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TR O NIRRT R TR R R R
S5 e R B DT RR LA S A R AT AR TR FLIRR R R
WOREENZ R aw . Rk,
AL il 79 HAT AR AR AR 2R R 0 AN sh ) i 18 pHL
T B A B BB i BE AR RS SR IR AL
e v i T U AL i 5 VAR 2 M AR YA AR B2 A
AIRRE A HA R 2 BOR Al LUK
R TE X AR, 3 o 7 HAKOK MR AR 2 4
B AS I A S A HLER X 2 s Tr s, HE R A
AL Wi 3 A1 5 A= R PERE L H i N A pHL,
ML AR AL A8 R B 7 W 50 WL 1 3 K 2 i 2 ik
IR ER A (SIgA) SRR, N E
AT LR T 790 75 AT AR0 RS T 580 A T 4 552 B A=
7P AR AR B

1 #MRlERZE
1.1 R

R I H A Z R 50% 9 75 J6 T 55 2 Fil IR
B EAGHEIR A FERS NP IR 31% W IR
23% LR =31%; E A VLR B EZEW 0N TR
W=4.4% BRI (CIR LR M) =26% , LA
R=6.2%; ZG5HANMRC EERTMHR=11% .
HFREE=13% . LR =51% HNKR=10%,
1.2 RiE I R R AR

IR A B R Z e i, KKk 21 H
W RN (6.0£1.0) kg AR “FE x4 x K7 =I0
ZeAE Wi AT 120 Sk BERNLAT AL T I VI IV 4,
B s ANEE, BN ER 6%, T4 XA, iH
MRS AR R 5 TT 4L b AL, 7 3 Rl 4R R o 8 Jin
0.05% W 357 Je WA R AR A (I e 5% R & &
H50% ) 5 W2 A HLER AR 770 41, 76 35 ik ) A e 3%
I 0.2% M E A5 AHIR B, BAEYOK SN 0.1% 1)
HAANIR A; VA A VLR Ak R 20, 76 FE Al i ke
RN 0.2% ME A HHLER B M1 0.3% M8 & H Bl
iz C, RIS R 21~35 HIR (W Eai2 &) .

JE Rl KR 22 BONRC (2012) $% 19 8 35 %5 S b5
i, AR W 175 0 A R ol R A T I 1, Lk
FOE SRR W FERVER AT INbiE R,

&1 ERARAMREFRKT (RTFEM)
Table 1 Composition and nutrient levels of

the basal diet (air-dry basis) %

i H Items 4 Content

JE Bl Ingredients

F K Corn 56.30
1 Soybean meal 12.70
Ak K 5. Extruded soybean 9.60
J% 1% 35k Fermented soybean meal 6.00
# %k Wheat bran 4.76
YA} Oil-bound distemper 1.90
Eill Soybean oil 1.90
ffi ¥} Fish meal 1.50
iR 445 CaHPO, 0.68
Wk RES CaCoO, 1.43
SALAHT Choline chloride (50% ) 0.10
ik NaCl 0.40
MR Lys 0.60
HAMR Met 0.13
i #l Premix" 2.00
A1 Total 100.00
377K F Nutrient levels”

1k AE DE/(MIJ/kg) 14.80
HLE R CP 20.00
MR Lys 1.50
MR Met 0.42
5 Ca 0.85
S TP 0.70
A RWE AP 0.41

1) TR KL A AT 58 A $E it The premix provided the
following per kg of the diet: {2/} phytase 500 FTU,Fe (as
ferrous sulfate) 80 mg,Zn (as manganese sulfate) 80 mg,Cu
(as copper sulfate) 5 mg,Mn (as manganese sulfate) 3 mg,
S (‘as sodium selenite) 0.25 mg, I (as potassium iodide )
0.14 mg, VA 2 250 IU, VD, 220 IU, VE 16 IU, VK, 0.5 mg,
VB, 2 mg, VB, 4.5 mg, VB, 7 mg,VB,, 0.03 mg, tE#) &
biotin 0.2 mg, " fi® folic acid 0.3mg, #H fi# nicotinic acid
30 mg,Zf& pantothenic acid 25 mg, VC 20 mg,

2) AL BE N TSR, oA SEIME . DE was a calcu-

lated value, while the others were measured values.

1.3 AFEE

RIFEWI R A B EAE  EAT A7 R
JH MO TE ) S, F AR GE X AP R ROK ik
5 R AT OE ) SR IR R T R Y
BRI AT, g0 o R v B R UL I SR AT R
BRI FDIR L, a5 5 5 L, B i R AT i UK
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1.4 MERBIRMNTTE
1.4.1 KRR

HERR I 45 AR B0 0 O MR 5 Ay Rk o
B LAFHF¥ H R & (ADFL) , i35 T 21
135 Hi, AN By 25 I AR 8, 1138 4 Sk AT 0
S ] S 34 H 3 H (ADG) o AR 38 A7 6 1Y
ADFIfil ADG T3 B E L (F/G) .,
1.4.2 JEIEHRFBET R

HERR 10 5% B 20 B R B T A7 4 1) 3k B0 b 36 1
6] A3 2 A6 T 4% H OB, 1506 405 ORI 42 4 I TS 3R e Bt
TR IR AXTF .
JETE % (%)= 100x 55 15 Sk U8/ 2
FET-H (%)= 100xFET- 55 K/
1.4.3 HIHiBENAEY pH

TR 25 R R R ZE B L BE B 1 Sk AT A, 2K
B 12 h b8t Jow S T T I e, B |
A8 A=W B SN A Y 5 mL, 7R
pH,
1L4.4 BIRY BRI LS

RIS 12~ 14 K, LI R ALY SR 2800 | [ E
Wit [ 7E 4 K 14.00—15.00, % UL 3 d, R A
W53 (ATA) AR Sy NI 5 75 570 0 o R &1 4 R AR
H 5 HLIR I 2 UL fh R

N2 M1

BRI TR MIEE (%)= 100- (N1 M2) 100,

. M1 AR R AR 7R 7R 5 M2 D FE e
ARG N O GRR R B SR R R N2 D FE
BRI SR,

SN
lﬁ%%/\

1.4.5 IMiEAIFERR

RIS YK, HUIBEVLIESE 1 L AT0, =
12 h J5 iR ICR I, IR 25 74 3 000 r/min 2
> 15 min Fil & ML, T-20 T KA R REREN

I3 PR Tl TR I | 7 R 2l A T e
T S R 8 PR AE R F — o ( TNF-au ) 7% 18 4%
AER 3 7] & U BH A5 247 00 5, 500 & 3 0 A g o
A T AR ST T,

1.4.6 =WHEED SIgA & &

HREAS o b A 1 B, BY T S A AR B R K
RRBRENAEY R ETK L, HEHEN R A&
BEIRE N RZFEAL, HEE M8 H e
B R R e 88 2 -80 C Uk AR ARAEFR I
SIHEE Th SIgA & B m ol d A ) TR WF 5T
ST AR U B A A T I
1.5 HIERITSHH

R T 19 504 FH Excel 2019 317 AL | B
SPSS 20.0 #4715 H 2 77 227308, R A Duncan
YL T2 AL, DL P<0.05 15 0 22 5 W3 1k )
W o

2 GBREHW
2.1 EABENBEITEHFEEREENZME

H % 2 AT, Wi 05415 21 ~35 H &b fa], 141
5 1.1 4140 He, ADFI 43 5 32 & T 20.86% .
31.86% (P<0.05), ADG 7> #1251 28.97% .
26.01% (P>0.05), V41 ADFI.ADG 5 1 |1
ALY LR EES (P>0.05); 1 . V4 F/G
S GBS, S5 T 0 HM A — & R %
%, BB EER(P>0.05),

®2 EAHENEBRNETHFEERKERNZ T

Table 2 Effects of composite organic acids on growth performance of weaning piglets

WH 205 Groups P 1

Items I I m v P-value
21 Hik{A#E BW at 21 days of age/kg 5.72+0.84 5.80+0.27 5.79+0.15 5.8820.15 0.882
35 H i E BW at 35 days of age/kg 7.0620.20 7.27+0.26 7.52+0.24 7.03+0.18 0.396

FHHMEE ADG/ g
FH¥H R &+ ADFl/g

Kl EL F/G 1.42+0.07

191.91+24.70
268.76+26.16"

196.13+32.00 247.15+22.02
246.33+13.28"

164.86+25.52 0.211
222.61+12.72° 0.005
1.27+0.09 0.797

324.81+7.82"

1.33+0.16 1.33+0.09

[R5 5040 B A A R el T R R 2 R AR B3 (P>0.05) , ANRIFRFRRZER B E (P<0.05),

eSS

In the same row, values with the same or no letter superscripts mean no significant difference ( P>0.05) , while with differ-

ent letter superscripts mean significant difference ( P<0.05). The same as below.
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22 EEANBXEMBFEEEEMIET RN
)

H12 3 A J, 4 AR TS R RAE TR IC & %

S (P>0.05) , Hop M4 A9 AL TR R TG R &AL, 1T
AR EIE R T 0 A MM T 39.85% .,
17.53% .,

®3 EAENBEXEFEESRMET RN

Table 3 Effects of compound organic acids on diarrhea rate and mortality of weaning piglets %
s 2l 1] Groups P
Items I I m v P-value
FET# Mortality 3.33+3.33 6.67+6.67 0.00%0.00 3.33£3.33 0.054
[ 15 % Diarrhea rate 1.33+0.31 0.97+0.24 0.80£0.17 1.07+0.18 0.444

23 EAENBRMENFESHENSTY pH 1
=]

M4 m, MAE .+ BmHNAEY pH &
[ HIEAK T 30.60% .7.09% ( P<0.05) , ¥ 1 4 [%
f£732.10% .9.01% ( P<0.05) [ IVHE .+ 15

WM 254 pH 8 1 AR T 32.82% .6.18% (P<
0.05) , B THFEMET 34.27% .8.12% ( P<0.05) ;
I . Vaz=k Bl DN EY pH 5 1 14 H
A BER RS (A G R % 25 (P>0.05) ,

x4 EAENBEMENFESREANSTY pH B0

Table 4 Effects of composite organic acids on pH in gastrointestinal tract of weaning piglets

=] 205 Groups P
Items 1 I m \% P-value
# Stomach 4.51+0.40* 4.61x0.45 3.13+0.45" 3.03+0.44° 0.034
+ —48 /% Duodenum 6.63+0.07 6.77+0.11° 6.16x0.10° 6.22+0.21° 0.035
25 [ Jejunum 6.67+0.15 6.51+0.20 6.46+0.17 6.46+0.15 0.793
[51% Tleum 6.92+0.04 6.83+0.12 6.69+0.17 6.76+0.16 0.691
#51% Colon 6.48+0.20 6.35+0.18 6.28+0.16 6.26+0.31 0.893

24 EEFENBIMHNFREERYRRN  639%(P>0.05), 51 DHMWL, VHHIE%E

H R

s A, 5 1 4 A0 e, T4l Mg s %
WAL 24 B4R T 25.72% .22.05% (P>0.05) ,
FHZF 41 R A2 50 53 = T 9.05% .5.43% (P>
0.05) , KL & 1 & WL AL 24 B4 = T 9.40% |

WAL 24 B4R T 26.40% .22.72% (P>0.05) ,
FLEFAER WA 54 = T 4.16% ,0.70% (P>
0.05) , LA 15T 2 UL T Ak 2 43 5l $2 55 T 10.52% |
7.48% (P>0.05) . I . IV 2 % 3= ¥y 5 3 L H 1L %
PIRBT SR B RS (P>0.05)

R5 EAHNEBMENFEEFRYRRIEL RN

Table 5 Effects of composite organic acids on nutrient apparent digestibility of weaning piglets %
=] 205 Groups Pt
Items I I m \% P-value
ML EE 29.32+1.59 30.20£5.67  36.86+2.64  37.60x1.91 0.252
H T4 CF 22.09+1.07 22.85+1.51 24.09+1.73 23.01+1.84 0.840
HLEE H BT CP 56.94+1.85 58.55+2.62 62.29+2.59 62.93+2.43 0.295

2.5 ESEYIEEXEIFEMEELERR I
ol A, 5 1AM, WL IV 4 i o6

T W R i 06 PR FE AR T 58.59% Ml 58.37% (P <
0.05) , 5 WAL, T0 IV 20 ifin 375 H o w5 182 ity 05
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32 &

PEFEAR T 25.87% .25.70% ( P<0.05) , H 5 1 4144
LU, 02 IR ek 1 ol R il 3 R 3 R AR (P <
0.05) 5 M ZH 1l 35 4 N % 2 B G 1 5 1 20 A0 L R
T 86.01% (P<0.05), 5 11 . M4AMLEA—E

FEPE YRRAG (P>0.05) 5 IVAL I 3E o TNF-a &85
I 0 I AR b B G e 2 25 57 (P>0.05)  [H AT B¢
s MAmBEreEATES T I . V4
FH A T = i a5 (P>0.05)

*® 6 SSHVERNETFHEME £ N IEREI R

Table 6 Effects of composite organic acids on serum biochemical indicators of weaning piglets

i H 2H %] Groups J

Items I I m v P-value
BB ER S ALP/ (4 G HAL/dL) 35.00£2.60" 27.78+0.77°  22.07+1.55°  22.10£0.86° <0.001
A B E T AST/(U/L) 31.20%6.61 29.68+4.49  28.98%£2.39  24.77x1.79 0.744
AN E B ALT/(U/L) 16.09£2.17° 11.66£1.73®  8.65£1.68"  11.66%=1.69" 0.012
MBI TP/(g/L) 44.49+1.88 45.56+2.74 51.07+1.81 44.76+1.79 0.133
IR FE R F—a TNF-o/ (ng/L) 210.91+24.86  191.78+26.30 206.33+11.66 145.07+12.62 0.051

2.6 EEFEHERTE TS HFEHR SIgA
SEREMm

t % 7 A 225 B 26 i b SIgA & &
I TR T51.27% 37.86% (P<0.05) ; V4

ZHEE P SIgA SR T  THERE T 50.14% |
36.83% ( P<0.05) , b5 il B &2 & IR AL 75 % 41
WS R STgA A9/ XA e b VE A

R7T EAENEBMENFEZHEESD SigA SEHNFIT

Table 7 Effects of composite organic acids on SIgA content in jejunal mucosa of weaning piglets pwg/mL
WA 215 Groups P i
Item I I m v P-value
Sr IR ERET A SIgA 43.40£3.00°  47.62£3.72°  65.65+7.06°  65.16%6.65" 0.016

3 3 i
3.1 SEE&EVERST W T FIE BT I R 1A A KRR
A

FF36 B8 MRS T DA o A K B R Hh
UK, Grill 28 38, 78 W 0547 5 00 e R rh R
T 0.3% A LR, 7T DL 3E IR S AT 5 1) ADG Al
KA, [, LA IR0 55 S R, 2 A AR v
T 0.3% B9 HLER , v] DL 3 KA B 403 4 10 VS
R E/G, AR THiA 4], Walsh 450 78 b
WHAT 5 9 AR K RIA] R v s iR AR 570, 1T LA 3 4
A3 ADG |, ADFI, H. 1T DL AR 2% 0 o i K
FFA & i, X 5 Guggenbuhl %10 5Lk £ %R
K25 AR

AIREE R, 5 T M I A, AT
INE A A LRV L) 5 3 32 = A7 44 1) ADFI; 16 7KK
FVERD AR H 25 W8 I HL TR B 7F AR R S A
PLER , #8 AT DL — 5 72 i M P X F/G, X 5 Halas

AT PHIGMEAE) 2 ST R I 4 e — 3k
HJF R 0] B8 A HLER 1T DL — 5 B B 1 o0 R R 1Y
& PR AR AT A, 3R £ a 2R T AR E AT
BAEKER.
3.2 EAENERIE{FIEEE RN

2ty 22 2 B RIF T B, RE AR AR PP B TR
T 0.15% R AL 52 5 0.03% 24 =i & i
AT ARSI TS 3, RIS FE SC B A9 1
T AR S AN ] L A8 1 52 45 R A7), L4 2R R
TR SN 2 kg/t B4 TR AL AT I 25 42 5 SC B
K B ADG, [R] B ] DL 2 [ A 3 56 9 1) 1)
F/G, BV 5 A DL R HR CIR 28 S B 1 A= Kk
REA RIFMUCEIEN . AR5 R WoR 4 4 g
ERTLEELES HES T AT 4L, PRk iE
A A A HLER 1 DL AE — o R 0T 0
REVS 1) & A LR BEAT B8 2 A HILIR ] DA e A ) et
MRS, BEAR A8 pH, &l 7 38 b A % R
ZFH , TR A8 IR TE 2
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3.3 EAANBMBTNFESRENETY pH &
BEFRYRRWHELENZIG

FF 45 18 I T R R 2 5 W G A D) RE A HE 2 A
R FTRRAET F PR AEN 43 B8 W A
R X R RPN — 2 R E S
HLRR AL, 45 5 s A HLIR T DL 5 AR s W)
f T8 75 pH ORI = T AL G . AT
WF5E R BN, 78 2 4K 2 0 A X8 AR e 5 A BILIR , 7T
DA 35 B i G ARORL 2 P o R T o M
TR, X GIRKMEE EAEET E
BH A1 B R S5 0 A0 — 2

AR 45 R R 78 AR R SO S A AL R
s AEOK R 2065 B8 A ML AR T LI 3%
KE =i mhiEANEY pH, 5 1TAMIL, R’
IS & A HURR Je mT LB e b MO s | LT 4 R
A BRI AR, HIR P —J7 1, Al A8 7 Ik
K AR R AR I BLER AT LAREAIR E AY pHL, R 1R Y
B A T R DA RS A AR AR R
JRAZE | TR A AR RS SR R A TR AR O — T
T, P 3 R P B I3 R DRl 1 18 14 1 2 el 32 ol ]
T B PA Y 5 B I T A, BRI TR 3R W R Y AR
T, BEAh , T3 A4 04 i 18 R R 7 58 4, WA TR
RE B S, Wi ln B BN A Y pH 2 2% T
L BRI A R R B, IR AL IS, A
HLIR Al 3 i B HY R AR 38 pHL, 41036 R 1 7
0 PR B R T A5 SO B BEOE , AT R ) 4 iy
J TE A A I TE R R R Y, fE L
SFUEROBETE R VR IR AL R AE A A7 4% 1 W
EAAY) pH MR R AT B0 T, Xt Wr 3 41 4% 79
AERAPEREAD A B AR T, X 45 5B A I BF S 4 R A
—E, ] g B L A A HILRR A 2 R0 A TR
X,
3.4 S&FVEXET I MEE L ERE R

ML AR A B3 AT LA S IR 2 114 3 o5 1 A BIL A
BERACEILRE R 28 1k o IV SR A 458 105
(35 355 T e TR Tl ~F- 145 F 4 82 A DI g, 38 T LA I Ik
PIIUAE IR A FAR DL, Y HLAE TR O R 47
I AL PN A9 3 A B, S A R T
SLZIRIR o A% T e S Tl R A TN O S e S e T O
DIRERY H Z A AR, R 2 R A b B O BE I
LT P BB Tl T 15 P o B R s 200 L s 28 A
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SRR I R S A HLRR , FT LA S R
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Mg, AT DL 2 A 48 Al i I - 19 3R 3K . 7E Han
ST A MR 4 F R 0 b A HLER AL i
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HEESTEERA S RESAINRESEHER
M FE AR . X 5 Long %% Ahmed % 1y
I ZE A —2L, Saver %57 MAFFE B, FEAE K
0D S N R R AT DA e ARDRR A R
PREYFIH =

ARG 25 o, 1, IV AT i 38 o1 6 192 il
TGP S 2 AT I 200 1l 97 v A P e S
FEAk, Himig h S A& m, VA E h 45
W WIS PE  TNF-o & 8 A R IUBH . XRUIH
BLBR XS W W A5 %) 38 FIR B0 1LV A AR 48 B | S
R A MCEE R, X 57F M H %P Upadhaya
S BRI 4518 —3K
35 EAANBYHNFE=HRES SIgA
SENZN

SIgA J& IH 1k 18 Zb I f 92 19 3= 2800 B+, T
A g S5 TR T P R T 2R TS S U R T R R A
JH, 67T 3 3k 5 T B L SR s I Y A5 22 Fh T e ok 4
o 280 S 350 T U e K v R M Y kAR
TP IO A SE R B, /N B B R Y STgA
ST UL ML B AT S B BRI R LA R
2 SIgA B3 WA JE I 25 5 e iz 18 T A O], S 3
W | T8 S 6 A A SR R

A5 245 R W, A LR AT LA 0 4 v 8
R SIgA & &, XRUIA VLR & 715
B R S e, LA AT 45 AR
TN TETAR TR S in T PR AR, AT LA$E & SIgA 43 b 4
AR, 2 5 A A A W A AR R S
0.1% MU R 5 AL, v DL i m + =
6l 25 A0 1 B T SIgA Jp il i X 5 A
R S5 e — 3,

4 F it

L 25 2 T, A BT A8 B LK R R
AL IR A A AL BB A R P R A LT
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Effects of Compound Organic Acids on Growth Performance, Serum
Biochemical Indicators and Nutrient Apparent
Digestibility of Weaning Piglets

HE Rongxiang’ WU Yuanyuan® HAN Yanming® MA Yujing' YANG Ling'
OUYANG Fulong' HE Jianhua'"
(1. Department of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China;
2. Trouw Nutrition R & D, Boxmeer 5854, Netherlands)

Abstract; This experiment was conducted to investigate the effects of dietary and drinking water supplemented
compound organic acids on growth performance, gastrointestinal tract pH, serum biochemical indicators, ap-
parent nutrient digestibility and secreted immunoglobulin A ( SIgA) content in the jejunal mucosa of weaning
piglets. In the test, a total of 120 healthy 21-day-old DurocxLandracexYorkshire ternary weaning piglets with
body weight of (6.0+1.0) kg were randomly divided into 4 groups, namely, groups 1 , II, Il and IV. Each
group contained 5 repetitions and each repetition with 6 heads. The group | was control group, and piglets
were fed a basal diet; the group II was antibiotic group, and those were fed the basal diet added with 0.05%
antibiotics ( the content of virginiamycin was 50% ) ; the group Il was organic acidifier group, and those were
fed the basal diet added with compound organic acid B and drinking water added with the compound organic
acid A; the group IV was compound organic acidifier group, and those were fed the basal diet added with com-
pound organic acids B and C. The trial lasted from 21 to 70 days of age (the two weeks after weaning). The
results showed as follows: 1) compared with groups | and Il , the average daily feed intake ( ADFI) in
group Il was significantly increased ( P<0.05) ; the ratio of feed to gain in groups Il and IV was reduced to a
certain extent, but the difference was not significant ( P>0.05). Diarrhea rate and mortality were not significant
among 4 groups ( P>0.05). 2) Compared with groups 1 and II , the pH of stomach and duodenum in groups
Il and IV was decreased significantly ( P<0.05). The pH of jejunum, ileum and colon was not significant
(P>0.05), but there was a trend of decrease. 3) The apparent digestibility of crude fat, crude fiber and crude
protein in the intestine of piglets in groups Il , Il and IV was not significantly different from that in group 1
(P>0.05), but it was improved to a certain extent. 4) The activities of alkaline phosphate in serum in groups
Il and IV were significantly lower than those in groups I and I ( P<0.05). Compared with group Il , the
activity of alanine aminotransferase in serum in group Il was also significantly reduced ( P<0.05), and the to-
tal protein content in serum in group Il showed a certain degree of improvement ( P>0.05) ; the activity of as-
partate aminotransferase and the content of tumor necrosis factor-a in group IV had a tendency to decrease com-
pared with groups [ and II (P>0.05).5) The content of SIgA in the jejunum mucosa in groups Il and IV
was significantly increased compared with groups I and II (P<0.05). In summary, the combined addition of
compound organic acids in drinking water and diets or the addition of compound organic acids in diets to wea-
ning piglets can improve the growth performance and intestinal health of piglets. [ Chinese Journal of Animal
Nutrition, 2020, 32(7) :3118-3126 |
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