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PEAF RN GE . SCHR [12] BF TR OK 3 B 52 B B AL 21
JE IR B SRR D AR T ORI i, MR T
BT B IR 2 R SR, T SO ORI AR . X
LETF 5T 35 3R B AR FE T 2 e il i U B ) AR A
HIF TGRSR H D Re R B HAT, KT Rt
FACRER R S/ D ReEPEAE A R G &R, L H 2
RS K SR AR SRR A 1 5 i A 1

R R TIKEEER E: (2,2'-azobis (2-amidinopropane)
dihydrochloride, AAPH) & —Fh B RiF ol 51, fE
PEL B EVENGE YR B RS RGR, IS A
gan YRy vk 1 e = RS I o S v o G =1
% AAPH (9 FE T DL T S 80l A B g S B
FEMIAE R, DABEIDLER (1 BT LE K A A7 A S Hid 72 o (R B
BE, I3RS AL T SC bR A7 A is Sy 1) AL B B AR
Rltk, AFFRULKEEANFANSS, KH AAPH #J &
W EHE - RTEAENER, BT 6
SERR A ARG IR R A, K B A TR B A Oyl ik
AT AN R B TE) (R PR AR B, R SR 0 A B B 1 45 4
FEVE A Th Re A R B 52, T AR FE AR R R R AR
REMEM L SRR B R R, DA T
KPR AT IR T K AR 1 A TR R AR i SR A LA,
T AR TH R 8 A A R R A i Dh R BT DA SR 2R
177 i R T BRI iR A B Al

1 MR5RE

1.1 5

KEHBEEA (SPIs 4% 94.2%), IWAREEAES
TIWARAA; BE 7T KR % (AAPH) % H
Sigma 2w Z ke F R BR 94 (sodium dodecyl sulfate,
SDS), F¥gBTH T AEHE R AR AT dRE IR —
PREM, KEMNCHIRMARA R HALRKR5 v E
FEo AT AL
1.2 FE5E%

MI-L213B BG4, ERIEBIHF R AR pilotl0-
15EP B 525 F ML, fHEEEEAF]; Zetasizer Nano ZSP
RGP RLEE AL, /RSO R A BR A R Nicolet
is50 B4 {8 HL AR e 2T AR i A, FEER KRB AR A
A]; F-4500 BY5t sy o6, HAS HITACHI AF].
1.3 Hofl&E

%% CHENG 25 (1753, LL 10 mg/mL )i &K
FEIE R T 00 B 8 A AT IR Sh 22 A (0.01 mol/L,
pHH 7.2) . @KL TMA 0.5 mmol/L ] AAPH J5
EIR 37 'C 7KifttH 6h, SRS 14000kDa iZEHT4E 4 C i@t
AbFE 72 h, JHIAIEERE 4 h e — R ZE K, 53 ML
KEEABHR, 2345 TERERERXEEARMEE
FESY, 449 OSPL. Kl 15 1 K &8 AL Rk 4y
AHEDNZE N 350 WIS NI TR A0 0. 104 20 30.
40, 50, 60 70 s I AL FE 5 45 7 FPAS [ 0 b 2R
KEE AR FEMEE T, IR A PR A A F 4
W iy %5 WOSPI-10. WOSPI-20. WOSPI-30. WOSPI-
40. WOSPI-50. WOSPI-60. WOSPI-70.

1.4 WESWUE

YR 28 KM R D T SR B 0.05 g/mL [ 4k
AW, NI, SRR K Zeta AL BT
I WESHON: EARITHEET 1.460. 7 HGHH i
REET 1.330, 1F (25+2) 'C Tl w2 FokL A% 2 A 45 1E F1 25
15 73 B 2
1.5 HENE

2R BTV, SRS N Eh o K LR SR AR
R PPV BT T B R E IS, WE D14 FE 60 min,
K 966 B I E 600 nm P K R IO EAE 4,
B THRT = 1092 x SO, S TRE, 4
WA, vV ORRREE, 1 RYERE (0.001 m) .
1.6 BREEZET (Th T) WS

FIRES 253 ToKBCH] Y 10 mg/mL B ERE A
# 4mg 1 Th T ¥ET 250 mL /) pH {& 7.2, 0.01 mol/L
B2+ 22 pP iAW (& 3 mmol/L ) NaCl) , 787 Vi fift Jo i
0.22 um JEMERR A BT, §43 Th T W . 4 50 uL
FIRE VAR S mL ) Th T ¥R 784078215 BA Th T ¥R
RIXTHE, T 440 nm BRI, 482 nm kK E H
WOCHERE, PRAETEREIIN S nm!0,
1.7 BEMLOIMIATEXES R

FREL 2 mg £ &5 200 mg SAL R BS VR &) & F 0
ML AN, WEiRER 25 °C, WESEUT:
HEWR BN 4000~400 cm™', BEKEE N 0.5em™!, 4
RN 4em™', A 32 R FTEHIEZ Peak Fit #1EXT
B 145 1750~1 550 cm™ ' e BodtA7 04l 7,
1.8 MIREMRANILE ST

{81 F RF-7 000 PC % 43 66 B2 vl 5 4 it B 90
TE, KRR DL 1 mg/mL BRI T R B T KR A BRE
VR, TEBUCEAK 290 nm. RSFFBACAE 300~400 nm. Jedk
FEIIN 5.0 nm FIS&E R IS RE S A PO R 1R S Sl o i T,
1.9 ABENE

PR DL 1 mg/mL IR T2 E 7K, BTF4C
F 2 000 r/min 2.0 15 min B _F3E W . LA BSA APR#EE
F, {6 Lowry ikl iR & A& &Y.
B A HXN:

Cr

Psz?XIOO% (D

A POAFE R AR AR, %; C N BB IEA
i, mg/mL; CAFEMHPRIEARSE, 1 mg/mL.
1.10  FKMENE

2% MCCONNELL %2 {7504, BL300mg
FEAIAET 30 mL 22577k, BT 4°C F 1500 r/min 20
15 min ByTiE, WMEHFE. FRRERTEARXN:

Wi =W

A W AFERIREKEE, %:
NFEE T E, B 300 mg.
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1.1 FHFmMEnE

Z:2% LIN 2P0 {05 390 i e 1B . B 100 mg £ 5
BT 20 mL KEJHF, T 25 C e 15 min 7
MRZ), HT4°C F 1500 r/min 250 15 min BUTE,
EHAE. FEMERTEARC:

Wi =W

Oyc = x 100% (3

A Oy WFERIOFRIYE, % Wy NUTEMI R &, W
NEER R, B 100 mg.
1.12 BaMRaREEM

2% ZHANG 2877 ({5 s Eeek. BAEHEL 1 mg/mL
IR IEE T R8Tk, BT 4 °C ukAEH/KIE 12 h 7558
M AR HL 20 mL FE A ETE T 100 mL =AW, Al
IKA T18 ULTRA-TURRAX % & i# 4 5 L LA 12 000 r/min
MR FEEAE IR N4 2 min, C5RBIFZER)SE Omin & 10 min
B YR s (AR 20 B i) o ey it ROk fR e
PERTH R AN vy

Fo=——x100% 4)
Vi =V,
Fs = == x100% (5)

0
K Fo NRERIEIBTE, %: Vo NFE R R R 45 R
J& 0 min FfAOHIR =, mL; vV ONEERIBTRAR, mL;
Fs NFES TR FEE TR, Y%s Vo R ST W34 I 45
J& 30 min B VK EFE, mL.
1.13  FAFEMEFMIL LR EMENE
%% KINSELLA 25 ({7 vE s AR5 2. B RE LA
1 mg/mL HIREH TR E PR, BT 4°C K+ Kk
12 h 5 B BE B . B 21 mL R AW S 7 mL K
SRS, i IKA T18 ULTRA-TURRAX Y /& 35 Jif
HLEL 12 000 r/min [ 5 75 = 8 T 5 2 min #1745 7L -
FEFLBH 4 58 BRJR ) 0 min A1 10 min B 43 510900 52 HEok

5. FLAEEMALAR E VAT 5 A 308
2x2.3034,

= (6)
AT 250,
Eg = AOAT D
T A -Ap

R Ey ARESFALIETE, mYg: A, AFLAE 0 min
PIRIERE s Cogp NIRRT &, HL0.001 g/mL;
Eq ARES ISR E M, min: 4, NFLBAE 10 min I
MIIRERE s AT PR UREURE () B] (E] R, B 10 min.
1.14 BAHBREEMBEIN

S B RSP TR s . SRR N
HRHI % 1 mg/mL FIH 2R 21 49kl BA K 10 mg/mL fiE 2K
WGkl it 0.22 um JERE LL R BRASE YR . B
1.13 H il 5 A L 100 pL 5 700 plL 2 B 17K S,
BN 35 pL BITH ZRZE59RE. 40 pL BITH 2R B 49kl JRA)E
FROEIA I FE 30 min (I e th. IR
il WO L R AR BB A, 7E 550 nm R IUR TR /R 4L,
490 nm NHEUKTH /R, T 20x 908 W4 8%
1.15 BUERIBS i

AR ES 3Kk, 4R PIERHEZERR,
K SPSS 19.0 F At i35 £ 48 11T ANOVA 2 2% 1443
1, P<0.05 FEFEMZES, FKH Origin 9 PAFAEE .

2 GRS

2.1 RN AEEARMEREANESHIIE

PR AR 5 (REAR 20 A B 0 1 AN 7 W0 A B e ke 47 2
WER FEARS FHRENRESREINZZ), Bk
AE BT R AL R T4 B R SRR B s L 1. i 1
Al%1, 5 SPLHIKIAR AL, 20t AAPH E LA 5
(1) OSPI RLAZ 43 A0 AL R =W o0 A, J5A RiAR U 3545 7 5F
TEE PR TE B — B R, X 2R ARG B EH
() B 0B 48 B A ik A 52 1 el 2 5k o PR )
H, SHEARKE T ZBREEP. M bE)E,
WOSPI-10 [FIRLAR 53 A7 A8 R U0 73 A, 4 ik 4 BB (1]
L% 40 s J§ WOSPI-40. WOSPI-50. WOSPI-60 [¥] %1 1%
oA BRI NRARIE A, KRR A R R &S, i
WAL TR (R IAE] 70 s I, WOSPI-70 [y X85 AT 7% .
T DR A IS T ) Al Ak B A 3 o e 3 45 Al AN i 3t
RESEEASTE8), T o A6k LA B2,
15 KRG B E o TR BRI B 2, A ) kL
RHV AN REAE D T RN/ MR R AN R SR T
T A R 1) IR I N, K T B R R AR
MR, REHNRERIEE, FFOLMBEIENE
SR T HINARE, TR T HTfb e 5, 58 1 4014
HAEM 1, 4k SECRERK B, WOSPLARZH =",

30 —a— SPI
—— OSPI
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Fig.1 Effects of microwave treatment time on particle size
distribution of OSPI (oxidized soybean protein aggregates)

2.2 WEMAEERSNBEMHENEND

R I ) sk B EOR T R B R (T E B kLR
Ko, B RIEARSE, R Fh B R R A AR
SRR, mE 2 w40, 5 SPIRIMEMELL, &
it AAPH S AT )5 9 OSPI FMLEE B 88 (P<0.05) .
X RIS AL T B 51 B VAR R TR R AR
B BT RUR AR 3G 0. Bl 5 A i Ak 3 N (] 38
WOSPI [FJ B HE AR b5 FRAR S 380, FEAE R AR 2E 30 s
IR BN AME . X A TE R s 4B, OSPI =
P77 AR RS R, R T iR R 1 2 A1 4
PR EAESLAN B, KT BB o T A SR AV 1 55
S8 WOSPI [ B 77 7 301 52 F B 351290, SR T K i 1]
MR AR EE T, O RN TR R ER S R A
1K 23 T B A TR AR AR I 45 Ml O B REY), B T R
R NEER], 3N T E AR TR ELS, BT
KRR KGR A RENR, & WOSPI [ E7t.
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Note: Lowercase letters a, b, c... are the significance analysis results of turbidity
under different microwave treatments (the same below) (P<0.05).

B2 SRoEALIER MK 2% G SALR BRI
Fig.2 Effects of microwave treatment time on turbidity of OSPI

2.3 WEMAEEASNRENRESR T OLEENEN

B % T(Thioflavin T, Th T) A% %E 5 M H1-F 47 6 A
YR E T R ER NI T 8 RCPAT g &R 5 H
ghfy, HUeam T DU R RAEE A R EREE AR
fbo B3 74N, 5 SPIAHEL, OSPI /) ThT % t5aE &
T, HHEAGHEBEEN N T KESEEA TS
F A SCPAT B-HT B S5 R & & . 1X 7] 82 RN A AL b
HAMAEARS TS RS mEnER, %
SN R, AR IE I R CEAT B3 S 4 TR K
K FHIENEEMR. METHP S, WOSPI
Th T % 5% 5 B Tl Ak 21 ) ) 22 fk 2 0L 2 °F 1% s 14
I 3 . X2 PR R e b 3 5] k1) FL I AR 4 A #
RO K &4 1 B A SRR AR Y ) S AR T
R, EBor S B W T, B TR CPAT g B
e b PY . R T 20 s LU, KRS
AR RER A AR, B E R 5K 5 5
Welgin, fEoFRIER T itk mK#EE, F3/0
9T REMATRGE A TE K T IR EMR. T4
WAL FR I (A IEF] 70 s I, Th T 92698 B 19 B ] BE 2
DR R 4T iR TR AR T il O 8 N R e 3, A il
WY, R RN TR, S RERE, &

%K Wavenumber/nm
B3 kAR AR ESBEORRE T KA
B AGRR
Fig.3 Effects of microwave treatment time on fluorescence
intensity of Th T of OSPI

T TR RPAT g &4t 13 ThT LiES
Heh s, WELFESFHT RAREN TR,
2.4 EMAEEARMEBEARZLREHNZI

%% 1 AT%0, 5 SPIAHEL, OSPI () 2R &y i i
FEAA (P<0.05), & HEBUA 450 8 MG 450
(P38 N2 B SR Ak Ab B BE AR R 2 R 45, S 4y T IE
FOVAT B34 B T AL TR AR, It 2 At Ak B R 1) £
B, WOSPI 1) o-185E. p-F5 MM p-Hr 2 & 'l 20
W kb A, TGRS AR R CEAT BT
BRI o X R B e A B 53 T RS
Iy B E T R BB IR 2 T 5 PR B (] & A v AR
Vi, I AEMIR, W T KT B E AR,
FSTREERKD THIBRE. 25 /FR R, 74
(1) FL 3% S5 AR BN AR AR 2 T AR L3 K, TEA%
Gy RAEM BAE FERAE S, i T AR, K
i OSPI N HITCF 45/ FE k% . AKKERMANS 254 1
FALK, 47 (A R L= 38 hn 2> B 2 (et B A R 4R
IR % . (B G P A BRI [A]IA 3 70 s I, WOSPI-
70 5 TR AT BT B AT U6 T R X AT REE N
ST RCPAT -4 B 45 R BAFE T REMZOF, T
TERE A R A7 R AR AE R, BRI itk N e
W, AEPERMRERZS, RITENRERZIEIT
BB RAED,

® 1 MRLENEXNAEEAENREF ZRERHFMN

Table 1 Effects of microwave treatment time on secondary structure of OSPI

ERLEA N Fo I a-4RhE ] BB E P G (0 TIRURCPAT p-1 &)
Sample name Random coil/% a-helix/% f-turn/% Total S-sheet/% Structure-f, (Intermolecular antiparallel S-sheet)/%

SPI 19.89+0.66 g 18.30+0.37 a 27.95+0.06 a 33.86+0.05 a 9.78+0.19 f
OSPI 33.13+0.31 ¢ 13.60+0.06 ¢ 23.98+0.20 d 29.29+0.49 d 15.68+0.40 ¢
WOSPI-10 30.56+0.40 d 14.24+0.30 d 24.76+0.05 ¢ 30.44+0.37 ¢ 14.24+0.15d
WOSPI-20 28.47+0.17 ¢ 14.77+0.18 ¢ 25.62+0.26 b 31.14+£0.04 b 13.58+0.35 ¢
WOSPI-30 28.16£0.12 f 15.40£0.33 b 25.81+£0.39 b 30.63+£0.25 ¢ 14.29+0.29 d
WOSPI-40 29.27+0.18 d 14.78+0.20 ¢ 24.87£0.31 ¢ 31.08+0.36 b 15.62+0.09 ¢
WOSPI-50 32.45+0.67 ¢ 13.90£0.31 ¢ 23.53£0.16 ¢ 30.12+0.11 ¢ 16.24+0.15 b
WOSPI-60 34.83+£0.08 b 12.81+0.06 22.18+0.05 f 30.18+0.25 ¢ 16.91£0.21 a
WOSPI-70 35.64+0.44 a 12.08+0.23 g 21.69+0.22 g 30.59+0.22 ¢ 16.40+0.07 b

2.5 WEMAEERSEUBERNBERLEENZME
P 4 7750, 5 SPIAHEL, OSPI P¥E 5 6o i 2

BEA, X9 OSPI A H B L REBL RO, 25t ik

AbFRS, WOSPI (1) IR 600 B T PR A, S R Mliek

K U SEIEINJE D, IFAE 30 s IF IR B X3
W R IR IR IR A A T 9K R SE,  HL BRI AR A B A
PESE N5 FEAR . X AT BE S PRA i A B 3 B HL 37 2L
JSASE AT K 73 B R 231 (R0 A W s n s, 20— () il 4



oW TN EE

TR KGR A SRR AR SR B Th eGP (K 52 ) 265

B, 4K AE TR S IR S R AR R A T
8] K AR B S DO K RN, B T HBDLE T
BEIELR ;RN 2 T K70 B R 1 A A B AR
B K B SR ARSI AN B, AT P 0 10 (0 B IR P B 2 R AE A
PSS, BETT S B A HILHTIN . A0 FR N 0] 2 A
KE 8 8 A R E W ST K 2 T R 5
A, R BRI AR RN, 2RI T B A
BEAR -
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2 18000 z
: lom
#E 12000 i =
=g 10000 Hy
2 8000 R5
# 2 6000 Kg
S 4000 £
S 2000 E
[ 0 =
300 320 340 360 380 400 340 360
K Wavenumber/nm K Wavenumber/nm
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a. Original figure b. Partial magnification figure

B4 fRogs e AKX 2 &8 BAR KRN IR IR "
Fig.4 Effects of microwave treatment time on endogenous
fluorescence intensity of OSPI

2.6 WENAEERSEURENTBRENZM

VA AR P E B 1A 5 T P 7K A AN S K R A 1
woE, SHEEME. A ESThRENE R FE I RE,
K& 5 FJ%0, 5 SPIAHEL, OSPI WAMRIE BEMIT (P<0.05).
AR NTE H R AL RS T REEEAR
R, TR T A R . BEEM
T AL E] T BE0, WOSPI (93 AR B 52 B2 389 0 /5 k2>
(RS o I 2 T 2 R Bt Ak 3 AT DL i I AR AR
R EA S T, TEKP SR, JEAN 1R &bk
HI 55 SRS MR, AR 725 5 3N E A
H5HRANKE, 4 FEOEMEER . Tk b B 8]
BB K FERANIRETE G, KRERELERESE
HARMMBKERME BRI REARRESS,
By R T DY, WANG PV R st R, a3
AT DLdE I A VR A AR T I AR, (RGN

HE RN o 3 BUE B BRI AN E ALy, 2T S BUE
R B
100 -

,-,)B » bQ I‘QQ :\Q

N

Q Q\ 5\ Q\' Q\' Q\ Q\ Q\

&S
L P LELLE

/\Q
<

Ff: i % FRSample name

B 5 kA RE XK 2 &G RAR KRS F 0
Fig.5 Effects of microwave treatment time on solubility of OSPI

2.7 WEMAEERRUBREAREKMERNEN

FEK M 3 52 2R A R AL R S B S M AR A g 0,
HIE 6anf%n, 5 SPIAHLL, & AAPH A b4k 5 1)
OSPI #/K M2 R (P<0.05) . XZEKNENL ST
EARELE, BRABENEMRESE, T/ RKE0H
BAS TR, Sfet N, SEEKE TR,
T A R T B HR 35 RS AE 1S K 70 59 B 1 40 TN S
KSR BT R, AT T AR R RS, (F
B TE R, FRUEGMETK, TTLVH R K 5T
[FI KT B 8 A R gt 2 450 B hn, Ko 75
BOHMNE LR, B9 TR S 5 E A REK .
Z A AL FERT [ IR, ARSI TN TR EER R AR
MRE, MR A S TN EERREMR, HETS
KT RIS, SECT R BN . X320 H 20
TR, TR AL A RN I N, KEEAREZ
BRI G RN G AR, R LT AR L.
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Fig.6 Effects of microwave treatment time on water and oil
holding capacity of OSPI
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R THTER 7K 1 B ARG T B AT e o I 5 ol iple A RS i) P 38
B, WOSPI [ RFi M B S 38 hn J5 kb 1 fass, IRTE
30 s AbIE BB ARAR o 1K A2 PR AR I A gl A B o 90 2 53
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HRM, BT K TEBAEMEER, ASER KA
i J& ¥ 80 OSPI & ¥ P B AL, &tk b ¥ )5
OSPI [ 2 Y04 i 255 i A 33 B [ 14 364 o 22 L o S 386 =
IR, RS E MR A A E S,
G TR AL EE 30 s Rl 20 s AbiE BB KA . X BRUNTE
WEHIER T, KREDEEADIRLIS, WaEraE
PR, FECE AR KRR R, (22t 7R
JK BT R & 7K 5 B0 8 B 5 AE S B B IR
SRt INAEE, BT AN oR 1R B 5 ARV VR AR IR AR
EME. HACE AR, IR TE T B K A
T X DL B 4 s, 1t 15 B0 B 5T A PR A IR
FasE PEH I B BSOS R, E3E i Ak
BEHAREAR, EAGEWME, BEHAKITEE,
PV EEREMEE, (2 T EA R AROK Y R gk
T8 7 8 R, X5 AR AR A — B
+z2 WELEMENAZSEASARER

IR AR BRI R
Table 2 Effects of microwave treatment time on foaming capacity

and foaming stability of OSPI

R EA N I WARREN
Sample name Foaming ability/% Foaming stability/%

SPI 94.37+6.56 a 56.13+1.68 d

OSPI 49.68+1.14 ¢ 66.27+6.09 be

WOSPI-10 57.35£5.63d 72.79+£3.20 b

WOSPI-20 68.59+4.75 ¢ 79.33+0.43 a

WOSPI-30 81.97+4.55b 71.12+4.37b

WOSPI-40 64.01+9.82 cd 74.24+5.74 ab

WOSPI-50 42.66+3.00 £ 67.79+3.06 be

WOSPI-60 33.84+2.60 g 64.57£3.85 ¢

WOSPI-70 25.74+4.04 h 64.38+4.88 ¢
2.10 MR AREERSEAREFRAWEMMALEE

jEd:0EA )

12 3 A A1, OSPT B LA G PEAT LA ARE PELE SPT

BEREK (P<0.05) . X B8 2 KON (A i AL 5 PR
THTRM, FEEARSMKAmAELS S, Tk
FRARE [ SRS o o o i R B R] PRI 3G 1, WOSPIL 1)
FUA T PR R R s 48 S S 8 0 S PR AR ke B, o BilAE
AL EE 30 20 s AbIBBIRRAE . BEFCERIA, B B
Az YY) 3 RR 5 250N 55 5 BUE AR B R TR R
ME R, BEAREHNZHBHEFLRNEF, 5T FRE
W, REARMMEER . Rk, K- A ok
JIREAK, Mg sE T 8 AR RE. SRR
KB, A A TE) P st A B D Al BN A 15K T4 B AR
FHEIRAAIL S, IR T B AR E, — R
e M EAL S MR IT, (1R E A NS, FRtEs
i P R R TS N W 2 = 1951 11 B 8
FHMIER, BT RENEEAERES A Mm-KA
TR AL R B 9ol i T P 2 4, $R T L FLARRE JT . At
A 3BT (] 44 4 S K, Rl Ak 7 A T BRI R VAT 3
5 PR AR M AR IE IR0, 78 JE R 08 2 3
53 T H EAE DA K AR 45 6 T2 A T SR B AN
PERREENR, BHAS T KA H LR, BT KRE 08
EAESHA IR, i S EFLLEE ) T R
2.1 WUESNAEERSUWBERIL BB NG
1 Je i A8 B LA R e Gk oy A FL H 1)
A fE AT e . I 7w, REARIRALFER) SPI

il B ) LB G IR, BEAR AR BCNEAS), T OSPI il
FIFRAR R E G, BT RENR . KRF AN
FHERGHBEANI T RENZITEHR T —E BN
PEEREEAR, somn 1 SRR AR E M, FEK T OSPI
(AR T AT AL — 1. BEACERIS ()34 0, WOSPI i
MR SN —, SRARE R — B kb
R (Al 30 s J5,  FLIOR HI TORARIE R 2R,
FLBORRE IR R LTI, AN BRI Ui
AT 24 PR dupl b 3 AT DL I 4R35 45 T A4S R 201 ) Ak
RN BN T IREM, 1R—TH LIRSy, #8)
/NGB SRR B B3k -7K ST IR A o R ) 5
TR, BEMARTH T FLR A — . (H 2 24O A 2R [a) i
1f 30 s Ji, WOSPI FLRHE BURAR I K HOZ B R a3
XUCHAACTIEIEAERRAIS, ASRRE o A fih- K Sm, T Rg
P pR TR 2 e e S AV OVAS & TN of ke -4 =
PAZRisE . BUKBESETERCREE, dhMiHAEI R 7oK
B, SECAAEIIREAIC, SEmFLIBARS E VERITE BAN AU
Ko TR . TENG 7 (W], KRtk it
AR ISR NAT R K AR T R TR R, it
M-S B PR R A T —E 2R EBE, TR T RAAS
— LI -
R3 BERLEREMNASEASUREFRANEER
FLILRR E MRS
Table 3 Effects of microwave treatment on emulsifying activity
and emulsion stability of OSPI

PRk FUAGETE AR TE
Sample name Emulsifying activity/(m*g") Emulsion stability/min
SPI 47.1941.06 ¢ 49.36+2.45d
OSPI 35.10+1.09 f 41.97+1.79 ¢
WOSPI-10 39.91£2.03 ¢ 54.2840.85 ¢
WOSPI-20 44.83+1.06 d 69.07+£2.27 a
WOSPI-30 54.10£1.59 a 68.27+1.69 a
WOSPI-40 50.55+£2.03 b 58.44£1.56 b
WOSPI-50 3237112 g 35.96+2.54 f
WOSPI-60 27.15+0.44 h 33.83+2.59 f
WOSPI-70 12.64+1.29 1 41.19+1.30 ¢
a. SPI b. OSPI c. WOSPI-10
d. WOSPI-20 e. WOSPI-30 f. WOSPI-40
g. WOSPI-50 h. WOSPI-60 i. WOSPI-70

E: B P#E (Nile blue) FJBZ A (Nilered) {E RN HGE 51
o FUAE AR AR TR TR AT e, 48 490 nm AT 550 nm UK S5 43 T K S
St (i) MABIE G, S AEAR, L hmllk.

Note: In the figure, Nile blue and Nile red were used as fluorescent dyes to dye
protein and oil in lotion respectively. After being excited at 490 nm and 550 nm,
they emitted green fluorescence (left) and red fluorescence (right) respectively.
Green is protein and red is oil.

B 7 oK 2 &S BRERIVRREERE R ML
RELELD]
Fig.7 Effects of microwave treatment on the picture of OSPI
emulsion by CLSM
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Effects of microwave treatment on the structural and functional properties
of oxidized aggregated soybean proteins

JIANG Lianzhou', WANG Yichang®, MA Yitong®, LIU Jun®®, YANG Zongrui', GUO Zengwang**

(1. College of Food Science, Northeast Agricultural University, Harbin 150030, China; 2. Shandong Yuwang Ecogical Food Industry Co.,
Ltd. , Dezhou 253000, China; 3. Kedong Yuwang Soybean Protein Food Co., Ltd., Qigihar 161000, China)

Abstract: Soybean protein is widely used as a high-quality plant protein in the food industry, due to its multiple functional
properties. However, the high-activity lipoxygenase is easy to catalyze the lipid peroxidation of polyunsaturated fatty acids
during the processing of soybean products. A large number of reactive oxygen species and secondary oxidation products can
also be produced to further induce protein oxidation. The structure and function of proteins are closely related to the oxidation
that is accompanied by the changes in protein solubility, water retention, gel, and emulsification functional properties, thus
leading to the processing properties of proteins. Fortunately, microwave processing can be expected to alter the spatial structure
of proteins and intermolecular forces. The reaction groups can be exposed to be originally embedded in the protein molecules,
resulting in changes in their structure and functional characteristics. Taking the soybean protein oxidized aggregates as the raw
materials, this work aims to clarify the effect of microwave treatment time on the functional characteristics and structure, such
as solubility, emulsification, and foaming. The protein functional properties were then improved without the use of biochemical
reagents, high-pressure, or radiation treatment, thereby expanding the protein applications without the wastes of food resources.
An oxidization reaction was constructed with the soy protein and AAPH (2,2'-azobis(2-methylpropionamidine)
dihydrochloride). Different irradiation durations (0, 10, 20, 30, 40, 50, 60, and 70 s) of the microwave with a power of 350 W
were used to investigate the effect of microwave treatment on the structural characteristics (particle size distribution, turbidity,
secondary structure, and microstructure) and processing properties (solubility, water-holding capacity, oil-holding capacity,
foaming and foam stability, emulsification and emulsion stability) of oxidized aggregated soy protein. The results showed that
the oxidation induced the formation of larger particle size, higher molecular weight, and more compact protein aggregates,
which simultaneously damaged the processing properties. Microwave treatment for an appropriate time (<30 s) induced the
polarization of protein isolate molecule. There was damage to the non-covalent bond that maintained the protein spatial
structure. The protein isolate molecules were partially unfolded to expose the internal hydrophobic residues on the protein
surface, thus promoting the formation of the water-air interface. At the same time, the interaction between that extensin
molecules formed a more stable interfacial facial mask, thereby improving the foaming, emulsifying, water, and oil-holding
properties. Microwave treatment for a long time (>30 s) promoted the further expansion of soy protein isolate molecules, and
further exposure inside the hydrophobic and sulfhydryl groups. As such, the larger molecular aggregates were formed between
depolymerized protein molecules through noncovalent bonds. There was an increase in the particle size, turbidity, and
disordered structure, whereas, a decline in the stability of the interfacial facial mask, thus leading to the decline of functional
properties. Consequently, the physical field of microwaves can be expected to modulate the functional properties of soy protein.
Specifically, the structural and aggregation behavior can be altered to improve the functional properties of soy protein for the
better behavior of soy protein oxidation aggregates using microwaves. The finding can also provide a strong reference for
microwave processing in the field of food production.
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