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Table 1 Composition and nutrient levels of
the experimental diet (air-dry basis) %

Wi H Items

J5B} Ingredients
F >k Com 13.22
%%k Wheat bran 3.76
2L Molasses beet .99
3.15

4 Content

%A1 Soybean meal

3
0
3
5
KK Cottonseed meal 2.06
7
4
0

TR K H AT %Y DDGS .37
ERFEHEH Corn gluten meal .44
FE R ZEH Corn germ meal .97
Fiik R Premix” .50
Y5 Chinensis wildrye 42.72
F K Corn silage 15.82
£t Total 100. 00

#F 7K Nutrient levels”

WFLERE NE,/ (kI/kg) 5 439.2
HEH T CP 14. 4
W PR IR 2R 4 NDF 49.2
R PP 47 4 ADF 30.6
5 Ca .6
WP 4

VWO R Ry A T 58 4 B4 i The premix provided the
following per kg of the diet; VA 800 000 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,

D WL TR, AR O SE . NE, was a cal-

culated value, while the others were measured values.

1.2 REHMH 5t

AN DDGS SR T 73, 77 4 oy SR BT
B IRET . DDGS MIE M E T 65 CHL T £ 14d
&L 2 mm £, ¥ DDGS | &A1 44 B[]
Lt i [ DDGS = &5 1 43 51 2 100:0 (D 1) .70:30
(D70830 4) .50:50 ( D50S50 4 ) .30:70 ( D30S70
40).0:100(S 4l) I iR >, e i 5 411k & 1k
FE i o
1.3 KB HE
1.3.1 JEHJERE %

HERRARI 4 g FERILA C S E R e B 48,
BAHFEM 3 ANER, UIRA LSRR EEEN 2
JeRAEH 1 ADMEHE, K )e A B EE 2R AT
B R E R SR 0.2 .4 .8 .16 .24 48 h J5HUH .

B B JE T AR TR K G2 o sk, BB B O 1k
T 65 T LT 240, 6 e Je 4% b Y 5R AR W B
(iEid 1 mm G R0 e AL B (CP) i 4.
1.3.2  ZL4MGiE i

PR 2 mg A GRDRE if, InAE R AL A
£ 200 mg 727, BB OF OB R, SE0 TR AT,
LA S 7 AL SO Ao P e L i A e 21 4
JEIEAL (FTIR - 8400S) ( H 7 B HE2 w] ) 1 4 4

fi, I BE 4 000 ~400 em ™' 3 HER K 4 em T,
FAHE KL 64

1.4 HEBSHEITE
1.4.1 1k} CP AR
CP AR (% ) = [ (BT
Fe b CP & — B S5 AEdh CP &) /
R fFHTRE S CP &3t ] x 100,
1.4.2 CPJEEEMSEOTHA

TR GREE CP [ 2 5 i Drskov 257 2 H

T H A B R B R
Y=a+bx(l-e),

Kb Y e e ASTe B i & ¢ i ) s 0 1]
B} CP R 2 (% ) ,a HPEFEMHER I (%) ,bh
P FE AR 53 (% ) ,c b WIS (% /h)
9 8 i B R (h) o R R

CP A % A 2 A =R

P=a+[bxc/(c+k) ],

Kb P o R CP A RS AR (% )k KT
D] B Y 9 B O B 3R 8 (% /h) Ak ER
6% /h'*)

B[ A (OB =R/ Wy

w=1l-(a+b),

Krfow HAEREME 3 (%) o
1.4.3 B AP

FH 28 W] ) IR Solution 1. 10 %5448 4b #4114
SPMEETF 1 700 ~1 600 cm ™' i B T B T 4 EE
TR P T, HEA T R R AL OE , I — B 5 BORn e BE
2 AR R 3% . Origin 8 B0 X 4 i 19 — B 3
B 246 B s T i R B, 45 0 i A
TR BRI E . 45 U TS R R
Z:1658 ~1 650 cm™' H o - B E; 1 640 ~
1610 cm ™" B =231 700 ~1 660 cm ™'y B -
B 51 650 ~ 1 640 cm ™' g JC LI o AR AR
& AL SR E B 0 i AR A T AR R L
X ESE)
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1.5 HEFEIHHH

i1 SAS 9. 13 FAFARL M [0l ) (NLIN) £ )y 11
Bab .o feL, B HCAE AL b P i g 500 2R AT
7722087, iz il Duncan [k #E 4T 2 5 LB, 45 2R
PASFI MR £ AR iEZER IR

2 & R
2.1 CPEBERBSHREUMRBE

HH 3% 2 AT, 5 A1 nDRHAE i CP 7ESE H i 3
SRR S B A U R AEAE—E 25 57 . kL CP
AW R R 3k D 41, D70S30 4, D50S50 4 .
D30S70 41 .S ZH M3 AR U 3 i, DA 23. 09% 3 K
F 54. 19% , 3% Je K o0 5Ok 9 b B 3% 7 B T, i

DDGS [ L7135 7 T B
2.2 oI SEHIESTER

XFRE il 8 B i il R AT LA, AR B L
WA R E 1 R, it R A R R E S
JT A A PR B S LR 3. Wl , D 4|
D70S30 41 o — ¥R € & 7 BAR, 430 15. 73%
17.09% , B &A% T HAth 3 41 (P <0.05) , D30S70
HFS A B - &m0 H 28.50% Fi
31.02% , B F & THAM 3 44 (P <0.05), o -1
E/B -HrE N D AHF S HE T, AR
1E0.74 ~1.15 Z ], f& D70S30 4 Fil D50S50 4
ZEF A E (P >0.05) Fh, HAth 4 4 2 1] 22 55 19 12
2(P<0.05),

®2 AMEZEARMNBEERBSURBA MR

Table 2 Rumen degradation parameters and efficient degradation rate of CP in feeds

TiH 24 5] Groups

Items D D70S30 D50S50 D30S70 S

/% 9.87+0.92°  17.56£0.01°  16.97 £0.13"  8.64 £0.04° 10.41 +0. 19°
b/ % 75.94+2.41°  67.08+0.81°  68.15+2.26° 74.32 +£0.45" 87.63 +0.18°
W/ % 14.20 £2.50°  15.36 +0.82°  14.89 +2.34*  17.05 +0. 49" 1.97 £0.01°
/(% /h) 1.27 £0.04¢ 1.57£0.02°  2.19£0.18°  6.23 £0.01° 5.99 +0. 03"
AR e 23.00£0.21°  31.44+0.04° 35.13£0.35° 46.48 £0.29" 54.19 £0.21°

Efficient degradation rate/%

a g PO AR Sr b Dy R ARy ¢ O b MR AR w O AR AR S o [T B AR AR IR R SO R R 22
FAEE(P>0.05) , AFTFHFERZESFBH(P<0.05), F&F,

a was the rapidly degraded part, b was the slowly degraded part, ¢ was the degradation rate of b, and w was the none de-

graded part. In the same row, values with the same or no letter superscripts mean no significant difference (P >0.05), while

with different letter superscripts mean significant difference (P <0.05). The same as below.
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X (r=0.976 5,P =0.004 3), ZEHFW, HH
T o = 82T5E/ B — I S B K, CP 8 3 [ i 345 43 1 e
fiff AR N AR CP AT R A S b o

3 it it
AR ST, 3B 0 R R ek 80% LI L
R L R i 2 RN A B 3 5 OB R (e N

AR R AR, Yu SRS RS R, PETH
3k 88% 1 B — P& AR E 4% 19 o — BRE, [HJ2
HAEE B B R J A AR B - Ir B M S
o —1BHE, M RESH1T% W B - B 71% 11
o — B2E . (EGE 7 EMIAR ) CP & i R AL 2 &
i, IR R ARDRE N S5 H L R A R 58 4 Ul W A R
EABESFRMMAE, M EA RN E RN EANE
CP A 56, 5 H —Es i .

Yul ' X I JRRF AR A A BT 10 R R %%
ZER AL H A L R A L 2 A 56 R Al T IR
(O TN I N iR s = Wk i MO
CEREAN R . BORE A RS SR R R
FUF 2R BB B (I BT o — SR TE AN B —
P78, LR TR 1 TR A 28 2R 0 X K A i 1 SRR



2766

I Y/

% 25 %

HFIER T I A B 5 R e R A O, IV A AR
) &5 i 8 B, A H R R A o« - R/

tE Adsorption

K2 Adsorption

0.50

040 T

030 f

020

025

020

0.15

1600 1620 1640 1660 1680 1700
K Wave length/cm™!
D4l D group

1600 1620 1640 1660 1680 1700
K Wave length/cm™!
D50S504H D50S50 group

B — P& WIAR A A, EATHE FF M EE AR
I

050

040} j e

2 Adsorption
”

030 /

1600 1620 1640 1660 1630 1700
#K Wave length/cm™!
D70S3041 D70S30 group

020

018 ¥ \

Bt Adsorption
o o
= &
\\

0.12— > : : * .
1600 1620 1640 1660 1630 1700
Pk Wave length/cm’!
D30S704H D30S70 group

0.80
: =
Q
2 070
2 000 \,
M / \
R o0} )
& y.
040 | — . . . : .
1600 1620 1610 1660 1680 1700
WK Wave length/cm™!
SH S group
1 ERBERIwHEaER
Fig.1 The amide [ band curve-fitting results of proteins
x®3 EARZAEMI4THHENEE
Table 3 The content of four types of protein secondary structure %
i H 2H 5] Groups
Items D D70S30 D50S50 D30S70 S
a - 12JE a-helix 15.73 £0.48° 17.09 0. 35¢ 20.04 +1.63° 30.68 +0. 26" 35.64 +0.29°
B — 1 B-sheet 21.34 +0.15°¢ 21.29 +0. 48° 24.51 £2.20° 28.50 +0. 16" 31.02 +0.45"
B — 4 ff B-turn 29.31 +0. 60" 26.99 £3.51®  23.14 +0.64° 18.28 +0.42° 27.09 £0.13%
JCER ) 4 gl Random coil 31.98 +0.87" 32.49 +1.95* 29.71 +2.90° 22.55 +0.32° 5.01 0. 26°

o - RjE/p -

a-helix/3-turn

0.74 +0.28* 0.80 +0.00° 0.82 +0.03° 1.08 £0.02" 1.15 +0.03"

Yu' ' Gy N 5 T A SRR K R S SRR A
) AT, R IR IR AL B IR T o — SRE HY
LB (M A7.1% 31 36. 1% ), HiE@ 1 B - 18
HBI (M 37.2% 5 49.8% ) , o — BRJfE/B — 745 I

L3 REAREN T 0.7, AL AR 7 % 38 1 5 9 41
{EATFI R 2 T i Ui T o - 1Re/B -
Prd e, & B R E SR EAR ] R . R
BRER SR T 5 BIORRE (LR R RER SR
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¥1.DDGS | T K ) # H it — 245 # M kL CP i
e it 2 M0 I AT S AR R A S, 19 1 o — R/

B — HrE A CP A R R L IEAH R R AR (r =

0.9528,P=0.0122) .,

x4 ANEAR «-BR/B-MESHEATESRBESHMAXE

Table 4 Correlation between a-helix/3-sheet of protein and rumen degradation parameters of CP in feeds

15 H Items a c w P {f P-value
FH 5% 2 %4 Correlation coefficient (r) -0.530 2 0.703 3 0.981 1 -0.578 9 0.976 5
P {H P-value 0.358 0 0.186 0 0.003 1 0.306 5 0.004 3

A5 f DDGS il 5OR1 % A [F] Lo R &, 3K
197 8 T A 0 & 41 43 L AN [R] TR A
Bl B 45 R R R A 41 (D70S30 41, D50S50
41 \D30S70 41 ) () 85 [ T — 45 ¥4 4% 4 43 L i) A
D SHBEARKERM . SH o -IRIEB -
e E e T DA IRG 4 iR b ST i
Lo s, o — 858/ B — P Bt Bk i, BRI A R
Bl o - 125E/B - r & HIRA WHIA X, o - 1R/
B — I AR 43 B o 1 b ) K TR R
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45 R R, /4 DDGS | £k DDGS J HiR &
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Relationship between Protein Secondary Structure and Rumen Degradation
Characteristics of Mixed Feeds of Distillers Dried Grains with
Solubles Combined with Soybean Meal

WU Penghua' LIU Dasen'”* TONG Yong® XU Yang' ZHENG Lixin'
(1. College of Animal Science and Technology, Northeast Agricultural University, Harbin 150030, China; 2. College of
AnimalScience, Northeast Agricultural University, Harbin 150030, China; 3. College of Science,
Northeast Agricultural University, Harbin 150030, China)

Abstract; The objective of this study was to investigate the relationship between protein secondary structure
and rumen degradation characteristics of mixed feeds of distillers dried grains with solubles ( DDGS) combined
with soybean meal. The DDGS and soybean meal were mixed at five different ratios (100:0, 75:25, 50:50,
25:75 and 0:100) to make five mixed feed samples. Three Holstein cows fitted with permanent rumen fistulas
were used to estimate rumen degradation parameters and efficient degradation rate of crude protein by nylon
bags method, and to determine protein secondary structure by Fourier transform infrared spectroscopy ( FTIR)
technique. The results showed that the «-helix to B-sheet ratio of protein structure of mixed feed samples had a
strongly positive correlation with efficient degradation rate of crude protein (r=0.976 5, P =0.004 3). The
results indicate that the efficient degradation rate of crude protein can be predicted by protein secondary struc-
ture. A higher a-helix to B-sheet ratio results in a higher efficient degradation rate in mixed feeds. [ Chinese
Journal of Animal Nutrition, 2013, 25(11) :2763-2769 |

Key words: dairy cows; FTIR; protein secondary structure; efficient degradation rate
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