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Effect of saccharide relative molecular weight on structure properties of peanut
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protein — saccharide graft product synthesized by microwave
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Abstract : Peanut protein — saccharide graft product was synthesized by microwave radiation, and with the
degree of grafting and the degree of browning as the investigation indexes, the effect of saccharide relative
molecular weight on the grafting reaction was studied. The structures of the different relative molecular
weight saccharide — peanut protein graft products were analyzed through SDS — PAGE, infrared spectros-
copy and scanning electron microscopy, and their emulsifying properties were measured. The results
showed that the degree of grafting of low relative molecular weight dextran and peanut protein was higher.
The saccharide graft modification had no effect on the composition of peanut protein subunits. The peanut
protein and saccharide were linked by covalent bonds. In the secondary structures of peanut protein, con-
tent of @ — helix increased, and the content of 8 — inverse folding decreased by graft. The peanut protein
aggregation decreased through graft modification, and the structures of low relative molecular weight dex-

tran — peanut protein graft was more dispersed. Compared with peanut protein, the emulsifying property of

graft products enhanced significantly. In addition,
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with the decrease of the relative molecular weight
of dextran, the emulsifying property of graft prod-
uct increased gradually. The emulsifying activity
and emulsion stability of the graft product formed
by dextran with 1 000 relative molecular weight

and peanut protein were the highest, which were
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(111.07 £2.27) m°/g and (13.70 £0.22) min, respectively.

Key words: peanut protein; graft; saccharide relative molecular weight; structure; property

TEREYIE A BT AEA S SR =7,
B 1% SEEFR T HE AR . RN
FAT R (0 XU Mt S, A £ o0 A 7 o FAE
Hemb R RARAE A B R B — R 1Y D g
Jiz, AnFLARYE SR IE B ESE  HA AR A2 Tl
PRI B TR, X AR R B T R M AL
e LA A (8, B N A R R
PLAE S AT R W I ek 7 Nz
— BT EA BT PR FERMGE R 3 b= AR
3 JEUAR i (14 5 =2 1) i A B SO 3 i
R AT A AR R I S RS PRk
B AR R A I AMESE 5 H b LAY Rk i vk
HSA S T e A, X AR A B AT R
PR BUME REAT RO B 1 BT 38R B ST v, 42
FE AR v T FLIEHE SRR

SRIRERHHEAR AL AR R A T i TR TG
5, AER AT A58 R T 2 A e Bt T2 A
L APO 6235 T S RO e S = By D AU TR s
b I a3l S P U i R %a o = B SN &1 I S LU
KR S MW TE AR MCAE . T3 51, Wb &
Xt TR BN FEE AR P R S i ) A 5 41
WD I, A 6 ZTT e FEA IR AH X 73 o
W5 A8 B R A RSN R L, B 56 7 11
L IIREVE B 2E 5

ARSI R PR 53 7 5, K AN AL AU i
R AHERE A B, IR LA o, AT
JERLPK AL LD G AR B S HR ST T
PR o0 SR A8 A4 B P Al A A i 2, LY
AEAEE B RO SN B A B A
1 #MH57F%

L1 St
L1 oS IR

FEAEA B AEAELE I T WK 5 B - Stk LR
% st R - 250 56 [E] Sigma 23 7] 5 HLJK Marker
(HHXS 53§ it 10 ~200 kDa) - 37 Fg%8 MBI 23 &l 5 4
W BERE N, N" = SI7. HOOUPR s I fie  H 20 1R 24 1R
55 L[ Amersco 24w 5 ) R FLWE L BAETR — A
(NaH,PO,) BRERHA (Na,CO5) SBH —HEE(OPA) |
s GRACER e SRR IR B (SDS) 2, ¥ 7
Préti,
1.1.2 S ies

DYY —12 RIH KA ; TI8DS25 A iy i 5 4] L Ak,
Bl IKA /A ; Nicole is5 HILT Ah L 1EAY : 25 [
Thermo 2\ &) ; Hitachi S — 3400 Y494 H 1 12 145 .
fif 2 FEI 24 7] LIV - 6300 #Y 28 4h 73 6 O6 i it
RRHP — 350 % #5364 ; MAS — 11 28 338 4 5 B
@i FDS =3 BIRTHL: [ SRK 4w ;DL -5 - B &Y
B0 AL DELTA 320 A pH it; Gel — Doc XR + B i
BLAGAN - 36 EMA AR A i s 27 7 i A BR A ] K - 05 7Y
H 3l &Y.

1.2 %ok
121 fEAHE 4R

PRI 1 25 B AE A K, TR RR ALK B S 2ok
60 H MF , AR I T ¥ IF R IR [hl 4 i LB Hh
AR , TR AR S LB /KIE40C TR LI 1010
BA T pH A 11.0 HAWHEEE 1 h,5 000 t/min
250 30 min, B3, SR )5 8 pH 2 4.5, 44 20 min
J&F 5000 v/min | &0 30 min, BTHE , BF ULTE B
B, R A B AR SR . PILIRE BRI AR AR B
FEEF SR N(81.69 £2.96)% ,

1.2.2 fEAEE - HHEEG Y n Hil 4

SR PO B S0 1) 3 R A A B 1 R A T A
e B R AR R L I T 0. 1 mol/L (Y
NaH, PO, —Na,CO; ZEMiE (pH 9.0) 1,454k 1 h
J&,5 000 r/min B5.0> 30 min, B b 35 58435 FAH A
pH Y22 v H AR B 2 10 mg/mL, 4% 1:2 i &
FE A3 A [R)AE 6 43 - JBc £ (1 000 ~ 40 000 ) #j
B, PR R S A B BOR B AR
VLR E N, SOV IRLEE 90 °C |, Ha i 238 500 W, Jz )i 20
min J5 G KK TERE, B8 mL LA 4 °C vKAF IR
e 1 HARERT
1.2.3  ¥7A8FR B i I

208 Brands " 07 . B2 mL FESLIBINA
2 mL # B (& Jdi s 23 4 10% SDS #1 0. 05 mol/L
WD), ARG BE W AR 25 1, T 420 nm T E IR
R
1.2.4 RSN E

e B I 5E B % Chevalier 25 1 J7 %5,
OPA 250 e 1 : #E A BRI 80 mg 1Y) OPA % T 2
mL [ SR 05 A BT 2 534 20% SDS 2.5 mL,
0.1 mol/L AYHlAY 25 mL & B - %L L7 200 wL, i
S5 ZEBKE A% 100 mL, J5E I, B4 mL OPA



38 CHINA OILS AND FATS

2018 Vol. 43 No. 10

BRI 200 pL KRR RIR 49 25, T 35 CoRig
SR 2 min, 78 340 nm MG AR 2 2 il
PRERIER  THRRE bl P i A 2 . %R T
AHERREE (DG) o
C() - Cr
DG = o x 100% (1)

A Co AR NI i A 2 & 75 C o
BB ¢ min Z5 T H B
1.2.5 i8JEH YK (SDS - PAGE) 43#7

PR 5 R (5 0. 02 ¢/mL 1y SDS, 0. 05
g/mL B - #iFE 2% ,0.001 g/mL R}k ,0. 10 g/mL
HH,0. 05 mol/L . pH 6.8 Tris — HCl) 25K FUR &
(2 mg/mL) , @ 7K N4 5 min J57E 10 000 t/min &
0 10 min,  BAEEE S wL, 70 B o 4 12. 5%
WA T o8 3% o FEah ARG S IR IR R 15
mA, i AST B 30 mA, S8 PAS Jrik gL,
B SR DS R -250 etk 1 h, 25
A AW (5 0. 1 g¢/mL FIEEANO. 1 ¢/mL 3K &
PR ) i 8 L 28 s A
1.2.6 fHEI2I4MEIE (FTIR) 2087

BGE A i 5 IR AR S B B ST R, e
B o AL 20 A0 S0 3 A AT A Uk A [
4000 ~400 cm ™" AL 64 K, 3 PR 2 em ™',
AR LT AN 3E ] Origin8. 5 DL R 8048 AT
HMIETE 1600 ~1 700 em ™ F kg b 54k B, 5 B8
1610 ~1642 cm '@ B - 2,1 642 ~1650 cm ™'
R IR T, 1 650 ~1 660 cm ™' IHJE o - H2TE,
1660 ~1 680 ecm ™' HJ&® B - #: ff,1 680 ~ 1 700
em R B - TR HEATIHE 5iHE A
HAL
1.2.7  F4 7 2545 (SEM) 20

BUD ARSI AE A5, T 1% 1 U 44k
AR E 4 b, TR ST S SO A it A 7 90 M
e A AR g
1.2.8  FLAEPER by

S0 Juan 25 {7 W IE AT BB, AR IE T
0.1 mol/L f#) NaH,PO, — Na,CO, ZZ #h¥%s i (pH 9.0)
Hh BE AT VR FE O 1 mg/mL, SO mL A St VA
Frm A A 174 ARFAGAEA 30, 10 000 r/min 5
HETY) 1 min J5 B MRS HB I B 20 wL Lk,
1 mg/mL SDS #i % 5 mL, 7 500 nm A0 & W '
JEo 10 min J5 R FFEERAEN G WO . =5 HZ MR
1 mg/mL SDS W . #& T At AFLAIE M (EAD)
MFLALFREPE(EST) o

2 x2.303 x N x4,

Al = %10 000 (2)
At

ESI=+ fA (3)
0 t

s AL R FLARTE M, m /g5 EST Ry FLAL RS @
P, ming N hy ZUI M B 40 A 9 0 min I YIRS
J¥ 34,79 10 min RSG5 @ Sy iliAR Ho 415 C S 9)
A H R E , ¢/mL;e 24 10 min,
1.2.9 FIiotr

JIA S S A E 3 W, Bl A R R N
COEE + fRER ", 3R FH SPSS Statistics 20 X}
BT BRI
2 FR5R
2.1 FREABX ST A AR 6 % a

SR EEAN R AR X 437 i fE (1 000 ~ 40 000 )
TSRO HEAS S I R SR, S5 SR WL 1, AR 431
J& & 40 000,20 000,10 000 .5 0001 000 #j 2 ke 5
FEAR R RN AS B ™ 0 il BRad o PLP2
P3 P4 PS5, fEAEE 1 - FUBHEER S W ARic y Po, R

e fEAE B I dRiE o PO,
350 10.6
30+ CO AR R |

o WA 0.3

25} loa
£20 3 8
215t d 03 <

10} 102

5t (S d 10.1

0 0

P1‘P2.P3.P4.P5.P6
1 FEEIHERIEZEE (DG) MBERE (AL, ) R

TP 1 R] 0, LA IR AR A B 25, B
I RAEATIG 0 Bi i b AR R 1 - R
AP RE BE B AT, X m] e T
RS o35 o 22 Bl o35 R A PR , B R 2 1) 57 BHL
PRI A ) T 5 48 4 2 1 S S e o o 7
TR o T3AN  FER™ ) (0 0 A A 5 B A
AU A IEAR S OC R, H e B R 18 A L e
Ko HE LRI, B4R E - FUBHEA= Y (P6)
e S RERE S 5 T B AR S E - A SRR D™ W), S8
MAEA R - FUBEERREE (14.73% £0.38% ) .
ZKT P4(28.51% +1.54% ) . P5(30. 89% =+
0.19%),5 P3 A (15.87% £2.31% ) 3%
I
2.2 SDS - PAGE 4#7

FEAE SR AR ™ ) 1 SDS — PAGE 734 WL ]
2. I 2(a) BHLIKIETE T, S AEA SR A A EE, 4%
B WIS 73 o DX B 2, X



2018 4F 27 43 % 55 10 1

SAN

iR 39

W T AEAE SR S0 A A T RSSO, A T AR
TR RCR T, ELREE H R BE AR 231 o
TR R (RIS Py SRR BE 3G N ) |, 76 He 45 e
550 B S AL B R0 2 R Ok ] I, I

()% Ik e (0
2 4B AMERFYH SDS - PAGE Eig

2.3 M2 ebershsbiE(FTIR) 547
A6 8 RN Wy FTIR 4347 WL 3

160
e
WPS
120 P4

AV it

&
280t P2
)
% P1
4
0 PO

40000 3500 30002500200015001000 500 O
Wek/em™
3 REEQERE~YA FTIR Eif

HiE 3 Al fEAE SR - BRI 1 1 260 ~

15 Shepherd 45 ™ (U LEF AL o0 AR 2
(b) BRI E LG, 2 — S T A A S
SRS KR T ROV

(b)PASH (1 %

1000 em ™" H BB G G W% AT 06, 3 A4S 45 R R
SRR R - B S 2K,
1260 ~1 000 cm ™" I A H B B O—H T Py 2%
PEPRShT R , F1E AR B (T AR B Oy X 25
Wior 1, — 2 E B T AR R A SRR T A
S

F 1 EARIEL AN AR B AL AR TR ) S
K=Y R a5 & i, 3 1 A, 5464
A LG, HeB0™ W B ) S P R U o - B
FrEREIN W B - WS A R, XU A
508 R AR R RN, 5 B I SR 3 A —
FiB PS5 F 55 A0 R 75— B P 254 o

R1 REBORERTYHN_RENESE

B RGN R/ %

" o - B B- ¥k B - i¥E B - s TR
PO 12.72 +0.92" 34.10 = 1. 10 13.68 +0.19° 27.43 +0.75™ 12.08 +0.26"
P1 15.93 +1.42° 28.30 £0.75" 10.55 +0.04™ 28.95 £0.47" 16.27 £2.58°
P2 16.28 +0.99* 29.92 £2.62" 11.17 £0.95" 31.73 +2.05° 10.90 +0.61"
P3 16.79 £3.31° 33.19+1.61° 9.23 +0.34 28.27 £2.02"™ 12.51 +0. 66"
P4 14.70 £1.52° 30.49 +0.90" 8.31 £2.45" 33.68 £3.74° 12.82 +1.13"
p5 17.03 +2.61° 34.21 +3.06° 7.94 +1.30" 27.71 £0.78" 13.10 £0.07"
P6 16. 66 2. 40" 34.89 +1.32° 10.01 £0.25™ 26.01 £0.24° 12.44 +1.07"

T« EARIAN R TR R — SN [R5 57 (P <0.05) ¢

2.4 SEM 5#F

Bl 4 AR A (PO) fEA R - # R 0 (M
X3 JiT i 40 000) S84 (PL) FAEA R 1 - #i
M CFEX 0B 1 000) BB 41 (P5) BTN 45
FE . B 4 AT 0L AR B S R A I i 1 SR A

ARZS , BRI W2 B h 73 O A R4 Ay, HL
Wl S AT SRR XS 20 oA A i, bR 45 4 B
NN XA RERE T AR A SR 2 S
JEIRA TR RS T I R AT L e R R B
ST



40 CHINA OILS AND FATS

2018 Vol. 43 No. 10

B4 EEFMERSYHERERE

2.5 sUfehR
A R R I ) FLAR TS 1 (EATD) FzL ik

FasETE(ESD 45 R WK S
115 a

be be

90-’_’—‘
85 :

PO P1 P2 P3 P4 P5 P6

=13} b b b

=
E
~
R12f ¢
ll"—x—‘
10 1 1 1 1

PO Pl P2 P3 P4 P5 P6
ES5 AEEAMESYRNILIELE(EAI)
FEL IR (ESI)

B LS AR, F A3 W i SL AT 1 A LA AR e
P S AR T B A R AR X o
80, FUARTE PRSI, 5 R T 5 R R
A —3, FUAER e PR ) SRR X 2 7 o 1Y
IR/ L IR e AR AV P o g A, 4 00 2 o A X
G35y 40 000 A SR S AL A SR RS, B
SRALAAR LA, EU2 PR oy 0 SR W A X 4 ot it
BOR, HHICBRAE 7™ A5 B0 iy 25 Al BEAE AT A B
TFHEFEFLRAORAE " 5 RO A 48/ 4 7 SR
A B RN T HBA B S R, e
R R R A A TR L R Y . A
XF43F iR 1 000 (1) SRH 5 402 3R R ) A
FEFLATE PE R FLAAR e PR s, 43 o (111,07 +
2.27) m’/g #1(13.70 £0.22) min, HEl 5 BATH]I,
FLH 5 A6 A B R A e SO Je o AR AR B 1 SR
JoT ) R AR 3N G o SR
3 &

A6 B8 5 AN R AR 23 Jo i o) SR A 2B A

R FCBE JA JB P A AR K 52 . SEgm A Rk
W, Bt 0 SR AR 2 B i (b AE A R ) - b
(R AZ AR FE RN A8 T2 B2 120 W38 in 5 SDS — PAGE. J A
2L 53 B 25 R SR FH A R 6 1 =K

AR PR R 2R T M 255 Iy s e SR 4 4%

RO fG Z AR ) o — BRTE & 3G 0, 1 B - AT

B o N R A SR SO ZS A R B, e

PRI T AEAE SR B R A, BRI X 4

o S A SROM ) 48 K B A 23 W [, s e e v AR A

B FUCME Tt A 2 R RO, BN X

TR RN - AR RO R R A B FLE

TEPEFNZL AR E PR, A XS 2 1Bt 1 000 1147 SR Ak

51 Y B R P 2L A MR LA AR e

A5 R (111,07 £2.27) mz/g F(13.70 £ 0.22)

min, F IR FR ST A TREAR N, A 78 AS [ A X

B SRR O A AR A B A A B AR,

DU AR A B AT I R R R i 48 5 5

S 230k

(1] #Frar, R S BRE. TeA R A e ek e [T ]
DRI 2R AR , 201,26 (12) 1109 - 117.

(2] B3cT7, FARM 2o, 56 M mmie A En - IR
FFEF A SCER P [T]. B E g, 2017, 42
(12) :26 -31.

[3] CHEN L, CHEN J S, REN J Y, et al. Effects of ultra-

sound pretreatment on the enzymatic hydrolysis of soy pro-
tein isolates and on the emulsifying properties of hydroly-
sates[ J].J Agric Food Chem, 2011, 59(6) :2600 - 2609.
ESVANY AP UEA AN T I P 21T § e DO e o - ST
a5 7 R P T W) B T S O e [0 ). o R R
2014,14(4) .179 - 183.

[5] MEDRANO A, ABIRACHED C, PANIZZOLO L, et al.
The effect of glycation on foam and structural properties of
B - lactoglobulin[J]. Food Chem, 2014, 423 (113).
127 —133.

AMINLARI M, RAMEZANI R, JADIDI F. Effect of mail-

[4

[

[6

(-

lard - based conjugation with dextran on the functional
properties of lysozyme and casein [ J]. J Sci Food Agr,
2005, 85(15) :2617 —2624.

(T4#%45 W)



2018 4F 57 43 %% 55 10 1 el

g 45

WHPEOFFELT ], PEE, 2009, 34(4) .27 -30.

[6] HRICHE, H#HE. 2R /KR L2 B 2 R 2 Ik 4 5y
PUEALTETERIOITE L) ] AP R 224, 2010, 25(1)
69 -73.

(7] 2, 5KAT, BROCHE, 55, RBEZROM/DIRIE N LA L
M tE[ ], BdhRle:, 2014, 35(19) 251 -254.

[8] STALL S. Considering greek yogurt for chronic kidney dis-
ease[ J]. J Renal Nutr, 2012, 22(6) : 57 —62.

[9] ZHANG X, ZHAO Y, ZHANG M, et al. Structural chan-
ges of gut microbiota during berberine — mediated preven-
tion of obesity and insulin resistance in high — fat diet — fed
rats[ J]. Plos One, 2012, 7(8) . 425 -429.

[10] SOLIERI L, BIANCHI A, MOTTOLESE G, et al. Tailor-
ing the probiotic potential of non — starter Lactobacillus
strains from ripened Parmigiano Reggiano cheese by in
vitro screening and principal component analysis [ ] ].
Food Microbiol, 2014, 38(4) :240 -249.

[11] MAJCHRZAK D, LAHM B, DURRSCHMID K. Conven-
tional and probiotic yogurts differ in sensory properties but

not in consumers’ preferences| J]. J Sens Stud, 2010, 25

(3) :431 —446.

[12] HAYEK S A, IBRAHIM S A. Current limitations and
challenges with lactic acid bacteria;: a review[J]. Food
Nutr Sci, 2013, 4(11) .73 - 87.

[13] e m. FUBREHUE MG A S KR D], T

M IARRE, 2013,
[14] FEH, BRM%, 2, 2. FLIEE BRI FLiR

BRI RS ER R (I ], R @ T (2= 1),
2013(7) .43 —45.
[15] ZHANG Q, REN J, ZHAO M, et al. Isolation and char-
acterization of three novel peptides from casein hydroly-
sates that stimulate the growth of mixed cultures of Strepto-
coccus thermophilus and Lactobacillus delbrueckii subsp,
bulgaricus[ J]. J Agric Food Chem, 2011, 59(13) ;7045 —
7053.
AKX R RS AR 7 0 A (] i R R
Dk A R [T ], B SR, 2017, 33(8):
103 - 109.
(17 BRARAN, B 500, RO, . B R D TAL L JROR il
HERRZ KR WEE L], T Eh g, 2016, 41(11):
105 - 108.
[18] CHEN H M, MURAMOTO K, YAMAUCHI F, et al. An-

[16

[

tioxidative properties of histidine — containing peptides de-
signed from peptide fragments found in the digests of a soy-
bean protein[ J ]. J Agric Food Chem, 1998, 46(1) :49 - 53.

[19] 2538 fLA W1, 4505 , 45, i 1oy 1A O A0 7 2 A e
ERHGUAACTH RIS T]. o E ) 55 57,2012, 18
(3):54 -59.

[20] LI X, LIN J, GAO Y, et al. Antioxidant activity and
mechanism of Rhizoma Cimicifugae[J]. Chem Cent J,
2012, 6(1) .1 -10.

[21] B3, BWIN, FIEAR, &5 WFEERERAE E 2 I E A
BERCF A FLIR [T ], Bk RRSE, 2008, 29 (6):357 -
360.

(E#% 40 )

[7] LI C, XUE H, CHEN Z, et al. Comparative studies on the
physicochemical propreties of peanut protein isolate — poly-
saccharide conjugates prepared by ultrasonic treatment or
classical heating[ J]. Food Res Int, 2014, 57:1 -7.

(8] M, XUZLZ, XM, 5. A [F) M B B i o A 4 2
FUBE D) BEAE A S me [0 ], Al TR 22 4i, 2014, 30
(11):261 -267.

(9] BATe L. W5 2 HEREAE A 3 B SR R LB A
FELD ] AEat: o AR AR 2 B , 2012,

[10] 5. Biea MUK EE A - FHYLEE 450 D tE

PELD]. VI3 T8 : 1L K5 ,2005.

[11] BRANDS C M J, WEDZICHA B L., VAN BOEKEL M A J
S. Quantification of melanoidin concentration in sugar —
casein systems[ J]. J Agric Food Chem, 2002, 50,1178 —
1183.

[12] CHEVALIER F, HOBERT J M, POPINEAU Y, et al.
Improvement of functional properties of 8 — lactoglobulin
glycated through the Maillard reaction is related to the na-
ture of the sugar[ J]. Int Dairy J, 2001(11) ;145 —152.

[13] SHEPHERD R, ROBERTSON A, OFMAN D. Dairy gly-

coconjugate emulsifiers casein — maltodextrins [ J ]. Food
Hydrocoll, 2000,14 ;281 -286.

[14] HE S D, SHI J, WALIDA E, et al. Reverse micellar ex-
traction of lectin from black turtle bean ( Phaseolus vulgar-
is) : oplimisation of exiraction conditions by response sur-
face methodology [ J]. Food Chem, 2015, 166 (1):
93 - 100.

[15] JUAN C, XIONG Y L, SUAREZ R. Rheological proper-
ties of mixed muscle/nonmuscle protein emulsions treated
with transglutaminase at two ionic strengths [ J]. Int ]
Food Sci Tech, 2003, 38,777 —785.

[16] WU H L, WANG Z Q, HAN C, et al. Factors affecting
the maillard reaction[ J]. Modern Food Sci Tech, 2010,
26(5) : 440 —444.

[17] i, 5, N, S5 B A R B & KRB E A -
WEEALIRIRIESELT ] 47 W T ,2016(4) :1 -5.

[18] WIHODO M, MORARU C I. Physical and chemical

methods used to enhance the structure and mechanical

propertiesof protein films; a review [ J]. J Food Eng,
2013, 114(3) . 292 -302.



