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Effects of Different Enzyme Treatments on Structure and Stability of
Proteins Extracted from Soybean Emulsion

LI Yang LI Hong QI Baokun XIE Fengying ZHONG Mingming TAN Zheng
(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract; The enzyme-assisted extracted soy emulsion was taken as object to explore the different
biological enzyme treatments of emulsion protein structure and stability ( Protex 6L, Acalase 2.4L
lysophospholipase , Phospholipase A, and Phospholipase D). It was found that the emulsions were treated
with two kinds of proteases and three phospholipases respectively, the particle size distribution, Zeta
potential , microscopic observation, infrared spectrum and fluorescence spectrum were known, the results
showed that the stratification coefficient and yield of free oil in decreasing trend were lysophospholipase,
Acalase 2. 4L, Protex 6L, phospholipase D, and phospholipase A,. Using lysophospholipase hydrolysis,
the Zeta potential and the average particle size were increased significantly. The microstructure of the
emulsion was found that the oil droplets were accumulated obviously, which was consistent with the
results of potential and particle size. The protein secondary structure of the emulsion after the enzyme
treatment, the a-helix content was decreased and the random coil content was increased, and a-helix
content of the lowest, random coil content was the highest by using lysophospholipase. All samples by
protease and phospholipase treatment, the fluorescence intensity was reduced, the fluorescence intensity
of the protein was the lowest in the emulsion after lysophospholipase treatment. The content of PA was
increased and the PC and PE were decreased by using lysophospholipase, phospholipase A, and
phospholipase D.
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NI e o 3 N 2y NI R I | Rk =l
Protex 6L, ANAERHEY TREAFRA Al 5 + b LM iR
BI(SDS) \B-#il ik £ BE BEIR A 4N B IR — A AN AR
2 2% e ik (G —250) ARIMTE A H (BSA) (A
AN IR TEK BSR4 R A i 2l
1.2 E5iEE

FW100 7175 3 7 ek AL, 48 248 72 A A A B
ol BRI, AR Al K24 A il s BXS3 ALIE &
AW BB, OLYMPUS A ] LG — 1 B8 VR 1 )
ML, EIFEE.ONL ; GL — 21M AU v il A 7R 5
ML, LT MU SE B TNZ1 — 5700 U4 5L it
LTAMEREAY , 2 [E Thermo Fisher 23 7] ; F2000 %156
Y%A, H A Hitachi 23 7] ; Mastersizer 2000 L7 &
A, e Hy R S SR A BR A E]

2 KETTIE

2.1 £YmEXEIRRHE
SIGE F I 0 OHEE B, K

e Ja B AL mAb B, 153 2L KRG8, e
SRS AKIRE (GBORHEE 6 mL/g) |, I AR 2 1
Protex 6L, it #3551 J5 78 60°C 7K ¥ B Hh A4 1 T in
., H12 mol/L NaOH #4747 pH {6 % 9. 0, B 3 h )7,
BT 100°C 37K H K i 10 min, 7 4 500 r/min 5%
P B0 20 min, 852005 WBGHE ST K LA IR AR
IR FE 24 h A2 B FUIRI Y B
2.2 FLREMEYERLE

3590 R FH R 1A R 4 Ak P LOIR 9 0 4
T L AR 9 A 3L 2% A2 il A S 102 P [H 25 2R 1
B S IR 2% (WS FLRE BT A 43 ) o Bk
HHHEF Protex 6L FIHME SR FH ¥ Acalase 2. 4L 7E pH
{EA 8 LA 40°C 451 T EA T Bt AF: ; Vs 100 W A ity 7
pH {HH 4. 5 RN 40°C 17 B ; SR IE A, Tk
JIEHE D 7€ pH {0 8 RN 40°C Z544F T 47T g,
5 76 3 585 g T B0 10 min, 24 5 SR R0
IKAH
2.3 IAREHERBMFBHESRONE

772 A ( Creaming index ) [ %2 : HX 8 mL 4k
P ) FLRIE T B 04 FE 4°C I3 24 b, FLIRR
KAENZRG, FAEM, FHEE., 2EREOTE
N

]j\

H ——3 AR
W B AR B AR N
m
K, = 37 x100%

K m——REFL B T
M—FLARIE i o i
2.4 FUREHIZR Zate FEAIHITIE

K O GG BE 43 B {30 2 FLAR W AR
FEFBHE (D, 5 ), #5/N53 FLAR W 53 BEAE 50 mL 78
TR CRASE R AR B (A AR 2 3 e PN, K ST i it
SHRECN 1,47, 8o T e ECh 1,333, I E
FEZIR (20°C) T #47, WG R 0. 001,

KM Zetasizer Nanozs 90 % Hi {57 43 2 FLAR VK
A Zate A7, 0.05 mol/L pH {H 7. 0 AYBEIRE:
SRR VRORE R T TR VAR R R & T B A B
0. 2% [MIFWUE HEATINE , ERERFR 1 mL, I I
25°C, BAFEREENE 3 K,
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bS58, BT BRI K 100 A5 3E 1T
WMEE .
2.6 FAREPEARMRI

FLBR R K AH B T $R B 3 SR FH N R 35 U
2 K 20 g/mL VKR ERAE - 18°C F &R 2 h, B0
I35 (12000 g,15 min,4°C) | B2 FIEW BT TE 4k
SEHIVKIN R % 4 ~ 5 UK, B350 B B e 28 )T
o DUE IR R G VR TR BB A, A 4°C VKA
#H.
2.7 REH/KERNE

MeHE LAEMMLIY™ ) J7 %5, Bl ANS (8- & Bk-
L-ZEA PR B AR ) DO EN L . BRI 0. 025 g AN[A] Ak 3
753 B FREA A T 50 mL WERR 622 nhifi b, i
AL pH {4 7.0. 01 mol/L IR, B e =i F
TEPER S 1 h, ZRJ57E 10 000 g K 250 ARFE 30 min,
BB R Lowry 600 g HL 88 A vk &, 3 1
IRBERRER 2% vh s W B I, A vk B 7R 0. 005 ~
0. 5 mol/mL Z [1] , HUAS [A] % B #F I ) 145 4 mL, 43
SN 40 L ¥ EE R 8 mmol/L B ANS IE K , k1%
IREJEHE S min, FRIDE RS 26 EE , 1l
BRI A 370 nm, & % K 490 nm, & 4% T
55 nm,
2.8 LISMHIERINIE

W FE MR IR JE 1 100 H 3 T, By AR 7E 40°C T
PR TP THE 12 h SRS TELTAMT RO s A B
B2 2 mg BITFINRE S, TINA 200 mg IRALER , 76 30 5
fFER HR A B 15 min, Bl 5 3547 e AR 3R, R 7 ALTE
140 N JE /1 F 2945845 1 min, 2R J5 85 5145 (044 5135 1
R LA G P AT I 1 2
L 400 ~4 000 cm ™', 3 HEFR R 4 em ™ HH
FE R4 Yk, RN EEERES 3 K,

T R B 43 W A 3R ) Peakfit B0  7EBERE 1 45
1600 ~ 1 700 em ™" #4771 £ AL IE, 2R )5 PR
Savitsk — Golay PRELHE 17 F 1 Ab B, 3R — B S50,
FERH Gauss VEIE HEATHLE, SR 5 A5 55 Hh F 1 1 A4~
BOG00E 2t T3l R AU A e R R I T JE
1T 2 RG-S 5 22 5/, B 45 0 5 4 02
PR I 56 25, AR 4l AR 3 T AR K AT DATHARC S 4
Tl — R ZE R AR T 2
2.9 TRNIEHNE

WARF A 53k R F - 4500 BI040y
S EE T FLIR 53 2 Hh 0 K AR A R o
i, KRG A 2 3430 0. 01 mol/L pH
B2 7.0 MRS IR 2% vhl O ) A 0T R B
0. 15 mg/mL MIFM ., 26K HOGIE 53 LA 1 5T
A3 T IS A €0 SR 5 6 T A R R, i T R AR

iR 6 DTk , 2 63 PR K 290 nm, i 1)
FI L M 300 ~ 400 nm, i & 5 % 5 b 4% 1 58 44
N5 nm,

2.10 FURBEPBERENIRERSNE

FURME A BEAR BB i B

(1) AR 2B 1) ZLARI A 200 mLL H 2,
RATESEIA 400 mL SSRGS, E=R T
WETIPEFE 4 b, 2R 5 2R FE AR XU = [l e 6 4 RN 45 i
VO, T A 52 B A6 L, 1 380 1 2K BT A 9, A6 O
2 b ERE A A R IR, ak s AT P EE 0. 74%
JKIEE KCL 3 FRAKTR [L 8: 4: 3MFFT VRS, SR my kL
BEAAE —26°C T4,

(2) Wil 4 . ¥ 100 mL 1F %% 5 100 mL & FH
GYECR 87% [ AR A IR A 5 A4y Wl <1
fili =z # P, W RS Ay B R B R IE S A (3
R A) FEAR ) L BEAH (57 B) 5 29 10 g MLl A7E
200 mLAM &R} 5 45 mL %5 A F115 mL 7K B
RA,S min J5 A 2K 27 fr, il 5 BAR Y & B A,
15 mL %57 B A 23800 =1 B2 A0 v, A S A ) R
BRI Z A AR 5565 1 A R ZBEAR 451, itk
HRELE 10 K, CEERY S 130 mL & {5
0.1 mol/L K-EDTA(111 mL, pH {8 7) IR&, R I5 Uk
SEEARM SR, R B RREA T, B L0800 e 4
MATE - 26°CHEAEFRR .

FUR NG 2 % F 31P — NMR (8- 31 %
LR 4307, e 46 B9 LI (80 ~ 90 mg) T A TPP ( #
R =250, 10 mg, [ER) W A2 &5 H I Cs-EDTA
HABUR AW BRG], B0 e R AR R4
%% 5 mm NMR P 700E , 31P — NMR &
ZRAFUNR SRR E 20°C, kb B B 22 s, F1 4
9718 Hz, RAEMIA] 1.2 s, A PG 10 s, FHHH 5k
256 K.,
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3.1 SEREMFEHGE

5390 R 08 Pk 28 1 Protex 6L B 1k 4 11 il
Acalase 2. 4L A L WEAR T BERREE A, FIBERR S D Ab
PRAFLAR I, FLRE 0 43 J2 F BOM I B il A5 2 0
Bl 1 s, B8Pk 35 11 B Protex 6L Bk 1k 2 11 i
Acalase 2. 4L 43 7E pH {H°H 8 (551 T #E4T /K fi%
SIS IAFLBAR L, Fo 00 2 F BRI 25 i A5 58 10 2 4
T, B AR 4 A F1) 90. 05% F1 94. 24% | il i
1R BE AT B2t TR 2R P A BEFLIR W BT
T RE/K i 2 1 A R B, R TR IR T LR
TH] A e R (AR HOAS PR R 2 08 0 o B 1 vl B 1Y
RAE MBRAF LB ' SR RS Ak B Ui
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AR E) 95, 12% A2 47, AT Re B T 0w A it Ak 2 1Y
pH {E ] 4.5, R FBEIREE D FIBEARES A, b HE ) pH
H 8, BENRTHEG A, Ab P 5 Ui 25 1 A5 355 H P4 Fh il A7
JIREAR, y 86. 67% ZiAv . Ao U B K O 2 H Al
T M ZE VR0 1 AT X FLIR VR P A R A A AR L
YEFH X5 JUNG %5 ST 45 A — 3L,
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Fig.1 Creaming index and free oil yield of oil emulsion

with different enzyme treatments

3.2 FREREH

&l 2 FE 3 Frs AN [ B2 B9 A= Y mERHE UL
ARIGALFLG B Zeta HLAL FURLAR 43 A A2 IR, SRR
FUIRIBE A Zeta HEA(E A ( —21.57 +1.88) mV, &M
g & 6 Protex 6L Fll Acalase 2. 4L Ab ¥ 5 3,
DRIB ) 107 28 X B R AT, LR AR o3 A R 4R
HIZE 50 ~ 100 wm, 7] BE A J R 28 28 11 K Ff S
KR 5 F AN AR BN F B Z R
T4 5 S5O T 7% 2% T P VR A St AR, P 0 5 Wt Alis
02 W R AR T K T, TR B R B 3 2 R R
Ll 10 d = PO & B T A et ]
PR AVE T B, B2 B T R i i SR 4L (2L
TRARLARIE K BERRE A, WA 0 LRV B H 7
Y XHER R BRI, 43 A0 36 BB A A8 | KORLAR W T
Bt ig b AR R AR, U B s R 1 BT
7 R AT A 22 | FLAR B 8 Bl A Al e i AT 0
A SRR A R ol 3R 1 04 B S R S R R
AHEAE G5 54 b B 7 K AL 1 (o LV
MR ARAE /NP 35 CHEN 452 (53 45 SR AH 25
oL, 28 il B g B e A S LR (- 4.8 =
0.6) mV, BB I 73 B4R 1 434, 1 2B AR i D
it i () FLAR L7 AR FE ] (- 11.8 £0.8) mV,3X Af
REJSE TR R D VS (E 8k e 0 45 0 & 2k el s
FL R EIR (o F LR 3R 1 r s FL A A AR A (H UL

IR 2 THT FEL A7 2 B2 O, YRR 22 1) ) e R e gt A X
BB v B IR BRI BRIRES D L2 AR FBRR 1 5
RREER o TR 11 L A T 1 B R K fi
AARE RE AR X A50558 | (EL AT BE 23 3t B i 45 40 W TR A
SE TR TR BIFLI

B FPAS
Protex Acalase M

HEGES AHEREA, BEHIRSED

6L 241

ZetafL (7 {f/mVy

-10f

-12F

—14L
K2 AS[R] T AL BT FLARIR Zeta HLAZ A5
Fig.2 Effect of different enzymes treatments on Zeta

potential of oil emulsion

—=— Protex 61
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P13 AN[m] b BT FLRIBORE AR S0 A1 520
Fig.3 Effect of different enzymes treatments on particle

size distribution of oil emulsion

3.3 FRiEBNLEH

A T il A B LR ) SOV 285 1 SR DI 2 A
PEAT LSS, A& 4 BT o AN [) it a4 T Ak Ak 2 7L oK
WEIRAAFRIES, IWE 4 7TE £ Protex 6L il
Acalase 2. 41 P RG24 2 0 2L R VR O0E
SEFAEARL, R B RO T 10 SR A 5 VS ALl ot A
Je A F ZUARB ARG s BT A R R AR FL
NSRBI S ERTI (Y 2 2 | RPN
— TR LB KA LR T RS Bk i, 5
THT 56 B2 T R, LB AN RRUE , Bl A5 i 1) SR 4 | il 43
fer it 2 6] HR PSR A DT W R AR i — 2D R R
SR A B 0 MR, HeAh 7R pH (B 4.5 1Y
AR FLRIBC P S B R AR, BEIREE D 5
B R AL B ) LV O3 A RS AR ik ) R
BEHVRAZ I S04 A T ) BRI A, B JS i 14 &
FLRM R P FLIR AL/, AT RE 2 th T 5L 5 1 &8
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BOR R 2 M) A A ARG, HFUROE &S
KL RN SE 45 R — 5
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T e 5 Y
1’_. o T Gas
[ g SRS
, B e
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(a) Protex 6L b) Acalase 241
3 C PN { 2 X j EAS X300 S0, O
’ o - '.} - ;! Ay
e o0 N _ B Oei, 9%
YA rOBRGTHe T HO
B0 PRE  SHikootol Ybeo &
RULEESIS s A
- .|‘5('_. t , @ & .'. o §,Oh o e Y
pER= SN @ 2N T S B GN he :
() 7% 10 B R A (d) HERA, (e) WEHEAED

P4 AN[R] B g 0 FLPRBOWES #4501
Fig.4 Effects of different enzymes treatment on

microscopic structure of emulsion

3.4 IARBHEARSH
3.4.1 FLRECRMBKE

2 A [v) T T At S 7L R I T R P ) 3 T 6 UK
PR B IR F A Bt 5 25 11 2% 18 57 7K 5 A 4R
W — A EERH WS EA IR EA G BN
Jo A 2 1T I K P A ROk g, L L AR RE AR 0
5 A/ ) Tl it gk e 7L bR Y 5 T R 1A 2 T B /K
PEAS AL, FURI AT (Y BEIR AR I ERE T, &
S LT A5 P Y 2 T K PE AT 5 R AR L 4R
K BLIE R E . 48 Protex 6L F1 Acalase 2. 41 PR Fh i
PR 1 A B S 0 LR 5 T AR 3 T K P S
JRUA LA L AR R TR, R R FREABS
5 W) 5L T O B 1 A0 43 F 4 A, S B0 B ARG K
LA 2 ok B B R A B K S A R AR R AR 5k
KA 5 AR AR T B K M R AR, H P Acalase
2. AT, Kb B ) 2 T i K M AR /0N, T A I A 2R 1 K A
YA T 2 1 SRR R A R 58, 53 AN A B K
ARk 2t 8 A M FLAL T A R e, 2R A
£ T i ol 45 A T A R B 100 R A A O (R R A
B JUEAE ) B THESE ) BT R, A e K
(AR 2 R B, S 80T FLAR TR A AR
FHWE NG A, FBEASEG D AL TS (4 23 11 2 1f B /K
REARN B S5, AT BB 2 R N8 48 W A I Sk R 4 4
BEBEIR Y (B K M BRI A R, SR AN
Vi FHIS Bl 5 A0 3 1 X sk P, S B0 /K M 8
SN TSR FH I I e AL R A FLOR W,
pH (B T, JH 2 T 8 /K A B S B AIK

300-

[}
th
T

2
S
T

150

FE ikt 3

1w 100

S0F

Protex Acalase T
6L 24L i
LiE S

K5 A [t LRI 1 A R g K
Fig.5 Surface hydrophobicity of oil emulsion with

WA, BIEID

different enzyme treatments

3.4.2 FLWREHEARLAMDGIE ST

FLRWE 8 A R AN S E A TRz
[ A G2 DA 56, IR T 2 52 i 26 (B D e e, 40
HMETE AT R R (IR T B 1 e 1y
SRR A P A A B Al B AR 21 A
Sk A RIFFE AT LA £ 45 R LK v B SR —
REEH TR, B 6 AN EEAL PR A& T FURE R
FIBTRLLAMETE ], BFE R, 35 0T o B8 E — 90
SERXT I IHECH 1646 ~1 664 em ™" ; B-HTB L5 Nt N
KN 1615 ~1637 em ™' H11682 ~1700 em ™" 5 B-5 £ 2%
FIXTI KR 1664 ~1 681 em ™" 5 JC KL% i1 45 ke %of
REEHCH 1637 ~1 645 ecm ' SZH Gauss 17 fH
AU 8 I 0 A U i B AN TR I AR B R A
PRI & TR R IR 1, AR R —
G55 R 2 L R MR OBE AH X & O (17.30 =
0.10) % ,B-YrEAHXT 7% & (40.90 = 0. 18) % , B-%
FAARNT A B (18. 40 £0.07) % , JoHL 4 th A0 % &
(23.40 +0. 12) % , W& 1 AT, HoA B f5 ) 3L
PRI B B A L B4 B AN JC AL il
A F, Protex 6L il Acalase 2. 4L B8 1 25 1 B Jif %

— - =Protex 6L
— - = Acalase 2.41. e et
—--TEmIERE ;T T /
— - - R Ay \_ ~, v &
—--#ilsD | R
Jy A P— i] e
(ER8) " gk .
PN e IS
ﬂ#f:-.'l Vi ‘
N 1 b-.lf‘-A--»-_.__"‘ ‘/— -
:J 'r"" _ ‘ | \!!,"‘n\ s
FN W a.\!&h I
N ' 'x..lr el

L I I i | 1 i i I
500 1000 1500 2000 2500 3000 3500 4000 4500
Ik $lem™

Pl 6 N[ Ak B A 1R FLAR I P AR B 20411 4]
Fig.6  FTIR of protein in oil emulsion with different

enzymes treatment
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Jo B R oM E AR X B R, o ) R R
(14.58 + 1. 18) % #1(10.42 +1.28) % , o HL % 1ih
SRR TR X TR T o IR BT
BB TADS RN A 52 B A R LA i i R
5000 T 45 04 LU B B A, 28 il 5 2 1 5 ) K
AARA R BRI, 5K P 3 A B R B
FUIRE 28 71 A5 M A & AN, A R
W B A I SR A IR A B AR A

FIBERREG D Kb B 1) B T o-BEUE AH X5 f B3 B
1%, TCHLAS Hh AR & 5 Fh s, BT & AR AR AR T g
M TR IR K S E A o+ KA EAEH
Bf BB R2 T R AR W e RS . e g i s
it (1) JC KL il AR G B iR 3 (32,40 0. 15) %, J=
N pH fH 4. 5 38R F & EA M, & H 45834 ok
HAWATIF, RBCH P 450 & m B AL, T r 450 &

AN,

*1 AEBAEZGHTIARRPEERN _REMENSE
Tab.1 Secondary structure content of protein in oil emulsion with different enzymes treatment %
fitg o-12iE B-Ir & B-&f T
Protex 6L (14.58 £1.18)°¢ (41.39 £1.94)" (17.40 £0.17)" (26.61 +0.80)"
Acalase 2. 4L (10.42 +1.28)°" (39.41 £0.18)* (18.30+0.14)° (31.83 +£0.45)1¢

V5 1M W A T (9.70 £0.11)* (42.80 +0.08)°¢ (15.10 £0.72)*® (32.40 +0.15)¢
AR A, (15.18 £1.10)° (39.17 £1.12)* (21.95 £0.50) ¢ (23.81 £0.91)°
W H D (12.45 £0.56) ¢ (39.34 £0.44)° (18.48 £0.40)° (29.73 £1.33)°

T R AP R — SR R A A B35 25 5% (P <0.05)

3.4.3  FLREM IS EI GRS AT

HIE 7 AT 5 5 LA ZLARIR DGR B (377.82 +
6. 86) M EL, I A5 A i 2 e B 1 G Rl i T I
APRS S BE R IR, TR Il W8 i Tl e )5 L.
PRIB AR BT 28 60 B I, 3K R BB 5 3 Il i P
fiti 1) it f% pH Ll 4.5 # %, % Protex 6L Al
Acalase 2. 4 LI FR I 2 1 il Ak B3 ) LR P 2R
1 S5 e R R AL I8 K N ik B R AR, I HL LR T oe
SR A L1RS AT g SR £ B R A S AR T S A AN
R, o KA LR 1 48 56 1 it T i

450r —— Protex 6L

400+ — — Acalase 241
e - - - R
3501 LSS, T BIERA,
. ——— [=]
300} L

300 320 340 360 380 400
i Enm

7

T 1 ) SR A DR , SRR T 28, K Ak ™ W B4 2
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Fig.7 Intrinsic fluorescence spectra analysis of protein in oil emulsion with different enzymes treatment
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