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B 0 a5 LU SRR (Gottigen) /NEVESHERSETHEHEC 77 (USDA 1160) B gt LU B b 10% B
i R R > A B SR A L (B B2 - SRBRR A AR 4 8 ke THIELRS 30 5 ARERSE > 538 3 4
410 58 > G LA SRR IV RE HE S SR T L LRI B T IR ) 10% 53t ) » A5 =7 -
O (BRI ) — 223 — 67 — 10~ 11 — 1281 13 — 16 JREES » 53 BIFREEAEELE I 5UB8%% 240 ~ 300 ~ 340 - 380
B1420 g B > SRBRZE TS A 25 ke IGAEH > SIE RS R MURMEIR - SE BT BB/ 8 — 16 ke i
By o DA RS EHRAR AT 240 — 340 g o BRAFILL USDA 1160 FIRSR, 10% B e it sl (i - S s pe
R PSR o (HE SRS E /R 16 — 25 kg 508 — 25 ke HIRS > JRLAE F eARARET R E EI 2 BIBRE
KR EE > DLERETRET 10% USDA 1160 5% USDA 1160 faHi4H » B2 AR ERERH /D 10% 5 s ghian » i et
USDA 1160 BURS 1T 10% ¥ 60 » I AREE 5  EAURE(LETTE - 3 SR AREE 2R |
A L A S = S & BB 2 - S s BB ST MBI /7 8 — 16 ke IS » DU
T FIARARATRE 75, » DL USDA 1160 B8R, 10% 22 R Br U AaiR » £ 0] B i B - (B ST
KT > T LA 10% USDA 1160 2 il > (367 © SR E /17 16 — 25 ke 58 — 25 ke JBES » DUE RS
Fl 6TREBER AT 7t - #67 USDA 1160 SR 10% S BRr e sl 6 - SIS S A SO S - (HR-E
FLRATE > L USDA 1160 85 iR Bl > e e e A IR A £ -

B RS - B - (LM - SRR -

i

FaEGE RO 2B A S A Z RUGRIERAT - 3 H B0TRICHE E & R Ay /N R O RERE (R > 1997 ) - REBEAES
FRFERE/NEIL > TRy NEAESE > SRR > il Rk irgE (RS > 2009 ) - BEES\BRAT (FSTEAAT ) RIAKE
BUT " SRR AR TR Z A L HUBER % 1980 4 E IS (12 4 2 16 REETREIF IR - (5 Ry RBAE I A
SR (ERMEEEEY 0 1996 5 2 1998) » FEI5E podT an BBl i A VB H Bl | 5k LIF (TTEi LR Y
N 2007 ) > AREIE R E BRI S A - BRI S KRB RO T YR BRI (085 > 2010 ) - RS H
Al AR H R - (9D — A A8 SRV ETRIERET - & iSRG H IRIE HARREILE - AV R 2 BRI IR(E -
ARHREEAE D) S B FEBNHRIA L - F% (2003) PF7E3E - f45H 30 — 50 kg RFELFE 5 H & E aReT | ke 61
FAERIRREE » AR R ek 2 /NG RIH B & R BRI © Chen et al. (2017) 3T 2 BABEAE A =
TR L AR B SR OE - 45 REE  DUHE G 16% R ARARREIESE - 55 % 2 1 B R ARt R B B A A
EEHE EE 13% Z e - ECaaaehfUHHE 2,800 keal/kg Kz 3,100 keal/kg » SHBAEIETHR R & ~ £ RIMERE
wHEER AR R MY RHR R B e AN E EEAF A M iEEE AR F A -
BRI R o Rt BB A/ NUFERGHRPEEIEAC T (USDA 1160) B #AF H 867 & (Lorentsen, 2011) » A A5
ERE ) 2 = Bl A R P IR B B N — e A B RE A 5] - e EAR Y - BB ER B O i ~ A RERDURWERE: - 9A K
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A (BIRAR > 2000 ; 2K > 2005 5 [55F > 2011) © (Nt At B HIER EEE LI EHERR NUAE ERHIC 7 58 L 10%
HHE A & BRI G B 2 S S MERE R 5 H iRETE - BEETTHEGER L R IR R UR AL ERVEE - FELFEE
MEGEE O RV E R AEE - DIAZE (BN AR B A 2 (B E R -

M A

ARG (652 By TR B G B s SR B R B I R A N S -
L SBRENYIERERIT )
SRERSTAIRIEL) 8 kg AR 30 T8 - AARESH - 537 3 4L - NG 1 40 1 49 - GRRDSY - fiOEEmIILE
#5 (United States Department of Agriculture) /NAUFEHEREERHEC T USDA 1160 FCBIEHEEk 10% 2R el 2 fd
b 3t 3 AR o AT 3 RO MRS - M (L ACBEEREE 2R 0 SR 12.7% ~ 3,329 keallkg + 0.64% vs.
14.1% 3,327 keallkg  0.75% vs. 15.6% ~ 3,326 keallkg ~ 0.84% (102 1 Fi7 ) - e 28 (1 BN & F 557
£ Association of Official Analytical Chermists (AOAC, 2008) BIgLEC A/ ARHEE E18 - HERLEE B 25 47l
B RERR TR AL i - SABRIIRETS & AR6F115 I [ FARARAT 1 208 Lorentsen (2011) » #10 (BHAGE ) —
2°3—6~7—10~11 — 12813 — 16 > FHFFARFE L7 HITZEL 240 ~ 300 ~ 340 ~ 380 £2 420 g GfE (41
£2) 0 WHEATHTERIUK - SERTH SRR TAIME R 25 ke IS4 » SBRIIRIE 2 BREE—X - (o7
FhE B s B B YR

* 1. SbREE 2 HpOY

Table 1. Composition of experiment diets

. Crude protein, %
Diets

Ttems 12.7 14.1 15.6
(0.9 x USDA1160) (1.0 x USDA 1160) (1.1 x USDA 1160)
Ingredient, %
Corn, yellow 77.9 73.9 69.8
Soybean meal, 43% 13.9 17.9 22.0
Dicalcium phosphate 2.1 2.1 2.1
Limestone, pulverized 0.35 0.35 0.35
Salt, iodized 0.5 0.5 0.5
Vitamin premix” 0.1 0.1 0.1
Mineral premix” 0.15 0.15 0.15
Alfalfa meal 5 5 5
Total 100 100 100
Calculated value
Crude protein, % 12.7 14.1 15.6
Digestible energy, kcal/kg 3,329 3,327 3,326
Lysine, % 0.64 0.75 0.86
Calcium, % 0.82 0.83 0.84
Phosphorus, % 0.70 0.71 0.73
Analyzed value
Crude protein, % 13.1 14.4 15.7
Lysine, % 0.67 0.77 0.87

* Vitamin premix provided the following vitamins per kg of diet: vitamin A, 8,000 IU; vitamin D,, 800 IU; vitamin E, 30 IU,
vitamin K5, 1.0 mg; thiamin, 2.0 mg; riboflavin, 5.0 mg; vitamin B,,, 25 pg; Ca-pantothenate, 12 mg; niacin, 18 mg; folic
acid, 0.4 mg; biotin, 0.06 mg and choline, 120 mg.

® Mineral permix provided the following minerals per kg of diet: Cu, 10 mg; Fe, 100 mg; Zn, 100 mg; Mn, 10 mg and Se, 0.1
mg.
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Table 2. The daily amount for fed Lanyu Minipig

Gender

Weeks Body weight (kg) Males (g) Females (g) Daily feed amount (g)’
0—2 5—-9 240 220 240

3—-6 9—13 240 — 300 220 — 280 300

7 — 10 13 — 17 300 — 340 280 — 320 340
11— 12 17 — 21 340 — 380 320 — 360 380
13 — 16 21 — 25 380 — 420 360 — 400 420

>16 25 — 35 420 — 600 400 — 600 600

¥ Depended on Animal welfare of the Gottingen Minipig (Lorentsen, 2011).
" Daily feed amount per minipig in the present experiment.

IL.

MI.

MR AABAE ST
BRI AL HELEE R H > DU T EE 5 RSB MR fn - BT oM Z HERE ~ SRR - =F&H
B ~ MAEPR R AR S& 8 - S LU A5 (Hitach 7170, Japan) B22L Wako 23 S]AT A Z RAE(B(E

SITELH (487 FESE R 993-52901 ~ RN EI B4R 9% B 21.862.1175 ~ =FaH Hs4m5% ks 21.862.1705 DL K HLEE
Frémae Ry 277-10501 ) HEFTHIE -
&Geatoath

SEG S IEE R DL SAS (2005) HI4E TS T0HT » A LA GLM F2/% (general linear model procedure) #7877
3 > PEIRAHEIIE R 2 T 0 FIDAET S I 26 800 202 (Duncan’s new multiple range test) #£{7ELET -
& P<0.05 [} » FoRpa A E 2 R -

e RN

FRESE DA [F 2 A & SR AR A S Hps e

BRE AN EE O E 2 AR S AR T - 415K 3 Fr o ERItAH 255 10 HIEAR > BEAE RS E /1 8 —
16 kg 5 E% - BR65 USDA 1160 FiC 84 > falisl s s/ 10% #H 2 R e B 2 Gl S I 54 1 f 2B Bl 4 H 1
Ho MEEE AR EFEEASERERESNERELRATAENEE R HEISHRARIEESIYE (Z)
Feds > 2000 ) - AHZAERFAECHY 3 AR > £ ERE S 2R T - HME b B Ehie & 2305 >
BUE /D 10% 8B > 2R » M 2.9% 81 0.22% » (H2E H it 2 HE O G uEm e 2R » JMER
9.86 1 0.75 g ° £ Chen et al. (2017) STk - FBSEERAIHE 98 16% L 13% (25 3% ) > ARV E > E
eARBNEH A RE T - HEERESRATEREEN —F (ZEH SR 55 > 1990) » 7R
I 7 RN RIS Y RS B B B R 72 5 » S94PREE (2003) s o DA E el & U7 =06 S R A - 1R
FyEE LI R DIAE T - RIL o EEEFE RS E A 8 — 16 kg PSEL » IFHEEE H GiRaRe &5 240 — 340 g #i
(Lorentsen, 2011) > #2#fLL USDA 1160 34 10% #H2E 5 & EECEATAIKE - o5 2 R IHAE Y fS 25 B by s
B o il > IR E LUK 10% USDA 1160 fHE A & £ A8 2 fikE - #& DU E AR A > A5
BHIEENEER -

TEEtBEEE 11 — 16 (BSE /Y 16 — 25 kg [EY ) 500 — 16 (ASE /MY 8 — 25 kg PEEL ) AR - 6REIR[EE
H'E & 2RSS B BT > 1R 3 For - B H IR R EEE 380 — 420 (11 — 16 )
5240 — 420 g (0 — 16 34 ) f > FAEFENTASEEIGE - DIERET USDA 1160 RN 10% &3 e nyaa e sl e
=R ERERE D 10% 2B RV EIEAH - (2 8RET] USDAL160 ELRY A 10% &R B B fafgaH ] - We A &
EF o ILAEF ATRE R ERETE N 10% B &R EIR A EIERK 10% EERE R AR SIS ERTEL (Chen
et al., 2017) - & #H USDA 1160 B34 11 10% &R ~ g 2 i > S HEFE 1 RS E B B s 2 > I RE
4255 (2003) TAgEH > IVEBDIANEESE: o (R > S BIBFE RS E /7Y 16 — 25 kg B0 8 — 25 kg [ E% » $% Lorentsen
(2011) HERE > /NEIFE 4T H ARG 5 > BEETE USDA 1160 10% 22 Rrqyaaeal - FEls5E 5% 6 e iig » i gl
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£ USDA 1160 5711 10% B €M EETRE - MESEIBE SN BEOK - Tl > 5 REVRAR » e
16 — 25 kg 5L 8 — 25 ke HEEL - 47 USDA 1160 8 RERTICALY A - BV 2 SR LA B BT -
R ARV 1 & A S L (LA

PSR ERE T P12 (T & AR LR (LS AU 0% 4 O - FENURAEZE E1FT ~ SRR - =Rt
S PR RAVRET & 8 - FESBRBRNG F UG R 8 K - 3 AR RIS R - (RAER 4 512 400
S = T B SORRFIT BB 2 (LS (5512 (853 vs. 119 mefdL; 35.8 vs. 84 mg/dL)
(BESRRRESERS 0 1996 1 BI% > 2002 1 7E% 0 2012)  HERYMEE - MAHRE FOIIAT & RARIE - B
A 5 e 5 RS, 305 » FTREPRRF Lorentsen (2011) AOHE RS B SEGHR L PRI MERDIRHSORY (B
T ) FFEL (3% 2003 ) - (R » FERIBUARIER 8 — 25 ke ISEL » LU H BEIREEATT 67 USDA
1160 SHESH, 10% B BT 2 EaTH - BHMSESEHIMINA: (LS B - AT R B = R H
BARIEIHS - TAED - MR 2 EARET & BAF2E -

3. EREINEIHE O E S SR R S S Y S R
Table 3. Effect of different dietary crude protein on body weight and daily gain of Lanyu Minipig

Crude protein, %

Body weight, kg 12.7 14.1 15.6
Initial 8.18+0.22° 8.2110.28 7.6310.13
2-week 8.69£0.26 8.89 £0.27 8.4710.18
4-week 10.21+0.31 10.70 £ 0.42 10.08 £0.34
6-week 12.00+0.32 12.65+0.37 12.43+0.23
8-week 13.84+0.36 14.73+£0.32 14.76 £ 0.27
10-week 16.00 £0.37° 17.12 £0.40° 17.34 £ 0.34°
12-week 18.32£0.43° 19.68 £ 0.43° 20.29 £0.30°
14-week 20.78 £0.44° 22.53+045° 2323+037°
16-week 23.1610.47° 25.6910.47 26.45+0.42°
Daily weight gain, kg
0-10 week 0.11£0.01 0.13£0.04 0.14%0.04
11-16 week 0.17£0.01° 0.20£0.02° 0.22%0.01°
0-16 week 0.13£0.01° 0.17£0.02° 0.18 £0.02°
“® Means in the same row with different superscripts differ significantly (P < 0.05).
" Mean * SD.
x4 SRENEHHESE S BRI MR AL ENE R
Table 4. Effect of different dietary crude protein on blood characteristics of Lanyu Minipig
Crude protein, %
Periods 12.7 14.1 15.6
Initial day 8.18£0.22 8.2110.28 7.6310.13
Total protein, mg/dL 6.03 1 0.42" 5.66£0.63 5.731£0.44
Total cholesterol, mg/dL 92.25%6.11 84.63 £16.65 85.75£10.81
Triglyceride, mg/dL 24.75 £ 11.06 33.25%16.73 21.38+£3.81
BUN, mg/dL 10.96 +2.28 9.23%£1.92 8.89£2.34
Creatinine, mg/dL 1.33£0.10 1.24%0.15 1.18£0.10
Ending day 18.32 £0.43 19.68 £ 0.43" 20.29 £ 0.30°
Total protein, mg/dL 6.85%0.69 6.81£0.75 6.89£0.47
Total cholesterol, mg/dL 84.88 £15.48 85.63 £16.94 85.50+12.49
Triglyceride, mg/dL 32.13+10.44 36.13 £10.68 39.13£5.06
BUN, mg/dL 10.26 £2.47 9.46£3.22 9.08+1.10
Creatinine, mg/dL 1.531£0.13 1.51£0.08 1.52£0.10

* Mean * SD.
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Effect of different dietary crude protein on gain weight and
blood chemistry of Lanyu Minipigs "
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Abstract

The purpose of this study was to evaluate the feeding effect on Gottingen miniature pig with USDA feed and increased
or decreased 10% nutrient in concentration to feed 30 heads Lanyu Minipigs of average bodyweight at 8 kg. The Minipigs
were divide into 3 groups, each with 15 male and 15 female. A total of 5 trial stages that were 0 (starting day) - 2, 3-6, 7-10,
11-12 and 13-16 weeks and fed with 5 kinds of daily feed amount of 240, 300, 340, 380 and 420 g per pig respectively
until their average body weight reached 25 kg. The results showed that the fixed daily feeding amount of diets from 240 to
340 g while body weight of the Lanyu Minipigs was between 8 and 16 kg, fed with USDA 1160 feed formula or increased/
decreased 10% nutrient concentration of diets did not have a significant difference on their body weight and weight gain. The
body weight of Lanyu Minipigs between 16 and 25 kg or between 8 and 25 kg (the whole of the period) had a higher body
weight and gain weight fed with diet that increased 10% nutrition concentration of USDA 1160 than fed with diet decreased
10% nutrition concentration of USDA 1160.Yet it did not Showed difference significantly when fed with both of USDA1160
and increased 10% nutrition concentration of diets. In the blood traits, there were no significant difference among these
three kinds of diets, but had a lower concentrations of total cholesterol and triglyceride compared to blood Chemistry of
Lanyu Minipigs. Therefore, from the previous results showed that when the Lanyu Minipigs bodyweight between 8 and 16
kg fixed with the daily feeding amount, fed with those of diets prepared by USDA 1160 or by increased/ decreased 10%
nutrient concentration of USDA 1160 could apply to feed Lanyu pig, but when considering the cost of feed could apply
decreased 10% nutrient concentration of USDA 1160 of diet to feed them. The body weight was between 16 and 25 kg or 8
and 25 kg and fixed with daily feeding amount, fed with the nutrient concentration UDSA 1160 or increase 10% the nutrient
concentration USDA 1160 of diets would have a higher bodyweight and gain weight. But considering the cost of feed
applying USDA 1160 of diet to feed Lanyu pigs, should match the nutritional requirement for their growth and did not have
any impact on blood chemistry of Lanyu Minipigs.

Key words: Lanyu Minipigs, Gain weight, Blood Chemistry, Experimental animal.
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AR FEST =PI E AL a- £ 5B (a-tocopherol) ~ T FEELHHZE (butylated hydroxytoluene, BHT) k% %k Bt H ik
(glutathione, GSH) » NIAFE 2 AR B ARG 0B 2 #2088 « UUEE 5 BHMIS TN FE 2 kSR » DA Lactose-
egg yolk (LEY) 2 /% HURE M R PiIE » W e 8 MR IS % 5 x 10° cells /mL o 3BR— 2 5740 57 fy ¥ IR4H (LEY
&)~ 78IS mM GSH ~ 1 mM BHT & 200 pg/mL o-tocopherol A& HFFERE 4 4H » DAPAEMERIEAE 70517 ~ fE T
FIERUE ] - B FENSEBESE > A TEETEESHE 2 2R - SREUNERERZREINEE 2 2 6 /)
If > 5 mM GSH IR II&EKE 178 7 ot R A =0E 778988 200 pg/mL o-tocopherol 743 fI4H 7 (P < 0.05) < 200 ug/mL
a-tocopherol B¢ 1 mM BHT 7N fi4H BLE HAAH B TEEEL » RETHREIE AR - (B TSNS IHBE 2T - FIRER
%58 5778 » S mM GSHIRIIAHKE /& TR 828 VAP ~ VSL f VCL1#% | mM BHT 4 2 B 2 52 (P < 0.05) -
NI 1 mM BHT 5 200 pg/mL a-tocopherol i fi{&A5 T HANE S 5448 » BLEHIRAH B S mM GSH RAISHELES » &5
REHBFZUEE (P <0.05) - 5llz =2 772057 RHEHEAH ( LEY 2H ) ~ 7R/ 300 ~ 400 5 500 pg/mL o-tocopherol JEE A
RHMREEREE 4 40 SSRGS - BRSO TE IS ERE S SRETE TE RS T
PURRTHEZOE ) B TG I E SRR EI S P IRAHBIR [EDRE a-tocopherol N IN4H RIS I 22 - AT 2
HFREER TN S mM GSH ~ 1 mM BHT Jz 200 ~ 300 ~ 400 £ 500 pg/mL a-tocopherol &H - fift Hi1% 5Eif7 1 HIFHERE /I
SR REZTERER -

BESEE © 5 - SRR - DUEALE -

i

FEIR2 R E F E A E & 8 (reactive oxygen species, ROS) (Chatterjee and Gagnon, 2001) » ROS 244
ALAHFBEEZEEY - AEEELY - B  SEEHEBELYEBES  HRNFEERKREET &
BMEMAE SR > E ROS M Sl g HAiEREER AL ESE - FE4IRER A E R N eafiisik 2 SR
e HEGZELY) > WG EREHE RS  BEETET - ER KRB ZIFERETT (Cerolini ef al,
2001; Roca et al., 2004; Buranaamnuay et al., 2011) o F 2578 BRG] 038 U E 2 B ROEBIE P S AV S LG
BERER IR AR T 2B 2 R 46 By B & UL 7 ROS A s IS — R A=t - Bt
BN EZF EER S HEERE - 0T FEEFZ (butylated hydroxytoluene, BHT) (Bamba and Cran, 1992; Trzcinska et
al., 2015) ~ a- £ 5% (a-tocopherol) (Satorre et al., 2009; Xia et al., 2012; Mendez et al., 2013; Ma et al., 2015) SRRt H
& (glutathione, GSH) (Estrada et al., 2014; Yeste et al., 2014; Giaretta et al., 2015; Zhang et al., 2016) & » KR ERAZE
iR % 2 AR B AIRE 5] ~ A5 T BENE e B M SR T ON~oME 2 B

PELBERIEACERAHRAE - & B EB LR R IIEE » B ROS 23X AAEAERIRHIVE TR E © EF A5
W2 IEREN oy EE — ERERIILEA LR - FTARUKESE ROS 553 (Strezezek er al., 1999; Strezezek, 2002)  {H
B2 HER 2 R PREARESE - AlgapulE TR EPIE LI (r3& (Breininger ef al., 2011) 5 FhAb - LR IRIFH
12 BB MSECEE G - JRER ROS SFEE % - 5[EE iV B ARG EEE 45 E0E - RELA
EpPRaT A FEHLEALBURIIN 2 AR - BHEFE 2 BRI RIRHIE &7 ~ (T alE=UE T Bofs E J1 & TS 8
28 KIAETEMEIHEE 2 25 > iR HREER S AR - STa LB IIHHBES% -

|

() TR R B EmrE AT TE f 55 2608 55 -
) TR EEZ B e S 2 R s B -
(3) #E/E# > E-mail ! janices@mail.tlri.gov.tw ©
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AEABEREATHRE D IER, » SPI9HEHS 1.5 BRZMIRTUASE S FBEREAFERE —K - HHRERER 37C
THFE 30 7rEEl% o BERUEIER 80% DL EELE S 75% DL EAVEERCET T2 HORSE o (1] Beltsville thawing solution
(BTS: 37.0 g/L glucose, 1.25 g/L EDTA, 6.0 g/L sodium citrate, 1.25 g/L sodium bicarbonate 5z 0.75 g/L potassium
chloride) (Johnson et al., 2000) #ET TR - /2 HUAFRELNES Westendorf et al. (1975) 253 > Ml ZAFRA
A 15°C » i~ 800 x g Bl 10 7758 - KBR HBERIRINA L BMEIR - 2 B ERAYAE R R B AR e
HUALHE 11 g I AZEEE/KZE 100 mL 7% - 58— BIARMEL 5 mM GSH ~ 1 mM BHT = 200 pg/mL a-tocopherol 2.
AEBTEEBIAE : 55 7517 01LL 300 ~ 400 5 500 pg/mL a-tocopherol Z A FEHEAEHIMEL - HriefFimit 4°C
P 3N E 0 #5212 LRI SR ETUEA LB RMREER - MR E e AR SRS Ry 3% (viv) - Tk
FE TR By 5 x 10° cells /mL - SEIEFA 0.5 mL 2 2845 (Minitiib, Tiefenbach, Germany) » 3 DAES LI EHFE Rl -
AR A EREN BT ERE (e cube 14S, GmbH, Austria) A » LU SR AMNGRIEETT 2 A2 AR T TR
F I SCE-5C - FEREARLL-6°C /min; ¢ -5CH|-80°C » LL40°C /min ZAFEEM 5 75 -80°CfrFF 30 s 1% » HH-80C
F[-150°C » Ff 3 -60°C /min 5 AR FHRSERCS R Z HER NREMANTLE (Yeste et al., 2014)
R HAER Z i AT

H2 il BTS A5 RMREER - [EDRZE 25°C - AR REMIRTERIEE - BULFTHR Z 2 BEREE - DA
40°C ~ 30 /KR HET TR  PEIRISHZZE R » PR E B 2 2 mL AR (BTS) - it 37C 5%
CO, B EMRFE 30 min £ 6 h > HEFTHEAE ZAFRMEIOHEL » Fra B2 6 o] se i oo is iR 2 VR B L SO R G
= o

FERMEARS G

fif 1% ks e L BB IS B S T 53 # (computer-assisted sperm analysis, CASA) Z:4% (VideoTesT-Sperm 2.1, Russia)
BT > TR IERS7 Dziekonska er al. (2013) 2 J57% » &A% 73 17 7H H EFEAE 7517 (motility) ~ FiE=UE
77 (progressive motility, PM) ~ 215 % 8l #% 1K (velocity average path, VAP) ~ B 45 £ 8 # 22 (velocity straight line,
VSL) ~ gh4p 285K (curvilinear velocity, VCL) ~ #5 T-UEZEEENYRIE (lateral head displacement, ALH) ~ #5 T-BEED
SR BN RRIKAE W AN (beat cross frequency, BCF) ~ H4RH{#E 2 LLE (linearity, LIN) ~ E 4554 (straightness,
STR) M EIRE 12 % -
5 BRI 52 B M A

DAty e AL RS PAbAS e e B 1 - BPBR(AKIE Zeng and Terada. (2001) Z Ji7AHHIEIE - HUREIR
FEim 30 uL BN EE A o K22 REZRR DIFEEEE 10 7788 © B 30 pL SEt R R SIS S EAESER
Fluorescein isothiocyanate-conjugated peanut agglutinin (FITC-PNA) (Sigma -Aldrich, St, Louis, MO, USA) 2 PBS /&
W HEREI R b RN HERDRE . 3TCEEENARE 30 Jr5ET% o FEDL PBS L o WAKZE REZAR R
F 5 uL /9 Antifade &% (Molecular Probes, Inc., Eugene, OR) £ » DURRFEERER o 6 T TEIE 7 B2 M5 5
JEEEEDOERIER (DM 2500, Leica) (1,000 x » R ) » DUSER & 480 nm ~ S HUR & 530 nm TR - BEREGTEL
& 100 {EHHE - B —HmEER T EE 6 K - (EEITMER NBZSENS T lER v RIpRE » BHEEDT=A + () #
TUENE R e B R BRI A E R BENE 2 B 5 () A5 T BANE (E R Ei (& Lo BENE E 7 3248 © (i) A% T SEIEAR
FATR R R DEIE 2 AR R Y MNRTERR ST 42523 -
Geatorth

FE2 BRI A% Y 3TCNAFE 6 h» WiAERIRE 2 h S EKE &7 - Rzl ) g 5 118 %
B2 H o W IR R A A R L BRRAG - FELLEREY BT E B E HE i 2 2 5 5 & ke DAE
S5 + TR + WEDUBRESIHT (ANOVA) Hh5RA4 58 BB + 8 ANOVA MBI NS - LIS 5%
18534772 (Duncan’s multiple range test) 2 £ R R fH 2 72 52 » AR ERAHEZZ 5Dl P < 0.05 R -

e RN

S — (4 Hoie 2 R EEORNN S mM GSH ~ 1| mM BHT J2 200 pg/mL a-tocopherol » SHIR 5 T35 11 b 04
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HATERUE ) 2 B SRR 1 KR 2 For o KSR RIRERIMEE 2 & 6 /NI - IR0 5 mM GSH 40K +& 1 K hF
FHa R E TSR 200 ug/mL o-tocopherol 4H7= » 200 ng/mL o-tocopherol B 1 mM BHT 7 Jn4H B IE4H 3
{TEEES - GERMEE R - SRR 75 & ARSI S BEERAFR 3 Fn - FBIRER% 30 775 M AS/MEE 6
JNEE o SRR 5 mM GSH 2 VAP ~ VCL K VSL K& F/& 2 E2 EgHZ R HALE (P < 0.05) » 558005
mM GSH ~ 1 mM BHT JZ 200 pg/mL a-tocopherol » i Hi{% 5 -1 < B EH) S HOR RETE IS -

® L ERRRERRIIN FES IR CREFEE RS R RS TS 1 28

Table 1. Effects of different type of antioxidant added to extender on sperm motility of the frozen-thawed boar semen

Types After thawing

30 min 2h 4h 6h
Control 80.6£9.0" 62.619.1° 50.9+7.5" 40.8 £ 7.4®
GSH" 61.615.9° 51.5+4.7° 43315.5° 35.716.6°
BHT 76.1 £8.8° 63.6155° 51.2189" 41.916.9"
a-tocopherol 73.814.2° 59.9+5.1° 51.9+4.3° 443%52°

"® Values with different superscripts in the same column are significantly different (P < 0.05).
"GSH, 5 mM glutathione; BHT, 1 mM butylated hydroxytoluene; a-tocopherol, 200 pg/mL a-tocopherol.

T2 ERMHRERRIIA FES IR LR FE SRS R RS T AU 2 22

Table 2. Effects of different type of antioxidant added to extender on sperm progressive motility of the frozen-thawed boar

semen
Types After thawing
30 min 2h 4h 6h
Control 61.719.4" 47.4+83% 26316.5° 168+ 7.1
GSH 48.6+7.1° 38.816.2° 22616.7 15216.9°
BHT 59.3+8.7° 48.8£8.0° 28.0%7.4° 17.8 £6.3%
a-tocopherol 56.615.6% 478+ 7.7 27.6+7.7° 18.4+7.1°

"* Values with different superscripts in the same column are significantly different (P < 0.05).
*GSH, 5 mM glutathione; BHT, 1 mM butylated hydroxytoluene; a-tocopherol, 200 pg/mL a-tocopherol.

B FHHIENE SR EIN TS 2R ST SRR R &GRS LIRS TE R MR R 880 - DA 2 S TR
'8 EA% (Garner and Johnson, 1995) &% Hh BAGHEE 1 22 K RIKE T BT R IIR Bt S LT % W % 2 Z1EET
FEF IR SE B MR G 4G R AIFR 4 « 550 SRR AT 1 mM BHT 5( 200 pg/mL a-tocopherol » Hifif 5
1&g T UANE e B R B (B A B HRAH BRI 5 mM GSH 4 (P < 0.05) -

GSH 2 HE L - MRl i -F H R Re Pl s = HERKHE - REEN T EIFEABERELY)  THFHRANEE
[ FAr (Jacob et al., 2003) » P M aRERHAEIG TE B4 RE(ER (Lu, 2009) - GSH EZ{FAEFTA4HRE - 225
TR 2 RO T A th RER AT B > &8 GSH REFF{KEE 68% (Gadea ef al., 2011) » Zi& BkE I 0B A Fl 2
A o AN ERA HEE a5 R S IR - RO ARREREAERS 2 dHR Sy e - B2 GSH &8 HEER
& (Gadea et al., 2004; Stradaioli ef al., 2007) - EHWILLL 1 2 5 mM BER) GSH RN E R Z MR T o &S8R
B 1 mM GSH 4HAHESS 0 5 mM GSH 41 > fif# 1&g 2 G 0GB B R B E R [ CASA i AiE 1 &
TAMEIS RIS  JREREE T8 E Y0  BURLUAID | mM GSH 4HEE ARV RERER (Gadea er al.,
2004; 2005) °

Estrada et al. (2014) 7/ 2 mM GSH FREI/E 2 /2 BUG IR A it BT & 240 7588 - 51 BRIE e B MR L (B TS
PIAE B IR 67.2 £3.4% 2714 92.7 £5.5% » EFEER 7.5 £ 2.4 BEFETTE 13.0 £ 1.0 55 (P < 0.05) » mJHEF 7 i
TEFTERE TR0 - (B AFEERS R IR E - R EER S 2 RN ZERE ST - SHAMFRRERERE R
Frolfi B R KL R 2245 7% (Casas et al., 2009) > SEBHARAN 5 mM 1Y GSH 0] 25034 Bl 52 M2 2 60K » 102 B <2
MEEZIERANIN 2 mM GSH BIIm] 2R ZEE S R E 2 30R - BURMEA GSH MEER i E 2 R 81 GSH /NI E
SotE 2 2 BRI 2 A R (Yeste et al., 2014) o ARG BRI 2 mM GSH A% MR < 455 » A ZfE 15 ~ Al
HEAUEEUE TR R ER SR S E > ERGT DI EEENE R 0 BETHR T AR S GSH REHE—
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Table 3. Effects of different types of antioxidants added to extender on the motion characteristic of the frozen-thawed boar

semen
Parameter Freezing media 30 min 6h
(LEY)
VAP (um/s)’ Control 4741105 38.2110.0°
GSH 39.0+8.9° 35.4£6.0°
BHT 48.7£8.5° 35.8112.9°
a-tocopherol 46.6 £ 6.6 35.9£8.2"
VSL (um/s) Control 233+53" 18.81£5.0°
GSH 19.0+4.4° 17.1+ 4.3
BHT 24.01+4.3" 17.416.3"
a-tocopherol 232+3.2° 17.514.0°
VCL (um/s) Control 74.6%17.6" 57.3%12.5°
GSH 60.4+16.0° 54.116.8
BHT 75.8+17.6° 53.7+£19.3"
a-tocopherol 67.0+16.1° 5541 6.4a
ALH (um/s) Control 25105 20105
GSH 2.1%£0.5 1.810.3
BHT 26105 1.9%0.7
a-tocopherol 23105 20106
BCF (Hz) Control 85102 84102
GSH 8.5+0.2 84103
BHT 85103 84102
a-tocopherol 8.5%0.2 84103
STR (%) Control 96.0% 1.2 96.511.2
GSH 97.1+x1.1 96.310.6
BHT 973%1.5 96.0£0.8
a-tocopherol 962+ 1.1 959%0.8
LIN (%) Control 41.1144 40.5134
GSH 42.616.0 397155
BHT 442141 39.1+3.6
a-tocopherol 42.1+6.5 402*5.1

"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; SEM,
standard error of the mean.

GSH, 5 mM glutathione; BHT, 1 mM butylated hydroxytoluene; a-tocopherol, 200 pg/mL a-tocopherol.

T4 IR RDUECR R B SEE IR 2 AR R AR e Bt 2 YA

Table 4. Effects of different type of antioxidant added to extender on acrosome integrity of the frozen-thawed boar semen

Sperm frozen
with
Control GSH BHT a-tocopherol
Acrosome integrity (%) 523+5.3° 545+8.1° 63.3+6.7 66.1 + 6.6

‘GSH, 5 mM glutathione; BHT, 1 mM butylated hydroxytoluene; a-tocopherol, 200 pg/mL o-tocopherol
® Values with different superscripts in the row is significantly different (P < 0.05).
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BHT /& —ff A T & AIRs At LR - HAER B IEAEarfam K AEESE(E - AR ER A BHT 6K
/b ROS A% » BHIE ROS 55 T2 KA F]522E (Ghorbani et al., 2015) » w434 (Shoae and Zamiri, 2008) ~ & (Roca et
al., 2004) K 1LI7E (Memon et al., 2011) 55 7 /A k576 /& - Bamba and Crank (1992) FAFERS AR RRRE 7811 0.05 2 0.10
mM Yy BHT %k 5°C {R17 - nTEEE R m M T 2080 SENE sE 881 - (HU7800 2 mM /Y BHT Fig i RIS Bk +
EJT TN - SHEEANE 52 B MR B <Roca et al. (2004) 11592 BHT NG 2 HIE R 1% < 528 iRl 2R 12 0.5
JINEFERL 2.5 /NIF 2B 0 4TRSS TR AR TR TR BHT J2/E £ 0.2 ~ 0.4 R 0.8 mM 41 7 i T E R B 27 (P < 0.05) 5
H AR 0.4 mM BHT A {25038 & BRI LR H 16% BEEIRTTZE 29% (P < 0.05) © Trzcinska ef al. (2015) jA4 5
MR 4T BN BHT 0.5 ~ 1.0 K2 2.0 mM » f#HT% 20 S-S Raiiasig 1)) ~ pie=UE )y > R uEig e B ibRIg 8
EWEE (P<0.001) » Hrf 1.0 mM BHT E 7154 45.4% FE7F2E 86.7% » FEfF#H 8.2 £ 2.2 TEETHZE 10.8 £ 1.6 THE.
UL RN BHT 1.0 2 2.0 mM 4l » HOM iR R T B0 SRR 2 5« T AR FE 1 R R 28 1
mM BHT » &g R%ME 208 ~ AiEUE)) ~ eSSBS EEHEESE T H - B iR b e
BRI o AR TR 1 mM BHT E g fii&A5 1 TaNE 58 B 3 g B (B B IR AH BRI 5 mM GSH 44 (P
< 0.05) ; 70 BHT GJREAFFE/D ROS HIIERL » FIF i ROS 5 AR FZ2 28148 (Ghorbani er al., 2015) » 245
BN FOANESE B A RE - R 25T -

a-tocopherol 5 FL 22 FUEAET > 0T (R 3 15 4 B B HE i e 2 48 48 (B S & (Jeong et al., 2009; Breininger et al.,
2011) = a-tocopherol {5 FIALLENG R E /A B NN - H—REERNITER S 264 > A fnsg
45F 400 mg/kg a-tocopherol (a-tocopherol acetate) » H] BHZ A Z=HE T-HIHEZUE )T (P < 0.05) (Liu ef al., 2015) - 55—F&
Ry ERERNIGERE RS R - i 5 Polge (1956) MIEX{EHEH a-tocopherol TR EHilE 200 % 1,000 ug/mL » 45545
H L 200 pg/mL a-tocopherol FYRIE 1] B U ZfiF M2 T-/& ] » Satorre et al. (2009) 775711 200 pg/mL a-tocopherol
A BRI > fRA{% 10 o SR vl B OGS T E I FIDEE SE 2 » A6 PR T 2 S RE S P 52 - Breininger
et al. (2011) NIIAHEDRFE 2K TR MR E 4 /NREEIZE > v RS BRI BRI FFE R FIEE Se B R (E
WRAEEER -

Jeong et al. (2009) AFE% HIE R AR R IZIEE 3 /NEFBIZE - f5HUS BRI 100 K2 200 ug/mL o-tocopherol 4
2 400 ~ 600 =Y 800 pg/mL a-tocopherol 4H P B U Z g -7 JJ R AT/E2E » IR 100 ng/mL a-tocopherol 4% 75 1115
Bl VCL 28EREZF(EK (P < 0.05) » 7781 a-tocopherol 800 pg/mL 4HEF& /1148 VCL Kz VSL S8{E B & = > HA
4H (P < 0.05) ° 77011 400 A1 800 pg/mL a-tocopherol 4H - #%F /& JIFEEN VAP SEHBLEfEIE R REEE 5 - Barh
5T BEME SEESN N o-tocopherol AN [EH & H5H BIFIE o AHFIERR 2 MR /R0 200 pg/mL 2 a-tocopherol
REBGE R AR NG TES] ~ WG PRSI RS TG I R IER B S8 B AT L2 28R - REN S B
T P 53 B =281 a-tocopherol JEFE 4 300 ~ 400 Kz 500 pg/mL > sAER&S RS RS TUE IR 5 ~ W TR
HUENAFR 6 KME T /E N SERESENR T Fin > Giat BIEEEE 2 2R o GREUR SRR RER A
200 pg/mL a-tocopherol » A% - HENE 57 £ 419 B (B A BABT HRAH SO 5 mM GSH 4H (P < 0.05) = BZE/RII
o-tocopherol €735 ROS B4 K 5t A Hfs e (IS Bl > L (E 8 > a0 % R ER A7 B 8 & ROS 4= pipir i i AR S 18
5% (Jeong et al., 2009) » HEMIH TN 200 pg/mL o-tocopherol HARH %A 757 0E T HHIE T EE AT AE fyiitZ 2 [RZ -

GEEZ > RS AR S LE 2 RIIRBERRT SIS RS B R % 2 8 - AR B RN T2 R AEE
R & BN R M R & > Bt = iEbY)  BUEATAFTATE 2 Bréa BRI RO e I K 2 A i
&> Rt FEFEAGSHE L RIS - @bt H 2 B A FEP R ERFE IR 2 3% - BRI
EFEER S IR TR 2 EHE T[] °

RS RRMBEERANIIAFIRRE a-tocopherol BFEHERUL MEFRIE G TE ) 28

Table 5. Effects of different concentrations of a-tocopherol added to extender on sperm motility of the frozen-thawed boar

semen
After thawing

a-tocopherol conc. (ng/mL) 20 min A a5 T

Control 78.0%8.7 65.619.2 54.6%73 452159

300 80.7%6.8 67.0%6.4 554157 43.016.8

400 78.516.6 645%538 53.816.4 444162

500 79.7%£5.8 68.7+5.9 57.9%5.1 46.514.7

No significant differences between treatments.
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6. KERMRERURIINEIRIE a-tocopherol $IAEKEIR S AR HILHE T AT UE 11 2 2%
Table 6. Effects of different concentrations of a-tocopherol added to extender on sperm progressive motility of the frozen-
thawed boar semen

After thawing
a-tocopherol conc. (pg/mL) 20 i " o L
Control 60.5+9.8 50.9%8.2 293153 189134
300 63.816.4 50.7+5.9 30.2%3.9 18.1£3.7
400 62.1%7.4 48.1£59 28.0%3.6 182%2.9
500 623155 5227%6.6 30.0%25 19.0£2.7

No significant differences between treatments.

R 7. FERMEERIAIIARIRE a-tocopherol $FAIEIR 2 M Ml TR EIS B2 &
Table 7. Effects of different concentrations of a-tocopherol added to extender on the motion characteristic of the frozen-
thawed boar semen

Parameter a-tocopherol conc. 30 min 6h
(ng/mL)
VAP (pm/s) Control 51959 40.816.2
300 56073 409146
400 54.816.6 413132
500 53.8+7.9 413138
VSL (um/s) Control 253129 19.8+3.1
300 273138 19.81£23
400 277133 20215
500 264139 202%2.0
VCL (um/s) Control 763158 633199
300 77.7%13.7 64.819.8
400 80.4115.6 6421120
500 7831144 68.7110.4
ALH (um/s) Control 2.710.2 22103
300 29103 23102
400 29104 22103
500 27104 23103
BCF (Hz) Control 82102 83103
300 81103 8310.2
400 82102 84102
500 83102 8510.2
STR (%) Control 96.010.7 95.910.8
300 96.0+ 1.8 95.710.8
400 964+ 1.5 96.0+0.8
500 97.110.7 96.310.7
LIN (%) Control 428149 40.014.2
300 445169 393127
400 429158 38.0+6.4
500 425145 364154

"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; SEM,
standard error of the mean.

"No significant differences between treatments.
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Abstract

The aim of this study was to investigate the effects of three antioxidants a-tocopherol, butlated hydroxytoluene (BHT)
and glutathione (GSH) were added to freezing extender on the quality of frozen-thawed boar semen. Semen collected from
five Duroc boars were diluted with Lactose-egg yolk (LEY) extender as control group, which it brought to 5 x 10° cell/mL
in the final concentration. In the first experiment, four groups were divided with adding 5 mM GSH, 1mM BHT and 200
pg/mL a-tocopherol into freezing extenders. The percentage of sperm motility, rapid progressive motility, motility kinetic
variables parameters and acrosome integrity were evaluated. The results showed that the percentage of total motility and
rapid progressive motility in SmM GSH supplemented freezing extender after thawing for 2-6 hrs were lower than in 200
pug/mL a-tocopherol group (P <0.05). No significant differences in the percentage of total motility and rapid progressive
motility were observed either between control group and 200 pg/mL a-tocopherol or ImM BHT supplemented. The results
showed that the percentage of sperm motion parameters (VAP, VSL and VCL) of semen cryopreserved with freezing
extender after thawing for Smin were lower in 5 mM GSH group than in the ImM BHT group (P < 0.05). Acrosome integrity
results demonstrated that the intact acrosome was significantly higher in the ImM BHT or 200 pg/mL o-tocopherol group
than that in the control or than that in 5 mM GSH group (P < 0.05). In the second experiment, the experimental designs are
separated into 4 groups, inclusive of control group, and the 300, 400 or 500 pug/mL a-tocopherol supplementation group in
the boar semen extender during cryopreservation on post-thawed sperm motility, rapid progressive motility and motility
kinetic variables parameters. There is no significant difference between the a-tocopherol supplemented and control group. In
conclusion, the addition of 5 mM GSH, 1 mM BHT and 200, 300, 400 or 500 pg/mL a-tocopherol to the freezing extender

demonstrate no any improvement in sperm motility parameters.

Key words: Boar, Frozen Semen, Antioxidant.
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Table 1. ANOVA of nutrition contents of Taichung Sen 17 rice grain silage inoculated with lactic acid bacteria

Mean Square

Source DF’

DM CP WSC NDF ADF  Starch P K Mg
LAB treatment (L) 5 17.197 0417 203" 17957 113"  0.19 0.0220  0.0037°  0.0003™
Month (M) 1 0002 0617 038 6.30 0.59 0.63°  0.0009 0.0321" 0.0002"
LxM 5 0.06 0.15 0.23 21497 022 0.24 0.0173  0.0012  0.00004
Error 24 0.19 0.06 0.35 4.36 0.29 0.10 0.0236  0.0012  0.00001

" DF, degree of freedom; DM, dry matter; CP, crude protein; WSC, water soluble carbohydrate; NDF, neutral detergent fiber;

II.

ADF, acid detergent fiber; P, phosphorus; K, potassium; Mg, magnesium; LAB, lactic acid bacteria.

*_dkok

Significant different was at 5% and 1% levels, respectively.
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Table 2. Effects of lactic acid bacteria inoculation on the nutrition contents of Taichung Sen 17 rice grain silage

» DM’ CP WSC NDF ADF Starch P K Mg
Ensiling day Treatment
- % ---- % of DM
30 CKW 50.54° 5.56" 3.01° 26.40"  16.16°  15.67 1.052° 0.599° 0.099°

ST3 5117 489 211%™ 2243° 1526° 1548  1.053  0517°  0.071°
ST12  51.67° 4.76° 1.34 23.77%  15.05°  15.16° 1.021° 0542  0.074°
ST15  51.72° 4.80° 1510 2232° 1549  15.50®  1.046"°  0.542°  0.077°
MIX  51.33° 4.98™  1.88  2435*  1552™ 1546®  1.030°  0.515°  0.076°

JO 47.139° 537" 246" 2848 1645 1585  1.025°  0.504°  0.074°
LSD 0.62 0.49 0.70 3.17 0.67 0.50 0.058  0.044  0.008

60 CKW  50.63°  5.19° 3.04° 26.69°  15.72"  16.13"  0.981°  0.618"  0.084"
ST3 51.14°  4.42° 1.69° 22.55"  15.96"  15.45° 1.259°  0.615°  0.071°
STI2  51.33" 466  1.72° 2498  15.42°  15.86®  0.999°  0.576°  0.074°
STI5  51.68° 5.03°  143° 26.36™  15.78°  16.14°  0.979°  0.611°  0.074°
MIX  51.54° 480" 139 19.65° 1596  15.60®  0.977°  0.589°  0.073
JO 47.34° 471 1.80" 2249  16.63°  1554®  0.973*  0.567°  0.069°
LSD 0.92 0.41 1.31 4.19 1.17 0.62 0382  0.075  0.008

* DM, dry matter; CP, crude protein; WSC, water soluble carbohydrate; NDF, neutral detergent fiber; ADF, acid detergent
fiber; P, phosphorus; K, potassium; Mg, magnesium; CKW, just adding water; ST3, Lactobacillus alimentarius; ST12,
Lactobacillus plantarum subsp. plantarum; ST15, Lactobacillus plantarum subsp. plantarum; Mix, mix ST3, ST12,
ST15; JO, contain 5 g of the rice grain silage (the lactic acid and acetic acid concentration was 0.2404% and 0.9645%,
respectively) from prior batch.

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

* 3. PHEIBLEHEZ T 17 SRKRERRLE ok pH (B R RS AR & 8 2 5 i
Table 3. ANOVA of pH value and contents of volatile fatty acids of Taichung Sen 17 rice grain silage inoculated with lactic
acid bacteria

Mean Square

Source DF” - - - - - - -

pH Lactic acid  Aceticacid  Butyric acid L+A+B Flieg’s score
LAB treatment (L) 5 0.38" 0.746" 0.082" 0.18000" 0.723" 3,821.4"
Month (M) 1 0.04 0.439” 0.029° 0.00034 0.144™ 93.4
LxM 5 0.01 0.024 0.015" 0.00026 0.012 88.4
Error 24 0.01 0.038 0.005 0.00419 0.020 94.0

" DF, degree of freedom; pH, pH value; L + A + B, sum of lactic acid, acetic acid and butyric acid; LAB, lactic acid bacteria.
"™ Significant different was at 5% and 1% levels, respectively.
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Effects of lactic acid bacteria inoculation on the lactic acid (up) and acetic acid (down) contents of Taichung Sen 17

rice grain silage.
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CKW, adding water; ST3, Lactobacillus alimentarius; ST12, Lactobacillus plantarum subsp. plantarum; ST15,
Lactobacillus plantarum subsp. plantarum; Mix, mix ST3, ST12, ST15 ; JO, contain 5 g of the rice grain silage (the
lactic acid and acetic acid concentration was 0.24% and 0.96%, respectively) from prior batch. a, b, ¢ Means in the
same ensiling day with different superscripts are significantly different (P < 0.05).
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Effects of lactic bacteria inoculation on butyric acid (up) and sums of lactic acid, acetic acid and butyric acid contents
(down) of Taichung Sen 17 rice grain silage.

CKW, adding water; ST3, Lactobacillus alimentarius; ST12, Lactobacillus plantarum subsp. plantarum; ST15,
Lactobacillus plantarum subsp. plantarum; Mix, mix ST3, ST12, ST15; JO, contain 5 g of the rice grain silage from
prior batch; ND, no detect. a, b Means in the same ensiling day with different superscripts are significantly different (P
<0.05).
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Fig. 3. Effects of lactic acid bacteria inoculation on the Flieg’s scores (up) and pH value (down) of Taichung Sen 17 rice
grain silage.
CKW, adding water; ST3, Lactobacillus alimentarius; ST12, Lactobacillus plantarum subsp. plantarum; ST15,
Lactobacillus plantarum subsp. plantarum; Mix, mix ST3, ST12, ST15; JO, contain 5g of the rice grain silage from
prior batch. a, b, c Means in the same ensiling day with different superscripts are significantly different (P < 0.05).
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Effect of Lactobacillus spp. inoculation on the silage quality

of rice (Oryza sativa L.) grain "

Bo-You Chen ®  Chin-Jin Hou® Chi-Hsin Lu ® and Jeng-Bin Lin “'©

Received: Mar. 7, 2019; Accepted: Apr. 26, 2019

Abstract

In order to improve the problem of sale public stock rice grains as feeds source which had been stored for a long time
and the quality of grains became bad. The grains of Taichung Sen 17 (TCS17) were ensiled for 30 and 60 days used to
investigate the influence of lactic acid bacteria (Lactobacillus spp.) inoculated for rice grain ensiling to provide information
for ruminant farmers. The nutrition contents analysis of rice grain silage were determined 30 and 60 days after ensiling,
respectively. Analysis included crude protein (CP), water soluble carbohydrate (WSC), neutral detergent fiber (NDF), acid
detergent fiber (ADF), starch and phosphorous, potassium and magnesium of mineral content. The pH value and the volatile
fatty acid i.e. lactic acid, acetic acid and butyric acid were determined. The results showed that the pH 3.8 of inoculated
with Lactobacillus spp. was lower than pH 4.4 of control with water (CKW) treatment. The lactic acid reached to 1.1%
and inhibited the butyric acid to produce when Lactobacillus spp. was inoculate to grain before ensiling. The pH value and
Flieg’s scores of rice grain silage were about 3.80 and 80 points 30 days after ensiling, respectively. The Flieg’s scores of
grain silage inoculated with line ST15 of Lactobacillus spp. was 89 points higher than that of CKW treatment with 23 points.
Results of ensiling for 60 days of all treatments were the same as those of ensiling for 30 days. The results suggested that

inoculation with Lactobacillus spp. on ensiling could effectively enhance the quality of rice grains silage .

Key words: Rice grain silage, Lactobacillus spp., Flieg’s scores.
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1. EEHEREER T

Table 1. The composition of the experimental diets trial during laying period

Items A B C
%

Corn 35.5 37.0 51.5
Full fat whole soybean 12.0 11.0 9.0
Soybean meal 19.5 19.0 23.0
Dicalcium phosphate 1.6 1.6 1.7
Oyster Shell 9.1 9.1 9.0
Oil 6.5 6.5 5.0
Salt 0.5 0.5 0.5
Vitamin premix* 0.1 0.1 0.1
Mineral premix® 0.1 0.1 0.1
Methionine 0.1 0.1 0.1
Rice bran 10.0 10.0 0.0
Alfalfa pellet powder 0.0 5.0 0.0
Napier grass powder 5.0 0.0 0.0
Analyzed

Dry matter, % 91.1 90.8 90.6
Crude protein, % 17.3 16.9 17.0
MEqg, kcal 3,028 3,012 3,000
Crude fiber, % 6.0 4.5 3.1
Ca, % 39 4.0 4.1
TP, % 0.7 0.7 0.6
AP, % 0.4 0.4 0.4

A = Napier grass powder, B = Alfalfa pellet powder, C = control.

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

" Provided the following contents per kg of diet : Mn, 60 mg (MnSO,H,0); Zn, 60 mg (ZnO); Cu, 5 mg (CuSO,5H,0); Fe,
70 mg (FeSO,7H,0); Se, 0.1 mg (Na,Se0,).

2. wRNIVRRSHEEEOH P EREEMERZEZE (21 — 40 Bk )
Table 2. Effect of adding Napiergrass powder or Alfalfa pellet powder on laying proformanc of Isa hens (21-40 weeks) n = 30

Items A B C SE
Mortality, % 0 0 0

Days in trail, d 147 147 147

Start egg production rate, % 70.0 73.3 70.0

Start egg weight, g 563153 554716.0 57316.8 6.0
Start body weight, g 1,624.5199.1 1,588.9£89.7 1,595.7 £ 66.4 85.1
End body weight, g 1,885.2%£132.2 1,900.6 £206.7 1,961.9£186.9 175.3
Body weight gain, g/bird 260.7 + 154.1 311.7£182.5 366211935 76.7
Daily feed intake, g/hen/day 106.5+13.1 1052+ 12.1 104.4+8.1 11.1
Average egg production rate’, % 81.514.1 84.0£8.2 84.3%9.1 7.1
Average egg weight, g/egg 60.5%7.6 60.5%8.1 59.7%6.5 7.4
Average egg mass , g/egg 493169 50.8+8.3 50.318.2 7.7

A = Napiergrass powder, B = Alfalfa pellet powder, C = control.
" Average egg production rate = (egg number / egg days) x 100.
™ Average Egg mass = (egg number x egg weight) / egg days.
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3. SRR ER EE E D E R E R E L B
Table 3. Effect of adding Napiergrass powder or Alfalfa pellet powder on the egg shell quality of Isa hens

Weeks of age A B C SE
Egg shell strength , kg/cm’

25 38%1.1 3.7£1.0 3.7f1.0 1.0

29 40%0.8 37111 381 1.0 1.0

33 3.710.9 3.8%£0.8 3.8%£0.7 0.8

37 39108 3.910.8 3.4%0.7 0.8

25 10.1£1.0 97%f1.4 102%1.2 1.2
29 10213 99%1.2 10.0£0.9 1.1
33 9.7£0.7 9.710.9 9.4%0.8 0.8
37 9.7£0.7 9.6£0.91 9.4%0.8 0.8

Egg shell thickness, mm

25 0.3910.03 0.38 £0.03 0.40 £0.03 0.03
29 0.40£0.04 0.39%£0.04 0.40 £0.03 0.04
33 0.40£0.03 0.40£0.03 0.40 £0.02 0.03
37 0.40£0.03 0.40£0.03 0.40 £0.03 0.03

A = Napier grass powder, B = Alfalfa pellet powder, C = control.

x4 ERRNURESEHHEEH D ERELE 28
Table 4. Effect of adding Napiergrass powder or Alfalfa pellet powder on the egg quality of Isa hens

Weeks of age A B C SE
Egg shape index” , %

25 783123 778122 783127 24

29 79.2%3.0 79.1%£25 77.8%2.6 2.7

33 79.0%£2.7 79.2£2.1 79.2%2.9 2.5

37 80.11£2.3 788122 79.0£2.5 2.3

25 223%23 21.6%2.7 215124 2.4
29 226119 220*1.4 212%2.4 1.9
33 229%34 22.7%2.0 238119 2.4
37 23.6%2.0 23.7%2.1 25.1%2.0 2.0
Haugh unit”™
25 80.2£9.5" 87.0+7.4™ 91.3+8.2° 8.4
29 79.0+ 8.8 80.8+10.1° 91.7%8.2° 9.0
33 94.1%73 954+7.9 90.416.5 7.2
37 95.7+6.2 96.8 £ 6.8 83.316.2 6.4

" Means within the same row with different superscripts differ (P < 0.05).
A = Napier grass powder, B = Alfalfa pellet powder, C = control.

" Egg shape index % = 100 x (minor axis / long axis).

" HU = 100 x log (white height — 1.7w""" + 7.6).
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5. ERNIVRRSHEE RO EREREO I HE
Table 5. Effect of adding Napiergrass powder or Alfalfa pellet powder on the egg yolk color of Isa hens

Weeks of age A B C SE
Roche yolk color fan score'
25 7.2+0.8° 6.6+ 0.9" 6.810.7° 0.8
29 7.11£0.9 7.1t1.1 72t1.1 1.0
33 7.5%0.9 7.610.9 7.4%0.7 0.8
37 7.810.9 6.710.7 6.810.6 0.7
L value
25 625147 58.116.8° 60.8 £ 4.7° 5.4
29 57217.7° 51.0£7.1° 426148 6.5
33 5471 6.6° 58.9+3.2° 58.714.3° 4.7
37 575%7.0 59.216.3 62.615.0 6.1
a value
25 0014 1.2%£25 1.0£25 2.1
29 0.1£1.9 -131+3.6 -1.3+19 2.5
33 0026 -1.312.1 -0.1£3.8 2.8
37 -0.8*1.5 32117 -40t1.2 1.5
b value
25 50.7+8.2 38.8%7.6 412169 7.6
29 42316.6 37075 36.6 5.8 6.6
33 443182 41.0t59 41256 6.5
37 453148 412138 40.5134 4.0

"¢ Means within the same row with different superscripts differ (P < 0.05)
A = Napiergrass powder, B = Alfalfa pellet powder, C = control.
' Roche yolk color fan score, 1-15.

6. ERNIPREESHEE En O ERNS L EZ 28

Table 6. Effect of adding Napiergrass powder or Alfalfa pellet powder on the serum biochemical values of Isa hens

Weeks of age A B C SE

GPT (U/L)

25 6.3 5.5 5.0 1.2

40 7.3 7.2 7.8 0.6

Cholesterol (mg/dL)
25 132.8 134.3 1333 19.8
40 113.8 111.7 120.0 17.2
Triglyceride (mg/dL)
25 588.8 656.8 690.8 121.2
40 639.8 624.5 642.7 63.6
HDL-C, mg/dL
25 16.7 20.7 14.8 6.7
40 15.2 14.7 16.2 1.6
LDL-C, mg/dL
25 15.8 25.0 13.0 13.4
40 14.2 11.8 16.2 4.6
P, g/dL

25 5.4 5.1 5.0 0.9

40 5.1 4.8 5.6 1.2
ALB, g/dL

25 2.0 1.9 2.0 0.2

40 2.0 2.0 2.0 0.2
Ca, mg/dL

25 22.2 20.6 23.9 5.8

40 23.2% 21.8° 26.4° 4.1

“® Means within the same row with different superscripts differ (P < 0.05).
A = Napiergrass powder, B = Alfalfa pellet powder, C = control.
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#®7. ERNIVRRSHHEEEOH P EEERNZERTR N B- ARG R ZEE
Table 7. Effect of adding Napiergrass powder or Alfalfa pellet powder on the Lutein and B-carotene content in egg yolk of

Isa hens
Items A B C SE
37 wks of age
Lutein, pg/g 13.2° 14.6" 11.7° 1.3
B-carotene, pg/g 43 5.1° 1.8° 0.8

"¢ Means within the same row with different superscripts differ significantly (P < 0.05).
A = Napiergrass powder, B = Alfalfa pellet powder, C = control.
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Abstract

The purpose of this study was to evaluate the effect of dry Napiergrass powder and alfalfa pellet powder for egg
production traits on the yolk color and serum biochemical values in laying hens. Ninety ISA laying hens were carried out in
the cages at 21 weeks of age and randomly allotted into the 3 different treatments, which were fed with adding 5% Napier
grass powder diet (group A), 5% alfalfa pellet powder diet (group B) and control diet (group C). The egg was collected at 25,
29, 33 and 37 weeks of age, while blood sampling were collected at 25 and 40 weeks of age. The hens were fed at ad libitum
and the number of egg production was recorded. The result showed that there were no significant difference among groups
on mortality, daily feed intake, average body weight, average egg production rate, average egg weight and egg quality on
experimental hens. In the egg yolk color experiment, there was also no significant difference among groups on the score of
Roche yolk color, a value and b value of yolk at different sampling weeks. However, the hens, which consumed 5% Napier
grass powder, had more brighter than that of in another two groups in part of stages (P < 0.05). Meanwhile, there was only
significant difference among groups on the calcium at blood at experimental hens. In addition, the egg yolk, which produced
from 5% Napiergrass powder group or 5% alfalfa pellet powder group, had significant 1 to 2 times higher lutein and B-carotene
concentration than these of in the control group (P < 0.05). In conclusion, the feeds added with 5% Napiergrass powder or 5%
alfalfa pellet powder did not affect the egg production traits and serum biochemical values. However, the yolk color of hen
which consumed 5% Napiergrass powder had significant brightest than that of in another two groups.

Key words: ISA hen, Napiergrass powder, Alfalfa pellet powder, Yolk color.
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EPYI% ~ SERYIR - IRE S ASHIEE 1T -
(i) MRAEACESORE © PEEBEREIAR > & 30 RDCR &P 2 R EE SR ERA RS € EAIRIME 10
mL - FFE %L 3,000 x g J0 15 73§ (Hayirli er al., 2001) 73 BEALE - 5L -80°C 2 s ORfFBERIIR (LM - %M
% H B 53 17 4 (Cobas C-702, Roche, Germany) JHI E [l HP 2 %kl I 5 2 i W8 B Il ~ % e I PN T e W e
B~ s Eehy - BEEIEE - AILBE 0GR RE S R AL AR S B = o4 - 1 8B {EBS (superoxide dismutase,
SOD) Hilf{#5 Balikei (2016) (£ HRG2E SOD E4HAETT 31T ©
1L &5 HT
BT 15 BB DL ST 0 M R SR 4L HES (SAS, 2002) HETTARET 7047 - (o A — A 43 14 5% (. (general linear
model) #E{TH / MESEFER IEAYSE 2 E % :% 5T (completely randomized design) 45514747 » FLL stderr pdiff JALR# %
SHIES{E N SR 2 B E » P<0.05 BICEEEEEEN: -

e

BRI TC AT S S SRR AL ALY 2 BN 1 - UBREEIREUR - B TC PR A T2 S aRET 1R 30
RZIAMER (P = 0.14) BRREPYIR (P = 0.17) > FIESEREAR 60 K Z AR (P = 0.13) ELEEFZY) (P = 0.14) £
PREE (P = 0.14) Z 5 - [HRAEEEIR 90 KR 120 Kk 2 AR S pa 2 g 2= 2 - HREIPYER Z ]
RE UL AR L ER YRS AT - Ballantine er al. (2002) Fr&8 A AL A HatR A aaries roA PP NS R =0y %
S~ sl BT ALRER - AEAER - BEIPYIR KGR EIERE & - Sicliano-Jones ef al. (2008) /2774
Al 3 B ERE T A - 81 S MGESEIRMOREALAER - AEAER - BB ARREELTE - BER
SRR AEAEE - AEAEERAEPYIE - Ramos er al. (2012) RIEHFESAERIAHAT - R4
TR IR A T - 8 - S REE 90 K EERIGH > MR ARMERYETC R EAER - AR
AELEEREARE - EEFESIAARNER - Zhao ef al. (2015) FULALFHER T M ARG - fH 02
REMMEITTER » FRARRAER IS - LElo RN BHTARPNIMERYE Fiem L ERNTBE -
I EEAFRFEAYE (dilution effect) » FEFLAEAHRIFR - iRk DSR2 AE - ATRERZ EIA FERH (PIZERTREE -
LI FHEEREGIRRE SR ) ~ IRV RRAH R M PR R IRV E A C R R 2 HEM A AT S - Rabiee er al. (2010) A5 H
EERYENHTE A (FRP v SIP 0 ) RO BRATE eI 2 S B H A 72 (supplements) FEFRCEEA > A
R EEA MR EEANE -

AR e A T ~ S RSB ET RDD AL MR AR Z S BN TR 2 - i Fe s 8 5 A R/ D BRE 1% 30 R Z MR %k
Rl F 2 B (P = 0.12) BLFLFE A G (P = 0.04) 23R (R 2) > FRFAIESEERSE (P=0.18) 283 - H
TEALEREAR 60 KAEH BEEEZIE . LB ES (P = 0.13) ~ HUEHES (P = 0.13) ~ AFERGHG (P = 0.04) FIE I
EALYIALEG &8 (P = 0.13) 2 f#E1H - TERET% 90 & 120 KRIAHE S T HEEEE (P = 0.05) 2 FH45 » Hepskmis s
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Z BT B S P e Wy RS Rl 5 0 M T ) SRR B - ARG I B 2 TR e T AL e P T g s T IR AB 53
(hepatocellular injury) AY 2 RIIHTET (Kauppinen, 1984) - ZA[7 % 5 2B e G B ik N R R e i 2 B 1 E X
R TP AR - B ERTRRIRIG o ARSI L R e R L TR N TR S R B S & THS - Stojevid
et al. (2005) FEHIRFELALFE COLALIT 90 REIDAMGER ) 21 GPT £2 GOT E{E 1Al Fs 44.91 £6.93 £ 20.08 +
3.74 - Akl 2 AR e Be I B IR AY M o GPT B2 GOT ${H 73 Al R 88.5 B 24.0 X Stojevic et al. (2005) Arafifi
R GPT 8 GOT B{E R - BUR AT REA RIEIR R AT - ASERTILFLETIE T se At 87 RS a4 aR e
1& 30 Jz 60 K HEARE IG5 2 G A gAY ) - SRR bEE ~ S S rTRE R BN PREERT A, -

=

T 1 RTINS T R AL A ALy 2

Table 1. Effect of organic Zn, Cu, and Mn supplementation on milk composition of Holstein dairy cows

Dietary treatments

Control Zn+ Cu+ Mn SEM P
30 days after feeding
Fat, % 3.52 3.74 0.13 0.23
Protein, % 3.29 3.24 0.03 0.28
Lactose, % 4.83 4.88 0.25 0.14
Solid of non-fat, % 8.81 8.83 0.03 0.69
Total solid, % 12.31 12.62 0.12 0.17
Urea Nitrogen, mg/dL 15.21 15.54 0.41 0.70
Somatic cell counts, 10,000/mL 26.12 15.45 6.63 0.27
60 days after feeding
Fat, % 3.53 3.75 0.12 0.13
Protein, % 3.29 3.35 0.08 0.69
Lactose, % 4.83 4.82 0.05 0.92
Solid of non-fat, % 8.82 8.87 0.08 0.66
Total solid, % 12.35 12.61 0.15 0.14
Urea Nitrogen, mg/dL 13.41 14.97 0.73 0.14
Somatic cell counts, 10,000/mL 21.82 17.21 5.64 0.58
90 days after feeding
Fat, % 3.68 3.53 0.13 0.42
Protein, % 3.39 3.38 0.08 0.98
Lactose, % 4.72 4.69 0.06 0.76
Solid of non-fat, % 8.80 8.78 0.07 0.87
Total solid, % 12.52 12.31 0.16 0.57
Urea Nitrogen, mg/dL 13.72 15.45 0.88 0.23
Somatic cell counts, 10,000/mL 23.83 17.97 5.03 0.40
120 days after feeding
Fat, % 3.74 3.76 0.16 0.94
Protein, % 3.50 3.38 0.08 0.35
Lactose, % 4.69 473 0.08 0.76
Solid of non-fat, % 8.88 8.83 0.09 0.75
Total solid, % 12.61 12.65 0.19 0.99
Urea Nitrogen, mg/dL 14.93 15.23 1.03 0.89

Somatic cell counts, 10,000/mL 28.12 22.61 10.0 0.70
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Table 2. Effect of organic Zn, Cu, and Mn supplementation on blood trait of Holstein dairy cows

Dietary treatments

Control Zn+ Cu+ Mn SEM P
30 days after feeding
Glutamic-oxal acteic transminase (IU/L) 93.2 70.7 9.52 0.12
Glutamate-pyruvate transiniase (IU/L) 27.2 24.7 2.58 0.51
Alkaline phosphatase (IU/L) 47.7 49.7 5.71 0.81
Cholesterol (mg/dL) 191.7 231.0 19.6 0.18
C.PK. (U/L) 292.8 220.0 128.8 0.69
Lactate dehydrogenase (U/L) 1,137.8 930.1 59.8 0.04
SOD (U/gHb) 1,988.7 2,065.5 146.1 0.72
60 days after feeding
Glutamic-oxal acteic transminase (IU/L) 93.7 65.8 11.78 0.13
Glutamate-pyruvate transiniase (IU/L) 22.8 235 1.14 0.69
Alkaline phosphatase (IU/L) 45.5 48.5 5.23 0.69
Cholesterol (mg/dL) 182.5 205.2 20.0 0.44
C.PK. (U/L) 220.3 123.3 414 0.13
Lactate dehydrogenase (U/L) 1,146.5 924.2 65.8 0.04
SOD (U/gHb) 1,751.3 2,105.8 151 0.13
90 days after feeding
Glutamic-oxal acteic transminase (IU/L) 88.5 63.5 13.4 0.22
Glutamate-pyruvate transiniase (IU/L) 24.0 23.8 1.67 0.43
Alkaline phosphatase (IU/L) 33.0 393 4.29 0.32
Cholesterol (mg/dL) 115.8 189.2 23.2 0.05
C.PK. (U/L) 147.5 105.5 33.5 0.40
Lactate dehydrogenase (U/L) 1,070.5 965.5 73 0.33
SOD (U/gHb) 2,191.4 2,210.4 185 0.94
120 days after feeding
Glutamic-oxal acteic transminase (IU/L) 88.5 63.5 13.4 0.22
Glutamate-pyruvate transiniase (IU/L) 24.0 23.8 1.67 0.43
Alkaline phosphatase (IU/L) 33.0 39.3 4.29 0.32
Cholesterol (mg/dL) 115.8 189.2 23.2 0.05
C.PK. (UL) 147.5 105.5 33.5 0.40
Lactate dehydrogenase (IU/L) 1,070.4 965.5 73 0.33
SOD (U/gHb) 2,191.2 2,210.7 185 0.94

AEBHE PRI IR BT R 72 DLE (5R% > 2018 ) » BURE B R BVEIOIRAE (Chase, 2006) - 7R
(2018) A 2 BAE B (KL 72 ) TR eI B M e A e - i Kb - HA S E e EEE e 30 X -
60 ~ 90 fz 120 KAWL 82, - HAASTE) B A EARET (& 30 K ~ 60 ~ 90 Kz 120 RA R Zi#iEs - B\
B iR B R G R (Abeni er al., 2007) = Abeni et al. (2007) $i5 tHEAE & 48 Hie A HLDIREAE I i LAS P BRI BRITY
GREKAE - B bR L IE R > NI RN R E HARE B (NS E Z — VRS RE R - BB B &R
DERE > TR TERERERGS MEHGEE R e R A 2 BN 1A B (Kunkel ef al., 1953)  HIEZBERZ S RyHLIA T EVESE Y
JEWEE G (Li er al., 2004) - AGUERERET % 60 KA (R b AL B Wk B & M 2 e - HESEARE el e A i
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5 K2 $i o] RE A B AR IL A AH AR HVIE 15 - A 2 R AILIAAEER - 85 B7E7A S X (aerobic metabolism) A
HEEEFRE » FEMBMEARTE (anaerobic pathway) f3FTFRAER > RIS EEE ARV E A B ENE » itk
W S I (Lai er al., 2009) o MAGERGH A AERE « i1 LA TR RERET % 30 & 60 Kifn -F ALEZHR Sl 2 35 -
Mohammadian (2011) fgH] 35 SE{EEEWAFLAEFHY LDH » 35 £ 867.16 U/L » ifgil 25 SHEREERMEFL 5 3% 2 LDH H
K5 1,524.04 U/L - TiAstp i iR 40 4= & i sl B EL i 5 LDH 707 1,070 % 1,146 U/L - (s Badh i fE A 1S ~ §i K&
fmAEin R LDH ARV 2 924 2 965 U/L - i B Er i sRAE EIBEHREIE(R - R0 nTREEEAVEE T ERE B
‘DR (Scharf et al., 2010) = 5&% A (2018) 1 S0 26 2 AR L AL A6 e/l SR A ST - i RERA ISR ER B E
B o MM SR R IART RIS A REE 80 R BRI RERE FHIE AT BRI RE (B TR R LR B E M TR ) ~ AL
AR (FLERIR SBEMER D ) RITEILEE ST (B ELYIEALESIEET ) SRR - (NG EMERAE > #
MiEEFEZEREE 22 -

-~ #il S s TR BB AR v B AV A 2 (Naziroglu and Yiirekli, 2013) » fEPiE B £ % (antioxidant system)
HEY ~ B S s B 0 S — B E ALY LB (Zn-Cu-Mn-SOD) HYH L7y » R AR Ef28E T 5 H 5 (superoxide
anion) (Tapiero and Tew, 2003; Lean et al., 2013) » Zhao et al. (2015) 5B I EG IR SIS (BIREE (oxidant status)
BRI aakE e e A Y ~ 8 R - BT IR B R A (B E IS LB sl S LB LR ) TLEL A%
YK o B W 5E g H (Miller et al.,1993; Campbell and Miller, 1998) #7075 #4&$% 8 #3 0] [ (K S/ EE22E (oxidative
stress)  {H72& Cope er al. (2009) ZEFAFL =Bk H e 7oA HRET RHE & I S L LB E M - ErTE R R A H
REEE AR ERYE AR - TEFNEYIT - B BNHIEIL R T LURD B HEWG 1R B HE AR
G - (H2 > IEREHAME - HE REEENHER AR S H GHA LRGP E HER SR - R E A
WHEE - K LEYIHIE D ERE(LIEE Miller er al.,1993) - M - B FIEEIEE & 5 E A S LB EAIPEEL
(Miller et al.,1993; Bernabucci ez al., 2002) (it » FEREALBIHREET - BEEAVRH A TEY - 86 580 7T aE A B
DARREA YV R LIRE - A RN SRR -

A

ERERH O AR ~ S SRR EALMGINEI R (B TR e 5 L RR TR - A I P TR B A
W ~ AR S E B L RRAR Sl i RS MBS VI bR Z iSRS 23R - NIt > Atz &5
Rt RN T SR EH Y BRSBTS FRE -

# B

AR T B B G AT E0h [106 2R 2.1.1- 5 -L2(1)] » SABRHHREL R 2 s B e el (v
R BB EHERRSHT - SR -

ZEXR

TR - FSE B - RESR - F5B00E - BRI - MIEEE - 2018 o SRR - SELE I SRR SR RO
(AT RN ATE > B RE R 2 508 - BAEMSE S1(3) * 201-208 ©
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Abstract

The purpose of this study was to evaluate the effects of dietary supplementation of Zn, Cu and Mn on milk composition
and blood traits of Holstein lactating cows. A total of 24 Holstein lactating cows were randomly divided into two groups
according to their body weight, milk yield, parity and days in milk. Cows received diets adding 0 (control) or 360 mg
organic zinc, 125 mg organic copper and 200 mg organic manganese (head/day). The raw milk and blood were analyzed and
collected every 30 days and the trial was carried out for 120 days. The results showed that dietary supplementation of organic
zinc, copper and manganese for 30 days had a tendency to increase milk lactose percentage and total solids percentage. After
60 days of supplementation, there was a tendency of increase in milk fat percentage, total solids rate, and milk urea nitrogen
rate. The milk composition at 90 days and 120 days after feeding were not affected by treatment. The dietary supplementation
of organic zinc, copper and manganese reduced in a tendency of decrease in blood alanine aminotransferase and lactate
dehydrogenase 30 days after feeding, and also significantly increased cholesterol content. However, 60 days after feeding,
there was a decrease in alanine aminotransferase, creatine kinase, lactate dehydrogenase, and an increase in superoxide
dismutase contents. Supplementation of organic zinc, copper and manganese for 90 days and 120 days after feeding
significantly increased blood cholesterol levels, but there was no significant difference in other blood traits. In conclusion, it
was known that supplementation of organic zinc, copper and manganese in diet could have no significant effect on the milk
component, but it could improve alanine aminotransferase, lactate dehydrogenase, creatine kinase and superoxide dismutase

contents in antioxidant function.

Key words: Blood trait, Holstein lactating cows, Organic copper, Organic manganese, Organic Zinc, Temperature-

humidity index.
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ERLE TR AR L L AR

SR ¢ MLEC REEY ERECY 25

WefhHIg - 108 524 H 8 H + #22 HI] - 108 4£5 H 21

W R

NI B Bt oh B A R R R 4 B BRI S BRI AR AR 2 S - [T SY - BRI 38 SF AR I (F RSB B
ORI EREAINY) > BURETR P O RAVRIN R — A 1T oRES - ASUBREL 30 BH 28 HEREEAL 48 HalBREny) &tk
Ty Ry 3L Sy IR B ~ INIIEESE S AR E R6 & (Bacillus coagulans R6) K EF{EFEE S10 4 (B. coagulans S10) ©
SERHEER &R WE  fRCR R P ARG ER A M E EE - SRR > 2 FFEPREE AR 0.40
10.05 ~ 0.4710.06 5 0.50 £ 0.03 kg/day/piglet - B~ 78 S fUMRE R6 B S10 Al S{T4ER &= (P < 0.05) - 840 -
R6 B S10 FRIRAHTFERY HIMEE - 4755 0.22£0.01 ~ 0.23 £0.05 £ 0.27 £ 0.04 kg/day/piglet » NN AR EAHAY H 3
EHIE R H RS (P = 0.064 / R6 45 5 P = 0.067 / S10 41 ) » {EERIAERTTH AREIEZ S - 551 > fili7e R6 E
S10 > WARBIETE S EE ARG RREE - &7l - G AR R6 50 S10 - SIS NEEAL F ARV BB
HigE - HEERSR - EERGIFER R AREY > IS EEETE -

Rt SRR ~ ERUARIIY - BEALITSE -

1

#iZE T (probiotics) FAER AT - WO A (ELUERS AR AP A& - HEERILA TR BB
T o —HEF] 1908 4 - kBl H A #4151 Elie Metchnikoff & U iz A2 B HIR S - Mfs L ST IR AV L AT ey
ABEH A \EHRFEE AR - —fmE - HENRAEE RIS REIEEABIE - SRR - FREEENEE L
FZATAE HLREAET TETE KGR EiRG 1E 2 TR S (BB > 2009 ) © BRER K KB ST AL 2006 K 2017 SE2E (R EREAR T
ARAERIEHER] - B H ATECR e SLIE PR RS, - BEMIRA R BT R 2 S EEa R IRy e - Rt
PRSI T AR REREERERLS ) - HhSdENEY eI T B B At - B EEEHY
ARMAE ~ RIS AERFEH > DUE BRI & S A i A 2 Y —TH Al T o -

ERLA IV A R E E N AR TPRE P T RRE NS - SR =B o fEER I TG R i
RERETENE - IR R @M eGREMAlE - KhREFANEMREENER - EERSEMEY) Py
EHFHI/ER] (Hooge, 2003)  AgtEa oy HI LIRS (2015) Eifiie A 4 S0 B R HAE (Y 2 MROFEIRE - BRETIE Ryt
NI R AR - T ARG I e EeslR - SHE e R TR AR R 58 A RV RE AU -

|

MR TR

L ZRARECR
LIEm#EE B F R B R E R (E S EIAY 4 PREL 2 PREFEIRE - CEEEE - Mk (pH2) ~ MHAEEE (2%) ~ it
= (90°C ) R EEMTHIRETIMEATR - BEHL B. coagulans R6 B B. coagulans S10 ZF{UARET - A AET TS EE A4 FE B

Fr st -

() TR EE B g E Bt s 5 2612 5% -
Q) (TEb e EZ B s AR AT T4 -

Q) TEbtREZE g T EARITEES -

D TTBIREEZT A& EnRPTE R -

(5) #EN/EE > E-mail : cmwang@mail.tlri.gov.tw ©
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1L BYPrAE
[P 4 8 LD — SREEERLTRE 30 SEKIEE R PERIB IS AL 3 4 940 5 W/ S - FESSERIN BRI
Bt - CLIEEITAA (4467 CP 20.0% & ME 3,163 keallkg (REH} » % 1) « /RHIRG 4% S10 41 > (HIREI DT
SEBEE 10° CFU/Kg » BRI E 2018 427 H 5 EIBMARH 3 18 - SRR & - WHSBIESRIOK - 58
RS HR AR X -

*® 1. FFEETEEIRERC T 4R
Table 1. The compositions of the basal diet for the piglets

Item %
Ingredients
Corn meal 62.00
Soybean meal 25.75
Fish meal 5.00
Dicalcium phosphate 1.60
Limestone, pulverized 0.80
Skimmed milk powder 2.00
Whey powder 2.00
Salt 0.50
Choline, chloride, 50% 0.10
Premix-Vit" 0.15
Premix-Min" 0.10
Total 100.00
Calculated values
CP, % 19.90
ME, kcal/kg 3,163
Calcium, % 0.95
Available phosphate, % 0.59
Lysine, % 1.30

* Supplied the following vitamins per kg of diet: Vitamin A, 6,000 IU; Vitamin D,, 800 IU; Vitamin E, 20 mg; Vitamin K, 4
mg; Vitamin B,, 4 mg; Vitamin B, 1 mg; Vitamin B,, 0.02 mg; Niacin, 30 mg; Calcium pantothenate, 16 mg; Folic acid, 0.6
mg; Biotin, 0.01 mg; Choline chloride, 50 mg.

® Supplied the following minerals per kg of diet: Fe, 140 mg; Cu, 7 mg; Mn, 20 mg; Zn, 120 mg; I, 0.45 mg.

L SRR
BT s\ BRSO (7 IS ) - SRUEEETEFARAIFE(E - i Chromagar (CHROMagar company, French) i
H9J75% [ MRS BRI ARSI B LS B B (2157 > 2017) -
IV. &t o3

Ao 2@ttt > SBHIESER(EH SAS GiatE4E A (Statistical Analysis System, SAS, 2002) FI|H
— 4R M U HE > (General Linear Model Procedure) #1788 7575387 > AL Tukey’s Studentized Range Test [LEREEEE
4HRH 2 A FEENE

L R

L {FFEERFR
() FHERREER
BRI IIAEAS SF AR R B T AR B BHYRZ R - W3R 2 - BEZRMTE R6 R S10 % 5 & 6 iBHikIF < Bk &
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B WEEAR - (LR 7 B R AR S I B AL (P < 0.05) - R6 41K S10 41 2115754
SERHR AR S (P < 0.05) S HVEIRLL > H =412 B RS H1 % 0.40 £ 0.05 ~ 047 £0.06 % 0.50 £ 0.03 kg/
day/piglet « BETETDRIHINN R6 5 S10 A HETHTRHR A RATEIE « fKIE Pu er al. (2018) PRI
BRBLSEAE TR » FTRMINITREHTER & & (405.5 vs. 486.36 g/day/piglet) » At BREVE (DGR « f£AFE LRI
R AL HIA#R AR A9%S T (Chen er al., 2006) » e ST R NI FAT B EHETHF BT R T A R ATBIE S A
%E% o

2. ERIANIIES SRR SRR & (ke/day/piglet) WY&
Table 2. The effects of addition of Bacillus coagulans on feed intake (kg/day/piglet) of the piglets

Weeks of age

Group 5 6 7 Whole period
Control 0.2410.05" 0.41 +0.08 0.55%0.04° 0.40 +0.05"
R6 0.24 £0.06 0.50 £ 0.06 0.67 £0.09° 0.47 £0.06"
S10° 0.28 £0.04 0.50 £0.03 0.73 £0.04° 0.50 £0.03°

“® Means in the same column with different superscripts differ significantly (p < 0.05).

" R6, the feed contains Bacillus coagulans R6 1 x 10° CFU/kg, S10, the feed contains Bacillus coagulans S10 1 x 10* CFU/
kg.

" means = SD (n =5).

(i) FFEHMSE
—MRM S » wmEE A AEAER A TE R - B R EEE YR R R EHISCE AR - HG

2B B AT AR 2SR R X E BT AOMLEERE - TS AE RN B - BRE B B ETRISCR (5% > 2017 ) - H

Guerra ez al. (2006) &5 FAGH » FFFEGRMR RN LR B A AT THF5ERY HBS EEAYRCR © Meapkt i
AWATE OB YN B ATRTH75E HHE EAV4ER (Thu e al, 2011) » HR9E Pu er al. (2018) 5 BEAS S fIA7
R P DA 2 LS At e o 5 B M RO R AR AR BRI I (R HE AR A R AR HE S - T2 RFE T H
IMSFEFES HIEE (11%) HI%55H (Chen et al., 2006)

AsRER = 4H 4 HA 2 HIEE SR 0.22 £0.01 ~ 0.23 £ 0.05 £ 0.27 + 0.04 kg/day/piglet ( = 3 ) o Gl
ARG 5 810 2 HIGEAHEH I (C) mHYHEES (P = 0.064/A 4H 5 P = 0.067/B 21 ) » LM S » A0 R6 2
S10 Ay H W ERAAA RS HIEEES (P < 0.1) « BURAGERTET 748 H 0 S V4 SR B AR LB B B 1
RE T & HIG RN ZTAS AR -

3. R IIASE IR T SA N & (kg/day/piglet) HYZ %
Table 3. The effects of addition of Bacillus coagulans on body weight gain (kg/day/piglet) of the piglets

Weeks of age

Group 5 6 7 Whole period
Control 0.09£0.02"" 0.25%0.11 0.3110.05 0.2210.01
R6™ 0.09 +0.04 0.3210.07 0.29 £0.04 0.23 £ 0.05
S10™ 0.12£0.03 0.36+0.03 0.34+0.07 0.27+0.04

" The piglets’ body weight at 4 weeks of age of control, R6 and S10 groups were 7.44 + 0.42, 7.44 + 0.66 and 7.15 + 0.31 kg/
piglet, respectively.

" R6, S10, the same as in Table 2.

™ means + SD (n = 5).

(i) -GPSR %
=4H > S HAEE R FIRE (body weight gain/feed) 43715y 0.55 £ 0.06 ~ 0.49 £ 0.09 K 0.54 + 0.08 » Z4Hf
fEAHE R (R 4) - —LLAHRBASUR > 20 Wu et al. (2018) FAFFEERHRE Hh 2N 0 2F FERR B e LA BaD bR 3 fe i
F5 2~ Guo et al. (2006) A& R 7 BN IIAE AR E MA139 7L (758 0Y B Bl e i 2 52
TEABEARE T - Gk o BRI AL AR B ST 58 R R S 4H A B A2 22 (Yu et al., 2008) DL fiffi
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FORIIRA LR S FUARE (B. amyloliquefaciens) ¥BEFL (T4 H S & BELERSCRIERIE IS (B % 0 2017) -
BN NS DR

Pu et al. (2018) Z&ERFGH - BalfE TR NI FH BB AEAS o fUAR B RIS IR B B AR I BT RESCR A
FHVRCR > FIRFR 83 28 TORIATER G > S HH2F AR ] DU A A R R A o [ 5 B 1 AR ek AR S
EEEE > (e (P A A RFIARICHEDR - Aslls 2 (PR BRI R & A T T - INEEHEE R

T4 ERIRIIAESS S AR E A8 G R A I RER (feed intake/body weight gain) Y22
Table 4. The effects of addition of Bacillus coagulans on feed conversion rate (feed intake/body weight gain) of the piglets

Weeks of age

Group 5 6 7 Whole period
Control 0.40%0.09” 0.6210.30 0.57%0.14 0.55+0.06
R6 0.3910.20 0.63£0.13 0.4310.04 0.49 £0.09
S10° 0.42%0.11 0.73 £0.04 0.46 £0.10 0.54 £0.08

" R6, S10, the same as in Table 2.
" means = SD (n =5).

I BEAL AR ERGIFE AR

SF AU P RE ARG TE A pH 805 RS SRR A R B 1O 2% 1T 3 FE H UM AE IR S M (Riazi er al., 2012) - I
Lievin ef al. (2000) 5t - SRR EH7E F 058 B A A PRI Q0 B B 7L - I f bR A BRI N A B SR 1
TRE AR © Choi er al. (2011) $5 iz A B RIS E A MAEY) - WV AEMEYIE%

H1 Puer al. (2018) ZEFIREDT » BifE fHAR A FH B B ARG SR FUAR G - BIRIGAR MG (T A8 (P RIGAT
WimEERE > (AR IRIIE RN, « SEESF IR E R 20 (oregano oil) » Il AT BRE (KT 58 L (E ARG R
B - A EReE R Pu er al. (2018) Z&ERAALL - BEFAL ARG G 2 F fUIR R AHE 3 1% - SHHHEET RIGITE
B MR BT E R R (R 5) o IS — R ROVAID - 8OR S15 R RS o RISIR R B4 R -
RN EHERAEYE RS EIRAYRCR -

RS MR EREEZ FREE T RGREN A RREE SR

Table 5. The colonies of Coliform and Lactobacillus in the piglets feces between addition of Bacillus coagulans

Group Coliform, log CFU/g Lactobacillus, log CFU/g
Control 6.37+1.05" 10.64 £0.26
R6" 7.86 £ 1.35 10.75£0.23
S10° 7.40 £ 0.62 10.85£0.09

" R6, S10, the same as in Table 2.
" means £ SD (n = 5).

R

PRI RO B S10 ZFAUAR RS nIE B AL SEHV IR & B e H M E (BRI FI8eR e (ARG i B
ARREE S AR TR - Al SR TR RR N SR e SR E BB T I 2HRE -

E&I

KRG TRt R B g BN [107 BFR]-22.1.1- & -L1(6)] - BEREATE LA 28R > it

FEaHt ©
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~
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Abstract

The variety of antibiotics that can be added to livestock feed have been reduced in the following years, which is a trend
for the international and domestic future. In response to this new trend, Bacillus has been developed as a feed additive for
economic animal health. In this study, total of 30 heads of 28-day-old piglets was used, which was divided into control, R6
and S10 groups, each group with 5 repeats. The piglets of control group were given the normal feed. The R6 and S10 groups
were added Bacillus coagulan R6 and S10 (10° CFU/kg), respectively. The results showed that the feed intake of the piglets
in groups control, R6 and S10 was 0.40 + 0.05, 0.47 + 0.06 and 0.50 * 0.03 kg/day/piglet, respectively. The feed intakes of
the Bacillus added groups (R6 and S10) were significantly higher than those of the control group (P < 0.05). It was shown
that the addition of Bacillus coagulan R6 or S10 in the feed could increase feed intake of the piglets. On body weight gain of
the piglets in the control, R6 and S10 groups were 0.22 * 0.01, 0.23 £ 0.05 and 0.27 £ 0.04 kg/day/piglet, respectively. The
daily weight gain of the Bacillus added groups (R6 and S10 groups) was higher than that of control group (P = 0.064 / R6
group; P=10.067 / S10 group). But there was no significant effects on the feed efficiency. In addition, the addition of Bacillus
(R6 and S10) in feed had no significant effects on the colonies of Coliform or Lactobacillus in the feces. We concluded that
the piglets were fed with the Bacillus coagulan R6 or S10 feed, which had higher feed intake and body weight gain, but no
significant effect on the feed efficiency, and also had no significant effects on the colonies of Coliform and Lactobacillus in

the piglets feces.

Key words: Bacillus coagulans, Feed additives, weaned piglet.
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PRI ® BRER O MEZ @ =Y OEEE BN

WefH3H - 108 423 A 29 H + #2 H] - 18 4E5 H 29 [

W R

Al 5B A FIS R B L F IS A RIERE - BRIEIK - TRPUREREREGZZE - DEHEENE
REFE L FCZ AT - 0 — 3l =M L RISEBEN B HEN - EER 3 Bk > & LB ERIK 4 i
& BT 4 A ESIRRIE - 735 R A SESAEIRR I ~ BEREPRIA ~ RORIKE SARRB BRI - SR =B
FHEE 20 & > SEEEEQENEFENHRE - EaURINES 3 7> 10 Kk 12 BERE; - NENS & 5 BE E K 5 HEk
MR DETEIREZREE - WEH - REIRREAE R FONE R PR e BIBEEN - W0 12 Bk
TR ERAHARTE 6 & - WEIREZ BRREiR - SUERGEREUR + SHEHE 12 BlISAEE N 2,663 — 2,875 g Z#iF - {H
B AR IS S/ ERE E R 2,875 g BB AEA SE MAGIRIR A By 2,862 g - B BE A BAEASHE LB PR I 4H
2,663 g FyEE (P<0.05) » {1 12 JEEREFHIE - SRS SESAEIRR I AHAY e BRI By 1.80 S BE BB IR H4H 3.25
71~ AREBRIRTEA 2.67 77 RARRB 1L IRIAIAE 3.58 53 FyfE (P < 0.05) - HpaH 3 — 12 A RIEEHCR 1 3.45 — 3.78
ZHEE > BN AR o ELEBREARRIR L AR R £y 345 > FHE = hEZBE - S
12 Wi PR 19.0 — 211 em ZHEE > HIEEEEZ ERE R ERPRAE R 19.0 em - HEHE=MH
RFZIRG - HPRBAHRESE RS R 80.3 — 82.7% L& - SAHMIMERRE 2R - BN E R 412 — 504 g
ZHE > SHEEMERE AR - GeARBSERBTE AR REIERE  fRERR R EBEGERE - ZNGE
fect SRR E RS o T INZN T A=

BEdtEE - ISPRATE ~ NS ~ ERVERE - BRaMIK -

i

EEAR R - ERERZRNIREANEEEYRAE R - LS GRIREDRE M 25CHR > &5
RIS WNSEEENIREDRE 20°CH - & HIEFZEEE TR 18.3°CE /D 30% (Bouverot et al., 1974) - Hester
et al. (1981) $5 AL FNE IR E Z B E0ANT - HE FRRER K © Zanobini et al. (1997) LLEGEIG AR ELURZE N HH A
FEMRET 8 GSRENE R ENREE TIRARERE » MESE RERRCRAmEEE 22 > M ER L T i
FHERERIEE T % - BURsrh il RE BB NIRRT - sRIREEENEYROR LT REEREE - R
o~ JEE A EIHEZ (Allemana and Leclercq, 1997; Geraert et al., 1996; Pope and Emmert, 2002) ° Jfj< &Y {5
F > R S ] DARRRHS & fa e FrE 2 0y ZVE0E » o] DARRARY MEJR IR AVEER - DUR D R & 7 BB i s

KEEFEE Y #mERE (2010) f5HUEREERIEE - IEE I ARER 0.8 EN LS - HSEFEZREEE
SRy 1.6 €FE | AANEFEBRER - FEFEABREENSIEEAE RMERAREEERZE - 7% (2012) AR
B NAEMEE T ARE® 1.2~ 1.5 & 1.8 ElE » H&HAVASE B RHEH R R 25 - [hIh » MRS
(2014) RIS S B HEE T ARG 1.2 B8 M E < 5 (2008) FIH/KEEZaEAIEHEHE » HejgZ 9 — 11
BERIEE 2 G ER B B A ERIRCE IR NS E H B E > ZRBEHA (9 — 138 ) Z A RMEREAIE AR - 8855 (2013)
EFKEAES Y Sl T BIREEEE - HEZEWNE - LEBFEITAREE 1.5 &L - =55 (1993) FIHR[EE
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{ERAHEMAE R MBMIR LIS IRA 9.7% BRI 3.1% BL/CAH 0.2% Ry (P < 0.05) - 555 (2015) f5iH
/KM Z BB HALFNGAE 7 #8ik & 9 BRI AR SRR E R R (P<0.05) © HAE 9 HlRE - A/K6H 2
AHHNGE EFEPIREE R (P<0.05) « P ESCRIREHSH > 38 E AV eI B R Y AR A S AR ME TR
HRENY) RAFAVAERIRET ~ SRERBIYELL - X0 DN S # S E 2R MR BRI - At - AslBRst %
WSHETTEAER > DIRFE S AR ISR B B IS R IUERE - BRI - 2RVIRE MEBREGE 2 F8 » E—2ET
TEIGZ ENEEER - RHEESR -

MR T A

L sbheia st

THESERRISEEB D HTEETM (V0 1988 ) fHEE Z EBWALEMRE (R 1) - 0 — 3 Bk = dnfl L HIGEE
EHEEN - PN 3 Btk o 88N 4 EARESRRE (775 RN SRR - BEBRE ~ ARORRE M
1EVEIRE ) - E I = - FEE 20 & > 4t 240 EAtEE - SHEFEQE KERHE - HolbalirrE hex
KR AT - BRI F 107 £ 6 H 15 HEEZE 107 £ 9 H 6 H1E - RZES R 2 #R BN TBItEEZE g EE
SERFTE R T ATET - B2 - RN ERNET S RTEGREZ R R EsRATEM T EREIYEEER
A Z St B AT

# 1. 1FE 0 — 12 BElA IR

Table 1. The composition of the experimental diets for mule ducks during 0-12 weeks of age

Ingredients 0-3 weeks 3-12 weeks
Yellow corn 553 66.3
Soybean meal, 43% CP 253 20.6
Barley 997 e
Yeast powder 30 e
Fish meal, 60% 20 e
Wheat bran e 8.71
Soybean oil 1.1 1.1
Pulverized limestone 1.1 1.44
Dicalcium phosphate 1.1 0.9
lodized salt 0.3 0.3
Choline choride, 50% 02 e
L-Lysine * HCI-98% 0.08 0.13
DL-Methionine-98% 0.05 0.02
Vit- premix® 0.3 0.3
Min-premix® 0.2 0.2
Total 100 100
Calculated values
CP, % 18.91 15.40
ME, kcal/kg 2,892 2,890
Ca, % 0.74 0.72
TP, % 0.68 0.60
L-Lysine, % 1.12 0.90
DL-Methionine + Cystine, % 0.70 0.57

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

" Supplied per kilogram of diet: Mn (Mn,0,), 100 mg; Zn (ZnSO, » H,0), 90 mg; Cu (CuSO, * 5H,0), 8 mg; Se (Na,Se0;),
0.2 mg; Fe (FeSO,), 100 mg; I (KIO,), 0.5 mg; Co (CoCO,), 0.1 mg.
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IL HIEHEE
() WeEIREEZORRYE ¢ (EADRBEET (TFA, A9SG - 452001, Germany) e BRI & MNIE =K - AE R Sy
A9 B MR =R BERIN LA - Rz 2 RIS -
(i) AERMERE - EIRE 37~ 10 & 12 AHRE: - HIE SAANERE KRR EE » DEtERERTER - T3]
REZHERISES 7 - 10 k& 12 FHiRhs - fTHE RNEIRESE S I EFPIRE - EREE 2 HEBRIBIE
& REARBBEEGEELS T o 51773027 Hocking er al. (2008) FEF K HEAVRE &S] > W EHEA 0 57
24 R TR 0 72 5 0y ROKEHERIFI R - B1H RTEIA/KS e A AE ML - BB -
SIS H PR AR 2 KE 1 s -
(i) FERGMEIR @ 7Y 12 EEREs - MR 2 SIRLUNE SRR E - BEE - By (BlRE /JERE ) DKgH
E o
L. &Rat574T
RESEEAK SAS (Statistical Analysis System, 2011) i > —FE 43 4F2 FF (GLM procedure) #E7 T4 54047 »
FLURF A IFBEE 72 B (Tukey’s honest significant difference) » LLER S 4HSEHEE T 2 75 BEEE M

*2. SAEBRISE BN

Table 2. External foot pad scoring system for use in experimental ducks

Score Description of foot pad

0  No external signs of Foot pad disease. The skin of the foot pad feels soft to the touch and no swelling or necrosis is
evident.

1 The pad feels harder and denser than a non affected foot. The central part of the pad is raised, reticulate scales are
separated and small black necrotic areas may be present.

2 Marked swelling of the foot pad. Reticulate scales are black, forming scale shaped necrotic areas. The scales around
the outside of the black areas may have turned white. The area of necrosis is less than one quarter of the total area
of the foot pad.

3 Swelling is evident and the total foot pad size is enlarged. Reticulate scales are pronounced, increased in number
and separated from each other.

4 As score 3, The amount of necrosis extends to the foot pad, but with less than half the foot pad covered by necrotic
cells.

5  Asscore 4, but with more than half the foot pad covered by necrotic cells.
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L WIS
TESABRIAN - WO AR FASIIE R 314°C - THIRMMER 31.7C « THRIGRRE 304C « PSR

F565.5% (18 2) - /KB AR - BETTERIBK AR BB IR (AU - BISRSF (2012) Rebhs (2014)
EAEAN, - SN ERBORIE I S R  BNSERR 33 — 35C R RER R R IR
RIS - R AR BRI (M ETISE R 5.1 ke L) « BRI » SOELHDUEUE T
AKEAKAPS - RS 2B + O TR S I - (BCRATR - TR SBARET F S
SR - RS T ~ UNALEE R AR TS (Rozenboim er al,, 2007) « B4} - #R% (2014) 5¢H
BB EHE 35°C AR ERE NS - HE « A B e e R T -

L A RfEAE

FERSRE S = a il L RIS ERMERE 2 > AR 3 Fn » ARORIRIEH 7 BETEARE R 1,841 g - BEEEL
HE=MHEE (P <0.05) - REREE 10 BEIEREE R 2,618 g JREZHERBIRHIA 2,448 g BUERE L8R H4H
2,449 g JyEE (P < 0.05) - 12 iR S pa UG RG EHY 2,663 — 2,875 g Z#if# - (EARFRIKIALSHGE R 2,875 g
BN SRR B 2,862 g B B EUEIB ILVBIRIAH 2,663 g RyEE (P < 0.05) - $RFTHIA » ISE/FRRIEGB LA
PRIEHBCRTR > WS 2 B RS S 7Rk E] - IR BAGRRE 108 R T 4H S G S g

FhaiEd 3 — 7 RIS S E Y 1,348 — 1,496 g Z#iE - HLURFRIRIAIEE K 1,496 g > ARHE =4
R 2% (R 3) - GiatS B 10 — 12 BEAGEATHL 214 — 374 ¢ Z#aE - SAHMFIRBEEER - 4157
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Fig. 1. The illustration of different damage scores of footpad for experimental ducks.
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Fig. 2. Changes in temperature and relative humidity in the duck house environment during the experiment period (4-12
weeks of age).



118 A ENSRAE # LIS R R R R IR 2 2

*®3. AENSARMEH =M ENERIEREZZE

Table 3. The effects of different floor materials on the growth performance of the three-way crossbred Mule ducks

Treatments
ftem Stainless steel mesh floor Plastic floor Wooden slats floor Rubber anti-slip floor
Weeks of age Body weight, g/ bird
3 344 %8 338%8 34518 335%7
7 1,744 £ 30° 1,700 + 22° 1,841 £ 29° 1,683 1 22°
10 2,519+ 61° 2,448 +24° 2,618 £ 41° 2,449 +32°
12 2,862 + 49° 2,774 £ 26" 2,875+ 43¢ 2,663 +43°
Body weight gain, g/bird
3-7 1,387 53 1,362+ 11 1,496 46 1,348 £ 31
7-10 788 £ 41 748 £ 57 777% 16 766 £ 28
10-12 3411271 374152 25711 214133
3-12 2,517+ 113 2,483+ 15 2,529170 2,328 36
Feed consumption, g/bird/day
3-7 1314 130%1 134£2 132£2
7-10 14215 132+1 1332 143£3
10-12 15216 1617 155%5 150% 1
3-12 139%1 137%2 1382 140t 1
Feed conversion ratio, feed/gain
3-7 2.6410.03" 2.66 £0.04" 2.51£0.05° 2.74 £0.03"
7-10 3.7910.19 3.751£0.27 3.6110.03 3.92+0.09
10-12 6.95+1.75 7.0710.74 8.4610.05 10.35%£1.69
3-12 3.50%0.19 3.5510.01 345%0.04 3.78 £0.07
Length of 8th primary feather, cm
7 3.9+0.2° 3.610.2° 4.0+0.1° 3.210.2°
10 162£0.4° 163£0.2° 16.3£0.4° 149+0.3°
12 20.9+£0.2° 21.1£0.2° 21.1%£0.3" 19.0+0.4°
Footpad damage, Score
7 0.98 £0.11° 1.93£0.12° 1.42£0.11° 3.02£0.10°
10 1.38+0.15° 2.97%0.14° 2.02+0.15° 3.4310.14°
12 1.80+0.13° 3.25%0.12° 2.6710.14° 3.58%0.14°

"¢ %\eans in the same row without a common superscript differ (P < 0.05).
Means * SE.

FREE3 - T HER P EHREENN 130 — 134 g ZHE 7 - 10 HKR 2 PHEHREENT
132 — 143 g Z [ - 10 — 12 B 2 FHEHEHREENT 150 — 161 g ZHuE - SHMIMEEZR (F3) -
ait 3 — R BERZPIENRERENT 137 — 140 g Z#E - P EEBREREH > e fEEN R
HEn NG E 2 AR B RS N > S m BN ERAE RS EERAHMEEAEER - 5 (2008)
HFH/K 8 ARSI - g 9 — 11 BRIEEZERIR e E R ERESCR - IR E i E - 24
9 — I3 A RVEREMEA SR - SO I AVE IO &S 2 Eh Y RE A BG Y B BLER KR PR & B HY T (Lesson, 1986; Teeter
and Belay, 1996; Yahav, 2000) - FTEL » sk £ E IS EIR RO RAVEREE MR RETE I 2 B -

FERRPRH R TTIH - Y 3 — 7 B3R - SpaFRAH SRR /5L 2.51 — 2.74 Z§uE - (HLMEE IEERIEIH
HeEPRHEReR Ry 2.74 BEBORBRIRIA 2.51 Rz - STRHIISEEREGE BREROHE - /IMER B ERE
1EE IR FFH S S N etk ] > M B HIE (R3) <107 — 10l - Spa Bl SRR /15 3.61 —
3.92 Z#ilE - BAHFNCREE AR HY 10 — 12 Bl > SR ETRHEIER /L 6.95 — 10.35 Z#EE - 240
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ERERE R - HANARERISERRNEERRIC SR - BB ER AR REE - TrgEr)
BRE > BESHEEEILY - SR AR R 2 R - G5 3 — 12 BRI S B G ReR
1A 3.45 — 3.78 ZHEE > SN IMERE 2R - [EAMIKEEHERERER R 3.45 - FRHE=HAEZBE -
HRaTHA > ATRERAMRIRE 3 — 12 R E R 2,529 g FECA MGG IRIRELE 2,517 g » BERIA 2,483 ¢
EGRE (OB IRIHIAH 2,328 g =4 e 3G - HRmBdiInE Z e BB I 137 — 140 g Z#E » H#E
EOH R CR fy 3.45 BERHE=HEBEZHRE -

FEEFPIRETTH - 5 7 Bkl > WE S e HH EFRPREN 3.2 — 4.0 om Z & - HIRE IR
HHETRPIRE R 3.2 om A BEER A S HMAGIRIR AL 3.9 cm BURFRIRAEIAE 4.0 cm RyJH 2 52 (%23 ) - SPEH
4H 10 i FEPIEES L 149 — 163 em ZHilE - (HUMSRB DR EHAE EEPRE R 149 cm AEZERHE
SHRIE Z BIG KPR 12 WIS RPRE A 19.0 — 21.1 om Z#iE > HISBIEEIREAEE ¥ REPIERE
By 19.0 em FREETHE =R IS - TH  IGSH RGBSR EECR - IE 2By &7 imek
& > HErEiFEREINE £V MEZUGE FREAE R PREAER B S - halBsEREm N7 —
10 et E T EIS LR PSR 2 ] - Rpa i TRPHE RIS AR 11 om DLE -

PR BIBERT T T > 1Y 7 BEREFIE > 1SR SR R AHAY e BB G RF /) By 0.98 S B BB IRIA
& 1.93 77 ~ AMRIRIEE 1.42 73 KARKE 1B IR 3.02 73 Ryl (P < 0.05) (= 3) = J° 10 A Z MR > BUR
A EEFLEIRR AT e BRGS0 Ky 1.38 r BB IR 4H 2.97 53 ~ AR IRPRIAIAH 2.02 53 R ASHE 1B VB PRTEI4H 3.43
73 RefE (P < 0.05) - ZEJ% 12 Fifehke Z MR > & OISR S AR PR i 40 Y e BB B0 &y 1.80 7378
B BB R 3.25 73 ~ ARIRIRIATAH 2.67 73 RARRE 1HI8IRIAI4H 3.58 73 Ry (P < 0.05) = FHLL EsdBRes RS
5o =S A IR R e ENS & AR RS E R B 2 4B -

ML FEEGIEIR

FERRGIEIRTTI - 12 BRI R EHENE 6 158 > SmIEERE/T 2,309 — 2,509 g Z#i#E - S4HH
WA AR (R 4) - EBFERITH - FEHEFFERNT 803 — 82.7% L #E » HAHMIMERE 2R - 8%
(2013) #5112 1EEBHE K EE e S L BTS2 R/ 80.2 — 82.7% 2 #ilE » AstEass FEd 2 (U - FEHY A E 5 -
12 Bl S PR EAH R E Y 412 — 504 g Z E] - HAHFISmEE AR - #F (2013) MERUR 12 BiRiGESE
=l S o SRIEAGAE ST 398 — 499 g Z§ilE - AGER SR INE 2 o MEF e IR EETE
MIRHIER 73 > Bujis % (2009) HIRFZERUR » H AR 2 AR (Y Bt EE 1L 1 & B 2 6 B 2 FE G T #810 » Karcher %5
(2013) BN FEELER B (A IR A AR A S B AL RS RS2 & - 45 IR 12 W el PR 1 ) LE AR B S - 2P
BRFEE - BERET] - RERBEBRREHE By -

x4 AENSRMEE =M BN ER IR

Table 4. The effects of different floor materials on the carcass traits of the three-way crossbred Mule ducks

Treatments
ftem Stainless steel mesh floor Plastic floor Wooden slats floor Rubber anti-slip floor
Body weight, g 3,044 £121 2,967 £ 76 3,039 £ 56 2,795 * 56
Carcass weight, g 2,444 £ 105 2,444 22 2,509 =72 2,309 £ 60
Dressing percentage, % 80.3% 1.7 82.6%2.1 82.712.6 82.6%1.0
Breast weight, g 494 52 504 £ 25 503£20 412125
Means  SE. (n = 6)
W

FAGERAE SR © 1F 12 BEIEISE T - SR EHZRE 2,663 ¢ & 2,875 g Z#ulE - (HAGRKELEE
HEEE Ky 2,875 g BANBEGMAEIRRIE Fy 2,862 g BRI RB ILE IR A 4H 2,663 g FyEE © 1£ 3 — 12 HERERHEHRRT;
> AFRREAE R 3.45 HERETE =M BEIIHS - AFEMAIRRALE 12 Hikny e BIEE 7 R 1.80 SREEIERE
PRIEI4H 3.25 57 ~ RIRPRTAIAH 2.67 43 R AR RB VB PRI 4H 3.58 90 Bk - RIS % EiEasE - fkliEikeR - ERIBEN
AWz eFENER > ENIGE R ERYEGIRRE A E -
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Abstract

The purpose of this experiment was to investigate the effects of different floor materials on the growth performance,
carcass traits, main feather length development and footpad damage of the Mule duck to evaluate the feasibility of the indoor
production model of mule duck. 240 three-way crossbred mule ducks were raised in the brooding house from hatched to
3 weeks of age. After 3 weeks of age, the Mule ducks were divided into 4 treatment groups, with the floor materials being
stainless steel mesh, plastic wooden slats and rubber anti-slip and three replicates per treatment, 20 ducks per replicate.
Diet was isocaloric and isonitrogenous in each group. The individual body weight and the feed consumption of each group
were determined to calculate the growth performance such as feed intake, body weight gain, feed conversion ratio, and the
development of the main feather length, damage of the footpad were also determined. When ducks were at 3, 7, 10 and 12
weeks of age, six ducks were selected from each treatment and sacrificed at 12 weeks of age for carcass traits determination.
The results showed that the average temperature and relative humidity in the duck house were 31.4°C and 65.5%. In terms
of body weight, the body weight of each treatment was ranged from 2,663-2,875 g at 12 weeks of age. Yet the results of the
wood slat floor and stainless steel mesh floor treatments were 2,875 g and 2,862 g which were significantly higher than 2,663
g of the rubber anti-slip floor treatment (P < 0.05). The damage score of footpad indicated that stainless steel mesh floor
treatment was 1.80 which were significantly better than plastic floor (3.25), wooden slats floor (2.67) and rubber anti-slip
floor (3.58) treatments at 12 weeks of age (P < 0.05). In terms of body weight gain, the body weight gain of ducks from 3 to
7 weeks of age in each treatment were ranged from 1,348 to 1,496 g. The body weight gain of the wood slat floor group was
1,496 g which was better than that of the other three groups; However, the body weight gain of each treatment were ranged
from 2,328-2,529 g at 3-12 weeks of age and there was no significant difference between the treatments. The average daily
feed consumption of each treatment were ranged from 137 to 140 g at 3-12 weeks of age, with no significant differences
between the treatments. The feed conversion ratio of each treatment were ranged from 3.45 to 3.78 at 3-12 weeks of age and
there was no significant difference between the groups, but the feed conversion ratio of the wood slat floor group was 3.45
which was showed better trend than the other three groups. With regard to the length of the 8" primary feather at 12 weeks of
age, the length of the main feathers of each treatment group were ranged from 19.0 to 21.1 cm, and there was no significant
difference between the treatments. The dressing percentage of each treatment were ranged from 80.3 to 82.7% and there was
no significant difference between the treatments. The weight of breast meat in each treatment were ranged from 412 to 504 g,
and there was no significant difference between the treatments. According to the results of this experiment, it is recommended
to use stainless steel mesh floor for indoor duck house if ducks body weight, feed conversion rate and footpad damage are

taken into concern simultaneously.

Key words: Floor material, Mule duck, Growth performance, Carcass traits.
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+0.40 ke/ T ) -

ELIHREUR - mENHEES R ARARERE S HRIEFFmARNTNE - SRR 5 T FL (milk
let down) (Syrstad, 1986) - AztEBVU{EinfES » GV x SG &7 & = ELFIF R M4t (81.25%) » HIUR SG x SG Y
62.5% ~ GV x BR 19 50% - {fii BR x BR Il 55 100% HIEVHA-MMEE - GV x SG WTHEIM A EL S HL &8 » SG x SG MRS
M MAEEE GV x BR #5625 » (HAL B MEfE - EEJRAATEE S GV x BR BSR4 - Syrstad (1985) {F
B et - DUREEEERIER Bos taurus HiEEBL Bos indicus Sl AGER - HAESBELVE AL Bos taurus 2 Bos
indicus WA [El o fE 2 FE5C - MR =E4 RS — A WFEHmE - HEESR A2 B4 LA B HAn < il
(Cundiff et al., 1982) » FHILATFIEDRATEREEAE » #T GV x BR ZIbA.E A SG x SG AymyE R - 2= 1 b > a4l
T AR B AR A RN DA RS - BIRTEHYESLEAE 0.75 kg AT » & F1E 0.80 kg DA b o BEERAFHIRAH » BlfEE]
wFEACE A 25% BRI RSB LS AR Rt BIEEISAHSCE R 18.7% (IR AT E S, - Aallgt -
A EHAAEEAERE B Syrstad (1985) fHF » 1#E McMorris and Wilton (1986) Kz Notter et al. (1978) Fyi= o #EIRAET
AR 2 2 BT B EERAEA S E AL  EE
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F 1. AE R PR ERETT L Z 0 4 /NG PR E
Table 1. Milk yield of different breeds of cow with 4-hr interval postpartum

SG x SG BR x BR GV x SG GV x BR
(n=12) (n=17) (n=14) (n=17)
0.73 £0.28" 0.70 £ 0.20" 0.89 1 0.34° 0.83 £ 0.24®

" Means with the different superscripts within the same row are significantly different (P < 0.05).
SG: Santa Gertrudis; BR: Brahman; GV: Gelbvieh.

1 B A Ela MR Z AL ER » FLESHY GV x SG HIAL SR E — B & AR (1R 60 — 120 X) > H
ABLERE/KY > 120 RZGMRAET - SUEEEBUTI A FEENBAL LR - SER 90 RIHBULAEE -
PRI IZMT NI © GV x BROKFL S I (R 120 K) » BINEIE T - (BEBALE 28700 TIEE 4%
1% - Notter ez al. (1978) W5 » BERE T anfE S - WDFLHEGETELL > HEIRAFHY T IIEEECR - B 1 18 GV
x SG L7 SR BRI AR L -

1.6
1.4
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—=—BR X BR
—— GV X5G
——GV XBR
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& 1. AESEERA LR -

Fig 1. Lactation curve of different breeds of cow.
(SG: Santa Gertrudis; BR: Brahman; GV: Gelbvieh.)

A B AR R RHY A A S R FE L AN 2 AR - AR TEE R - BEPLASE B 0 I ERGERITFA
BRI B  BEFUASEE B WY R - BB H R LB IR © BLAT A Reynolds er al. (1978) 15T
RRAIAL S AR S S (A B AL T AR R 2 R B SR - U e 3 AR AR R A% i (Brangus) ~ A% ~ FEMA
x ZZEHT (Africander-Angus) RRAZ WM HL B R HBZAR T s AR L & AR A AR Z B R FIRF YR SIBAR R A T
FAGHLZ: ~ FEMA x R8I R R (A4 2 W FL 8 R A R R AT PR 5 IR FL B DARIRE 16 h MEZLIEET - o irddiR
HUR R OL AL B B (P < 0.01) » PRI EAMMARITEET 3.8 ke ~ ZeA& R4 3.3 kg ~ JEMNA- x &
FEHTEI- 3.2 kg RATHI SR} 2.8 kg » TAHISHTRIA-M A SR SR ZEAEHT ~ TP x ZRETRA- R AT &84 (P
<0.05) ; LAHT R FEM A x ZAS TR RN B 2 A 2 R A EE S AL 2 4 (P <0.05) 5 FEs iRk 11y
BRI R AT S R 2 DAL B 2 0.50 kg (P < 0.01) » BEHNLY 16% MFLE ¢ FEMNA x ZARHTRERC i B4 2 1
R B AR S H 0.84 kg (P < 0.01) 3 DURHI S A FECREAN RIS I RIEMNA x A& R f 2 S 7474
PR B ARG AN A BORE 2 FE AT (A4S 0.68 kg (P < 0.01) » FiA sl & FHas AL AT H i e 0.73 kg » 30 fd
H i s B b4 A4 m (P < 0.05) 5 HAEEE S & T - B B84 O E Rys REAHR - A s 2 FHR
TREL/TTY 0.42 — 0.54 (P <0.05) » BRANFL B BUFAIE E AR AERIMARELRy + 28T 0.54 ~ AHLE 0.42 ~ AT 0.53
KA x 24817 0.52
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fPAFEEAL B EEAE 200 kg DA EAVEMFIBALE - BEEENHALSE (P < 0.05) - 180 — 200 kg /RS = 1 #e A
TEAYRIAH (P < 0.05) » {HEL 160 — 180 kg iSdHERTE M= - BEFLAGEAE 160 — 180 kg HYRHFILFL B BIEGE 140 —
160 kg F S - {HEL 140 kg UM EHAPRZESR (P < 0.05) - BN R LA BEHF BT A RZFE - BUNEA
ST HTTE N R HETTHEERE - 1£ Boggs er al. (1980) Ay G - ¥ 51 BIRFHAEREAEH T ETRAERRE
BAVHE > WAEFFHAERS B=I8E > FEERXVEUIEE 4 HiGEE 4 HHRHE 6.14 ke [F2 3.37 kg » Ho5g
CPEE A B RE RS (P < 0.05) - PEEVEREEAIE 5 AlREE 9 HiItEHER Y 0.44 kg 1 £ 3.52
kg - (RERATAL 5 ARG LB R Z W R 2B SRR AR 0.62 ~ 1.46 ~ 1.51 ~ 1.75 [ 2.2% » NEIERMEEZ HIE
BEEE AR U= HERL R Bl 0 2 —WRE EARE RFL 2N - B A 20% HIREE 2K H
Pt o Koch (1972) ¥l 7" A4 R T BRIERUEH N F A RIVEE - MERERRA N BB #E Ky - #HATE
TIEAFESRES - INILAESEEA AT DLy BB AGHY ~ RETAYERSCTTHY - RETHMES RS S & & MR AE FR A R S i R B
EIWINAVEL > ST SR & P RE R O A SR I IR 0 00 = A A BRI By S AS HY FEMIRAY %
R (B ERRRHEAR ) B ELZEIRETE - UT5taS REUREET B 8K JIREEE R HH 4
ARG EFELG 15 — 20% FYERN - HIRHEARTEMRBITERS © AT RESUER I A 2B A H g E
SPEAIG 35 — 45% HYEN - BB EEEALAY H I ERABE A - McMorris and Wilton (1986) FRaEHHF -
PP 2 B PR OB B WA E RS & R ERE (332 — 925 kg) FUOBALE (1.2 — 19.0 kg/ KX)
Z AN AN EE AR EE (P < 0.05) > MBIk e EH N F B AR E A EER (R (P < 0.05) - ZEHEIA
AR EaE REUN R L AL BB B AL 2 A R A E A& -

12 } 5
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Fig 2. Effect of milk yields of dams on weaning weights of calves.
a, b, ¢, d Means with the different superscripts differ (P < 0.05).

P& Boggs et al. (1980) 4} - Clutter and Nielson (1987) &5 Al BRI AL E BT EEAL IR E R IRV &
AR DL B R ik BB B R AR BB 40 B 3 40 0 W6 BA 205 RIRIEFL B AT -8R A BETE B AL AT R AR B - 2837
205 REIEMA EE SR - HODA R HIEOLAE T RARAVAH RS H 186 kg & 561 kg - HEMILA BHYELRE
EINALREIE M BT > TS REURMP AL R B 205 K E 2 IEAHRE o AHBEAER 0.6 < SRALEEMEAFAVAE
Al > EAFFERNBEERFREFCER > HHRNEREENER - (FRELREN LA ESA R ABE+
WAL EKAHAIE 16.9 kg (P < 0.05) » BURRTEENRE N ARG EREE A - HEA A &bl H T
AR AL R AR HAEEE AL T 4ERF 63% HURSE KA RESEFESH - Marshall er al. (1976) ¥}
12 — 4 BRI ~ BRI RHIEROC B R SRR BN 1T TS > A ERHETRE - WERER
EEMANEESEE - SR DUBTRABCRERR T AR B 4 - JLuide 157 B HRACHR e 122 BAREALACH: - 45
N EREE N EEAS KPR EER S (TDN) RR B MEEFEETE - NP ESR 22 ENRN
T RISUFAE R B R FL B i R - TR RS EE AT TDON SRE B AR IS E AR 22 (P < 0.01) -
oI RN - B E FOB AL BN P ERCRE AR 24% © NP R ERRINS - S FREFODAE
FARBEFLAGEE - SRR RMERINS 74% BVEEIN © IEAD » RS RR Re HL 2 R I S B PR B R A B A AL B AT
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(P <0.05) » [ERFZEIRAREE SOLFL ERTZE (P <0.05) » HEMHE BB REA T ZAHR (r=044) -
Marston et al. (1992) EA A& A S FEFIE 42 DR FLE & R AR LS BT Tal > BV Ry T LN AL & R
BFL R & B Mr R G B AT B 114 SRR e 82 BAPHFISEAFAEAETR 35 ~ 60 ~ 104 ~ 145 [ 196 K DIVE
FUBGETTVERL - W4 BUNFLERGR ¢ SR80 » 28T RPEFTIE AT 205 RISTEIRALE DA 205 R IEEE AL RS B
MHER (%737 Ry 0.30 (P < 0.001) f2 0.47 (P < 0.001) » HZAKHTREFERRENN 1 ke ML E{E A5 /0 0.014 £ 0.006 kg Y
FAHEFLASE (P < 0.001) » FEPIEE LA 0 1 kg INFLE(E TR/ 0.032 £ 0.009 kg #YF4-EEFLASE (P < 0.001) -
Mondragon et al. (1983) DL 270 A LAZE A& Hr e PEFTSE A A-BCAEG o4k 1 — 3 REAVREA: » HIE 70 #k1% 6 ~ 14 ) 22 R~
INHLE K F ST o SRR VIERILEN 3 TONEMEE ER - 15 KB =Nyl SR iEnFL KBy hnm
P (P <0.05) » E—HaZ s a2 AL &8 EFF (P<0.05) -

FAN  RPFEAEGERINET - lE AP 4 hORALE R 0.77 kg » B FLAAIEEF 4 h bFLE 5 0.80 kg »
FARIEER PR N L EARY S 4 h hA S RS2 - (ff Daley et al. (1987) ~ Marshall ef al. (1976) K Reynolds et al.
(1978) /A EIAER - T BF A4 SF L4 EmAEZ I HITHER -

GrR bl 2 S5 AEEIERIIA . SRS EL B 2 B il B S R E A B A E - BB
BT REEARI A RARLE - BiF 2R E R 8% - Long (1980) ARl A4-FESS AL EE R 4HY
BHFEAS SRR » A A A BEE ~ TR RSB B A S TR AR AR RCRIEIRAE T B2 - Hp s im
TR R B > BT 28 P e A U mT DATE R I & AR E 2SR P S THFR K o TR RSB Al - B2 B e
T35~ RS S ~ (FAFEER REEIR/ NERE © HhAh > IR SR RSB 7 B g s B R MR ~ MR
AHEL ~ EFRRATFABEARE - NP RS A E R0 E S SR RN A & S E B DR = A - Ui
FEA (] i 2 S AR AL R A R B 1L AE > DU B AR AR EE A4 RIS B il Ry B —
ETAE -
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Lactating performance and calf weaning weight of straightbred
Santa Gertrudis, and Brahman cows and their crossbred cows
sired by Gelbvieh

Jia-Shian Shiu ® An-Kou Su® Po-AnTu® Shyuan-Chuen Yang © and Guang-Fuh Li ®®
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Abstract

The purpose of this study was to investigate lactating performance of cows with various combinations of Bos taurus
and Bos indicus, and whether milk yields of dams had any influences on the preweaning growth of calves under local
environment. Lactating performance of sixty cows in four different breeds (straightbred Santa Gertrudis, SG X SG;
straightbred Brahman, BR x BR; Gelbvich x Santa Gertrudis, GV X SG; Gelbviech x Brahman, GV x BR) were evaluated by
4-hr interval milk yield. The GVXSG crossbred cows which contain 81.25% Bos taurus blood, had highest milk yield (0.89
* 0.34 kg), while straightbred Brahman (Bos indicus) cows had lowest milk yield (0.70 £ 0.20 kg). There was significant
difference between the above two breeds (P < 0.05). Milk yields of dams had influence on both calf weaning weight and
preweaning average daily gain (ADQG). Calves with heavier weaning weights and higher preweaning ADG received more

milk (P < 0.05). No effect was found on dam milk yield between calf sex.
Key words: Santa Gertrudis, Brahman, Gelbvieh crossbred, Milk production, Calf growth.
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