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ARG OB AR, (R AT LAyd o e A B (33,73, 74] 6

B =P B T 2R 4N 5] S T AR 8 1Y) 53 W6
Hhn, AT PR AR TR 2 i N YR R RN S R . XA R R
DR Sy P 905 RN 28 I 1 389 in 5 i 2 1 o R A e iy

K, WA PR R T A 2R 2 S R
R[75]. %80, XLEENBERFERKENEE, XTFHER
YERFRO TR RIGIN[3], AT sk 2D A& P A= 77 P e 3K 45 1) R
o MAh, SEINR AR R AN SR, 0 ek ()
W USRI T AT R AR (IRl AT, S R
YEFFIO TR SR IN[41,51], MR TR A KRAE T
2B

T IJT I, AR IS W R T A B TR ) e
Moo FERXFMEOL T, £F4ERLST BE WS DTk I BE & B 11
RHERE, 22 K I H A S FR K7 A EAE I [10].
RWESG,  Frrs AL B A i D B 8 — R 5177 e S A
R, P =BT (ATP), W7 4EREE[10]. H
Stk WEFCEREE, WA R VR R 7 R R DA AR At ik
28%MREE AR R . H e, WRRERAI TR
AR KRR, oM. WM TR 4
[ AT PR [ B4 5410 mol. 18 molf128 mol, Jf
H 1 mol ATP/Kfif A — gl (ADP) BEJf 1 7.3 keal
(1 kcal =4.184 kJ) fJREE[10].

3.5, £ 4 Xt e A i B ik B (1)

DRI N AN 43 WA 7K Sl I £ 27 2 BT 75 O Bl T CATE S 11
THARIE R B 2T 4E R AR R T E R R E . R
EAER 2 AT AT DURAE A M 2 B R, (H R R I
WRRAEEREE, WERMEE, X2EhTmEx—X
WA B E I BEVE[3,15,76]. MbAh, IR
XA P R B B AN TR R s DR, T I A 4w
W EA A EA AR R R, FSL b, OaR
WY AT PR LT Y () R B R AR AR I i 45 b, AN PR 4T 4
R T W, AT UARR S RIS ([ 77]. HR4kid,
AN VLT Y o 12 J5 W vh R BBARAIS, AR N ik
P sE AN BT . R, &F REANEEL4ER HAR T
BEBHAS LT 4EAE S5 & 1) & 8% . 414, Urriolaf1Stein[39]
F Gutierrez25 34|, 5 K-SR HARAM L,
H430 % [ TR K L] YA RN 40 % ) ] YA TR K Bk 2 i
AN B K-SR H AR, 5 8500 6 2R A
BREFYRAE A I TE S s A R B AIC . RE atk, BIE
AR E TR T AR, KON B R G 7iE (s ©
BRI, I HoREE i K & B4 [37.54].

i B £ Y ik i S AR R ) R TR o e R A R T
WilR, T LR WA T ML ~E k. &S
R BE SRS AR [3], RS A B T RE R A HER[ 78],
B NN HE R NG W7 A R T4 1 W T8 < & R0 i fi e



[10,76]. Bilan, T Rk nr1F A2 i 20 34 5 1) e 5 R IR
Ak, WA —E &M TRIEH TR E, =02
I LR ERAE LR B AR [ 79]

WIHTHTIR, A 4E i FEmy, AP R B =4 ] LLid
IR IE KR iR R GK R i R OR A R R R (4
BE, IR SO g R IA, B I RE J1. AR,
YRR )T TR B A [3,78.79]. ALk, Jig
BE NG E TR, T HIE 20 5 iz v i
FoAh AT RE . PEARIE, G A 4R I — L pl Sy ad i i gk
i 38 A A B AT ) G BT T L s M SR A e i, AT
2 TIE I e (g B . AN R £ SRR B2 M A [ 1 41 1 1
Beo AN, 70 T R 114 R T s i SOL ST TR (1) 38 B[ 801,
TR B R AL AT B G5 [8 1], R s & EAE AR
VEN 22 W (A1) A I 2 R W0 1B IR BRI R SRR R 21 1
FF 8 I A (82,836

SRTT, IR £ 40 T g 3 52 el PR 9 445 SR 2 AH
HIPJER . Fln, —Sef SOk nlia A 4E S W s K
AT A1 98 R R SR 1) U 38 N AH DG BE [84—8 7] = ZE [ i
T IEVEA AR I AL TE B B AR T AL E TR, A
SrE BRI A TE 2R, IR AL T A BT AR HL
FUEFERVE FRAMEE, BHAS T 3@ . AR, FHALH
FU[881HRAE T W] ¥ 1 £ 4 B 1k 7% i e (1) 25 /E
FIAL s AN LT Y S T TR AR NI 3 SRR 1 T A
FEWIFRARA R [89-92], [RAASTA M 41 4 2 IR AI% & JBE il

RL AR 2SS 1 1k BE AN i T A RS Wi R T T 45 24

7

TV ACTE PR ERETR], DT 93/ A 38 B () B Ao SR
W IE A T2 BT A (R AE 5 8B SCRFAS T VE 2T 4E A2 12F iz 1 1 R
(£1) X—451£[84,85,88,89,91,93-97]. Ak, AAMTA
B AT IEVE LT A0 i TE A B (R AR 52 2 i 1 HL R
AIEREERE ST, I BB AT R RO M 4T 4 45 S 7E H R
b — [RE R SON  E AR RR ) FR A5 [4,93,98,99]. A&, 1R
MEHE ST o TR R (I AR 4R HERE KT, X2
T fi R B 4 BT FH T EDRRBC 7 & b ek, IF HL
e AR AE 7K1 1] e 22 G AR E 374 53 B R B 28 R0 B8
A= PERE .

3.6. LFYEXS UL AR B REAT IR

PR e 12 T BT S A B A i N AN g 15 oz 3l 5 2R B Th g
(0 DLt . BRI AP IR 7 2 RS2 (A A2 0% (175 77 A
L B PR FR AN B R, (R EASRESR (L2 08 (0 T e
RIE B BEE RO P8R8 b1 T PR A R PR IR 1T SR = 1
MR, SRR B RIS R ZIBOAE[100], ££ L Eg
KEEAFR I AEYRBEE X RAEA AR A AN AL
FAEMTTH . B, @R LT YRS N AR IR BER H R
Hh DL/ YU IR OO 22 A 5 R 1 R 5 AR AR s AT Dy il 2t
[97. wnelhdE BRI 2 fE A T H g 22 B HEE[101]
SN E NIRRT I RE S [49,102] .

SLEPAAIMR S, 2T 2 SR T BOK P AN S BEE IAT O
DR DA ] M IR B R I B S DA G (9] SR, e 214 H

Animal type Challenge model  Basal diet Type of Response
NSP* Reference
Performance Intestinal health
Weanling pigs E. coli Rice Soluble | Daily gain 1 Infection, PWD incidence, proliferation, pH [85]
Weanling pigs E. coli Rice Soluble No effect 1 Infection, PWD incidence, proliferation; J [84]
pH
Growing pigs  Lawsonia Corn-SBM Insoluble  No effect 1 Lesion length, diarrhea prevalence, prolifer- [94,95]
intracellularis ation

Growing pigs  Swine dysentery  Triticale, barley Soluble No effect | Infection, PWD incidence;  gut pH, SCFA [88]

Weanling pigs Non Rice, animal pro-  Insoluble  No effect | PWD incidence; firmer stool [91]
tein

Weanling pigs E. coli Porridge oats, Soluble No effect | Infection, PWD incidence, pH; 1 Lactoba- [93]
wheat, animal cillus: coliform
protein

Weanling pigs Non Corn, barley, soy Insoluble  No effect 1 PWD incidence, lactobacilli; T SCFA; | E. [89]
protein concentrate coli, coliforms

Weanling pigs E. coli Corn, wheat, bar-  Insoluble  No effect 1 SCFA; | PWD incidence, E. coli; T microbi- [96]
ley, SBM al diversity

Growing pigs  Non Wheat, SBM Soluble No effect 1 Immune response, bifidobacteria, lactobacil- [97]

li, VFA; | Enterobacteriaceae

E. coli: Escherichia coli; PWD: post-weaning diarrhea; SBM: soybean meal; SCFA: short-chain fatty acids; VFA: volatile fatty acids. The symbol 1 indi-
cates an increase in response criteria, | indicates a decrease in response criteria, and ] indicates no effect on response criteria.
*NSP: non-starch polysaccharides; NSP-containing diets are compared with non-antibiotic control diets for the entire experimental period; significance is

defined as P < 0.05.
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R XTI ek AR S L ) K A R e X e T T £ 4 A 1R 4 R
T . AT PR AT 4 AT DA SE K RT 4 R B B ]
FEWUL, DR B Re 8 AE 1E B S JLAS /N B P IR D R R B
[9,49,102], T] ¥ 14 41 2 3wy DA 034 & 14 B i 2 140 7=
A R ETREGLN A, el DAME N RE RO, A,
FE R NVENR T8 T 5 S L Jl AR (1 72 AR, dn b Re AN
AR AH DG A K SRR s I B 2R - DRI K
YY, [FIBFIXEEEEHn DE KK [103]. Kk, 5
ANEVELTAERA LL,  PTI3IH 1 4 ot G g RS 1 R S 5 i
R, BT R DMR KRR bR S rnE. g it
RS AR S IR 10 7 I RE T

4. IR EBLTERFIBYRRNE

FRRE I T 2 An AU ORD F Ak T T SR R A
HEVERR, DB E A NI A 4 0 DR EORE ) A R
[104,105]. IXEFART DL B & AEELF4ER) R —
S, USRS UE 6 B U0 BEAE AR R AT A IR 520 o

CE KM T LR 7 V2 R 12 e 20 4 HOAR I E IR A
i, MRAEISFREEA RCE FEIERECH) EAR . DR
WAV FH ARG . X5V O e . AR 2
A5 P B3 ) ¥z TR A CSE v 21 4 AR A 78 2= AR 5 e 1) 7
o W7 VRS SR AN 50 Wk (AT B AT 4 100 BT 5
(M DRI, 0 A RS N 2 & & 2R 4E B e] A
HENAEVEL YR B AF . B T LR TRDR 2 2 e At i o
Ml C A AR F= . TEAMIE VR AT 4E R B R, KR

Bt A0 B -1 S B S B o iz 1, BRART R AR AR B
BE L Lo 2 RN B-H SR BE S 4T 4 FUR P B R B AR
ZHE[2,106]. AN A B-To SR A IE B — B S
FoAb T BOPERE Clnp-H 5 SRMERE . o FLBE AN R
Jeli ) DA AN R A B A RS R AL A, LU Rsh
IR AT 4E IR, TS & =Y BRI [106].

TERE IR, ARG S8 2 it st. 28
MM, ST AN P e 21 4k HORS FO 0% B8 37 R Al AR
KHERef M, HaRIFA—8 (K2)[107-113]. H
TR RS . SEIO A AR AL RIS 1 CRP SRR, 7 & A
FED 55 BRI AT DA R A 58 Hh R A — S R
A [2,114],

MR v 21 4 E RO AU L 1) R0V A A 2 5
TIATERE . Flin, A K PERRIE S B T VAN s I ) = 41
Y AR R R ROR . TR, AR T A R A i
AR EAER . BrbL, A TSR, AT Eg
SRS P R R . A 0 B i) B v T 4 RS N ) 4h
5T G ] S X e sk AR, T TR RE XA I AR K R AR AE
F o bAh, G Bt a7 4 H R 052 e 10t 98 = B vp
Fig E i s 9 AR (g =0T A2 T AL pHAN Bl
BED, A 75 T B IR 0 R SO =R A A DG
W RGHIFEN ;B BRI, XL 5% 5 e
PORST eSS CEY EP RO 7M1= P AN (TP P |
FARAH PR T TF IR SEIAR) N LB
ARAELGFFRATTAT ATEJH Ak R BE A [R5 3 PR T 78 98 b B
AHSC AR A AE BN, o AIX S 5 iR A5 21 1 808, T

W2 IRINE & LR PR S TR A S W S WIS IR E -4 DO AR AL RE B4 52

Diet composition NSP enzyme Pig Nutrient digestibility Performance Reference
Wheat, SBM, wheat Cellulase, galactanase, Nursery Improved DM, starch, energy, NSP, CP, Improved growth rate and feed [107]
screening, millrun mannanase, and pectinase and phytate digestibility efficiency

Corn, SBM, DDGS Xylanase, a-amylase, Nursery DM digestibility improved, but not CP Improved feed efficiency, but  [108]
(corn or sorghum) -glucanase, and protease and energy not growth rate

Corn, SBM, DDGS Xylanase, a-amylase, Grower-  CP digestibility improved, but not DM No significant [108]
(corn or sorghum) B-glucanase, and protease finisher and energy improvement

Corn, barley, SBM, Xylanase, B-glucanase, and Grower-  Improved DM, CP, ether extract, and Improved growth rate and feed [109]
wheat DDGS cellulase finisher energy digestibility efficiency

Corn, SBM, corn Xylanase, B-glucanase, and ~ Nursery  Not determined No significant improvement [110]
DDGS mannanase

Corn, SBM, corn Xylanase, B-glucanase, Grower-  Not determined No significant improvement in [111]
DDGS protease, and mannanase finisher all four studies

Wheat, barley, corn, Xylanase and B-glucanase Grower-  Improved DM, CP, and energy Improved gilt growth [112]
SBM, CM, corn finisher digestibility performance, but not barrows

DDSG, wheat mid-

dlings, rye

Corn-SBM, wheat Xylanase, a-amylase, and Nursery  Improved DM, CP, and energy Improved growth rate and feed [113]

middling, fish meal protease

digestibility

efficiency

CM: canola meal; DDGS: distillers dried grains with solubles; CP: crude protein; DM: dry matter.
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