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SRR 1B R SRR AR
AL B FERFEA A BhAE M X bk 5 I B KR H
BB FRANE T4 5T (DM) FIKLEE F1 5T (CP) 1998
R AR S B R [R] I AT FTIR 2 AR A [ f
FHH T IV B OK BEAT 3138, $40R AN 7] A 3 2 75 1
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BRI W, &R T, FKERE, 511
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PN ST DN R e R 7 U
W, PR EA N 14.0 C,FE LKW 196 ~
246 d, 4R K & 360~970 mL

b A P i N 7 e = U e W 7 T == g
SRR IR A N 14.2 C L AETCFE Y 81 ~204 d, 4F
-4 B 484.5 mL

B SR R KRG PE TR SR F RO
TRV AENERRERK, BRIRZER, F PR
290 7 C,AE TR 150 ~ 220 d, 4F - 4 oK &
294 mL,

MR 3= 2 A R Bl P 2= U, U 2= 431
M E &, FEFRRBAY N 4.5 CETLHY
100~160 d, 432K 400 ~ 600 mL

WS B ) 33 SRy L S 00 2 A S A R
FE b R o5 BURE 3 A N KD 20 BR, BAE R E Y
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BEAT43 AT 5 18 FOSS 8400 4= A shEl K& A AT
T kL CP |, PR BE % AN 25 11 (NDICP ) FlR 14 Bk %
AN 1 (ADICP) & &2 #4705 ; ) % P 8 H
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1 AEAMHERNE/HBITEREBDRE ST CNCPS EHREAS KT
Table 1 Effects of different producing areas on protein components and CNCPS protein components in whole silage corn

WiH deae s gl Kt AR SEM PH
Items Beijing Xinjiang Hebei Tianjin Jilin P-value
M i 4> Protein components/% DM
FLEE BT CP 8.75" 6.95° 8.21° 8.91° 7.07¢ 0.106 <0.000 1
JEHEH A NPN 1.85 1.02° 1.26° 2.06" 0.89" 0.118 <0.000 1
Al SCP 2.22° 1.66* 1.89™ 2.72* 1.39¢ 0.114 <0.000 1
TR AN B 2 ] NDICP 1.80% 1.65™ 2.01° 1.70% 1.46° 0.083 <0.000 1
FRPE R IR ANE R ADICP 0.70° 0.37° 0.61° 0.38° 0.35° 0.020 <0.000 1
CNCPS % 1 FiZl 43 CNCPS protein components/% CP
JEE A PA 21.18° 14.66" 12.57° 23.06" 15.29" 1.383 0.001 2
PR A% 25 1 PB, 4.20° 9.27° 7.66" 7.40% 7.05% 1.272 0.157 7
T f# R 1 PB, 54.01°  52.36" 52.57" 50.52" 59.74° 1.837 0.043 1
18 3 %R FE 1 PB, 12.62° 18.33° 17.03"  14.78*  15.68" 0.891 0.010 0
AR FH#EH PC 7.99° 5.39" 7.46" 4.24° 4.96" 0.197 <0.000 1

FATEHR B AR AR F R 255 B3 (P<0.05) , A TFE R R EZF AL F (P>0.05), F#EMA,

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

letter superscripts mean no significant difference ( P>0.05). The same as below.

R2 AEMEMXERENFKESERS R0

Table 2 Effects of different producing areas on ru

men degradation parameters in whole silage corn

5 H Jba B Tt R FHk SEM P
Items Beijing Xinjiang Hebei Tianjin Jilin P-value
T4y 598 P /% 2% DM rumen degradation parameters

TRIH R A58 43 DM,/ % 26.77"  25.69% 22.24¢ 28.22° 25.29° 0.827 0.002 0
18 R 73 DM,/ % 65.74"  59.50™ 67.06° 57.20° 60.06™  2.254 0.030 7
1% o [ i 38 2 1) ik 1% DML/ (% /) 1.70° 1.98° 1.98° 1.54° 1.60®  0.129 0.075 0
TH) A R A% 2 DM/ % 53.02° 51.87% 53.36" 49.76™  48.73° 0.994 0.018 0
HMLEE U H P2 %248 CP rumen degradation parameters

PR 5> CP/ % 45.52°  37.44° 3351 50.62°  36.70° 2.149 0.001 2
18 SR A & 43 CP,/ % 42.90° 42.10° 39.61° 25.43° 40.21° 1.950 0.000 5
% T OB A F8 43 ) B R % CPL/ (% /) 0.64° 1.58° 1.50° 0.67° 0.76" 0.125 0.000 4
HHEE 1 BTA Sf# 3% CPop/ % 54.19" 48.69* 34.96" 51.26" 37.44" 1.800  <0.000 1

23 AEMEHMNEKELNEXREARSF
LHIHR

2% 3 A0, A ] ok 7 O 5 oK 0 B R
iR IR RHIE S B Z [ A TR i 35 22 % (P<0.05)
MR B e e 5 ok A, R 7 0 BRIk 1 A7
I Rz 1 797 06 1 AR e R 1 e 0 T 2 T AL g
[P ey DL R e T a7 5 10 4 0 o5 L 32 R 0 k5
S B N ol W 1 | R T A
Ji 1 a5 A0 Iy T AR DA S ik e Ty e o B0 (e I e
JIN BRI T ORI e T A e T A e g A
WK, At m/h, WS H B R a5tk E  wdt

RV K o — R HE | B — 9T B G v 24 R fe /N ; Kt
I EK - S & i K, o-1R0E S - &
WG 2 HedRe /DN 5 T AR IR I 6K o — B ike i g e K
24 AEMHEMEKBENEXREARS FEMS
EAREFRMEZENEXELER

M % 4 38 5 00, AN [] Pl de b 5 0P R K 9 2R
H B FOuis 2805 & A S R I E Z [ AFE—
FERFRIER, Hd CP & S5H 14 f I 47
g TG AR LU AF AR B 35 R AH & (r=-0.83,P<0.01) ,
SCP NPN PA & 5 11 v s if BRUA7 7F g 35 1E
K (r=0.60,P<0.05) ; 5 Wt 1 47 A0 1147 0 1A
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T AETE B A X (r==0.63~-0.77,P<0.05) .
NDICP %15 o — U8 W = A7 76 B 3 UM G (r =
-0.57,P<0.05) , ADICP & 5@t T 45 A 1l 4
g T AR LU A7 7E B3 AR 56 (r=-0.63, P<0.05) ,
PB., & it 5 1 e 11 i 0 1 AR AE B 3 A G (r=

-0.53,P<0.05) , SR 15 A Iy 06 i FL A7 7
WEIFH R (r=0.55,P<0.05) , PC & 5z |
7 UG RN U T AR AE AR B A O (r=-0.58 ~
-0.64,P<0.05) ,

£3 FREHEMNEKENEXREARS FERBRT

Table 3 Effects of different producing areas on protein molecular structure in whole silage corn

WiH e B A KHE T SEM P1{H
Items Beijing Xinjiang Hebei Tianjin Jilin P-value
Pk T A0 11 OGIEE T AH4E 5 A_Amide I and A_Amide II characteristic
BEi 1 w5 F A_Amide | 4.79° 3.84° 2.58° 8.84" 7.68° 0.706 0.000 4
Bt 1 5 AT AR A_Amide I 0.61° 0.33° 0.26° 0.97* 0.68" 0.058 <0.000 1
Bt 1 AL s A e “ a .

. . .18" 3.68° 2. .02° .31 0.824 0.001 0
A_Amide | and Amide Il 6.18 68 0 K 8.3
Pk e 1 A I 5 0 T AR L . N ¥ .

) .63° 97" .09° 0.437 0.000 6
A Amide 1/Amide I 7.87 11.63 9.97 9.09 11.33
Amide T #1165 =455 H_Amide I and H_Amide I characteristic
Ehhe 1 #7045 H_Amide [ 0.07° 0.05™ 0.03¢ 0.12* 0.10* 0.010 0.000 8
ki 117 4 = H_Amide 11 0.01° 0.01° 0.00° 0.00° 0.01° 0.002 0.002 0
1 e s =N

| G | i = ) .
iﬁﬂimiz 0 /:jn:iemﬂ 5.34¢ 445 207" 28.83°  10.31°  4.248 0.009 6
AR MG 45 FI R S Structure characteristics of protein secondary structure spectrum
-1 iE I S H_o-helix 0.07" 0.05% 0.03¢ 0.08™ 0.10° 0.008 0.000 8
B—41 &= H_B-sheet 0.06° 0.04° 0.03° 0.12° 0.10° 0.011 0.001 2

— 12 iE st

o BRI B 20 1L 1.20° 1.38° 0.85" 0.69" 0.99* 0.177 0.118 8

H_a-helix/3-sheet

H %5 A0, BEfe 1+ i i A 5 DM, & A7
158 FIEA K (r=0.54,P<0.05) , 5 DM, DM,
CP, fE{EM B F M X (r=-0.67~-0.75, P<
0.01) ., MR I 7 W i A, o — BB JIE I /3 5 DM, |
CP, AR EFEEMX(r=0.52~0.70, P<
0.05) ,5 DM, DMy, \CP, f£1E . 3 i AH K (r=
-0.62~-0.78,P<0.05) , Btz [ ik -
W 5 DM, DMy, \CP, fF7EM) b 3 A ¢ (r=
-0.69~-0.77,P<0.01) , CP, & & 5 Bt 1T 47 i
FAFTE R IEAH K (r=0.55,P<0.05) , 5Bt 1
LT A 0 v U A AE AR 25 A DG (r=—-0.75, P<
0.01), CP, 5 o—U8JE g & 17 7F e i 3 F Al ¢
(r=-0.74,P<0.01) ,

2.5 AEMEMEKETEXEARS FEHS
EAREFMEZEMNEIRSRE
F 6 NRIRI R LT T B R B4 T 4548

B S & A B S L4, CNCPS 2 1 5 4 47
Z[E g Sy B I 0 7 AR 3B R T DU R
| = T A U | I =N T A L |
ity AL 7 6 vy EE | 0 T AR EL DA % o — R T 0 v 2
PR T R, R R X 26 8 o T S5 DT =
A8 A S W CP & & (R*=0.81, P<
0.000 1) ADICP & & (R*=0.88,P<0.000 1) .
NPN &+ (R*=0.84,P=0.000 1) f1 CNCPS 7 [
2 PC A& it (R*=0.85,P<0.000 1)

2 7 A4, HF I B K& P o+ 450
ZHICAT LI HJ R Al S B0 Ay P, H e gk i
10 iy 0 i AR Pt frie T e e v DA S B — 47 28 g i oAy B
FERY T R 7, AT DA 3 2 8 Y O 35 2 B00F
DM,,(R*=0.59,P=0.000 8) .CP,(R*=0.69,P=
0.000 9) L & CP_(R*=0.60,P=0.000 7) #17
T
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x6 TEMEMEKBFINERNEARSFEMSEEFR/BST CNCPS EEARASZHHEEAXER
Table 6 Regression relationship between protein molecular structure and protein component, CNCPS

protein component in whole silage corn from different producing

T Az [ I 75 (Bl )= 75 2 PUERBL pk%E P1ia

Predicted variables (y) Variable selection (x) Prediction equations R? RSD P-value

M 4> Protein component/% DM
! x,=A_Amide I /Amide I,
HERR CP x,=H_Amide [/Amide Il
rpPE VRN 22 1 NDICP H_a-helix y=2.03-4.78x 0.33 0.04 0.026 1
X, =A_Amide I,
y=0.69-0.64x, +

RV EANTE ADICP x,=H_Amide I , ’ 0.88 0.00 <0.000 1
TR P Uk T AN TS 2 1 > . 46.30x,~12.97x,
x,=H_Amide Il :

y=11.86-0.43x,+0.03x, 0.81  0.17  <0.000 1

x, =A_Amide |/Amide II,

A %] SCP
] x,=H_Amide [/Amide II

y=3.45-0.18x,+0.02x, 0.65 0.11 0.002 0

x, =A_Amide I ,x,=A y=2.57+1.83x -
. .83x,

JEH A NPN Amide I/Amide I, 0. 14x. —12. 04 0.84 0.05 0.000 1
N 2 . 3

x, =H_a-helix
CNCPS % 1 [Fi4l 43 CNCPS protein component/% CP
x,=A_Amide I /Amide II y=34.03-2.02x,+
A PA hTA- ’ ' 0.64 894  0.0020
FEER x, =H_p-sheet 50.82x,
o x,=A_Amide [ /Amide I,
18 VR 26 14 PB, ! , ¥=9.83+0.86x, —42.45x, 0.52  3.24  0.0123
x, =H_a-helix
KATFIER PC x,=A_Amide I, y=7.77-4.61x, + 0.85 041 0.000 1
2} . . .
X x,=H_Amide [ 320.47x, <

A_Amide 1 . BEfE 1 W7 0EH A ; A_Amide I . BEE T 708 TH AL ; A_Amide 1 /A_Amide I . BERE #7 5 B R 17 06 1A AL
FeMH ; H_Amide T Bt 1 #7045 ;H_Amide I . Bt 047055 ;H_Amide [ /7H_Amide II . Bt T 7 FOBERE I 7 05 & LU 1A
H_a-helix : o8& ({04 757 ; H_B-sheet : B—?}?%E’Jﬂl"m;H_a-hehx/H_B-sheet:a—ﬂ%ﬁﬁﬂ] B-rEMIEEILME, o, A_
Amide [ . peak area intensuty of Amide I ; A_Amide II . peak area intensuty of Amide Il ; A_Amide I /A_Amide II . peak
area ratio of amide [ to amide Il ; H_Amide I . peak height intensuty of Amide I ; H_Amide II . peak height intensuty of
Amide Il ; H_Amide I /H_Amide I ; peak height ratio of amide I to amide Il ; H_a-helix; peak height intensuty of a-helix;
H_p-sheet: peak height intensuty of 3-sheet; H_a-helix/H_f-sheet. peak height ratio of a-helix to 3-sheet. The same as Table 6.

R7T AEAMEMEKENEXNEORS FEMSHESHTSRBSHZAHEEAX R
Table 7 Regression relationship between protein molecular structure and rumen degradation

parameters in whole silage corn from different producing

T AL (e I 725 (Bl )= 75 PoE AR k2 P{d

Predicted variables (y) Variable selection (x) Prediction equations R? RSD P-value

T¥ B Je E %% 2% DM rumen degradation parameters

PR R ff B 4 DM,/ % A_Amide Il y=22.69+5.69x 0.41 4.14 0.009 9
5 T I AR S 4 11 o fip o ,

DM,/ (%/h) A_Amide II y=2.08+0.69x 0.54  0.03  0.0017
T JoUA A fige A

DM,/ % H_B-sheet y=55.37-53.61x 0.59 292  0.0008
ML 1 BR % f# 540 CP rumen degradation parameters

PR ffp R 4 x,=A_Amide II, y=31.94+55.33x, -

0.69 19.05 0.000 9
CP,/% x,=H_Amide | 304.37x,
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ik 7
OO A 1 [l 5 25 d [ml 575 72 RERE pkE P
Predicted variables () Variable selection (x) Prediction equations R? RSD P-value
8% S i 3 H_Amide [/
CP,/% Amide TI y=44.57-0.47x 0.56 24.61 0.001 3
o I S 4 1 o fip % .
CP./(%/h) A_Amide Il y=1.79+1.33x 0.60 0.10 0.000 7

32 AEMEHIEHKENEREE HEKE

3 4T i SHRI 0

31 AEAMEMNEKBFILEREARKSM
CNCPS ER A7 B

T FHAE W) 08 R 8 52 SO R R L 8 Ol
MR AR EFHBEZREE N A
I oT B ANFEHLIX ) FF I oK CP & & 2 AR
K, Horp B e A R M X L R A B
D DX R 1,96 AN 43 s, Ul BH AR HE %) AS [5) X
B ERE AN & A 0L, KRS
ST FEBIR T R R R 2 B X I R OK < K 1087
e ih AN oS e N R o e e ey
R TR, RRWA - EHEE" e
578 T bR T R 0 2 b DX R A Y R R AR K
FIVE % 5 0 A 52 Wi e B, R AT 2 26 0T DAt 2 4R
HEIEK CP &, SHEEE WL, HI
FoK CP % & bl & F KV | B B E BT,
P T 45 T DX 0 R 3R 55 T 22 5, TR I X S 2
A REAZ S I 2 A XTI B oK CP B R &,

CNCPS & Z ¥ 1 &1 & 1 i 4r & PA PB, .
PB, \PB, \PC 5 &4y, Hot PA Ik i) B i 355 4
PB, Wb % fit 2 (1 ; PB, 4 H i [ % 55 1 ; PB,
WS EH; PC AR EMMEA, ESAS
ARITE BT 45 B 45 6 1 B 1R 43 52 At =
JEE HEHT A 0 0 2R A ot 1 1 4, L b i
W2 (R R AR I Ok PA
N PB, i 5B AR IR 0 ROHE R — B, AT
RE 2 H T Ak it b B i 0 Bt AN ] 4 R R
WA AT AR T % a0 5 B 4 SRl X 5 AR IR
BIEARMG , R ke B, K X IV F KA PA
S, PC & s A, ULEH L NPN & & 5,
PC Fr i de /b, AT At b X8 SR M (L4 7, (R
W20 E e R AS L — L A

DM 4 15 B fiff 5 2 5% i) T ) i >R & it ( DMI)
W —A~EZ R, DM i 5 B i 3 805, DMI i B
2, DM i RS R 2R 0 Sh ) AR A )
RLFP IS SRS A A 2 i R s ) R G A A
()22 AR AT RE 2 X DM 88 15 [ A R 5k il i,
RO A R ZAA7E T AN A Y, 520 CP [%
fiff S 1) 3 2 R DR R B P A A A A A
LR B P R A ) AR AR g R R
LT I E K1 DMy, 7E 48.73% ~ 53.36% , CPy,
TE 34.96% ~ 54.19% , 5 Bk %5 1 B B0 25 SR A
o, FRBRAME B 75 A4S F I ROk B DM, A
55.01% , GA IR AT ; CPpy N 68.68% , Wi T A
BB, 3K 0] BB 2 T A I R AR RO TR S
s B A5 LA A4 o IR R 3 B, T AF CPy, h
45.21% , S5AR B AL ; DM, A 47.92% , WA T
AL, 3% A et TR S AR S5,
33 AEAMEBNEKENEXREARS T
el s A

Fhie 1% (1 700 ~1 600 cm™) F ik B 1 %5
(1560~1 500 cm™ ) J&28E M BT ZLAMGIE 1 2 4~ 5
AFEAE, WEME T4 £Z=4EF C=0 M C-N [y
JEPRZ, TR T G A A AR A R
L, AT LUK e e T a0 T 28 0 e 1 2
o Wil T R $h N-H Fl C-N %78 N i £
AEREH RSP e, BT L, — A B e T 4
FHEAR R %e™ 0 AR, A
T bt 4 R T U R Mk e T 4 e o5 | 06 T FR A A
Pl Hd KX FIE KA CP &
e (e, G B e T g e vy | 0 T R0 12 Ry o
X5 HH AL TR R as R —E, R Aashy
T Ak v 2R P T AR DN ) R A L AR R AR B T
LLAMEIE XS e 1 7 0 a—1RER B3 & I,
FEEE B T 4, oo — BB BE 19 3% 0 17 F 1 658 ~
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1650cm™, B -9 & W 3% W 7 T 1 640 ~
1610 cm™, EfZHEMIEZEPEARLN 4 & i

Jh i A B AR A Yu AR K B
EITE & ik 84% B 7R 1T IS 1 R H1 X
R 5% ,FE 5 KIAZ NAE eSS TR 2R S
Tk e i R, P B AR R o1 iE
S, B-TE T, AR, & IXEE
KB R R oI BB A T
PN 525 22 53X AT BB 2 1 A [ RO M T R
KA TR R R A DA
3.4 AEMEMEKFIUEXREARS FEHS
EAREFMEZBNHELXR

WEIE R, B8 1T 40 7 45 8 (R IE I 1 6 1
W TR AR M B AT LU ABD) 5 8 1 B SR (B Z Al A7
TEZEARNT] 4 (B R, AT DA B 3 (56 3% 15 B0
Tl RHRE 5 2R S SR E AT AT BanY FE
HF 5 kA 2 A st 4 B0, Mk e T 7 0 1k i T = 7
b5 CP,SCP NPN & HA£7E i 3 i AH ¢, 5 A
gk R — B, AR, W T A g T R S
SCP NPN PA & B AF B FIEM X, 5 PB, & i
FFAE 35 60 A O, 3 5 ZE W7 2618 7 1 9 R [l #4 A
PEGE R A5 0 5 8 R R (2 8] A G
PERF A5 A 45— 5, Zhang 45" FEBF 95 o K
2 51K K H T %5 %) (DDGS ) & 4 bkt %
HCmERE T 450 104 (4 i 1 A5 DM, DM, .CP, 17
AL R, SAR I 45 AR, A< 3K 56 AR 4% AH
AN Jr AR A R T Ay 0 | W T Al i
TAAR e R 1 g i AL T e 1 R T0 23 1) e T AR
F AT DA 250 M A 0 5 00 K 1 AR 1 R 3R
el 5 Gomaa % B W 5T 45 AL, Liu
A AN K AN SRR I i R P 2 B oI
e p-Pr& g th, 5 CP, & & | CPy /775
F 1F 4 % ; Doiron 452! il Samadi 25"ty 78 W 5%
kB o -8R E 5 B -4 & AY 14 = Lk 1 NDICP
ADICP & S AFEIEA G, MAIRE o —IRE 58—
P18 10 06 = b5 2 P 5 2 140 e o i e P 22 1)
FEARAETER I, 3K FT BB B TR R RN AN TR, Ak
W Fam A2 S, B e KRN, A
FHEE (OGRS RAAE S 500 X 2 bR 35 I 5K 8 R
2 1oy AR B I fige ek AT 0, O L3 R T
U 7 R O L AR 1 T AR (B T AT Y

@ A [7] iR b 4 R T T OK B BB AY
CNCPS 414; . DM I CP ¥ B B¢ ft S8 AE 16 B &
%5,

@ i FTIR JGiE 4 AR S35 i AN [ R AE i
SRRE I T K F RS T 4540 2 () A7 7E 3 22
5o JFH LMD E S HCS B A B SR E Z )
TEAEI & A G 56 &R, AT A B & IV 1 K 2 A R
ZLAMGTE S RO HAR USSR AT 7
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heat processing methods and relation to protein utiliza-

Relationship between Protein Nutrition Value, Rumen Degradation
Characteristics and Its Molecular Structure of Whole
Silage Corn in Different Producing Areas

YAO Enyue ZHENG Jian FANG Xinpeng XIN Hangshu® ZHANG Yonggen”®
(College of Animal Science and Technology, Northeast Agricultural University, Harbin 150030, China)

Abstract; The aim of this experiment was to explore the effects of different producing areas on the molecular
structure of whole silage corn protein and its correlation with protein nutritional value and rumen degradation
characteristics. This experiment used conventional chemical analysis methods combined with Cornell net carbo-
hydrate-net protein system ( CNCPS) and nylon bag technology to evaluate the nutritional value of whole silage
corn in different producing areas. Fourier transform infrared spectroscopy ( FTIR) technology was used to ana-
lyze the changes of molecular structure of silage corn protein, and then to explore the correlation between them.
The results showed as follows:1) there were significant differences in the chemical constituents of whole silage
corn in different producing areas ( P<0.05) ; there were significant differences in non-protein nitrogen, medi-
um-speed degradation proteins, slow-degrading proteins and unavailable proteins of the CNCPS protein fraction
(P<0.05) ; there were also significant differences in the effective degradation rates of dry matter and crude
protein ( P<0.05). 2) After scanning by FTIR technology, it was found that amide band I peak height and
peak area, amide II band peak height and peak area, total peak area, peak area ratio, peak height ratio of am-
ide I and I bands, a-helix, B-fold peak height in the molecular structure of whole silage corn in different
producing areas had significant effects ( P<0.05). 3) Amide I band peak height, peak area, amide II peak
height, peak area, amide I band and II band peak height ratio, peak area ratio and a-helix peak height could
be used as predictors to predict the nutritional value and rumen degradation parameters of whole silage corn. A-
mong them, silage corn protein molecular structure for crude protein (CP) (R*=0.81), acid detergent insolu-
ble protein ( ADICP) (R*=0.88), non-available protein (PC) (R*=0.85) and crude protein rapid degrada-
tion (CP,) (R*=0.69) fitted the best. In summary, different producing areas have an effect on the protein
components, CNCPS components, dry matter and crude protein rumen degradation parameters and protein mo-
lecular structure of whole silage corn. Moreover, there is a clear correlation between protein molecular structure
and protein nutritional value, and the protein nutritional value of silage corn can be predicted by infrared spec-
tral parameters. [ Chinese Journal of Animal Nutrition, 2020, 32(2) .815-826 |

Key words: different producing areas; whole silage corn; protein molecular structure; correlation
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