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F MG FRIABTFEROR > TEME L ERME B E GEMERS DMK ERZ R
T B AR FE M R4 A R A F # (140 150 F7 160 T4 A Ae ik 1 h) &% (700 W 53] s 1
2 4= 3 min) F= y 5 B (F1 B 5 A A 30.45 F2 60 kGy) 49 hm # 5 X AL HLAZAF KA HAL F 5 47
H BEAREBRKAA N4 G AR R (CNCPS) B A5 kAo i 369 = F 4K sh ik 3 R B # 4
BRFPEOREHRMNIL B RGBSR ELERREITIER, & 600 2 e T i b
(FTIR) X K5 M Ar & @ Reh o T 48, St iF R a ks T4 M5 L e a8 8 %4
Wh g Rz R ek X ZR TN, EREAW ) RRAALEZSABF P EEG R RS
CNCPS 284 £ 2 %% (P>0.05), 2) REAAREME ZHoaE g TEdTH B H THEBIR.
BEREARTERI S FOROBEAXBEREAR G THLEORSETHLEO RS T
(P<0.01), M AR R GEKRIREIE I BHFEORBEAXERE LTHELES
R LA B AR EG R DI ERG K DR THEGRU A SR FH, 3)
FR AR ARAT R G T MBI | %3 Bk | @R Bk [ % 5 Bhik I 4%
AR - F a3k B RS Z A THIEZH A (P<0.01), Rk mHK 3 min
IS, MR R EF S THEEG R, FEA o | $2% S st | T air sk
W5 B 1% @ A2 (P<0.05) , BB 45 2 60 kGy vy 88 B E R E I3 T a-¥EkM% 5 a—Ex%
5 B &M FH I (P<0.05), DT T EA RS TEMELTHRMNEL BT Gkt il
WEZ R GEMER FREIHAFRE L PRAMNPREEREEFOR . TERE G R Rk
GHAZOR PREMATOR BEEBRALEORGDEZRG R HAE0.9 AL 235w
JA7 A2 H R*<0.6, % LR, 3 A M AL 7 X ¥ 2P AR AT & @ R 608 B T AR Ak D o A
Fo e F s M AT Yok, BATRLG I LR & G A TR AR G R A E, oA 1A
T4 60 kGy MR R4, MBEEOR>FTLEHUES L ERNE BB EMEFREF DR ES
FEAREMW, FReBEImPAFTAE 25T E W 5426 R°<0.6, 5 F Mt —F aIsF R,
KR, AR AR TR, RO Ay TN EARME, ALk
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WL BIRSE B SRR AT LR s 2R i
WAL R B A W eb R A 0 0 IR B Ll
B0 R, TR AR AR FFAE I 4 Sh ) i
Ao e P A A7 BRI AR Y A B A R i
BRI BB, 7T i 23 il 3 40 4 B Pk K i | R W R
SE T E RO LS P AR BE SRR SR
AT RS e T Oy SOk e 3 R B4k B
AT AREAR BT 8 35 7 19 B 5 R0 8 3% W 5 1) 5
&, I BRARTETE B b o B A 23 (8 5F A W7 18 7 4k 1
WS F RN 7 A G A AR R SR (L S T v
AL ] T o AR B, T L R % R B 4R R4y
FE5 5 S SR B 2 (8] A AH O, i L AR 4
LIANEE (FTIR ) £ AR REAS R4 P 21 SMIG 3 X s
TE WK AN Rl 2 5 A 1 R 20 155 0 f S 5 AR
TR 2 T 454, FSE B, kL4 1 45 4 5
E IR B AT AE M 1, ) 40 1 25 440 il 6 1 ) 1)
ERMEPATEI | AR B 550 A R ik
FRHARRT b 2R 1 3R IR A A
WlE AR B s, AT v B o T a5 R 5
FEE R R e R T /N i T A 2R 2 [a) G AR DG
P, FEA3 B R AR HE 28 1 5T 40 1 45+ T 0
WA T REPE, R AR 7 v B E A A A 3 A% 1
PP

1 #MRlERZE
1.1 HFmWESLE

FAT R U T 2 e VT8 MU AE S04 2 & R BRI
Hols o KR ERARRFFAE XTI (C ) . T
Ab B . AR FFAE HEA 43 5 T 140 (T140 4H) (150
(T150 #) #1160 C (T160 24H) Fhn#4 1 h, flik
AR B ARKETESGE R 700 W OR3-S 1 (MW
H) 2(MW2 4) Fil 3 min( MW3 41) . v & B4k
Ty SRR R 30 (y30 41) (45(y45 4H) Al
60 kGy (y60 ZH ), Ab P45 5, 8 AR Sk i o
1 mm AL TE S AE 587, 2 0.25 mm £L 5 H
TG E
1.2 RIEHWSEMR

T SR80 T 2R Ab AR Mk K 2 Bk bl By Ik i 5 56
HuiEAT , BEE 3 SLARIYAE 4 % IRBL R A7 ZHA
TR I8 A A T T A b [ ey i 2R A
(R 600 kg £ 47) HiXIsh . Wh4F Bt fa] i
RIS — AT IK AL B, W EAT I 7, BB R
HEAE 1R, WALy 45:55, 4 H 1

M2 K (06:00 F118:00), HHRE, HHIKK,
ISR 2 B NRC (2001) V75 40 35 FR 75 S e 41
HA W EFEAENE L,

#1 HRARARREFRKFE(FHRERM)
Table 1 Composition and nutrient levels of

the experimental diet (DM basis) %

I 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
W% Molasses beet 0.99
= H1 Soybean meal 3.15
T 4% Dried distillers grain 5.35
HiAF ¥ Cottonseed meal 2.06
XKLL Corn gluten feed 7.42
ERIEZEH Corn germ meal 4.94
ikt Premix" 0.50
41t Total 100.00
B 377K F Nutrient levels®

WFLEHE NE /(MJ/kg) 5.44
M H R CP 14.40
bV 4T 4 NDF 49.20
P M Ve U 7 4t ADF 30.60
5 Ca 0.60
WP 0.40

1) H T BRE 5 Contained the following per kg
of the premix: 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) WFLERE R T FE AR N, NE, was a

calculated value!®’ | while the others were measured values.

1.3 MNEIERSFE
1.3.1  H AL B

Z M8 GB/T 6432—1994 ") ity J5 el 2 kL2
B (CP) &, AR % Licitra 251 Jy v X v b vk 0%
AN H B (NDICP) | g P Uk % 4 % 8 1 i
( ADICP) FIEHE A (NPN) i & HEgEATII E , w]
WPk H T (SCP) & & 1 5 2 #] Roe' ™' 19 7
Beo MR B AR R ik oK A6 & W - R A TR R
( CNCPS) X £ [ 5T 41 43 i 47 %1 43, %o 5 e % fie 2
FIBT(PA) PR A ELER 1 5T (PBL) | sl B A L
5T (PB2) 18 MR A FL AR 11 BT (PB3) AR AT [
fi 2 1 5 (PC) AT R AR .
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PA(% CP)=100xNPN(% DM)/CP(% DM) ;
PB1(% CP)=[100xSCP(% DM)/
CP(% DM) ]-PA(% CP) ;
PB2(% CP)= 100-PA(% CP)-PB1
(% CP)-PB3(% CP)-PC(% CP);
PB3(% CP)=[ 100xNDICP( % DM)/
CP(% DM) ]-PC(% CP) ;
PC(% CP)= 100XxADICP(% DM)/
CP(% DM)
1.3.2 98 e
SR JE o 4%k I 52 R 1 B R S 8L AR
7 gFERA A E =P E B AEH (10 emx20 cm,
LAR 40 pm) o B8 e 48 AR E WS 1A B
B, sk A B N AR H I 2 N 30
Ao FEIARRIEA Gi— B ™ (0 JFE N, 15 5 B[]
G310 0.2 .4 .8.12 16,24 .36 F1 48 h, NIRIEA
SRS ER I AT IR Sk AT, RN B R
] S5 6F 0 A JE R A A0 2.2 .2 4.4 .6.6.8
M8 A, WEFRLEHM A4S (F5 0 h) H A KK
PR AL 65 CTHEFEHE (48 h)
SR AR I O I AR T CP A
1.3.3  BCHRIY = 20 AR e /N i Ak
SRR B = 4 R AN AT /N B 3 AR
%, FREL0.5 g Z98 B iHAk 16 h J5 P Ht T+ i ke
AR A A4S (5 emx10 cm, L4 40 pm) 5
O REAHIE D, #IER DA 2 L WAm
pH=1.90 ML MRV [ G FHAm T & 1 ¢ B &
fitt (P-7000, Sigma 2~ 7)) ], HFHEIE IR AE K 15 4R
Diest 39 TR R IR 1 h, BUE B Je 487 vk 2ok
HH ., KRS SGA 2 L BUEAR pH=7.75 1)
JB B A BHA W [ B THA B & 3 g R 1 (P-
7545, Sigma 23 ) 1 50 wg A A ] A0 HETE R
o AR K T R a1 39 CHR KT FE 24 h,
W Y Je Je A% 5 vk K T8 3, 65 C LA it 21
H (48 h) ek CP &&=,
1.3.4 LSRR ES T
B2 mg S 200 mg IRALER LA 1:100 f He
B A TS HAER v, 22K AT RS F , SR WHEE IR &
JE R R ML R B o % C A FTIR AY
(FTIR-8400S, H A 58t ) 04> % Be 4914 (4 000 ~
400 cm™ ), FERECH 128 K, 0 HEFE N 4 em™
BAFERAR 5 IREE . FEFE OGS IUE 2 HiRE IR
FEBTE R 1 S 3 256 Wk, % a8 AT IE IE

1.4 IEWRITESRE S
1.4.1 ¥ B B R A S E WA

Z: W H 3 R IR B R R A R
i AR R B T SAS 9. 20 HE £ 4
( NLIN) F13E A s /N 3 0] 9 7 X B3040 34F 47 Ak 2
RN .

R(t)= U+Dxe =1,

KR () A E BRI ¢ B S 5% B &
(%) ;U JIE B AT REMEIR 53 (%) s D ¥R E Al %
f#IE 5 (%) 5 Kd 24 988 8 AT B i &8 53 1 B i %
(%/h) ;70 M98 E B (h) . FCHE,

B A S R % (EDCP) 1Y T B A
XM R

EDCP( % CP)=S+[ (DxKd)/(Kp+Kd) ] ;

Kb .S IR B AT RS (%) s Kp k) 9

B AN R, AR Kp [ 6%/h,
1.4.2 ¥ H AR R E B iy /g i A6 2 (1dg ) B
KesIN g T 94 4k 26 1 R (IDP) R AT 3 Ak 2 R
(TDP) & it

Idg( % RUP)=100x(CP,,,~CP,)/CP,,,;

IDP 4 (% CP)=RUPxIdg;
TDP &+ (% CP)=IDP % #+EDCP,

K. CP,, NI E KB 16 h J5 AL sk
CP it (g/kg) ; CP, LA/ T A 5 B i %
T CP & (g/kg) ; RUP Mo B N AT [ it 25 11
(%)

1.4.3  ZAMEIESHT

A BB LLAMNERE E R OMNIC 8.2 ik
TRARbBE 3R B2 R LR A B B A T A
Xt (3%, ca.1 721 ~1 575 ecm™ ) | & & ( ca.
1654 cm™ ) ; Bk e 11 7 X (3 4. ca. 1 576 ~
1484 cm™) WEE (ca.1 535 ecm™ ) o XTWEEME T 47
HEAT 2B FU(FSD) Al By T R BUL B 1 i o — 12,
JEWE T (ca. 1 651 ecm™ ) Fl B — 4 B I 5 (ca.
1627 ecm™ ) [RE B, 1T 55 R (14 068 s g i AR 1
FOLESEIAE
1.5 HiE&KiIt5HH

IR B0 A Excel 2010 #EA7 8 35 F) H
SAS 9.2 # 1) PROC MIXED F 77 % 8 354/ i Al
NS S HEAT 7 22487, IF FH Duncan [GiE T £
HILE, ity Y, =p+P +e (X .Y,
2 DAL B DU A 5 e 2728 o ) AT 34 0 P,
[ 8 RN, B RN A AL B R AT s e, 02 5 i AR
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FIfRARIRZE) . P<0.05 BRnEREE P<0.01 £
INESW R E, FH SAS 9.2 # A b iy PROC
CORR F2 ¥ #1750 4 A ¢ % 43 #7 , PROC REG &

LA AT A A Sy =

2 # R

2.1 AEHLENBIFHEBRMS F CNCPS
EHRASNFIN

12 2 A0, AN [ B ik B X A R TP 4% 2R R
B4 FI CNCPS 2 H 4 7 & s 38 R 7= A B 5
i ( P>0.05) .

2.2 AEHRLEIEIFHELRBESMEMBEEM
INGE R

H % 3 AT, T PR it Ah B A AT o B
T TR A Mgt AR ) B S Ky R Ak B 2
REARITRE H mT VR 4 (S) RV B AT R 843 (D) , &
H T B AT BT A3 (U) (P<0.05) , BEA A
AR FR ] B ZE K 5% B Y 3% i, AR FF EDCP Al
TDP {14 & 55 3% Wi K%, Idg 1232 #7 K AT, 11 IDP /Y
BT
23 AERLENBHFEERS FEHENIIN

M2 4 A0, A [ P ik B3 AR R 2R 2 T
SERITERE 1 Hr e v IR Ty e 1 AR R 1 A 0
T PR IO 5 06 v A o — MU E 0 L - BIE S B -
Prs i L™ A Tl 52 (P<0.01) , X AR
IS S B E W (P>0.05) . Bk MW3 414},
AL AR R Ay T A5 R T e T A
[N v Wi T AN 1 | N = vl | i
A AR SA A 0t REZH ) 2 T 1 ( P<0.05) 2% FRAL P2
FRRFEE 1020 T 25 K v oo — M2 i 068 25 R ] 1Y
XA H y45 41 v60 4 o—12jiE S B-HT&
UG i HL e B A B 3 T 5 (P<0.05)

24 BIFEARSTEHSHERMEZENE
x

F % 5 A0, PRAb B S A 28 R 2 45
G 2 8 5 8 11 T R4 i CNCPS 2 1 i 41
OYFEAE— B MR DG . b MR T Ay 0 1 AR
Jie T 4 55 MM 1045 0 5 e RN o - BRURE IS v 55 =T
B L7 95 CP(r=0.73~0.98) NDICP( r=
0.80~0.99) .PB1(r=0.80~0.99) fl PB2(r=
0.79~0.99) & A 1EM B3 IE A 54 (P<0.01) , 5

SCP(r=-0.40~-0.46) .NPN(r=-0.40~—0.46)
MIPB3(r=-0.40~-0.46) fA- 75 . F M AH K (P<
0.05) ; BEiE 1 47 5 1k e 11y 06 T AR bE AN o — B2
IEE 5395 CP(r=-0.66~-0.96) NDICP (r=
-0.55~-0.95) .PB1 (r=-0.56~—0.96) fl PB2
(r==0.56~—0.95) & &7 7t W & 74 6 (P<
0.01),5 SCP(r=0.56~0.94) NPN(r=0.55~
0.91) F1 PB3( r=0.55~0.95) £ {E % i 2 1F 4 &
(P<0.01) ; MERe T 775 43 315 CP(r=-0.43) |
NDICP( r=-0.42) .PB1 (r=-0.43) fl PB2(r=
—0.44) fE7E i 3 1 A & (P<0.05) , 55 SCP(r=
0.46) NPN(r=0.41) #l PB3(r=0.42) f£-7E B &
IEAHSE(P<0.05) s MkRE T 45 55 Bk i 47 06 = L A
B &= 5 ADICP & 1 20 I A7 76 i 3 7 AH 5%
(r=-0.46,P<0.05) Fl1 i #F IEAH K (r=0.38, P<
0.05) ; BERE 1 47 5 B 10 47 i 1 AL LE 4 51 5 PA
I PC & 8 A7 7E M 3 IEAH X (r=0.86, P<0.01)
b i 2 Tk 5 (r=-0.69, P<0.01) ,
25 MHEARS FEMEHES MBS EM
INEAEL R Z B RAE R T

H 2% 6 n] A1, $Ab B S AR R A L Ay T A5
GRS 805 R B I i R Pk RN T AL R AR A
— R MAE G e mE R T A 0 v AT AR
Jiie 10 2 i v RO T AR | oo~ BB E 068 2 DA I o — B8 E 5
BB L5 S(r=-0.40~-0.46) 1 U
(r=-0.44~-0.69) fA7E B 3% A & (P<0.05) , 5
EDCP(r=0.48 ~0.72) £ 7E W 1B 35 1F A % (P<
0.01) 5 PRl T 0 w5y e T AR | Ik e I i 0 v
Je 15 5 e 117 06 5 HE L oo~ ML 3 LA I o — e
5 B-#rZ 5 b5 IDP(r=0.46~0.71) 1 TDP
(r==0.42~-0.70) 53 547 7E 5k 2 1E A OGN I 35 17
FHE(P<0.05) ;BERe 1 45 5 1R 1 0 s L o3 5]
5 IDP(r=0.46) fl TDP( r=-0.42) f£7F b 3 1F #
RN 2 AAH G (P<0.05) ; Tk T TR AR S(r=
—0.40) fE7E B3 A )G (P<0.05) , 5 U(r=0.44)
1 EDCP(r=0.48) 1A 7E . 3 1EAH K ( P<0.05) 50—
RhEm M o - 1R e - & WEmILS D(r=
—0.59) fAEA e 35 T A5G (P<0.01) ; a—IRiE 5 B -
IBEE LS dg(r=-0.52) fE7E M B 3 1k 56
(P<0.01)
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Table 7 Regression relationship between protein molecular structure and protein

nutritional value in cottonseed

T AL T [ )= AR . FREFRMER PE
Predicted variables (Y) Prediction regression equations RSD P-value
#H B4 Protein composition/% DM
HEHE CP Y=2.17-0.05Amide I _H+9.26Amide I _H  0.99 0.53 <0.01
rpPE VR AN 2 1 BT NDICP Y=0.59+0.68AR_Amide 1 _1I 0.99 0.33 <0.01
R MUk N % 85 Bt ADICP Y=2.98+6.23B-sheet_H 0.14 0.28 <0.05
Al PR H B SCP Y=25.23-5.89AR_Amide [ _1 0.96 1.86 <0.01
JEEH %A NPN Y=5.57-0.16Amide 1 _A 0.90 2.31 <0.01
CNCPS 5 H Jf 24+ CNCPS protein components/% CP
Wk 2% 86 1 BT PA — — —
T [ A ELEE 11 PB1 Y=2.23+4.67TAR_Amide 1 _T 0.99 0.75 <0.01
F i [ LA [ R PB2 Y=18.24+13.08AR_Amide [ _1I 0.99 6.58 <0.01
i o R fif L 26 11 5t PB3 Y=62.95-16.88AR_Amide T _1I 0.97 10.49 <0.01
Y=2.76+1.91Amide I _A+36.30B-sheet
A P - - 14 1.1 .05
A TRERE PR PC H-14.74AR_Amide 1 _1I 0 ? <0
J& B %% 2% Rumen degradation parameters/% CP
I8 B T AR A B R R R Kd/ (%/h) — _ _
Y=76.21-9.52Amide | _H+
Jer EE AT R 3t — .
I B A S 0.35Amide T A 0.32 0.50 <0.01
Je ' AT AR 4> D Y=13.65—2.16HR _a-helix_B-sheet 0.35 1.76 <0.01
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9 E R4 U —nmide - 0.55 1.82 <0.01
93.98a-helix_H
X Y=98.26—4.16HR_Amid -
7 14 o B A A% %R EDCP ~Amide T _II 0.60 1.49 <0.01
98.82a-helix_H
/N AL 43 Intestinal digestion part/% CP
Je ' AR R AR B R /N AE R 1dg Y=67.10-3.29HR_a-helix_[B-sheet 0.27 6.08 <0.01
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JIN T Ak R 1 IDP Amide T_1I 0.58 0.31 <0.01
a-helix_[3-sheet
o Y=103.39-2.60HR_Amide [ _1I -1.86HR
AL 4R TDP —Aamice 1 - 056 0.63 <0.01
a-helix_B-sheet
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Correlation between Protein Molecular Structure and Protein Nutritional
Value or Ruminal Degradation Characteristics in
Different Heat-Treated Cottonseeds

XU Wenbin  GAO Bolan ZHU Quanchao QI Danjie GAO Yue LI Haoran SUN Manji”
(College of Animal Science and Technology of Northeast Agricultural University, Harbin 150030, China)

Abstract; The objective of this experiment was to explore the effects of different heat treatments on nutritional
value , rumen degradation characteristics, small intestinal digestibility and molecular structure of cottonseed pro-
tein, and to discuss whether there was a correlation between protein molecular structure and protein nutritional
value, rumen degradation characteristics or small intestinal digestibility in cottonseed. Cottonseed was treated by
dry heat (heating at 140, 150 and 160 C for 1 h, respectively) , microwave (heating at 700 W for 1, 2 and
3 min, respectively) and vy-irradiation ( doses were 30, 45 and 60 kGy, respectively) , respectively. The pro-
tein nutritional value, rumen degradation characteristics and small intestinal digestibility of different heat-treated
cottonseeds were determined by traditional chemical analysis combined with Cornell net carbohydrate-net pro-
tein system (CNCPS) , nylon bag method and modified three-step in vitro method. Fourier transform infrared
spectroscopy ( FTIR) technology was used to analyze the protein molecular structure of different heat-reated
cottonseeds, and then to analyze the correlation relationships between protein molecular structure and protein
nutritional value, rumen degradation characteristics or small intestinal digestibility in cottonseed. The results
showed as follows; 1) different heat treatments had no significant effects on protein composition and CNCPS
protein components of cottonseed (P>0.05). 2) Different heat treatments extremely significantly affected the
rumen soluble part, rumen degradable part, rumen undegradable part, rumen protein effective degradation rate
and the contents of small intestinal degradable protein and total degradable protein ( P<0.01). With heat treat-
ment time or strength increasing, the rumen protein effective degradation rate and total degradable protein con-
tent and the small intestinal digestibility of rumen undegradable protein were gradually decreased, while the
small intestinal degradable protein content was gradually increased. 3) Different heat treatments extremely sig-
nificantly affected amide I band peak height and peak area, amide II band peak height and peak area, a-he-
lix peak height and a-helix and B-sheet peak height ratio ( P<0.01). Except microwave heating at 3 min, other
heat treatments all significantly increased the amide I band peak height and peak area, amide II band peak
height and peak area ( P<0.05), and 45 and 60 kGy +y-irradiation also significantly increased the a-helix peak
height and «-helix and B-sheet peak height ratio ( P<0.05). 4) The molecular structure of cottonseed protein
was correlated with its nutritional value, rumen degradation characteristics and small intestinal digestibility, and
regression equations could be established. The R” of regression equations for neutral detergent insoluble protein,
soluble protein, rapidly degradable true protein, intermediately degradable true protein and slowly degradable
true protein all exceed 0.9, but the R of part regression equations lowed 0.6. In summary, three heat treat-
ments have effects on the rumen degradation characteristics, small intestinal digestibility and molecular structure
of cottonseed protein. Heat treatment can increase the contents of ruminal protein and small intestinal digestible
protein, and the effect is the best when the irradiation dose is 60 kGy. The molecular structure of cottonseed
protein has a correlation with its nutritional value, rumen degradation characteristics and small intestinal digesti-
bility, and can establish regression equations. However, the R* of some regression equations is less than 0.6,
still need further research.[ Chinese Journal of Animal Nutrition, 2020, 32(3) :1272-1283 ]

Key words: heat treatment; cottonseed; FTIR; protein molecular structure; nutritional value; correlation
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