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432 KA NRC(2001) BB AN R A E AL S EURPFEGR T THALEY> S T4k
18, B B ) A% Z et T 340 5 K38 (FTIR ) B R 5 A7 R B A2 AL 22 876 09 4 F 45 M) oh 46 ) 4
AE Ao Mre Mz etk A R, AREW ) MEREGIZH B et 6k k| 25 e
HEARZE . THEAAS S EFRRAEZARERGALY 2)BERE 2 EG s TEMS
BEH e B 00 EAERR (P<0.05) . 3) ol 1 4 5 45 M sk R AL & 9% & ARV ( Amide T _
STCHO) #e Bt | 5 ¥ a8 KL A @A (i ( Amide | _CHO) 7T vA 3£ B 48 4 Fam) B F 4 i)
7% B THEMEEGM(R =0.35,P<0.05) L5 § &G M (R =0.35,P<0.05) I # T Bk i & §
EAR(R*=0.33,P<0.05) F=J B THBEAGRTHRHAKREEG R (R =0.35,P<0.05) 4 &,
PR RRRERARE S SN, TEMIRASARBEORZZ . THALAS S E M0
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TR bp AR O B L AR R 21 A1 Ot 9
(FTIR) £ A BE S 3 B PR i b 73 Hr A [A) £ ) 22 1]
P2 o1 B AR Bl 22 S, O HLOW P B 20 1 25
AEAWIRVE . FIH NRC(2001) 12 B RIT ¢
WhAE IR e B C O 2 [ M X T2 I H
IRt , A 50 5 76 R FTIR FAR B G2 A [F] 7 H4
b HR Ly T 45 A D RE AT 9 RRAE | [R5z F NRC
BRHDPEAfr AN [] 4 4k BT 3 A3 2 1 5 7 4 | AT
THACTR 70 & B FRE(E A9 52 0, 26 00 OR BAT] 2 1]
SETAFAEA SR OC Z, Dy T B DR T VA ) B S F)
RS IR E SR AL B K

1 #MR5FZE
1.1 iREe A4y

AR T 2017 48 5 HFEM R RN T
SR AE KT 253 S SN TR TR Ay B4 5 R T
FEAE R 4 3] 1) £ 00 i A S 2 Ak T R A
AT A AR EE (100,115,130 C) F ARl Jaj (2,
4.6 h) I FEFRFSLME T ok B b R BR 0.5 bk
FRBERE , 63T o FhoAS [F] F2 BE SRAL BEAE & | B4 SRk
FREE S AT RE N 3 A4, BUREE MR HS , BGH
A3 RES B ALY AR 3 1 mm LI, 0T AL 2
SYHT 3 FREGHS 20 B i A BEALR i3 2 mm FL G,
FT90 8 B A 50 5 6 % FF 5 FH B 6 WL R 1
0.25 mmAL , FH T35 7347,
1.2 MEEREFE
1.2.1  HHALA 53 AT

TH i (DM) MUK 5> (Ash) HLBE G (EE) |
HLEE 45T (CP) | HPEVE IR R 8 1 (NDICP) AR
Ve AR H (ADICP) & 5 1 AOAC(1990) ' iy
TFEHATINGE . P PEBRIRLT4E(NDF) FRVEVES LT 4k
( ADF) FIfR MR A I R (ADL) & 4% #8 Van So-
est ST IR ATINE . YK (starch ) 7 i IR
Weiss 2 7 - A7 22
1.2.2 98 H e e as ik il 5

BE AR LA M K A BT 3pl i 0 3 i) 3 Sk 26 h
TR A I A B ey BT L A (MR EE 600 kg
FeAr) AT B R A, R I 1 g H G I 2
K (08:00 F1 16:00) , H HERIK, 50 1 L 2 I
NRC(2001) "™ 4= F 55 B AR ME AT AL, i 06
TR ZH B % 8 3R K WL 1, R 1 R At e 0o A
e Peng 210 ()5 vk | Br A7 G RE LAY JE 4R
FHAR B L 4% 11 5 BEHLBE R 2098 8 R g K

Wi 2.4 .8 .12 .24 36 48 h, &> I [A] 55 [A] — 2%
BN RN BOIE 3 A, Bl e R4 )E, &
£ 300 HJE A A 10 ecmx20 cm 8 Je fe 4% i
TIARE 7 ¢ AR BEA S 48, 2R 5 0 h B[]
MR ke — ' Kb dE, 65 CTHET 48 h B1E
ARG O A8 i Bk AL 1 mm FL O KR
[F] i T o5 A 7 78 4 1) 2 B 148 P AR A7 A 0

F1 WBRARAMREFRKE (RTEM)
Table 1 Composition and nutrient levels of the

experimental diet (air-dry basis) %

i H Items £ & Content

JE Bl Ingredients

ZE ¥ Chinese wildrye 42.85
EKFHFI Corn silage 15.82
E K Corn 13.18
F #k Wheat bran 3.74
Hi% Molasses beet 0.99
FH Soybean meal 3.15
Tl ¥4 Dried distillers grain 5.35
KK Cottonseed meal 2.06
FOREF YA KL Corn gluten feed 7.42
FKIRZEHR Corn germ meal 4.94
TRA Premix"” 0.50
411 Total 100.00
3K Nutrient levels®

HAEH T CP 14.40
HEVE B AT 4 NDF 49.20
B VR VRV 4T 4 ADF 30.60
5 Ca 0.60
WP 0.40

1) #F iR B H & A One kg of the premix con-
tained the following: VA 8 000 000 IU, VD 700 000 IU, VE
10 000 IU,Fe 1 600 mg,Cu 1 500 mg,Zn 10 000 mg, Mn
3 500 mg,Se 80 mg,I 120 mg,Co 50 mg,

2) % Calculated values,

1.3 FIANRCHEEFEAFEERLIETELE
W4 e B E AL OB S
1.3.1 Ml H NRC & i ] A [5] #2 B2 #4 4b 2
AR A

FIFH NRC #5270 71 I A~ [] 2 B #h Ak 3 5 3 1)
AR o™ 1, A5 B v KA 25 1 5 (RDP) |
I B AR AR AR F1 BT (RUP) TE IR 2 11 BT (MCP) /)
i ] 8% AT T A B F B ( AMICP) /N g ] W g et 9
B &M (ARUP) NI H BT (ECP) /M Al i
W NP5 H B ( AECP) Al R & (i (MP) . R
P R4S R oK Ak & W — 8 1 AR &R (CNCPS) %
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R 9 H REACT-#T (RENB) {2 b 83 B AT Sk 2 11 ot
Al A B K B ( MCPy,p ) 1L AT 31 1k 37 43
(TDN,,) Al & BB R 8 [ BT ( MCP oy, ) 19 25 fH 2K
i, ARSI EA KXW T .

RDP( g/kg DM)=A+Bx[ Kd/( Kd+Kp) ] ;

RUP( g/kg DM)= Bx[ Kp/( Kd+Kp) ]+C.,

Ao, A Ry P B A A 0 ER A3 B oA T R i
AT ; C e e AR 0 8 1 S 43 s Kd
B IR A 3 % s Kp b o DU ) K9 B il il oR A
B.C il i H e A E

MCP( g/kg DM)= 0.13XTDN,, xpeNDF,,

A 2 W H A 0 M Uk % £F 4 ( peNDF) /
NDF>20% i}, peNDF,; = 1.0; 4 peNDF/NDF <
20% I}, peNDF,;=1.0~[ (20—peNDF) x0.025] ,

AMCP( g/kg DM) = 0.80%0.80xMCP,,

A . MCP 1 80% iy H.& i (PB) ,80% Al

FE /N gt
ARUP( g/kg DM)= RUPx0.85;
ECP(g/kg DM) = 6.25x1.9XDM;
AECP( g/kg DM) = 0.50%0.80XECP,

A .50% 1) ECP GERIA + 4817, H 80% N
HEME(PB) ',

MP( g/kg DM)= ARUP+AMCP+AECP;

RENB =MCP,,,,, ~MCP,, .

HH1 : MCP,py,, =0.13XTDN, ; MCPRDP=0.9x
RDP,
1.3.2  F H] NRC #% &I 4% I A [7] 7 B 4 b 38
O E AT AT A S g

FIF NRC #5220 Ak I AS [] 2 B #A Ak 3 57 3 1)
W A-98 B HTTEAC AR £ g PRk K 1L 59 (tdNFC) |
FLATIH AR 2 BT («dCP) | L AT I Ak b 1 PR T 41 2
(tdNDF) F1EL AT Ak B I R (edFA) o 211 Al T 4
ALY TDN,, A2 7K-F-IH AL BE (DE, ) AR 77K
FUHBE(ME, ) S A 77 K P W FLE BE (NE,, ) o [A]I,
SR FH PR A Ak 00 A 78 = 300 % ) L A A R 1 e
(NE,,) FI§EEHE(NE, ) . £ HAR> 1R,
tdNFC (g/kg DM) = 0.98x | 1-[ (NDF-NDICP) +

CP+EE+Ash ]} XPAF;
tdCP( g/kg DM) = CPxexp[ —1.2x( ADICP/CP) | ;
tdFA( g/kg DM)=FA=EE-1;
tdNDF( g/kg DM) = 0.75%( NDF-NDICP-ADL ) x
{1-[ ADL/(NDF-NDICP) ] }0.667

A PAF i TAZ IE R 1, FA ARG R , 4n

B EE<1, )] FA=0,

TDNm( % ) = tdNFC+tdCP+
(tdFAx2.25) +tdNDF-7;

DE (MJ/kg) = (tdNFCx4.2+tdNDFx
4.2+tdCPx5.6+tdFAX9.4-0.3) x4.18;
PrinZ# % =4.18x{ [ TDN, —(0.18x
TDN,-10.3) ]x2} /TDN, ;
DE,(MIJ/kg) = DE, x4 1 2 %% ;
ME,(MJ/kg) = 4.18x(1.01XDEP-0.45) ;

NE, ,(MJ/kg)=4.18x[ (0.703x
MEP)-0.19] ;

NE,_ (MIJ/kg)=4.18%[ 1.37x( DE,x0.82) —
0.138x(DE ,x0.82)*+
0.010 5x%(DEx0.82)*~1.12] ;
NE,(MJ/kg) = 4.18%[ 1.42X( DE,;x0.82) -
0.174x(DE ,x0.82)*+
0.012 2x(DE 4 x0.82)*-1.65],

K H . DE A 1 A5 4R KF 1 Ak g an 2R
TDN,, <60% , {H LR T Z oAt
1.4 FTIR &#F

TELLAMELT BT M PRI 2 mg TR
EFEE S 200 mg WRALHH (KBr) 03 3 56 o b
Feor i HOR A Y AT, R A bR T R AL
(769YP—15A ¥ K & R #L) Fe B% 2 75 B 3 Btk
SR J5 A A8 B b A 8 2T A0 S ) (5 B FTIR -8
4008 ) X T AE S R AT A DITRAL B AT S 7 5t
TS EE A REREC 256 K, IEXF 255 (A AR
MK 78 <) #F 47 & IE, 35 Uk B AE 4 000 ~
400 cm™ RN 4 em™ FRRECH 128 K, &
AR 5 AN A R A ) R B AL T Y
B BB KA P 5 F a5 R e
1.5 HiESFIREFHESHLE

fii FH OMNIC 8.2 {41545 21 () s A S 2040
it AT /0, JEAE OMNIC 8.2 B ff ik i 4E
PSS 2 A B, i Hh BE G T A DXl (R4 ca.
1709~1 562 cm™) ML M 1T 5 X 38 (3 £k . ca.
1562~1471 cm™) , #RJ57E OMNIC 8.2 #
B AL A ) F 20 B 1 2 R P B K Ak
EWIXI (L ca.l 475~1 187 ecm™) LR &
WX (4L ca.1 287~1 187 cm™) Fl BBk /K 1k
BYRE (ML, ca.l 187~898 cm™) , 2R 5 FI
Excel 2010 &A% i 55 H 06 1 FUE

BNV ORI AR R (e 2 GO e sl = B i}
Pfe 1 7 5 S5 A0 PR oK Ak A 4 06 18 AR LU AE ( Amide
[ _STCHO) ZE M althe 1 4 5442 & Y ikim
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BULME (Amide [ _CELC) .25 A ilERE 1 77 5 A
WK AL Wy T AL (1 ( Amide 1 _CHO) 2 &
P fiie 107 5 25 A PRl K Ak A 40 06 11 A EL A ( Amide
I _STCHO) . #& i Bt 11 45 5 £ 4 &2 & ¥ W& 1
FUHCAE ( Amide 1T _CELC) 2K 1 Bt 1 45 5 4
WK AL A Wy 1 AL AR ( Amide 1T _CHO) ,

1.6 #HIFEAE

K H SAS 9.4 #4471 ) PROC MIXED #2 ¥ %f
AN TR i A Ak P G A AR B 1 e i T AR
I FIRE(E 1 & S AT B o0 A . LR AL R .

Y =p +F;+B;+FXB;te; .

2o, vy SR XS [ AR & ik 0 PR s R
M- YME  F, 2R BE RO (i=35100,115,130 C) ;
B, SRR (j=3;2.4.6 h) ; F,xB, &1t & 5 i
(] ) 52 FLAE VR A [ 38 U0 5 e J 1 22 B8N

% H1 Tuley-Karmaer 5 %6 Ft 38 AN [A] I B2 Ay
B Z [ f £ 5 P<0.05 #RZH B E, P>0.05 %
INERAREE,

K SAS 9.4 # A4 H1 ) PROC MIXED #2 7 %f
AN [) i A Ak L s ) B RN K AR B i
o7 F UI6e A RRIE 2 80 AT B8 o A, B[R] I %k
PGt FAIH SAS 9.4 #F ) PROC CORR
STEATHEAT A S 23 BT (P <0.01 26 75 # 5 % AH
X, P<0.05 F£n i FHH K ,0.05<P<0.10 £RaT
K)o e, SR T UIRE A RRIE S50 HAR Y
A AT AR TR S FREE 2 [A] %) TR0 AR 75 38 1o
SAS 9.4 % 4rh ) PROC REG & /E8 45 m1H

2 H#R595W
2.1 FANRCHEEGANAREEALENSE
RiEBR~EM M

P& 2 WAL, IR RE R R) X G A &
;=i ECP Ml AECP & & ¥4 B & M (P<
0.05) , Ff HL i B A ] 22 (8] 47 7 8 3% 09 BAE RN
(P<0.05) . Fifi 25 B2 09 F v DA Bl A st [a] ) 4
K, MP 1 & 8% A 1 A8 ka3, RUP A1 ARUP
)& i R B T A i A AR L 28,14 ~
33.79 g/kg DM ,23.92 ~28.72 g/kg DM, [ifi & i
JE B T v LA K #A T [a] 79 ZE 4, RDP, MCP , AM-
CP .MCP,,, MCP.. 7 & fll RENB {5 2 3 H B AL
[y a3 H AR AR [ 73 0l 196.74 ~ 196.55 g/kg
DM .101.69~109.99 g/kg DM .65.08 ~70.39 g/kg
DM .76.21~78.73 g/kg DM .101.69 ~ 109.99 g/kg
DM 25.48~31.26 g/kg DM,

2.2 FANRCHEEGANAREEALENSE
AEFES SEMEEENZME

1 2¢ 3 AT, I BE RN R ) X s AT 9 AR R 43
H1 (dNFC & i A i 35210 ( P<0.05) , I H i B2 A
s (1) 22 [B) A7 7 S 35 19 AR RON (P<0.05) , Bl IR
JEE B TR A RO AR [B] 9 ZE 4K (dFA 5 2 B
T i e B, H AR fb Y5 Bl A 35.24 ~ 39.66 g/kg
DM, [ iR 10 TH v LA K Bt 8] 1 4k K | tdN-
FC .tdCP  tdNDF 1 TDN % & & 31 B A 10
o HASE G B4 9 R 261,52 ~321.79 g¢/kg DM,
201.67 ~ 212.90 g/kg DM, 236.80 ~ 239.08 g/kg
DM .782.23 ~846.05 g/kg DM, Fifi % i B (1 FF 5
A B Jm #4 B ) ) %€ K DE, , ME, \NE,, \NE,, H
NE, 2 Ay 32 7 R ARG i) i 3, A2 6 8 Bl 43 30l o
57.53 ~ 62.19 MJ/kg DM . 57.65 ~ 62.36 MJ/kg
DM, 40. 34 ~ 43. 65 MJ/kg DM, 183. 35 ~
234.80 MJ/kg DM . 195.99 ~ 253.44 MJ/kg DM,
P PR DL A 2 A AV o 3 v At 00 1 B
23 AREBEEALENSEXILES FLEHIIEEHT
LERn oA

2% 4 n] A1, TR R R] 2 fR) X 5 O I )
F 45 49 3 6E Bl Amide I _STCHO, Amide [ _
CELC .Amide | _CHO ,Amide Il _STCHO , Amide
Il _CELC #1 Amide [ _CHO F£7F .3 ) B AR
(P<0.05) .
24 FARAEBEEHRAETEMUNZEARRESH.
AEFESSEMRES KT S FEHEH
ERHEXX R

h# 5 fiZk 6 A1, Amide | _CHO 5 RDP,
MCP, /7 FER B 3 IE A5G (r=0.52,P<0.01) , 5
RUP fEEM B A 6 (r=-0.52,P<0.01), 5
MCP ,AMCP MCP,,, fF7E 8. IEAH I (r=0.46,
P<0.05), 5 ARUP ECP ff7E B E M AH X (r=
-0.38~-0.45,P<0.05) , Amide | _STCHO 5
RDP MCP , AMCP ,MCP,, .MCP,. 7% 7E i % iE
M (r=0.38~0.42,P<0.05) , 5 RUP 7£7E B &
FAHK(r=-0.42,P<0.05), Amide [ _CELC 5
RDP MCP , AMCP MCP,,, .MCP,. f£ {E i % iF
MK (r=0.45~0.47,P<0.05) , 5 RUP f#4F . &
A (r=-0.45,P<0.05) , Amide [ _CELC 5
tdCP TDN,, .DE, \ME, NE,, NE_ fl NE, f77E .
ZIEM ¥ (r=0.39~0.47,P<0.05), Amide [ _
CHO 5 tdCP  TDN,, .DE, \ME, NE,, \NE, I NE,
FETE S A2 (r=0.41~0.46 ,P<0.05) ,
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Table 7 Regression model analysis of spectral parameters with predicted metabolic parameters of

protein, digestible nutrient contents and energy values of different heat treated okara

1 A A5 [a] I 75 , W e
B P b HR WERK m% PE
Predicted variables Regression Prediction )
. . R RSD P-value
(Y) variables equations
I ' T AR 2R B Amide | _STCHO, Y=81.55-22.06 Amide | _STCHO+ 0.35 006 0.005
RDP/% CP Amide [ _CHO 76.50 Amide | _CHO ) : :
Je ' AT A i 2R 1 Y=171.55+76.56
Amid CHO 0.23  13.06 0.012
RDP/( g/kg DM) mide T _ Amide 1 _CHO
o A=k A= lpit Amide [ _STCHO, Y=18.45+22.06 Amide | _ 0.35 0.96 0.005
RUP/% CP Amide [ _CHO STCHO-76.50 Amide [ _CHO : ’ :
b 9R R R Amide [ _STCHO, Y=40.16+46.02 Amide | _ 0.33 152 0.008
RUP/(g/kg DM) Amide 1 _CHO STCHO-158.49 Amide I _CHO " ‘
G e A=k 4Elii Amide [ _STCHO, Y=34.14+39.10 Amide | _ 0.33 3.97 0.008
ARUP/(g/kg DM) Amide [ _CHO STCHO-134.72 Amide | _CHO : ’ :
CIRAZ i =50 . Y=104.46-31.93
Amid STCHO 0.23 2.14 0.012
MP/(g/kg DM) mide I Amide T _STCHO
R ]
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BT Ami H Y=189.59+124.728 Ami HO-
AT AL B mide [ _CHO, 89.59 728 Amide | _CHO 0.99 17.94 0.017

tdCP/( g/kg DM) Amide 11 _STCHO

89.82 Amide I _STCHO

3 3t i
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/N R B R T RDP & A B MCP 11 3= 32 &
ViR A sh e B AR EOCEEMWAIER,
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Correlation between Molecular Structure Functional Group
Characteristics and Nutritional Value of Different Heat
Treated Okara Based on NRC Model

LI Xin XU Hongjian ZHANG Quanyu WANG Lihua ZHANG Yonggen "
(College of Animal Science and Technology, Northeast Agricultural University, Harbin 150030, China)

Abstract; The objective of this experiment was to study the correlation between molecular structure functional
group characteristics and nutritional value of different heat treated okara based on NRC model. Using the oven
to heat treatment the okara at different temperatures (100, 115, 130 C) for different times (2, 4, 6 h) , the
metabolic protein production, digestible nutrient content and energy value of different heat treated okara were
predicted using NRC (2001) model, and the molecular functional group characteristics of different heat treated
okara were analyzed by Fourier transform infrared spectroscopy (FTIR) technology, then investigated the cor-
relation between them. The results showed as follows: 1) with the increased of temperature and heating time,
the metabolic protein production, digestible nutrient content and energy value of okara showed a downward
trend. 2) Temperature and time had a significant effect on the molecular structure functional group of okara
(P<0.05).3) Amide I band and structural carbohydrate peak area ratio (Amide I _STCHO) and amide 1
band to total carbohydrate peak area ratio ( Amide I _CHO) can be used together as predictors to estimate ru-
men degradable protein (R*=0.35, P<0.05) , rumen undegradable protein (R*=0.35, P<0.05) , absorbable
rumen undegradable protein ( R*=0.33, P<0.05) and microbial crude protein of rumen degradable protein
(R*=0.35, P<0.05). In summary, there is a correlation between the molecular structure functional group and
metabolic protein production, digestible nutrient content and energy value of heat treated okara. It is prelimina-
rily proved that molecular structure functional group can be utilized to analyze and estimate the nutritional value
of heat treated okara.[ Chinese Journal of Animal Nutrition, 2020, 32(4) :1755-1767 |

Key words: heat treated; okara; NRC; spectral molecular characteristics; correlation
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