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i E: KXBRBAEMRTEERTEMAALTEH(DDGS) 4L & 75 m 248 T ik 82 (CLA) 2,
#E A (BET) 5HAEH 4 A& K Mgk | doif A AL 35 AR &4 BAL T A0 vl £ (60 £2) kg A x
KXKR"ZALE32 K, My ANLE BEANLREANANEL , BEANATEL]L k%, 1At
R AR ER - A AP, IaE | aeykah LA 30% 6 % K DDGS # K & 4 Fo 38 4
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D&mmAREREZFRZZF(P>0.05), 2) kAt ram, 5 1Ak, lad®xg
(TP) & Z AR5 R 428 (ALT) FHE EH (P <0.05) , VA2 B & (CHO) &2 2% T %
(P<0.05), 51448k, VAH &4 (GLU) 22 2 F & (P <0.05), 3) it AALIa 477
w,5 [ a4k, 1A/ =8 (MDA)&Z2F% &5 (P<0.05), 5144k, 141 MDA 42 2
FHEAL(P <0.05) , &4 F AL B ALEE (T-SOD) | 4k H Akt A AL 4 B ( GSH-Px) /& M L B & 4
EAEt 1 (T-AOC) 3 2 %4 5 (P <0.05);IV4L T-SOD »A & GSH-Px i 2 ¥4t 5 (P <
0.05), 4) LA R EAIEFF B, 5 [ A48k, 148 MDA 48 2 %95 (P<0.05), 511448
)b, M. IV4L MDA 43 2% FTH%(P<0.05),F 8 T-AOC 2 %75 (P <0.05), & LAk 1
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P AT A D RE 19 52 i 55 78 oK DDGS %5 Yl 4
IR FH AR R e ) ) — o TR E, S S R
>k DDGS 1)K f: {7 FH AT BB A7 R 9 4 18 25007, ATl
FHARR 22 WS 580, 4n L5837 9 2 ( conjugated linole-
ic acid, CLA) FlI &£, ( betaine, BET) . L4311
WF5E &I, CLA 1E3T A4k LA B ok 35 1 i A A 38 A
JrTE A AR Y, B A K P R U
W BEFE IR & B, BET L HA AL 8 i 3%
A AL FE AR AR A KPR RE Sy T R R
PL_E i 3] i 46 G2 F oKk DDGS (4 v
N EA BN Lo A B 72058 £ oK DDGS 11y
TR O IE B4 AR 1 M RE L IS A= A 4 A DL
PrEAL I RE W52, I WF 5T B i CLA A BET %) I
WHE ARG 1R FH, AT 24 T K DDGS W% 5 4 48 ) 1
FHAR BSR4

1 #R5FEE
1.1 X5 w4

“ >k DDGS .BET #1 CLA ¥ 47y, BET 4
J¥ 49 96% ,CLA 4} 3 60%
1.2 KWigit 5EFER

I OF YR O (60 £2) kg 1A x
K x K"HmEER 32 %,k 4 Ms, B b3
SAEE A EE K, 42 d, THN
X REZ )R oK — SR B SR Al AR AR I 21 )R
30% i) £ & DDGS #1020 42 ¥ SM At 4 £
K T IVALTE I A1y 360 B 23 0% in 1% 1) CLA
0.1% 1) BET, 55 5% SR 40 5%, B B R 2K
KRR B, BF H 08:00,18:00 &R M 1 9%, DA
R AL HFERHE . S 50 T i F4h
BPAFRE 1 R, ARG, AR, A Bk
K12 h 52 ERESE,
1.3 X AR

AR 2 BUNRC (1998) L & 48 7l %
PC ], & 25 1) H g 1 A A 1 B K PR RE — B, ik
B AR A B S B TR AP R 1,
1.4 $5HRAE
1.4.1 AEKMRE

I )] R A E R H R R, I TT 4R A
GRS AR E PR 2 H R E
 (average daily feed intake, ADFI)  SF14 H 1% 5
(average daily gain, ADG) Fl ¥} & [t ( feed/gain,
F/G),

1.4.2 ML IEbR

FERE B SETT 1 R, T AL B 2 34 R A
Zi kR M 10 mL,3 500 r/min 2.0 7 B LI , 5
BT, —20 CLRAERFI . FH 7] &0 a2 4% 41 1
HEREH(TP) H %A (GLU) JRERA(UN) &
JHEEE(CHO) H il =W (TG) & &7 X AY N 2 1
(ALT) 73 Bi8G 5 (AST) 36 #E. AR &1 A
A b AR R A A BR 23 A il FULLY 42
F B A A BT A |, B A Fe R G W 43 617
1.4.3 Prefutsts

TE 5 F8 52 T 7. BV IR 1 22 0 5 S5 < LA 404
A2 30 g, il & L) 3K . DS 4R bR A 4 I T DA
FWUPR A ZU5) 3% i % (MDA) & £ 1L 4
by 15 4k i ( T-SOD) | & B H K 2 & 1k 9 1l
( GSH-Px) 1 M LA X B bt S AL BE 71 (T-AOC) |, Fi i
R GHEATIE . A& A A b A YR
Bty A5 BRZA ) AR v B B kA T
1.5 HiELE

B DOV M8 + drifEiR R ow, LA SPSS 17. 0 4K
PEVEAT I 224001, LA Duncan [& 3817 22 5 5 2% 1
ZEE, L P <0.05 fF k25 5 0 2 0 A Wbz i .

2 & R
2.1 XX DDGS {7 R # & fn CLA 3 BET 3t
FEEREAEK RN

H & 2 7] %0, £ K DDGS A Hr &5 i CLA 5%,
BET XU HE#H - HIGE B E ILAFY HRE
W EZM(P>0.05), 514k, 1417
HXREEMFHHIMEZHTREMBE, 5T
M1 2.95% F13.40% B E IS T 0.64% ., 5
A, MAFHHEEMFYHREREE
Ik Ry RS, a4 e T 2. 10% Fi1 0. 38% , {H
ZFARE(P>0.05); VAV HRE R
HifEa D45 34 e T 1.60% F1 0. 76% (P >
0.05),
2.2 XX DDGS {f R # & fm CLA = BET 3t
FEE R MEENIERAN N

M3 A, 5 1T 448, T4 TP & &L &
ALT {&EPER Z AR (P <0.05) , H A5 45 22 7 A
BE(P>0.05); V4]l CHO % # B EFM(P <
0.05), 5T AL, V4 GLU & & 8 & F+ &
(P<0.05),
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Table 1 Composition and nutrient levels of experimental diets ( air-dry basis) %
it H 21151 Groups
Items 1 I m W%
JEB} Ingredients
%>k Com 77.86 66.61 66.61 66.61
K TR A FL Al %58 Corm DDGS 30.00 30.00 30.00
¥ Soybean meal 19. 00
5.7l Soybean oil 1.00 1.00 1.00
LHEFh AR CLA 1.00
143 Limestone 1.10 1.24 1.24 1.24
MR 245 CaHPO, 0.23
A4k NaCl 0.30 0.30 0.30 0.30
L - A R ERREL L-lys - HC1 0.01 0.33 0.33 0.33
L -5 L-Try 0.02 0.02 0.02
TWilRk Premix" 0.50 0.50 0.50 0.50
41t Total 100. 00 100. 00 100. 00 100. 00
# K- Nutrient levels”
HEE R CP 14.55 14.51 14.51 14.51
WM 1LAE DE/(MI/kg) 14.12 14.12 14.12 14.12
4% Ca 0.51 0.51 0.51 0.51
AR AP 0.17 0.27 0.27 0.27
w144 # 2 8 DLys 0.61 0.61 0.61 0.61
AL R DTry 0.13 0.10 0.10 0.10
YR E R + ] AL e E R DMet + DCys 0.42 0.46 0.46 0.46
A AL IR & 2 DThr 0.47 0.40 0.40 0.40
B AR Total Lys 0.70 0.74 0.74 0.74

VR R 45T s A A 4R 4L The premix provides the following per kg of diet: VA 7 600 IU, VD, 1 500 U, VE 10 mg, VK,
2 mg,VB, 1 mg,VB, 3 mg, VB, 1 mg, VB, 12 g, /=4 %K biotin 30 ug,iZ iS5 calcium pantothenate 7 mg, M- fZ folic acid
0.4 mg, {2 nicotinic acid 12 mg, & fLHHF choline chloride 1 g,Mn 45 mg,Zn 105 mg,Cu 20 mg,Fe 100 mg, Se 0.3 mg, I
0.3 mg,

DM S L T e R I (A B 3R K il (. CP, Ca and total Lys are measured values, while the

other nutrient levels are calculated values.

%2 EX DDGS AR CLA s BET X IR & 3 £ K M aE M %
Table 2  Effects of corn DDGS diets supplemented with CLA or BET on growth performance of finishing pigs

i H #H 5| Groups

Items I I m v

bfE Initial weight/kg 58.63 +1.86 58.12 +1.21 59.54 £0.83 59.96 +1.08
K7 Final weight/kg 94.25 +1.45 93.25+1.46 95.15+1.10 95.40 +£1.19
W F Weight gain/kg 35.62 £1.46 35.13 £1.62 35.61 £1.27 35.44 £1.45
SEYH B E ADG/g 865.77 +£27.39 836.31 £47.51 853.87 +61.73 849.70 £72.40
SEH H R & ADFl/kg 2.71 £0.07 2.63 £0.07 2.67 £0.09 2.65+0.08
B E I F/G 3.12+£0.03 3.14£0.10 3.13£0.09 3.12£0.15

[T 8RR bR A F NG F B8 25 57 B3 (P <0.05) AR s BF B RIR Z R A W (P >0.05) . TR,
In the same row, values with different small letter superscripts mean significant difference (P <0.05) , while with the same

or no letter superscripts mean no significant difference (P >0.05). The same as below.
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Table 3 Effects of corn DDGS diets supplemented with CLA or BET on serum biochemical indices of finishing pigs

tH ZH %] Groups

Items I I Jiif \Y

H I EE CHO/ (mmol/L) 2.34 £0.12° 1.98 +0.16™ 2.32 %0.20° 1.73 £0.04°
Hih =& TG/ (mmol/L) 0.24 +0.02 0.24 +0.02 0.23 +0.01 0.23 +0.01

PR & UN/(mmol/L) 5.10 £0.02 5.14 0. 02 5.12 £0.01 5.14 0. 01

BEMQ TP/(g/L) 68.87 £1.01° 57.50 +2.98" 54.50 +2.62" 61.53 £1.66™
AR AST/(U/L) 46.33 =1.86 44.67 +1.76 46.67 +£3.38 41.00 =0.58

AN HEEE ALT/(U/L) 38.00 £1.15° 32.33 £0.88" 33.33 +0.88" 35.00 £1.73%
¥ GLU/ (mmol/L) 5.35+0.01" 5.04+0.01" 5.34+0.11" 5.39 0. 14°

2.3 XX DDGS {f R # & fm CLA = BET 3t
EEHE AN
2.3.1  IMyEPEA TS bR

R4 v, 5 T4MEt, 14 MDA % & i
IR T 26.02% (P <0.05) , ffif T-SOD , GSH-Px

TG PER T-AOC 2R AR E(P>0.05), 5 T44H
b, M4 MDA 8 B2 FE(P <0.05), &1
T-SOD . GSH-Px % #£ fil T-AOC & % F & (P <
0.05); IV 4] T-SOD #1 GSH-Px & ¥k & & I &
(P<0.05),

#*4 EXKDDGS @R CLA 5 BET 5xtiE &% MiE M AL IHIRA R0
Table 4 Effects of corn DDGS diets supplemented with CLA or BET on serum antioxidant indices of finishing pigs

i H 2051 Groups

Items 1 I m v

A —# MDA/ (nmol/mL) 2.46 +0.06" 3.10 £0.13° 2.63 +0.08" 3.14 0. 09"
MR AYIEfLE T-SOD/ (U/mL) 61.88 £0.76™ 56.19 +1.69" 66.03 +1.39° 65.93 +2.78"
BMeH Ik E b GSH-Px/(U/mL)  881.20 £14.20°  900.73 £14.20° 1 037.22 +12.48" 1 027.11 +6.81°
M fkAg )1 T-AOC/ (nmol/mL) 2.68 £0.09® 2.55+0.07" 2.78 0. 03" 2.62 +£0.02"

2.3.2 WLAPURALIE IR
HIZ5 AL 5 T4, T4 MDA &2
FIE T 19.61% (P <0.05), 5 MM, T,

IV4] MDA & B Z 5K (P <0.05) , [A]i} T-AOC
BEFE(P<0.05), 114 T-SOD F1 GSH-Px i
P HAMA A 2ZFARE(P>0.05),

&S5 EKDDGS@ERHAM CLA 5 BET X iEBE H AL A L IEHRHI#20
Table 5 Effects of corn DDGS diets supplemented with CLA or BET on muscle antioxidant indices of finishing pigs

WiH 20 %] Groups

Items 1 I m v

7N . MDA/ (nmol/mg prot) 0.51 £0.01° 0.62 £0.02° 0.53 +0.02° 0.54 +0.02"
S ALY AL #F T-SOD/(U/mg prot)  65.98 +1.84" 64.43 £1.86™ 68.29 £0. 46" 62.20 +1.79°
2 e H KT AL i GSH-Px/( U/mg prot) 232.38 +3.19 224.16 +1.91 241.22 +10.45 245.03 +4.03
it kB S T-AOC/ ( nmol/mg prot) 0.30 £0.02° 0.34 £0.00" 0.41 +£0.01" 0.41 +0.01°

3 i i
3.1 E % DDGS {@ R & i CLA = BET 3¢

BB & % & 4K 1 BE R 2 M
AHETE A BL, ok DDGS 5 it 2 30% 1Y i Al

AN RPRE R 0 AR R BE 7 AR 3 B ST R
5 Cook %" TR ST 45— B, SR, 36 AT — 2L A
KMFFEFR W], B R b £k DDGS L4l A #2155
VA H R B3 AR, R H S R e
BT ABFFE 45 SR R W, £k DDGS fa B4 IE & 4 A4
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KPERE M M 5% 5 K DDGS 1 ¥8 N B 51 0 5k 5
HH2E, B AN AS [6) 5k 6 % >k DDGS ] € H A A [A] BE
EHLL AR &8, I 52 0GR 6 ok 15 1
G538, FFAE ST MY [ LR 2 BB 2 IR 25 Y R T

f£ £k DDGS AR s i CLA J5 , IE & ¥ 1)
A K PERE I TG B A8 Ak, X 5 Corino 281 i 36
EWAHAST , (0 55 B8 S0 47 45 BT 52 1R 1 o0 O 28 H Y
F SR E LT SR —B, CLA X5k
KAERBME R & 221, 5 AE F o DL AR
PR HR A 510 6 75 2 3 5 i B B ok o 3L
YEFFVEFIPLIE ., 7€ £k DDGS fal e oh 7% fin BET
o IEE AR ERE A ARk, X 5 AR A
U AR A AT, TV DA EL4E I & B BET
(U ATE RV EA Wk AR R b S I W NI =
M BET F/E Al A5 — Sefa b [ R A 56, anfal pl
AEHE B R B IEIR HA K . BET f4{i i it )
FH) 5% 0 R DL R PE ) 2 Fernandez
SEUS I ST AR A R R Y R R AR R R
B BET 23 X188 A 1 Be ™ 2B 354, o s o 21
o 2R P R e U A A o A I 5 R 4
th , BET 7 {a) K B8 {E A1 6t 22 R % i B AR A Ak &
FEER R 2GR e - H
AT AR H SRR AR i R AR
Al REIF A 5 5] BET (4 H 204, o ania) ke i 55
R AT BE MR T BET AUME . R, i 5 B4R
TF BET [AH AR A KA AL I fiatt — 25 B iE
3.2 E X DDGS {A R B & m CLA = BET 3
BB & ¥ 1M 7 & IS FR A B0

ARG REN, 5 T4Mt, T4 TP
T ALT 35 M 8 35 T R i AST 6 M08 B A8
fbo Horp, TP — & R B b S W T 4 KL 2K 1 5 A 7K
LA K sl ot R P R G T Al W i i AR Y
UN {08 528 35 B A 09 2 7= 9, ] DA Af
S B Bl 4 AR PN 1A R A1 R T A 1 O R
17T 24 42 5 R °F- i BL A E, UN S PR, 1
TR AR R KO — B LR, TP &
BRI T AR B %% 1ok DDGS fal #2178
PRAR G BT R B I UN & 5 0 6 &8 3% A8 fk . TP
J UN A8 Ak 2 B, 1R AR K DDGS 19 % i Xt
JIE B R 1 B R S R AR O TG s Ak i s
UbAh, ALT | AST 36 1 32 2 52 il AT I %) &5 4 A BL
B . AHWESTH ALT 61k 3 R, R AST i
MG AL, UL AT T RE WA 2 B . BRI

ZAh, WAL Mg GLU & &4 1 414 Pr A%, (R
BERE K. GLU &2 sh P LIk i fE & 1 i
(TS AR, M P R GLU £ %A 2 Ffk i, —
S R PR . TEIRAA R,
ML 9 GLU 2ok [ T4 4k 8 i W ik . GLU
T A FIE (R B A R I R R 25 i 3 X GLU
9 1 W WA LA 58 . i T ok DDGS
Hh R e R TT I B 520, I 8 6 GLU f4 31 £k 1
oK 2598 /0 51 H. £ Kk DDGS W2 4E 5 & 5,
LA RE 23 B A 3 % GLU f %4

AHF5E % B, 76 F % DDGS il #t o % fin BET
J& , % B GLU % & 8 3% 7+, i CHO & & 4w
HEZH W 2 B, IR A, SR A 2L A 10 o s
AR, PERERE WA R VR . I GLU T i
Pl Bk A M BT S 4G SR, AT RE S LA IS 10T S iRt
FEAE S S AR R A O, AT RE K S BET {2t 1
i T 1) A IR A P EL AR L T A — 4 )
B S A 3 A fh et A . CHO 45 B 11 53 35 R 0 32
W1, BET A5 [ I B 19V 7, ) 26 e o 45200 e 45 4%
W AHE 5 % 3K 30 4 3 1 A R I e e A, ok
1 750 mg/kg, M Ah, A K 5 8 & B AL 3 TP A
ALB % A B E 0k, X 5 Matthews 25 fip 15
ZE 95 {H Matthews 45" % Bl 5 3454552 BET
(1 50 - EL AR FH M T 4R AR 2R 7 IR M RE K o
3.3 XX DDGS @R # & m CLA = BET 3¢
RE B AL I EEH I

AR5 f,30% B9 £ >k DDGS fl b 41 1M 375 A
JJLPY MDA & 850 BR 41 i 35 T 85 . MDA 15 Wy ik
ik A A P 267 1y, L5 ) 35 el fig 5 5
KM A G B A R BRI
g I E AL AR 3 R G b A AL BE T B RR AR G,
I S S R RE R T W 20 T Bt 4 Ak G
B M AR LA MDA 5t 5 3 T R
I & 4% 5] W ok DDGS Gl 5 AL @ i kg £
24 057 15 P B2 183, 15 W 6 >k DDGS fil b %o JE &
RS AALRE S A I

CLA %1% % >k DDGS fal kw5, & BIL &
B LT B0 B AL T AR A5 21 4 17 ol 32 9 3% 51 % B 26 4
HKF, [l LR P A AL F8 45 H MDA 5 5 A1 T-AOC
HRAS 2 2 o, LR T-AOC, H T A 3% il fs ke
BT E AL B 7 50 AR BT 4 AL 2 40 % 0 H) 38
PR EERE 1 DL LR B f S5 AT i R 0, 2 A o
PUARPLEALRE T i A isdn™ o Bre b Th Ak ek
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FEFI, CLA BB g am 7 I8 & 5 LA 0 bt A 4k
REJT, I T A B SEXTHUR B E R, & T &
Kk DDGS A AR X Pr A b T RE 19 AR FH . A il 56
25 RAIESE T CLA 7 Bl T {H Bg £ K DDGS i fi
X A B A B0 S AL S BE B 1 TR A T, 5 i T e 2
PR R —3, HET, T CLA $it /b T RE Y
3B B K%, Palacios %% 4545 iy, CLA 5 4/
K A M H AT LUTE A 850 AR 37 BRI A0k 14 1 2%
BLAR G T S840 B A 4, i bR ™
ZER P21 van den Berg X CLA Hit A fL I REIY
ko & F L8 Wl BR 1) HT A AL DD BE A AR, AT
RE S SRS IR 2 B A e S A G (A
BhF 345w sh AL AR Bt B AL D 8 19 4V F R i 02 LR
A 1

BET #5/in %) % >k DDGS i G, KWL H
¥ I3 MDA % & ¢ T-SOD F1 GSH-Px i 1415 £
W EWGE, LA MDA & i Fl T-AOC 15 21| i 2 9
. X G IRAR T Brid BET M AL I EAH— 3L,

4 &

@O TR HR I 30% 19 oKk DDGS AR 5k
MR E R, W AR R RR A B2 R, XA
LA AR AR TR .

@ 7E £k DDGS fal s R 1% 1) CLA B
0.1% ) BET J5, [E B 8 1L KRR A B %48
b, Priafb th e fs 2k ss
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Effects of Corn DDGS Diets Supplemented with Conjugated Linoleic Acid or
Betaine on Growth Performance, Serum Biochemical Indices and
Antioxidant Function of Finishing Pigs

SU Binchao WANG Liansheng WANG Hong SHI Baoming SHAN Anshan”
(Institute of Animal Nutrition, Northeast Agricultural University, Harbin 150030, China)

Abstract; This experiment was conducted to study the effects of corn distillers dried grains with solubles
(DDGS) diets supplemented with conjugated linoleic acid (CLA) or betaine ( BET) on growth performance,
serum biochemical indices and antioxidant function of finishing pigs. Thirty-two crossed-bred pigs ( Duroc X
Landrace x Yorkshine) with an average body weight of (60 =2) kg were randomly allotted into 4 treatments
with 8 replicates per treatment and 1 pig per replicate. Pigs in group [ (control group) were fed a corn-soy-
bean basal diet, group II diet was used 30% corn DDGS to replace soybean and corn, and groups I, IV
were fed the corn DDGS diets supplemented with 1% CLA or 0. 1% BET, respectively. The trial lasted for 42
days. The results showed as follows: 1) there was no significant difference in growth performance among all
groups (P >0.05). 2) Serum biochemical indices: compared with group [ , the total protein ( TP) content
and alanine aminotransferase ( ALT) activity of group [l were decreased significantly (P <0.05) ,and choles-
terol (CHO) content of group IV was decreased significantly ( P <0.05). Compared with group Il , glucose
(GLU) content of group IV was increased significantly (P <0.05). 3) Serum antioxidant indices: compared
with group | , malondialdehyde ( MDA ) content of group Il was increased significantly (P <0.05). Com-
pared with group II , MDA content of group Il was decreased significantly (P <0.05) , and the activities of
total superoxide dismutase ( T-SOD) , glutathione peroxidase ( GSH-Px) of groups Il , IV and total antioxidant
capacity (T-AOC) of group Il were increased significantly ( P <0.05). 4) Muscle antioxidant indices: com-
pared with group [ , MDA content of group Il was increased significantly ( P <0.05). Compared with group
I , MDA content of groups Il , IV was decreased significantly and T-AOC content was increased significantly
(P <0.05). Itis concluded that diets supplemented with 30% corn DDGS has no significant effects on growth
performance of finishing pigs, while the antioxidant capability is decreased. Supplemented with 1% CLA or
0.1% BET in the corn DDGS diet can improve antioxidant capability to a certain extent. [ Chinese Journal of
Animal Nutrition, 2012, 24(9) :1737-1744 |

Key words: corn DDGS; finishing pigs; conjugated linoleic acid; betaine; growth performance; serum bio-

chemical indices; antioxidant function
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