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Effect of Ultrasonic Treatment on Structure and Solubility
of Soybean Lipophilic Protein

LI Yang WANG Diqgiong QI Baokun ZHONG Mingming XU Qingqing XIE Fengying
(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract; Aiming to investigate the effects of ultrasonic treatment on the structure and solubility of
soybean lipophilic protein ( LP). The extracted LP was ultrasonically separated under different
conditions, and the effect of ultrasonic treatment on the structure and solubility of LP was analyzed by
using sodium dodecyl sulfate-polyacrylamide gel electrophoresis ( SDS — PAGE ), Fourier transform
infrared spectroscopy ( FITR), endogenous, exogenous fluorescence intensity and differential scanning
calorimetry (DSC). The results showed that SDS — PAGE showed that the ultrasonic treatment could not
change the molecular weight distribution of LP, but could change the content of subunits, infrared
spectrum and endogenous and exogenous fluorescence spectra. It was showed that different ultrasonic
treatment conditions had different effects on the second and third structures of LP. With the increase of
ultrasonic intensity, a-helix was firstly decreased and then increased, B-fold was increased first and then
decreased. The endogenous and exogenous fluorescence intensity was the strongest when treated at 360 W
ultrasonic power for 10 min, and the thermal stability and solubility of LP were improved after treatment
with 360 W ultrasonic power for 10 min and 240 W ultrasonic power for 20 min. The denaturation
temperature was increased by 6 ~7°C | the solubility was increased by 20 percentage points, and it would
have a negative impact on the functional properties of LP when the ultrasonic power was too large.
Combined with the test results, it was concluded that the physicochemical properties of LP were most
suitable for food applications after treatment at 360 W ultrasonic power for 10 min.
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K LA, K 4 8 & A (Isolated soybean
protein, SPI) B IA A 1 PR if 77 8 4L A%, BV R = BR
B (11S) f1 B-FEREERE H (7S) , H SPI YT EE
RO T3 R Al AR (R =2 A AR R
T E A S —Fh i SPL30% 2245 1 S R
2 F % ( Lipophilic protein, LP) 45 3BAE R KIRFL
EFIFEE S Tk h A8 22 B, R, SPT i)
oAt Dy RE4FPE N H T3 3 FhER 15 414301 o
X, SCHR[3HFSE & IR, SPT 4 AI A ¥ fife JBE AT LA
if LP PR AR RE . B SCHRXT 11S F1 7S ByAHSC
W2 X LP WA G oE 88 /0 . LP Y = 2 53
SRR WS, BRI LR A, H B AT
SEEFEIMPE R AT b FL Ak ) 48 LR R
H T LP /Kt  BRAK T L ZL AR Rk & LP
VAS Fff I X HL N FH 28 e B

SCHR[4 058 B0, LP B A AL HE S min A fH
HAEBERRZE v h 1 5] 3 8, AR R TE A R AN [R]
PSR LP S5 40 S s i sz e, BT, BN Ah
X EE O O ik R B Ak AL A
T 75 U AP AE S — A 2 A P T Bl ) il
FH o QnSCHR[S ] R A AL P S 3 T AR AR
A YR T B K, 2T st HEFL A ; SCRR[ 6 ] R
FH 7 A PR G 43 2 2 R AT S 1 SR AR A
T4 e LR AR 32 5 SCHR [ 7 1 IE P, R YRR 7 Ak 2 T
AN RT R TT  ve /N A2 B R R L B AR Y
FLAGTE . SO AT VR4 LP i A S A R R
(B, i E R 25 AR BEXS LP B 52 M BF 5% i
JEBaH,

AR SCHRFTAB S AL BEXT LP A 45 4 S 5 v 60 5%
M, ZEHE A5 I 2R (120 ~ 480 W) A48 A B 8] (10,
20 min) ZbFRZEAETR  BFGEHEFE X LP (AR, OF:
T B AR R 7S 45, TEAR B LP b B 25 M R 1k 1Y
FEAih b B i L i B S A Tl BRI, LA LP
(R — 20 17 FH 25 A

1 RS

1.1 #E5iRH

PN s | o 3N = NEER T TP = R N
AR, REETTOG SR 4046 TS T s i, AL Bt
P TAGR) s BRI TR S N, R T AR
R RA A0 5 8- AL e k-1 - Z5 A iR ( 8-anilino-1-
naphthalenesulfonic acid, ANS) , 3¢ [F Sigma 2\ A] ; H
LRSS W B LIS

1.2 (UFE5E&E

AL204 B 53 1 K7, Mg i 4G R 2 A ( F
1) AR F]CL - 2 RUE IR I i hidEas , L X
PRI A BRI A F] 56 L g iUk 0L, Fif
Iy B TR A R Bl LGR20 — W B A R
PRESOHL, 65 5037 B O LA BRZA 7 5 Delta320 7Y
pH i1, R FE R 24048 22 7 s FJ200 — SH V4K i
T BT RO AL, AR AR MAGNA — IR560
AU B2 AMETE AL, 56 E NICOLET 28 /)5 F —
4500 #5643 6 6 F, H A HITACHI 2 #;
Q1000 AU 2 R UYL, SEE TA {XAF; UV —5100
RIS MERR S A AT UL A BT, B AT R
Phomo BUFRARAX , FBM 2 1 L B AL A A FRA A
1.3 REWH*E
1.3.1 RUZERE 4

K LP 50195 B SCHR [ 2 ] i ik g0 ek
JEf A, R EEER it 60 H A IE O ket AT
JBERE , FEAE 70°C T-HAAb 38 2 b, i AU iR FE B &2
75% , Al AR5 1 LP 5 118 HpivE., THUbME
JBLNE T W H R 1 8 o/mL A B ZE 1K v,
NaOH 495 pH {5 % 8.0, £ 20°C FHt+E 1 h J5
3000 g#5.0> 10 min, 5385 FIEWIFI0A 10 mmol/L
Na,S0,, %A J5 H H,S0, # 5 pH {H & 5.8, Ffi J5
3000 g #:L> 10 min 435 _FIE W, K L3S WA H,S0,
P pH (HZE 5.0, I4E 55°C FALFE 15 min, XI5 AN
A 50 mmol/L NaCl 3 F NaOH #8715 pH {H % 5.5,
3000 g #5:L> 10 min, YLIERD K LP 455, T4 H .
1.3.2 AL

4.8 g LP ¥R 7E 240 mL 4B R £ 2% ik
(0.01 mol/L, pH {H 7.0) , £ % i (20°C ) F it £
2 h, IS B R 20 mg/mL (9K 5 SE R A
W B 7 A B B ERASK (AR 0. 636 em) 4 A
1A, EA TR P Ab B, AR VB AE 20 Hz &, B 75 )
M 0,120,240 360 480 W, # 7 Bsf[A] 24 10 .20 min,,
AR T UL 1, R R AL 4 s [F]R 2 s,

1 AEBELEFERFES
Tab.1 Numbers of samples under different ultrasonic
treatments
B
A B C D E F G H 1
BAEIR/W 0 120 240 360 480 120 240 360 480
MFEHE/min 0 10 10 10 10 20 20 20 20

28

1.3.3 1 e SE B R A — 3R VN A T e 95 A R Uk
(SDS - PAGE)

HRAE SCHR[ 8 1 B9 7 ¥ 547 SDS — PAGE Hi ¥k ik

B, A ECE 12% W B IS 5% W 4 5, B
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5% [ 2-3ikE L BE(2-ME) iIn A BIFE S viii b
R it R W TR A e Wl K R 5 min, T HL
Tk B AT 1 2% v JE 0.025 mol/L Tris — HCI,
0. 192 mol/LHZ R 1 0. 1% SDS, bt 10 uL,
ZIGEERECR 0. 1% % B 52 8 (R —250) L A%
(7 45% WA 10% VK Z12) Y2 30 min, IR (4
RIS )5 8T

1.3.4  {HHM-2T4MEE (FITR)

A P A B 1 R 0T 00 S B LS WA TR T
BT IR RS E T TR TP P05 785 T, ke
i 1.5 mg, 5 200 mg TRACEPUFESIR 5 J5 R #4721
HMETEIE . eGSO T 2R T,
FHA A N, R A &2, I i 50 R oA
4000 ~400 cm ™" FAHERECH 64 K, /- HEHE 4 em ™
13BN B LL AP T 2R H Peak fitting 475 o ith
LAUE, 5P R TR 8 LA R D)3 4k
P B
1.3.5 WIEZOENGIE

20 mg/ml K=& HE R pH {E 7.0 8
FRER 2% vl i R BE 2 0.1 mg/mlL, B — 173 76 B
3mL & TAd I rh E R OIS, A
A0 T R G 200 ~ 500 nm, B4R KR E N
290 nm, ¥4 K E]FEH 10 nm,,

1.3.6 SMEZOEGRE

ZIESCHR[ 10 ] A IR VEE M0, R ANS 1E
DECHRER I 2 B R MR DGR T 43 B AR HL
0. 025 g ARl S AP FURE VS T 50 mL BEREh 22 o
W (0.01 mol/L, pH {8 7.0) Hr, 75 % i 5148 T ik
1.0 h J5 5.0 (10 000 g,30 min) , B | 375 ¥ 3R 5k
PURTRIE T AR ( BCA ) 200 5 78 B R %, O
PR ER 28 v (0. 01 mol/L, pH {8 7. 0) KUK B K 11,
e H TR EELE 0. 005 ~0. 1 mg/mL 2Z [a) B Firis4h
E EHRIERS 8.0 mmol/L ANS L& FH [t
100: LRA, 8 3 min S5 MIHSOGMRE, AN K
390 nm, KHHE K 4970 nm, 48 H S nm, LITEiR
JEE T AR 11 S5 o v A 1, 0 4 B ARk R B S B T
I3 F MRS CR
1.3.7 ZaRfAsia gk (DSC)

ZIESCHR[ 11 ] A5 , AR I R AR 3. 0 mg
(T BES BB I 6 mL/g INA 2288 7ok, 35
FEE, BT =5 0, 22578 2 Rk
(DSC) I & fd F Q1000 A 22 /i 1 4 & # it LA
10°C /min I H R ALE 30 ~ 140°C LB N PEA T, ff
FHRIT T RGE(TA — 60WS ) I 2 AL PG IR
1.3.8  ¥fitE

e GINR VAN bR L (R RSl e NS

F A, R 250 10 mg/mlL (92K 11 5
U (pH (E 8.0) B 1 h AL A f#, & 2 min
I B EIE W AEABLOE TP ELG 15 min(10 000 g) .
B TH 2 wL R 10 £5, 2R BCA JRI 5 25 (4 5
B B LAARWE AR R bREY) , B B R R R
TV T AR A TR VA B R R A B 1 BT R
FEME ST,
1.4 HEE

AR HAE TN 3 A PATREN T ME, 45 5 R
FH SPSS 22. 0 34K 4F A Origin 8. 0 #RF#Ef AL H
K ANOVA X 8 48 k17 22 5% W F k0 B (P <
0.05),

2 ERMTTE

2.1 SDS - PAGE BBE K57

AN 2 F LP /Y SDS — PAGE K3 /R
W 1 (ER M E bR EE ) R, LP i
7S RN 1LS B L) R e A il AR 1,34 ku 2R
AT A R G AE R 24 18 17 ku SHEA
MR [P LP R R RN (7.48 =
0.049)% , %5 11S(2.36 £0.026)% 5 7S(1.45 +
0.047) % =R LD Hoflg 5 41 4 20 8 2 (0 1% 5 i
N ETERBENR , INBERRIE C BERE B 1R IR AR B AR N
BEAILEE i T A 5 m S =B AR, R AR
Xof 2 Eh T ELA AR A Y o SR e vk
SRR 7S 1S B REES , mAWF B 7E IR
HEE P AP LP 25 A RR e, an &l 1 i, 5
AR AL EEAY LP AL, B 75 b RS A LP L i
I [ RE B ) AR X P B TE) R 10 min, 875 1)
FIE 120 ~360 W T, 70 F i i 48 ku DAL &
AT A AT, K S DR O R 7 7 A 1R 23 A SO0 A AR
T RSG5 S8 75 TR 3 i £ 480 Wi, 75
TIERIRAR, 48 ku LU WIS JLF- T 2%, i idd
T R B R P I R4 5| R LP IV 455 ) T R A
SEILRI A Y SR R S A BT A AR B LP
FLLER AR IR ks LP ik T, B
TR 5 WAL RR I A KRR b, R A

& |

Gr T E

A B G D M E F G H I

K1 AERE AL LP Y SDS - PAGE &3
Fig.1 SDS — PAGE of LP under different ultrasonic treatments
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AEBEAN 25X LP () — 858 7= A KRR, 5 3C
k[ 14 — 15 ] BFoT 4 SR —3,
2.2 FITR %7

#R AL FR S, LP A FITR G 2 Brs, 3%
B 1640 em ™' F 1 650 em ~ AR 5 G R I L
FE AR A AN 25 T B B A I eI i T A
G, (AR 7 G (FSD) #146 F B
ST SE B A KA AR A BRI MR b O 2
LP AR AN R R 2y, 2 5 R R 72
THE LP B9 a0y, 45 -3k 2 s, i 75 ik 3
10 min B, BEE 75 TR (1 350 -8R e 320, 831 &
Bives )1} =/ A oy WIUE ST Byl | RS VP D e IR
FEAMFLEE AR S A LB 20 min
iF, B R 75 D) 2R A BTN o MEUE S 38 N ik 2D, B3
BSOS /D, PR HEN, ES R AT RE R T

P A 14 2 AR AR i SR v T AR, DT 7 AR
YY) G AR R T SRR SR
GNP R Z A AR T B4 1 T, TG R
RSP e

140 /‘A

EHI%

20?&/4 £

500 10;')0 ],%00 21’300 2,5'00 3600 35})0 4600
PeEf/em!
K2 RFEEF AT LP A FITR S
Fig.2 FITR spectra of LP under different ultrasonic

treatment conditions
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Tab.2 Secondary structure content of LP under different ultrasonic treatments %
B 25 o- IR B-Hr& B-f&fn v WIUEES
A (28.5+0.91)" (40.2 £0.50)° (19.20.8)° (2.4£0.4)"
B (28.0+0.70)* (53.2+£0.40)" (18.7£0.3)" (5.9+0.9)1¢
C (27.6 £1.50)" (54.6 £0.90)* (17.7 £0.5)® (5.9+1.2)¢
D (27.4+1.10)" (53.8+0.80)" (17.5+0.9)¢ (8.5+1.3)°
E (19.1+0.40)" (45.7 £0.40)¢ (21.7 £1.0)¢ (9.8+0.8)"
F (22.2+0.70)° (53.9+1.10)" (25.0+0.9)° (8.9+1.2)"
G (27.120.20)° (54.4 0.40)" (27.5+1.1)" (2.3+0.8)¢
H (23.0%1.20)" (52.420.50)° (28.320.7)" (2.2+1.0)"
I (23.0%1.00)" (52.8£0.90)° (28.90.6)" (3.6=1.1)°
PR F R FoR A BEFHEZEF (P <0.05),
2.3 RNIEZIEHIESTHT 4000 —A
KGR IR I A IR D o B S R 3000f p—
B R R (Tip) | BB (Tyr) K TS R R ol oF
(Phe) "' ¥ KM 280 nm, EFKEE Trp F1 Tyr é‘ag i
AT Tep BT E BRI T Tyr 5 Tip R 100
ZIRURAE T e, T 96 HY A2 A AT e e 4 2 12 o
TR BRI PR e SR 14 9 e vl S DL 1 100l

PNCE: Sl P HE N INER: = T ey 0
HiE 3 AT, P AR B  LP (1 A U 2% Ol 5 B 1 R
A AN R REEE B4 o, 76 A5 AL BRREE] 2 10 min B,
PRG3R K BB A P D) SR (4 38 0 S 3 R i)
I HEB KPR (A, ) KAEAFTEE LR, il fE
TR AL BRIBIE], LP 73 38 5 K A e R
KPR Trp BOBOERIE K AR Sy 53K, — s
NS k) § et R =Rk =R P NTEAR e M B
PG B2 AT BTG N, RO AR R 50 R
SR BT (R RE 22 080/ ) | R AR SR 1 T o 75 5
T RIS 2 S BURR B TR A4 AR (0 R BCRE B N, AT
FENIETOLIR LR,

ZOU 250 360 3,‘50 4(‘)0 4,%0 5(‘)0
WK /mm
K3 OR[RGE AL LP B N IREEE 61
Fig.3 Endogenous fluorescence spectra of LP under

different ultrasonic treatments

2.4 SMNERNBRESH

HMIRZE GO FE AR 1 5T 53 3R T AETE B
TR A, SCHR[ 19 198N S i K A BAE %
HA S Dhee i e A EEm, Kl 4(Eh
ANRVNE FREERIR 25 7 W3 ) iR, #8745 10 min 2
R 360 W LANABRT 20 min D) K 240 W B HME
DR BERR , JT H YRR 2 s g, &
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Fig.4 Exogenous fluorescence intensity of LP

under different ultrasonic treatments

T I A B Sl VR 1 A A A B 5 | e B B
—EFRE MR, LUK W) 16 8 L5 1 N I B K
e S B A N (B v | R - 9 RS
B R (1F: DAkt Y5 R 2N AN Ty ot 5 N <0
SR P M SR N R AE SR E0 LP B K X B Y i
LRI DR ], AR TR A A R E G
JAE AR M | B K 5% S R B, K PERS I, Ao
H B 4.5 ATE B BT AR S R R
FRRE I, SOk [ 23 — 24 |45 HY 45 5
2.5 ETRRAHEERK

DSC MYUEAR IR E T, S W 11 o 435 4 |y e
SR AH JE5 R [ AR T T B, B m e
HFR A FRE S RS 38 AR A [H]

D E F G I 1
B
K5 R[FEHBA AT LP AR RE
Fig.5 Solubility of LP under different ultrasonic treatments
AR AT LP PR PR B S RS A8 2B LP A
FoEtE BB 5, LP /Y T, it i, 360 WAl
240 WHTHY T, 5, 385 T 6 ~7°C , 14 3 fivR, X
BR[26 =29 11Nk, FR T3 7 A B A 7= A Y 55 1 77,
Hr TR Za AL AR S B A O ELUE S
TR SR S RN B U L A A S DR
£ YR )R K LP A AR PR R E R [, T A
I e 1 2 B A A M R SR, T LP £
PR AR JE  FEE P R %, X TR S LP 43T
&I O, 2Z I s {1 it R 75 2y 23 %) 34 iy 14 hm, \ T
RES 4> TR G K B e AL A 560 Ik, iE
R AT LIS R LP RO AR PR R OF H A m A R
ETE

A B C

x3 AEEFLET LP B DSC
Tab.3 DSC of LP under different ultrasonic treatments

YT
2 S
A B C D E F G H I
T,/C 109. 45 111.70 111.79 115.13 105. 36 113. 14 115.17 115.32 114. 02
AH/(J‘g’l) 1. 565 1. 150 1.335 1. 475 1. 148 1.335 1.383 1. 447 1.513

2.6 AR

VoS et 23 AR LB el R 22 B8 1 B T R BT 1Y
DigetE o, i LP i T & KiaE g, Ak 7S 118, H
it 22, B/ S (R RE/NE F Rk s 2 573 B
) Won AL E  LP BRI R T B
3 REED DR G AT e B b VA AR R 41, 1% A
43.0% ,$e5 1 20 MESE AL TR AT AR
R A R A GBSOV 23 77 A R P 2 AR, X 2 b
o0 JE) PRI KR B A DX ek ) SR R B A Y R
FIBT ) KA 8 A G 0 | a0 T ol HE P S 7K T 2
PR sk 3L AR gE O EL A T A B 1) 2 il 2 P o
AT PEDLTE DI B T e R AR | IR i e bk
3 B EPETE 5 IR K R K, KO
FEAMIIS LP 1Y SDS — PAGE 3% 3 J6 Kk K284k, 1
SER 5 CHR[23 1 BB — 3, B E RS EFLH
FIHT, R0 IR 7 Ty 56 S st () 4 5 S0P R A 1

BEAR, AT AEZ TR R IR T 0 Y WA
SRR 2GR SR DI Re PR 5T, PRt A b B o
Src B 75 T 3R R[], Ry B LP A B AR BT e
etk B e AR A TR B 251 . 2R i o e A
A SN A 360 W ABA IR T A0 10 min,

3 HRIF

MRS AR FRXT LP B 45 44 B v A v HL A A S K Y
S R A FRS 7 Pk R 43 R Rk B AR
b, WIS A B s , B0 40 OIS e &
B, H T e R I AR, R A P S
LP S F R EAE S Sk D, o F i3 &, > T 3R
FIB O F I TSR AR $i v 1 AR MR IR B e S M R e
P, 45 F A BOAE FBOD REE R s . ARHFgE
FEIH 360 W I ZE 3 10 min A T30 240 W
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IR B 20 min, XF LP BRI R BRI SGERL BEABUS ERT &  KidGUK AR TR | BRI
R, TS0 I 75 D S b B ], 2 TR ERAEIR . Sl e R R S A A
LP fPERE ™ A TR, X2 TE R ARE RS 360 WA TR T AL 10 min,

£ % x W
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