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VRGN AT LIAE R 07 2 11 Jo 908 4 2 B 1 4
Bt AR R IT B, B R e AN T AU R A 1
EAFMITEM IR bR A TRV 2 0, H R M Ve A
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HHRS 2R 1IN T A 2R 5B S R 5 AR AR AE DGR
AU EHER S RS2 AR T DDGS K
P o A R I R OGP R DL R 7 36 v il s iy
WM B, 30 I b 5 R 5 A DR Ay R, 28 05
% Amadori EHEHEAL N 57 H 454 19 Amadori
BB, Amadori T675 90 2 95 7 A8 52 10 i 39 A 7
FIFTRY) BT, MR R 2 Amadori fb & W) 4 it TR
oK 7= 1, BRER & ok 2 T W5
mn B SRR AT S A I 3 T T2 LA
Qe it JoT ) B B AR b, HRAE F Ol DL BRI T
kA N, A g 1y B &R 5¢ DDGS 18
TG R rp A R R Y A R A R R
/BT AR R 2 B) B AE DG I S w0y AR I AN
PR PR AN s B 1 B R AT LA, LA A B 2 R B
SRy Gl AGE A7 oMb KT 4 B B SRR 9 i T
FIHPEHES AR

1 #MR5FZE
1.1 REHSERESLE

AR5 It DDGS R £ T 5 IR 152 7 AU X 4
TR T, DDGS 785285 % 458 F 43 4E 110
120,130 C F4ET0.5.1.0.1.5 h, 23t 9 Bl [F] 2
JESIN TAES, KRS L 1 mm BT T8
GATR 7 1L E R IR B4y 43 A 5 B R A R R
2 mmM i, H TR R e
1.2 RIEHWSER

TR0 39 6 FH AR b A Ml K 7 BT 30 S 56 356 e 11
3 kA A AT A W R A B A (AR
600 kg 2247 ) #4798 KAk 0e . IR A & H
M 2 YR (0800 1 16:00) , H HAKK ., 85 15
2 MR A FR 755 NRC(2001) VOV e | Ho2H i M
BERAFUEL,

F1 WBARAMREFRKT (RTFEM)
Table 1 Composition and nutrient levels of

the experimental diet ( air-dry basis) %

1 H Items -/ Content

JEB} Ingredients

“E¥E Chinese wildrye 42.85
FEKFHN Corn silage 15.82
E K Corn 13.18
% %k Wheat bran 3.74
Wi Molasses beet 0.99
=M1 Soybean meal 3.15
TR B H AT ) DDGS 5.35
HiAFHA Cottonseed meal 2.06
EKREF4EIREL Corn gluten feed 7.42
ERIEZEH Corn germ meal 4.94
TIRK Premix"” 0.50
&1t Total 100.00
E 377K F Nutrient levels®”

WFLEHE NE /(MI/kg) 5.44
HIEHE CP 14.40
PRI T 4k NDF 49.20
P M VU 27 4t ADF 30.60
5 Ca 0.60
B P 0.40

VET R HRE % Contained the following per kg
of the premix: VA 8 000 000 IU, VD 700 000 IU, VE
10 000 TU,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,

DR TS AR N ST, NE, was a
calculated value!®’ | while the other nutrient levels were meas-

ured values.

1.3 NEERKFTZE
1.3.1 BRI & 5 E

£l 28 30 TR /K i I I e KL AR 1 T i, K
W 2 B Je FH e B8O AH (5,3 ( HPLC) 78 28 4h (K
280 nm) KW #% T #EAT 20 07, SR 8 R [ MRS R
bRt : N-g-( 2-furoyl-methyl ) -L-lysine | . 2 F£ 7K fi#
W28 R 0.2 g BURE B T 9% Bt $ol 4
JMA 8 mL 10.6 mol/L #hFR¥F , 7E 110 T T Jin#k
JKA# 23 ho INFAEE T K K R U DR AR
FE o FBHL 2 mL AR AR, I R T U b A
EEBRS R, I mL KR, A 5 mL
16 g/L SRRV, T 0.22 wm ZKAH BB, 38
HEEHLE , RS A0 Ak A, C18 fEI A
JEAE,250 mmXx4.6 mm, 5 wm BLAE B AH XY AR,
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32 C;shH,0.1% =R LBRIF W R s A, 1
FE N ahAH B, W . A s 40 A Ff1 B IR &
W (50:50) LA 1 mL/min f90 8 (055 240, R
Je RIS T Eh AR Tl R g B RO, A
10 wL 3 mol/L FhMR ¥, LUK I 30 a4l 8 . 12
A 10 pL FRRIA I e A R & &, AR S &
USRS O, BEUE T R lEA R Sar
T (g/kg CP) 7,
1.3.2  HHUEFRIE

T (DM) 2 H BT HLIR D (EE) JRLK
43 ( Ash) HBUE 35 L4 2 B BT E 2 I AOAC!
7 B, H Pk R I 4T 4E (NDF) | 2 P Uk % 2F 4k
(ADF) \FRTEVE ¥ A BT R (ADL) | H P V6 3O 3
15 (NDICP) | i 4 Uk % AN %5 48 11 % ( ADICP)
ERMIE S M Van Soest 251 i 5%
1.3.3 98 B e e A8kl e 4 o ROoHL 2R 1 e
et it R

M4 Nuez-Ortin %51 198 1 B f ik 6 05 1%
PR 7 g 2247 By 0 I B AR R o 20 DA L AR
50 wm K/ A 10 cmx20 cm (12 0 R e B4R
o, BERPREAL 3 AN ESE FR IR [A] i H
HE T AR A A AR B R AR B 0
2.4.8.12.24 .36 .48 h, B3k 450 A] £08 H
e e A8 R R B A 30 4, BUB S Y JE Te 4R
(B245 0 h) i 7E HRK T ok, B 2 KB, 7F
65 CHIZ&MFHET 48 h BIHE  iICR5kl 5 )2 e
KSR RS 1 mm RO TE A
AEFF I B[R] s AR A B 1 I
1.3.4 Bt =2 IRAMNE DI 2 /N T AL R

2 M Gargallo 251" itk = A A1 2 14 Ji B AN
Jrik, #REC 7 ¢ DDGS JE A Je K48, 208 B I ik
12 h/5 ([F]— DDGS 7£ [F]—# 8 4 ik 4 417,
I3 340 ) B e e 4%, W Uk B OK I A e B4
BAE 0.1% W R 4E R, 37 TR IR G
30 min, BUH JE RASTEUE Ve T4, T 65 CHEAE AL
T A (48 h) , WA 5% AR S P R AR T
T, FRECL g sRiESE A e B 48 (5 emx10 cm) |
FIE A% N Daisy 1 85 F b, Hi 30 i
HIHG 2 L&A 1 ¢/L B & [l (P-7000, Sig-
ma) 1) pH=1.9 (LRI, W4 K72 7E ANK-
OM Daisy Il SMEALL K BE 85 7246 , 39 CTIKIE TR
i 1 h UL R e AR BE T4 A 2 L fEy &
A 3 g/L [Ptk I E (P-7545, Sigma) F1 50 wg/L A

HFEWY 0.5 mol/L BEFRERZZ ik, I 355 % i i
7 ANKOM Daisy Il {&SMELL B85 5546 ,39 CTK
W ¥R 24 b, BUE e RASTHE BE 2 KIE 65 CTHE
FE AL 2 1H (48 h) |, BN I A S Y Bk i
i, 0 R B T BT B A
1.4 HESHSITE
1.4.1 9% 5 BRI A C S EON T
SR A9 B AR T AR (% ) = 100—[ 100
(BT ot 5% B ) hiz oy i it ) /
TR ]

HHE Nuez-Ortin %5 H2 H (4987 18 20 1 4 502

T BRI IEA T 15T
R(1)= U+Dxe 10

K R (o) R e AT TE B v BB A] ¢ 53
TR TR IE R AR (%) 3 U M98 B A 1T [ i 3
53 (%) ;D NIE B 1 IR A B8 43 (%) s Kd 2 7]
EE Pk ¥ 0 1) 6 A S8 38 (%o/) 5 ¢ SRy R T B I 1]
(h) ; T, Kt i a]

FIH SAS 9.4 &% PROC NLIN #5547 %
R/ N 101932 5345 B R A S 80 DR Rk
f# R (ED) it A=0h .

ED(%)=S+[ (DxKd)/(Kp+Kd) ] .

A S WEEREREITHEB S (%),S=100-
U-D;Kp ¥ B IMA#E £ (0.06 h™') .

1.4.2 9 B AR E1 BT /N T AR

Je8 ' AR R A 2 1 5T /N i T 4 % (dRUP) 1
BAXN .

dRUP( %)= 100x[ (CP,,,—CP,)/CP,,, ] .

K. CP, IR B R T B A 5% A i rhofeL
EAR SR (g/ke) ; CP, ML/ 1 10 5 5% it
FE S oML BT = (g/kg) o

/N TTEALEE B (IDP) i B AR .

IDP( g/kg)= RUCP"*“xdRUP,

K RUCP™ M 4l NRC (2001 ) A5 1155
FR R B Al T R B T I

SA WAL [ (TDP) & it A=

TDP( g/kg)= IDP+EDCP,

K EDCP A i B A T 3 i
1.4.3  HdEgeit 5500

A 50 £ 4 Ak PR O SAS 9.4 2 ¥ PROC
GLM B 0] 8 20 1R 7 £ W A8 35 1o R %
fif S B VL SR B AR B i 2 BT /N T AR AT
BAE 531, P<0.05 R 22 7 3%, P>0.05 IR 2%



11 3

e A F T B AT B R A e SR AR -

4473

SRR SAS 9.4 8 JF PROC CORR H %}
LRFRAR AT A CHE BT, P<0.05 KR B A O
K JH SAS 9.4 # % PROC REG & B X B & 12 & &
590 B B S8 B B AR KA 2R B /D T
AR AT 2k 11U 4347

2 & R
21 AEBEHNI DDGS WREBEER
EME ST IR

e 2 s, Bt AT JBE A4 A e R

I FE I (P<0.05), AT HE o 1.16 ~
8.10 g/kg CP, " PhEPRIALE 4k R 1 Pk 14 £F 4 A i
PEVR AR BT 2R 7 5 BE A I AR AR B A 3 i 4
i, ARk 3 (P<0.05) , H A8 {35 43 5] A
38.89% DM~ 47. 22% DM, 10. 35% DM -~
14.29% DM .0.71% DM~ 1.63% DM, B #& N #4
FBEMSmM HER RS ERA R EL(P>
0.05) , fHJE H PV 4N 45 2 1 0T R0 R Mk R IR AR T
EEB S T E, B R # (P<0.05) , HAF
k75 Bl 43 ) 98.09% CP~16.67% CP.0.93% CP~
3.67% CP,

K2 AEAREHMNTI DDGS MEESHBSEREMEFTR SN

Table 2 Effects of different degrees of heat processing DDGS on furosine content and routine nutrient composition

110 €

120 €

130 €

WiH SEM P{H

Items 05h 1.0h 1.5h 05h 1.0h 15h 05h 1.0h 15h P-value
WEE B2 Furosine/ ( g/kg CP) 1.16" 2.40° 3.44" 2.42%¢ 4.68° 6.18° 6.56° 7.57° 8.10° 0.45 <0.000 1
+#15 DM/% DM 86.07° 91.44° 92.65™83.98" 91.46" 93.47° 91.83° 92.48° 94.46* 0.28 <0.000 1
HHLY OM/% DM 78.22° 83.60° 84.43° 76.46° 83.62° 85.57" 83.97° 84.47° 86.49" 0.28 <0.000 1
MK Ash/% DM 7.84 7.79* 8.21° 7.51° 7.83% 7.89° 7.85' 8.00° 7.96™ 0.03 <0.000 1
HLIER; EE/% DM 8.20" 8.56" 8.65" 8.68° 8.85" 7.95" 8.08" 8.34* 7.39* 0.27 0.030 0
HEH i CP/% DM 27.47 282 28.72 2693 28.46 28.21 27.71 28.72 27.93 0.14 0.080 0
rhPEVE LT 4 NDF/% DM 39.87" 40.21" 42.05° 38.89° 41.74° 42.80" 43.13" 43.29" 47.22° 0.25 <0.000 1
FRYEVE LT 4 ADF/% DM 11.65° 10.36° 11.27° 10.35% 11.23° 13.19" 13.12"° 13.22" 14.29° 0.16 <0.000 1
FRIEVEB A BT ADL/% DM 0.88% 1.16™ 0.86™ 0.71° 0.94° 1.03* 1.30° 1.28" 1.63* 0.07 <0.000 1
Iij]féfixc{ﬁ%e}ﬁ 8.09¢ 8.67" 9.48° 9.08 10.73* 11.11"10.40° 11.37" 16.67" 0.19 <0.000 1
PR B A ¥ 2 1 0.93°  1.36°  1.44* 1.44° 1.67° 1.72° 1.57 2.54° 3.67° 0.09 <0.000 1

ADICP/% CP

[R5 Bt B AR AN ) TR 7R 26 57 .35 (P<0.05) MR BE P RN 2 R A 35 (P>0.05) , £ 3 K 4 [,

Values with different letter superscripts in the same row mean significant difference ( P<0.05), while with the same or no

letter superscripts mean no significant difference ( P>0.05). The same as Table 3 and Table 4.

22 AREEE#HIINI DDGS 3 F 4 K 0
THE A RIE B RS R

R 3 fron, £ A [6] 8 B2 #4011 DDGS T
Yy Jsuse 5 SR AT A 1 AR A Ve B 5.54% ~
16.00% , T4 5095 ' 35 5% A 0T 95 H AT R it 3 0 1)
ARG R 80.52% ~ 87.95% , T4 Tt 98 5 1] [ it
T A R AR LT B 2.6%/h ~3.8%/h, T ¥ Ji
T8 B AN T R AR o 1 AR AR YE FEL R 0.84% ~8.50%
TY 598 B A R R AR AR B 31.1% ~
46.8% ., Bl INIAER BE R34 0, T TR 1 A R
fiff 20 e AT, 1 0 TR B N T R i S ) 3
Fhisr, T B9 B 55 5% AT R S o AT W i
AR AT R I R A B AR A, &

AR EE N T. DDGS HLEE (A 5 B 5s 77 o7 %530
B ARG L h 12.89% ~ 28.23% | MLEE 14 R H
BE AR AR 0] R A3 o0 19 AR AR B 68.04.% ~
81.21% ,FLEE 11 J5UURE 15 AT R4 il 350 0 e A 2 A2 b
Bl R 3.1%/h~4.5%/h, FLEE [ 5008 B AN 0T B i 0
Iy AR AETE BN 0.72% ~7.84% HLEE 11 B B A
R A R A A AL YL Bl 40.7% ~ 57.8% . B TN
PR P 1 320 T I, R B 11 B 1 O R T R A
FIVKEL B 11 0900 T A 2080 98 ik 23 320 T B AL, L8 1
Je 5 AN T R A S 0 ) B T v, HLAR AR B (P<
0.05) , MPHLEE 11 BT 0RE 15 3% 7 AN AT (HL AT B3 ik 358
FIVKELEE 11 5T 9e 15 PTG ik 8 0 e ik 5 B SR 8 A W 35
(P<0.05) (H%AH ZHMAM A,
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Table 3 Effects of different degrees of heat processing DDGS on rumen degradation characteristics of DM and CP

T 110 € 120 C 130 € p
= SEM {H
Items 05h 1.0h 15h 05h 1.0h 15h 05h 1.0h 1.5h P-value
TY B E B f# 2% Rumen degradation parameters of DM
T4 B g B R 3R LA
SmE ! 15.63* 14.38" 14.25" 16.00° 13.20" 6.43° 12.05° 12.47° 5.54° 9.42 <0.000 1
DM,/ %
R R R i N
UECIN G Sia g 83.53" 83.90* 83.18™*80.63% 82.46°° 87.95" 81.79°® 80.52° 85.96™ 9.00  0.000 3
DM,/ %
T W) Bveg A w] B A g , _
0.84°  1.71" 2.57%  3.36' 4.34°  5.61°  6.16°  7.00" 8.50* 0.49 <0.000 1
DM,/ %
T4 5988 ' AT R
R4y B i 3.1% 32 32® 38 3.5 2.6 3.4° 3.2 26" 0.29 0.1500
DM,/ ( %/h)
T 5988 B A S AR . .
EDDM,/% 44.1°  43.6°  43.3"  46.8 43.3" 336" 41.3 40.1" 31.1 0 0.001 C
HMLEE 1 BR 1 F%/#%5 %0 Rumen degradation parameters of CP
& T E 85
AL 28.16° 28.23° 28.21° 27.45° 26.34° 13.61° 23.60° 26.04* 12.89" 1.57 <0.000 1
CP/%
LR G U B B R AR
EREI S A 71.12°  70.33% 69.63° 69.64° 69.97° 81.21° 71.05° 68.04° 79.27°15.00 <0.000 1
CP,/%
MR B B R T [
53 0.72"  1.44®  2.15°  2.90° 3.68° 5.18° 5.35° 5.92° 7.84* 0.85 <0.000 1
CP,/%
WLEE E1 TR T e
TR AR SR 4.1 4.5 4.3 4.5 4.1 3.6 4.0 3.4 3.1 0.54 02300
CP,,/(%/h)
E ]
zﬁsqrﬁﬁ”ﬂ&%z 58.0°  58.5° 577" 57.8%  55.6® 44.2° 52.8°  53.1° 40.7 1.59 <0.000 1
0

23 AREBEMMI DDGS Xf & B IE B& &
EARMNZELENE I

W 4 Fron AN [A) R B SO T2 4 35 5% 9
JE B A 2 1 /N T A R A s T T A B T
DL S S AT I AR ER 1 B & 1 (P<0.05) . A #RAb
P DDGS HiEd B R B A 2 11 5T i /N i T AL A i AR
FEIEFE N 90.05% ~93.83% , /1N Al 18 1k & A 5 Y
AL IE N 38.6% CP~53.5% CP, i ] 114 1k 25
T (25 AL 3 Bl R 94.1% CP~97.6% CP, BfiZ in#k
FEBEA G 0, 98 B AR B A 2R 1 5/ i T AR R A
SOATTE A B T W AR, /N T AR B
J R T E, H AR W (P<0.05)

24 AEREHRMIDDGS hHESEEBESEM
RETNREARSENINMNTFYUREHEAR
2B B RS Z BRI K

W 5 JroN 16T 9 0 R e et b 1, bR
BT TR B IR A LA T e
A R A A AE 2 A G (r=-0.72, P<0.05;
r=-0.62,P<0.05) MREAMR & &5 TYWEE A
AT B A o0 A7 AE 2 IE A OC (r=0.96, P<0.05) .
FERLER (1 R 1 R A e kb R R & i S MR
108 B s % nT s o KL R R B RT R A
3B fife R 3 KORLER 11 R 1 A K A R A A D
A (r==0.60,P<0.05;r=—0.62, P<0.05; r=
-0.72,P<0.05) , Ifii 5 ML A (1 50 B AS AT [ A 5 o3
FAERFIEM A (r=0.96,P<0.05) , FRIEVEEA
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WEA RS RS TV R E R P TR W ML TR L R o A s R RORL R
B Rl M Y SO B A R R AT PR B A R R A A 3 U R (r=-0.51, P<

BEAAM K (r=-0.60,P<0.05;r=-0.51, P<
0.05) , 5T Y 09 B A AT R fift &8 40 47 7E W 3 1E A
K (r=0.84,P<0.05) , FRMVERAE R AR S5H
B R R R 0 KL TR T S SR T

0.05;r=-0.51,P<0.05;r=-0.61, P<0.05) , 5Hl
TR BN ] B AR AR A B IE A (r=
0.85,P<0.05) .

x4 AREAEEHIMTI DDGS B EIEERBEO R/ ENL RN

Table 4 Effects of different degrees of heat processing DDGS on intestinal digestibility of rumen undegraded protein

HiH 110 ©

120 C 130 € PAH

SEM

Items

0.5h 1.0h 15h

0.5h

P-value

1.0h 1.5h 0.5h 1.0h 15h

Je ' P f# 754> Rumen degradation part
Jo 8 R A 1
RUP"/(g/kg DM)
RS g S
RUP™C/(g/kg DM)
A R A 2 11
EDCP/( &/kg DM)
/N R AR 4> Small intestine degradation part
I AR R A BT
NG R

dRUP/ %

/N RTIE AR 1 BT
IDP/% CP

/N AT IE AR 1 BT
IDP/( g/kg DM)
SATE AR B B
TDP/% CP

ST AR AR R
TDP/( g/kg DM)

128.4°  129.7°% 134.5™¢

115.7° 116.8 121.2%

159.5® 164.6* 165.2"

93.83* 93.19"

39.5°  38.6° 39.1° 39.3°

108.6™ 108.9* 112.4™ 106.0°

97.6"  96.9° 96.6° 97.4%

268.1¢ 273.5" 277.5" 262.2°

126.8¢

114.2¢

156.3%

92.69"° 92.73*

139.2°¢ 173.1* 144.6™ 150.1° 183.2° 4.91 <0.000 1

125.4* 156.0° 130.3™ 135.2° 165.0° 4.43 <0.000 1

157.3® 123.7° 145.8" 153.3° 113.1° 4.43 <0.000 1

92.04™ 90.05™ 93.21* 91.90™ 90.51° 5.95 0.007 0

40.6°  50.3*  43.8° 43.3° 53.5° 1.85 0.0001

115.5 141.9° 121.5* 124.3° 149.4* 4.95 <0.000 1

95.8® 94.1° 96.5° 96.6° 94.0° 0.63 0.0050

272.8°  265.6° 267.3% 277.6° 262.5° 0.66 <0.000 1

RUCP™ AR 4f& NRC(2001 ) #AL 157 (498 B Al B A 4 1157 ; RUCP®Y™ ARG DVE/OEB {4 Z 3157 (1998 15 A e fiff £ 11 /5t

%%7\%%8510

RUP™C; rumen undegradable protein in the NRC (2001) model; RUP"Y®; rumen undegradable protein based on DVE/

OEB system. The same as Table 7 and Table 8.

25 ARBEMMIDDGS PHEEBEEM
EEAREARGSENIMEBEMBEEARMY
INGIEWEZ BREX S

3k 6 Fron  BEZ M & it 5 DVE 1 NRC #i5
TN % 98 1 A R A 25 1 A AR W 3 Y E AR OGPk
(r=0.77,P<0.05;r=0.77,P<0.05) , 3 HA X &
B T SRR G E A M CRE(r=
0.68,P<0.05;r=0.68,P<0.05) . J& &5 IEFEMH & A
JE /NG TR B AL E H R (% CP) 5

B 2R R b PR O I AR BT A A 0 UM
x, ’ﬁ BEZR & A R (r=-0.52,P<0.05;

-0.60, P<0.05) ¥ BAR T 5RREVE R AN B EH
ﬁﬁagéﬁﬁéé%%ﬂz(r=—0.57,P<0.05;r=—0.63,
P<0.05) , /MaTTTHALE A (% CP) 58 & ik fil
PR RO I B 1 B A A A O SR

SHENMEEER(r=0.72,P<0.05) E T 5+
PRBEABE AR S 2MHEXERE(r=0.61,P<
0.05) .
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Wk 7 3% 8 FiR, AR & ot B IRTE VR IR A
Vo 2E P I 2 B BE o A T T 4 R RO P
(98 B RE IR TR 4y R B R AT B AR oy B A

R SRR/ P AL SR F BT (% CP) & 1, N Bk
IR RN RV DR U N s 2 1 0T 5 s IO 1 A R i
AT/ TE AR A AT AL & A (% CP)
(7 RS FREE AL, PO 2R & 2 W LA AL
U 49y S 9RE T 5% 3R N W (E AT R St 0 R AR 1
JE IR AN BT B R 4 (R*=0.95 \R*=0.93) ,

x7 AREEANMIDDGS HFEERSESHEBERMBHTUERESFRBERRN/MMIBELEZBHEIIFXER

Table 7 Linear regression between furosine content and rumen degradation characteristic and intestinal digestibility of

rumen undegraded protein in DDGS with different degrees of heat processing

T AS i =y ERE kE P
Predicted variables (Y) Prediction equations ( Y=a+bX) R? RSD P-value
IR B P45 Rumen degradation characteristic

TY oo B 3G IR 43 DM Y=178.082 36—11.837xFurosine 0.54 1.11 <0.000 1
W) B 5 35 AN T AT B AR 4> DM Y=-2.515 72+9.969x Furosine 0.95 0.44 <0.000 1
TW o9 B A 54 k% % % EDDM Y=48.409 94—1.599% Furosine 0.42 7.16 0.000 2
HHLEE 1 BT B 5 R AT AR 4 CPy Y=2319.552 24—17.188%Furosine 0.42 0.32 0.000 2
FHZE 09 B AT BB 4 CPy, Y=-3.551 04+9.030%Furosine 0.93 0.21 <0.000 1
HHEE 1 BT 15 A AU A% 2% EDCP Y=62.807 43—2.044xFurosine 0.55 0.21 <0.000 1
Joi B R AT A B 1 i RUPPYE Y=113.876 14+6.697XFurosine 0.61 2.16 <0.000 1
T AN T B AR 2R (4 Tt RUPYC Y=102.591 11+6.033xFurosine 0.61 0.35 <0.000 1
HHEE 1 BT 15 A AU A% 22 EDCP Y=173.679 19-5.278xFurosine 0.46 1.74 0.000 1
/N TEAL R Intestinal digestion characteristics

J2 B AR A 2R R/ s TE B % dRUP Y=93.884—0.326X Furosine 0.29 1.41 0.004 0
/N TFTEALEE A BT IDP( % CP) Y=35.104 33+1.698xFurosine 0.49 0.21 <0.000 1
/N AT AL 5 IDP (g/kg DM) Y=96.777 96+5.117xFurosine 0.56 1.98 <0.000 1
R E A TDP( % CP) Y=97.904 31-0.367xFurosine 0.33 1.58 0.002 0

R I .
3 AEREHRMIX DDGS HEIBEEIER
BEMEFR SR
LRSI 2 AFAE T B ab R a2
Firp 6 HABR R E SR A AR K52
PEARAE | 72 W5 1 5 DDGS H 35 B 78 sz 17 H ] 7
¥ Amadori 281 FRAL 7K i J5 7= A 1E 2 HE B B BE =
figg 00 T LA S 4 2 Ry A R B T L o A A R
S [B) 2 A A, AE W R O T A A AR
Hhv T T I R R B R A B A T 2 A R
TGN, AR G 0 OB 2 R et B AR TR R Y
I O B AR R —
FE A7 A S RO T2 Y DR b b v v
VLT 2 TR VR vk ik 4 iy & 1 i HLAE Van
Soest" " [RHRE H, I AR 23 38 AR R R ER Y
P AR UE B T OIS R PR VR R OR R

TR EW . AR Mckinnon Z&1 BBIFST, fin #Ax
RLEE (& A R, M7 Zhang %60 #F 55
RIS [FE AL F T DDGS (19K 1 5T 7 & 5 AR
N AR B T R 5 A R I AR K I T 5 i) 2
Jo3 ()96 5 WA AN i T A e L AR PO B
Jo B ) A2 AR AR /N T HIA BE A AR
JEE B3 fin 522 B BH A AR Ak R (R O T
i P R A AN TR R A R R M R R AN R B R
i, R AR R 0 38 0 B 2 T
3.2 AEREHIMI DDGS X F 4 KM
THE B RE S R R R0

FRAE 38 | AN [5) o BRRE B 25 5% il 1= 4 ot AR
TR e b B AR AR
FEY L 43, HE 0 5 R ) o R A A R
AR A, BEFE 3R BT, B G A 8% B2 09 185
i R RORL AR 1150 AY 12 T 24 h 3 2k S % I I
IR, e AL B 4 R RE B AF 5T B, B 2 AR
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Table 8 Linear regression between ADICP content and rumen degradation characteristic and intestinal digestibility of

rumen undegraded protein in DDGS with different degrees of heat processing

T AR U= 5 RERE ke Py
Predicted variables (Y) Prediction equations ( Y=a+bX) R? RSD P-value
8 5 [ 4%t Rumen degradation characteristic

T FUje 15 SR AT 4> DMS Y=17.877 83-3.000 60XADICP 0.38 0.97 0.000 6
T 988 B K5 = AN AT ¥ B ] B AR 43 DMU Y=-0.369 64+0.09 969XADICP 0.68 0.20  <0.000 1
T4 59 B A S % % EDDM Y=48.681 25—-4.146 70XADICP 0.31 2.50 0.003 0
HLE H SR 1 55 3R n R4 CP Y=32.038 82—4.347 97xADICP 0.29 3.00 0.003 0
AL 1 U S ASTTRE AR > CPy Y=-0.508 14+2.342 01xXADICP 0.68 0.16  <0.000 1
FHLEE 1 0 B A %A% EDCP Y= 63.329 52-5.394 05XADICP 0.42 2.66 0.000 3
J&i B N AT R AR AR A i RUPPYE Y=112.293 52+17.607 14XADICP 0.46 2.40 0.000 1
988 5 NI B A% 2B 141 T RUPNRC Y=101.165 34+15.862 29XADICP 0.46 1.95 0.000 1
B U A AL R EDCP Y=175.125 74—13.983 01XADICP 0.35 2.73 0.000 1
ING T A7 Intestinal digestion characteristics

0 E AR R R R/ NS LR dRUP Y=94.393-1.088XADICP 0.35 0.14 0.001 0
/NS4 15 IDP (% CP) Y=34.901 51+4.358 99xADICP 0.36 2.26 0.001 0
/NS AE R R IDP (g/kg DM) Y=96.238 70+13.097 02XADICP 0.40 1.69 0.000 4
R EE BT TDP (% CP) Y=98.237 09—1.095 09XADICP 0.32 1.69 0.002 0

3.3. AEEEH NI DDGS /& B IE % 7
EARK/NMNFELRBZMm

AAUFR AP0 DDGS w8 H /Mg i 1k
M T2 RA K Ay =R B o &
FE /N T A R IR A R e R AR 5
DDGS & B A 8 1 5T i/ T A6 2R 5 [ A5
SERARL, AIR S5 A5 AR — Y i AR
JE B R AR B A B N AR R IR,
AABFFE 25 5 — 8, 7E AR50 19 in
TR R g, /N R Al R B A T
SR IR WSO B A s, T AR A
TN 26 1 5T A 3550 % i 32 /)N, S Bt R R I A
GrAE oDl | INTIRER AR NN i g S g AN
Ji7 T8 A 08 0 R BEAR /N, T 80 /N A T AR 1 B A
s 22, S/ R AG R B ] DR e
FLA W i, X AT fig 5 2R BT AR N A AR G Y

ZHAERA K, PR, SR TS RRE A
FRE /MR MRS AL AR DY AR
RIEE R —FL,
34 AEAEEHRMIDDGS FHEEBSmH
REAREARSENINFNTYREHEEARK
T B P R Z B RO AR S5 1

T Ak m ) KL B P R R 2T 24 3 a3 I 3 I
S SE R N AR AN G BT A ) B T X L
PR A R M R A AN T AL (3R B ) AR R
ANER(EATT) , (HRRYEE A S BTN
A B RE BE AR AR AE eV 2 I e #m
TR EE A RV K AR RE 3R R A 1 B 4
PRI BT W) A S A R B AR R
FEUEIA, JC 6 76 KL A R A 2 T g = e v vk
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Correlation Research between Furosine Content and Ruminal
Degradation Characteristics and Intestinal Digestibility of Rumen
Undegraded Protein in Distillers Dried Grains with Soluble

XU Hongjian LI Xin WANG Yujie HAN Chunlei ZHANG Yonggen”®
(College of Animal Science and Technology of Northeast Agricultural University, Harbin 150030, China)

Abstract; The aim of this experiment was to verify the correlation between the furosine content of Maillard re-
action intermediates and the rumen degradation characteristic, intestinal digestibility of rumen undegraded pro-
tein of distillers dried grains with soluble ( DDGS) with different degrees of heat processing, to establish re-
gression equations, and to compare with the acid detergent insoluble protein as a sensitive index for heat treat-
ment of feeds. In this study, high-performance liquid chromatography was used to determine furosine content,
nylon bag method was used to determine the rumen degradation characteristics of dry matter and crude protein,
and a modified three-step in vitro method was used to determine the intestinal digestibility of rumen undegraded
protein in DDGS with different degrees of heat processing, to analyze correlation and establish regression equa-
tions. The results showed as follows: 1) with increasing heating degree, the furosine and acid detergent insolu-
ble protein contents in DDGS significantly increased ( P<0.05), and the rumen degradation rate and intestinal
digestibility of undegraded protein of dry matter and crude protein in DDGS significantly decreased ( P<0.05).
2) Both furosine and acid detergent insoluble protein contents were significantly related to soluble fraction of
dry matter and crude protein (r=-0.72 vs. =0.60; r=-0.60 vs. —0.51) , undegradable fraction (r=0.96 vs.
0.84; r= 0.96 vs. 0.85) , effective degradation rate (r=—0.62 vs. —=0.51; r=—0.72 vs. —0.61) and intestinal
digestibility of rumen undegradable protein ( r=-0.52 vs. —0.57), and the correlation was significant ( P<
0.05). The prediction equations could be established by the regression. 3) Furosine content had a higher corre-
lation with ruminal degradation characteristics than acid detergent insoluble protein content. Both had similar
correlations with the intestinal digestibility of rumen undegradable protein and total digestible protein content,
but furosine and small intestine digestible protein content had a higher correlation( r=0.67). There is a correla-
tion between furosine content and ruminal degradation characteristics and intestinal digestibility in DDGS with
different heat processing, and a regression equation can be established. Furosine content is more suitable than
acid detergent insoluble protein content as a key indicator to evaluate the degree of heat processing. | Chinese
Journal of Animal Nutrition, 2018, 30(11) :4470-4481 ]

Key words: furosine; rumen degradable characteristics; intestinal digestibility; DDGS; heat processing
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