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Foft N 2 480 2 3¢ A DO ERAL 2 5 DL A SR (AR
B FEPE T 19N IE P H R AL 2 R
2, W7~ EFEH R H (crude protein, CP)SE7FHH K
By AR S B H I 10%. 254U OSRAR A1 XA
[F] fit A P T KO L R S AT R, R A [
mn P K A AR S RAEOR, A o AR PR B
44 (neutral detergent fiber, NDF)ZS 3 R %A R
5.95%, DEFIMEY) % & i 3 (P<0.05), DEFIME 5 K
Fr/ME 2 243 BIAF10.52 0 % 0.55 MU kg™ Liu%s A
FEH A B K E K DER E#m5.54%
(P<0.05). W FidIE K37 2 5 Ja vl DA 4 =1 (P<0.01)
KZEHIDEFMME, XA[RERH T REEHEARE 4
UERR Sy, TRy A HUE 745, Kralersi N1
RIURBE/INZE E A BVE K (starch,  St). A £F4E(crude
fiber, CF)LL A AH AR i (ether extract, EE) & & 5/ N3 %k
SRR EEAA BOR AR A BB AR, Tk FURFIURE O 7N A 18 B
HRAEAE RN EER K. Lius A8 HDDGS
(distillers dried grains with solubles)f ik X~} H818
um P& ZE 595 pmif, HDEG % #1194 keal kg™
(P<0.05). RojasHIStein' 't % Bil 7 K A DEAIME# 5
BRI (865~339 pm) 1Ml £ 144 41(P<0.05). NRC™!
FHPAEAT T A2 R R Ak 27 5 o 2 A A RE
B, U BAS R B SR i DR R ) B A S HR B A 2 )
AR T H, SRR A EE T B SR SRR A
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PRE MY BARAE 22 5, PO AR B 78 73 25 R A 1) A4
B BOO A R AR () 5.

2 SEWRE RSB RURRME B % AL A
Jsy
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W77 R TI FA SRl E, FE IS T R AF i 2
F. kHE R T RS AR, S A R Re
AL oy AN SR AH ).

e B IR ERL R A RLAC 7 A ) B A RS 4. EE,
St, NDF. #17K%(Ash). M BE(GE) S L KDERAH M
i (P<0.01), 1jSt, EE, NDF, AshllJ2& 50 £ K MEF)
TRy, Hoh, NDF 5 Asht 5K 4G 2k e (i 1)
8R0S VAU VA WA | T b= AL (N < =BV 4= A =R OE

940

— R O R MEVE S 4T 4E(acid  detergent fiber,
ADF), FairbairnZs \"" i RIS L, LLUZR T RH
— 7% 5 g SR T 5 R A R R A O R H (coefTi-
cient of correlation, R%), 45| ANDFHIGEW ff PA i3
DESLAR I FOMIPE e, 53 e AUk E k], 3
T8 30 9% A B 7 (Tannin) /& 500 DE, ME[) 5 %
K2, 1552t Tannin & &5+ 511%, ME S DES AT B#{IK
#3200 keal kg™, ADFI 2 Tl e 524 RLREAEL 26 —
SRR R IR A R % 1 22 AN A B T TR
(polyunsaturated fatty acids, PUFA), Su%% A4 L
Ml HHPUFA. VIR (oleic acid, C18:1). fifi flEfR(stearic
acid, C18:0)NZ ¥ % 7 {IDESMETM 77 F2 4 5 1)
RS

A o R R S DR T B AT AR
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(P<0.01), 7B 4T3 BINDFXDE R o1 Mk =
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Ty R AT R T S A DE Y S S A1 22 1 2 W ADF®, 227
RIS GER T B ADFEUNDF A ME— 2 373 37 [f)DE
TR R4 R B i, 24 5] N LA AR B i e i 2 44 A
Y [ %% 72 b 22 (residual standard deviation, RSD). {£
A= HIDESNDF, ADF, GE¥JH .3 #H 5 (P<0.05), H
FHNDF IR 5 &5, H—0.82(P<0.01), 24CP, GEj| ANDF
X DE T A% B i o] DA AR B FE 2R, ME S5 NDF(1)
R*%3]-0.77(P<0.05)""). Liu%s A5 HCP 5 %40 H]
[FIDEFIME {3 1EAH 5% (P<0.05).
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Ak 2o, R BEE S Asha dalkt FURL G AL BEAE 1)
THRARZM. FK. £k @R StS
DEMIME 2 % IEA4H 2% (P<0.05).
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AL 1342 0], H=HFH oy f2E 2, 1X0] Uo7 #
THERE L TSk be b, an SR fR %5 [l A 0 7 vk ik
TR 578, T8 2 F 7 PRI G B R T

(4) SRBRAL 2 BRI IE U0 F 7L Ik R H i A B
TH—NIG, BE, CPEENE TR M BB ALY,
TS AL () R EN N IEME; CF, NDF, ADF, Ash%%¢
HE R 5 T TV AL, PO A R o ) R B A FqEL R
E AndersonZ AP0 R b 51 H I T AR R A O,
LSRR MRRE. nTREIR 2 TR TR
BEEIOAFAE, X B il o) B 22 0 3 A% IE AR 2 ()
WA AR50 T T2 S 8 b 22 15 4 18] R SR B AR 4k
AP ghah, x5 F) F Stepwise Regressionf 7 4
SETRM TR DG, 24N R O e 04 0 R [ B
PAETT R, AR T2 EH B AR S B R 7 5
AR, TS A BRI R T, G
BT & 2 7 L7,

(5) ARREZ MMM R R, X ka2 fa kK
B, fEERK. KKEA. 8Kk, KKDDGS. &
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Table 1 The key chemical components affecting DE and ME value of feed ingredients in pigsa)

(b SR HALRE ARTRE
5P 'EE, St, NDF, Ash 'St, EE, Ash, NDF
TR 'HC "HC
FEk "St, NDF, CF, ADF —
K#E "ADF, Ash *ADF, Ash
IINFE IR R 'NDF "NDF
[ “Tannin, ADF, St "Tannin, ADF, St
T 'PUFA "PUFA
KAKEA "NDF, ADF, CF "NDF, ADF, CF
TR K T 'NDF, ADF, CF, EE "NDF, ADF, CF, EE
T 'CF, ADF, NDF -
P "CP, NDF, ADF —
LTy A 25 'ADF, NDF, CF -
SERFYEH 'ADF/NDF -
A 'NDF, ADF "NDF
EIEHY "CP, ADF ‘CP, ADF
SR ‘CF, ADF -
B S "AEE, Ash, CP "AEE, Ash, CP, St

a) *, FN A R EDRHE AL RE B A QM BE A 2 — SR B AL 22 ST, DER /R AL AE, MEFRRAQHTE, EEFR LRI, SERRVER, NDFR R H
PEVER T4, ADFFRIRIRIEDER AT 4E, AshRINHIK 7y, HCER R P 4E R, CFRM LT 4E, Tanning R 8.7, PUFAR /R £ AR R IT IR, CPER
A, AEERIRBRKIEIRINT, —27R MARA SIS, TR

F 2 KB EIR R 2R Ty R

Table 2 Equations for predicting available energy in energy ingredients for growing pigsa)

kR itk feiie Wi VORbR
. "DE=1062.68+49.72xEE+0.54xGE+9.11xSt  'ME=671.54+0.89xDE~5.57xNDF—191.39xAsh e 1 7]
K (R*=0.62) (R*=0.87) - LisEA
DE=2.9-0.296x ADF+0.018xNDF+0.708xGE
. (R*=0.92) ME=6.442-0.299xADF+0.022xNDF+ 0.498xGE Farzt
DE=3526-92.8xADF (R*=0.92) FairbairnZ A\['"®!
(R*=0.85)
"DE =6974-236xTannin-43.27xADF+24.96 N .
R *CP_071xGE ME—3973—2(;22;"1"313;—27.24><ADF _ PanZi A1
(R*=0.96) :

sijg  DE-34.15+0.07xPUFA+0.21xCI8:0-0.04xC18:1 ME=33 37+0.07<PUFA+0.20xC18:0-0.04xC18:1 Su A0
" (R*=0.84) (R*=0.85) -
a) R THORAS, TN 7 FERT A * 5 R 5 AUBE AR Mkeal kg™, To* SR AH ABLEARI M kg™', GEFRRMEBE, C18:0F =I5,
CI8: IR RMER, REFHF AL, THA

BERTRMRE B B2, ERK. R, &K, £k BEAEHADEER3). 1 H, DEALASGE £AKRI™ W
DDGS. HE M. FHILHA/NEH R &~ Sd, DES  MEWMBA MRS, %, KKE A EKDDGS
ME & 3 1IEAH56(P<0.05), I I EMERNERN /7 " GES5ME R 23 1IEAH K (P<0.05).
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3 FETHRRHERME S s T AT R R
{E AR

ASCHAR BT T CURCR AR SR STR rp 2 - e
JEURMA 27 RS 73 TN HEAT R BEAE (0 e R TN T A, 1
TARHEURHRF L 70 R 94, VL& 2~4.

4 FEPPRHEURIE RCREAR I A AE i
J5 F BRI
SR EURA AR (LI 2 BT 7 P TG AR

F 3 ERIERPE R SRR R A 2R By R

SEHITAERR, MH, 47, . L TZEREX
S 3 1o 5 e TR SRR R A 2 2E RO T R e A R
{6 S5, BEEFE S G0, S s LR 0
BEZ 3. S TR R R RE AR TS 2 AT LR
A58 A5 DAy YR ik 3 0 AN [R] el Rk TR P (R 2K RE A
FITEL,  H BT SO 3 S LR R 2 TR 4R bR
TIN5 00 RRE TN 7 R, CATREIN R S R b B0t
R BOBRHEACREE . RMREE S IR RelE. (EA
EERE, WARMEAKZHCEN TAEKE, XM
B A LA R I DR EOR A R e E AR e A

Table 3 Equations for predicting available energy in protein ingredients for growing pigsa>

PR EARL HAkRE R aE T BRI R IR
DE=22.17—0.51xNDF
. (R*=0.50, RSD=0.93) ME =21.42—0.74xNDF - g 21]
FKEH DE=18.58—0.49xCF+0.31 xEE (R*=0.52, RSD=1.30) PESA
(R*=0.70, RSD=0.77)
* = —_
DE=1874-21.35*NDF+0.65xGE *ME= 1463—32.43xNDF-+0.79xGE
—99-84xCF ~54.52%Ash—68.82xCF
To 2K TP R Al (R*=0.86) ‘ (R=0 865
P *DE= _ :
i DE I(’OIHS; i4§:ggF+O'69XGE *ME =4558+52.26<EE—50.08x TDF
(R=0091) (R°=0.85) NE=—7404-43.82CF oo
ke DES-O43-9452xCFHLI4xGE  *ME=7898-42.08*NDF-36.17xAsh +(}262 A ng Kerrg A
1 T —22.89xNDF +101.19xEE—103.83xCP R :
b (R=0.83) (R’=0.90)
s *DE=4338-36.75xNDF+32.99xCP *ME=4066—46.30xNDF-+45.80xCP
A} H orh 2 3
Eg%ggz@ ~67.10%CF ~106.19%Ash
" (R*=0.95) (R*=0.94)
oy DE=38 44-0.43xCF—0.9xGE+0.11xADF  ME=2.74+0.97xDE—0.06xCP & 0-/¥DEF0043ADE )
= (R=0.67) (R*=0.79) -2.18 Li% A
. : (R*=0.89)
DE=—14.38+0.557xGE+0.32095xCP
ieR i —0.01268xNDF - - KRHEAP
(R*=0.72)
DE=15. 40—0.27xADF
2.
N 1 (R™=0.91, RSD=0.27) B B e ) [26]
TR AT S DE=14.88—0.29x ADF+0.25xEE Shens A
(R’=0.94, RSD=0.22)
DET16.20-0.10xNDE NE=1.14xDE+0.46xCP 100
SR (R°=0.63, RSD=0.49) B 2524 2= .
* DE=16.32-0.15xADF (R=096) 2 bt
(R*=0.63, RSD=0.49) '
e DE=0.18+0.73GE+0.08xCP—0.14xNDF ME=17.78—0.17xNDF - J—
TRZEH (R*=0.97, RSD=0.10) (R*=0.59, RSD=0.51) LA
ME=1.14+0.87xDE
. _ (R=0.93, RSD=0.20)
— DE=—4.90+0.14xCP=0.08xCF+0.71xGE o /' "% S o - Liugs B

(R*=0.89, RSD=0.27)

+0.16%CP
(R*=0.96, RSD=0.14)

a) TDFZRoR B ek 21 4k, BDRAR AT, RSDRRIL ZEIntEZE, T 3R[F
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Table 4 Equations for predicting available energy in fiber ingredients for growing pigs”)

T} R Wik RE LI e BERRUE
DE=16.128-0.370xCF—0.093x ADF
SRR +0.131xNDF - - B
(R*=0.937, RSD=0.69)
DE=7.78—0.09xCP+0.25x AEE+
ME=6.22+0.22xCP+0.28x AEE
LS 0.05 XSt_O'ngNDFT;Z; S%F_O‘BXAS}‘_I'SXC*I +0.02%St-0.14NDF+0.30x ADF - HiftAzl"
(R*=0.92) (R'=0.61)
*DE=—7471+1.94xGE—50.91x e
FokR EE+15.20xSt+18.04<0M digestibility ME=090XGE~29.95<TDF - Anderson
2 (R*=0.72) EIN
(R*=0.90)
. DE=19.2-0.016xNDF ME=16.9-0.0136xNDF
13 5 = L B s ) [33]
AL (R*=0.94, RSD=0.58) (R*=0.94, RSD=0.50) Huang A
DE=0.32xSt-1 66xEE+8.70
- (R*=0.93, RSD=0.25) - - e B

DE=-0.91xCF—0.71xCP+33.80
(R*=0.76, RSD=0.35)

a) Ca R4, TP R, OM digestibility 2 75 A B b %

BORBR 15 BRAh, AR T 45 SR A AE R B T4 22
oI E MIAERE,  SEELRE € SRR RUBEAE (1Y PR T
BT S A IE RIS R D SE AR AR

5 B4

e

A RREAE A SE TR E R 248 bR, R RRE
FEE R R A R AR R, TR BB
Rt Sl o 5 A R R S UG, ST T e
JEURMAE 22 73 B R RE(E T 7 72, W] LSRN A 2L
REMELAIZNATIE, TRAbE# S| AR o skie. A

(R U} S A R RE (B AL R L, (EER
— REBAGE R A S A, AR 2 Ty
RN R, 7R R O R AT R e
fE AR, RTARAERT BB RO R BRI, i 2k
PR R TR, BB R R HE
Pl 58 E B iR S AL, NERE A AR RZEH
TR, 708, BILEAERE 1 R & N A s A
BORZE G AR, R R EERINERIIE B D, R
NI DPS S R 7 M L E S i 25 R S w1 ]
IS A AR SR R R AT 2 RE B VT S IR B R A B
JiTl.
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Key chemical components affecting the available energy of feed
ingredients in pigs

HU lJie, LIU Ling, ZHANG Shuai, LI JunTao, LI ZhongChao, HUANG ChengFei, PIAO XiangShu,
WANG FengLai, LAl ChangHua & WANG JunJun

State Key Laboratory of Animal Nutrition, College of Animal Science and Technology, China Agricultural University, Beijing 100193, China

The available energy of feed can be used for the maintenance, growth, reproduction and lactation of pigs. A number of factors
including varieties, growing years, climate, storage condition, processing technology can lead to the variation in physical and
chemical parameters and available energy value of feed ingredients. Studies have shown that the correlation between chemical
components and available energy in feed ingredients of pigs is significant. Establishing prediction equations for different feed
ingredients based on their chemical compositions is a great way to evaluate the available energy of feed ingredients and achieve the
goal of accurate diet formulation. In this paper, the variation of physical and chemical parameters and available energy value in main
feed ingredients of pigs, key chemical components affecting the available energy of feed ingredients in pigs, mathematical models
predicting available energy based on chemical components and application of the models in feed formulation are reviewed. It is
expected to deepen the cognition of structure-function relationship between feed ingredients and available energy as well as promote
the accurate diet formulation for pigs.

pig, feed ingredients, available energy, prediction, chemical components, accurate diet formulation
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