE (Other Coliform) EAEAASNE (Other Enterobacter)
5yAT 705 > 288 CHROMagar™ ECC B B% » 5 JefEEL | g E{FEJLA 10 mL 2 0.85% NaClJE &1 4] »
& 0.85% 2 NaCl #%E#f% (1 mL + 9 mL 0.85% NaCl) & 1/1,000,000 » FHFFE 5 2 - {{l& CHROMagar agar
SO E REEEER  Hoa M BRI EN KFEPAFH  FEIEEEMECRE AR T LASE 209
[ R 2 F B R AR (e S U S LU - WA » (FARTINASCE - RO g (R o] DU 4
100°C ) JECE Y 48°C/ARTE R H A - B 73X > FLL L BB 5 R R B8R/ I > 73 5(H 1 mL 2 1/1,000
J2 171,000,000 PR A L » A ADEA 3 (9 om B8 11 BT ABEREA (LY 9ImL) - B9 E
ZFEEMER - BN 3TCHEEML 24 /N2 STREESE ZHE > B EEOBAGEE - 2846 (Mauve) &
H A ARG IRE LA 28 H 8 (Colorless) B HA G N E o H 2 Et%HI R RS IR BREE Ry 5 B I P M R MR B R
HEMEE - EEKEGEE (E. col) BN RS - KGR EEEAE 2 £ FILIETES (B-galactosidase) 1K 7 LA E
(Chromogen) X-gal (5-bromo-4- hloro-3-indolyl-beta-D-galactopyranoside ; ¢ p-galactosidase 17 JEZ'E ) {FE A
% SALEINE © SNRIGIRE L B- #& EEEILES (B-glucuronidase) At 7€ (2 5H BCIG (5-bromo-4-chloro-3-
indoxyl-B-D- glucuronide, BCIG) /EFH{HE % N 2B -

MR RIS E D &2/

Pl&H 2 —FE0U 2% (Ethylenediaminetetraacetic acid, EDTA) HiAEMBIRERIME - HEEERFE SEAFIREE >
kR 0 SCHEC 10 7788 (££ 4°C ~ 3,000 rpm AT ) » WA IR Sl GERUR -20°C /2 3R ME » it ik
a8 - MUBREIRED IgA ~ 1gG K 1gM &8 2 HIE » SRR RIEWITE (Enzyme-linked immunosorbent
assay, ELISA) » f{¢IBHLE Mg 4= 7 2 Pig ELISA Y% EREE [ (Immunoglobulin, Ig) IgA ~1gM & 1gG 43 #7E4H (Leinco
Technologies, Inc, USA) 7 2 B » i DU 450 nm T & &9 -

MEAHRES R & 289771

£+ Pereira et al. (2012) 73ARAIALER J77% @ MRAIRDH R EORI R ELISA - R 2 AR %%
A AR R - Milliplex RIJERE o3 M FHPUAS SERE AL fUEk b - FEHDREGEDE RIBLLIMEE AR - R AR TE
HIBH E14RH (Color - code) - F—THEH 4RI MR E HE MW EE O MIPIEE - SRS MR R o 4R
ZIRTEED - ARBEEEEAEY)E (Biotin) (YERIDUGIER » H& 1A SAPE (Streptavidin phycoerythrin) 5471
HERZJE > LA Luminex 200 BUf#25 (Luminex Corporation, USA) #{T MURAE T A TNF-a (Tumor Necrosis Factor-a)
KefirEZ (Interleukin, IL) ~ IL-1B ~ TL-6 ~ 1L-8 Eil IL-10 ZE4HREZEEHI(EH] o
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SRET S STEEFR > £ SAS (2005) BY4E T ES » /it GLM 2% (General linear model procedure) #1758
J753H - A LABRE R 2 800 E 74 (Duncan’s multiple range test) AT R EHAHFIGEM &~ Z BB ST > E P <
0.05 FAFEE -

e RN B

L B EERRREY SRS R
SUERER I S EERLY) - 53 31 BB SIS RS P A TR Y (SEBEIEED) ) ~ E578 (SLRMEARD)

RAREEAEE = (1) & 100 g - ZEHU A= AR ERITIIE - FREE - 9552 pH (8 + BUKEH 2 /1
B SRR e DL 4 ALY 95% ISR 24 /NI BRI SR B - ATIZEANS 3 M S M
IFUA 2 B (Dinitrosalicylic acid, DNS) /#7455 » IS MERMIIRIE - A XY WRERE  HIWE
BRI 9.0% ~ 11.6% e 17.9% - JRER 6 %5 = B % BRI Ia0 2 ISR - A BN SR B0k 2 O ML 5 1 B 1
W & B PR B B S SRATEL (BRI T - 2011) - B - BIP—LIERUAY SRV P -
P2 ASEME IR 735 - AE AU S RREMIL SRS B 14.81% CHF > 2009) » BTARBBRIR I
MUY S5 77325  FTLUECEINEE - 5 RORIE S S RS -

IL SRR 0.1% MY S RERERUSTMERL (R BALIR Y W8

DU IREHA RIS BIARID 0.1% K57 ~ BiasURRRFEY) 2 BERE Y ERRE - (FREREAHARS 7
14 ~ 21 5 28 Kif - 4 dHEfRAHE A BE 25 - EEREDRIN 0.1% Y ZMAENY) < A - BBEA SRR
SHAVEEES (R 2) - HERRAIRE R SRS E MEY ] DA I ZAEY) 2 - A iR S Ve AR AR R0 4e e
EAYRER (Noblet and Shi, 1994) - fEREAIL S 4 H 2 HIEE - BRENRIN 0.1% IREFESMEEHWILLIARIN 0.1% EfE
ZMEAFRYEEAE - ARy N RS - AR RS 12 3Bk > Al 4 HEREIRAEE =
(&3 - WHERRER AR EMEYEREESMEA IR A - ek KB Inmies - Einiek
AR 4 HEDIBELEARCR - 5550 WERTEUR  IREESEE A ESARSENZSHEERY) - [F
R 25 W 2 U D B AL 58 H M EERCR - MBI ETE S MEE A - MEINRIIREE R S A B4 S AR
HEEEIAH BA TR MR AL (PRI H S > (B2 A TR HBEAL (748 L3 & 40 — 100 g HYSCR »

2. fEREHIRIN0.1% REEY)ZEEE LYD B PR 8
Table 2. Effect of adding 0.1% different kind of plant polysaccharide on bodyweight of LYD weaned pigs

Items Control (C) C+ C+ C+
Time 0.1% wheat bran 0.1% alfalfa meal 0.1% taishu No. 3
polysaccharide polysaccharide polysaccharide
No. 8 8 8 8

28-d-old, kg 7.45%0.71 7.72£0.80 7.5210.76 7.98£0.90
35-d-old, kg 9.36£0.96 9.45%2.01 9.60 £1.33 1024 £1.75
42-d-old, kg 11.88+1.52 12251243 12.11£1.76 13.07 £ 1.70
49-d-old, kg 14.62+2.77 15.19+3.31 15.32+2.85 16.51+2.49
56-d-old, kg 18.89+3.11 19.47+3.80 19.44 +3.69 21.38%2.70

" Mean * SD.

¥ There were not significantly difference in body weight among those aged form 28 to 56-d-old by adding plant
polysaccharide extracts.

ERHR BT > Y 4 R - BEUABRE R (R 3) > ([ElRRPAIEI  EREDRIN 0.1% EY S HERE
HUY)EatE - (FAER R B ERR K - HhE0 ) mT REIN G KR TR I 2 BE X B B A S AR e U TE AT > SRl 4EHY
REEARFEHRES -
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1.

BRI - BEFLIRSS | AR - BREDAIN 0.1% IREE S HEZEAY) - BIERIERAT 0.1% 2A R ZHEZEHY)
ZAFFABERIRCR R (R 3 ) > R HATRDABRERNN 0.1% IR E L WEZEAY) - SO HRARFHE Z BRI R Ry - B
NEREVREESIEAEIY) - BRI FEEIRSCRIER Iﬂ:ﬁ%ﬂl Verschuren et al. (2018) FAH[E - Falsi 5
AIRE I A8 RS i e T — ER IR e M S W AU ORA B P ST HERG A 0 A ] LUK 25 I o 2R S P B R
(Durmic et al., 1998) - (i S50 AR R - B’T‘TU\{E%’E@%%}EE’J&% ] LU Ry [FFEREE AR (Anguita ef al.,
2006) © (AL > BEFLIFFEEREDAIN 0.1% IR Z ALY - A UGS BEAL FAA G RISCERIIIER] -

EARRIANID 0.1% THY) 2 MEZE Y B AL A6 MU R e SR EE H B R e B 2 8

B A Al PL AP FE 2 EREER ST AR 0.1% 2 3 TEAEY) S MEZCHUY AR - A e SUBRas R i EEsUBRpR 65T - ¥
FEAE 18G ~ IgA I IgM R A BEE NI G (R 4) - T*ﬁbii%ktijﬁ*ﬁﬁﬁwﬁ%ﬁ% (Curtis and Bourne, 1973;
Wilson, 1974; Lee et al., 2017; %U# 2017) - PEIRG AR NGB FETY 6 Ml (BEALIZER 15 R) IRIREEEESD
SRNET TR B e i 5 TS AR A S ERER RN AN -

XY,z

“® Means in the same row with different superscripts differ (P < 0.05).
ADG: average daily gain, ADFI: average daily feed intake and FE: feed efficiency.

FE MR AN ZRE T - (EREALIF > S pa P F54HY TNF-a » IL-1B ~ IL-6 ~ IL-8 } IL-10 R A EE
2R o [HRAESBRGER DI - SREDR 0.1% ZIREFESHEAEHYILLE IR - 3 R AT IL-16 »
MEAZHL LB ORAE - FE5% R AT IL-1P B2 IL-6 JRFERTEEN(K &R

AT IL-1B R R E R - HEERR

FERAETRIN (R 4) ¢ BRETARIN0.1% Z
BN 0.1% Z k7 ZIERERUYIEEETIRAE - fE3E 3R
FEEHRARIE AR > 1 IL-10 JRIE - £ 4 AR HERIR -

ZEH) > BAHIEIR TR R

Rl 47

H1E%

3. GETURIN 0.1% REEY) ZEEE LYD Bl 758 RIBIRIVFZE
Table 3. Effect of adding 0.1% different kind of plant polysaccharide on growth performance of LYD weaned pigs
Items Control (C) C+ C+ C+
Time 0.1% wheat bran 0.1% alfalfa meal 0.1% taishu No. 3
polysaccharide polysaccharide polysaccharide
No. 8 8 8 8
ADG, kg*
1" week, kg 0.2710.04" 0.25%0.17 0.2910.07 0.32%0.10
2" week, kg 0.36%0.10 0.40£0.07 0.3610.08 0.4010.03
3" week, kg 0.391+0.22 0.42%0.19 0.460.21 0.49%0.15
4" week, kg 0.61£0.05™ 0.61 £0.03® 0.59 £ 0.06" 0.70 £ 0.05"
Overall, kg 0.41£0.10 0.4210.08 0.43£0.10 0.48+£0.05
ADFI, kg’
1% week, kg 0.43£0.10 0.4510.04 0.43%0.19 0.4410.12
2" week, kg 0.77£0.25 0.7510.22 0.71£0.20 0.72%0.19
3" week, kg 0.89£0.36 0.8710.36 0.89%0.16 0.88£0.28
4" week, kg 1.44%0.17 1.2610.24 1.28%0.18 1.25%0.14
Overall, kg 0.88%£0.18 0.84%0.19 0.83%£0.14 0.80£0.12
FE (feed/gain)’
1% week, kg 1.59+ 1.11% 1.80£0.17° 1.48 +0.44® 1.38£0.21°
2" week, kg 2.14£0.56 1.88+0.24 1.971£0.24 1.80+0.42
3" week, kg 2.28%0.12 2.07%0.39 1.93£0.35 1.80£0.25
4" week, kg 2.3610.29 2.07%0.21 2.16%0.16 1.79£0.26
Overall, kg 2.09 £0.29° 1.96 £ 0.09" 1.88 £0.08% 1.69 £ 0.20
" Mean * SD.

5 K F- TNF-o J2RE LT 4 £
LIRS R - EREIBEFLFFE 1 B E Y 2% 1
RFHIER © AHBAEYSOBVVEE LA 455E (Ewaschuk ef al., 2012; Cornick et al., 2015;

IL-6 R IL-8 &
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Lee et al., 2017) = [Nt - BREABEFLFFERIN 0.1% IREEE ~ BT MER 2 ZIEZEHW)EIE - B EREAL 565
RETHIEM - THERIRREE S MR R R E -
VL RN 0.1% T2 MEAEHY BB AL A (R EH 2 2

FEBEALH > FREE D ZARE - KSR EREEAREARER - RMEANEERE > £ 4 mHEHE A
FAER(RS) - EREFERSE 1S RiF - BREDRIN 0.1% ZIREFE ZHEAEHY) LR e IRAH AR - (FAE3 [ 27,
MREEEES > HASIFEEEERR (R 5)  (E2AEEIR ~ 70 0.1% Z KR e E 1 2 ERH) 3 21 -
FREEE T 2 AREE - HASNE - ASREEEIM AT EHEREYABEER > BRRARERIRERE
ZEREAE A A G E AR E E R AR > T ESE(E P AL B EOE 0 - SRR NI > 8RETAIN 0.1% IR
FEEBUER F 5 M X U E R IR Al - (AR E(E T 2 AR B R T ETE AR s N A BE
B ARSI R B HRITARE 30.7% KEEFEEAVEER (R 5) » IR ITREINRIR R & 2 R A AU
ARG EMAEYITER - FELE I VAR LI (A5 1 T KBS IR B = FTEL (Biagi ef al., 2006; Jha and Berrocoso,
2015; Mach et al., 2015) - fH_FARGESREETR - BREAN 0.1% IR E L BEZEEIGIE - EAMIGREALTFEEER
AREREIIEN © FEREREALRE 15 RIF - BREDAIN 0.1% ZIREFE SHEZEAYW) - B ARSI 54
B E AR EBEIER] > B2 OB AE S 2 RIS R B AL BR L -

4 GREHIRID 0.1% REEY)ZHEE LYD BEAL (758 e Bk & 0 SR = 2 5o 8
Table 4. Effect of adding 0.1% different kind of plant polysaccharide on the concentration of blood immunoglobulin and
cytokines of LYD weaned pigs

Items Control (C) C+ C+ C+
Time 0.1% wheat bran 0.1% alfalfa meal 0.1% taishu No. 3
polysaccharide polysaccharide polysaccharide
No. 8 8 8 8

Day 1
IgG, x 10° ng/mL 4391138 3.94+%1.52 4081232 4441214
IgA, x 10° ng/mL 8.58£3.89 7.951+3.68 11.11+5.53 8.80£2.99
IgM, x 10° ng/mL 0.96+0.17 0.95£0.30 1.37%0.46 1.46 £ 0.50
TNF-0, pg/mL 147.1£42.9 118.0+32.7 100.2+22.6 14771353
IL-1B, pg/mL 456.2154.6 369.8 +31.3 52431719 420.5159.2
IL-6, pg/mL 249+%5.7 32.618.3 36.614.38 249127
IL-8, pg/mL"” 46.4113.9 <31.20 <31.20 <31.20
IL-10, pg/mL"’ <78 < 7.8 < 7.8 < 78

Day 28
IgG, x 10° ng/mL 68.871£9.86 75.09 £ 11.37 7291 £10.59 84.87+12.51
IgA, x 10° ng/mL 56.23+7.37 61.871+7.79 61.70 + 8.04 70.4519.49
IgM, x 10° ng/mL 23.2719.73 20.47 1 6.80 21.8715.86 24451712
TNF-0, pg/mL 199.8 £52.2 138.1£45.8 163.8 £58.7 100.9+28.5
IL-1B, pg/mL 1342 £34.3° 29.6 £ 18.3 302+9.2° 26812.4°
IL-6, pg/mL 122.5+£22.2° 61.4121.7° 447%5.1° 434147
IL-8, pg/mL* 110.3+36.2° 50.5+17.0" 557 147" 38.7+£6.7°
IL-10, pg/mL"’ <178 <78 <78 <178

* Mean * SD.

*I'Detection limit of IL-8 and IL-10 are below 31.20 and 7.8 pg/mL, respectively.

" Means in the same row with different superscripts differ (P < 0.05).
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5. EETURID 0.1% REMEY)ZHEE LYD BT (im0 2 22
Table 5. Effect of adding 0.1% different kind of plant polysaccharide on fecal microflora of LYD weaned pigs

Items Control (C) C+ C+ C+
Time 0.1% wheat bran 0.1% alfalfa meal 0.1% taishu No. 3
polysaccharide polysaccharide polysaccharide
No. 8 8 8 8
Day 1
Lactobacillus, x 10° cfu/g 53.8+3.7 59.1£1.3 652112 77.8 8.4
Other enterobacter, x 10° cfu/g 1220+ 1.4 153.0£27.9 151.0£20.7 126.5£4.9
E. coli, x 10° cfu/g 132.0%£28.2 216.5%18.1 243.5%29.1 127.51£48.7
Other Coliforms, x 10° cfu/g 15.1£6.9 125%2.1 21.5+89 19.0£9.8
Day 15
Lactobacillus, x 10° cfu/g 452147 549 %49 52.6£3.7° 65.114.2°
Other enterobacter, x 10° cfu/g 107.1+354 171535 191.0+0.5 175.7£19.5
E. coli, x 10° cfu/g 358.1+24.2° 196.5+5.1° 235.5+3.4" 122.4+10.6°
Other Coliforms, x 10° cfu/g 3.8+0.3 1.4%0.7 1.5%0.5 1.1%0.1
Day 28
Lactobacillus, x 10° cfu/g 42.2%8.0 51.8%3.9 50.5%1.9 62.5.£2.7
Other enterobacter, x 10° cfu/g 120£1.8 55107 80152 60128
E. coli, x 10° cfu/g 354.7+33.9° 182.3+22.7 2457 £87.2° 119.3 £45.7°
Other Coliforms, x 10° cfu/g 8.610.1 1.3%£0.5 437106 1.6%£0.5
" Mean £ SD.
“® Means in the same row with different superscripts differ (P < 0.05).
R
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Abstract

The purpose of this study was to evaluate the effects on the growth performance, intestinal microflora and anti-
inflammation of postweaning piglets by adding 0.1% polysaccharide extracts respectively to the wheat bran, alfalfa meal
or Pennisetum purpureum (Taishu No. 3). Experimental animals comprised 4-week-old LYD crossbred weaning pigs. A
total of 32 piglets (male and female in half) were allocated into 4 groups by weight and gender and housed in 16 nursery
pens; and each pen raised 1 male and 1 female for a 4-week experiment period. Basal diet, containing 18% crude protein
and 3,500 kcal/kg digestible energy, was blended with 0.1% of the wheat bran, alfalfa meal or Taishu No. 3 polysaccharide
extracts as experimental group. Polysaccharide extracts in plant sources were collected through hot water extraction. The
polysaccharide content by dry matter content of polysaccharide extract from alfalfa meal was 9.0%, followed by wheat bran
11.6% and Taishu No. 3 17.9%. During the first week of experiment, pigs diet added with 0.1% Taishu No. 3 polysaccharide
extract showed a significantly (P < 0.05) efficient feed conversion rate than adding 0.1% alfalfa meal polysaccharide extract.
During the fourth week of experiment, the feeding of 0.1% Taishu No. 3 polysaccharide extract also showed a significantly
higher daily gain than adding 0.1% wheat bran polysaccharide extract. Weaning piglets fed 0.1% polysaccharide extracts
from Taishu No. 3, alfalfa meal and wheat bran in diets had three kinds of anti-inflammation factor respectively (IL-1,
IL-6 and IL-8), two kinds of anti-inflammatory factor (IL-6 and IL-8), and one kind of anti-inflammatory factor (IL-1p). In
the gut microflora of postweaning piglet, pigs fed 0.1% polysaccharide extract from Taishu No. 3, significantly (P < 0.05)
inhibited the number of piglets intestinal E. coli better than adding polysaccharide extract from alfalfa meal. On the 15"
day, pigs fed 0.1% Taishu No. 3 polysaccharide extract also showed a higher amount in intestinal lactobacillus than control
group. In conclusion, the results indicated that adding 0.1% Taishu No. 3 polysaccharide extract into postweaning pigs diet
improves the average daily gain and feed conversion rate in the fourth week after weaning. It also increases the number of

gut lactobacillus and reduce the concentration of inflammation factor.
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BRI - BB RS Y pH {E 5 N E LRGS0 IR gl S Eil&HY 530 & (Schulman, 1973; Gilliland
et al., 1975) o {F54HEFLI% - ZFIBEALZIEE RS SRR RE 11 T % (Kenworthy and Crabb, 1963) » fjll &} 1 & HE
(WK TSRS ) A% E S B ERGE S  pH B TFREAVEES] - BEUFFMLRE ST T IEELAR R AR B I0 © Mk
e M bRV E B BB Rl - STEYIEEE AR - B5 5 BT » BB RSB REA THH E RE s )
(Pluske, 2013) ¢

A EATEAREAER - EA B ERERTLURAS IR T - A TA SR e M AR 5E
AR A A R AR A R e B AR AR B S TR (R B AR A pH B - iR AR T I B A HI
4lE DNA fIEH'E & RAIYER (Russel and Diez-Gonzales, 1998; Stratford and Anslow, 1998) o A4 & Ay 4 4F4MHE A
pH {EHY -ty - JHFEREE LI H-ATPase B (The proton-pump ATPase) i &5~ 4E FHANRLARDEH AHARSN - (E1S4
TS pH E4ERF FHIRES - I - KB REFRTAEEEAIER - TIEAERAEEFEFEMIET (Roe er al., 1998) - (L
IR A R AR A BRI R EEIR TS - B A BB M (L8 T AR TS U - HRE SRS (Giannattasio er
al., 2013) - —f2KER - fEtRE (A00ERR ) LB HCE P EEE S E S 0 R HREERRZE K2 AT
T R R » R RER A A\ A AR AR nl A R Rl - IR R R A58 -

|

() TR R #E B g Em BT e f 56 2657 5% -
() TR Z B w e A SR A SR -
(3) #E/EZE » E-mail: cmwang@mail.tlri.gov.tw °
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TR Ryl AT AR AR A I 2 — » —RFsaeaiE b s RIVERANIIAER 07 — 1% - —fms » &
Bk SR RFFE S 58 pH (E ~ JELH(EEE ~ REA s EAVETE ~ DIIbF5E TR~ fIHIRE IR R L A B E A
R (Falkowski and Aherne, 1984) © Kil et al. (2011) 52 FBE AT 54 SRR AT ER45 5 22 FIR K - Radecki er
al. (1988) KIIFTEIR » /NN 1.5% HEEEE Atk B m B B A IRV 45 R -

H—T7H T ERINEENIRGE T o B O] DA R Ry T RS BEAEET  0EERy nT DUSHE /NG - EEEE A S ISR
GElG% o PR AT TR T PeARiEEE T o PR DUIRIAE FE (ABIRE ) B IIGEA s E (W ARBRERE ) 1Y
& ERrE S E N Y E R P (Galfi and Bokori, 1990) » [F]HF T 1 7] {F FsBE 2K (Mathew er al., 1996) -
TlzsNIN A (B ZUTFE R IHER > $RFHTFFE MR TR Y 1gG Al IgA JBFE - s#{biFFErY & fJ (Boeker ef al.,
1999) o {FFE gl d s F 2 & 5 0.05 — 0.4% » —FELL 0.1% Fieis Heks F & (Piva et al., 2002a) ©

TR L T B IO R - (E R FAERY IR » Hatlnds RS At » [ BNV EAREEZE - Kk
W E AL FE A B2 R AP - T Iesh s &R & 0 AR ek - ST FE R R
HIs 2 » (LEEALFFE e R P E AR 2 2% -

MR T A

KRB TE bt EEZ R g wmERRT (DU ESPT) ERAEEsEEET  HBE A - aEH
FatlaNg - e EREY)EE N BB 108040 SEHEEIZAELE -
L #Ytss
DA 4 e — s AT HE LTSS (Lx D) 48 BH » 22y Ry 4 4H > G4H 3 T - L 121 B 458 ( ARES
) EMERE 2.55 m’ - (FREERENMES SRR S - R HEAE RAHEESE > 9515 18.6%
J2 3,212 keal/kg (22 1) « #0840 (A 4H) Gk AR B - pREI4H B 81 C 41 S I HHEE & 77 il et
AR 0.10% T fi£ 4 (Sodium butyrate, No. 26319, Acros Organics, Belgium ; B [ ) B2 0.70% f& {5 i (Citric acid
monohydrate - & #%5% ¢ TEFAB1C009247007 - thgg 5 C4H ) » D 2HRI[ERFAN00.05% T B&sH + 0.35% fEiEhe (/Y
EHRAEEEN—F) - HBRIIRT AL B 28R % 4 8 (5 — 88l ) - BEFLIRREHEH 175 W fRORKE - RfA 14
BRI ER AT & - HLIERROK » (758 7 IR - JERERMIE R ERTHE NGB (PR > 55 1 R) BAFER4R
BREAELEE (1~ 580) (AP 5 1 ) - BERHFFEENE L MEFFEREE - [FIREHE FIaR kLo
sPEREE > Mot RMRE © 5T (6 BEe ) BT (8l ) » X LA 108 - DLATLIRE - SRESRE
AR 5 mL > 4% 3,000 rpm/15 min (FCF = 1,940 x g) B.0M% > BUMLE DU 2 2% 50015 (EZ Read 400, Biochrom,
Thermo Fisher Scientific Inc., Sweden) fafll By ERE H A (IgA) k2 G (1gG) HERE -
1L &Etoth
ST 58 2 B 1% 5% 51 (Completely randomized design, CRD) » & E5 &k {55 F SAS 4551 & 4L 8 ES (statistical
analysis system. SAS, 2002) » Fl|F—f& 4R 4= =27 (General linear model procedure) #E{ T8 F5 4501 » %57%E P < 0.05
HIE G - FLL Lsmeans CHEpRBRAH <~ 72 SRR

e RN B

L EEAAFFEERIERE

SRR AL A A RIERENFR 2 - A ~ B ~ CE D 4 2 &R aRHR B & 77 71 55 0.69 ~0.70 ~0.62 #40.78
kg/day/head » DLEIFIARAN 0.05% T Bl f2 0.35% #EAREL (D 4H ) BiZ &Y C 4H (P < 0.05) - {EREE S BIIR
4 - CHIRBEERSHET R - (ERBEZEP G - (PR 5 B 7 Btk e 8 A HEE S - D 48
=R C 45 (P < 0.05) » {HAREEZ S EIRAE o BURETDRIHIRN 0.70% BEEEEEC-URIN 0.10% T BL#h - ¥{F5EER &
BREERIHIRER - EZHEERIN 0.70% EiEE: - L PAHIGHFEERa 8RR -

L4 5 TP BEAY T ZEONRE R RS TRy pH {E » HARR By B S0 BE AR 3 S 58 L1 FUNE S B Rl AL I
(Schulman, 1973; Gilliland et al., 1975) - BEH B0 R THE S HONEE BE JI[% (K (Kenworthy and Crabb, 1963) » Jjjji_F
gk E A ENSEESRRIEN - E&ERT pH E TFEAVERE - EEFFEEEIRDE(CRE T NFE » MR HLAYE
R 5 [REFFERY N - MR FEREA IR A R R (Pluske, 2013) o AGERDUFERF ARSI L | BESER &
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F 1. FFEETEEREAC 4R
Table 1. The compositions of the basal diet for the piglets

Tt

Item %
Ingredients
Yellow corn meal 64.72
Soybean meal 22.00
Fish meal 5.00
Skimmed milk powder 2.00
Whey powder 2.00
Soybean oil 1.00
Dicalcium phosphate 1.50
Limestone, pulverized 1.00
Salt 0.40
Choline chloride, 50% 0.08
DL-Lysine * HCIl, 98.5% 0.05
Premix-Vit' 0.15
Premix-Min’ 0.10
Total 100.00
Calculated values
Crude Protein, % 18.61
ME, kcal/kg 3,212
Calcium, % 0.99
Total phosphorus, % 0.72
Available phosphorus, % 0.56

' Vitamin premix provided per kilogram of diet: vitamin A, 9,000 IU; vitamin D,, 600 IU; vitamin E, 60 IU; vitamin K,
3 mg; vitamin B, 3 mg; vitamin B,, 9 mg; vitamin By, 4.5 mg; vitamin B,,, 0.045 mg; nicotinic acid, 45 mg; calcium

pantothenate, 45 mg; folic acid, 0.9 mg and biotin, 0.3 mg.

* Mineral premix provided per kilogram of diet: Cu, 5 mg; Mn, 6 mg; Co, 0.35 mg; Zn, 40 mg; I, 0.2 mg; Se 0.1 mg and Fe,

80 mg.

A~ B~ CHlD¢H&HI g E 53 Al By 0.358 ~ 0.361 ~ 0.321 B 0.417 kg/day/head » %3z FRAH B 36f HE4H [ 15 4k
#EEE > HLUEM D 4H5E f 0.417 kg/day/head > H A C 4HEAVEEES (P = 0.10) - 5 — 7 il S BV EIR
HLL D 4H By C 4HEAR > L 6 EEES D 4HAYIS E & 0.376 kg/head/day 85 (P < 0.05) = C 4HAY 0.253 kg/
day/head -

A~B~ CHiD2%{ 4 Hi % 40 F 15 6 Fl 380 % (Body weight gain/feed intake) 53 H1 B 0.512 ~ 0.515 ~ 0.515 Ei
0.533 > ZAAMEE A2 - 6 BERIGF D AHAVETRIER B 0.645 BB C 4HAY 0.541 Kz A 4HHY 0.504 (P <0.05) -

G PP SRR 0.10% TRESH - 0.70% HHERR R 0.05% T Red + 0.35% iR A/ sl B IRa i &
EHNMENLGER > BERSRIMEEE TR > HEFRIRNIIT RN EERE - HREeERERRNIERERE
= 0 B E FIVER RS -

Lu ez al. (2008) #5HEEALFFEEDRI AN 0.10% T el - Pl ETAE PR & LY B R UGS RIACR - (HaTR
HAI 0.05% T EESARAING AICERR B & - BB RIECRAVEUR « Piva ef al. (2002b) (F5EREALIRF 1 — 2 H >
BRI 78 T RSN T BE IIfFAE 16% $RE & o [R5 H B E 20% - Biagi er al. (2007) HIF5HE#EFL (755 ek
INIIT Besh - BHTFEER B i LY S A 522 - Weber and Kerr (2008) 2 iHFEEUR » BEFLATFFEEIRIERARAM 0.00 -
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0.050.10 ~ 0.20 }2 0.40% | BsWEHTFANAE RMEREMIGENS - KA > BBE T RSN I EAVIE =S A TIHITE
e

® 2. ERPIRIIAFEAREREEEALASE (5 — 8 iR ERUERRIFE

Table 2. Effect of different organic acids on growth performances of the weaned piglets (5-8"-wk-old)

Group Al B C D
Organic acid added, % (0.00%) (SB 0.10%) (CA 0.70%) (SB 0.05% + CA 0.35%)
Age Feed intake (kg/day/piglet)
5"-wk 0.324 £ 0.096™ 0.297 £ 0.037° 0.280 £ 0.048" 0.397 * 0.040°
6"-wk 0.582 *+ 0.133 0.612 * 0.033 0.469 * 0.064 0.576 * 0.111
7"-wk 0.861 £ 0.143* 0.834 £ 0.048" 0.766 * 0.202° 1.054 * 0.022°
8"-wk 1.002 + 0.133 1.054 + 0.047 0.978 * 0.086 1.106 * 0.042
Whole period 0.692 * 0.121° 0.699 * 0.040™ 0.623 £ 0.082° 0.783 * 0.028"
Body weight gain (kg/day/piglet)
5"-wk 0.181 * 0.085 0.150 * 0.050 0.140 * 0.064 0.276 * 0.183
6"-wk 0.294 *+ 0.070 0.353 + 0.032* 0.253  0.030° 0.376 * 0.043°
7"-wk 0.456 + 0.016 0.460 * 0.042 0.431 * 0.109 0.534 * 0.034
8"-wk 0.499 *+ 0.088 0.479 + 0.048 0.459 * 0.057 0.483 * 0.042
Whole period 0.358 + 0.061 0.361 + 0.042 0.321 £ 0.064 0.417 * 0.038
Feed efficiency (Body weight gain/Feed intake)
5"-wk 0.560 * 0.103 0.504 + 0.123 0.499 * 0.142 0.695 * 0.150
6"-wk 0.504 £ 0.045° 0.576 £ 0.023* 0.541 £ 0.040° 0.654 * 0.060
7"-wk 0.530 + 0.090 0.552 + 0.044 0.564 * 0.070 0.506 * 0.022
8"-wk 0.498 + 0.027 0.454 *+ 0.027 0.470 = 0.054 0.436 * 0.040
Whole period 0.512 + 0.018 0.515 + 0.038 0.515 * 0.033 0.533 *+ 0.043
" Mean * SD.

“® Means in the same row with different superscripts differ (P < 0.05).
" A group: control group, non-adding organic acid; B group: adding sodium butyrate (SB) 0.10%; C group: adding citric acid
monohydrate (CA) 0.70%; D group: adding sodium butyrate 0.05% and citric acid monohydrate 0.35%.

AEERARIN T Bz B & 0.699 kg/d BLEfARZH 0.692 keg/d FHAT » IRHIMERRELAH (0.623 ke/d) R EREE
10.0% » [EIRFASI0T Fe sy R ris iz 4 (0.783 kg/d) HIFEFHF B & 13.2% » M E T HINVEELIAIR S » Aslian
GERE R SZ RO T BRSNS T AE PR B B B Em g -

— IS - 5 ] DR S B AL 58S B R S el » sl BRavRTma 8 - AR E R
R BHAEDVEGREGERER - WY ESETRRR A BENIE  Kil er al. (2011) g2 R8I0 85 &
ERfFFEsR e s - HEEAL A AERR - A ERRE IR EIV4EE - Radecki ef al. (1988) {HH 1.5% HYfE
B EHT 5T & 20 E A BHEIHINIAE R -

AREAER A 0.70% ML EHTFE R & EUIY E M ENR » B R SHP AR » AelBnss R mm 2 F
BN T FE SR & B LY SRR -

I MEH IgA K 1gG R

A BRI (6 8EL ) - A HFFEMUE T 1gA JRE R 694.4 mg/dL (£ 3 ) » HIE NS EHEAH (P < 0.05) - &
TREEFLTFESAR A IR MG 2 1B 1% - IMUE T 1gA BRRAYIRE - IgA I%ﬁ%‘EEMrﬁH ERES  IH ~ RE
Hﬂﬂﬁﬁﬁﬂﬁﬁﬁ%ﬁé RS S E RS > R E A 748 (Woof and Kerr, 2006) —ﬁxﬁﬁ

 FiE AR5 S B ER pHAE ~ fIHIRRG AR B B B 3K i 28 R 552 (Falkowski and Aherne, 1984) -
?&/EJ_J BE HIN A IR A HIFFE 05 28 T KGR E S & P KE A & MFEE fizﬂﬁ?%‘ IgA B2 JE - DAEU A
IgA BETRE o S5— 7l Bl - RAHIME S 1gG R s £ 5
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Table 3. The concentrations of serum IgA and IgG of the piglets at different ages after feeding organic acid

Group 6" WK of age 12" WK of age
(N=12) (N=12)
IgA (mg/dL)
Al 694.4 £ 23.0" 429.1 £86.2
B 604.9 £ 54.2° 385.8 £20.3
C 586.3+37.6° 428.9+86.8
D 590.6 £ 19.1° 397.2£89.7
IgG (mg/dL)
A 4537+ 21.4 162.7+22.9
B 368.71125.5 163.7£31.0
C 432.8% 259 183.0+25.1
D 409.0t 7.8 179.4+17.8
" Mean * SD.

" Means in the same column with different superscripts differ significantly (P < 0.05).
" A, B, C and D the same as table 2.

A

BRI 0.10% T HESHER 0.70% HEAERRSCRINERAN 0.05% T WESAR 0.35% HEREME - BHFREHOIR B AN
SRACEIR » SV EIRFR T T RAS R SR S R B R IS 70 ELTEN L e Eniess -

3B

REHIR RS E BT AR T R 2 B E e o EErtaEs -
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Abstract

The purpose of this study was to evaluate the effect of adding sodium butyrate and citric acid in the diet on the growth
performances of weaned piglets. A total of 48 hd weaning piglets (Landrace x Duroc), 4 weeks of age, were randomly
divided into 4 groups. The amount of organic acid added in the groups were 0.00% organic acid (A), 0.10% sodium butyrate
(B), 0.70% citric acid (C) and 0.05% sodium butyrate plus 0.35% citric acid (D), respectively. They were 3 pens in each
group, and 4 piglets (half comprised of male and female) per pen. The crude protein and metabolizable energy content of the
diet were 18.6% and 3,212 kcal/kg, respectively. During the 4 weeks study period (5 - 8 weeks of age), the body weight and
feed intake of the piglets were measured weekly. The results showed that the average feed intake of A, B, C and D groups
were 0.692, 0.699, 0.623, and 0.783 kg//day/head, respectively. The feed intake in group D was significantly (P < 0.05)
higher than group C, but not significantly higher than the control group. The body weight gain was also the highest in group
D (0.417 kg/day/head), and had a tendency higher than group C (0.321 kg/day/head) (P = 0.10), but nor significantly higher
than the control group. At the 6™ week of age, the IgA concentration in the serum of group A was 694.4 mg/dL, which was
significantly higher than the other groups. There was no difference between the IgG concentration in each group at the 6" and
12" week of age. In conclusion, piglets fed with diet added with 0.05% sodium butyrate and 0.35% citric acid, had the feed

intake higher than adding citric acid alone, which tended to show larger body weight gain.

Key words: Weaned piglet, Organic acid, Growth performance.
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BEH Zgrm @ BHESEQ EEEy 90

Wl H 2 10946 H 3 M #2H - 11041 H 22 H
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AW B ARG R SR A B B AR R e R R B 2 2 > B A e O N HE R S 2 B R R AR
o GLEREEE BRI - #E ASER - BISLUE - GIRHE - HEEHIY - HEEE - DB E KRR EE
EMREER > MR EES AL - WA O WL G R B E R R B E R o &SRB o SRS
IR B g 1 — 5 SPIHE I - HEEEE « EIRHARAR (Feed conversion ratio, FCR) ~ BHHCK KA ESS
o SRS 35.3 — 36.0 H ~ 2.08 — 2.15kg ~ 1.48 — 1.50 ~ 95.5 — 97.6% k¢ 382 — 394 [ » HL Kt 7= SR A E
M- %%tt‘kZ%’%’%%t SEFLL LRI SN 2 2 3~ 4~ 5 ke 6 Ml (P < 0.05) - HIE TR REL Bl A IERTE 2
JEE - e HAE A 2 B E B B IO N A R RS - R HUEE R R H P EE Ry 1.08 ke/ &
WE%’E@% 23~ 4 R SR ZPERBEAIGT AR 0.78 — 0.63 kg/ &2 & EATR » FEH AR EE
fEFS S RS RS 2 AR - HAllRREkE - TEREREE2 S amais— -

R - AHE - HEFREVR - EEMEA - AERRE

1

FERMEAESERE  RENEREXEZ — KA RHE 16 BE=AE 2EERER T MERERNA
HEF > NHEHEEOCRNERTORME  ORBERIE > ETERGE 6 BN - EHREVHEE 1.9 —
2.1 kg AORHAIFREE 12 £ 48 > EHEEPER 24 — 40 kg - HORBEEERBERFEOE SR —HER
#ufir o FRIZ 2019 ETHFR K Z A GRESGETEREHEUR > 107 FREEHEOBREESR (BE - ME - &
FE ~ FE ) F e Ry 31.69% » Hoh HNHEE B S Em A E T/ th B 4.08% » (N5 13.38% FoA thiA#E 4.26% »
B O ORI E R -

~F- ] AT 4 B M 7 A FES PRIFTER SRR (Litter) > W] SRERENYIIEAL - MR G A A PP BRI Ry
K EEEE HEY (Collett, 2012) o A HEEPRIFSHEREE—ACLIE A2 2 BEEREREM KL - GEAE - TR - ik
CRERE ) ~ AR B e AR T - VBt DRI i F 02 » BRI R D B AR B BT & PR PHE B - T REE
R UEA N R ZE - NIRRT R ARG ~ BTkttt e HU AU - (F RER Y (315
2009 ; &FZF > 2015 ) - Toghyani et al. (2010) DASEERMEL ~ R ~ Rk ~ BEAR e bbiEfTadle - BUR 5 s ARV 22
FRHA AR - (EERTRAHE SIS E - fRHR B EPHEEK - Collins (1996) f5t » & 1,000 E#ES: 1.1 — 1.4
NWEHEREEEL (1.1 — 1.4 kg/ &) > 1R 2019 FTEBTR KL B GRESGTFREEUR - 2B 5 A 107 £
B EHUR 226,540 T8 > DUGEHATERENERA 1.1 — 1.4 kg BHEBRMEE > 5% BSR4 249,194 —
317,156 W - NILEFER S EEBREATES Z HREEY) (HFRRE ) BERAN TR - SFES R Ek -
WA - fRAEYIE S EATEY) (Higgins er al., 2008) - AHEREL R ZRHRMY) - P8 - BEEGARBEHEME 2R E
Yo &F - wE o R EAMMERYE - IR ESRA AT E R Z 88 (Bernhart ef al., 2010) ©

|

() TR EE B g E BTt 5 5 2658 5% -
(2) BRERRHIOR B AR YR T 21

Q) TEltREZE g EART TAEMSE -

D TTBIRREZ B ERRAT S -

(5) #EN/E¥ > E-mail: hsiaosir@mail.tlri.gov.tw °
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EEME O AHESE T FHUSR AR > FETER  HER - SiBHTERL > BT bR e R R - £
DRGSR - ARES RV EHEIEE 7 R ELR(EH (Single use) ~ #i5y E (LA (Partial re-use) KB {HH (Multi-
use) FE=AMH > B Big— e 8K (Batch) BB EREE © M EEE I REER - REREE
REAGE H A I8 B B R ERL - AR SIS KB (& LS FREER (Cake) HYHEF K} (Bolan ef al.,
2010) - FEFEIRGSEAHESHIEEDE T PRI E ] > BRI K EBEF (Coufal ef al., 2006) - A
FRAHESTHRE | X ENEAZEL BIRIETREIE REIOUKES 5 2 SEBRE 2 818 /73 (Wheeler et al., 2006) ©
BOMAEEET LY 70% TRV (RIEEARR ) - 30% RERIEEE 3 £ 6 it (Chinivasagam er al., 2012) :
PG RIE P I RR A e B A 2 4 2 S LK (Xavier ez al, 2010) ©
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IR - RESERVRLRHLEER - ARSI B BRI - DI EDSPREEFE BRI IC ANTT » RIE - AB7E BU s Faa 5
RHEE EIS AHEH 1% - BRI EREE > FHEE AR EESRE RN ER PR -
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L e
Age SN EME A itn o 1A 4 UK 0 B 1 RS ~ER - A BREE
Bo1sm’ (£ 61mxE 15m) > S AT EIE AR 12,500 & (FEEE R 13.66 & /m”) B ~ D 53 51 By g =i
fgEaer LE - TiE > #SmEgk 1,425 m’ (£ 95mx & 15m) » AfE#E AZE 22,000 & (f@EE R 15.44 &
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Fig. 1. The schematic diagram of broiler buildings and litter sampling sites in this study.
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T1E10 HiG - 11 223 Hile L 24 HER 2 HEHE - kbHZE & (Crude protein, CP) K A {{HEE (Metabolizable
energy, ME) & & » 5 — - — ~ = HIRI 9 B B 24% Kz 3,200 keal/kg ~ 23% % 3,260 keal/kg ~ 21% &% 3,300 kcal/
kg °
I FlRPE 75
EtERAEABFDERERE - ETER - BE 84 - TR HERR (492 — 3 cm) > fEHARRAR
PRGN - Bt EDER - DI EHIE R PR s S B R » AR T AR (FEEEA 20 L KM
FE 50 %) PARERE R | > BB ESICARE 12 K - BRI ERIHEERE 2 — 5 R ARR - BRI
FHETHER 85 ~ 24 — TR SRR T AR RS -
IV. [RIgEA ARG
ERSEETHAHENS > Ok E I - BHAREE - SHES ARS (2B ExE2E)
SHEHEUEE - SR AR (ko) ~ HEHE - BEHEER - BEHENE (k) - HESLTRHE
TR 1 EFETR (%) R 1 BT 8~ B AR x 100 > 25 2 HIE T A5 2 HIE T ~ (FE AR
RES 1HEFETE ) x 100 [KIFETHEEE 345 6 HIRTUE - BUHEER - ABEE x 100> 5THEFH
(%) IHELEE + HEMAEY > StRIERE (kg/ &) WL HERE + HERHEHEE @ stRERHRN
% 5TRA EFSEL (Production index, PI) = 100 x [ FRE x HHESGE (kg/ & )] + (G RE x GIRHRAR ) -
V. Bl EE [ A A A EE 2 BORE S B E BRI
(i) BRIEE R AR 2 SRR 200
F < PR T Bl R S AR By 102 4 11 H 2 103 £ 3 H - Bkl EEE RN 3 It REIRA
HEHUEFR > FIH 30 em & 2 BREGEE T B B8 2 HIRE BV R 2% i 2 HeS i - A1 A RO E R AR T4
AGRFENEEEE o BORHE B HIRE Ry iR R & /K B s 22 RS i~ 22 173 9 (B4R i S A2 2= A (RS
57 4 (Ekerm ([ 1) - BISEESE T F 36 {E/NEHE -
(i) BRIEERIEE
AR ERE] 101 2 105 F R HETERRI EE RIS - BaBrlE @ HeERtE - LHEH G - &0 A
{7~ SR BABREREVEIE (DR 1) fEMIREE S #itR - Bk EERED SR EE ISR
GETR R R BRIAELY » ST RS PR S E HE SE BORIAS R - WA F SO BN AR e i B o B B A 2 E R HbERE T (JhE
HARE#SSmATRAE > ZEMNE ) TREE S ER 1 REMFEWH SRS > DERE + EHSEEE
FREHER - FRERESERRSE > STEEMESERE - KSR E - Bt ESREE +
GBI AR (SR AEEERRE (kg &) -
VL &bt
B ERFF SAS E458HG (SAS, 1988) 51 5& » BLIE S HIEE 2 I E RIERERZ » DL—RG MR

multiple range test) FL#Z et g 2 722 Sk -

e RN

L FFEBOREE N RS 2 SR

Holel B T PE] AR (BRI ) 608 2 Gt ~ G Ay ~ SR - #Eh - BB 1y
w1015 2 102 4 1 HEE = 4 #1200 REtaaEey 251,700 & » (EHEE/ A B~ C D 102
9 HE 102 48 10 A& 1 #E2 8% 19,500 & - (HRZEE L BB - £ 1 Hsist BRI EE M f&
il ks 101 455 5% 105 4F 1 H R &R 8 ABEE 7Y 19,500 — 254,700 & -

2 Ry BRI EE S AR B R OER 2 SR TR 8 - BB EEEA 1234 K SHER 35
5 25~33-28~ 16 % 5 SEREIHIE T BAE RS > BEEFIHIET E45 B E 0.60 ~ 0.50 ~ 0.72 ~ 0.62 J% 0.39% >
BB E AR (A S AR E B AT 3 B R (R (P < 0.05) - {EHEURLEEM S #EXME S EER > BIEEM 1 —
AR AV BEGRET PAEEER > R EHAFREEEHE RERDHE o AREEAENHEERRILE L
2~3~4-5 K 6 FEEHARM - 431 20 ~ 20 ~ 20 ~ 20 fr 7 EREREE 2 IR T REAR - HEE IR TR
F51.36~0.44 ~ 032~ 0.35 0.67 5 0.09% > SEHIFET R DL 1 EEBREE SR 23 45 K 6 i (P <0.05) ©
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Xin et al. (1994) f5 it - WHESE TR S 55 AHE(R 3 — 4 H - Jones and Hagler (1983) 1 [AJ #E & fff T 2kt
(RJE ) RERI B ] 2T 7353 - DUt 2 fRVRH AU AR A B N BN 56 | BB S0 U R = B AT 7E G5 R A
WL tEEVAE A EEREIE R (2019) T O NHSERSEHEEE (BAR) - ERETENFTTZEH SN
BEFEAE— B R IR ISR L 0.95 — 1.83% Z[H > BURAWTIEAY 1.36% T IEF &8RN - AW FEZ AT
HMEHE 35 — 36 H (£3) % 6 BiatEILTESILTURE | — 2 H > BHE 6 Bl LT BSIETRR
& o DIERIEE AR BB ~ Bl AR x Bl TR 2 BIETaE T - SERBUREVR EE AR
[ Z LT R LA 8 3 HETE S Y 5 L (P < 0.05) > #EEAFIEERHE 2L RUEES | BREZENTE 2 —
6 #lik (P < 0.05) - HILTRAEHE R BLERS R SR 2 SCGAE - BURER ER BN NS B A EN
RE > WUEEREAENEEAT BN - AR EASE | BN AT R BT AEDIRRIE TR -

1. FRER R A A HEEEE 2 R R

Tablel. The duration and the batches of the broilers feeding in litter reusing experiment

Reared batch' Chick arrival Market House Ck(l:)(;lr(;;)lo. L1tte(rk\;/)e ight IE;:;%::;;
4 May 2012 Jan. 2013 A,B,C,D 251,700 200,340 0.78
4 Jan. 2013 Aug. 2013 B 80,200 51,670 0.63
5 Jan. 2013 Oct. 2013 A,C,D 224,500 143,258 0.63
1 Sep. 2013 Oct. 2013 B 19,500 21,500 1.08
3 Nov. 2013 Mar. 2014 A,B,C,D 189,700 126,790 0.66
3 Apr. 2014 Sep. 2014 A,B,C,D 195,500 132,415 0.66
2 Sep. 2014 Dec. 2014 A,B,C,D 126,600 93,403 0.72
4 Aug. 2015 Jan. 2016 A,B,C,D 254,700 177,460 0.68

' Numbers of batches using the recycled litter.
? Litter wet weight after market / total numbers of chicks in the different batches.

T2 FRERERAIREERS O NS CR ZEE

Table 2. The broilers mortality on the batches and the age of broiler using reused litter

Reared batch o Mortality’ Age , Mortality
(%) (weeks) (%)

1 25 0.60 £ 0.08"™ 1 20 1.36 £ 0.14°
2 33 0.50 £ 0.07" 2 20 0.44 £ 0.06™
3 28 0.72 £0.13° 3 20 0.32 £ 0.02¢
4 16 0.6210.16" 4 20 0.3510.03
5 5 0.3910.17° 5 20 0.67 £ 0.09

6 7 0.09 £ 0.03¢
Significance’

Mortality (%)

Reared batch *
Age *eokok
Reared batch x Age NS

' Sample numbers.
* Mean % standard error; Means in the same column with different superscripts are significantly different (P < 0.05).

"P<0.05;

ok

P <0.001; NS: Not significant.

%3 Ry NHEN BB B AR AR AT 1234 KSR 9BlA 6653 R IR
EIEACE: - MRHEZ BN - HERRE - fIRHRARR - BRlcR R AEEE > 317 35.3 — 36.0 H ~ 2.08 —
2.15 kg ~ 1.48 — 1.50 ~ 95.5 — 97.6% ¢ 382 — 394 » JHRGRIEE(H AR EIIMEE 2R - TORNHEN R
FHEREE 5 HERPUTH - HEHE - HERE - FRHRAR - Bl A EEBEEERRE R Z A ERE
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Tt

ERERZZE - AR ZEEFHCR « ERHRAR - EERE - HEREREERBEFEELRE - BER
2019 FHEPEN P EERBIBE ARG GG ER (7500 - BIRE A 101 £ 105 FEZ-FHEERE « FaEe
HRIAR ~ IR RE - HUERE S RIN 95.14% — 95.97% ~ 1.46 — 1.57 ~ 3423 — 3535 [ ~ 2.06 — 2.10 kg
J 355 — 398 5 108 [ 1 2 11 A ZPHIERER ~ PIERHA AR « PHE8RE - FHIRRE Ry 9545%
1.43 ~33.89 H £ 2.11 kg °

3. BRI EEENYEAREENEE R

Table 3. Production efficiency of broilers in litter reusing experiment

Readed batch o 1(\:;:;1;:; Ma(rlfge/tb\ix;zi)ght FCR’ Survi(\;/e:; rate* PI’

1 6 353%0.72 2.08 £0.03 1.49£0.03 96.610.41 385%15.1
2 6 35.810.53 2.1710.04 1.50 £0.02 96.8 £0.40 390 £ 8.56
3 5 35.5%0.47 2.13£0.04 1.50+0.01 95.5%0.66 3821 8.87
4 3 35.710.67 2.131£0.03 1.49+0.01 96.310.81 385%7.38
5 1 36.0 - 215 - 1.48 - 97.6 — 393 -

' Recorded samples are 6, 6, 5, 3 and 1, respectively.

? Mean * standard error.

* Feed conversion rate: feed consumption / weight gain.
* Survival rate: market numbers/ chick numbers x 100.
* Production index: (survival rate x market weight) / ( market days x FCR) x 100.

IL.

FR B AR (50 FH 678 1 A BB S b

e gl i/ DA B EE T G B A HESI > BE R - SRR EE - WA
% > =EAIEHTEE - HARGE - AT SEREIRR A ~ B~ C K D gk K Eelm 2 BRI E 7 9 [t
B Rz FHZE R Z2 G (> 4 (E s (8 1) - (EIPRK 36 E/NE - RE AR &R - TR EE B A
ZERERE RS BN EEEEE IR (102411 HE 10343 7)) - §ERWF 4> A~ B~ C K Dk
& Z B E RS AR AP HE O I AR 5 - Hoh B SRS N E R RS 3 fLIOHMEIUKE A ah - BE
BRIURMSER - ATRE R B B E R ERR A -

T4 BRI EEEAMZ FERREE
Table 4. Thickness of litter for different broiler batches in the litter-recycled house

) House A House B House C House D
Batch Sampling date
(cm)
I Dec. 18.2013 3.88£0.60 3.4110.46 4.1910.86 4.2610.56
2 Feb. 06. 2014 5.77+0.57 5.7710.59 5.8910.50 6.3311.32
31 Mar. 28. 2014 8.15+0.75 6.99 £0.53 8.15+0.75 8.11%£0.73
L. Bl EE 8 (o F 68 1 R 2 SR 8RB 24 b

ORI PR VA A Ee e B 2 SRR ORE ) BR0ER | - §E5REDR - BB 8 A TSR SR 5 At JOE i
s S - SEaES B IUASEH#E 2 L - R B S FEEINAE > SRS EEEAEAETE 41
RIFPREEFIEL > SRV > A~ C - DRREES REREEEMARS SHX(12E 1 HE 1024410 7)) - #
& B BB O AR IR > PR RERE 1.08 ke/ B (1029 AE 102410 7 ) > #FE
(2015) 77 2 I EHRAERRAE R Bkl > FERE B H S IRIE T HE I BRI » SF3/KME R G J7 i 2 S Bk S IR
B o AHZEESREUR > BRI EE LIS hmiEeD - HERIARRTES 2 #ERBA RIS Bkt &4t
R EaEE > HEBREREOHEIMRIMAETE - B EREMNEERNHE2 3~ 4 K5 #HR2PIRE
B (HHHEIBHEE - EREEMIIHESASEE) /751772 0.78 — 0.63 kg/ & 2] - Malone (1992) B XL
Bk WSS IR G RfE > &t (Flock) B3 1,000 & #E-PHEL 1.0 (0.7 — 2.0) MARYHERE R - 55
Collins (1996) #5 » & 1,000 &g £ 1.1 — 1.4 WHFEFBOR] » AWFIE45 R Z 6B 2 HEFH B 1.08 ke/ &
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B AT > BeRRSE (2015) BFSERS > 2 — 6 FR 8 — 10 B 2 Bt (0 A Bl £ 6055 7 2 B B BB 89 53 1
1.91 ke/ 5% 1.59 ke/ & 51 » S E f I ABEETRIBES (5 — 6 38) VRVARAHE (138U E) » HEaast
SRR - RS AR - BRSNS D R R T 2 B S R S T A
SUBRITE » (140 ¢ Bak LB () HESER 56,30 g/d » £k 51.68% 3 ALFIL8E (1F) ERER 79.71 gid » Ak
46.62% (k2010 ) » [EEFIEEE > BERHE, SRS AR IR « AR R AT R
> RS S BN E R -

w W

BRI EEEAN O RN#EE > £1 234 RSHREZFEHEHE - HERE - fHRRER - BRltE R
EEEFEE A 35.3 — 36.0 H ~ 2.08 — 2.15 kg ~ 1.48 — 1.50 ~ 95.5 — 97.6% J% 382 — 394 > [li] » 2 s fi
AFBAENE - BN ZHEEIETRELL EIRIFEIN 2~ 3~ 4~ 5 & 6 8l (P < 0.05) » HIETERAEHEELFES [H i
B 2 CRSE - RIS ER ORE ) BE EEE A ZOYnmA R iz &3t - EDHtReE 2 B (&)
HHEFRE TR - R EE R E B EE S 1.08 kg/ & - MEEE 2 ~ 3~ 4 &S R P HEE
KHEAITHITHL 0.78 — 0.63 kg/ &2 - AFBR AR 2 BB R @ ARNEREHEEE AR - H
BRI S B B - 8K (2016) FE M - BEAE I A ZERSIRIALE 40 RAVHERLALEETRIS - f0 S g E 7y Bl Ry HERE LAY 1.20
— 1.63 fF 5 1.32 — 1.66 &% ) o slEaai REUR BRI EE M 5 #EXE A so B0 N AEERE - HoaJ R80T (&)
HHEFRE - W HHABEEEESEHAZ— -

ZEXR
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HEEVAE AP REIELER S - 2019 - SZEEEHENEE - BHERGE TS 365 HISE T ~ /A (108 54 12 Ay ) -
http://www.poultry.org.tw/journal.php °
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288-296 o
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Abstract

The aim of this study was to evaluate the effect of litter reuse on the production efficiency of broilers and the quantity of
the litter. The recording tables of management, including the date of chicks arrival, chick numbers of each batch, daily death
numbers, feed consumption, market date and numbers, total weight of catching, and the reuse times of litter, which were
applied to assess the production performance of a broiler farm and to investigate the litter amounts of single batch and reused
broiler litter. The results showed the average market days, the average market weight, the average feed conversion rates,
average survival rates and production index were 35.3 ~ 36.0 days, 2.08 ~ 2.15 kg, 1.48 ~ 1.50, 95.5 ~ 97.6% and 382 ~ 394,
respectively, for the 1st to 5th batches of broiler chickens raised on the reused litter. The results showed no difference among
batches. The average death numbers and mortality rates of the first week were significantly higher than those of other week
ages (P < 0.05), and there was no interaction effect between the batch and week age. The results of investigation on broiler
litter yield showed the litter weight per bird sold decreasing as the batch number increased. The average litter weight was
cleaned after single batch reached 1.08 kg/bird, while those after two to five batches reached 0.78 ~ 0.63 kg/bird. The results
of this study showed that raising 5 batches broiler chickens on reused litter did not affect their performance and could reduce
the amount of waste litter. The recycling of litter as bedding material can be applied as a management model for the poultry

industry’s reference.

Key words: Broiler, Litter, Reuse, Performance.
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RIS [F 2 BRI RAR B A2 U R e i B 2 s B - BR85S BRI U AFERT ISR
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RASERE © FE ~ A BER - A HER -

1

TER SRR A FINTER 2 465 - e B REE0FA > WS EEAOR M MR EREEEE - 7?
A LB EE S MR E KB 2 B F (Bailey er al., 2008; Knox, 2011) = FHELF HAN I - F& 72 HOIR(E FH IR 35 5
(Woelders ez al., 2005) 5 PRFEKE &[RRI Ry EURL (Grossfeld er al., 2008) » fif 1% I {7116 1] 2GR T
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RG4S MR A I B2 (Wongtawan ef al., 2006; Kaeoket ef al., 2010; Purdy et al., 2010; Tomés et al., 2014; Yeste et
al., 2014) > {HE M4 BRI R IR BERET - Akls STELLE A B A AR SR BUER S R - %
HREFEEFES -~ figEsUE)) ~ STEEESSHLIEE SRR - DI RS RS R AR i

2% -

|

MG E
VFZN
L AR B
AIFSERERE S HAFHAEY 1 552 5% 0 TR 1 IE B R s A TR B - SR - Rk
BT AR » SEEEEE 80% LU BT H 75% D _EAHEIHET A HIRAEABR - MR (AE Beltsville
() TBI R B G E A BAFT I 2659 3 -

Q) TTBIRREZE B g E s\ 2 i & Y -
(3) #EN/EE > E-mail: janices@mail.tlri.gov.tw ©
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thawing solution (BTS &/ 71£ 37.0 g glucose ~1.25 ¢ EDTA +6.0 g sodium citrate ~1.25 g sodium bicarbonate 57 0.75
g potassium chloride) #:77 (Johnson et al., 2000) -
FERZ 2 R B2

72 HAE IR Z BUE {5275 Westendorf et al. (1975) ZJ5= > 5IR& 18I0 BTS Mk - DL 1 ¢ 1 ELBIETTHE
KE o (%212 15CLA 800 x g Bty 10 73 - KR EIERENAZ AMENR (1) (11% lactose Jz 20% egg yolk) #ifsk -
SR A SC 3 FRRITS BB (1) (1% lactose, 20% cgg yolk, 9% glycerol & 1.5% Equex STM) » R
SERE R 5 % 10° cells/mL £ 551 A 0.5 mL 2845 (Minitiib, Tiefenbach, Germany) » ¥ 2885 & 11418 B B S 2 i
il (Ice cube 14S » GmbH) N » 73 Il LA =4H 2 B IERIZFUEST ¢ H » 55—4%H {4275 Wongtawan et al. (2006)
. Kaeoket et al. (2010) 2 SZJgk » #E4AE S B 5°C » DL -3°C/min 7 32 [F E -5°CAERE 1 min > FF LA -50°C /min
HARFR A -140°C » BUFZILY 8 min o 55 " 4HR5 [ Yeste ef al. (2014) f Tomas er al. (2014) SURK - #EARIRE R
5C » B -3/min AYEREFFE R -5°C > FHLL -40°C/min ZRE[FR 22 -80°C i 84 30 sec » FERNAILL -60°C /min ZRA[F 2
-140°C » BFEILY 8 min © 55 =2 (A2 Purdy er al. (2010) STRK - FEAAIRSE SC > LL-20°C/min 2 ZHER[EZE -8TC »
2L -70°C/min 7 AR 2 -140°C > BUFELELY 3 min - ZAHKEREERR 2 -140°CH - BERIFE AR E MmN ET
T’? o
BRI (5

Jeit g A BTS IE MR (5% » WEPAZ 25°C 5 AR ERMANREUHATTR 2 HIEREE - B A 40°CHR
7K1 30 sec MEITHEHR - FERIEHAZERE /Ky - BIFAREBERRL - IR BTS MR @ MR AORE
F5 50 x 10° cells/mL - FE{&EFER 37 CHAEM P15 6 h > WIRIE e e iR BRI B L RO MG E - R
1% 16 DL S Bl 79 81 (Computer-assisted sperm analysis, CASA) Z4%¢ (VideoTesT-Sperm 2.1, Russia) {75
fifi » PR IE(%27% Dziekoska et al. (2013) 2 5= » 37T HAEFER T& ) (Motility) ~ Hi#EE ] (Progressive
motility, PM) ~ SEIGFEENEZ K (Velocity average path, VAP) ~ H 438K (Velocity straight line, VSL) ~ 4% E)
R (Curvilinear velocity, VCL) ~ 15 T-BEEEEENHRIE (Lateral head displacement, ALH) ~ #5 T-BEED BN L IR R
ZE X HIZET (Beat cross frequency, BCF) ~ EH 438 %4 (Straightness, STR) K H 47 A #E 2~ FE2R (Linearity, LIN) Z£ 35 5
A S
5 BRI 52 B MR A

SR T BANESE B M PR F T e e )2 - P BR (5275 Zeng and Terada (2001) 2 J7=#EAF » HURE /R 30 ul
BN TER #3 R o YRR E AR > 1R 100% HFEEEE 10 min B 30 uL & 100 pg/mL 855 2 2 A
% B8 4F & {C 42 5 25 & (Fluorescein isothiocyanate-conjugated peanut agglutinin, FITC-PNA) (Sigma -Aldrich, St,
Louis, MO, USA) 7 PBS /% » ENEEH A F > RN EEAURE 2 37CEEMANERE 30 min > 121 PBS
Ve HZE R HZ I > 5 uL 1Y Antifade )% (Molecular Probes, Inc., Eugene, OR) i FEf R o DAOREFEEE
P o FHER{E A ER S EITSER (DM 2500, Leica) » DUMEE & 480 nm KA U & 530 nm 7T (11,000 x - JH$% )
Pt o BEMEETEE /D 100 (E4HAE - HE—tRmE T EE 6 I - FEE T HAlEAa ROPRRHEE =0 T - () B+
EIE 3R e B ot - FoREEIEE  (2) g E BB E aot - RoREIEE 7248 5 (3) fE T HEEARE
B FoRGANE 2 AHREAE K BANES M ST 2248 -
et

RN 3TC IEEE 6 h WM 2 higEHAGE /&) - B FaiE=UE ) e NEERBEH S
BOP R AR AG Y& S min f& 6 h gl > 5T SHIE SE BE R AT B B 1% 1 BB TREAL - DAPRET s &4 2 72
o T BRI R T (ANOVA) KB E 228731174 (Duncan’s multiple range test) L 240 172 52 2 MIZ
% DLP<0.05 Ry RAdF /KA -

R

AeABE LR = A R 2 R A BB 2 SRR R R R B R - BREROER 1 for - A FERY

2R R AT E 8 2 B - ERIR IR NS B SR 2 TE 7] ~ R TR ATERUE ST RS E A
[E] B e PR R SRAERE 72 5 © R CASA TV T A FE BIEAE IR R Z 35T KA (Broekhuijse et al., 2012) »
RS T E S S BB BRYID RE BB ME T AT TR UE R T B2 in sk EAHRATE (Didion, 2008; Vyt ef al., 2008) ©
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Table 1. The influence of different freezing programs on sperm motility and progressive motility of boar frozen-thawed
semen

Post thawed incubation time

Freezing programs

Fresh 30 min 2h 4h 6h
—————————————————————— Total sperm motility (%) --------=-=-====------
1 91.1%£25 78.016.9 73.216.1 50457 33.1+7.8
90.2%2.1 7831438 748144 52.6+6.8 32.7%6.1
3 89.6+2.1 80.8+4.6 74.816.2 53.0%73 33.8+6.2
—————————————————— Progressive sperm motility (%) ------------------
1 79.5%2.7 553179 379%7.0 232162 10.91+6.6
2 783143 56.01 4.6 385146 24.6%7.0 11.1£5.6
3 789143 5851538 38.6+7.2 243169 11.2+73

No significant difference was detected among treatment group (P > 0.05). Data shown all mean = S.D. (n = 12). Three types
of freezing programs: 1. Cooling rate 3°C/min from 5 to -5°C, 1 min holding at -5°C and then freezing rate of 50°C/min from
-5 to -140°C, 2. Cooling rate 3°C/min from 5 to -5°C, and then freezing rate of 40°C/min from -5 to -80°C, 30 sec holding at
-80°C and then freezing rate of 60°C/min from -80 to -140°C and 3. Cooling rate 20°C/min from 5 to -8°C, and then freezing
rate of 70°C/min from -8 to -140°C.

T2 ARSI S HERE RIS T ES SR 8

Table 2. The influence of different freezing programs on sperm motion characteristics of boar frozen-thawed semen

Post thawed incubation time

Freezing programs

5 min 6h
1 52.0%7.8 45.019.1
VAP (um/s) 2 49.116.5 45.616.6
3 51.819.0 42.616.3
1 254136 220%4.4
VSL (um/s) 2 23.8%3.2 222133
3 253145 20.8+3.0
1 759193 71.8£8.7
VCL (um/s) 2 727175 75.81£8.9
3 755193 68.8£9.3
1 29105 25104
ALH (um/s) 2 25103 25103
3 27105 23103
1 83103 8.410.1
BCF (Hz) 2 82103 8510.1
3 8210.1 8510.2
1 96.6%1.3 96.710.7
STR (%) 2 96.0£0.8 96.510.6
3 96.310.8 95.9%0.7
1 39.616.3 389154
LIN (%) 2 43.0+6.7 37.5%3.6
3 42230 37539

VAP, average path velocity; VSL, straight line (progressive) velocity; VCL, curvilinear velocity; ALH, lateral head
displacement; BCF, cross-beat frequency; STR, straightness; LIN, linearity; CASA, computer-assisted sperm analysis. No
significant difference was detected among treatment group (P > 0.05). Data shown all mean £ S.D. (n = 12).

1, 2 and 3 as footnote as Table 1.
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T ZN BB B T R G S 5E 2 i - FLABAE 2 pD R BBANE Se B 1 2 (EAHEH (Singh ef al., 2017) » HUfE(T
R RGRRPAER - A E AR AR RS T IR e B - DIERIS SR By - M = A ElRy 2 R R AR N R 2
IR SR RIS T HME e B M 2 TR 3 B a5 BRI AR =42 B S TBIE e BRI 5y 64.3
£3.3+66412.7 K 65.8%5.0% @ S BEANEZIEZR T AR 20.7 £ 6.1 ~ 16.1 £4.8 F7 16.1 £3.2% > MEIETE &= 8%
15.0+2.4 175 £3.7 } 18.1 £ 5.5% ; BUR=FEA[EHYL AR RIE X EUEL ARG RIVERE - B2 TR & EHIE
MIRHy R B g A2 5 -
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Table 3. The influence of different freezing programs on the acrosome integrity of boar frozen-thawed sperm

Freezing programs Intact acrosome Partially damaged acrosome Lost acrosome
(%) (%) (%)
1 643133 20.7t6.1 15024
2 66.4%2.7 16.1 1438 17537
65.8+5.0 16.1+3.2 18.1£55

No significant difference was detected among treatment groups (P > 0.05).
Data shown all mean = S.D. (n = 12).
1, 2 and 3 as footnote as Table 1.

BUE 2 M RIVEIE FTREIREE T - B /8] ~ & TRIAZA5EE ST (Watson, 1990) - BRAE[EIRAE Fr 2 JH AR
TAMIKSETPRG » SOk IR | i 4B 2 AHRER /K B — 215102 R (5 (Mazur er al., 1970) » S0REJR/D ELHUR
RG] - AR PSR dHRE 2 £52 (Thurston er al., 2003) » XFTER R IR IR EE(L - ATREEEOE 1A Al 2
{452 (Fiser and Fairfull, 1990; Mazur, 1970) o 554 Bt 2 MR o7 ~ TR e ARt = M SR N 2
%2 BHAPEATE E (Woelders and Chaveir, 2004) - AR7E A ED Y MUEFE 2 B RE 2 RO RIER - A EhihE
W B ERE A LRAE - OB ERTRRIGE - [FEIRFER RS RS - Asatti =4 R
FERARZC - S —4H AR T AHBIRRIT4Y 8 min » 55 = 4H PN SRR AR T RS B BT I R R PR R AR e Rl
H&J 3 min o §5 =40 7 AR SRR - R ] DU D B IR S A E - B2 HIE N -5CaE
{29 1 min ETRIEEE - HERETH ISR EIKE 2R » SURBR P B 2 5t R - Rolg ik dno2 A S
(L B ECHIC SIS B IR A4 (Bwanga e al, 1991 Medrano ef al., 2003) + MBS
HRYIKERIZ R - FIHROHR GBI AT A VBN - SR IRAE 105 /T (Critser ef al., 1987) < Al —4HEIAZ A -80°C
{9 30 sec » METTHIEN P - DAERAE PRI N IR PR E R S — 5 - BB 4H RS R DB - S ERHUR
HEPERE - HgREES) - prEsUE )] - BT S THEES 2B T HAE T RTS8 BLE M —4H N R =
H o BHARITAFEE RS B RIE R > B SCREZE -5 CLL -3 2 -5C/min 2 2% HEST > B HIDL -20 2 -50°C/
min 2 R F -196°C Fyici{%4 (Fisher and Fairfull, 1990; Bwanga et al., 1991)  Kumer ef al. (2003) 5z Devireddy
et al. (2004) F3 5 DA R 2825 -30 B -50°C/min BU/EFEL BEE/RIER -1°C/min » FHrp 3L -30°C/min AR IRA L fE
Hernandez et al. (2007) ZEHIEF R HEE By 10 ~ 40 57 60°C/min » EEFE 0.5 mL B A HIER - 4530 Rl
AT EE T o E AR 28 - AT 2 58 =42 R )T MR 25 H Purdy er al. (2010) » 1% 2 G/ E LA
TAHERER A A A

K5 B RS M AT WS 7 S ATE e B AL - MR ESZE 2 RE I TENIFEH EE%E (Didion et al., 2008; Vyt et al., 2008;
Broekhuijse ez al., 2012) » {H3G A ZAF BRI RS EPV B A AT EHL - WEEE T EAZRmIVE - B
BUENTANE S IE > NEA 2R 8 OV EFAHFE S SE B0 S S5 E8AE > BT AR TR G aa N 2 ig e T DAEIEE - Ao FIF =
LHAREIN S R RAZ B ERE S UG » HfRRRE T 20677 ~ PRS- ST ES S B TANE iR Y
fdE =5 o A =4 2 R AR AR R B AR P R I i - B RTRDRRE R 454, » R IR E R EE 2
HIRFEUE T2 2% -

BB
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Abstract

The objective of this study was to evaluate the effects of different freezing programs on the quality of frozen-thawed
boar semen. Semen collected from five Duroc boars were diluted with Lactose-egg yolk extender, which were brought to
5 x 10° cell/mL as the final concentration, and packaged into 0.5 mL plastic straws. Three freezing programs for boar semen
cryopreservation were applied and compared: (1) cooling rate -3°C/min from 5 to -5°C, holding at -5°C for 1 min and then
frozen at -50°C/min rate to -140°C, (2) cooling rate -3°C/min from 5 to -5°C, and then frozen at -40°C/min rate to -80°C,
holding at -80°C for 30 sec and then frozen at -60°C/min rate to -140°C, and (3) cooling rate -20°C/min from 5 to -8°C, and
then frozen at -70°C/min rate to -140°C after reaching -140°C, the straws were then plunged into liquid nitrogen. Analysis
of sperm quality after thawing showed that the percentage of motility, rapid progressive motility, motility kinetic variables
parameters and acrosome integrity were not affected by the different freezing programs. In conclusion, the 3rd freezing
program is recommended for boar semen cryopreservation due to the shorter processing time and reduction of liquid nitrogen

consumption.

Key words: Boar, Frozen semen, Freezing program.
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oat) Fy4L 2 mid - 2010 4 10 AFEIEIGT 4 A AU - #Rs#iaTzE 135 — 140 cm > SFEFEF4Y 30 mt/ha (7K
2% 2013) - JHEZE (Avena strigosa Schreb) (e Saia Pl E S 06 HY AR RIRETE - & 7 a5 A IR 7o B sl AR e 28
Saia » 2014 4F 11 HIEMEFT 3 HUCHE » §ZEE S 2 10.5 mt/ha (523 45.5% ) » 2 HERFEIY RS LIE (F
%> 2018) - fpfd ~ FEMEH - WHERA R A RIAEDR S B E AV L - B B8R AR HYE E 915’8 (Coblentz et
al., 2011, 2012; Contreras-Govea and Albrecht, 2006) ©

|

() TTEbR R B G BB e i 2555 2660 55 -
) TR EHEZ B G Em e BT T «

Q) TTEbE R B g wEA AT a R R -

(4) #E/EZE > E-mail: emshy@mail.tlri.gov.tw °
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SERMAA AL AR BT > 7B ZEPKREOER (10 — 11 A) REBE—H/KREREET (2 — 3 A) By
ZEEH > BT AP HEE A E - MEE I AT HRIMER > eSS RMAYA R - B A
HEE R R E T o (HEHVE & 2B LA AR Y L ~ R SO RS RS - M= Sy
EEREELE T o AL ABFFEEER 10 — 11 5158 - (95 2 — 4 U0 > 754 4 TR st Es
HriEBl B9 o W HEE TR R ST | ha USSR > A EERIITE - I 2Bt E A TR
AR E SR E AR IR E R AR R SS -

MFERTTE

L BB R G &R
ant B It RGNy & A s BB P T 7T o0 BT ( DA B RRSE T 20 P ) BV ECE EER & o AR SRR T A4S TSR (24°
31°43.4” N 120° 16°14.2” E) » [fif& £ 50 x 60 m” }2 30 x 60 m* [ - 5B AT e B iAR - SslBRm iR L 4 B
FH SR & R B 5 TR TT = 17 B T3 i - EFE T E - AhERE - At ~ 85~ $8 - oK =1
1 B eG4 3% pH {H - A R S m B o R & A 0 RIS RSB 2 &R - W7oy PratBe &
BRKE i R @ B . FOR BIR E 2L -
1L s o e B FH a5
2015 £ 11 H 10 HFS#rT o ity 3 28 fnfd (Sweet one ~ Winner ~ Swan) » £% 3 #12 RCBD algaeat i
FAERE - B/NER 15 x 10 m* > /NERIEER 1 mo> 53R052 2016 422 H 22 H ~ 3 H 7 H . 3 H 28 HULE - 2016
12 H 14 H A fEfE Swan BE— 7847 0.5 ha » £ RCBD H el > 00t 2017 423 H 28 H 4 H 10 H
g - 2017 4 10 H 30 E A #E%E Swan % Mount one #E{T — 57 Hoile - B% 2 S47 RCBD FIRISABREET -
42018 ££ 3 H 5 HUHE < 2018 FFRIAPKE ¥ B& F S S ekl > 72 10 H 25 HfEfE Swan £ 1 ha » %
RCBD HifHaEgaeat » 2019 4 1 H 22 H Kk 2 H 12 HUGHE - {RIETTARM I HZAEE SR S5E (N Pt K =
10 120 : 20) B0 » FEFN P K=331:66: 66kg/ha -
0. e B & B E A
FAERER Y 4 ([FHUESS - E%56 1 m’ > JFENRE - BmEEEER - WL 1 kg 548 80CHERZ % » &f
BSIR - BESIEREIR - L2 mm AVERGBERE - 5HTK5) « BUE(IE (Crude protein, CP) (AOAC, 2000) - &
484 (Acid detergent fiber, ADF) ~ Hr75E484f (Neutral detergent fiber, NDF) L ANKOM200 4451777 (ANKOM
Technology Crop., Fairport, NY) - B ARE 2 (Acid detergent lignin, ADL) By 734t AIlE DAEHZ 12 ARG e s - 73
HHEMAAIA 25mL 72% HYRHRE: (H,SO,) #HE 2R - B/ NFIIA 2 mL 72% JRREL - 5748 3 /N » MR HIE
Z2iEE > FELL 90°C EUKIE S E S aiE 5 K SYEIRRZNE 24 /N > FEEWETERARNEEZESE -
V. e H e

2016 4 2 H 22 H#HeZ Swan SLIEULHER - DI AIY) - DLE ZAEEZHY 75 =0 1,500 kg 2R B £ K5y
4 60% - BRIAHETT R FITRE - TORMRIIE RFHEFEEZ 15% @ WNEAWUE S RN | kg TiE%
% — M" A B R R R S ER (Lactobacillus spp. J2 Saccharomyces spp.) » S8E#L) s 1 x 10° cfu/g » FIIH5E
2RE IR R A9 91% » /7 RIFCIERS 301 YRR » &40 26kg 3% 60 1 > 60L HYYEREAE » &4 50kg ££ 30
T o INEEZENTFI 60 KIEFEEUE 771 © 49 1,500 kg AR FRPRHETTLIL A5 - bR F iR sl i
FHEFORFIREIA S EAEHILmE 22 (£5 > 2018a) ©

2019 4 2 H 12 HBKE T B E & T KAV R BE AR 8 > SR SRR F R (0 19955
NEE > 1998 ) YIRS )T 0T » DURE O EIE TSR PHEZER —X > E2REIE—R > HF|
FRIKER 60% IEAFRER - DIEIITEETITE - A B BN SRR BT TP Bk iR S R A e — e
BB FINKERAFI o I PR E R AT -

MR F I EE RS (Flieg’s score) > FEEF PRI T L8 ~ Nk ~ T e M AL EEEEERESE (£
1985; Jones and Kay, 1976 ) « {REITRIF LM ~ T EAAIALBRETH T E Ry > 5197 40 — 60 73 R v #3552 > 60 —
80 77 ks RAFAHTEL > 80 77 DA Ry 3 EE(E AV IR (Mcculough, 1978) o

V. HeARRZME
2017 4 3 HUEZ Swan » jAatEalE DI TEIREMRILEITR - INHZER —K - KIHES301% - DU oyt

1
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& RAIRZ IR > GO SR Fy 25 m > HEFTAY 48 /NIERZNE - SELL 80°C BVEVHGERZIE 8 /NIF > FRLLRAEL 16 /)N
B PETEERAETTI % - DU EE g R SSH E 22 1R B BRI o FRUFERZIRSY 2,000 kg e ZRRZ R AET TN FL A6
w0 iR e AR B R BN A P B AL B R (£5 0 2018b) -
VL B & kT
FIF SAS &at 7 28 iy — A 4R MER A (General liner model) #E178 75 7341 © DL F-test Ml % 55 B 2 B
M W PAE N = B (Least significant difference test, LSD) FEEZ S EEIRME] 2 Z= 52 (SAS, 2015) » 5 R[]
AN RN R E LSD, s > FREH P EMEAEEER -

RN B

B SRR REIARNESSE 10 — 11 5 > JUEIHGEIRE 3 A HAFAFRTRIEE - (K
SR O [ BN A AR (A% 1) » 2015 £ 11 F 10 HfEtE 2094 2 H 22 HAFHEY 104 1 - P00
16.9C ~ BFEEFE 1,754.8°C ~ [FHKE 27 K ~ BfEMERE 348.5 mm - 20154 11 § 10 HE 2016 4£ 3 A 28 H &E&t
FERTRBUEINZE 43 H > RETEEE 665.5 mm > = H BILERH AR ZRET - 2016 SFEAEC & Al —HAF B EoRATIL
& 12 [ 14 HA 36 > 22017 4 4 H 10 HUCRE - REHRfEEE 2,016.4°C - FERE 24 K > BRAERE S 210.0
mm > 2016 £ 2017 FHARMER BN F I HIEMR R RIK - 2017 £ 2018 FHE A RIHFRE K 18.9C » BE
AT AR A A B PR ELAYROM - R R B RN BN S AT AR (L - 2018 — 2019 SR H ML E
TR PR EEE 19.0C - KRB IIEEN ER(K - REFEREREERA - HEA FIEEFRR
B _ETHREES -

%1, 2015 — 2019 FEELEHL B H AR BRI B B A8
Table 1. Changes of temperature and precipitation for forage oat grown in northern Taiwan from 2015 to 2019 experimental

period
. Temperature Precipitation
Growth period Growth days - —
Daily mean Cumulated Raining day Total

d °C °C d mm
Miaoli
2015 — 2016
11/10 — 2/22 104 16.9 1,754.8 27 348.5
11/10 — 3/07 118 16.7 1,974.3 27 349.0
11/10 — 3/28 139 16.6 2,302.2 43 666.5
Miaoli
2016 — 2017
12/14 — 3/28 105 16.6 1,743.1 21 184.0
12/14 — 4/10 118 17.1 2,016.4 24 210.0
Miaoli
2017 — 2018
10/30 — 3/05 127 18.9 2,207.2 80 583.7
Xinwu
2018 — 2019
10/25 — 1/22 90 19.6 1,764.6 38 165.3
10/25 — 2/12 111 19.0 2,300.2 41 168.7

fRAZ 2016 - T IBEREEIITEESR - W77 0 AralB & 2 pH 5.56 £ 0.17 ~ FHHE 1.85 £0.25% ~ AMEwE 10.61 £
1.86 ppm ~ AZ# M 33.67 + 8.06 ppm ~ LSS 585.11 £ 93.70 ppm ~ AHlE % 198.44 + 18.06 ppm © 2019 EHKREHT
R EERIS I - PR I ATEEIR » pH 7.23 £0.19 ~ HIRE 1.94 £0.36% > HRMEwE 7.93 £ 0.46 ppm ~ STHAEHT 82.50
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*30.51 ppm ~ ZHAPESS 1,349.00 £ 73.66 ppm ~ AZHAMEEE 206.75 + 11.70 ppm (data not shown) o #7747 Ay T RN
M BRI R R Ryl M 32 B S HA TSRS & & S PO T oy Pttt

2015 4F 11 AAFFRE = LE > NEFE2H2H -3 A7THA3IH28HINEBEEERE (W1E2) -
4 E HE 104 5K » Sweet one #EE B 82.3 cm > fifE 33.7 mt/ha » §7EE 7.1 mt/ha » [S]H Swan FYRE S ELRZ Y @ 2D
Sweet one Bl Winner 5u 78 - 2016 423 H 7 HEf A& » #eA A AR (48 H# 118 X ) > Swan Uk fy 134.6
cm > 5 £ 39.0 mt/ha > HZE5 7.8 mt/ha > FE BRI B S 7Y Sweet one Bl Winner 72 i1 it o B4 BRI (£ FEHE
139 °K. ) Sweet one B Winner FY#£E E E[F(K > FERNGEEREIREFGM S - SIVETERMERESdEHME -
H DL Winner 525 5/ V i BB - fRIBE BRI > DL Swan 12 in il A= B LA & (B o fdifd 5% & - 2017 — 2018
4E#E1T Swan B Mount one #9ZE E L #r st s 2018 45 3 H 5 H 4 Swan fYFE S & 103.1 cm » #£ 8 %% 60.5 mt/ha >
#7865 12.4 mt/ha - [F]H] Mount one [ 8 £ 49.5 mt/ha » §7 85 9.8 mt/ha » fEEE HEAM sz EmEER 3 H 19 H i
14.9 mt/ha > 3 H 26 Hez¥)E R K /D £y 12.9 mt/ha o He 28 i 2R ig BHEZ ) 2 & 4 IR FLEE R H M &5 (Coblentz et al.,
2011) « HHEZEEAYSEE(LF5H] Mount one E & F[1& 4 /2] Swan YZE & > /K Mount one #Z Swan B2N » T FER: A 7
G EERAREE - A A E S eI KRErITEA -

2. SHEREHZRSER 2016 — 2018 FAEE B LEEMMEE & 2 Ehi

Table 2. Comparison of 3 different varieties of forage oat for forage yield grown in fall crop in 2016 ~ 2018

Variety Harvest date Growth day Plant height Fresh weight Dry weight
2016 d CM e mt/ha ------------mm -
Sweet one 2/22 104 82.3° 33.7% 7.1¢
Winner 2/22 104 62.3" 30.0" 6.0
Swan 2/22 104 97.6 33.3¢ 7.7
Sweet one 3/7 118 110.7° 36.7° 7.3¢
Winner 3/7 118 78.3° 34.7% 6.9
Swan 3/7 118 134.6° 39.0¢ 7.8¢
Sweet one 3/28 139 113.1% 29.7" 6.7
Winner 3/28 139 77.8° 29.3" 5.9°
Swan 3/28 139 134.8" 32.7¢ 7.7
2018
Swan 3/05 127 103.1¢ 60.5° 12.4°
Mount one 3/05 127 105.4% 49.5° 9.8°
Mount one 3/12 134 101.3% 40.0% 8.0
Mount one 3/19 141 122.5° 443 14.9°
Mount one 326 148 133.6" 46.8" 12.9°
ab,c,d

Means within the same year in the same column with different superscrips differ (P < 0.05).

DAJE]—fifd Swan PEEZFRFAE SV EL (2152 3) » BFERLY/TAA1E 30 — 40 mt/ha > 5788 7 — 10 mt/ha - 2018 4F
3 H 5 HEFEBEZER S - 275 2017 — 2018 284 5 AR RiR[EM 2 2 583.7 mm BLHTF 4 5 M R
Em » BrHEEFIHEAKSNEETRSHES - AalbpssRe " HBPE K5 KIE(1L B) EHE >
W% 10 RERUY » fEELEE &= 0] 3 32.8 mt/ha (22 0 1988 ) HYLEERAHAT - fR4E Contreras-Govea and Albrecht (2006) 7>
FE BT N TR RS - BN AES PTREH TCEHA S 2 21°C » PR 23 CEMEZE 10T »
HF R E AR PRz B Fy 7.7 mt/ha » BXEEALHIRZY)ZE 8 F 6.7 mt/ha o BEZREHTRE E AV ROR S LBLEZER
6 (HERZY)EEL 7 — 8 mt/ha BIAGERGEREE RN - 2 ENEHIEREEEALFH (74 — 105 R) > iYEE
5.37 — 6.79 mt/ha » A5 HEE 119 RizZV)E &Ry 10.54 mt/ha (5% - 2018 ) » B EBHESNATB I ES -
PremfEER 2 4h » BREFUR TR B8R A R/ N (Triticale) §Z2Y)7E 2 2 EH%ENZ (Coblentz et al., 2018) -
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3. 22016 — 2019 FaER IR A4 & H B S50 R Swan qiEfiF e Bl 6 7 S0 8
Table 3. Effects of growth days on fresh and dry weights of forage oat cv. Swan in 2016 ~ 2019

Growth year Harvest date Growth days Plant height Fresh weight Dry weight
d cm e mt/ha -----------mmem -
2016 2/22 104 97.6° 33.3° 7.7%
2016 3/07 118 134.6° 39.0° 7.8%
2016 3/28 139 134.8° 32.7° 7.7¢
2017 3/28 105 117.3¢ 29.3¢ 6.7
2017 4/10 118 116.0 34.8° 8.8%
2018 3/05 127 103.1° 60.5° 12.4°
2019 1/22 90 126.2° 33.3° 6.4°
2019 2/12 111 154.1° 40.3° 9.8

>4 Means in the same column with different superscrips differ (P < 0.05).

MR E B A B (WIFR 4) > 2016 FE[FEHAUHE Swan 25 [ EHEEFY Winner (7.65% vs. 8.25%) » 544
YEHE S Winner (63.34% vs, 60.43%) 22 EAGREEE - 2018 4 3 B 5 [ UCHES Swan [ S BEAHLE (985 14.82% 58
Z 51> Mount one 17 9.86% > Swan (iAgHY HH AR K e AE dB 4 Il (U7 Mount one » FRoR(EAHEIZE B HEWIRA:
T > Swan 1Y5HE B Mount one » {21, Mount one [fij= > 2018 4£3 H 5 HE13 H 26 HELi » HHEAESEH 9.86%
H16.25% A=A > H3 H 12 HEL3 A 19 HUEIHITHE S E Y 7.57% 2 8.80% [ » T ZRAZGEED Fy A TH
TEAVHHRIRES - #RFR AR — 2 - AR s R IR AR E - A HHENE 22N EH EHAHRA] -

T4 FEFRREE A SRR AR i HAE R (L ER Al 22

Table 4. Effects of variety on chemical compositions of forage oat grown in different years

Variety Growth day CP NDF ADF
% of dry base
2016
Sweet one 104 7.90° 62.27" 28.63°
Winner 104 8.25° 60.43" 29.11°
Swan 104 7.65" 63.34" 28.78"
2018
Swan 127 14.82° 51.03¢ 32.21°
Mount one 127 9.86° 59.06" 36.59"
Mount one 134 7.57¢ 61.71° 38.32°
Mount one 141 8.80" 58.50°¢ 35.89"
Mount one 148 6.25¢ 57.03° 36.66"

“® ¢4 Means within the same year in the same column with different superscrips differ (P < 0.05).
CP: crude protein, NDF: neutral detergent fiber, ADF: acid detergent fiber.

[Fl—knfE Swan fEA FIEERAVE BRI EE (AR 5) > 2016 FUTFERZHEPRAVIHERE R 7.65% > 2017 £
THE B E R 10.67 — 12.61% 7] - 2018 FFFHEE H/E By 14.82% - 2019 FFFHEHBE /Y 11.06% 81 5.62% 7 [¢
Swan [l FE & EHVE(LR S E 14.82% » 5K 5.62% T A [E TR KA R R B HE N E & 81
(b - NEFE(1993) BAEE (1991) BRaT A FIEHHE R S SEE R - (ERER e BwEEZZE - DIE—FEREE IR
EEME - EEEEROEEN - HESHEEBEA & BIEImRED - HEE - Btdd RARBRRAEA 5 0
WEROIEE A0 © DASRH AT S - A RIR R P s - HOHE O B &8 ] AE(E 5.62% > HUALERT 10 —
12% SEEE BB » I RHRAWRER R 2 FIH -
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F 5. RNEEETEELR MR Swan fEH A R HEBEME R LS 2 &

Table 5. Effects of growth days on chemical compositions of forage oat cv. Swan grown in different years

Growth year Growth day CP NDF ADF ADL Hemi-cellulose  Cellulose
% of dry base

2016 139 7.65¢ 63.34" 28.78° — — —
2017 105 10.67° 59.47° 33.89" 6.25" 25.58" 27.64°
2017 118 12.61° 54.05¢ 30.92° 6.30° 23.13° 24.62°
2018 127 14.82° 51.03° 32.21% — — —
2019 90 11.06° 63.39° 39.97° 7.65% 23.41° 32.32°
2019 111 5.62¢ 66.58° 41.72° 8.61" 24.86™ 33.11°

¢4 Means in the same column with different superscripts differ (P < 0.05).
CP: crude protein NDF: neutral detergent fiber, ADF: acid detergent fiber.

AWFELL 2016 £F 2 [ 22 HYSFERY Swan 5 (GYEELR 14 K ) - BORITOYFTErT BT ERELEERE 60 K > 73 hlft
2016 ££ 4 H 25 H } 27 HEAEETF I an B HYVAE (05K 6 ) © pH K5 3.99 k2 4.00 > Flieg’s 557 99.5 } 97.0 & /&I
HERAVFEISE - 552019 422 F 12 HRHkERT R ETHREBEN S HIREUE - I 156 RIEFEEFIFGE (1
R 7)) BEMEAIANEEE pH 4.66 - H Flieg’s 757 62.8 > FEATREHAIN GAMNE RIS Ik pH 4.92 H Flieg’s #F 47
50.0 - NEHVF T EENINE o BN S I m B A NEB R (0% 6 ) VSR - ERHRAENFBEREES
BHE - YRR R ] DA S8 T ELAFAVIRAE © S505TH » 2016 AV ER A R I AL I E S (e i 55 % - 2019 FERERS
RENARIIABRE S - A RE B RN O E IR E A ERIR A -

6. BPRHHEE Swan fnfE LURAEFHRT 60 K& ZH T E
Table 6. The silage quality of forage oat cv. Swan ensiled in the plastic bucket 60 days after ensiling

Date of sampling pH Acetic acid Lactic acid Flieg’s score
2016 % o0

4/25 3.99 0.39 2.30 99.5
4/27 4.00 0.48 2.16 97.0

R 7. BRI Swan dnflE DB GBI EL 156 Kig 2 BlrinE

Table 7. Effects of sampling location on the silage quality of forage oat cv. Swan 156 days after ensiling with round bale

Location of sampling pH Acetic acid Lactic acid Flieg’s score
%

Center 4.66° 0.57° 0.55" 62.8"

External layer 4.92° 0.93° 0.20° 50.0°

" Means in the same column with different superscrips differ (P < 0.05).

FRIBZE (1988) st - MR ZAREE IR 10 BREME - RPN EER 17 — 24 K> ETHIREE > Fir
Flieg’s 5572 72.2 — 73.1 > 413K F N Flieg’s 55772 84.0 — 82.7 43 « bl F S 52 1 (L1 20 Kig ] BUS 4T
ZFHATRL > Flieg’s 57 494E 80 73 /e (7S » 1994 ) » BESEPRER. ~ B[E 5 « &% P15 (Sorghum sudanense) ¢
FHEHFK (Zea mays) > Fir 60 K7 557 8h > FREAEE 64 5340 - S5AM=TH ERHE 48 80 43 A EIE RAVER - FiT
FHELEIEEEAY) - OB E RIS RFNEE > &AM RFFITE (BT > 2001) - EEFEEEFE 5
(Acroceras macrum) DJFBREAR G ET B - Firalss & 63 47 o EEFMY) 5 om DUT » DEFBAE I EET
FRFHE > PNEm AR B N FRG IR EETIER » RS R 2 E IR (EET » 2004 ) - ReEaINE
FHEPIEESE - B S E R F iR E 5 E57 4 62.8 — 50.0 57 -

PERIPSH T Pl 2 R F IR EIEEE ENER - TERFZEF IS ERZE GRS RN
(£ 1988 ) » #EAETTHYIZE 5 — 10 em (EKEF 0 2001 ) » DLE ZAEGZHY 5 2R 2K 0 BB 247 60% (755 »
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2000 ) » DA TR T E TR E 2R IT 0 (B RET » 2001) » IRIIEKRG LIS L&Y & E (B 0 1990 ) » 3f
FARAN 1 kg/mt THEZ S — M® ABSEBHEEEESEE (Lactobacillus spp. K Saccharomyces spp.) » i EEREEE 44
EEEYE 1 x 10° cfu/g » HEFHFIPRNEE 2 Flieg’s 5157 90 43 PL 2454 - 55 (2020) f AR B2 RAVHE SR IR
FEIARFEZAENEZES > 7 18 M A& » SHE R EIRZYIRAYHEE 38/ 5 RE B S AR E EAEE R - =
ERtE BREER o (REZY)R (26.8%) HYHZRBERE L. acetotolerans SOR-4 FIYENE » FFHT SE 2 Flieg’s 5157 94.8 47 © =iz
2 (48.2%) HYHEZRFEME L. acetotolerans SOR-4 FF T E 2 Flieg’s 247 72.3 /y B E LB AR K « ARetBRinzL
TG DA TR B E e R S IR 4E E » Flieg’s 5147 99.5 & 97.0 =oAL BB E B it 5 i B T, -

PRET ke rhR e R F AR T T A LM RE 2 S RN E ~ XFEET—R > 5 8 ST HUBIL RS
H - A& - BeREDDAREER T A - DR E AU 30% FEI FORFRFaVEZE R E I i th A1 TaRed - 5t
st BlEMEFITRHAT S5 E ORFRILE - B4R EE - EAERASEWHREENTE » TRE
FE A E IPRHE Bl AL 2 GlREAOR » WA EILEH A (F55 > 2018a ) o FIFHBT4rFTifed 2 R ARz Al
HELTHERENYRZNE > HEZY'E 89.68% ~ fHEEH'E 14.82% ~ HLaafE 51.03% ~ M feflidf 32.21% - 1A E iy
Y& 90.23% ~ FHEEH'E 10.26% ~ Frse&d 47.7% ~ Bt ddE 28.24% « AL A EE R BIZ S EREE K 193
kg/day W& S 7 B 2E SR RZ B 18.3 keg/day « fRIBFIGEEEIZE - B M AT E I ANEUERR - Mt H & EH
B UEE 3 — 5 om > AR LR E 2 B2 RIS - S ARAHnE 5/ DR > e M RE R R Y B E AR R
FHE > BN IR B EE0E 8K > SREERR EBE E R RN EALE T 5 209 K 23.7 kg > [BlEHAEF RS
SR HEI L » - BRI B e R R R KBS 0 kL 2 BB A oy - R R BYRZ i o] DURE R B EE e R R i'E >
EOEFESNEOHREE > WRBATEAE L (F5 > 2018b) -

A

RIS R > S0y 2R L fEDL Swan I E(E > S B R 1) 2 60.5 mt/ha > DIBBRRINALIE
EE 7B T R B HATREs 2 90 DL E - RRINERSISIEITE R LA R EE S I EF A > RIDUE
TR R A T okl L HE AT B B 57 2 60 4y - &L K M AL N IR FEERITE - IEE I
TEHA LU bz 1 22k HEZE Swan FUFHZEE I S 8T 10 — 14.82% BN S B H R 5 » AR R EHREF
. {EfH -

Ao ol

AT B AR BT B % B G R G (106 B2 -2.5.1- & -L1(2) ~ 107 f2F4 -2.3.2- & -L1(8) ~ 108 f&2
F-23.2-F -L1(7) » AFEEIREREN BEGHE H8 T o SUBRIHRH T Pk i T - ER=ERED - %
AR E -« RIS ZFE GBS TR - (EHAGLUERISERE - (R —0F R b= Z it -

SENRK

I~ MR EHHGE ~ BIERE - 1990 - XFGREYIRGE 29t - 2ENEM R EHE > 288w ERE
Fft > EFETH > 25 159-166 H -

Il ~ MRS ~ BRI - BRSCHE - 1993 - MRS ESESR - L2 BEREEZTE - TEgE 22
373-386 °

[NEfE o 1995 - B3 ES-FREE IR BIE BT - BEDTIT 28 ¢ 147-157 -

e ~ HEEE ~ 0CRT ~ B ~ BRACHE - 1998 - FoeRAd B B RS B S -F o B i T s U2 oE - BEHEY)
e Gt - EE R AR > 2/ > 5 148-160 H -

TR~ HEERL - BRIAHE © TR EE - REEE - R - 2018a o GFE TR IIRZEFH IR A b AL MERE 2 B2 -
EEWTSE 51 1 109-115 »

T~ HEER - RIZEE ~ IRSC - 2018b o T RDB AL EREIRE RIS R AL EH HZERE R - BE - EAR
FAGE 2 % - BENITE 51 1 265271
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TAPRE - R - B SA © 2020 © B2V R A [ESE TR R B R SRR / BRI RITE I mEH A & - B
53 1 99-106 -

BHEF ~ NEHE - FEERL - B - 1991 - #[E 5 A254 (Digitaria decembens A254) - BEERTFT 24 1 59-65 ©

PIEME - 1988 - B AREFNHER E BN EL - ZREFEW 17 1 115-124

FEE o 1985 « HT RS R AL BEATIE - PEIESE(LEEEEE 24 £ 80-85 -

KR ~ EAPRE - TR ~ BREE S - 2018 - UMAAE A [E RN 2 Skl E R ~ B N FE TSRS - wETT 51
16-23 o

Ti5E o 1977 o ST R AR ZE A » RIEESE 25 ¢ 114-115 -

IS ~ GEE - 1984 o MR RBE—GUAFRITAES - BN 17 1 1123 -

ERUE - 1990 = K& 8 R E AR B = F I E i 728 - BT 23  125-131 -

ERUE ~ FFEE - 2001 - BESRIE AT E 25T © BT 34 ¢ 183-188 -

RS ~ FFEE - 2004 - UL HBLZGHTE - BEEITSE 37 ¢ 343-349 -

AT - ERUE - BRI - 1994 - REIEHIE S e R B MR FOE I B 2 s 8 - BT 27 ¢ 275-284

MR~ BRUS - &00ET - N ~ PRI - 2000 o $52 =TEEA FE RO RTEREL 9T o BEERST 33 1 105-110 -
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Abstract

The objectives of the study aimed to investigate the effects of variety, harvest period, and ensiling technology on the
forage yield and quality of forage oat (Avena sativa), in attempt to increase forage supplement in northern Taiwan. Forage
oats were sown in fall and harvested next spring between 2015 ~ 2019. The experimental field was located in Miaoli in
northern Taiwan. The results showed that forage oat cv. Swan was the best among the testing varieties. The fresh forage yield
of Swan oats ranged from 33.3 to 60.5 mt/ha, and the dry forage yield ranged from 7.7 to 12.4 mt/ha, respectively. Forage
production was affected by temperature and rainfall. Silage was made in small plastic pails with screw caps, and the forage
quality was determined as 60 days after ensiling in 2016. The silage quality was excellent with Flieg’s scores, ranged from 97
to 99 points. Forage oat hay was produced by large dryer in 2017. The forage quality of oat hay was satisfactory: The crude
protein, neutral detergent fiber, and acid detergent fiber were 12.61, 54.05, and 30.92%, respectively. The fresh and the dry
forage yield of Swan oat planted in Xinwu, Taoyuan in 2019 were 33.3 and 6.4 mt/ha, respectively. Silage round bale was
wrapped with the plastic membrane in the field. The silage quality was satisfactory with Flieg’s score being 62.8. The results
showed that forage oat cv. Swan may be commercial produced in the form of oat hay or silage for dairy cows in northern

Taiwan.
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Abstract

The purpose of this study was to investigate the effects of caponization on the packed cell volume (PCV), plasma pH,
and plasma physiological values of Taiwanese male native chickens at different ages. For the experiment, the rooster of
Taiwan Livestock Meat No. 13 was selected. The chickens were castrated at the 10" week of age and were fed with feed
during the growth period (10 ~ 18 weeks of age) and the fattening period (19 ~ 28 weeks of age). Caponized or sham male
native chickens were selected at the 14"™ week in this experiment. The treatment groups were divided into a castrated group
and a slip group according to the re-development of the comb. After the chickens were fasted for 12 hours, blood samples
were collected from individual chickens every two weeks, while 20 chickens from each treatment group were randomly
sampled every time. The results showed that the capons (16 ~ 28 weeks old) had the highest plasma inorganic phosphorus,
potassium ion and total cholesterol concentration. Besides, the capons (20 ~ 28 weeks old) had the lowest PCV and plasma
pH values. The capons had also the lowest testosterone concentration at the 28" week of age, followed by the slip chickens
and the sham group, respectively (P < 0.05). Capons and slip chickens have significantly higher plasma calcium ions, total
protein, albumin, globulin, triglycerides, low-density lipoprotein, high-density lipoprotein, and blood suppression (P < 0.05),
compared with roosters, however with a significantly lower concentration of plasma uric acid (P < 0.05). In addition, the
activities of plasma creatine kinase and alkaline phosphatase were significantly higher in capons whereas the sham group had
significantly higher concentrations of plasma creatinine and total hydroxyproline (P < 0.05). Furthermore, blood PCV value
increased in both capons and slip chickens with increasing age, and peaked at the 20" and 26" weeks of age, respectively. In
addition, the concentrations of plasma total calcium in sham, slips and capons, peaked at the 18" week of age and declined at
the 22" week of age. Moreover, the concentrations of plasma inorganic phosphorus in sham, slips and capons, were reduced
significantly with age. In conclusion, the results of these tests revealed that castration will significantly affect the PCV,
plasma pH and certain components between 4 and 6 weeks, mainly due to androgen functions, including erythropoiesis,

protein, lipid, bone, and connective tissue synthesis.

Key words: Age, Blood parameters, Caponization, Male native chicken, Testosterone.

Introduction

Capons are male chickens whose testes have been surgically removed. Because of the resultant androgen deficiency,
secondary male sexual characteristics (comb, wattle, fighting, mount-bite behavior, and vocalization) are degenerative,
and maturity regresses to an immature stage. Capons, commonly known as eunuch chickens, represent a number of locally
produced chickens favored by Taiwanese consumers, which use the male Taiwan native chickens or male Taiwan game
chickens. In Taiwan, capons are the main source of chicken meat in Hakka residence and have the highest unit price of all

chicken species.
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In general, the rearing period of capons is longer (24 ~ 32 weeks) than that of the Taiwan native chicken; and the live
weight is also heavier. Capons are divided into heavy type capons (above 3.5 kg of live body weight) and light type capons
(below 3.5 kg of live body weight). Taiwanese consumers traditionally prefer heavy types of capons to the broilers and are

willing to pay a premium for capons.

Numerous reports have pointed out the influence of surgical caponization on the behavior (Wang, 2001), growth
performance (Wang, 2001; Lin and Hsu, 2002; Murawska et al., 2019), comb area, feather scores and rectal temperature (Lin
and Hsu, 2003a), organ and carcass part ratios (Lin and Hsu, 2003b), skin and muscle colors (Lin and Hsu, 2003b), muscle
compositions (Lin ef al., 2011b), ATP related compounds (Lin ef al., 2011b), fiber diameter and area (Lin and Hsu, 2003a;
Lin et al., 2011b), certain muscle physical properties (Lin and Hsu, 2002; Lin et al., 2011b), taste panel scores (Lin et al.,
2011b), and bone traits (Lin and Hsu, 2003a; Chen ef al., 2006a, b; Lin et al, 2012). The effects of castration, androgens
treatment or testosterone deficiency on blood traits have been reported in other studies (Chen ef al., 2006a, b; Lin ef al., 2012;
Antunes ef al., 2019), but these reports are inconsistent and the main focus is related to the blood parameters and on bone
and lipid metabolism. However, these studies do not show other blood characteristics. PCV value measures the percentage
composition of blood cells relative to other contents. The author further explained that PCV is very useful in assessing
normal blood levels in animals (Augustine et al, 2020). There are limited studies comparing capons, slips or sham chickens
in blood PCV, plasma pH and certain blood parameters. The aim of the study is to examine the blood PCV, plasma blood

biochemical characteristics in the caponization situations.

Materials and methods

I. Experimental design and animal feeding

Healthy male Taiwan native chicken cockerels (LRI native chicken Taishi meat No. 13.) bred by the Taiwan
Livestock Research Institute, were caponized or sham operated at the 10th week of age and were reared in an open-
sided broiler house with 22 chickens in each pen (200 cm x 450 cm) for a 4-week adaptation period. Twenty- two male
(sham), 22 slips, and 22 caponized (capon, prominent degenerated comb) chickens were selected at the 14" week of age
for a 14-week feeding experiment. From the 10" to 18" weeks of age, chickens were fed 19% crude protein and 3,000
kcal/kg metabolizable energy grower rations. From the 19" to 28" weeks, the chickens were fed 17% crude protein and
2,800 kcal/kg metabolizable energy finisher rations. The chickens received a daily photoperiod of 23 h light and 1 h dark.
Feed and water were provided ad libitum (Lin and Hsu, 2003a). The experimental procedures involving animals were

performed in accordance with the COA-LRI Guide for Care and Use of Laboratory Animals.
II. Testectomy

The testectomy procedure was performed according to Lin and Hsu (2002). Male chickens were restrained and
restricted to feed and water for 24 h before the surgical operation. The incision site was sterilized with iodine-alcohol. A
1-cm lateral incision was made from the last rib. The testes were then removed. lodine-alcohol was applied again to the
incision site for disinfection.

1. Capon and slip distinguished

Capons and slips were distinguished according to Lin and Hsu (2003a). Although, chicken cockerels were caponized
in the same way, but some chicken castrations were incomplete, leading to a few testicles remaining in the abdominal
cavity. Relics of testicle can be regrown several weeks later, resulting in these chickens redeveloping a comb and wattle,
with which caponized chickens can be divided into capon and slip groups. The comb and wattle color were bright red.

The size change of the slip was significant, whereas the capons appeared to maintain an atrophy status.
IV. Sample collection and analysis

Twenty chickens in each group were bled between the 14 and 28 weeks of age at 2-week intervals. After 12 h of
feed deprivation, the blood samples were collected from the brachial vein using a syringe pre-rinsed with a solution
0.15 M NacCl containing 1,000 IU/mL of heparin-Li. Then, samples were placed into a tube containing 50 pL of a 1,000
IU/mL heparin-Li solution per milliliter of blood. The blood samples were kept on ice, centrifuged (1,500 x g for 30
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min) at 5°C and the recovered plasma was placed into three vessels. One of these vessel samples were held at 0 ~ 4°C
for determining plasma ion contents. The remaining vessels were frozen at -20°C as plasma for other blood parameters
analysis. PCV (packed cell volume) was measured by centrifuging, at 13,362 x g for 5 minutes (Kubota KN70, Japan).
The plasma sodium, potassium and chloride concentration were analyzed using a kit (Bayer, UK) and automatic analyzer
(634 ISE Na'/K'/CI" Analyzer, Ciba Corning, England) within 72 h of blood sampling. The plasma pH and ionized
calcium concentration were determined using a kit (Bayer, UK) and automatic analyzer (644 ISE Ca*"/pH Analyzer, Ciba
Corning, England). The plasma sodium, potassium and chloride concentration were analyzed using a kit (Bayer, UK)
and automatic analyzer (634 ISE Na"/K'/Cl" Analyzer, Ciba Corning, England) within 72 h of blood sampling. Assays
for the activities of plasma creatine kinase, alkaline phosphatase and concentrations of plasma total calcium, inorganic
phosphorus, magnesium, total protein, albumin, globulin, uric acid, urea nitrogen, triglyceride, total cholesterol, high-
density lipoprotein (HDL), low-density lipoprotein (LDL), creatinine and lactic acid were determined with different
kits (Wako, Japan) and automatic analyzers (Hitachi 7050, Japan). The total hydroxyproline and free hydroxyproline
concentrations in plasma were measured according to the method of Bannister and Burns (1970). Determination of the
concentrations of plasma testosterone, calcitonin and parathyroid hormone were carried out with an ELISA microtiter
reader (Mrx Dynex Technologies, USA), using different ELISA kits (Neogen Testosterone ELISA kit, Active Calcitonin
ELISA kit, DSL-10-7700 and Active Parathyroid hormone ELISA kit, DSL-10-8000).

Statistical analysis

Analysis of variance among treatment groups (sham, slips, and capons) were calculated using the General Linear
Models (GLM) procedure of SAS (SAS Institute Inc., 2006). The physiological values of different experimental animals
at the same age and the physiological values of the same experimental animals at different ages are statistically compared.
When significant differences were detected (P < 0.05), means were used Least Squares Means (LSMeans).

Results and discussion

Blood PCV, plasma pH, and concentrations of plasma Na*, K" and CI

The blood PCV, plasma pH, and concentrations of plasma sodium, potassium, and chloride data are summarized
in Table 1. Results showed that the sham group had the highest (P < 0.05) PCV at the 14 weeks of age (after 4 weeks of
caponized treatment), followed by slips and capons. The PCV in sham and slips increased significantly with the advance
of age, and the peak occurred at the 20" and 24" weeks of age (P < 0.05). This is in agreement with the finding of Lin
and Hsu (2011a), who reported male chickens had significantly higher PCV than those of capons. Peh et a/. (2000) found
similar findings that male chickens had significantly higher PCV than that of female chickens. In addition, Griggs et al.
(1989) also indicated that groups administered testosterone had greater PCV than those of controls. However, Lin et al.
(2012) also indicated that the plasma testosterone concentration was significantly lower in capons at the 12th week of age
than that of the intact males. In addition, Lin and Hsu (2003a) found that intact chickens had the highest concentration of
testosterone followed by slips and capons. Accordingly, the blood PCV in male chickens and slips may have been caused
by the effect of higher androgen increasing the bodily erythropoiesis and greater PCV than that of capons as suggested by
Lin and Hsu (2011a).

The sham group had the highest plasma pH at the 16" week of age followed by slips and capons (P < 0.05), which
was consistent with the results of Lin and Hsu (2011a), who showed capons had lower plasma pH than male birds.
However, Peh et al. (2000) showed that there were no significant differences between sexes in their serum pH. The
results for plasma pH in this study were inconsistent with these results. Reasons of capons with lower plasma pH are
presently unclear. It may be due to a reduced plasma testosterone concentration. In animals exposed to androgens, there is
an alteration of fiber type profiles and muscle metabolism. Castration causes an increase in white fiber numbers, muscle
glycogen contents and glycolytic enzymes activity, resulting in enhanced pyruvate or lactate deposition and reduced
plasma pH, as shown by Judge et al. (1988).

The results of this study for the concentration of plasma sodium were inconsistent at different weeks of age among
sham, slips and capons. However, slips had significantly lower mean plasma sodium concentrations than sham and
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capons (P < 0.05), but there was no significant difference between sham and capons. Similarly, Peh et al. (2000) and Lin
and Hsu (2011a) have reported that no effects on plasma sodium concentration between the male and female chickens or

capons were found.

The capons had the highest concentration of plasma potassium at the 16" week of age, followed by slips and sham
(P < 0.05). These results agree with Lin and Hsu (2011a), who indicated that male chickens had a lower concentration
of plasma potassium than capons. Similarly, Peh er al. (2000) also found that female Silkie bantams had a higher
concentration of plasma potassium than that of male birds. The testosterone is anabolic in normal adult subjects and is
considerable evidence for positive nitrogen, potassium, and phosphorus balance. An increase in muscle mass is reflected
by increasing total body potassium content (Griggs et al., 1989). Therefore, the observed higher plasma potassium values
for capons in this study were associated with a lower plasma testosterone concentration, which may have been due to

decreased muscle protein synthesis, as resulted by Lin and Hsu (2013).

The results of the present study for the concentration of plasma chloride were inconsistent at different weeks of age
among sham, slips and capons. However, slips had significantly higher mean than that of the sham and capons (P < 0.05),
but the plasma chloride concentration did not significantly differ between sham and capons. Lin and Hsu (2011a) found
no difference in the concentrations of plasma chloride between capon and male chicken. In contrast, Peh ez al. (2000)

indicated plasma chloride concentrations were higher in female Silkie bantams than that in male birds.

Concentrations of plasma ionized calcium, total calcium, inorganic phosphorus, magnesium, and activity of plasma

alkaline phosphatase

The concentrations of plasma ionized calcium, total calcium, inorganic phosphorus, magnesium, and activity of
plasma alkaline phosphatase results in this experiment are presented in Table 2. The capons had the highest concentrations
of plasma ionized calcium at the 14" week of age (P < 0.05), followed by slips and sham. However, the concentrations
of plasma total calcium were not affected by the treatments. Further, the concentrations of plasma total calcium in sham,
slips and capons peaked at the 18" week of age, and declined at the 22th week of age. Lin and Hsu (2003a), Chen e al.
(2007), and Lin et al. (2012) had the same results, attributing this difference to increased bone calcium loss by the capons
or slips that favored bone loss over bone formation. In contrast, Peh et al. (2000) also found that male Silkie bantams
had significantly higher concentrations of serum ionized calcium than female chickens. Chen et al. (2006a) showed that
caponization increased the blood total calcium concentration. Moreover, Mauras et al. (1999) also demonstrated that
orchidectomized rats or hypogonadism men showed no serum ionized calcium concentration change. In the present study,
capons have a higher plasma ionized calcium concentration, associated with higher plasma calcitonin concentration, as
shown by Stepan and Lachman (1989). These results showed the plasma calcitonin concentrations in the capons were
significantly higher than in the sham (Table 5). These results support the current findings that ionized calcium showed a

better response than total calcium in terms of the analyses on blood calcium concentration.

The capons had the highest (P < 0.05) concentrations of plasma inorganic phosphorus at the 14" week of age
(caponized treatment after 4 weeks), followed by slips and sham. The concentrations of plasma inorganic phosphorus
in sham, slips and capons reduced significantly with the advance of age (P < 0.05), which agreed with Lin and Hsu
(2003a), Chen et al. (2006a), and Lin ef al. (2012). However, Mauras et al. (1999) reported the reverse results.
Orchidectomized rats or hypogonadism men had significantly lower serum phosphorus concentrations. On the other
hand, Bogin (1992) indicated that hypoparathyroidism causes an increment in the plasma phosphorus concentration. In
addition, Vanderchuersen and Bouillion (1995) found that androgens increased marrow cell or osteoblast sensitivity to
the parathyroid hormone. Besides, the increased concentrations of plasma inorganic phosphorus in capons are probably
due to reduced concentrations of plasma testosterone, leading to reduction in marrow cell or osteoblast sensitivity to the

parathyroid hormone.

The concentrations of plasma magnesium did not significantly differ among treated groups, but the sham, slips and
capons before the 16" week of age had a lower plasma magnesium concentration than after the 18" week of age, which
was consistent with the results of Lin and Hsu (2003a) and Lin et al. (2012). Plasma alkaline phosphatase activity was as
high as in capons over the slips and sham, and as expected showed a significant difference at the 18" and 28" weeks of

age. The results are in agreement with previous reports (Chen et al., 2007; Lin et al., 2012). However, the increased blood
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alkaline phosphatase activity damages bone cells and their cell numbers increase in bone remodeling (Bogin, 1992). In
general, castration causes an increase in bone calcium loss (Lin and Hsu, 2003a; Chen et al., 2006b; Lin et al., 2012).
Phosphate calcium and carbonate calcium account for the largest part of the cortical bone. In this study, it is reasonable
to expect capons to have a higher plasma ionized calcium, inorganic phosphorus and alkaline phosphatase concentration,

associated with lower plasma testosterone concentrations, as discussed by Lin et al. (2012).

Activity of plasma creatine kinase and concentrations of plasma creatinine, uric acid, triglyceride, total cholesterol, and

total protein

Table 3 shows the activity of plasma creatine kinase and concentrations of plasma creatinine, uric acid, triglyceride,
total cholesterol, and total protein results. Plasma creatine kinase activity in capons was higher than that in the sham
group at 16 weeks of age, and showed a significant difference at the 20" week of age and mean activity of age. The
results in this study agreed with those of Lin and Hsu (2011a), who found that caponization increased blood creatine
kinase activity. In contrast, Griggs et al. (1989) found a significant increase in creatine kinase activity during testosterone
administration in men. Blood creatine kinase activity, indicating striated muscle and heart muscle healthy state, lean
mass and psychological state, has been reported in another study (Griggs et al., 1989; Bogin, 1992). The capons showed
higher activities of plasma creatine kinase are presently unclear, but it is probably due to castration leading to reduced
concentrations of plasma testosterone and an altered temperament, increasing timidity and sensitivity, as suggested by
Wang (2001). Bogin (1992) demonstrated that the blood creatine kinase activity increased, which reflected animals under

stress.

Plasma creatinine concentrations in the sham group were higher than those in the capons between the 14" and
28" weeks of age, showing significant differences of mean concentration at the 16", 18", 24" and 26™ weeks. Besides,
the concentrations of plasma creatinine in the sham group reduced significantly with the increment of age (P < 0.05).
Similarly, Griggs et al. (1989) showed that there was significant increment in serum creatinine concentration during
testosterone administration. However, increases in muscle mass as reflected by increasing urinary creatinine excretion
content and serum creatinine concentration have been shown in other studies (Bogin, 1992). The observed lower plasma
creatinine concentrations for capons in this study are associated with lower plasma testosterone concentration, which may

be due to decreased muscle protein synthesis (Lin and Hsu, 2013).

The capons had significantly higher concentrations of plasma uric acid at the 14" week of age (P < 0.05), whereas
the capons had significantly lower concentrations of plasma uric acid than the sham group after 18 weeks of age (P < 0.05).
Lin and Hsu (2011a) also had similar results. Accordingly, it seems reasonable to conclude the observed lower plasma
uric acid concentrations for capons in this study are associated with an improved feed conversion after 18 weeks of age,
which may be due to decreased plasma testosterone concentration leading to less aggression and sexual (mount-bite)
behavior, as has been suggested by Wang (2001) and Lin and Hsu (2002).

The capons had the highest concentration of plasma total cholesterol at the 16" week of age (P < 0.05), followed by
slips and sham, which were consistent with the results of Chen ef al. (2005) and Lin and Hsu (2011a). In contrast, Griggs
et al. (1989) showed that there was no significant change in serum total cholesterol concentration during testosterone
administration. Further, the capons or slips had higher concentrations of plasma triglyceride at the 16" week of age, and
a significant difference at the 16", 18", 26™ and 28" week of age and mean concentration of age. Lin and Hsu (2011a)
also had similar results, but the reverse was shown by the results of Griggs et al. (1989) with no significant change in
serum triglyceride concentration during testosterone administration. Moreover, the reduced plasma total cholesterol and
triglyceride concentration in the sham may be attributed to the effects of androgen decrease in lipogenic enzyme activity
(Chen et al., 2005). On the other hand, the enhanced plasma total cholesterol and triglyceride concentrations in the capons
and slips are likely due to castration, which resulted in less activity (Wang, 2001), higher intake of feed (Lin and Hsu,
2002), and a higher fat content (Lin et al., 2011b). Compared with other groups, the sham group had significantly lower
concentrations of plasma total protein at the 14" weeks of age (P < 0.05). These results are in agreement with the findings
of Lin and Hsu (2011a), who reported intact birds were lower in plasma total protein concentration than capons and
slips. In contrast, Peh e al. (2000) found no significant differences between sexes in serum total protein concentration.
Therefore, it is reasonable to expect the capons had high concentrations of plasma total protein associated with higher

plasma albumin and globulin concentration (Table 4).
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IV. Concentrations of plasma albumin, globulin, urea nitrogen, total hydroxyproline, free hydroxyproline, LDL, HDL, and

lactic acid

The concentrations of plasma albumin, globulin, urea nitrogen, total hydroxyproline, free hydroxyproline, LDL,
HDL, and lactic acid in this study are displayed in Table 4. Compared with the sham group, slips and capons had
significantly lower concentrations of plasma albumin and globulin at the 28" week of age (P < 0.05). However, caponized
treatment had no effects on the concentration of plasma urea nitrogen. Lin and Hsu (2011a) had similar results, but
in contrast, Vaelimaeki e al. (1999) demonstrated that concentrations of serum testosterone decreased, resulting in a
concomitant drop in serum albumin. Preston er al. (1995) indicated that the anabolic steroids and growth hormone-
releasing factors were additive, decreasing plasma urea nitrogen concentration in feedlot steers. The results of the
concentration of plasma urea nitrogen in this study are not completely consistent with these reports. The reasons for such
discrepancy could be due to the different kinds of animal chosen. Moreover, the reduced plasma globulin concentration
in the sham group is probably due to increased blood testosterone concentration, leading to inhibited immune organs
development and immune response, as discussed by Vojtiskova ef al. (1976) and Fennel and Scanes (1992). On the other
hand, capons have high concentrations of plasma albumin, which is associated with increased lipid synthesis (higher

plasma triglyceride and total cholesterol concentration), and causes increased albumin in the blood for transport lipid.

The capons and slips showed significantly higher concentrations of plasma LDL and HDL than those of the sham
group at the 28" week of age (P < 0.05), which was consistent with the results of study of Chen et al. (2005) and Lin
and Hsu (2011a). Thus, capons and slips had high concentrations of plasma LDL and HDL, which was associated with
higher plasma total cholesterol concentration. Compared with the sham group, capons and slips had a significantly lower
concentration of plasma total hydroxyproline (P < 0.05), but the plasma free hydroxyproline concentration was unaffected
among the sham, slips and capons at the 28" week of age. These results agree with the report of Lin and Hsu (2011a),
who indicated that plasma total hydroxyproline concentrations were higher in capons than in intact chickens, but the
plasma free hydroxyproline concentration was unaffected by the caponization treatment. Similarly, Gerrard et al. (1987)
found the serum hydroxyproline and testosterone concentrations in bulls were higher than that in steers. A significant
increase in connective tissue content during testosterone administration in men has been demonstrated (Griggs et al.,
1989). Moreover, Stepan and Lachman (1989) indicated increased urinary hydroxyproline excretion in castration males.
However, no treatment differences were associated with concentrations of plasma lactic acid among the sham, slips and

capons. Lin and Hsu (2011a) showed similar results.
V. Concentrations of plasma testosterone, parathyroid hormone and calcitonin

Some blood hormone parameters data are summarized in Table 5. The sham group had the highest concentrations
of plasma testosterone at the 28" week of age (P < 0.05), followed by slips and capons, which was consistent with the
results of Lin and Hsu (2003a) and Chen et al. (2005). In addition, Mashaly (1984) reported that 3-week-old cockerels
subjected to orchiectomy treatment after 2 weeks caused a reduction in the serum testosterone concentration, but the
serum dihydrotestosterone concentration after 12 weeks orchiectomy treatment was also reduced. Moreover, Lin et al.
(2012) also demonstrated 8-week-old cockerels at orchiectomy treatment after 4 weeks caused a reduction in the serum

testosterone concentration.

The plasma parathyroid hormone concentration could be as much as 11.5% in capons over the sham at the 28" week
of age. However, this is not enough to conclude that there is a resulting difference among the treated groups. Lin and
Hsu (2011a) also had similar results. Similarly, Mauras et al. (1999) showed that hypogonadism men showed unchanged
serum parathyroid hormone concentration between the baseline and 10 weeks later. In normal physiology, parathyroid
hormone secretion over the basal level occurred in response to decreased extracellular ionized calcium concentration,
resulting in a close inverse relationship between the blood parathyroid hormone and calcium concentration (Marcus,
1989). Thus, it is reasonable to expect capons have a higher plasma parathyroid hormone concentration, which is
associated with higher ionized calcium concentration. Vanderchuersen and Bouillion (1995) found that androgens could
have increased marrow cell or osteoblast sensitivity to the parathyroid hormone. The parathyroid hormone has a wide
range of biological actions primarily related to the prevention of hypocalcemia. Kao et al. (1992) showed that these
reactions included enhancement of bone reabsorption, stimulation of distal renal tubular calcium reabsorption, inhibition

of proximal renal tubular phosphate reabsorption, and stimulation of renal 1 ¢ -hydroxylation of 25-OH vitamin D.
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Compared with the sham, capon and slip groups had a significantly higher concentration of plasma calcitonin at the
28" week of age (P < 0.05). These results agree with the results of Stepan and Lachman (1989) and Lin and Hsu (2011a),
who stated castrated men or cockerels showed an increase in blood calcitonin concentration. In contrast, Mauras et al.
(1999) showed hypogonadism men did not have altered the serum calcitonin concentration between the baseline and 10
weeks later. However, Copp (1992) found that the major action of calcitonin was to lower plasma calcium concentration.
Relatively small increments in extracellular calcium concentration had been indicated to stimulate calcitonin secretion.

Calcitonin secretion had been also regulated by gastrointestinal peptide, estrogen, and vitamin D.

The gonads are related to the accumulation of calcium in the bones. After the testicle is castrated, the calcium
dissolving power of the bone increases, which affects the calcium metabolism. This is the feedback pathway of
calcium after the testicle is removed. Calcitonin apparently acts by inhibiting osteoclast activity, resulting in decreased
mobilization of calcium from bones. Thus, the results from the observed higher plasma calcitonin concentration in capons
and slips are associated with higher plasma ionized calcium concentration. This study discovered the caponization of
male chickens could reflect blood content and body states. Therefore, the study would point out the influence of muscle

protein and lipid synthesis, connective tissues growth and bone formation on male chickens.

Conclusion

The test studied the effect of age and caponization on blood biochemical parameters of male native chickens. These
findings of blood biochemical parameters can directly reflect body states in this study. The caponization caused a significant
decrease in blood PCV, plasma pH, and some characteristics after 4 to 6 weeks post treatment, which showed androgen could
directly influence erythropoiesis, muscle protein and lipid synthesis, connective tissues growth and bone formation in male

native chickens.
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Table 4. Comparison on the plasma albumin, globulin, urea nitrogen, lactic acid, total hydroxyproline, free hydroxyproline,
low-density lipoprotein, and high-density lipoprotein concentration in Taiwanese native chickens at 28 weeks of

age
Items Sham Slips Capons S.E. P
(n=20) (n=20) (n=20)

Albumin, g/dL 2.8° 3.3 3.5 0.16 <0.05
Globulin, g/dL 1.8° 2.1° 2.2° 0.07 <0.05
Urea nitrogen, mg/dL 33 3.1 3.2 0.39 >0.05
Low-density lipoprotein, mg/dL 31.8° 41.4° 42.6" 2.64 <0.01
High-density lipoprotein, mg/dL 58.4° 88.2° 91.7° 3.93 <0.01
Total hydroxyproline, pg/mL 11.3° 9.5" 8.8 0.33 <0.05
Free hydroxyproline, pg/mL 7.2 6.7 6.3 0.25 >0.05
Lactic acid, mg/dL 72.6 66.5 65.2 6.78 >0.05

" Means within the same row without the same superscripts differ (P < 0.05).

Table 5. Comparison on the plasma testosterone, parathyroid hormone, and calcitonin concentration in Taiwanese native
chickens at 28 weeks of age

Items Sham Slips Capons S.E. P
(n=20) (n=20) (n=20)

Testosterone, pg/mL 1,484.9° 292.9° 43.5° 15.21 <0.05

Parathyroid hormone, pg/mL 13.9 14.8 15.5 1.89 >0.05

Calcitonin, pg/mL 11.0° 15.3° 16.2° 1.04 <0.05

ab,c

Means within the same row without the same superscripts differ (P < 0.05).
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2004; Mocan et al., 2014) = 55383 LCM b, 32 HUY) o] B PR/ N BUTTA 7 TNF-o ~ TL-6 Kz IL-1 S588 R RF R »
RIS S E (Olatunji et al., 2015) o HAJRCEE - FIMAC 25 [ > P2 BRIV SAMPS iYLl
BEBAEE A SR (1% 0 2013) -

|

() TTEIR R EE B g E BTt s 5 2662 5% -
Q) (TEb e EZ B s AR T L S EE -

Q) TTBIFREZ SN HEEENRY -

D TR EZ B G SBT3 FT -

(5) #EN/EE > E-mail: f40309@mail.tlri.gov.tw °
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LCM Z & T2 (Selenium) & S8 —EE e » 4955 0.38 — 1.72 ppm > TiH RADFRE - SR EEE 12 f#
B IRz E S 2 Ry 0.295 ppm (15 - 2010) - BjYpEE FRrRE 2 R EATER 0.04 — 0.1 mg » FKE
HUR R gy fiak & R 442 & E Y& & (Slekovec and Goessler, 2005) » #& &ifi 2 LCM AR EURE LAY Z
VERE - HEEE HATHERSE (FkE% Abelmoschus esculentus Moench. ~ JUJEE Ocimum bullatum ~ Z54& Toona sinensis M.
Roem. ~ [k Asplenium antiquum Makino Ffaf3 LCM S5 29 i ) HiaLY/E & EBHGT (LS 2 fseHd > 3
B A EE BB GR P St B2 2 (Quercetin) Bfy 5 (F1 » 2013) » W R 22— EA 4V EENEESLEY - BA
FOZHAEYIER - BEDUE - PIEERAPURE EE TS LS IIEE (L et al., 2016) -

HRAERMCIER NG E 2 s B sTAE /) » AsEaFH B 8 SUSHETR BN INE 2 is RaZR5E it fc
A BMERE MR LB 2 28 Wgess S I R N I E M I E BRI 2 275 -

M T A

L slEREhy) s E
B HIEE BT R Z RO R EsAT LS EES (LTRSS ) BHZ 028 - i)
EH R ERAGER S ERSYIGE R EHZ B G%E (BERTE - S5l Eh 755 10808 5% ) - H &N IERH
BEmRIES - JUKEER - SREAER > WRAISEER > HESE (0 £ 48E ) - £& (5 Z8 B ) MLE
(9 % 12 8% ) BI=FRE: - SIREEIREEITAESS NRC (1994) ~ 5F (2001 - 2002) ERLEITEABRENERET - &
4 S I T A AC SRR AL B G AR A AR 9205 P AT SR U A R A MR A I R B85 R A AT — el o e
PRy MR 1 23R 3

* 1. HESISTEE IR AR R

Table 1. The composition of basal diets for White Romam geese in fresh LCM experiment

Ingredients Grower 5 — 8 weeks Finisher 9 — 12 weeks
%

Yellow corn 62.50 62.50
Soybean meal 14.60 18.40
Alfalfa meal 12.50 13.80
Fish meal 5.10 —
Soybean oil 2.20 2.20
Salt 0.30 0.30
Dicalcium phosphate 1.40 1.40
Limestone, pulverized 0.80 0.80
Choline chloride, 50% 0.10 0.10
L-Lysine 0.10 0.10
Vitamin premix' 0.20 0.20
Mineral premix’ 0.20 0.20
Total 100.00 100.00

Calculated values
ME, kcal/kg 2,952 2,941
Calcium, % 1.13 0.92
Available phosphorus, % 0.44 0.36

Analysis values
Crude protein, % 17.41 16.08

" Supplied per kilogram of diet: Vitamin A, 10,000 IU; Vitamin D5, 2,000 IU; Vitamin E; 20 IU; Vitamin B, 2 mg; Vitamin
B,, 5 mg; Vitamin B, 3 mg; Vitamin B,,, 30 pg; Biotin, 200 pg; Vitamin K;, 3 mg; Niacin, 30 mg; Folic acid, 2 mg and
Pantothenic acid, 10 mg.

? Supplied per kilogram of diet: Cu, 30 mg; Fe, 200 mg; Zn, 100 mg; Mn, 160 mg; Co, 500 ug; I, 1.7 mg and Se, 300 pg.
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3. TERIMRC R FARREMER T AT (2L )

Table 3. Proximate and functional components analysis of LCM (dry matter)

Item Top of section® Lower section”

Proximate analysis of LCM

Moisture, % 5.10 4.49
Crude ash, % 6.34 3.09
Crude protein, % 17.96 9.56
Crude fat, % 2.24 1.20
Crude fiber, % 26.83 45.96
Acid detergent fiber, % — 51.54
Neutral detergent fiber, % — 65.49
Nitrogen-free extract, % 41.53 35.70
Functional components analysis of LCM
Total phenols, mg/g 33.33 9.94
Chlorogenic acid, mg/g 22.37 6.68
Rutin, mg/g 9.79 4.87
Selenium, ppm 0.84 0.38

* Means plant top buds with stems and leaves that are not lignified.
® Means plant lignified stem with few mature leaves.

IL.

1.

Iv.

AERE S

b —H 4 AR O ES S 00 & > B 2 IR K 3 (EpRHAH - HIRAHRZENE R (89% 2K ) (F
A - pREIAH AR 4G B DU IR RT 3 2 7 HE IR B B A EIRE - T4 3 ER > DI AEE > S5 & -
LCM PR B 05 S EA LIS A - LOM [ERIMEMRTEEF ~ ARARE RS 2 B B R > PORIBIEREY 1 — 3 A
3% 0 S RIREERE IR 5~ 10 3 15% (fFEE ) BREIHEE - BBl R 5 — 12 88 - T HECERSMETR & LCM
Flars > &4 BUREREESR - FRFEHRZEEDOE 2 EIERERNKEIRMR R ET IR E(LE T

e A 2 B OS5 60 & 5 ER T 2 B IR K 3 (R - PEREER R0~ 1~ 3 5L
5% ZEZ8E LCM fp > DAEURRERIEC 7 TR LB 2 E7Ey - 540 3 548 > DI AER - T 5 & - BEREH LcM
TEARBRER (2% ER ) HEEUSRA - SR REFRRZR MR LCM K o 723 — 12 R ETH
By EEER KUK T > SHEWNEGEEREE LN 4~ 8 & 12 BRI EREE N - FER TR EE 2 &8
PREERIRS AR IR R T T IR A A BAE 3 A
HIETE HEBL 57k

AR I U S S IR RS B K IR B & - HLETHETRHA A2 (Feed conversion ratio, FCR) © #5 & [l 5 4%
4°C ~ 1,610 g &0y 15 578%7% (Hettich UNIVERSAL 320R) » 5L LANNER T-900 (3% 2B E 5 FT S BC B Rhd > 58
EHETTHILEBNT (Creatinine, CREA) ~ %Nz B A4S (Glutamic oxaloacetic transaminase, GOT) ~ %z PN/ iz
fi% (Glutamic - pyruvic transaminase, GPT) ~ F&[&|fs (Cholesterol, CHOL) ~ =& H 5 (Triglyceride, TG) ~ HiE /LY
(Antioxidants, AntiOxs) ~ &5 (LG (Catalase, CAT) KBS EYEERG (Superoxide dismutase, SOD) & & 5347 °
&Giatorth

HERFT ISR H SAS EASHUEE— 4R MEE X (General linear model) 127 #E1 T8 )7 7347 (SAS, 2014) » A1H
P72 FE > FILL Tukey's studentized range test [L#is S 4HM 722 FLEHE M - BEE = F/KER P<0.05

e RN B

iR 5 — 12 Bk 0 S EIBERME IV EIIRINER 5 - &EREUR - 3 (SRR ER iR e

FLf 47 Bl By R ERR BE L RS R AG B B 2 5.2 ~ 9.9 7 14.9% ( ffELEE ) - HIHG4HIEELE 5 — S Y EHREE (F
BHID LCM » &7 RE 5 EEE S HANEEAH (P < 0.05) » B RAdEHHEALT S LOM SR RIBERAR » HAE
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fARHER > 555 — 12 MR SAHIBE  EHREEMEE SR (£ 4) - HIRAISE 8 Hleis =R S ks
TEFHMIFCAE » B 9.9 K 14.9% LCM FEIHIAHHEES 5 & 8 JEls I S B2 (A BHE4H (P < 0.05) 5 55 14.9% LCM FEIE4H >
Bl RHE R R B R I 72 (P < 0.05) < 5F (2001) f5H » 8 EREF R E LR - AR g ey
VA BERRF A - BB MBS T - aaRbeRE R » DL 100% ez R e Bt B R > A S 4 R
FRE 7R o MM EE D) 9.9% LCM R FRAHE S IEAR RN 3.1% » 12 12 IS R4HGER B R -~ WE - fRER K
100% =Rz AL ARl R B M 2 2 (R 5) « fEMURAE(LE T > 8 K 12 #H#% 9.9% LCM FEHE4AH . CHOL 24y
A HRAAAR 6.6 F121.8% « EEESTI S > 45 THTEE LCM ¥ 12 HE I & 5 CREA ~ GOT ~ GPT » CHOL ~ TG ~
AntiOxs ~ CAT J SOD WHEHIE AL (£ 7 ) © &5 LAl - GlEPEEIMNE TS AT TR BLEE R 2 14.9% - H5
B4R R MR A BE AR RZ2 - Yi (2000) HHFEEUR > A0 LCM A K ERERE - HifEH TG K CHOL &
FEBHE T » BUr LOM AT IASTER - AelBnsi R4 s LOM HI§E A 2 TG K CHOL R i i
BEPE > B YE R EAR

F4. HESRHER S — 12 Al i EE g BaTiHr e &
Table 4. Consumptions of fresh LCM and feed in female White Romam geese from 5 ~ 12 weeks of age

Fresh LCM supplement (%)

Weeks of age
0 52 9.9 14.9
Feed consumption, g/bird/day
5—38 321.66£6.10™ 295.18 £ 4.93" 294.40+9.53° 294.75+3.97°
9 — 12 283.65 £ 13.53 274.87%26.39 283.20 +22.06 280.78 + 15.31
5—12 302.66 £ 6.41 285.03 + 15.64 288.80 1 15.63 287.77+9.55
LCM consumption, g/bird/day
5—8 — 14.81 £0.32¢ 29.46 £0.49° 44.05£0.81°
9 — 12 — 14.96 +0.29° 27.93 £2.43° 41.72 £0.34°
5—12 - 14.88 £0.19° 28.70 £1.34° 42.88 £0.32°
Feed consumption, g dry matter/bird/day
5—38 285.3115.41° 261.821+437° 261.13 £ 8.45° 261.45%3.53°
9 — 12 251.61 % 12.00 243.81+23.41 251.20%19.57 249.05 + 13.58
5—12 268.46 + 5.69 252.82113.87 256.16 + 13.86 255.25+8.47
LCM consumption, g dry matter/bird/day
5—8 — 3.70 £ 0.08° 7.37%0.12° 11.01 £0.21°
9 — 12 — 3.7410.07° 6.98 £0.61° 10.43 £ 0.89"
5—12 — 3.72 £0.05° 7.18 £0.34° 10.72 £ 0.08°
Total feed consumption, g dry matter/bird/day (feed + LCM consumption)

5—8 28531 £5.41° 265.53+4.34° 268.49 + 8.55° 272461397
9 — 12 251.61 % 12.00 247.55%23.48 258.18 £20.18 259.48 % 13.63
5—12 268.46 + 5.69 256.54 1 13.89 263.34 1 14.20 265.97+8.40

*Means T standard deviation.

"¢ Means in the same row without a common superscript differ significantly (P < 0.05).
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5. PrEERMICE 4 — 12 EE RS RHEE RIERE S A

Table 5. Effects of fresh LCM on growth performances in female White Romam geese from 4 ~ 12 weeks of age

Fresh LCM supplement (%)

Weeks of age

0 52 9.9 14.9

Body weight, kg/bird
2.71£0.03" 2.5110.09 2.66+0.03 2.55%0.16
8 4.96 £0.08" 4.53+0.15° 436%0.13 452%0.17
12 5.4110.29 5.0710.35 5.4410.17 5.1310.25
Body weight gain, kg/bird
5-8 2.25%0.11° 2.0210.06" 1.9710.10° 1.97%0.11°
9—12 0.4510.21 0.54%0.20 0.81£0.05 0.61%0.16
5—12 2.6010.37 2.5610.88 2.78 £0.93 2.58%0.52
Total feed conversion ratio, kg feed/kg gain (feed + LCM consumption)

5—38 33010.16° 3.5310.05° 3.6610.93" 3.9710.52°
9—12 21.16%£10.22 16.97 £5.62 11.12+0.35 15.87£3.28
5—12 5.8410.56 6.0910.29 5.9210.10 6.66 £ 0.35

Total feed conversion ratio, kg dry matter/kg gain (feed + LCM consumption)
5—8 29210.14 3.0310.05 3.14%0.11 3.1910.21
9 —12 18.77£9.07 14.48+4.75 9.231£0.29 12.76 £ 2.60
5—12 521%0.51 5.2310.26 4.9210.08 5.3710.28

' Fresh LCM supplement is calculated as 5.2, 9.9 or 14.9% (fresh weight basis) of concentrate.
" Means * standard deviation.
“* Means in the same row without a common superscript differ significantly (P < 0.05).

F 6. FAEERMAOHE 2 — 12 B A RSN IEE R P
Table 6. Effects of dry LCM powder on growth performances in male White Romam geese from 2 ~ 12 weeks of age

Dry LCM powder supplement (%)

Weeks of age
0 1 3 5
Body weight, g/bird
2 0.7410.07 0.73£0.07 0.71£0.07 0.71£0.08
2.21£0.07 2.20£0.09 2.16£0.05 2.20£0.03
8 4.09%0.12 4.14%0.16 4.0710.10 4.0410.03
12 4731£0.10 4.77%0.18 4.6910.07 47310.12
Body weight gain, kg/bird
3—4 1.51£0.04 1.52£0.05 1.45%£0.04 1.50£0.01
5—8 1.89£0.65 1.94%0.17 1.90%£0.10 1.84%0.01
9—12 0.6310.02 0.6310.04 0.62 £0.03 0.69%0.15
5—12 4.03£0.02 4091024 3.97£0.03 4.0310.14
Feed intake, kg/bird
3—4 2.85£0.08 2.891+0.18 2.80£0.08 2.8510.07
5—8 6.69 £0.33 6.29£0.39 6.24%0.10 6.5310.14
9—12 7.08 £0.57 6.80 £ 1.08 6.8910.40 7.10£0.49
5—12 16.62£0.96 1597+ 1.62 15.92£0.23 16.48 £0.39
Feed conversion ratio, kg feed/kg gain

3—-4 1.89£0.04 1.89£0.06 1.93£0.10 1.90 £0.03
5—8 3.5510.27 3.25%0.17 3.28£0.11 3.55%£0.09
9—12 11.16 £0.53 10.76 £ 1.27 11.11+0.24 10.60 £2.01
5—12 4.1310.24 3.90%0.19 4.01£0.09 4.09%0.10

" Means t standard deviation.
There are no significant differences in the traits between treatments.
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F7. HrEFERMCEREE 8 & 12 i A R S ISR A (b {E 2 A
Table 7. Effects of feeding fresh LCM on blood biochemical parameters in female White Romam geese at 8 and 12 weeks
of age, respectively

Fresh LCM supplement (%)

Parameter
0 5.2 9.9 14.9
8 weeks of age
TG', mg/dL 114.67 £39.11° 90.831£13.33 82.17+22.30 104.00 £ 26.46
CHOL', mg/dL 132.00 £29.93 128.67 £ 10.50 123.33+38.61 140.17 £ 17.67
GOT', TU/L 13.50 +2.60 12.83 +1.53 11.50£2.18 15.50£0.87
GPT', IU/L 7.67%1.89 8.00 £3.04 8.331+1.89 9.331£2.02
CREA', mg/dL 0.10£0.06 0.11£0.02 0.13+0.07 0.14£0.06
AntiOx', mM 0.47%0.20 0.43£0.08 0.40%0.14 0.4310.04
CAT', nmol/min/mL 10.00 £ 1.62 7741 1.12 8.03+2.74 6.13+1.71
SOD', U/mL 28.70 £ 15.21 30.79£8.71 23.231£16.89 29.57£8.96
12 weeks of age

TG, mg/dL 109.17 £ 27.62 111.83 £35.85 138.67 £ 17.25 105.33 £16.02
CHOL, mg/dL 202.67 £47.71 197.50 £ 19.70 158.50 £ 17.04 168.83 £22.21
GOT, IU/L 15.33£2.08 14.17t 1.61 17.67 £3.55 14.33£2.36
GPT, IU/L 11.33+1.61 9.6711.04 9.67+1.23 10.83£0.29
CREA, mg/dL 0.24£0.05 0.24%0.12 0.20+0.02 0.3110.05
AntiOx, mM 0.6910.19 0.70£0.16 0.69%0.14 0.71 £0.05
CAT, nmol/min/mL 8.81+1.81 9.1610.98 8.08+2.15 7.1911.07
SOD, U/mL 31.20%4.57 30.36 £ 11.12 23.70*5.70 22.36%8.30

" Means * standard deviation (n = 6).

" TG: triglyceride; CHOL: cholesterol; GOT: glutamic oxaloacetic transaminase; GPT: glutamic-pyruvic transaminase;
CREA: creatinine; AntiOxs: antioxidants; CAT: catalase; SOD: superoxide dismutase. There are no significant differences
in the parameters between treatments.

alBE A REUR B HORIIRZEE LOM I VLRI BTEY - HIISE 2R R - W E R TR A fi
BIEZE(£6) SaplEtE 0~ 1~ 3 K 5% H2f8 LCM Kz 4H ~ & 1B R (Protein efficiency ratio, PER) » 77
Ak 1.42£0.08 ~ 1.51 £ 0.07 ~ 1.51 £ 0.03 J% 1.49 + 0.04 » 4558 > 15 3 & 5% B4R /B ReEbi S - &40
MR EERAE 2 - FIURAERE DT - 12 FEEiEE > CHOL JERE LURI 3% 4HE S IB4H1K 8.6% - B2a4ii S - fge
[fi;%H CREA ~ GOT ~ GPT »~ CHOL ~ TG - AntiOxs + CAT J SOD A S 4R MmEEE = (F£ 8 ) - AAE{HH
ZHZ W LCM 7y Z il &8 Fy 0.38 ppm (3% 3 ) » Jifi (2009) B FE45 SRR - Gafg R0 0.15 ppm i & 8% H 4 S RHE
54 ENZ R E - MRAELE AR R A2 E - £% Q011) HFREREUR - G HIRIIR [Ehf
TREIEE AN B SRR - HREMEERLE RN EEN & & - HAs ek fiibia b
77 o AT S B 2 AT SRR AU EE 2 515 - B A 2 5R4E SRAHLL o SSEE e S
ZlFE M SRS e N R AE RAUR » RS B A EE R N BE RN AR E A E(LY)
(Malondialdehyde, MDA) K #2F1f1;% SOD j& 1> A8 77 (Olatunji et al., 2015) « 45 FAJA » G o R IIEZ 6 EE M fT &€
W ZE 5% » HIEE A RMEE - MURE(LERS B2 G THIERLEHE— oSS -
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# 8. FRERIAIOERETE 4~ 8 K 12 Bl HES AIBMRAE(LEY
Table 8. Effects of feeding dry LCM powder on blood biochemical parameters in male White Romam geese at 4, 8 and 12

Bt RIS Rl AC 3 B s 064 R RE MR A (L2 22

weeks of age, respectively

=2

e

Parameter

Dry LCM powder supplement (%)

0 1 3 5

4 weeks of age
TG', mg/dL 170.67 + 44.33" 252.00 * 180.15 157.00 £ 57.60 130.17 £ 38.89
CHOL', mg/dL 155.17 £ 14.58 151.17£9.28 166.67 £ 16.50 163.17 £27.60
GOT', IU/L 18.50 £ 3.00 23.33+1.89 23.17%3.69 33.00+ 14.24
GPT', TU/L 12.57£2.50 12.00 £1.32 12.17£0.29 14.50 £ 3.04
CREA', mg/dL 0.02£0.02 0.03£0.03 0.01£0.00 0.01£0.01
AntiOx', mM 1.01£0.11 0.10+0.31 0.6110.25 0.74£0.39
CAT', nmol/min/mL 6.2910.53 6.8313.16 599 % 1.11 6.08 £0.36
SOD', U/mL 11.55+£2.93 11.23+£0.89 11.05+2.72 10.95£0.71

8 weeks of age
TG, mg/dL 84.67£12.00 107.50 £32.05 64.50%7.05 91.00£15.62
CHOL, mg/dL 108.67 £ 19.69 104.00 + 18.99 101.17 £ 12.35 110.33 £ 11.25
GOT, IU/L 15.00 £2.65 15.17 £ 1.61 15.50£1.80 14.00 £2.78
GPT, IU/L 833+1.26 9.8310.76 6.83£0.58 8.50 £ 1.32
CREA, mg/dL 0.01£0.00 0.01£0.00 0.01 £0.00 0.01£0.00
AntiOx, mM 0.81£0.08 0.74 £0.03 0.77%0.07 0.68£0.14
CAT, nmol/min/mL 5.25%1.33 4831122 5.15%0.82 4.69£0.49
SOD, U/mL 17.50+4.99 21.77+3.36 16.10+3.28 18.00+2.25

12 weeks of age
TG, mg/dL 79.50 £29.10 103.67 £ 18.91 78.83 £10.56 86.00 £ 8.32
CHOL, mg/dL 180.50 £ 19.69 172.33£18.99 165.00 £ 12.35 179.50 £ 11.25
GOT, IU/L 14.00 £ 0.50 17.83 1448 15.83+4.16 1433+ 1.53
GPT, IU/L 8.6710.29 9.8310.76 6.35+2.57 7.5010.87
CREA, mg/dL 0.06 £0.04 0.09£0.05 0.03£0.03 0.07£0.01
AntiOx, mM 0.81%0.16 0.7310.22 0.4410.03 0.58£0.31
CAT, nmol/min/mL 3.1110.34 3.02%0.11 2.71+0.17 2591034
SOD, U/mL 34.1314.62 37.49£6.33 33.41£8.30 34.8719.83

" Means * standard deviation (n = 6).

" TG: triglyceride; CHOL: cholesterol; GOT: glutamic oxaloacetic transaminase; GPT: glutamic-pyruvic transaminase;
CREA: creatinine; AntiOxs: antioxidants; CAT: catalase; SOD: superoxide dismutase. There are no significant differences
in the parameters between treatments.

sl _(EHZ LCM TEARE(LER (S/PVFFER ) &G 50°C Rz 48 h &lplk » H—MrEdm i o ihés 5
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The Effects of diets supplemented with Lycium chinense Miller

on growth performances and blood biochemical parameters in
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Abstract

The study aimed to investigate the effects of fresh (top section) or dry (lignified stalk) Lycium chinense Miller (LCM)
on growth performances and blood biochemical parameters of White Roman geese. At the first stage, a total of sixty females
were randomly divided into the control group and 3 treatment groups, whereas the 3 replicates (5 geese per pen) were set up
in the study at the 5" to 12" week of age. The control group was fed with ad libitum, and the concentrate of other treatment
group limited to feeding based on the average feed intake of the control group in the first 3 to 7 days, and supplemented with
5, 10 and 15% of fresh LCM (top section), respectively. After the experiment was completed, the ratio of feed intake of the
three fresh LCM treatments were calculated as 5.2, 9.9 or 14.9% (fresh weight basis). The results showed that significantly
higher body weight (BW) was observed in the control group at the 8 week of age, whereas the higher body weight gain
(BWG) at the 5" to 8" week of age was observed in control group, when compared with the treatments supplemented with
9.9 and 14.9% fresh LCM. Moreover, the levels of creatinine (CREA), glutamic-oxaloacetic transaminase (GOT), glutamic-
pyruvic transaminase (GPT), triglyceride (TG), cholesterol (CHOL), antioxidants (AntiOxs), catalase (CAT) and superoxide

th

dismutase (SOD) showed no significant difference between each group at the 8" and 12" week of age. At the second stage, a
total of sixty males were randomly divided into control group and 3 treatment groups. The percentage of 0, 1, 3 or 5 of dry
LCM lignified stalk powder were supplemented to daily diets, whereas the 3 replicates (5 geese per pen) were set up in the
study from the 3™ to 12" week of age. The results showed no significant differences between each treatment for feed intake,
BWG and FC. For the blood biochemical parameters, the levels of CREA, GOT, GPT, TG, CHOL, AntiOxs, CAT and SOD
showed no significant differences between each group at the 12" week of age. In summary, there were no adverse effects on
the growth performances and blood biochemical parameters when feed with concentrate supplement of 14.9% fresh LCM
(fresh weight basis) and 5% LCM lignified stalk powder in geese. The LCM can be used as a source of crude fiber in meat-

type geese.
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