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Effect of lecithin and sorbitan monostearate compound on
gel properties of canola oil oleogels
MAO Xiaoyi, WANG Liping, WU Yuzhu, LIU Jun,

WU Xun, NIU Yinhong, LIU Dunhua
(College of Food and Wine, Ningxia University, Yinchuan 750000, China)
Abstract ; To enhance the applicability of lecithin in the food field and promote the development of canola
oil oleogels, canola oil oleogels were prepared by adding lecithin and sorbitan monostearate (SMS) to
canola oil,,and the effects of mass ratios of lecithin to SMS(0:10, 1:9, 2:8, 3:7 and 4:6) on their
physicochemical properties, microstructure and oxidation stability were investigated. The results showed
that the mass ratio of lecithin to SMS had significant effects on the hardness and oil separation rate of
canola oil oleogels (p < 0.05), and the hardness of canola oil oleogels was the highest and the oil
separation rate was the lowest when the mass ratio of lecithin to SMS was 2:8. The elastic modulus (G")
of canola oil oleogels was higher than the viscosity modulus (G”) , indicating that all gel structures were
formed, and it has the highest G’ and G” when the mass ratio of lecithin to SMS was 2:8. XRD, oxidative
stability, FTIR and DSC analysis showed that the increase of lecithin promoted the crystallization and
oxidative stability of canola oil oleogels, but the thermodynamic stability decreased, and the
intermolecular forces of canola oil oleogels network were mainly hydrogen bonding. In conclusion, the

compound of lecithin and SMS as gelling agents

WS E A :2021 — 10 — 09 ; & 5 B #2022 — 08 — 21 can effectively solidify canola oil to successfully
4TI 757 W G RAEHE [ 3015 % 4 (NCSB - build canola oil oleogels system, and canola oil
2021 =6 -05) oleogels formed at the mass ratio of lecithin to
EE B B (1998) , 2, LR A, RS 7 1] 9 £ SMS 2:8 has the best gel properties.

55544 (E-mail ) 1242728854@ qq. com,, Key words: canola oil oleogels; lecithin;

BEEE X He, W42k S0 ( E-mail ) dunhualiu@ 126. com, sorbitan monostearate ; gel property



32 CHINA OILS AND FATS

2022 Vol. 47 No. 12

N LU L KR s = a = ioLiok il i
PR S S R I IR, ST SO I W TR 4 12 1 9 11
EBFEAN I Y AR AR A A 4 R I R
B A PRWIR & i, W B TR gty el A B
W AT B A LA A T A 3 S A AR
JI 4 BALZH 43 B8 22 AL A IR 40 T HE S HI B B
P SR VR 3 22 10 %) 53 0 g AT, 3 80 590 4
T H AT B — 2 X 2% 25 460, DT {2 A R 3R B i
A6 AT R B A 5 5 B I AR AL F) B AL
JoT, A2 AT AL e [ S R W i A R g 1 . AR R
R i P 1 RN 2 i XM 7 R ) A 00 ek B B, A
TG RRIN AA ah BA B2 R S

T FE TR Ay b 5 S P9 D B 2L Js 08 4 , 7 VT BRE G
fil g rh 2 OCHE S, ONBRARTE & i ol i IR ZLAL )
sz, HAA PEATE TS T I E A
TR M (SMS) 2 fhil 45 Iih B e % P A O e 900
Pernetti 257" DL 14 JIiG 1 11 B e 15 = S i 12 i M o5t
JBeFH, 5B AR A 45 SR BERG/ 1L 2L B — A i 1R
P LIHIBE G , R T T A5 T 358 T 1 A R 336 1 R B )
TR o FC IS FF BN ) 92 5 Barbosa 257 1L SMS Al
S E AR T A A, LA R Ik R0 SRR Sy 4 S
FH , 8 B b B BE I, & BRI SMS 42 & b bt
T )R BB 1 PT AT 3850 1 o A g 7 T 4%, 2
i B R EE | DT AR AT 75 A R i AN AR R g 5 1R 1)
BB A 25 R AR TR R

GRwE G FIT SMS A Sy 358 st 1) 507 47 T Ao 8 JC e
TV, e 2 AR 8 P IR A R R AR R TR
FEBUBHILTR , G50 BB 7 £ S 35 T, Al i
SERFIMBEIE T %, AR SCLA B A A SMS g #58 it 771
il A8 SR AT T 5 i, T Aok A | I AR 2 X SR AT G
(XRD) \ZE7ng fif & H (DSC) FiAd HL AR 2T Hh 5
T (FTIR) 8430 , RHRE S B0 B2 BTy 2% ) B RE
FPERE ROULSS 14 RN A AR PEEA T RAE, %5 22 IR
N5 SMS it i b X SR P R R R R P 5o
1 MRl5RE
1.1 SaeaH
L1 5o 500

SR, 2 V6 5 FLARE A g (B0 ) A R A A
LIS B LA AR R T (B ) (IR BRAR (B hh gL, 4k
JE>95% ) AR)INWT % B AV Al QB —EH
Bt KSR AL R AR R B L AT PR VE R
G et R Kol
1L1.2 a5k

DF — 1018 5 b fH R 1 fi bk , 93 JgUR 55 5
FHE A BRZNE] ; TDL -5 — A BB HL, g2 7 R

FAXAR) 3 HR — 1 Discovery it 21X, SE[E TA 28 7l ;
ML204 734 K- ke i — F6 R 2 bR 5 5 ( Rif)
AR TE]; TA = XT Plus JFi A4 4%, 92 [E Stable Micro
Systems 2\ ) ; Smart Lab X — SJ£e A7 518, H A JH 24
Bt 2okt s Perkin Elmer DSC 8500 275 47 i - X
Spectrum TWO {# BLIH-2T /MG TR, FA4 R /K BR Al
B L) ARAF,
1.2 sE3drik
L.2.1 SErFligeme i il 5

SIEMTE B EIE YR, ok AT
THAEAAER A E 80 °C , SRS I AAS R i i H 1
UREAE AT SMS (TR HE AT SMS 5 i i Ay SR il o i
[ 28% ) , TH il 45 1 FL 3 BE IR 56 4 0A i T Sk ih
TP BT A EA T, U B TR R N R AL AR T
25 CHE AL 3 d, 28

IEBETE 5 A A [R) BE S50 C L A A i, sk 1

FioR
F1 FEIPBEIES SMS R= bk B MR 7 A

451 UGS SMS i L
SL 0O 0:10

SL 1 1:9

SL 2 2:8

SL 3 3:7

SL 4 4:6

1.2.2 Brifi i e

ZMEOCHRL10 ] 7 AN E A 28, PR s B0
ERYBRPRIR L g 2o ROSOFFIBE IR i TR 0
§1,F 10 000 v/min B0 15 min, BUH B0 5 1ETE
ACEARE S min P, RIS (y) .

m, —m,

y = x 100% (1)
m, —m

A m R B A BT g5 my R B OB
A FNSERFIBE IS i B S 5 my 0 B 00 I B 00
FISRF M SR RE T Bl g
1.2.3 BB A2

S Zhang 25" )5 I ERE R . T 50 mL
BRI A Sk RS, B T AR sk 2 h S
o MRS PS HREF T IR, AT 2 mo/s,
MR 1 mm/s, SR 2 mm/s, ik J1 2 g, F
JEEREE 10 mm,
1.2.4 A5 T

21 Aguilar - Zarate 25" 177 B IE M
WU i SERF S B R TR A B, T E AR R
40 mm AR , T E 1 mm, 76 25 °CHE E 1%
JAE(0.01% ) KT, 0of SEREMIBE AT /NS T 95



2022 4F 55 47 ¥ 5 12 1) i

iR 33

AT e A (G FIRG PR L (G7) Bl AR A%
AT ZE BRI 0.1 ~ 10 Hz,
1.2.5 X S5 (XRD) 5347

21 Meng 25 ™ 7 HE I8 YRS . BUS R FE
a4 TR A R ALY, B X = ST S
FE o AT AR AR, TAEHLE 40 KV, HLJE 40 mA,
20 AL 5° ~45° A H L 8(°)/min, J] Jade
6.5 THEAE b 1 fb T [R) B (d — [R)BE) i f 0 S8 {H
(FWHM) Fh 4 TR (AUC) .

1.2.6 22/ mEI(DSC) 531t

ZROCHR[ 14 ] B 7 51750 e KGR FRER 10
mg SEFFMBEEFE i, 55T 20 °C P4, 7524 30 °C/min
JnFE] 120 °C 4E37 10 min, 285 LA 10 °C/min 215
20 °C 34445 20 min, FE L 10 °C/min J#F] 100 C ,
N, i >4 20 mL/min
1.2.7 fHEILAMEE (FTIR) 2087

BRAERG A1 SMS il KBr J& Al g™, 4 —
SE HO B FRIBURE S B AR KBr #3oK , T3S BSR4k rh F
JE | P BRARE AR 7 1) A e R T g o X T S okE i
FeSEAFITEE I RE A, ks KBr BF B 3 ) 45 25 114
KBr 1, PRI Rl 1) 5K il B SR A Tl B S A i 19
SIURRBNE R b, ¥ 30— 1 [R] B0 fall 1) Sk il
BERAE S Y BURRE AT I P A TN o iR AR
JEE R 4 000 ~400 cm ™',

1.2.8 A fbkasE ot

SR PRI I3 S 0 U e W AR Ak R E k. 2
SO BB 1 S A7 T SR AT T R A FE i, BT (60. 0 =
2.0)CHA T, BERE S d BRI @ Hoad A AR E, =
20 d 4550, 18 GB 5009. 227—2016 £ i % 4= [
FARUE B e AR A I ) D o 4R AR 1B
1.2.9 Gt

SEERRET S M I, BT iS5k s FH SPSS
v.26 AT GRS M. BdE DL BE AR E 22 3R
N BEHR I BEE,p < 0.05 hEREE, H
Origin 2021 47 3 Aty 45c g Ak -1 1] o
2 ERE5HW
2.1 EH BT R R ARl

S B S L1 Y R M P AL A e B R S 15
THBE RS IR AT 5 B Vi 238 02 PPN Vit o (] A 2 Jot 1
TRz — " NI II#EE S SMS R H AT
THBER BT I3 S DL 1,

MELT /JLUE L IR#E R 5 SMS J5t &t bE XS Sk
THITRE A B BTyl R B B 52 (p <0.05) . Pl
E PR 0 50, A EE I B BT il R e B
WREARAR G T AR , B S R ARG N o SERF I eI
AT 3R 5 0 B R e S B 5 SMS J

FEA 0210 I, Ji1BE I 2R B H A58 RO AT It 3, 6y
83.57 g; EIRWENG 55 SMS JitEE H oy 2: 8 I, Hrifh &
IR, B d i 5 AE PRI 55 SMS iR Loy 416 i,
it =R die ey, B RE Fo IR, A ML AR 5 B A 5, I AN
RLAYBERA T T REE T 55 ) R BRI 5 g
JCEA IR AE R G, B nl B2 by T Ui A1
it =2 ) (AR AR P T 5 R A

60 r —s—fyih 3 4200
so| T HE
1160
S 40F .
¥ 30 {120 &
= =
=20f
180
101
0 : : . : 40
SLO SL1 SL2 SL3 SL4
4151
1 FRENREEIES SMS JRE bb 347 B
WlESEE

2.2 FAFMBIGREF R

G' TR BN ARG R T BEE K I A RE
W AHRERL R  SRAE MR B EHATE T G Fon BT VB
ARG PR AR b T I AE Y RE B, (L Y FERERE T, RAE A
RIS, Y 6" RT 6" AR R R AT AL,
SRR RZ R R RIS, SRR
K2 g 5 FPEOFFIMIEEIR RO A4 it 25

80r —=—SLO —e—SL1

——SL2 ——SL3
| —e—SL4

100

0.1 1 10
HiZE/He
20 —=—SI,0 —e—SI.1
——S[L2 ——SL3
——SL 4
0 ¢ . )
0.1 1 10 100
$i % /Hz
B2 AREIPEAEE SMS A2 L EiFimgRn
ME A

I 2 AT, BT SEkF BRI 1 6" R Bt R
g g, B 6" T 67, BVBEI A R A 32 4R
AR, PR 2R N TR AR E 19 = 4E R ZE
B AR R DU HBEI AR ZS . SLO Y G4 T 5
FHRE ity ) BB B AR5 5 SL 2 1Y G e, R
BRI E fe e s SL 4 1Y G B fIK, 3R WL I o 12 i



34 CHINA OILS AND FATS

2022 Vol. 47 No. 12

%o Pl 5 EA X, MRS G FREAGHTIh %
BT SL 2 (9 G/ R GBI B TF At RE A B LA
AR A, UERA DB 5 SMS Jitit Lb oAy 2: 8 B
SROFFI B I 0 B I F o
2.3 FEHwEmBIRE ML

&l 3 AR B A 5 SMS T dit Lb SR i 35 i
() XRD &35, 3% 2 A [F BR AR 5 SMS it b2
FFIHBERE S FLZH 7319 d - [B]FE . FWHM Fi1 AUC,

SL3
SL4

5 10 15 20 25 30 35 40 45
20/()
B3 AEDPEEAES SMS jfTE bk 347 imEE AL HY XRD i

x2 AEPEEES SMS RELLFIFHBRRREHANH d - 5EE . FWHM 1 AUC

v b d — )i/ A FWHM AUC

Fhdh 20=21° 20 =19° 20=21° 20=19° 20=21°
SMS 4.112 0 - 1.900 - 6 027.7
SLO 4.139 1 1.008 0.402 9 498. 1 18 073.2
SL 1 4.154 5 0.998 0. 468 8521.2 22 170.2
SL2 4.1372 1.047 0.414 8 864.6 15 795.1
SL3 4.160 1 1.027 0. 408 8 235.0 12 308.5
SL 4 4.167 9 1.043 0.397 8176.0 10 064. 1

& 3 F13% 2 AT, 78 KA BEYE LA, Siepfyh e
JE B AT S A LT AR ], HE 26 R 19°40 1 4> FEi, 7E
20 F 21°4b 4 1 A4, SMS (14 5 1 6] 1 ( d — [a]
BB 4. 112 0 A, 17 T 1Y SR IHBE IR S 34 7
4.13 ~4.17 A b Bo% F W, X5 Sagiri 22 W5
SMS F+FiliE IS 72 XRD 3% p i d - (8] B 45 5 3%
AR—, SERFIEERL S SMS (1) 3= ZL0 1 {3 & A d -
[ PRI AR TA] , B SMS BEE 53+ LAAH ] 1) 53 - HE 3]
TEAXAEAE T FF i EE RS i . FWHM AR F 4 i 1Y
25 hEE 4 5 R SUHKR T 8E I 4y 7 Z DB A )7
SERIROARE AR . FWHM UG, 45 S bk ™, 26
S 21° 400 R FWHM fIGT 260 S 19° 4bU Yy, 156 B I
gh LR R, AR SRR ST, TR B 20 b 21° 4k 14
K LA R SEAFIMBE RS I 45 AT M o FEARUS N DR
JigHT, SL O i) FWHM >y 0. 402, fifi 5 5P i fig i 48 m
SL 1 ~SL4 ) FWHM M 0.468 FF&F|0.397, &5
[ AUC 25 7% 85I B9 45 di 1k RS, AUC 45 3t 5
FWHM 25584841, SL 0 f AUC 4 18 073. 2, Biti & bP
Wil b lp 3, SL 1 ~ SL 4 % AUC {22 170.2
TR 10 064. 1, FWHM 55 AUC [ B A1 B DR B g
55 SMS KA A AL T SEAFIMBERE 45 i o

2.4 EAhEIR e FHR

K HI DSC 43 M Al BE I LE 20 ~ 100 °C 5 il 4
FPERT. B4 AR DR#ERE 5 SMS Jit i Lb S A
THITRER 1) s mh A &6 il 28, 38 3 R [R] B B iR 5
SMS Jit it b SR BERR A1 4 280

SL
SL 1

/\—/SL2
/\_/_,_//SL/—;

20 40 60 30 100
£/
a) it i

SLO

20 40 60 80 100
R/ C
b) 4 it i
B4 AEIIBEEES SMS FR=E Ltk EiFmERE
DSC #4#7 &

®3 AEIPHEAES SMS RELLRAFHBERHANFSH

o e S

H T,/ T,/C AH/ (1) T,/ T,/C AH/(1/g)
SL 0 46.7 53.2 3.85 47.3 45.1 0.20
SL 1 45.6 51.8 2.70 44.5 41.5 0.07
SL 2 44.2 50.2 0.15 39.5 37.0 0.04
SL 3 4.3 49.1 0.09 34.5 32.3 0.02
SI 4 36.9 47.1 1.26 35.0 29.8 0.09




2022 4F 55 47 ¥ 5 12 1) i

iR 35

FH &1 4 AT, SRR B R AR 2R A e Sy BRLIE | 5 3
TR ZH S RE I I 1) PG R B S 1 AN 1
W P SR R HIA SR R 1 AN TE IO, L
TSRO T R 5 S 2 i ) U 0 T PR SO 38 A Dz 1Y)
FA Tl NSt e A T A e — R AN — Y
FAS A SRS 0 7, TSR St 7 Y U RE NG LL o1
HEMEST, SAFT 58 e W2 PR T Iy [l B 3 , A ik
JE(T,, ) N 46.7 CRZ)F] 36.9 °C, #4504 1o AR5
Hks (AH) 43 54 3.85.2.70.0.15.0. 09 J/g Fi
1.26 1/ g, MW/ 5 SO (L2 3) 3 -5 7E i3
RS BLGH L 7 f 75 DR W A SMS BT RS >
AT BE RS T, HBE SR 3] — I G X RS
AN Z BIAFEAEA B o SRTTT, L GAT h
FH T DB A 0 e B2 3K 3l 1, SR A T 488 I v B i Al 1)
HEMPBOR R A2 S R PR A (T,) (45 &
(T,) A% CAH) HFEAR , (A3 22 R P AR
2.5 X HmBKRALEMN

B 5 S BRBENR R0 A [ DR A 5 SMS it
AR R FTIR 8]

BRBE N

SMNSL e

3419.08! | SMS

346674 |

L
3387.088

SL2

4000 3500 3000 25002000 1500 1000 500 O
W/ em™

E5 OIRiES.EAF R EBRBEAE 5 SMS
[ bL 3E4F iR FTIR

H1 & 5 AT HY < SOFF I BE I AT TLANFRAE I
e ALFELL 3 000 ~3 600 em ™'y O I %G
O—H P ARLIAT 5 75 2 800 ~3 000 em ™' [
BN & CHy B ARG ; 7 F 1 600 ~ 1 850 em ™' (it
Jie 1) RN i € =0 Hifh4iR3h; 7€ 1 500 ~
1600 em ™" ([ I ) Z [ ) X3 B F C—N Hir fif
A N—H 25 i1 ;76 1 200 ~ 1 350 em ™' ( BEiZ M4 ) (Y
W 55 7y N—H il , N—N $i i f1 C—H N—H
IR A 55 7E 650 ~ 1 350 em ™' U5 X—Y |
X—H ZFJEIR SN 5% BRIEFFIMZ A1, B ik .SMS
FISEAF I EE I HE 3 300 ~3 600 em ™' [X 8] A ¥4
FEA W i , FeIAEAE O—H LR R, 3 1 HH e
HEFNAFAE ST T P Bk o0 (] SV, DA T T 05 ) 6%
ZERgY BRI R B, SMS IR S5 AN 431 i

BARAY AL A P38 a3 AR S0 A0 B F b AT o0 1 A 41
B AR VR R A I R RO SRR
3007 em ™ B R =C—H RLA 5 SEAF A1 iR
FIE 2 924 em ™ 12 853 em " [UE A AR SR
i 45 ¥ 3 X, 10 2 CH, Ml CH, B9 C—H $i7 {fi; &
1746 em ™" NIRIIIESE T C =0 LAY FFTE X
5SRO B 5 SR AR IE 1 466 om ™' fyig
{03 CH A CH LMY C—H il 76 1 165 em ™' )
WA X 7 T 5 25 KT T RN R 7 AH G ) C—O—H FlI
C—O0—C 1§ C—O0 Fif, X455 Swe 17 ff
SERYREH/SMS 2 JBR T BE 1 1 B8 A7 R BOM [R] , 3% 3R
BA IR 43 N R S ik 22 R A7 A8 401 Ta) U i, 9 3
HEL 25 B TE 1 o
2.6 EAFM B 04 BACAE R M

WFFR T SRATFIMEE I AE s B AL 551 T 1 b AR
FEME, ISR T T LU, A5 RN 6 B o

35
Z30r
Z25¢
g

E20F
=151
A0

= 10F
4
¥a)

5k

0 5 10 15 20 25
i} 1E)/d

W

r —=—SLO

—e—SL 1
——SL3
——SL4

(8} w &~
T T

i EARAE/ (mmol/kg)

T

—_
L

1‘0 l.5 2‘0 2‘5
I} ffl/d
b) SERF I BE L
Bl 6 i SRFmERNELEEE
H1 & 6 ], FE s A G A b S il Y 4R
A3t B2 A PR, 20 G S 4R Ak T 3 28. 68
mmol/ kg, TSRAFIBEER ) SRR ETE 1.42 ~4.25
mmol/ kg Z 7], 15t B i KF M1 B I BLAT B4 10 8 AL R
SEVE . B T AF IS B] Y S, SRR B I 1) 2ot 4 Ak
B4 B g, o 3 08 w I A B BoA bt A A ks
PE Bt IO R LN, SR I G Y 3 4R AL
EA TR P, T LAHED , BF 835 A 76 il BRI
HE L) R R ST — R ERESE TR AL .
3 & it
AT NN 5 SMS J5t i L X Sieks il B8 i
PRARVE BT SO EE ) B B A AR E VR RS2 e Al 0, DRk
JIE5 SMS 5T &8 bt Ry 2+ 8 Fisf Sp i B JE 14 A il 38 A

o
wn



36 CHINA OILS AND FATS

2022 Vol. 47 No. 12

IR A A g s AN TR BR W AIE 15 SMIS Jo it LU SRk il 56

K G T 67 Hoh BREEAR 5 SMS Bt [y 2: 8 I

I BRI RR G s BEE DR BRAR L B3, 3¢

MR A PR E M ARG, (B AR AR T B

I HAEIRE R, 45 E,UBBEAR S SMS & 51EH

BRI ] A7 250 1] A SR K i s A g S SRR i 5 JC 1

P ORwiR5 SMS i H o 2: 8 I JE LIS kT

TGRS P BE S LB

SE Lk

[1]LUOSZ, HUX F, JIA Y J, et al. Camellia oil — based
oleogels structuring with tea polyphenol — palmitate particles
and citrus pectin by emulsion — templated method:
preparation, characterization and potential application[ J].
Food Hydrocolloid,2019,95.76 - 87.

[2] PATEL A R, DEWETTINCK K. Edible oil structuring; an
overview and recent updates [ J]. Food Funct, 2016, 7
(1):20-29.

[3] SILVATLT, ARELLANO D B, MARTINI S. Interactions
between candelilla wax and saturated triacylglycerols in
oleogels[ J]. Food Res Int, 2019,121:900 - 909.

[4] CUILQ, FANJ, SUN Y F, et al. The prooxidant activity
of salts on the lipid oxidation of lecithin — stabilized oil —in —
water emulsions[ J|. Food Chem,2018,252.28 - 32.

[5] ZHOU X X, LIN H H, ZHU S C,

rheological and chemical properties of surimi nutritionally —

enhanced with lecithin[ J/OL]. LWT - Food Sci Technol,

2020,122 ;108984 [ 2021 - 10 — 09 ]. https://doi. org/10.

1016/j. Iwt. 2019. 108984.

SINGH V K, PRAMANIL K, RAY S S, et al. Development

and characterization of sorbitan monostearate and sesame oil —

et al. Textural,

[6

[

based organogels for topical delivery of antimicrobials[ J].
AAPS Pharm Sci Tech,2015,16(2) ;293 -305.
PERNETTI M, VAN MALSSEN K, KALNIN D, et al.
Structuring edible oil with lecithin and sorbitan tri — stearate
[J]. Food Hydrocolloid, 2007, 21(5/6) ; 855 —861.
BARBOSA K M, CARDOSO L P, RIBEIRO A P B, et al.
Crystallization of low saturated lipid blends of palm and
with  sorbitan fully
hydrogenated palm oil[ J]. J Food Sci Technol, 2018, 55
(3): 1104 -1115.
(9] FEAET, E52, T, S5 TR bl A A8 K i i e i
RARSCHERT ()], BBy, 2021, 42(2) :17 - 22.
[10] LOPEZ - MIRANDA J, PEREZ - JIMENEZ F, ROS E,
Olive oil and health.
international conference on olive oil and health consensus
report, Jaén and Cérdoba (Spain) 2008 J]. Nutr Metab
Cardiovasc, 2010, 20(4) :284 —294.

[11] ZHANG X W, WANG W H, WANG Y N, et al. Effects

of nanofiber cellulose on functional properties of heat —

[7

L

(8

(R

canola oils monostearate  and

et al.

summary of the [I

induced chicken salt — soluble meat protein gel enhanced

with microbial transglutaminase [ J]. Food Hydrocolloid,

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

(22]

(23]

(24]

2018,84:1 -8.
AGUILAR - ZARATE M, MACIAS - RODRIGUEZ B A,
TORO - VAZQUEZ ] F, et al. Engineering rheological
properties of edible oleogels with ethylcellulose and
lecithin[ J]. Carbohyd Polym,2019,205 .98 - 105.
MENG Z, QI K'Y, GUO Y, et al. Effects of thickening
agents on the formation and properties of edible oleogels
based on hydroxypropyl methyl cellulose[ J]. Food Chem,
2018,246:137 - 149.

OKURO P K, MALFATTI — GASPERINI A A, VICENTE
A A, et al. Lecithin and phytosterols — based mixtures as
hybrid structuring agents in different organic phases[ J].
Food Res Int,2018,111.:168 —177.

P, DAEE, XU, 4. A4ER/A RS R
EBEIE B A K oy AR AR LT ], B dh B,
2018, 39(10) :89 —96.

SRAK . B 2% 22 W I B ) ) i B T R A 1 1 A
[D]. dEat: Jeatfb TR, 2014.

YANG Q, WANG Y R, LI =SHA Y J, et al. Physicochemical
structural and gelation properties of arachin — basil seed
gum composite gels: effects of salt types and
concentrations [ J/OL]. Food Hydrocolloid, 2021, 113,
1065452021 - 10 - 09 ]. https://doi. org/10. 1016/].
foodhyd. 2020. 106545.

GAUDINO N, GHAZANI S M, CLARK S, et al. Development
of lecithin and stearic acid based oleogels and oleogel
emulsions for edible semisolid applications[ J]. Food Res
Int,2019,116.:79 —89.

XIA W Y, MA L, CHEN X K, et al. Physicochemical
and structural properties of composite gels prepared with
myofibrillar protein and lecithin at various ionic strengths
[J]. Food Hydrocolloid,2018,82 135 — 143.

PAN J J, TANG L R, DONG Q X, et al. Effect of
oleogelation on physical properties and oxidative stability
of camellia oil — based oleogels and oleogel emulsions[ J/
OL]. Food Res Int,2021,140:110057[ 2021 —10 -09].
https ://doi. org/10. 1016/]. foodres. 2020. 110057.
SAGIRI S S, KASIVISWANATHAN U,SHAW G S, et al.
Effect of sorbitan monostearate concentration on the
thermal , mechanical and drug release properties of oleogels
[J]. Korean J Chem Eng,2016,33(5) ;1720 —1727.
OKURO P K, TAVERNIER I, BIN SINTANG M D, et
al. Synergistic interactions between lecithin and fruit wax
in oleogel formation [ J]. Food Funct, 2018, 9 (3):
1755 - 1767.

SWE M T H, ASAVAPICHAYONT P. Effect of silicone
oil on the microstructure,

gelation and rheological

properties of sorbitan monostearate — sesame oil oleogels
[J]. Asian J Pharm Sci,2018,13(5) :485 -497.
W, BRI, B, A R QL0 R ERIT LA
LGP Xk /N AR NS AR R B2 [T ). & i B
2, 2010, 31(7) : 256 —259.



