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Abstract

The soybean meal was used as the raw material to prepare soy protein isolate ( SPI) with high
emulsification activity (EA) by the method of microwave-assisted phosphorylation. A response model was
established by the central composite rotatable design, with concentration of SPI, ratio of sodium
tripolyphosphate ( STP) , microwave power, time of reaction as four variables and the emulsification
activity (EA) as the evaluation index. Response surface analysis revealed that the optimized conditions of
preparation of soybean protein isolate with high EA by microwave-assisted phosphorylation were as
follows: concentration of SPI 10% , ratio of STP 16% , microwave power 480 W and time of reaction
4 min. The response model was valid in analyzing and predicting the extent of EA due to its higher fitting
degree and less experimental error. Under the optimal conditions, the EA reached 66.8 and the
emulsification stability (ES) reached 29. 80 min. Compared with the previously unmodified SPI, the EA
and the ES were increased by 134. 4% and 61. 6% , respectively.

Fa2EHOM

Key words Soybean protein isolate, Microwave, Phosphorylation, Emulsification activity
a|= WSEAL AL MR Ab 3 | S AR AL B
=

RESFEE A (SPL) 7R R S AU B+
2T SR AR X A 2 1 A e e 7L A B T O
TESIRRYE (pH {H 3 ~6) B AR i 12, %
SPI HEAT Ao B T AT A48 HLAE 55 BR 1 3R 35
Wt LA E W T O

Wk Hi . 2010 -10-27 &0 HIY . 2011 -04 - 01

TR AL A G R X B 8 1 T Tk e B
R A nl g HAE KR A e RIS E A
IRt A Tz —, HEH HT SPLBERR fkek
PRI R 3 A B A (PoCL,) Y A Ak
(P,0,) " R = BB R BN (STP) 1 45 e F A i
S VERRAR IR R % 18, STP 2 d5e HL & B Rl 5% Al e ]

B R RORFFE A& SR R (863 113) BE BT H (2006AA10Z322) FIE LA H 4AFL 564 ¥ BT H (ZD200902)
EBEI: BER, 2R, W20, FENF R AR S IN LS, E-mail: yjchi@ 126. com



559 Y RER %, BFbEE RS sBEEARSE TS 139

RE SRR FH iR AL 3R] 1.3.3 (ks ik K S EAE & T4
il A n#aisi 3 5y B RN G 2 #hn STP i pH H

Al B T S T Bk ! !

PR Z WY B O i, B TR S8 AR A
PRl B e P AL T i TE YR LA R
PR AR 7 KA 2 ~ 3 b, HL50RHFAb 2 g
FERM | PRIA SCHE if AW 5T (4 56l 1, AR TR
i SN JEURE, SR FH (0 2 5 Ak B 1% D7 XA B SPT
WRRR AL, W itk i BE T 2 2 B AT LA o e 52
B B 75 ) A FLAL TS M SPT A ROl T2 5%
7, R FLATY L TSPt 4 A 7™ 1 A3t B K i A4
ARZ% DI BUUER T 275K,

1 MRS

1.1 #E 5

IR G GO (R R R R O A BR 9T A F
At 2ok ot 60 HIRERIBIEZR) .

KGO =R REERE M A RAA) |
S IRBERR B (STP) (R LTI 7R I IX K KAk 27 3 5l
J7) B R A (SDS) Ry Ak At Al oA 5 3
horprl,
1.2 E5EE

WD800 BRI § (AR HEHL - (K HE) HL a8 A [R
/¥l 5 BiiChi Spray Dryer B —290 HUIE %5 - 184Y ( Fi
+: BiiChi Spray Dryer A #]) ; KND — HYP8 &I {b
( FILF AR A FRA T ) ; KDN — 2008 4 A 3 &
RA( LIRS A PR A A ) 5722 B4 6B it
(REETT AR A RAF]) ;1) - 2B A m 4141
RN (S R T R AR H AT PR AR ) s FS -1 /Y
AR B R AT (A da h SR AEAL R T 5 A PR A ) 5
LD4 —2A BUELOHL (bt R E.OAL)) s FE20 B
pH T (HEREHE R 2408 ( ) AIRAR])
1.3 RWHE
1.3.1  SPIEEFLAYHI 5

K FHBA R UL 1kl £ SPT #EFL., it 60 H
PRGS04 109 (R B () 57K (mL)
(R A ) 1) [ B B ) RS R, #E SO°C T i FE
40 min , FAEFF pH H 8.5, i3 38 K ERVH = pH
4.5, .05 LG 15 SPLEEFLLIAS H
1.3.2  SPI A4 & A

BG4y 13k SPT %8 2L e I ‘B vk B, R
W% 55 M i A5 SPL Y, 2 T X 32 Sk 43 2 4
. EHESEE S GB/T 5009. 5—2003 ;
JK M 2 2 B8 GB/T 5009. 3—2003 ; i Il & & 2 1R
GB/T 5009.6—2003; K 43 & & M & = B GB/T
5009. 4—2003,

il 25 T 200« SP1 & V7 — ¥ i — i P —
b PR T PRI — H I — I 25 1 — A Hl—
B, BTl A 2 A 77 e B AR AS , AR 356
T SPLETEIR R 1. 3. 1 19 JUr il 75 %) BE LR C i 1k
1.3.4  FUARIGTE ML AeRR e vE R

AR 06 R FH R U e fE Rk . ) pH E
7.0,0. 1 mol/L AR EE 2% i ML 100 mL JiT i
WEEO. 1 g/mLAY AR 2P, B 30 mL & W T
HAPHEHLAF, A 10 mL K3, 10 000 /min 25
1 min DUEBLFLIR , 355 , 43 3I4E O min 5 10 min
BF A JES 8 W B 100 w40 HEF 10 mlL Ji 28 W
0.1 g/mLAY SDS ¥, TS 500 nm AE I Wt
JECIE 3 YRBCTFSAME ) |, FLALTE PRI FLAL AR E PRy
HREAAH

ATA,
E,=1004, E,=

_Ao -4y
X E,—FLTEE
E—3 bR @M min
Ay—0 min A
AT—0 7 LA 19 5 Y ] [ B, AR SCHR
10 min
A, 10 min B BT SGHEE
1.4 BERRILIEEMNE
FE i B BRI AL AR B R IR fh b 85 S B iR
7, B B B4 LUF ik e
(1) RES BB & B2 18 GB/T 5009. 87—2003
HEATIAE
(2) FE & P LR B B TR AR 1 g AR
(T35, BT 100 mL =, A 10 mL £ 1
TERR(1: 1) i, inok 30 mL, in A 2 i B Bk,
NaOH i IR, FEINAEAR 0. 3 mL, FH/KH: B Z= Z1
FE AT 18 SRR Y 30 mL W, AR A
T B AR A3 i TR R AR 2% b R ik E
PLBE & &, BERRALRR T Al
P,=P, -P,
KL P,— BRI FRE  mg/g
P, ST, me/g
Pi—aﬁﬁufgi/ﬁ?% ,mg/g
1.5 RIS
H R F B0 % SPT 9 R 1k 52 17 10E £ il Bl ek
P A AT REXS B 1 45 R4 7 A 52 ), DT 5% M) = )
AFLACHE T, SR T DX 531l 1 AR il 0 Ak BH % 7 A 1)
SO AR SCIEE T 3 AU BEFE, R A5 1 0 BRAE Bl




140 P A R = 4

2011 4F

Xof HEAE RN R AL X BEARE . 3 Fhoxet RS ARR 10 1 45 T vk
IyHIR a8 FAREE (N - SPL) B 1.3, 1 75 5 ikl
% TS %) SPL Bt FLJH 2238 B B, A& pH (A
7.0 JE AT 55 11 A R EURE (M - SPL) B
SPI HEFL T 20 B B 2 10% (SPI i K By i
sy, RIED R AR pH {E 7.0 J5 R 480 W AT
PR AL BE 4 min, W5 25 T 1845 30FE ; 85 1R fh KX RE
(P —SPI) ¥ SPI BEFLBT 0 20 2 10% , STP %3
I (STP (5 SPI A E 40 L) A 16% , AR AE (]
1.3.3 1k,
1.6 WEER{L Iz Kz A9 TG E

SR B LT AR BRSO IR 4 Fhe S 741
SISO 43 AT, X B R Ak S g P S BT AT I
ST R B R DU B AR A IR BES R 1Y) KBr
MAIRS, KR 5 & T LM 42 % B (400 ~
4000 em ") FHE 0B, LA KBr /E A48 1, B FE 8
LLAMETE B R Z R A & A
1.7 A&t

F A 2R [N 2R 3K 50, B ik B SPL T i 43 4k
(% ) STP TINEE (% ) P2 (W) FGCE Ak 34
AfTE] (min) 4 DN A ARG (v,) , LLZLALTE 10
RAE(Y) A7 B 0 A e e g ik 11 38 30
AR IR R ACE RS R 1, IR R
B K Design-Expert 7. 1 ZAFFHATE 5047

®1 hOAESEEZITERKERD
Tab.1 Factors and levels of central composite

rotatable design
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Tab.2 Contents of the major components of
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Tab.3 Comparison of the EA and ES of various samples
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5|\ ,ﬁﬁﬁi P-N 7{ 560 ~ 390 c¢m ! ﬁ”ﬂ(ﬂ&, —Lﬁl‘@)ﬁ and response values
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Tab.5 Analysis of variance of the regression

parameters for the response surface model

SRR FHM HBRE ¥ F{E pfH
LAY 642. 31 14 45. 88 63.18  <0.000 1
X, 347.32 1 347.32  478.29  <0.000 1
X, 56. 12 1 56. 12 77.28  <0.000 1
X, 40. 82 1 40. 82 56.21  <0.000 1
X, 46.76 1 46.76 64.39  <0.000 1
XX, 41.28 1 41.28 56.85  <0.000 1
X, X; 1.16 1 1.16 1.59 0.226 4
X, X, 3.52 1 3.52 4,84 0.0439
XX, 2.03 1 2.03 2.80 0.1152
X, X, 1.05 1 1.05 1.45 0.2477
XX, 4.73 1 4.73 6.51 0.0221
X3 17.88 1 17. 88 24,62 0.0002
X3 71.97 1 71.97 99.10  <0.000 1
X3 2.56 1 2.56 3.52 0.080 3
X2 12.77 1 12.77 17.58  0.0008
B2 10. 89 15 0.73
ES) 9. 04 10 0. 90 2.44 0.168 6
ali R 2E 1.85 5 0.37
BEE 653.21 29
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Tab.6 Comparison of the EA between SPI modified

by microwave-assisted phosphorylation and native SPI

R LA FLALR
wees o Al
/mg-g” /min
SPI JF#; 28.5+0.6%  18.44 £0.42°
WOk IR 1L SPT 26.72  66.8 £0.4>  29.80 +0. 88"
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