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Effects of ratio of soybean protein isolate to soybean lecithin on the
properties of flaxseed oil emulsion prepared by ultrasound
LIU Conghui, WANG Xin

(School of Medical Instrument and Food Engineering, University of Shanghai for
Science and Technology, Shanghai 200093, China)
Abstract ; The appropriate emulsifier composition has important influence on the properties and stability of
the emulsion. In order to prepare stable flaxseed oil emulsion by ultrasound, O/W emulsion was prepared
with soybean protein isolate ( SPI) and soybean lecithin (SLT) as emulsifier, flaxseed oil as oil phase,
and the effects of ratio of SPI to SLT on the properties of flaxseed oil emulsion were studied. The
microstructure,, hydrodynamic average diameter, polydispersity index,  — potential, creaming stability,
apparent viscosity, and low —field NMR relaxation behavior were compared. The results showed that as
the ratio of SPI to SLT decreased from 3:1 to 1:3, the hydrodynamic average diameter of the emulsion
increased , the polydispersity index first decreased then increased, and the absolute value of { — potential ,
creaming index and apparent viscosity increased overall. The transverse relaxation time (7, ) distribution
shifted to the right, and the binding force of hydrogen protons in the system decreased. When the ratio of
SPI to SLT was 1: 1, the polydispersity index of the emulsion was the lowest (0.07 £0.07) with a
unimodal particle size distribution. The absolute value of { — potential was higher, and the creaming
index was lower. At the same time, the binding force of hydrogen protons in the system was relatively

stronger, and the apparent viscosity was

relatively larger, indicating that the formed

fs HER 2021 —04 - 22 ;1[5 H #9:2021 - 11 -25

B : bR 20 H (18142201200)

EE B A XN R (1996) , 2o, WA A=, WE5E 07 1) Bh g
e s (E-mail) 15522675191@ 163. com, Key words :flaxseed oil; soybean protein isolate ;

BIEEE. Tk, 207 (E-mail) 18918629281@ 126. com. soybean lecithin; O/W emulsion; property

flaxseed oil emulsion system was more uniform

and stable.



42 CHINA OILS AND FATS

2022 Vol. 47 No. 5

WRRFFINE 3 o = WIRRTR , A B T B7 0 1L
P LI N, BEAR R XURG RS B AT 9 55
AL, AR P T RE P R AR AL R SR BB SR
TEREAR™ o O/ W FLBE gt phe 2 Tl v o g o
YRR G R iA R R 2 — , B et il 4 1
PR IR A B2 T

TR, FUAC DT 20 LI R A 1 SR e AT
BRI LA A R B D R
P e AL Herb g ST YR AR REFL AL T vk T
e R R R 7 LA RE LA i AR
HA LA Bz e, R Tl s LB A
P T R LR R BT Y D R e I %
[LTRGIR 6 5t B MRS S R S IR 5 S & i N LI N B U
W TR HAT R R R A 4 TE R
R o BRI, St RRIZIER (150 ~450 W) K
M) (12 ~24 min) F#E AL B, R BB EH -
AR I FLR R P 2 s o eah, SLAE
SISO LR Ik SR e Pt A 2R R . 2 Al
I EA DS LA RE R A= P AH A ) R SR LA
CACh S, o, RE#EIE (SLT) & —Fh R H )™
Z HEFMEFE E I RRIUEH o i K 4
1 (SPL) PRy 1) D BEAF LA FLIR A R 2 vh
R BEEIER . BFRY, —E Bl SPL
SLT n] AFE O/W S 3473 7= A A EAR T, A
WL SR e s ™ . BT, LA SPL A
SLT Sy FLALFIR I = LA i s 2L pF s 2 4
TR AR R TR AL 2 s Sui™ B ST T [n) B R 2
SR F I [E) X e He 9] SPL T SLT A2 (L R
PR E AR VL A IR G A - iR
PEAR BRI 5 W0 A FLACAR , SEAERF I A il AR R A
PO A 7L, 3t i L DA B E R AR 1 -
J6 g FIEL L 8 e 10 P A% o TGS LA SPT - SLT
Tt S B JFRORFH1 2L 98 1 B4 B 5 A X 5 20, JE T
SERFEFL AL AR SPT 5 SLT LU 8138 SE FRFF I FLIR
YR P ) 2 A

AT FE LA P ) A A ) SRR LI 2
Hbr, T nih SPT 5 SLT H A% S BRIl LA 14
WLEERY RGP RRAR 200 BR R - A IR
RNk FRMERE AR R (LF - NMR) 5t
R FEAT IS , LIRS me MU R
(¥) SPL 55 SLT L f5if, DA T Ay i 7 4] 5 A 5 14 0 JRROFF
PRI —E S K
1 #MBEFE
L1 SEata

REEEE, s, i E 255 A 108

AR T KNG, BRI, b SRty
A BRI RROFF I, oM AT FRAY B 5 LA R B
R MBI A B2 W 5 A I Ak 2 1R 2R A
Brédi,

JY92 — IIDN HU5H 75 I 240 e iR A, 77 8 2 28
WIS A A PR 7 s BX - 53 TS8R, H A
Olympus 7\ 7] ; Nano Brook 173 Plus % 5 25 5t # Gt
A, 2 E A & v i SCAL RS 2N T 3 Zetasizer Nano — ZS90
RURLEE 73BT, 3 [ 2 /R SU{ A A FRZA ] s DHR -2
R A2, S B TA 23] s NMI - 20 BRI 1l
AR AAL, TR M AR By A BR A
1.2 sty
1.2.1 SPIL 1 SLT 480 B 55

SrEC1.5.1.0.0.5 g SPIL % 100 mL £ 51
K, TIN50 mg ) LLAL R B U E P A G
AL 2 b J5 4 CRAA S0, e kA, 7
T pHZET7.0,4°CTLL8 000 r/min B.0» 15 min, B
ETEW, BIAT SPT A3 B . 1 3R SPL 23 808 H 4y
HIMA0.5.1.0.1.5 g ) SLT it 2 h ffi Hiog 4K
&, fil#5 SPT 5 SLT &4y 20 mg/mL ( L5 17K
TRFRT) ,SPL Y SLT Feffil 7350 3:1.1:1.1:3 f53
OB 5350, 3% B3R J5 125 03 0] i 4 4 SPL 43 Hii
2 SLT 73 B0 -

1,22 7 il 5 SRR TH LI

1 2 mL MERRAFIMZEE A 18 mL Y23 HOR
BT R o P IR 20 B RRAS ( R H  2h
900 W, 44 4 3 22 kHz) (K44 3k (H 1% 0. 686
em) IRARIE T 1 em Ab, BEE B D)3 400 W, il
1] 6 min (GRS IA] 4 s, ARG E] 6 s ) , il & O/W
FLW 4 CHETT o
1.2.3  fORE5 g

K FHEE U M FLIB A O A5 14 . B 10
pL LR G218 T A b e w3, B 1k W
W%, 78100 b TS (L FIR 10 pm) FfRe4E
F&, fdi ] Cell Sens A MZRIRIE LS o
1.2.4 KRR E

K B A CHURN & FLI ) 7K &P Bohc iz
PR I3 B R CHE BORIR O BE 73 0 BE
b 1.480 F1 0. 001, 3% 22 AH B o6 45 B & h
1.330, skt 2 BN BLAR I E i 258 1 A0k
FLIRE SR 50 i 7225 CF ATt
1.2.5 ¢ - ARy E

T FRLEE 73 A A R FLIR ) £ — s o sl A
ZHEHUR LA, I 5E HRE i 25 B 7K M R 50 4%
U1 mL i BEAE & ACH A 3t ( DTS1070) Hr, 7



2022 S AT RS B

hoOE W g 43

25 CF W17 2 min J5 BEATINRE o
1.2.6  SyZREMERIE

WOR i FLIORE T 5 mL s W BB b e S5 3k
R AR RE fh 28 K S RO A, TEREAE 3.6
12 21 d 7130 d MEEFLE RGO FFLZ M6 %k
(1) FAEPEREL B AT .

H,
IC:H—5x100% (1)
E

P HON RZKIZ MR s Hy AZLIBE S
1.2.7  FUE BRI &

o e e i A A S HE B 19 [ ol HL (L
42 30 mm, [A]f 4 000 wm) 7£(25.0 £0. 1)C M E
FLBFRMBEEE . B 15 mL ZL3E TG, 7E5Y
DI 1 ~100 s~ G I E , F TRIOS #4317
1.2.8 LF - NMR 43f7

R R 3L IR 7 A A (R 598 B 0. 53 T,
JRF LR 22 MHz ) 3 Hr 2L R 18] St R AT 00
B2, 5 mL F B AEGE H (EAR0Y 1S mm),
32CHA 10 min J5 KN, ZE£E CPMG Jy 51 HE 4716
[ st N E) (7 ) A B4R 2 M 3 R R

a . b

(NS)4 K, [a]3% 4~ %% (Echo Count)6 000, 5 4 % #f
LERFITE] (TW) 2 000 ms, RFEHR (SW) 250 kHz,
FMECER T — Invfit 528 805 BP0 i 7 e vl ith
LAATIE A BIRE A Y Ty 15 B, 10 4% 06 f) 52 46 5t
BB (T, 0 =1,2, -, n), 401 7 AR (A,
i=1,2,,n) WEELH (R, ,i=1,2,,n),H
ZH o TR E] ( Thy ) 55
1.2.9 Gt

FIr S E 2 3 IR, S5 RN N HIME £ AR
#E22" . FIH SPSS 21. 0 GE it 43t F 1y X it 47
ANOVA J5 22537, R ] Duncan 25 5 A 22 45 56 ¥
RN BEME(P<0.05 B EHEER), R
Origin 8. 0 PR T8 | 1819 M K3 3 B Ab B
2 SRS
2.1 SU W TR LE M B K A2

FLIR BT TN Ty 5 W LR ) A e, 5 3L,
WA R A I A 3 25 R0 2R A A b 7% 55 % 1)
SIS SPT 5 ST Ho {51 o L 82 6ok WAL 285 440 1Y 5 i
VLI 1,SPL 5 SLT HlX 7K & F-3kiis 24 alds
B s i1,

e

T ca. ALE AN SPT;b. SPT 55 SLT Fo 44 3:1;¢. SPT 55 SLT Hiffi] 1:1;d. SPT 55 SLT Hffi] 1:3;e. {2 HR 0 SLT,
1 SPI 5 SLT Lk 633 2L il 50 4549 9 25

#&1 SPI5SLT LeBIxtFlikk & FHHE

BENHEIEHM M
SPI 5 SLT [ KGFHR4E/ wm Z 5T RE AL
NN SPI 0.48 =0.03" 0.26 +0.01"
3:1 0.68 +0.01" 0.12 +0.05"
1:1 0.75 +0.06° 0.07 +0.07"
1:3 0.88 +0.02" 0.14 +0.03"
{L#:Im SLT 0.48 £0.01" 0.29 +0.03"

V2 A 7 A /0N R R RS SO AT 2 5
(P<0.05),
Hi 1 1 Rl 54 Es i SPT =Y, SLT AH L, SPT &
SLT LUl 7 3: 1 ~ 123 B B J 1 L0V R~ ¢
Ko HFE 1 AL AR SPL s SLT i, ZLIR A K&
SEEPRIAREL/IN, 0. 48 pm (L HRLAR 435 [ (5] 2)
PR XA, HHZ2 03 B (PDD) B, 2390
0.26 F10.29, 4 SPI 5 SLT i Hy 3: 1 ~1:3 [,
FLIK KA P RLAZTE 0. 68 ~0. 88 wm Z A, H.

Bifi SPI 5 SLT b8 i)y, 2L 0 7K A 2k A% 4
R FLIB R AR 3 A 1] (LI 2) 2 2 e oy A, HL
PDI #4i%, 5 0.07 ~0. 14, X2 H K4 SPI 1 SLT
LR R ZLALR BT, B 35 AT LLFE O/ W 3 e A7 3F
FEA K A EAE S A B FL R
oA A 24 SPT 5 SLT [ fsl g 1: 1 i),
FL A PDI A, i85 0. 07 , R HH A 4193y

wn
(=]

[ —— fHmspI

'

L 1:1
N 1:3 A
B30F  —— fuysdmseT
= i
Z20¢ it
2 IR
10 2%

4

10 100 1000
FifE/nm

2 SPI 5 SLT Lbfixt 2L ik A2 5 5 B f0E

10000



44 CHINA OILS AND FATS

2022 Vol. 47 No. 5

2.2 SLike (- w4

¢ — UL FRAEFLIRRA B P — A T AR, L
o XoF LB T[] R HE T 3, 52 =2 A e
li) FAH B 5| S A 4, SPL & SLT Lo ] %)
FLW ¢ - AL A 3 B .

SPISSLTH.
AL INSPI 3:1 1:1 1:3 LA IMSLT
0 T T T T 1

_10 -
> =20
g L
itj -30
2 -40f
l\Il- ~50 L Lo

C C =
-60 b L L]
~70L a a

AR/ NG P FRR A B 2R (P<0.05),
B3 SPI5SLT tbfIxtE & ¢ - AR RN

B3 AT T A ARl Y ¢ - FLAE I R R, R
W i3 ) FELAE e A s 70 o Bt SPT 5 SLT Fufsilfry
W/, ¢ — LA X E S SR K FAAS i SPI
¥, X AT AEE T SPI 45 SLT 2 a] i AH 48 FH el 2%
THEEBER R TS, BFSEER I, SPT 5 SLT
Z Bl AKAH BAE A AT AT R E A %, 28
B 2oty B A R 3 R () 9 i FL R D 3R il ¢ -
FLAE AL RHEL T 1 o S R 7 AT DL IR
B R AR, 2 AL R AR e . T Y A
SLT B ZL itk B Az 4 WHE A AN [R] SPT 55 SLT He 431 FL
s, 3 AT B 5 W i v A T G F T A R O A
M,
2.3 LR EREME

FLIZ P8 B s AR 2L T MK AR R EE R
TR B, AR FLE B 8 B R 45 FL IR A A
0 RFEEFERTE R SPL 5 SLT Bl % 7L AL 2
Mraggm 2 an &l 4 fros

157
CO AL IISPT BRI 113
o 12 F 31 E=E LA NSLT c
g e 1:1 ¢
=
=
= L
g ©
=
B ogl
0

f#AEST)/d
T A/ NG FRER TS AR g A7 18] R AN [R] SPT A SLT E
BFLIR AT . P22 5 (P <0.05) .
B 4 AR[Ef#EFRET SPI 5 SLT L fI3F 2R
FLEATE R0
Bl 4 AT, 76 30 d A7 Fe v, 2% FLIR A
RIZI B N, A3 ~ 12 d i), B SPL 5

SLT He 491 i /I, L3 19 L2 B 18 i fm, 6% 77 3 d
i, 24 SPT ¥ A X 45 i SPL R[4 = SPI &5 SLT
Lefl 1:3 whZLZ B8 20N 2. 85% W& 1 n =
6.10% , W] SPI 55 SLT il 1:3 mf, FL 0202
FasE iz, H25 TAUAIN SPLEL SLT i, fff7 21 d
i, W% SPL 5 SLT L@l s/ , FLR I 2L IE W8 4k
ASAEAN K, FBALHS I SLT a5 i LIk 9 3L 2 Hr 45 %k
BERT HADLL, LR E VR 2% . B RT3, (LR
Jin SPT wsf L 0 2L 2 A 48 B ik © A BFR 3R
WS TR R B FLIR A 5 RSB 4 T
Pickering FLIHA MR IO AT L BEMRE, 5
— 7T RAE NG 5 K K 122 18] 1 B K R R A
AR AR A S T A B T L R E
PENY E 3 2 ] L B R R R E M T
M, MR ZH SLT s i, A ] 68 7= A 58 4 B R%
I3, 3 A SLT AR O/W FLifi 1y SPI, G s H %
=S VNI 2 N = Wt i Y
2.4 EULELE

Ve R FLI R E M T B R A Ik 2 — , R
i F B TR 2 18] A ELAE D HLRE S B
J5t 2 ] & 2 1R 5K B R AR . SPL 5 SLT
FU i) S WL B B SR AN 1 S 7S o

2.5
— m (A MSPT V13
7 . e3:] * {LFmsLT
o TN Al
& 2.0 ‘o”‘
£ MAE ZXTN
= M MA R
& 1s é‘ 113
= "y
g HEHHHIHE
L0} 10 100
By Y] R /s

El 5 SPI5 SLT bkt 2L ik Rk V& BRI 2200

A S AT, FE BT YIE R N 1~ 100 s~ BT
NS FIFLIR IO F B B I 4R 7E 10 mPa - s DATF,
FW B AR IR RS, 751 ~5 s
ARG 51U 2RI 5 L 0 e LR 3 I 5 ) 3 R
ST AR, 22 B0 99 D08 s 1) AR 2 R AR A 5%
AT REJE 1 TER T VI R R, SLIR A B TR R
R AE TR KT 5 s N, 5 AL I 2 VL P 4
Fifa e , BN B W0R AHAE , 33 AT gLy T 99 )
SIS, FLI U AR A 55 8 AR S A 2, X
HE AT AR ARGE L. AN, Bl SPL 5
SLT He {5 T, LI FoW AL BE T, i T g S 1k &
A RE R SLT AN, T3 I 114 2 9 B
¥,



2022 4 55 47 45 55 5 1) T

Rl 45

2.5 3Li%& % LF — NMR #3474

LF — NMR 5ib 15 44 AT iz e 2L i 44 &= rh &1
HEE R, Hod, T, % S % T8 3 UK, 2R
i FLIRE F A8 K Al 43 T8 B i — > E B
i, SR T ZH MR, T, A
Vol 28 T S IR 14 S5k T , B ) 5t 4 ]
(Toy ) I RS (5 1 AR A T 43 A, HH 2% TF 0 K
55 T E] 63% W Frds i mka > SPT 45 SLT 1
191 %5 L 2 K A R A S M A P 6 TR

— {LAInSPI 1:1
16 000 3] 1:3
14000 3000 LA mMSLT
12 000 2500
310000 \ = 2000
= L P
B 8 000 E 1500
ZE cooof \ 1000
- 500 L L L L N i
4000 2000 2500 3000 3500 4000 4500 5000
20001 [ 7]/ms
1 i} d S—
0 5000 10 000 15000 20 000
I []/ms

6 SPI 5 SLT Lbfixt 2| % 5 R # £k B 750

A& 6 AI2H1, 24 SPL 45 SLT Mo fi#E 3:1 ~1:3
I, S L e v A B S O o 2S4S N SPT
N, LV A 2 v it 2 BT e R 1) 2 i R L A SE 3
IR R, BRI, X4 SPL 5 SLT Hfil7E 30 1 ~
1:305F, Fifi SPT 55 SLT b A3 /) , 3L A S Uit #5088
WiAstg . AN SLT B, 2L Y B 0sad e BH 1 0k

5%, BRI 2 S T I A A . X TR Ty
LR 2,
%2 A[E SPI 5 SLT LB EE Ty

SPI 5 SLT L4 T,/ ms

s Hm SPI 1070

3:1 1150

1:1 1194

1:3 1240

{7 SLT 1783

2 ATLIE L5 FISLIH Toy A T 1 070 ~
1783 ms Z[a], HLB% SPI 5 SLT HAl B3/, FLR
) Ty EWIG N, 22 WK 2 rp 007 00 32 R 486 ) 7%
Wiml/N . SPLTTLIZE O/W S TIIF B, M 1T R 1
JR T4 A R BE SPL 5 SLT Hik)s, 0/W 3
T 78 2 4 2 1 ORI D, O K R R U T
FAE TR, TR T A3 K

SPI 5 SLT b {51 %o 37 JBFOFF- 1 2L W £ 4143 b %
Vel 33 F) 5 o 0 1] 7 R P R A b 4 s AR —

MRS U5, A T R S U T Yt

==y

AE o
T
2500 .y
—=— (LIRS P "
2000 —e—3:1 i
— —A— 11 ,
Z1s500f Y13
é% —— [ fNSLT
= 10007
500

1 10 100
T,/ms

E7 SPI5SLT LLfIXZE k& AN EEENRm

Hr 7 AT, A E ISP, LI A 22 4153 5t
B IEE 3 HITE 19. 34 ms (T, WERYE IR ] ) \77. 53
ms ( T U EE RIS [A] ) 1 1 084. 37 ms (T, W (1) 62 4
B 2247 BT 3 Al g BERIAR R A AE 3 B
AFZERI S o SR, ALES I SLT i, 2Lk Y
ZH o B G TE 5. 94 ms JE Ay (T, W1 B 46 B
[i]) S BT — AN Bt R 04, >4 SPL 5 SLT [ f3i]
TE 31 ~ 123 Z[a[ I, Ty, Wt S AEAH I 1) 22 20 43
SRS b RIS AR L. CA SRR, %t
BIESHIEA T2 A4 T el
3 AR, Ty, 7 He BRI 5 7K v %) &5 i)
WA i Ty A Ty AR R AT T Bl
SPL 5 SLT L/, Ty 1 7o, 5 %%, 3% AT fiE 2 T
X} SPI &€ /Y Pickering FLIR 1M 7 , 3 43 SPI [& {4 f5
Wi AR A EIE U RS E O/W SR, 3§
[i] PR AR B PR , S5 1 A A% ) R 5 2 (] AR AT
BN, A A WAL, R T, 8%, T SLT
YE R —Fh/N oy 7 3RS YRR, 3228 i BRI O/W
UK S R FL W, SLT Ry A T TR T K
T % Fis shas ], L T, 3. BRI, FLIR A
Y SLT M £, & 51 0 32 i R 4 s, 1 T,
A
3 &

XoF T A LA R 5 BRI LW, SPT 55 SLT
Fb AT SRR F I 9 LI R PR A W R 5 me . Bl SPT &
SLT Beglusi N, FLR K G P SR Ok, 247 i
B/ NGEHER, ¢ — FALZE XA UL LA FL
R ECRAR G, T B EE A . Y SPL Y
SLT by 12 1 i, FLIAAR R 09 22 73 Bds Bom AR
(0.07 £0.07) HRLAR 52 BRI S Aii, ¢ — LA 28 X {E
B FUBATRREERAR, R R h &5 2 1 R4 )
R, TG B, 15 2 04 MRl LI AR Z AR %
BIS] FaE . DRE T R FLIR AR & i g 44t
—EMSF,

1000

10000



46

CHINA OILS AND FATS

2022 Vol. 47 No. 5

S 3k

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

BOWEN K, HARRIS W, KRIS - ETHERTON P.
Omega -3 fatty acids and cardiovascular disease: are there
benefits? [J]. Curr Treat Options Cardiovasc Med, 2016,
18(11):69 -179.
DICKINSON E. Strategies to control and inhibit the
flocculation of protein — stabilized oil — in — water emulsions
[J]. Food Hydrocolloid, 2019, 96.:209 —223.
SHI A M, FENG X Y, WANG Q, et al. Pickering and
high internal phase Pickering emulsions stabilized by
protein — based particles: a review of synthesis, application
and prospective [ J/OL]. Food Hydrocolloid, 2020, 109
106117[ 2021 - 04 - 22 ]. https://doi. org/10. 1016/j.
foodhyd. 2020. 106117.
LIU F, TANG C H. Emulsifying properties of soy protein
nanoparticles : influence of the protein concentration and/or
emulsification process[ J]. J Agric Food Chem, 2014, 62
(12): 2644 -2654.
TAHA A, AHMED E, ISMAIEL A, et al. Ultrasonic
emulsification; an overview on the preparation of different
emulsifiers — stabilized emulsions [ J]. Trends Food Sci
Technol, 2020, 105 363 —377.
MCCLEMENTS D. Emulsion design to improve the delivery
of functional lipophilic components [ J]. Annu Rev Food
Sci Technol, 2010(1) ; 241 —269.
KENTISH S, ASHOKKUMAR M. The physical and
chemical effects of ultrasound[ M ]//FENG H, BARBOSA -
CANOVAS G, WEISS J. Ultrasound Technologies for Food
and Bioprocessing. New York: Springer, 20111 - 12.
SORIA A C, VILLAMIEL M. Effect of ultrasound on the
technological properties and bioactivity of food: a review
[J]. Trends Food Sci Technol, 2010, 21(7) :323 -331.
SUI X N. Impact of ultrasonic treatment on an emulsion
system stabilized with soybean protein isolate and lecithin
its emulsifying property and emulsion stability [ J ]. Food
Hydrocolloid, 2016, 63.727 - 734.
MATSUMIYA K, TAKAHASHI W, INOUE T, et al.
Effects of bacteriostatic emulsifiers on stability of milk —
based emulsions[ J]. J Food Eng, 2010, 96(2) . 185 -
191.
WANG S J, SHI Y, TU Z C, et al. Influence of soy
lecithin concentration on the physical properties of whey
protein isolate — stabilized emulsion and microcapsule
formation[ J]. J Food Sci Eng, 2017, 207 73 - 80.
BOS M A, VLIET T V. Interfacial rheological properties
of adsorbed protein layers and surfactants: a review[ J].

Adv Colloid Interface Sci, 2001, 91(3) ; 437 —471.

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

(22]

[23]

VLM, S50 X% 45 R AR F - BE AR EAE i 24 K
FLBOB A i # T2 LT ]. P o4, 2018, 18 (7)
136 — 147.

A, IV L PR, &5 AN[R]EE P 2 S I AR L
il & Je HAG E PERT ST L) 1. Al AL 7 4z, 2019, 50
(11) 380 -386.

MA X B, YANTY, HOU F R, et al. Formation of soy
protein isolate ( SPT) — citrus pectin ( CP) electrostatic
complexes under a high - intensity ultrasonic field.
linking the enhanced emulsifying properties to
properties [ J/OL ].
Ultrason Sonochem, 2019, 59. 104748 [ 2021 - 04 -
227. https://doi. org/10. 1016/j. ultsonch. 2019. 104748.

KWAAMBWA H, RENNIE A. Interactions of surfactants

physicochemical and structural

with a water treatment protein from Moringa oleifera seeds
in solution studied by Zeta — potential and light scattering
measurements| J |. Biopolymers, 2012, 97; 209 -218.
Z0U H N, ZHAO N, LIS H, et al. Physicochemical and
emulsifying properties of mussel water — soluble proteins as
affected by lecithin concentration [ J ]. Int J Biol
Macromol, 2020, 163, 180 —189.

FRELICHOWSKA J, BOLZINGER M A, VALOUR ] P,
et al. Pickering W/0O emulsions: drug release and topical
delivery[ J]. Int J Pharm, 2009, 368(1): 7 —15.
LIJF, LI'YT, GUO ST. The binding mechanism of
11S and 7S globulins
Food Sci Biotechnol,

lecithin to soybean using
fluorescence spectroscopy [ J ].
2014, 23(6) . 1785 - 1791.
CHA Y, SHI X, WU F, et al. Improving the stability of
oil — in — water emulsions by using mussel myofibrillar
proteins and lecithin as emulsifiers and high — pressure
homogenization[ J|. J Food Eng, 2019, 258. 1 -8.
FATE, FORI aRAR SRR TR R K
HE - B e AR K LB R R LR [T ). h R
fmerdk ,2019,19(8) 1157 - 165.

WANG S N, YANG J J, SHAO G Q, et al. Dilatational
rtheological ~ and nuclear  magnetic resonance
characterization of oil — water interface: impact of pH on
interaction of soy protein isolated and soy hull
polysaccharides [ J/OL]. Food Hydrocolloid, 2020, 99.
105366[ 2021 — 04 — 22 ]. https://doi. org/10. 1016/].
foodhyd. 2019. 105366.

QIU C, WANG J P, QIN Y, et al. Characterization and
mechanisms of novel emulsions and nanoemulsion gels
stabilized by edible cyclodextrin — based metal — organic
frameworks and glycyrrhizic acid [ J ]. J Agric Food

Chem, 2019, 67(1) : 391 398,
(T#% 72 W)



72 CHINA OILS AND FATS

2022 Vol. 47 No. 5

LG E I @ BRI I Z 22 2 5 > "% 3

S>nRkl S5 HP B2 SHMaR3 SEiRY

KT 18% , AT HE R Af B v FH b 4 J

SE

(1] 7iEeE T MM R AR E SE(M]. B =
AR A ,2013.

(2] B4 A7 WAOs 5 R R By R [ ML db e v R
Ml H RAL 2011

[3] ey, B Mol iy 8 I8 i o BT T ae [ 1] 4
FERIN T 2] ,2012(6) 194 - 96.

(4] BE S EHEH, B2 5. PUr g« fRR” Rk
TEPER A AR T ] A ERR A 4, 2020,35(3) -
102 - 109.

(5] X, v [ yHmsons ™ b 6 5 5K 3l J Je 1) IR k34 ot
FKLI]. &SR, 2018, 36(2) :117.

(6] ARH Jun, (8 JOAR. W VL4 Wl A 7 ol BAR 5 i J %o 3
[J]. Wil fla, 2016, 57(9) :1361 —1364.

(7] w2248, 4% T, BRAE P J AR d e RO 1) 280 R
WALT]. Mol Bz E R, 1981(3) 12 - 15.

[8] EIEICILLEM. Jemtitg i [ T ] Mol B
M,1973(3) :10 - 11.

(9] Sl T 4% T, 45 Il AR o b 4 AR A 1Y
PEHELI]. P ERR,2014(6) .3 -4,

[10] g AR M, T 18, 4. IO RT & Fh & i AR A

HHAGAERKSEAMWEWR[T]. MArEZ,

2015, 26(4) :1 3.

BOUCHAALA F C, LAZZEZ A, JABEUR H, et al.

Physicochemical characteristics of extra virgin olive oil in

[11

[

function of tree age and harvesting period using
chemometric analysis [ J ]. Sci Hortic, 2014, 180;
52 -58.

[12] MANSOUR A B, FLAMINI G, SELMA Z B, et al.
Comparative study on volatile compounds, fatty acids,
squalene and quality parameters from whole fruit, pulp

and seed oils of two Tunisian olive cultivars using

chemometrics[ J ]. Eur J Lipid Sci Technol, 2015, 117
(7):976 —987.

(13 ] e, M SCRE, fL4ES, 45 HOM AR 5 A Fkdh A
RS SRS A PR AR Bl Sk 52 [T ] op [l g , 2017, 42
(4).140 — 144.

[14] 5KAR, BEAER, ARk, S5 . 5 I T MO SR B M MR it
JERATFELT ). H AR 241 ,2017,32(2) 88 - 93.

(1S ] BRiEz  HAWE A , 7 P8 2. AN TR it o S 2R 38 i MG
I R B R 3 A [0 ] ) AR B2, 2012, 39
(24) . 111 -113.

[16] e, TEE A 5 ), S5 IHHETE = B O SRS AE K
REFHEIINTT ] SIS ,2020,38 (1) 1177 - 183.

[17] PIRAVI - VANAK Z, GHASEMI J, GHAVAMI M, et al.
The influence of growing region on fatty acids and sterol
composition of Iranian olive oils by unsupervised clustering
methods[ J]. J Am Oil Chem Soc, 2012, 89(3) :371 —378.

(18] [Elsi, o T, oo S, 2. A [a) it b R FSCE8 E 1)
MR FINEAR 5 08 W R A B S 5 A [0 ] o i
i§,2019,44(4) :105 - 111.

(19 ] XA, FEhiae , SR SCAR , 2. MO SR S [l i 30 0 35
AR R & 0 1 Sh 222 A [T . Il LA B 2 Bt o
#,2018,32(1) ;25 - 28.

[20] BET32, BUSE AT, W], 2. i AoNE R A 1 5 il
AR A AT . Mol R ,2014,50(5) <123 - 131,

[21] KONG W, HAN R, LIU N, et al. Dynamic assessment of
the fruit quality of olives cultivated in Longnan ( China)
during ripening [J]. Sci Hortic, 2019, 2538 - 16.

[22] WAt A 2R Ak, 45, MO R 51 2 B IR i 2
JEI A8 A6 [ J/0L ). v [ 3 i, 2021 [ 2021 - 09 - 13 ].
https://doi. org/10. 19902/j. cnki. zgyz. 1003 - 7969.
210288.

[23] YORULMAZ H O, KONUSKAN D B. Antioxidant activity,
sterol and fatty acid compositions of Turkish olive oils as
an indicator of variety and ripening degree [ J]. J Food

Sci Technol, 2017, 54(12) ; 4067 —4077.

(L35 46 )

[24] OZFEL B, UGUZ S S, KILERCIOGLU M, et al. Effect of
different polysaccharides on swelling of composite whey
protein hydrogels: a low field (LF) NMR relaxometry
study[ J/OL]. J Food Process Eng, 2017,40(3) :el2465
[2021 —04 =22 ]. https://doi. org/10. 1111/ jfpe. 12465.

[25] HANSEN C, THYBO A, BERTRAM H, et al
Determination of dry matter content in potato tubers by
low — field nuclear magnetic resonance (LF — NMR)[]].
J Agric Food Chem, 2010, 58(9) . 10300 — 10304.

[26] CHUNG C, SHER A, ROUSSET P, et al. Formulation of
food emulsions using natural emulsifiers; utilization of

quillaja saponin and soy lecithin to fabricate liquid coffee

whiteners[ J]. J Food Eng, 2017, 209 1 -11.

[27] LIU Y, GAJEWICZ - JAROMIN A, RODIN V, et al.
Explanations for water whitening in secondary dispersion
and emulsion polymer films[ J]. J Polym Sci Pol Phys,
2016, 54.1658 - 1674.

[28] WANG C, WANG X, LIU C Y, et al. Application of
LF —NMR to the characterization of camellia oil — loaded
pickering emulsion fabricated by soy protein isolate [ J/
OL]. Food Hydrocolloid, 2021, 112 106329[2021 —04 —
22 ]. https://doi. org/10. 1016/]j. foodhyd. 2020. 106329.

[29] LIU F, TANG C H. Soy protein nanoparticle aggregates as
Pickering stabilizers for oil — in — water emulsions[J]. J

Agric Food Chem, 2013, 61(37) . 8888 —8898.



