TR S L A R AR S S R BRI AR AR PR R BT /N i T AR

FHSRHERT TE

TEE O EERE OBEE KRR

(AL R Z 3k R = W JRVE 150030)

B ARG B AU UESE L SN P AL MR R R & 5 S R R L N TP R A LT

Yy (DDGS) HIJR H B A Re 1 LR 18 AR B 2 11 i (/i i A R S TR AE AR DM S 3 ST [ )

Jite, HERIEEAE B B FUE TR R A B U R AR AT EUB . 150 R e AU €

IRIEASF AL EE DDGS FHHRZUIR & &, SR JE JRARIEIN & T B AN B (15U 15 P ik

TR FT S ) =2 PR M0 R 988 15 AR B 2 1 RN AR S W P TR SR I 4 ST

BIETTRE. G5 REW: 1D BEEMAREERIE I, DDGS AR MR AR R A&

BREWIN (P<0.05) , TSNS [ 50JR B A7 800 5 SR 18 AR R 1 i /N i i

R AR, HAFAI 2 AEAESEER (P<0.05) . 2) BEREREREAAEO RS

B 5T FRACHE A RS E B 2R e E s (7=-0.72 vs. -0.60; =-0.60 vs. -0.51) . ANA[[&

it 34> (1=0.96 vs. 0.84; r=0.96 vs. 0.85) . HRFMHE (=-0.62 vs. -0.51; r=-0.72 vs. -0.61)

DL AR B R R 1 5 N AL R (=-0.52 vs. -0.57) 1EAERZEM M (P<0.05) , IF

ATEESZ AT 3) AR S ERIRMEER NS EA RSB 5 B RSt R AR

MIARSCNE, =35 S50 B AR R AR A 5 /i A 3 R T A B 1 o B 1) (R AR SR PE AT ABL,

HHRER & & 5/ M T AL E AR & B RA E iRt (=0.67) o AFIALLHE DDGS Hf

g

AN S B SR AR AN N AR AFAERI RORR, FFal L BT RS AR o B R

ﬂ

Vet A A B i & A PP AR R IN TREE G B FE AR o

Wehs Hi: 2018-04-25

BEWH: ERPFIHEAAKR (CARS-36)

EZ A tRZEE (1994-) , 5, BRITR/RIEN, WLarE, WNERAsYEFR5H
BLEHEWE ST . E-mail: xuhongjian0714@163.com
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RBE] . WREIR: R AT N AEE; DDGS; N

3T SCHRBR A G

TR S LT (DDGS) 2R TR A 7= RS (R =4, N7 25 ) D
TEFNZR R IR o RIS 2 18 5 TR 1T ) e (R P e o G SR8 AT o 8 TS AT 8 VB EAT T MR Ak B U
IR RE B L AT (WDGS) W, DDGS MY S HH S I E BT, 1 Hog —Fh REF 1
I B R TR BEAE R TV K, DDGS fE & PO MRz R, JEHIEG AR
AAEFERIONRIP, BEURY, {E DDGS I I R s iR B R i [ L R AR K
ISR RS KE, SEOLE IR MTEAC R R AR A S, A2 A 2 A Bk
AEFNERY), T HA RO W& VR, HR R mEERR., 5, 2
HosEd g, HEAR (CP) MBRIEVIRL 4& EX DDGS U #HT1FE, B RAN R
RS TR B TE IR LS TN TR R E SR AR 1 R B B AR DL RO R R R BN
WHITE SO . BRI, BIF ST S WARDRIE BA0IN Tk R rh i 77 1l o M B AP A 15 DL A2 A R 4R A R
A+ BERE L.

PO GRS 0 BAT > LR C, BRAR 13 K K B ok A1 DDGS 3 BURR T AL
HEEAR, AIMAESI A S B MRIEARIE, BRIEDERANE R LA E PR i 8 F i 254
PIREEEMIHRFRE), (HRRT RN, BRI AR R B 05 8 B R VAN SR AR A AR VF 2 11
A, HIRVESEE AR R REE BRI AR SEHLE B = tel, Jadhal, FIHTIRERR & 5] DA
IR 18 A TT AR 2 5 b oA RO IR 1N A ). AR STARGE, DDGS i R 1 /N T A
G & B RE, EREIR S B S5 LA RN T DDGS 8 B FAFRE AR
RAMEAR WARIE - £ 148 S LRI B, 3 J5UiE 55 28 2 2 AR R Rl Rk, 28542 Amadori
AN S E AL S Amadori A6 G0, Amadori 14 A4 2 IR A8 s 8L i3 1 3 221

RPD T, BRER A 1 Amadori A6 & WAL IR KM= A 1K) o BRI & oA V2 S T 01 it



RV I AT, SR b 2 DR R ) B R R, AR TE B Ok LR BRI
TAT ARG N o ASRIG I B (248 78 DDGS I #GL i i 8 R IR & B 5% 4
R RN TS AR IR AR G, REE LT 7 72, R I i ANVA & 1 JSUEAT LA,
DA A R 2 R Sy DRSS 04T L 100397 b A0 JEORM ARk F i R R P 2 3t 5 2 4k 4
1 MRS IE
L1 RIG R SR 5 Ab

AR TR LY DDGS KA T M /R TR X kI ). DDGS fES:5 = %14
ZAIFE 1105 120 130 C RAHET 0.5. 1.00 1.5h, Fit 9 FASFIFR AN TR . KEARE At
P 1 mm PG, R TRRERR s RS TR A KRR SR R 2 mm AR, TR
B
1.2 W53 5 R

I8 B FH AR A AR Ml K 5 BT S 36 M 1) 3 Sk 2B A 7K A P8 1 9 25 T e R Ay 107 3HL 497
4 (R 600 kg /o) EATYRE B PR atae: . alie a4 H AR 2 7k (08:00 AT 16:00) , HH
oK. RIEFARS RIS R E NRC (2001) DOEH], HA K LE HRACTERE 1,

F 1 R DRALSSCE TR ORFEEALD

Table I Composition and nutrient levels of the experimental diet (air-dry

basis) %
WiH Items F & Content
J5 Kl Ingredients
2% Chinese wildrye 42.85
EKFIW Cornsilage 15.82
EK Corn 13.18

##k Wheat bran 3.74



¥EZ Molasses beet

ZFA Soybean meal

TFWFE Dried distillers grain

HifF#H Cottonseed meal

TFREHEREL Corn gluten feed

ERMEZERI Corn germ meal

TRl Premix?

4t Total

EFE/KF Nutrient levels?

WHIFBE NEL/(MJI/kg)

HEAR CP

HPEGE AT 4E NDF

TNV 2T 4k ADF

5 Ca

% P

0.99

3.15

5.35

2.06

7.42

4.94

0.50

100.00

5.44

14.40

49.20

30.60

0.60

0.40

DEEF T Wik 44 Contained the following per kg of the premix: VA 8 000 000 TU,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.

DEEYY AR N T B AE ), H 4 szl {E . NEL was a calculated valuel®], while the other

nutrient levels were measured values.

1.3 MESRIs LIk

1.3.1 RS =N E

R ERIRK MRS E CP &8, JKMRAME S M BOBAH (il (HPLC) fE4RAh(i



£ 280 nm) kIl 28 T FEAT 04, MRS E EIIRZ RS . N-g-(2-furoyl-methyl)-L-lysine]. i
FEK AR 4. FREX 0.2 g BUFE B T 25l E b, I\ 8 mL 10.6 mol/L FhFRVAWR, 7E
110 C N IN#IKAR 23 ho INFREE SRR K BRI IE, JERALIE . B HL 2 mL XK AR,
MR RCP R AR . B mL RIS mL 1 6 g/L ZRREET
1 0.22 pm AKAHUERE, SRR AL EHLIE . S % B EE, C18 BRI, 250 mm
X4.6mm, 5yum FifE, B, KR, 32 °Cs WA, 0.1% =M LIIEHUNTEIH A, H
BN BNAH Bo WE: RIS A F1 B FREW (50:50) LA 1 mL/min [0 18 T4 (4,35
ARG, K5, HVIGERAAE T RGEHEREL PR, HA 10 uL 3 mol/L hBRWAH, AR
VERIAERE . VEN 10 pL RriVAIN E R R & B . BRERR & B LA U F o, BB b
(mg/kg CP) FIR.
132 HHUE IR E
FH5 (DM) .« CP. MBI (EE) . K7 (Ash) #UE IR & B INE 2
AOAC 77 VEM . SRR £ 48 (NDF) | PRIEBERZT4E (ADF) « RRIVEVEFR A ER (ADL).
PR AR R i (NDICP) « BRTEVEEANE H 5t (ADICP) & & [l € Z i Van Soest
ST
133 J8 B Je Bl & 4 o AR 2 19 588 1 PR A
R Nuez-Ortin SR AR S0 770, FREX 7 g 20 A5 K e Ja (¥ B0 o 23 BN AL

29 50 pmy K/ 10 em X 20 om [ AN E 1R RS . BEFRES 3 ANEE . %I UK
O, [FIRFECHS” (SR TN B 8 b, 7 e B R AR 0 24 4.0 8. 124 24, 36
48 ho KRBT ] SUR B e AR I E AN 30 AN BUE S 1B EAR (B4 0 hyTE
H SR R e, BLAKWEE, 18 65 CHIZM FHLT 48 h RIHE, Id®RE 5 e RS R,
SRERAE 1 mm PG, T3 R GR AR I I 5 A T TR R B R A

1.3.4 ik =D RANENE NMalE R



2 Gargallo UGS = AR SMEI JE TR 5%, FREL 7 g DDGS N JE 48, & H
WM 12h J5 ([A— DDGS 7EF—#EE i 4 P47, L3 k4) , BUb e, Hks
IKIG G H e e RTAE 0.1% B AER W, 37 CoKIBHHRY 30 min, HUHJE R IFE L
T, F 65 CHAHMMTEEE (480 , MEikEHER P IHEARNSE, I g
FREFENJE AR (5 emX10em) , ¥ Je ARHEN DaisylIIE IR . 35 TR 94 A T
2L &A1 gL BEAM (P—7000, Sigma) [ pH=1.9 [IEERIAM . KB FRME ANKOM
Daisy[IA /MR BE R 2740, 39 CKITHRS 1 h, BUEJEREIEHR T, A 2 L 7k
&4 3 g/L BREARE (P—7545, Sigma) 150 pg/L E EA&FHY Y 0.5 mol/L AR £h 2% v,
F A B IR ANKOM DaisylIfA MR BEREF:40, 39 C/KIR PR 24 h, HUH e Juge
FBVEE KT, 65 CHAEAMEIEE (48 h) , NHERUNGI LG KR ERE &, e A &
FUR & &

14 HEoh5itHE

141 I8 B WA EA RS BT

B

SR B RE R AR ER (%) =100-[100% (R0 B — R BEYh Sy FRE) /58

R4 Nuez-Ortin Z5USIR H 1R187 B ) ) 22 80 e B A E 47 1 52

R(t)=U+Dxe Kx(-T0),

b R@)NJEIARAES B TP B 6] ¢ J5 B R WA R R AR (%) » UNEEA
AR 7 (%) 5 D IR BEGFRATBEMAES 7 (%) 5 Kd NPT FEAREF I IS ARIE R (%/Mh)
t NI B (h) .

FIFH SAS 12 PROC NLIN 8t AT A /> — e [l iz A3 2 [E g 2 8. T RkAT &%
Fefi % (ED) BIiHE AR N:

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



PSS A BEFRATERE Y (%) 5, S=100-U-D; Kp N¥%E H SMALHE Z(0.06/h).
1.42 98 B AERE AR A5 /A TS AR

96 1 AR B A B 1T 1/ T8 A 26 (dRUP) THEL A 20R -

dRUP (%) =100x[(CP121,— CP;)/CP121]5

e CPuow I8 B KRG AR TR A S PR R & & (g/kg) 5 CPOABHI/NZHE AL
JEBRER S E AR S (gke) o

NHATALE AR (IDP) & & HARA:

IDP (g/kg) =RUCPNRxdRUP.

s RUCPNRC RS NRC (2001) A48 (19987 15 A nl PR AR 115

BAEEAR (TDP) SRt AR N:

TDP (g/kg) =IDP+EDCP.

s EDCP A S i AR & &
143 HdlEgiitS500

AR F ML FESK F SAS 9.4 25 PROC GLM Bt B R & /. IS 78k,

&

NI

il

B B A 2 B 0L R B AR AR B BRI /N T AL R AT B 4 T, P<0.05 ROR % S R 3,
P>0.05 FoREFAEE; KH SAS 9.4 #£/7 PROC CORR it i H brik 4740 5047,
P<0.05 £/~ R EMIE; KA SAS 9.4 F2/F PROC REG HLHGHR 2 & = 598 5 MRS 5L
T30 B AR B 2 1 SR /N T A 2R AT B (B3 43 #
2 8 R
2.1 AFEFEEHIN T DDGS W HEEIR & & K WS F7 B (5

N 2 fran, BEAE AR RGN, AR S BB ER I (P<0.05) , HATEE A
1.16~8.10 g/kg CPo FPHESRIREFYE . FRIE VIR AT S AR ME Ve i AR R 3% s BBt 5 I AR FE 11

Whnmisg i, BAEEE (P<0.05) , HARMTEHEZ N 38.89%~47.22% DM, 10.35%~



14.29% DM. 0.71%~1.63% DM. FEEINAFEE N, MEA R SE%a BE52h (P>

0.05) , HREPHERFAEEAFAMREREAFEARSEZHT R, H2RLEE (P<

0.05) , HALIEEIS 51 8.09%~16.67% CP. 0.93%~3.67% CP.



®2 AR T DDGS X 2R & 5 b S I 173 i B

Table 2  Effects of different degrees of heat processing DDGS on furosine content and routine nutritional compositions

110 C 120 C 130 C Pl
WiH Items SEM

0.5h 1.0h 1.5h 0.5h 1.0h 1.5h 0.5h 1.0h 15h P-value
W& Furosine/(g/kg CP) 1.160 2.40¢ 3.44f 2.428 4.68¢ 6.18¢ 6.56¢ 7.57° 8.10° 44.7 <0.000 1
T4 DM/% DM 86.1° 91.4¢ 92.7% 84.0° 91.54 93.47° 91.83% 92.48° 94.46° 0.28 <0.000 1
HHH OM/% DM 78224 83.60¢ 84.43° 76.46° 83.62° 85.57° 83.97¢ 84.47° 86.49° 0.28 <0.000 1
FiK 4y Ash/% DM 7.844 7.79¢ 8.218 7.51¢ 7.83¢ 7.89¢d 7.854 8.00° 7.96% 0.03 <0.000 1
¥ifg Wi EE/% DM 8.20% 8.56° 8.65 8.68 8.85 7.95% 8.08 8.34 7.393 0.27 0.03
HE A CP/% DM 27.47 2.82 28.72 26.93 28.46 28.21 27.71 28.72 27.93 0.14 0.08
H SR A48 NDF/% DM 39.87¢ 40.214 42.05¢ 38.89° 41.74¢ 42.80° 43.13° 43.29b 47.22¢ 0.25 <0.000 1
TRt Ve A 4E 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

BRIt VEH A %% ADL/% DM 0.88% 1.16> 0.86% 0.71¢ 0.944 1.03¢ 1.30° 1.28° 1.632 0.07 <0.000 1



HRE PR AN B2 B NDICP/% CP 8.098 8.67F 9.48¢ 9.08¢f 10.73 11.11% 10.40¢ 11.37° 16.672 0.19 <0.000 1

MYV EH L ADICP/% CP 0.93¢ 1.364 1.44¢ 1.44¢d 1.67¢ 1.72¢ 1.57¢ 2.54b 3.67 0.09 <0.000 1

[FAT B3 8 AR AN [F) - BER R 22 57 .35 (P<0.05),  AHRI BTG T BER IR 22 R AN B35 (P>0.05). K 3. K 4 [F.
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 Tables 3 and 4.



2.2 AFEIFEFEE#INT. DDGS X 40 5UAUAR & 538 B R e R Fr s

R 3 frs, SANFERE RN T DDGS T 5 J8 B £ 77 0] ¥ 3 5 1 A2 40 76 B
5.54%~16.00%, T-WI5UR 15 55 7% A Al 3 (E ] B A 0 (A2 AR Y B 80.52%~87.95%, T
W) JRJRE T AR PR 00 B AR 2R AR AL T R 2.6~~3.8 %/h, T4 580 B AN AT AR A 45 23 (10 2 A 9
N 0.84%~8.50%, THIBUIR B A REMER ARTER N 31.1%~46.8%. BEE INFNFE LI
W0, T8 B A R AR R A, TR B S P AR o DU S v, T 00 1
% T AR 53 A0 T 5988 T T AR AR 7 B AR 0 0T S DR ) AR A 3 o 2 S IR R P A m T
DDGS 2 F FUR 15 15 77 Al 62 AT O 12.89%~28.23%, LR 58T B B 7 AN Al
TR RT B 2 0 AR A TS LR 68.04% ~81.21%, FHL AL (1 5 B PT MR AA il 7o P it 2 AR A Y Tl
N 3.1~4.5 %/, K& U B AT R AR I ASATE FELN 0.72%~7.84%, fHEHRE B A
RPEAR A ARG IE N 40.7%~57.8% . Wi N FAHR B2 (R0 18 n KL 28 1 R 1 B 9 v 7
5 43 ALRELER 11 TR P A 50 AR 3 (6K, R 1R 1 S T AR I B P v, EL AR A
B (P<0.05) , TR AR (TR B 15 RN R VAHEL R e AR 0 3 KL 2R 11 IR 1 T e A 4 e

fRR BRI B Z (P<0.05) , HEAH SIIAASL.,



® 3 ARSI T DDGS X ¥ S AR E 15U B B g 18 A 52

Table 3  Effects of different degrees of heat processing DDGS on rumen degradation characteristics of DM and CP

110 C 120 C 130 C P1E
TiH Items SEM
0.5h 1.0h 1.5h 05h 1.0h 1.5h 0.5h 1.0h 1.5h P-value

T8 E B % 2% Rumen degradation parameters of DM
TP 98 B B FE M 4 DMy/% 15.63¢ 14.38% 14.25% 16.00° 13.20% 6.43¢ 12.05° 12.47° 5.54¢ 942  <0.0001
T-W R B 55 7R A A Vs E AT B A 4>

83.53bed 83.90b 83.18bcde 80.63% 82.46% 8795  8]1.79% 80.52°  85.96®  9.00  0.0003
DMp/%
T8 B A 0] [R5 DMu/% 0.84i 1.71b 2.57¢ 3.36¢ 4.34¢ 5.614 6.16° 7.00° 8.50° 0.49  <0.000 1
T-W 58 B AT B AR o) PR AR R

3.1 3.2 3.2 3.8° 3.5% 2.6° 3.4b 3.2t 2.6b 0.29 0.15

DMk d/(%/h)

TP 98 B A %R % EDDM/% 44.1° 43.6 43.3 46.8° 43.3 33.6% 41.3% 40.1% 31.1° 2.20 0.001

AR B S #2530 Rumen degradation parameters of CP



FHLE A BUR B BRI CPs/%

FELER 1 U B B 7R A R (E AT et

7 CPo/%

R AU B AT RS 5 CPu/%

LR 11 580 B T A 0 e e ¢

CPxa/(%/h)

FLAR 5 5 A RU% % EDCP/%

28.16*

71.12°

0.72"

4.1

58.0%

28.23°

70.33°

1.442

4.5

58.5%

28.21*

69.63°

2.15¢

4.3

57.7%®

27.45°

69.64°

2.90¢

4.5

57.8%

26.34*

69.97°

3.68¢

4.1

55.6°

13.61°

81.212

5.18°

3.6

44.2¢

23.60°

71.05°

5.35¢

4.0

52.8°

26.04°

68.04°

5.92%

3.4

53.1°

12.89°

79.27*

7.84*

3.1

40.7°

1.57

15.00

0.85

0.54

1.59

<0.000 1

<0.000 1

<0.000 1

0.23

<0.000 1
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2.3 AAFEEERINT DDGS %98 B A R e 2 115 1R/ v A6 3 1 5

UNEE 4 Fro, AN IRV FE 30N T S8 25 52 e AR Rt 2 1 BT R0/l T A A0 i vl v A 2R
F DA ST A EE AT B i (P<<0.05) o AS[FI#EEE DDGS H R B 3R R fF R R K/
A ZE AR TE [ 2 90.05%~93.83%, /N AT VE AL & F1 5 ) AR AL T [ O 38.6%~53.5%
CP, B JHILEE AR ARG BN 94.1%~97.6% CP. BEFE INFAFERE 3 0, 7 B LR R
BTN T A FR A AT A B R BT A, N T AR R A W, H

A BZE (P<0.05) .



R4 AFEFEERAIN T DDGS X B B g 2 5T R/ i AL R R i

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

110 C 120 C 130 C P&

TiH Items SEM

0.5h 1.0h 15h 0.5h 1.0h 15h 0.5h 1.0h 1.5h P-value
JR1 P f#3T /> Rumen degradation part
B AR E AR RUPPYE 128.44 129.7¢¢ 134.5b«d 126.8¢ 139.2bed 173.1 144.6% 150.1% 183.22 4.91 <0.000 1
Jo8 B AE AR A5 RUPNRC 115.74 116.8 121.2¢d 114.24 125.4bed 156.02 130.3b¢ 13520 165.0® 4.43 <0.000 1
H%fREAR EDCP 159.5% 164.6* 165.2% 156.3% 157.3%® 123.7° 145.8° 153.3° 113.1¢ 4.43 <0.000 1
/N BRI 4> Small intestine degradation part
987 JE R AR B /N

93.83*  93.19% 92.69abe 92.733bc 92.042b¢ 90.05% 93.21%® 91.90abe 90.51¢ 5.95 0.007
tZ dRUP/%
NHTFTHEWE AT IDP/%

39.5° 38.6° 39.1° 39.30 40.6° 50.32 43.8b 43.3% 53.5 1.85 0.000 1

CP



N A B R

108.6>  108.9b 112.4b¢ 106.0° 115.5% 141.9 121.5b% 124.30 149 .4 4.95 <0.000 1
IDP/(g/kg DM)
RATyHAE A TDP/% CP 97.6* 96.9° 96.6° 97.42 95.8 94.1° 96.5 96.6° 94.0° 0.63 0.005
M THAL B A

268.1¢ 273.55 277.5° 262.2¢ 272.8° 265.64 267.3% 277.6° 262.5¢ 0.66 <0.000 1
TDP/(g/kg DM)

RUCPNRC; 4 NRC(200 )AL 15 (10987 B AEF# AR &R (1 5; RUCPPVE: #i14ls DVE/OEB 1k RTS8 B AEMME A H. £ 7. €8,
RUPMRC: rumen undegradable protein in the NRC (2001) model; RUPPVE: rumen undegradable protein based on DVE/OEB system. The same as

Tables 7 and 8.



24 AEFEEE AN T DDGS HE IR 5 IR ML BRI AN 5 1 5 & 53 5 A0 T4 50 5 R 1
TR0 15 B AR 22 IR P M S

1% 5 R, FE TR B MRRE e b 1, BRI & i 5 T BUR  BE 3% PTA4r LLRC T
R B A R R AR U O% (=072, P<0.05; r=-0.62, P<0.05) , HER&ELE
TH I B AN AT BE AR A3 A7 AE 35 IEAHC (7=0.96, P<<0.05) . fEHRLER (/78 &5 PR ARSI
BRI & R R TR B B R ATV 4 KL TR 1 T AR S A A A O R

JRE B A R R R AR AR B E A (=-0.60, P<<0.05; r=-0.62, P<<0.05; =-0.72, P<<0.05),

b=

1 SF AR A R B A AT B ARES r A7 AE B35 IEAR G =0.96, P<<0.05) . BRMERBABEA

=

B RS T W RIR B PR TR T ORI AT IA R TSR 1 A Ak R AR R A A
BEAMK (=-0.60, P<0.05; r=-0.51, P<<0.05) , 5 TY)5JR B A nl PEMES o A7 00 535
AR (=084, P<<0.05) . FRIEVEEAVE S A N5 E AU B B AR b BOoH 8 A 5

TR F BRI AT VA A R 1 TR B T AR 3 AR R SR B R0 B A B R A AE (B
% (=-0.51, P<0.05; r=-0.51, P<<0.05; r=-0.61, P<<0.05) , SHI& A E A%

RSB AFAE T 2 IEAHC (=0.85, P<<0.05) -
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x5

AFEIFEEERIN T DDGS HOffZ IR 5 BRI ek ANVE 8 505 & 20 Bl A0 57 SR B 508 15 AR e A2 2 1] AR AR SRk

Table 5 Correlation between furosine and ADICP contents and rumen degradation characteristics of DM and CP in DDGS with different degrees of heat processing

HEArUE MHEAFUE MEEARE HEAE HEAEE

WiH Items FTHFEE  TYREE  TYRE THPREE TYREEA
WA HEIRAAIE ATy AN AT RERE R e i BEFRE  BIFEAN B BAWRR AR
5> DMs  {HW][Ef#H iz 4y DMy EDDM sy CPs  WHEFFEM  SrREMEE #h4> CPy EDCP
43 DMp DMka iB4r CPp CPxa4

HZ R Furosine r -0.72 0.09 -0.34 0.96 -0.62 -0.60 0.24 -0.62 0.96 -0.72
P <0.000 1 0.67 0.08 <0.000 1 0.000 6 0.001 0.24 0.000 5 <0.000 1 <0.000 1

FRPETE AN r -0.60 0.05 -0.31 0.84 -0.51 -0.51 0.19 -0.51 0.85 -0.61
B ADICP  P{H 0.000 9 0.79 0.12 <0.000 1 0.01 0.01 0.35 0.01 <0.000 1 0.000 7
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B

2.5 AIFEFEEERINT. DDGS b 2R 15 W M e i ANV B 10 25 i 2 S RRE B Al B A 2 11
(47N T A 2 T PR AR SR

W 6 fin, WEM S ES DVE R NRC A AT (K98 5 3F B 2R (1 s A7 42 B3 1 IE
XM =077, P<<0.05; r=0.77, P<<0.05) , FHMXRHW & T H5RMEREAEEAD
JRAH S /¥ (7=0.68, P<<0.05; r=0.68, P<<0.05) . 8 [ LR (R /N iE AL A
BT AR (% CP) 355 R BRI Hh MR el AN VA B8 R 3 B AT (E B35 UG, R
FRIGHI R 2% (7=-0.52, P<<0.05; r=-0.60, P<<0.05) ¥JURMK T SMRVEEIEABE R AR S E
A R (=-0.57, P<0.05; =-0.63, P<<0.05) . /NEAHLEAR (% CP) S
R PP PR R AN T B T 5 A AE S A DG, SR & & (M AH DR R 4L (=0.72, P<<0.05)

m T SRR R AR E AR S B AR R S (=0.61, P<0.05) .
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Table 6 Correlation between furosine and ADICP contents and intestinal digestibility of rumen undegraded protein in DDGS with different degrees of heat

processing
TiH Items FEAREMED  BEIEMAED AAEMEAR RMEBEAERMES ABAEAES METHEAER BANEREAR BRTERE AR
Jii RUPPVE J5ii RUPNRC EDCP BN E BT IDP (% CP) 5 IDP(g/kg) TDP (% CP) TDP (g/kg)
dRUP
Bmoo®" R 0.77 0.77 -0.62 -0.52 0.67 0.72 -0.60 -0.07
Furosine
PME <0.000 1 <0.000 1 0.000 5 0.005 0.000 1 <0.000 1 0.000 9 0.74
FR AR ANE r 0.68 0.68 -0.51 -0.57 0.52 0.61 -0.63 -0.07

HHF ADICP

PfH <0.000 1 <0.000 1 0.007 0.002 0.005 0.000 7 0.000 4 0.73
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WK 7. R 8 FiN, WAL & 5 BRI e vA AN T B 1 o 2 o o R M b T 420 SRR
TR R IR AT A R A . R B N T BRI A R A AR R AN FTE R R (%
CP) i, TR R AR M e i AN T B 10 o 2 5 TR 5 =l A 2 11 3 1 /0N o ¥ A 32
VBRI (% CP) M7 R A R AL, Ao & & ) LU 20 9 58 8
AN T VAR AT B AR S R B L TURE B N AT BRI (R>=0.95. R*=0.93) .
® 7 AFRFEEHINT DDGS Haig & & 598 15 FERE K8 B E Fid & B 5 N T

(&P EHEIEPS
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 AR £ EEpiyt RERE RE PH
Predicted variables (Y) Prediction equations (Y=a+bx) R? RSD P-value
I8 P AR5 % Rumen degradation
characteristic
T 598 B 5537 ¥ 4 DMs Y=178.082 36-11.837xFurosine 0.54 1.11 <0.000 1
T 5988 18 15 3= A vV E AT PR Y=-2.515 72+9.969xFurosine 0.95 0.44 <0.000 1
DMy
Ty 598 B A %% EDDM Y=48.409 94-1.599% Furosine 0.42 7.16 0.000 2
HHAR B 5UR B B3R IR 4> CPs Y=319.552 24-17.188xFurosine 0.42 0.32 0.000 2

HE A TUE B AT R CPy ¥=-3.551 04+9.030x Furosine 0.93 0.21 <0.000 1




AR B U8 5 A RS EDCP Y=62.807 43-2.044xFurosine 0.55 0.21 <0.000 1
J3 B ANTT B fif 8 5 RUPPVE Y=113.876 14+6.697xFurosine 0.61 2.16 <0.000 1
98 B ANTT B AR 8 BT RUPNRC ¥=102.591 11+6.033xFurosine 0.61 0.35 <0.000 1
FHLAE 1 SUR B A A% E % EDCP Y=173.679 19-5.278% Furosine 0.46 1.74 0.000 1
/NG EALAEE Intestinal digestion
characteristics
97 5 AEBR AR R AR/ NI LR dRUP ¥=93.884-0.326xFurosine 0.29 1.41 0.004
INFFIEAEEBT IDP (% CP) Y=35.104 33+1.698xFurosine 0.49 0.21 <0.000 1
INFTTEAE AR IDP (g/kg DM) Y=96.777 96+5.117xFurosine 0.56 1.98 <0.000 1
RAHALE AR TDP (% CP) ¥=97.904 31-0.367xFurosine 0.33 1.58 0.002
* 8 AFFEERINT DDGS HERVEV AN B B B 598 B R v SR B AR

JR /N AR 2 B[R] A1 56

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 Az & EEpp R RE P1{H
Predicted variables (Y) Prediction equations (Y=a+bx) R RSD P-value
I8 B %A 45 Rumen degradation characteristic

TV5 e B 5572 AT R 4> DMs ¥=17.877 83-3.000 60xADICP 0.38 0.97 0.000 6
T-W e B B R A AT I AE AT BE MR 4> ¥=-0.369 64+0.09 969x4ADICP 0.68 0.20 <0.000 1
DMy

FHIFR S %% EDDM Y=48.681 25-4.146 70xADICP 0.31 2.50 0.003



HLE A FUR B H Rl E 7> CPs

FHLER F5UR 8 AN TR 7> CPy

FHLEE FUR 15 A1 2% A% EDCP

T8 AN TR fR & 1 i RUPPYE

T8 AN AT AR A 1 i RUPNRC

W UM B A R EDCP

Y=32.038 82-4.347 97xADICP

Y=-0.508 14+2.342 01x4DICP

Y=63.329 52-5.394 05x4ADICP

Y=112.293 52+17.607 14xADICP

¥Y=101.165 34+15.862 29xADICP

Y=175.125 74-13.983 01x4DICP

/NHEAL P Intestinal digestion characteristics

I8 B AR BE M AR A NS TE LR dRUP ¥=94.393-1.088xADICP

/NPl EALE F R IDP (% CP)

WNEATEAE E B IDP (g/kg DM)

SATHEALE ER TDP (% CP)

¥Y=34.901 51+4.358 99x4DICP

¥=96.238 70+13.097 02xADICP

¥=98.237 09-1.095 09xADICP

3% ®

3.1 AFEFREEHIN X DDGS R

SRR VAR T AR I T R R, Lk

SN . HEiRiIE

, FEWS ] S AIDDGS A 3 H7 48 S B H 8] = 4) Amadori & i

EEAB AR U RES1SY, P DAS i £ s L )R T AEE e A

TN AR S e AR UL R R B A RN A ] 2 o A e

B R TR B i T e,

T BN ERDEE e ) H E evR 2T AR AT PR e e 2T 4 1 5 S

IEASIESS YTk Sl NI N

R HEMckinnon 5 SIIRF 78, IR AR & B

HALFXTDDGS A 2 A & =5

AR B R A A N T AR - AR TR R B &

T B S 7 1) B R R

1R

0.29 3.00 0.003
0.68 0.16 <0.000 1
0.42 2.66 0.000 3
0.46 2.40 0.000 1
0.46 1.95 0.000 1
0.35 2.73 0.000 1
0.35 0.14 0.001
0.36 2.26 0.001
0.40 1.69 0.000 4
0.32 1.69 0.002
& CEFMMEA R
SRR A e e AR

IAALTEH BAR D,

MR R IR R . AR AN
R BN, Al iR S
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3.3 AFEFEEE I T DDGS X8 B 3 R S5 A /N g TE A R 52w

AMLJFE RS20 DDGS ek B BN, I T Z LR 77 2R -t 5
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55 NI U SR Ak o A 96 25 SRAT L AE — 2 VL BB PN 0 AR P2 e v S AR B A 2 1 S /M M

THARMAE, SATAOIRE RIS =2, EARKRKMMATER N, AR, DN

MR AR & BTG N, S TR AR o B D o R AR PR R A B P AT Rk

RN, PO B AR R A R, iy ELJR R AR T R 5 N i AR b
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R NBTE AR RS ATE R AR & & (% CP) fE{EFAHIGIE R . 1E Boucher F 12 IR
NEHR BT T, SRR N R IR R IR, IR N/ i A R UK. B
MRS58 B AR A A M HAR B AT E A SR (% CP) MAFETAMIRRR, H
TR & 5 3 AR SCVERTR VEDE - AN B A R & &5 38 Z R AR S 2 ) A K 3K
IR M e o ANV B 1 TORIBRE 20 IR 5 B 42 ] DA TR 8 A P 2 1 o £ /0 o T A SRR R v
WEAREE (% CP) #HATHN. HIAWEARSTES Myl HEARESE (% CP) IR
PSR AEERAR S 'S M T HEEAFREE (% CP) AHEmEKMMRME. thtddt, o
A PR 2R & B S A s T N i rT AR A RS & (% CP) , X — S5 ROV i
PEAL T HIR AR

3.6 ANFEREEZHAINT DDGS Hopta IR 5 R MR B ANVA 82 F1 505 5 70 il U S Bk A % SR

EE |50 e DN A K A ERETE PSS

il

FI AT AR R DU R & SR S PR I 2 1) AR DR PE I 7T R Se T, BRie &
5T AR 50 B AR B 2 (IS RE B Bl R2 2090009 0.95 F10.93 . HRZIR &
B B AR R SRR R TR ANE EE A 5. £ Pahm ZE IR TE R 15 AR R4
i A R R R R N & 5 AN R DDGS A RS IR K & B XA AE AR K A - Boucher 457
BF 7C 2R WIBE 2 IR & & w] LTI DDGS w8 8 AR B Al B 3 o0 a2 R (1 /N B T AL R
Mckinnon = USIEFFE15 H R 1M e i AN ST £ 1 AE /i AN AV AL I B A L R2 93l
N 0.78 A1 0.82. AR 58 AR & AR MRS AR B A it & B S5/ M AC R ALE rE AL B
JiEE (% CP) G REEALL, HEWEARSES MyTE@EAREE (% CP) 14l
AR P T R MR AN B DT o AN 6 PR AR R 5 T DA R 15 B e P A
NE AR R O AETAG I B ot TN 5 R I A R A v (4 iR BT AT RE 2 F T 5

ANETZ AR, 7 B R A 6 R A ST SRS WA ) T 7 A



O 2 AFRKAISR) DDGS FHE IR S & WIE IR & & 88 AR LA

=

AN7RE RS T E

@ MR R AR VEBE B AN & A5 S B SR B R AR R AN T A R AR R SRR
A 0 H AT DUR AR R AN BR 1k e i AR B 1 s By oS SL IRl R, TR 7 Pt 12k
AN AR

@ AR & & LR MR Ve AN VA B2 5 5 SE N AE T 3t TN T BRORCREL 2 1 B 1 T

PERR > AR 7 A7 R AV T AR A R & . AR YD IR 1R

i

A LME DGR GDRE AN TR B e 35 58 BN IR Rk i 5 B Y AR P R BT LR A
23R

[11  WEFE, FHEA SR TR b 3 7T 3 %) (DDGS) £ 5 48 H R rf (8 B (7. o [ 9
2, 2009(10):20 - 22.

2]  HZFEL, EE, E&, %. DDGS & 775 & HAE G A4 HOR b i S 0],
¥}, 2008(9):37-40.

[31  E4kom, Jeom, 2502 55, 55 5 WSS RHEORE I b A= 0], ) 2R Bk, 2008(5):40-42.

[4] NAKAMURA T,KLOPFENSTEIN T J,GIBB D J,et al.Growth efficiency and digestibility
of  heated protein fed to  growing ruminants[J].Journal  of  Animal
Science,1994,72(3):774-782.

[5] GOERING H K,GORDON C H,HEMKEN R Wt al.Analytical estimates of nitrogen
digestibility in heat damaged forages[J].Journal of Dairy Science,1972,55(9):1275-1280.

[6] VAN SOEST P J,MASON V C.The influence of the Maillard reaction upon the nutritive
value of fibrous feeds[J].Animal Feed Science and Technology,1991,32(1/2/3):45 - 53.

[7] BOUCHER S E,PEDERSEN C,STEIN H H,et al.Evaluation of the furosine and



homoarginine methods for determining reactive lysine in rumen-undegraded
protein[J].Journal of Dairy Science,2009,92(8):3951 - 3958.

[8] PAHM A A,PEDERSEN C,STEIN H H.Application of the reactive lysine procedure to
estimate lysine digestibility in distillers dried grains with solubles fed to growing
pigs[J].Journal of Agricultural and Food Chemistry,2008,56(20):9441 - 9446.

[9]  FrHaEh, THRAe, o 5,55 00 5 5 o B IO i AL R R & =i e )], &
i LME,2011,32(3):17-109.

[10] NRC.Nutrient requirements of dairy cattlefM].7th ed.Washington D.C.:National
Academies Press,2001.

[11] LEE M H.Official methods of analysis of AOAC international (16th edn)[J].Trends in
Food Science & Technology,1995,6(11):382.

[12] VAN SOEST P JLROBERTSON J B,LEWIS B A.Methods for dietary fiber,neutral
detergent fiber,and nonstarch polysaccharides in relation to animal nutrition[J].Journal of
Dairy Science,1991,74(10):3583-3597.

[13] NUEZ-ORTIN W G,YU P Q.Estimation of ruminal and intestinal digestion profiles,hourly
effective degradation ratio and potential N to energy synchronization of co-products from
bioethanol processing[J].Journal of the Science of Food and
Agriculture,2010,90(12):2058-2067.

[14] GARGALLO S,CALSAMIGLIA S,FERRET A.Technical note:a modified three-step in
vitro procedure to determine intestinal digestion of proteins[J].Journal of Animal
Science,2006,84(8):2163 - 2167.

[15] FINOT P A,DEUTSCH R,BUJARD E.Extent of the Maillard reaction during the

processing of milk[M]//ERIKSSON C.Progress in Food and Nutrition Science.Maillard



Reactions in Food.Oxford:Pergamon Press,1981.

[16] RAMIREZ-JIMENEZ A,GUERRA-HERNANDEZ E,GARCIA-VILLANOVA
B.Browning indicators in  bread[J].Journal of  Agricultural and  Food
Chemistry,2000,48(9):4176—4181.

[17] RADA-MENDOZA M,OLANO A,VILLAMIEL M.Furosine as indicator of Maillard
reaction in jams and fruit-based infant foods[J].Journal of Agricultural and Food
Chemistry,2002,50(14):4141 - 4145.

[18] MCKINNON J J,OLUBOBOKUN J A,MUSTAFA A,et al.Influence of dry heat treatment
of canola meal on site and extent of nutrient disappearance in ruminants[J].Animal Feed
Science and Technology,1995,56(3/4):243-252.

[19] VAN SOEST P J.Use of detergents in the analysis of fibrous feeds. II .A rapid method for
the determination of fiber and lignin[J].Journal Association of Official Analytical
Chemists,1963,49:829-835.

[20] ZHANG X W,BELTRANENA E,CHRISTENSEN C.,et al.Use of a dry fractionation
process to manipulate the chemical profile and nutrient supply of a coproduct from
bioethanol processing[J].Journal of Agricultural and Food
Chemistry,2012,60(27):6846—6854.

[21] MCKINNON J J,OLUBOBOKUN J A,CHRISTENSEN D A.,et al.The influence of heat
and chemical treatment on ruminal disappearance of canola meal[J].Canadian Journal of
Animal Science,1991,71(3):773-780.

[22] ARIELI A,BEN-MOSHE A,ZAMWEL S.et al.ln situ evaluation of the ruminal and
intestinal ~ digestibility of heat-treated whole cottonseeds[J].Journal of Dairy

Science,1989,72(5):1228-1233.



[23] CHRENKOVA M,CERESNAKOVA Z,FORMELOVA Z.et al.Chemical and nutritional
characteristics of different types of DDGS for ruminants[J].Journal of Animal and Feed
Sciences,2012,21(3):425-435.

[24] YU Y,THOMAS J W.Estimation of the extent of heat damage in alfalfa haylage by
laboratory measurement[J].Journal of Animal Science,1976,42(3):766—774.

[25] NAKAMURA TKLOPFENSTEIN T J,BRITTON R A.Evaluation of acid detergent
insoluble nitrogen as an indicator of protein quality in nonforage proteins[J].Journal of
Animal Science,1994,72(4):1043 - 1048.

[26] DE BOER G,MURPHY J JLKENNELLY J J.Mobile nylon bag for estimating intestinal
availability of rumen undegradable protein[J].Journal of Dairy Science,1987,70(5):977-982.

[27] MOSHTAGHI NIA S A,INGALLS J R.Effect of heating on canola meal protein
degradation in the rumen and digestion in the lower gastrointestinal tract of

steers[J].Canadian Journal of Animal Science,1992,72(1):83—88.

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 reaction intermediates and the rumen degradation characteristic, intestinal digestibility of
rumen undegraded protein of distillers dried grains with soluble (DDGS) with different degrees of
heat processing, to establish regression equations, and to compare with the acid detergent

insoluble protein as a sensitive index for heat treatment 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 equations. The results showed as follows: 1) with increasing heating degree, the
furosine and acid detergent insoluble 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 (»=0.96 vs. 0.84; r= 0.96 vs.
0.85), effective degradation rate (r=-0.62 vs. -0.51; 7=-0.72 vs. -0.61) and intestinal digestibility of
rumen undegradable protein (+=-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
correlation with ruminal degradation characteristics than acid detergent insoluble protein content.
Both had similar correlations with intestinal digestibility of rumen undegradable protein and total
digestible proteins content, but furosine and small intestine digestible proteins had a higher
correlation (7=0.67) . There is a correlation between furosine content and ruminal degradation
characteristics and intestinal digestibility in different heat processing DDGS, 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.

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

processing
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