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Effect of Cavitation Jet on Structure and Physicochemical Properties
of Soybean Residue Protein Produced by Enzymatic Oil Production

LI Yang'?> HE Mingyu' WU Changling' WANG Zhongjiang' TENG Fei'
(1. College of Food Science, Northeast Agricultural University, Harbin 150030, China
2. Harbin Food Industry Research Institute, Harbin 150028 , China)

Abstract: Aiming to use the cavitation jet treatment technology to effectively increase the soluble protein
content and improve the physicochemical properties of the soybean residue produced by enzymatic oil
production, two-dimensional, three-dimensional fluorescence, sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS — PAGE ), and scanning electron microscopy were used to analyze the effects of
different cavitation jet treatment times (0 min, 5 min, 10 min and 15 min) on the structure and
morphological changes of soybean residue protein, and its solubility, emulsification, amino acid analysis,
particle size distribution and -potential were used to characterize its physicochemical and functional
characteristics, and finally the cavitation jet effect on the structure and physicochemical properties of
protein from soybean residue produced by enzymatic method was clarified. The results showed that the
cavitation jet can promote the unfolding of the soybean residue protein structure and the intermolecular
interaction was enhanced, and its subunit structure was transformed from high molecular weight to low
molecular weight. When the cavitation jet was treated for 10 min, the particle size distribution of the
soybean residue protein was stable and the volume average particle diameter D, ;; reached the lowest
value (470.10 +8.70) nm, the absolute value of {-potential reached the maximum value (27.4 +
0.83) mV, and the dissolution characteristics and interfacial properties were the best; in particular,
amino acid analysis revealed that the amino acid composition of the enzyme-made oil soybean residue
protein and soy protein isolate (SPI) was similar, with hydrophobic amino acids reached 33.03% .
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1) A FRZA ] 5 PL303 AYHL 7R M4 6 A 21X
(B AR T DC — 500A K ik 2 o RE A e
B, WV T SO H R 42 SR i ) s HH — 4 B E
TR M P SIS PR AR ) - 1
TReob RN e ot N R DR s B Mok & it R Sl
A PHS - 3C BUGERE pH i1, RS RMY B AT FR 2>
] TDL — 408 # &5 BEOHL, LI 2 R E %)
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DT L - 8800 BUZL LR 43 B4, H A HITACHI
/A ] s Mastersizer 2000 TR BE AL ,%EQ;T\X{S(
AR Al F — 4500 B952 5643 6 6 BE i, H AR
HITACHI 23],
1.3 FHi&
13,01 il s 1 o £

HRAE SCHR 16 ] Y J7 vk EA T3 28 o, B 1l 5 K
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430 10 3, FH 1 mol/L HCI ¥ ¥ 43 3 4 pH £ =
4.24.44.64.850.5.2545.65.8.6.0,%%
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k300 ~500 nm , &P R 280 nm , UKk R SR
HEYNS5 nm = HESEEICTE Y % SL AR C S R i
K4 200 ~ 500 nm, A2 4G ECA I R 200 nm, HE K (1]
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HER 1 AL, S BN R T A 4 HAR
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Tab.1 Composition of soybean residue protein

%

Josiiling 5104 HEH KB JE B A 4 g s Sk Ky
min Bt 4K g3 e g g g
0 (24.50 0. 15)" (17.55 +0.10)" (58.35+1.55)° (4.01 £0.05)" (8.05£0.08)" (3.17 £0.02)¢
5 (25.27 £0.16)° (18.45 £0.13)° (58.41 £1.30)° (4.12 0.06)° (7.75 £0.07)°¢ (4.17 £0.01)*
10 (24.83 +0.22)* (18.52 +0.11)* (58.22 £1.61)° (3.34+0.03)° (8.15+0.09)*" (4.07 +0.03)"
15 (25.01 £0.18)* (18.48 £0.09)* (57.45 £1.52)° (4.24 +£0.05)*" (8.26+0.07)*" (3.57+0.02)¢

E AR R IE 3 UBCT- XA, [R)— 5808 J5 AN 7] 5 B A QSRR i 18] 22 57 8.3 (p < 0. 05)
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Jr7R % b A BAE [R] — 2 1 BT i vk BT =S Ak S I



336 S 1 R A= 4

2020 4

=0 min
——5 min
——10 min
=15 min

0 500 1000 1500 2000 2500 3000
{2 /mm

a D, BRC LH; o 44 A {E
> -

ikl 7 b

¢ 7‘
? 7‘ : 430
X / b ..... b ;
400 W 8 e 425 E
B} ” S 5 Z
2 300 0 g
= 15 &
200F m
410 1l
1001 k
s )
(} .’Q.. é

0 S0
Ak PR A fmin
P L N[ ZS A S it Ak B R [ e 20 B FORE AR 3 A1
RBOF SRR D, 5, J C-F 3 S
Fig. 1 Effects of different cavitation jet treatment times on
particle size distribution and volume mean diameter

Dy, 5; and {-potential of soybean residue protein
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Fig.2 Scanning electron microscopy of soybean

residue protein
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Fig.3 Effect of different cavitation jet treatment times

on solubility of soybean residue protein solution
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Fig.4 Effect of different cavitation jet treatment times on

interfacial properties of soybean residue protein
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T EBESR KR HE AT TR L, B
i e S Y| W = i e et Y 2 |
AR HE TR B, DAITTRG N T S 2 A R iR
RE T LR A e I

AR Ry BE S eSS AR e
B UIVERS , 8 1 53 245 40 32 20 i U8 DA i feff R B 75
B E— 2 i | i 7K J5 AT 5] 1o 3 AR 100 8 P58 [
T , S B A AE K Il A A RO
W, (HJRREE AR ] B RE K, 85 (4 F Rl E BB
BOXE PR 1 R, 4 (R R A5 A, TEIL R B R
U1 25 K — B KO A, S S0E PR R 3L AR T R
R0 FC FS EAL &% ESI B%s Ak 55 3 B i (1 28
A5 5 A B2 728 Ab — 350, 300 UF S A7 Y 14 i B
TRLRE I A bR B P
2.6 EEERREBRSN

222 S0 SPI AR Ab B K 28 75 Ak B I Ak B 1) 5 v
A EIERA R, SR FHEEENS SPLAY
FIETRAL AL, e E B W R E IR, HiEE
F R 75 S R & & T SPL, H& 25 b5 i
AP S E BN (SPT, AR AL BE K 25 AL B AL BE TR 5
T BT FE R % & 50 8 20. 88% (21. 64%
K 25% ) UGB E A AR EEFME, KE
fEJ1 a(g/g) MIITEARH

a=f.+0.4f, +0.2f, (5)
Kb fo e Sy—EHABU T i BRI
PEFR LT i BT i 53 4K
xk2 SEBOW
Tab.2 Amino acid (AA) analysis %
UL B — GBI o R R R I A S A
SPI KRG HEEN SASNR R ED

Asp 14. 41 12. 19 13. 16
Thr 3.86 3.36 3.57
Ser 6.23 5.76 5.87
Glu 18.99 21.97 21.91
Gly 4.27 4. 11 4. 11
Ala”™ 4.37 5.20 4.08
Cys 1.21 1.78 0.70
Val * 4.29 3.80 4.50
Met 0.02 0.02 0.98
Ile ™ 4.49 3.97 4.63
Leu” 7.13 9.12 9.54
Tyr * 3.51 3.00 4.00
Phe * 5.38 5.17 6. 28
His 4.86 3.27 2.79
Lys 7.23 4.19 5.84
Arg 7.93 6.27 8.06

T = NBUK PR,

W 2 fr7R, SPL A A B ) 25 AL S it Ab B R &2
T 2 1A K P B R T A A3 5 R 29.17%
30. 26% M 33. 03% , G156 T & oK & L R B
HE T SPI, &8, SPL B a K 0.82 g/g, M R4
PR 225 R SR AL B S o 43 0,75,
0.77 ¢/g. RIS Gl H 456 /KEe JIIKT SPI,
H A A A 3 7 R K A B T LR Ab B Y
B, 5 R R A R AR A A —E
2.7 Ei#&ZEHA SDS - PAGE #1f

FEA Y SDS — PAGE & B 4n &l 5 fras, Hrfr A
B. C 5l /R & kb ¥ G 3R L 25 4k 5 i Ak 3
10 min BI85 (A SPI, M /8 M T marker,,
GIEEA Y SPL AR, EEB RO RER
(118) Al B-FER G EREE (1 (7S) 4k, 7S J& 3 Fpilk
FE AR 4SS B o o AT, T 11S 2 6
IR, FRYE (A) FEAE (B) WAL i — A4~
R AB WA, SR GIEEA (KNS
A AR, S AR AR B 10 min 5, o'\« 0 i [
1%, o0 B fe ol s ) IR A% . 3 3R WY 25 Ah i it b 2
WEIR T SR K B, 5 35000 0T et 38 R AT
3G N2 55 K 5 F 22 8] 9 AR AR, 3R Y
T /K L 2 58 K v 2 T S R O O o 4

=39
IEJ[ ]o

IEI_S- - E_EEEE@ SDS — AGE

Fig.5 SDS - PAGE image of soybean residue protein
2.8 SBEEQTERRNLESN

KGHE AR ZIEEE R AT Trp 5L, HH
AR AAE W] B R R AR Y Trp AR HEAS B J L
S FEI PR Ak, DRI AT DK 25 St 94 38 20 6 2 1 o
) = A5 EA . PR R RGO L A A,
5 Trp BRIEFT AL P THOAEEA C, A, /N T 330 nm 3R
7 Trp BRAEN T8 H B4+ N BB B Al PR PR 85 v
2N AT 330 nm BRI Trp BRILN TR A BT
SR IR BT 0 a6 B, 28 Ak S Ab
O ~15 min T EHE M A, 20518 342.6 344
350. 8 ,346. 6 nm , FH b AT HIAS I 5% T 0 3 2 7 2 1
Trp FREL A M m) T8 A 4 FAMTR IR, SR
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Fluorescence spectra of soybean residue protein

at different cavitation jet treatment times
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