547 % 5 13 4 i Tl B Vol. 47 No. 13
2026 4 7 H Science and Technology of Food Industry Jul. 2026

TR R, a2 . I B K A R Ak LR R A L M R N 5T E g (0], B Tk BB, 2026, 47(13): 479-488. doi:
10.13386/j.issn1002-0306.2025060221

XU Xiaohui, CHENG lJinju. Research on the Preparation, Properties and Applications of Oleogel-structured Emulsions[J]. Science and
Technology of Food Industry, 2026, 47(13): 479—488. (in Chinese with English abstract). doi: 10.13386/5.issn1002-0306.2025060221

THBER LR B2
e BRI BT ST

(1.AZ IR EKXFERFR, b RiE 150030;
2. AR MK FHLBAAFHFIRESL LT, LHIIERIE 150030)

1 E AL ORAR S IR AIR RN R — RN X IR 5 — AP iR b . mBIREH
ilik (OGEs) R—A#HHAILRAFE, ARFRILETHREG T ARLRERN, REMNELRAOEEEE
RO ERES R MM, A, HEREMLILET A THRRELIEH, L5 H0EE OV A
KAeto Ao G IT ) A= B A MIEA T RMA A (Geok ik, Akdrih) | Rald@EEH, bR A, EEBHHL
SthE. BAT, mBREMLILRCHT 2R TAMERS AN, META%ILE, OGEs LA PIF~AT %
Fot 3B E A E, KLLET OGEs t9#| &7 ik, Lkt B P e m A, § £ T OGEs 8324 4% 4
BRBRERA RS GOMF, REFERETESHBEHRRT Ll G A8 9 £ EH M RILRE {#HAZ
HE3%, ReaEYHGAEERARNE ALELS, B, LEk&FABRG R AL LA,
KRR m R LML (OGEs) , #1447 i, bk, A

Sind

FE4r3S:TS201.2 X ERFRIRAD: A XEHS:1002-0306(2026)13-0479-10
DOI: 10.13386/).iss11002-0306.2025060221 AT T e

Research on the Preparation, Properties and Applications
of Oleogel-structured Emulsions
XU Xiaohui', CHENG Jinju"*"

(1.College of Food Science, Northeast Agricultural University, Harbin 150030, China;
2.Key Laboratory of Dairy Science, Ministry of Education, Northeast Agricultural University, Harbin 150030, China)

Abstract: Traditional emulsions consist of two or more immiscible phase systems, where one liquid is dispersed as small
droplets in the other. Oleogel-structured emulsions (OGEs) are a novel type of emulsion system. They are prepared by
incorporating food-grade gelling agents into the liquid oil phase of traditional emulsions; after crystallization or self-assem-
bly, the gelling agents solidify to form a three-dimensional network structure that encapsulates the liquid oil. Consequently,
OGE:s can be used as substitutes for plastic fats, combining the health benefits of liquid oils (reducing trans and saturated
fatty acids) with the advantages of solid fats: facilitating texture formation (e.g., in ice cream and margarine), restricting oil
droplet migration, blocking oxygen, and delaying fat digestion. Currently, OGEs have been widely applied in the encapsula-
tion of bioactive substances. Compared with traditional emulsions, OGEs exhibit superior stability and higher encapsula-
tion and delivery efficiency. This review summarizes the preparation methods, physicochemical properties, and food appli-
cations of OGEs. It aims to explore the mechanisms of OGEs for encapsulating bioactive substances or nutritionally func-
tional ingredients, provide strategies for replacing solid fats in specific foods and constructing efficient and stable emulsion-
based delivery systems for bioactive substances, enhance the stability and bioavailability of encapsulated substances, and
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lay a theoretical foundation for their applications in the food, pharmaceutical, and cosmetic industries.

Key words: oleogel-structured emulsions (OGEs); preparation methods; stability; applications
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Fig.1 Schematic diagram of method used to prepare OGEs
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Table 1 Methods and materials for preparing OGES
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Table 2 Differences in properties among OGEs, oleogels and traditional emulsions

T g s VL L LI (OGES) (OW) B(W/O)
FELEAR A, 22 d S e O " D s N
FRBERE AR, SRR 2ROk, it 1SRRI EERE o L S ] A, i
shy el e T SIBEE IS 0. DI )JE =K, T
s ‘ ’ BB
bt o ey BRI AR AT S AORE e, REATADS 1L TG
ot HoleF B R R e e S BRI e, i Rk TR AR T
LNV STEES R A S TR I 5 s AT B SR A
: P T £
FPLN AL RSN E AN, BRI RA SNSRI BRSO AT e Y, 6 2T W
WOSRERR  ARRE WEATBCR MORIERD ISR, T REAPLI AR AL BRI SRS A L. LT
TR s ey A, BT ST R RIS 37 B )
e BRSBTS SR R, SIURAERA RO T B AR I,
T, PR 0 AT SRR A R A AT A )
S REL (YA ] ekt BT 1) AR RS
et e p RN g e R TR A TN TR B, DR
R e GRS B, AT SEOREAESD T LR RO DT DR B R B L%
YRS LA T S R RA . - o
g TEERLE IS ﬁ;ﬁ%gf@ﬁiﬁﬁ?@ﬁ@iﬁ@ AT AR, TAE AR A B b
TSI R 4 e : e BRI PRI P R
EBOR T KT, N I
B MIRHHERITORE 5 RGBT s 7 CEESIRIA RGBT AU
B SR NE Eri, R A E SR
‘ e BT AV 69 1R A 5 B2
R AT o PRI LT i
— Eﬁ’jﬁ;@gé ;1;‘;“@; PSRRI TARA /I FUE  HP P RO B ) TR M UL R 11
= (A I R TS 6 P LSS S TR CUNERE 3 AR ) s FHOGESHEJE B4V D e (A
7aS H Jnt B )BT
=k LR
Yegppugl o CRURKATARERRE g e  mR RAE DRROLE T T s TR

FEFIELLEY

OGEs AEMSATILAE Yl PEY) SR B FE S REYE LSy, IF
Sk AR ISR I, 57 11 2 A= 4 SRSt 2w 4 I 1
TR RO R S 36 2 NSy TG RN LA T
OGEs SilBER AL G LR L1225
3 OGEs WM
3.1 FERRERYD

P52 0TI UAR L, 2 2 W A R 1 5
o A A EEHE (4116 3 B L e 5 OIS E RIE I 621
SR, I 2B 0 ARG U7 76 £ 1 ST bl . 11,
A EEOME . T RIE R
TR 12 2 TR RIS R T 2%, [ 7 At
AR 10T A A8 FE IS R 0 R S P07 T8 2 1) A L
J A1, 36 7T AR IR RS 25 M AL FLI (OGEs ) 5L
ST S AL LR T LIRS A e e
B AN R ARSI . OGEs 7613 Tall
e g AT A T B B B, VR R A R S
Eok. W, % 2898 A5 29 % W OGEs
B IR R AR NR S, T T — %
FU%E OGEs . REBE FIFE AR HE S AL R BFSE, &
B OGEs £ 1% J1HUC R , 18/ I 2 A% I IR F i
e A & &k, H AT, OGEs W9 THET . kL. 7L
il At 0 PR 2 v BB (S 4 AR B S8 AR . Guo
A6 S FF L i i 2 VR LA 391, 9 JEE PR A B A 791 1
%119 OGEs 75 I 2B i v 6 B L T4 Gehg iy
Chns R RS 1 211 . OGEs S&4e 51

AHEE, HAT A Y 0 SR I il 52, eI HOZ S
BIMAIRR TR, . By 04 K g 152 B H i 18-
FaEhEl P B H T (GMS-GML ) 70 B H i S v B e
HLIRAE R T4 58 1 ke Hh skym (Bl v ) B2 R,
S BRI VR JE UL VAR PRI RTINS A BEBR AR T Te S U 11
ZHREE, MBI T~ 50 ) iR 3l M BRI R0 1 ST b, o
4, OGEs EATaUF&E PE 2w FEhb il T A
KZ—. Zhu 35 PR T EER AV ZLAL RIS 5
REMLH o H AR AR HE T T ML an i HEF 71,
T iz [ RHASON By LE B I 70 1 22 BE R ZR 25 82 N
JUiAH; A A P PRAER B AL, AR BERE AT 1L
=Y E LS g AT DAY B B T 2 s R . AE
iR AR (P ECR PR IR, SRR 25 H HEA 2lFa e
WASHRVIAH, AELZ NIV BREGE RS Yu 45 fiff
FHELWE & (Ao B 2L, Hil 85 T 3k T e
(BW) ITHEEL S5 b FLIBOR L B . ST e
ALY, X EEEE T OGEs 35 8 3% 2 90 H 3 vy
PR B AST I RTURE AR Y BE 222 R, LA &2 OGEs £
P TP TEAEN AT AT E . Ozer 551 il &5 T H
FL AT 09 OGEs 1B 24F LR R g g s, S0
FE T BEAS AL UG A POV A AE A3 0] o
BIAEAL . TR =i H, BB I A RE
AT HIREAR T 51% T 35%, [ B A1 R0 HE B RRHE in
(65%), 1R FNAR T 218/ (44%) o FEAEAF AN, 5
Xif BEZH AR He, OGEs A0 B ZH (B A B Fb 22 152 152 1 4



. 484 - é’uﬁ&TWﬂ*ﬁ

2026 4F 7 A

(TBARS) b 3 HAIK, i Ar A s B | nEIE AN s (i
FAR . &4 5%O0GEs. 10% 2= RAIEIT I 1% Bt J2
B89 OGEs BRI AEAB AT L5 o ik HoAT W v 14 AT 2252
PIT53 - Serdaroglu 4517 R FH BT W AFAS . 2RI Ry I
FEAE T A I BE L % OGEs. FH OGEs LIA[A] 7K
SRR 252 RBF, & ER ISR (SFA) 3%
BEAI, 50%. 75% Fl 100% AR KSR 43 I BEAK T
33.71%. 46.64% Fl 72.04%. ) ik 35 L 1 1k 45 %%
(AD) FASTE BFEEC (T SR, R . Fgihd
T FRE S 2R B AR A R B | R PERNE A B
FHN -5 % HEARAEL, 75% AT 100% A K- ERE
PR R . HURUEBA T OGEs FE4E 7= B {a B Py 25
Sh T TN F1 o (B MSAS T 1, T ik — 2B 4RR, DA
Ak, OGEs FEE i v N FH , FEATRTS e pass, (Hi7H 2%
B R AR ) e S L
3.2 EYNEMHIREE FRIRE MR T EE
LG FL RENS A A FHAR 0438 Hi R o X K I
YR AT BB A1 A TR 36 2%, HLyH -7 B T R T
DABRAE AR 7 B, o e s ) TR ) BRRS
P, P S P O AR A R R . B T b R,
OGEs T4 Wi M) o 5 D) RE W 433 126 J T [R) A L
HERMES . SIE5EMFLRAHLL, OGEs 114 =4
L5 AT BB 2 10 AR WIS ) B BE SR REE L4 I
FELE HORE® . Thais 510 DA A IAH, SR FHEE
FEEFA S )N AART ey | A S A AR THR D BRI Y —oTiR
B, AL L P I R i I e L i D BE TS R
B, HF RS eI n] Xk, Areen 28U7% i@ it
{HH p-4% 18§ AN p- A 4E IR A PVE RN E T, LA
i 80 FE MR NG TER, & T —FhEifasetk HLgE
PEE p-tHE N Z AR AT Bk AR ) S BT SR i 45 44
TEFLI

Y11, OGEs 11y —Fhihik RELEH ZWHIE.
F AR el N T2 B iV 22 A s M B sl s SR DI e
PR ST T RS M 25 BROKE PRI, X5 A 3RS (an
o, AL D BUR, SECENITTETEARERI AR TS
W, A . PR, AT RS SR IR R, AR
BT HECHE RS R T ST Y AR s )
BT 5% DI RE LA W% R AE OGEs H BT, 58 11 [ 25 44)
I8 ] A ZECHI BT 1 RIS B R, SRR AT T
FEMET?, Zhang S5 IZWFIEHEEE T HFBERREN(SA)
X FLIE 7 B E H-BTHRAF K OGEs X} - % b 2341
EPERERUSEN, KL p-TE D ERAVELEER SRaETE
FiEFEER e VEIIBE SA PBS i $ 55 o ARSI A
USRI, SA SEZE T p-i% N RGBSR T A
Yyal Ktk (HIFAERTA OGESs #FHEHE s n 4
A fetE. AN Zhang SEUY gE— 2 g TR S BRAREEL
BHIEER SRAE- 1 f2R Y OGEs, H TG /K A= 1%
PEYI T 22 e R L R R EETE OGEs
HOTAH R, S5 RS BER R B AP g B IO 1 X 28
RIS SOV, 12 T 2 B En R, 5
Fe TP ARSI LAY T Rl o AH I G AR 53 20
&N, i T 22 IR AR, AR T AR AT M.
2 3 YA T —BBEER LA BOFE BCAH TSk
ANFE BT RS OGEs /K% . 7ELLHL OGEs %2
FEFH, NG 25 TR BB AN F LA Z A B AH HL52
M), B B G L 6 ) o 1 2R TR R A I
LRGP i UGS S R L T 5.
33 FERYINEIERS

X R T, $4E R PR IR ) 51 i) o P U
RE, FHICHITTERI, XU 2 52 Mo £ ) WA 0 T 2 27 i
A0 B WA R 2 —, JETEI R TH 2B W oR A, AR
ZMEHYBCEFERR . S T AR S A XUBR, By 1 RixX e

%3 OGEs WEiE M) BTl I REME AL MA &

Table 3 Construction of active substances or functional components delivery system by OGEs

Tl E I+ FLAE A [or:iLy/ ) S AL BHER
o EARFEER HH -+ 1992 52 (Pluronic) e SR ALIAET3.85%~91.05%; Xof HEEE

B F-68+i1H 180 LHE TR ALHIAY $156.99% (73]

N4 Y RE Y Lo Vst i SR A
K ekt T sz % S :'*%M&ﬁzogn% g it WERERER

5 7285.55%

g N s B Lo i MEAC /25 3 22 /Mt AR M ARSI 22 3 28 (A= ] s 394 T
SR/ BEIARR A H g o JKAH it 2 22 0 A T K [77]
HB=Fith PARE PRI H e 25 A [EZARA JKAH #1777 dfF, PR ER 4R i T736.68% [78]

S PR e o e PHCHT7.0. 5.0F13.00, L& I AR
) H 23 AL AN S & FALLER fliik=dii BHOTY%2%. 97%-3% FHI98%E2% [79]
Tk BAH R+ 20 p-9IE MR RS g DRI R AR R S 1150 [80]
Tt H 53 BAH BRI IR 80 RS THIEERS PR, KB T73%~87% [81]
FERUL 12- B RRE IR A L A BRI LY THIEERS ALREER ] T 2197% [82]

. PATGE AR H- IR R+ U0 LA - SRR {1534 /AL & T BT.w US| L 1o sy sl 0
K 8 Pl LAlas T A e [83]

e e ) " P-4 S W AR R H I : 58.13%; -

TR A Gk AE /P fe s N "
il H 253 Gt v ﬁﬁﬁg’:wﬂﬂ/mﬂﬂm LINCS 3 KA A S EEIIBEAR MBI 51.24%; p-13 Hi Bi+y- 15 [34]
" AEZEIMERIE: 36.57%; X HEL: 45.72%
DU AT e BRI K 3 Leantip

SRR R 1 e A9-DU S KIFRAR+K S A9-THCHICBNHAE AT Bt 43 53k 3] T [84]

JPR

56.0%7F158.0%




5478 S 13

TRIGEHE , 45 IMBERESHETLI R o | PERORIR FBT S - 485 -

BAT 5 A g KURAE I TR e R F e, 442
T IXUBR AL 5 W RE - A B TR A2 ) 2 T X ) — RO X
M. OGEs & TGRS A TEF4 AR S5 (an: KUk Ak
BRI AR R A LR XBR T
VAL FFLEAS I RAT rORRE YRR LB R A b, B E 2
AORBERRI S | AZE—2PHE5R T OGEs faEtE, 30
RNV B B PRI PR AL T RSN . BERSRI T |
AN T IMARRREE, 1822 144 A Y B HIGE
AR, I REM FH I 28 45 S 15 A ) o= A E A AR Y
HLRRERE I AV EY B, I, WSS N BT T 25
ANENHE R TR | BB ANIE R ST, IXLE RS
Td A PR A AU A ST -5 2= =01 A g idote A 2 oy
ELAR XU, SE B S SR AUIROVE T . #ldn, Chen 251
BT EET -4 IR - 42 A 4R A PLEE
JEEEE AL, IS B T X AR 59 (T i
O D-Frfd . ZAECIRIE | D5 Rl ) Bk iy T 44
VYT . Ghiasi 851 I 4 03 AR 10 i ASUE P S HE
RZR, FEOTRATE T PSRRI | PR S i
IR bR L, FLHAE D Bl XU B i 4 R 50
TEA A 1) Z I, T OGEs BI#FFER
Z R TESE R = YU BN, OGEs FYMURFI 0T — 4
M2 AR ML E AR GE LI E IR A Ak
YIRS eI/ ) DN R LV a6 X7/ DIV SN K EDR L BT B S s LS R
P, TR S A U B B IR I RE . 1A 3 A
BT OGEs 1E MR AU LU S HAT g L AL 1 AR
ENINIVASEE=75 8

m@ ?ﬁ, %

% LIRS
EFIBAGRS

EHRAR <

b0y
PRI B
e N om
s - swE
g Bl B
< - OGEs NW oo -?’é‘ EE
kg _Aa w5 O mEe Ip
iy (B A OGEs [
; ]
- R ; fowien
- AR D Eome &
E . 5 a
Q N maa ‘oggfaumm g’_&
£
© DR, KRR

- ERAREEMHEE E.J‘faf

&P

13 OGEs Iy
Fig.3 Applications of OGEs

4 BESRE

ARLEIR AL T IR SR FLIORSY . 455
¥, B2 T SRR R BRI S FLALFIALRNY OGESs
Wi )7, HER T OGEs B4 BRAL 22 VE T, TS A28 T
OGEs (R TE, PEANRIIR T OGEs [ PUFFRZsE HEHL
i, L& OGEs VBN E 5 O 28 Fi it Fi s

Wit &AW . AEWRE ) AL I X R ST | 1R
XU S5 i LB R GEAE B U R Y o R
U, IMBEE LA A FLIRAE S —Fh 2 DI RERY IS I R 4L,
TECLIURNOR G4 2 o7 B s e BEE
WFFERITRAFEAR B, OGEs B AEE Al . BR2h 5%
DU RO E IV . BT B B
Jiiid Z2 4000 OGEs FYWFSEEE Z 4 rh 7 T 52 w5
BERLEAG LI R INASE VR, 97 AR B A% A 1
YRR o 5 EE B TSI B A A A LI
RN ER AR EE a2, PCANCTT LA =y H
Wb, DA S AHES R TN, SE i e e A AL
R RIS A ™, [EEARRAE ™ AR, TT & AT FH HL AR
IR OGEs 2B dhAUsBHIE TAEE 1B 2L 55 .

© The Author(s) 2026. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution Li-
cense (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 3k
[1] JICY, WANG Y X. Nanocellulose-stabilized Pickering emul-
sions: Fabrication, stabilization, and food applications[J]. Advances
in Colloid and Interface Science, 2023, 318: 102970.
(2] Farar SR H MBS 2 5 &% G R I b B 5Lk 0 %)
5 M ERBEXRLID]. ER: HhXF, 2024 [LITT
Study on preparation of glycosylated modified chickpea protein iso-
late and its oleogel emulsion and their application in meat emulsion
fat substitution[D]. Chongging: Southwest University, 2024. |
[3] XIATH, GAOY X, LIU Y, et al. Lactoferrin particles assem-
bled via transglutaminase-induced crosslinking: Utilization in oleogel-
based Pickering emulsions with improved curcumin bioaccessibili-
ty[J]. Food Chemistry, 2022, 374: 131779.
[4] FAROOQ S, AHMAD M I, ABDULLAH, et al. A review of
recent trends in structuring oleogel-based emulsions for food appli-
cations[J]. Current Opinion in Colloid & Interface Science, 2025,
78:101924.
[ 5] DAVIDOVICH-PINHAS M. Oil structuring using polysaccha-
rides [J]. Current Opinion in Food Science, 2019, 27: 29-35.
[6] ZHU Q M, GAO ] B, HAN L J, et al. Development and char-
acterization of novel bigels based on monoglyceride-beeswax
oleogel and high acyl gellan gum hydrogel for lycopene delivery[J].
Food Chemistry, 2021, 365: 130419.
[7] FS05k, 8 20k, K, F. R RIS IULA A Tt 2 AT 5
[J]. ¥ B A& F A, 2022,33(10): 181-187. [LIW Q, XUEY
Q, ZHANG Y, et al. Study on processing tolerance of different food
emulsifiers[J]. China Food Additives, 2022, 33(10): 181—187. ]
[8] MUNK M B, UTOFT A, LARSEN F H, et al. Oleogelating
properties of ethylcellulose in oil-in-water emulsions: The impact of
emulsification methods studied by *C MAS NMR, surface tension
and micropipette manipulation studies[J]. Food Hydrocolloids,
2018, 89: 700—706.
[9] M U. Preparation, characterization and physico-chemical prop-
erties of solid lipid nanoparticles (SLN) and nanostructured lipid
carriers (NLC): Their benefits as colloidal drug carrier systems[J].
Die Pharmazie, 2006, 61(5): 375—386.
[10] Ex38. AP ZBEN- K 2IP BRI b B IR A SUR R R ooy 5


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.cis.2023.102970
https://doi.org/10.1016/j.cis.2023.102970
https://doi.org/10.1016/j.foodchem.2021.131779
https://doi.org/10.1016/j.cocis.2025.101924
https://doi.org/10.1016/j.cofs.2019.04.006
https://doi.org/10.1016/j.foodchem.2021.130419
https://doi.org/10.19804/j.issn1006-2513.2022.10.023
https://doi.org/10.19804/j.issn1006-2513.2022.10.023
https://doi.org/10.1016/j.foodhyd.2018.11.019

- 486 - £ Tl B4

2026 4F 7 A

WA BAF S (D). 7 M e d Rk X ¥, 2021. [DONG L L.
Study on construction and digestive properties of ceramide-soybean
lecithin oleogel-based emulsion system[D]. Guangzhou: South Chi-
na Agricultural University, 2021. ]

[11 ] PANJJ, TANG L R, QUAN XI D, et al. Effect of oleogela-
tion on physical properties and oxidative stability of Camellia oil-
based oleogels and oleogel emulsions[J]. Food Research Interna-
tional, 2021, 140: 110057.

[12] JAVIERICR,JOSé A G I, WALFRED R F, et al. Relation-
ship of rheological and thermal properties in organogel emulsions (W/
O): Influence of temperature, time, and surfactant concentration on
thermomechanical behavior[J]. Journal of Molecular Liquids, 2021,
337: 116403.

[ 13 ] HUANG Z, GUO B, ZHANG G. External factors affecting
the linear and nonlinear rheological behavior of oleogel-based emul-
sions[J]. Food Chemistry, 2024, 439: 138075.

[14] ORLANDO G G D, BERNARDO Y S, ELENA D A, et al.
The effect of interfacial interactions on the rheology of water in oil
emulsions oleogelled by candelilla wax and saturated triacylglyc-
erols[J]. Food Science and Technology, 2021, 146: 111405.

[15] CHEN X W, CHEN Y J, WANG J M, et al. Tunable volatile
release from organogel-emulsions based on the self-assembly of f-
sitosterol and y-oryzanol[J]. Food Chemistry,2017,221:1491—
1498.

[16] PANAGIOTOPOULOU E, MOSCHAKIS T, KATSANIDIS
E. Sunflower oil organogels and organogel-in-water emulsions (part
I1): Implementation in frankfurter sausages[J]. Food Science and
Technology, 2016, 73: 351-356.

[17] JULIE M S, AMALIA C, CAMILA P, et al. Preparation and
characterization of oleogel emulsions: A comparative study between
the use of recovered and commercial sunflower waxes as structuring
agent[J]. Journal of Food Science, 2020, 85(9): 2866—2878.

[ 18 ] PANDOLSOOK S, KUPONGSAK S. Influence of bleached
rice bran wax on the physicochemical properties of organogels and
water-in-oil emulsions[J]. Journal of Food Engineering, 2017, 214:
182-192.

[19] OZER C O, CELEGEN §. Evaluation of quality and emul-
sion stability of a fat-reduced beef burger prepared with an olive oil
oleogel-based emulsion[J]. Journal of Food Processing and Preser-
vation, 2021, 45(8): €14547.

[20] DEMIR O E, OKAN O C. Optimization of olive oil oleogel-
based emulsion composition: effect of oleogel composition on emul-
sion characteristics [J]. Journal of Oleo Science, 2023, 72(2): 131—
138.

[21] WEIF L, MIAO J Y, TAN H Y, et al. Oleogel-structured
emulsion for enhanced oxidative stability of perilla oil: Influence of
crystal morphology and cooling temperature[J]. Food Science and
Technology, 2021, 139: 110560.

[22] WANG S, SHI'Y, TU Z, et al. Influence of soy lecithin con-
centration on the physical properties of whey protein isolate-stabi-
lized emulsion and microcapsule formation[J]. Journal of Food En-
gineering, 2017, 207: 73—80.

[23] EL-SAYED SM, HASHIM A F. Development of emulsion
foams based on healthier oleogels and their application as low-fat re-
placers for whipped cream[J]. Journal of Food Measurement and
Characterization, 2024, 18(11): 9142—-9155.

[ 24 ] NASIRZADEH R, ROUFEGARINEJAD L, TABIBIAZAR
M, et al. Development and characterization of propolis wax-based

oleogel emulsion and its application as shortening replacer in
cake[J]. Journal of Food Measurement and Characterization, 2025,
78:101924.

[25] XIA T H, WEI Z H, XUE C H. Impact of composite gelators
on physicochemical properties of oleogels and astaxanthin delivery
of oleogel-based nanoemulsions[J]. Food Science and Technology,
2022, 153: 112454.

[26] MOSCHAKIS T, DERGIADE I, LAZARIDOU A, et al.
Modulating the physical state and functionality of phytosterols by
emulsification and organogel formation: Application in a model yo-
gurt system[J]. Journal of Functional Foods, 2017, 33: 386-395.
[27 ] BLAKE A I, MARANGONI A G. Factors affecting the rheo-
logical properties of a structured cellular solid used as a fat
mimetic[J]. Food Research International, 2015, 74: 284—293.

[28 ] MAO L, CALLIGARIS S, BARBA L, et al. Monoglyceride
self-assembled structure in O/W emulsion: Formation, characteriza-
tion and its effect on emulsion properties[J]. Food Research Interna-
tional, 2014, 58: 81—88.

[29] PENAGOS I A, MORENO J S M, DEWETTINCK K, et al.
Carnauba wax and beeswax as structuring agents for water-in-oleo-
gel emulsions without added emulsifiers[J]. Foods, 2023, 12(9):
1850.

[30] FAa3E. A& T ik a9 SLiRAk 2 ML RAL B R [D].
#: F& Tk X3, 2024. [ WANG F Y. Study on construction and
stability of emulsion system based on oleogel [D]. Jinan: Qilu Uni-
versity of Technology, 2024. ]

[31] HYATT J R, ZHANG S, AKOH C C. Characterization and
comparison of oleogels and emulgels prepared from Schizochytrium
algal oil using monolaurin and MAG/DAG as gelators[J]. Journal of
the American Oil Chemists' Society, 2023, 100(12): 945-959.

[32] ZHANG Z S, WANG H, SHU Y, et al. Improving the freeze-
thaw stability of pork sausage with oleogel-in-water Pickering emul-
sion used for pork backfat substitution[J]. Food Science and Tech-
nology, 2023, 180: 114698.

[33] SUDAXSHINA M, BENEDICTE VAN DEN B, GREGO-
RY G, et al. Water-in-sorbitan monostearate organogels (water-in-
oil gels) [J]. Journal of Pharmaceutical Sciences, 1999, 88(6): 615~
619.

[34] WANGSJ,QINYY,LIUYP,etal. Controlling release of
astaxanthin in f-sitosterol oleogel-based emulsions via different self-
assembled mechanisms and composition of the oleogelators[J].
Food Research International, 2024, 186: 114350.

[35] GAO X W, HOU L X, YANG W I, et al. Lignin-based
nanoparticles stabilized Pickering emulsion for enhanced catalytic
hydrogenation [J]. Langmuir: the ACS Journal of Surfaces and Col-
loids, 2025, 341: 103476.

[36] LIAO Z, WANG X, LU M, et al. Interfacial crystallized
oleogel emulsion with improved freeze-thaw stability and tribologi-
cal properties: Influence of cooling rate[J]. Food Chemistry, 2024,
445: 138704.

[37] OKURO P K, GOMES A, CUNHA R L. Hybrid oil-in-water
emulsions applying wax(lecithin)-based structured oils: Tailoring
interface properties[J]. Food Research International, 2020, 138
(PB): 109798.

[38] JIY,WUYF, WANG Y, et al. Pickering emulsion gel stabi-
lized by milk fat globule membrane/pectin enhanced probiotic stabil-
ity[J]. Food Chemistry: X, 2025, 27: 102409.

[39] PARISA A, MAHNAZ T, LEILA R, et al. Development of


https://doi.org/10.1016/j.foodres.2020.110057
https://doi.org/10.1016/j.foodres.2020.110057
https://doi.org/10.1016/j.foodres.2020.110057
https://doi.org/10.1016/j.molliq.2021.116403
https://doi.org/10.1016/j.foodchem.2023.138075
https://doi.org/10.1016/j.lwt.2021.111405
https://doi.org/10.1016/j.foodchem.2016.11.001
https://doi.org/10.1016/j.lwt.2016.06.006
https://doi.org/10.1016/j.lwt.2016.06.006
https://doi.org/10.1111/1750-3841.15361
https://doi.org/10.1016/j.jfoodeng.2017.06.030
https://doi.org/10.5650/jos.ess22282
https://doi.org/10.1016/j.lwt.2020.110560
https://doi.org/10.1016/j.lwt.2020.110560
https://doi.org/10.1016/j.jfoodeng.2017.03.020
https://doi.org/10.1016/j.jfoodeng.2017.03.020
https://doi.org/10.1016/j.jfoodeng.2017.03.020
https://doi.org/10.1016/j.jff.2017.04.007
https://doi.org/10.1016/j.foodres.2015.04.045
https://doi.org/10.1016/j.foodres.2014.01.042
https://doi.org/10.1016/j.foodres.2014.01.042
https://doi.org/10.1016/j.foodres.2014.01.042
https://doi.org/10.3390/foods12091850
https://doi.org/10.1002/aocs.12721
https://doi.org/10.1002/aocs.12721
https://doi.org/10.1016/j.lwt.2023.114698
https://doi.org/10.1016/j.lwt.2023.114698
https://doi.org/10.1016/j.lwt.2023.114698
https://doi.org/10.1016/j.foodres.2024.114350
https://doi.org/10.1021/acs.langmuir.4c04464.s001
https://doi.org/10.1021/acs.langmuir.4c04464.s001
https://doi.org/10.1021/acs.langmuir.4c04464.s001
https://doi.org/10.1021/acs.langmuir.4c04464.s001
https://doi.org/10.1021/acs.langmuir.4c04464.s001
https://doi.org/10.1016/j.foodchem.2024.138704
https://doi.org/10.1016/j.foodres.2020.109798
https://doi.org/10.2139/ssrn.5128622
https://doi.org/10.2139/ssrn.5128622
https://doi.org/10.2139/ssrn.5128622

5478 S 13

TRIGEHE , 45 IMBERESHETLI R o | PERORIR FBT S - 487 -

behenic acid-ethyl cellulose oleogel stabilized Pickering emulsions
as low calorie fat replacer[J]. International Journal of Biological
Macromolecules, 2020, 150: 974-981.
[40] DONG Y, WEI Z H, XUE C H. Effect of interaction be-
tween ovotransferrin fibrils and pectin on properties of oleogel-based
Pickering emulsions[J]. Food Hydrocolloids, 2023, 140: 108620.
[41] HUANG Z H, GUO B Z, GONG D M, et al. Oleogel-struc-
tured emulsions: A review of formation, physicochemical properties
and applications [J]. Food Chemistry, 2023, 404: 134553.
[42] QIJ, YAN HM, ZHANG W W, et al. Thermal-assisted stir-
ring as a new method for manufacturing O/W emulsions stabilized
by gelatin-arginine complexes[J]. Journal of Food Engineering,
2023,339: 111261.
[43] &4, Bawl, 38, % St e n g b
e A5 AR T M h B em [T]. F B 3 45, 2018,37(5): 33-38.
[ ZHANG Z Y, FENG Q M, LI B, et al. Effect of stirring speed on
stability of fine stickies in white water from old newspaper recy-
cling[J]. China Pulp & Paper, 2018, 37(5): 33-38. ]
[44 ] BAUDONNET L, PERE D, MICHAUD P, et al. Effect of
dispersion stirring speed on the particle size distribution and rheo-
logical properties of carbomer dispersions and gels[J]. Journal of
Dispersion Science and Technology, 2002, 23(4): 499-510.
[45] TANG Y R, SUPRATIM G. Canola protein thermal denatu-
ration improved emulsion-templated oleogelation and its cake-bak-
ing application[J]. Rsc Advances, 2021, 11(41): 25141-25157.
[46 ] BARATIAN G Z, SAMIRA Y, ALI H M, et al. Fabrication
of novel hybrid gel based on beeswax oleogel: Application in the
compound chocolate formulation[J]. Food Hydrocolloids, 2023,
140: 108599.
[47] ZHANGRN, CUIMN, YE JJ, et al. Physicochemical sta-
bility of oleogel-in-water emulsions loaded with f-carotene against
environmental stresses[J]. Food Science and Technology, 2022,
155: 112965.
[48] TAN C, JULIAN M D. Application of advanced emulsion
technology in the food industry: A review and critical evaluation[J].
Foods, 2021, 10(4): 812.
[49] RAJINDER P. Modeling of sedimentation and creaming in
suspensions and Pickering emulsions [J]. Fluids, 2019, 4(4): 186.
[50] IWONA S, ANNA Z, SYLWIA O G. New insight into food-
grade emulsions: Candelilla wax-based oleogels as an internal phase
of novel vegan creams[J]. Foods, 2024, 13(5): 729.
[51] GMACH O, GOLDA J, KULOZIK U. Freeze-thaw stability
of emulsions made with native and enzymatically modified egg yolk
fractions [J]. Food Hydrocolloids, 2022, 123: 107109.
[52] LIC,LIY X, SUN P D, et al. Starch nanocrystals as particle
stabilisers of oil-in-water emulsions[J]. Journal of the Science of
Food and Agriculture, 2013, 94(9): 1802—1807.
[53] HUHY, FENG Y L, ZHENG K W, et al. The effect of sub-
zero temperatures on the properties and structure of soy protein iso-
late emulsions[J]. Food Chemistry, 2024, 433: 136829.
[ 54 ] HARSHAVARDHAN D, IRSHAAN S, MOHONA M, et al.
Development and characterization of coconut oil oleogel with ly-
copene and stearic acid[J]. Journal of Oleo Science, 2023, 72(8):
733-743.
[ 55] CHUANWU H, GAOSHANG W, JIAN G, et al. Oral oil re-
lease improves lubrication and sensory properties of meat analogs
with protein-stabilized oleogel[J]. Food Hydrocolloids, 2023, 142:
108788.

[56] EZGI G, SALIH K, ALICAN A, et al. Fabrication and char-
acterisation of Pickering emulsion - based oleogel stabilised by cit-
rus fibre and whey protein isolate colloidal complex: Application in
cookie formulation[J]. International Journal of Food Science and
Technology, 2024, 59(3): 1709—-1723.

[57] JEE WOO K, GOWRISANKAR A, BYUNG-KWON K. Re-
cent advances in single-entity electrochemistry for metal nanoparti-
cle, nanodroplet, and bio-entity analysis[J]. Trends in Analytical
Chemistry, 2023, 169: 117358.

[58] YAN Y Z, CHEN S L, DENG L, et al. Construction and
characterization of egg white protein-gallic acid-xanthan gum-based
emulsion and oleogel [J]. Food Hydrocolloids, 2024, 150: 109720.
[59] SHAFIEI M, KAZEMZADEH Y, MARTYUSHEV D A, et
al. Effect of chemicals on the phase and viscosity behavior of water
in oil emulsions [J]. Scientific Reports, 2023, 13(1): 4100.

[60] PATEL A R, SCHATTEMAN D, de VOS W H, et al. Prepa-
ration and rheological characterization of shellac oleogels and
oleogel-based emulsions[J]. Journal of Colloid and Interface Sci-
ence, 2013, 411: 114-121.

[61] fugib, 1) Tk, 508 . g P B X g W Bk R IR BAZ 1 3
RAF st (1], B Hob 5 4R, 2025,40(2): 1-12. [ YINH D,
LIU Y F, ZHENG Z J. Research progress on sources and control
technologies of trans fatty acids in oils[J]. Journal of the Chinese
Cereals and Oils Association, 2025, 40(2): 1-12. ]

[62] #his, IREH, IR, 5. A RBHRIE R M Iy BRIEAN 5
FURR S 0 X Btk K T NHANES 447 [J]. 8 SUE A X 5 $ 4R,
2024, 47(12): 1222-1228. [ XU T, ZHANG S M, FAN Y L, et al.
Association between dietary fatty acid intake and breast cancer in
adult women: An analysis based on NHANES[J]. Journal of Zunyi
Medical University, 2024, 47(12): 1222-1228. ]

[63] GUO J, HUANG Y, GU X, et al. Spirulina platensis protein-
based emulsion gel as fat substitute in meat analogs: Evaluation per-
formance across post-processing[J]. Food Chemistry, 2025, 463:
141414.

(64 ] MATEE. oAk i BB G R 0O M BTSN ik k3
#y & R AR D], ) M. % T K%, 2023. [ CHENK F. Con-
struction of monoglyceride-based oleogel foams and their applica-
tion in chocolate spreads[D]. Guangzhou: South China University
of Technology, 2023. ]

[65] ZHU S C, ZHU H, XU S Y, et al. Gel-type emulsified mus-
cle products: Mechanisms, affecting factors, and applications[J].
Comprehensive Reviews in Food Science and Food Safety, 2022, 21
(6): 5225-5242.

[66] YUJJ, YUNMY, LIJ, et al. Development of oleogel-in-
water high internal phase emulsions with improved physicochemi-
cal stability and their application in mayonnaise [J]. Foods, 2024, 13
(17):2738.

[67] SERDAROGLU M, YiiNCii - BOYAC1 O, KAVUSAN H S.
Utilizing chia flour-based gelled emulsion for the development of
functional beef patties with enhanced nutritional profile[J]. Food
Science & Nutrition, 2024, 12(10): 7316—7330.

[ 68 ] ZHANG I, ZHENG Y, GUO B L, et al. Jammed Pickering
emulsion gels[J]. Advanced Science (Weinheim, Baden-Wurttem-
berg, Germany ), 2024, 11(48): €2409678.

[69] THAIS JORDANIA S, PATRICIA R C, PATRICIO R H, et
al. Soybean oil organogelled emulsions as oral delivery systems of
hydroxytyrosol and hydroxytyrosol alkyl esters[J]. Food Chem-
istry, 2022, 379: 132182.


https://doi.org/10.1016/j.ijbiomac.2019.10.205
https://doi.org/10.1016/j.ijbiomac.2019.10.205
https://doi.org/10.1016/j.foodhyd.2023.108620
https://doi.org/10.1016/j.foodchem.2022.134553
https://doi.org/10.1016/j.jfoodeng.2022.111261
https://doi.org/10.11980/j.issn.0254-508X.2018.05.006
https://doi.org/10.11980/j.issn.0254-508X.2018.05.006
https://doi.org/10.1081/DIS-120014018
https://doi.org/10.1081/DIS-120014018
https://doi.org/10.1039/D1RA02250D
https://doi.org/10.1016/j.foodhyd.2023.108599
https://doi.org/10.1016/j.lwt.2021.112965
https://doi.org/10.3390/foods10040812
https://doi.org/10.3390/fluids4040186
https://doi.org/10.3390/foods13050729
https://doi.org/10.1016/j.foodhyd.2021.107109
https://doi.org/10.1002/jsfa.6495
https://doi.org/10.1002/jsfa.6495
https://doi.org/10.1016/j.foodchem.2023.136829
https://doi.org/10.5650/jos.ess22398
https://doi.org/10.1016/j.foodhyd.2023.108788
https://doi.org/10.1111/ijfs.16925
https://doi.org/10.1111/ijfs.16925
https://doi.org/10.1016/j.trac.2023.117358
https://doi.org/10.1016/j.trac.2023.117358
https://doi.org/10.1016/j.foodhyd.2023.109720
https://doi.org/10.1038/s41598-023-31379-0
https://doi.org/10.1016/j.jcis.2013.08.039
https://doi.org/10.1016/j.jcis.2013.08.039
https://doi.org/10.1016/j.jcis.2013.08.039
https://doi.org/10.1016/j.foodchem.2024.141414
https://doi.org/10.3390/foods13172738
https://doi.org/10.1002/fsn3.4350
https://doi.org/10.1002/fsn3.4350
https://doi.org/10.1016/j.foodchem.2022.132182
https://doi.org/10.1016/j.foodchem.2022.132182
https://doi.org/10.1016/j.foodchem.2022.132182

- 488 - £ Tl B4

2026 4F 7 A

[70 ] AREEN A, MAYA D-P. Development of highly stable phy-
tosterol oleogel particle-based emulsions with improved bioaccessi-
bility of B-carotene[J]. Food Hydrocolloids, 2024, 146: 109167.

[71 ] HERNANDEZ M J H, BERISTAIN C I, FERNANDEZ M J,
et al. Enhancing the bioaccessibility and stability of curcumin
through the formation of curcumin-piperine complexes in delivery
systems based on nanoemulsions stabilized with phospholipids and
whey protein[J]. Applied Food Research, 2025, 5(1): 100730.

KA M8 F o [D]. L4 it d X5, 2021, [JINY J. Effect of
solid fats on the stability of W/O and W/O/W emulsion gels and the
photostability of VB12[D]. Wuxi: Jiangnan University, 2021. ]

[ 73] ZHANG H, TAN S M, GAN H M, et al. Investigation of the
formation mechanism and pf-carotene encapsulation stability of
emulsion gels based on egg yolk granules and sodium alginate[J].
Food Chemistry, 2023, 400: 134032.

[74 ] ZHANG L M, ZHENG J Q, WANG Y, et al. Fabrication of
rhamnogalacturonan-I enriched pectin-based emulsion gels for pro-
tection and sustained release of curcumin[J]. Food Hydrocolloids,
2022, 128: 107592.

[75] PALLA C A, AGUILERA-GARRIDO A, CARRIN M E, et
al. Preparation of highly stable oleogel-based nanoemulsions for en-
capsulation and controlled release of curcumin[J]. Food Chemistry,
2022,378:132132.

[76 ] ZHANG D, ZHONG R M, LIAO Z Y, et al. Fabrication of
interfacial crystallized oleogel emulsion for quercetin delivery with
enhanced environmental stability and bioaccessibility [J]. Journal of
the Science of Food and Agriculture, 2024, 105: 2226—2235.

[ 77] OJEDA-SERNA I E, ROCHA-GUZMAN N E, GALLEGOS-
INFANTE J A, et al. Water-in-oil organogel based emulsions as a
tool for increasing bioaccessibility and cell permeability of poorly
water-soluble nutraceuticals[J]. Food Research International, 2019,
120: 415-424.

[78] TANG XY, WANG Z M, YU D, et al. Fabrication of ultra-

stable water-in-oil high internal phase emulsion as versatile delivery
vehicle through synergetic stabilization[J]. Food Hydrocolloids,
2022, 126: 107455.

[79] LINDQ, L. KA, SONG M. The impact of pH on mechani-
cal properties, storage stability and digestion of alginate-based and
soy protein isolate-stabilized emulsion gel beads with encapsulated
lycopene[J]. Food Chemistry, 2022, 372: 131262.

[80] FANYT,GAOLY, YIJ, et al. Development of S-carotene-
loaded organogel-based nanoemulsion with improved in vitro and in
vivo bioaccessibility[J]. Journal of Agricultural and Food Chem-
istry, 2017, 65(30): 6188—6194.

[81] GHIASI F, ESKANDARI M H, GOLMAKANI M-T, et al.
Development of highly stable colloidal dispersions of gelled-oil
nanoparticles loaded with cuminaldehyde[J]. Journal of Colloid and
Interface Science, 2019, 541: 65—74.

[ 82 ] JANNATUL F, YUJI O, AKSHAT J, et al. Development and
characterization of gel-in-water nanoemulsion as a novel drug deliv-
ery system[J]. Materials Science & Engineering C, 2021, 124:
112076.

[83] WEI Z H, HUANG Q R. Developing organogel-based Pick-
ering emulsions with improved freeze-thaw stability and hesperidin
bioaccessibility [J]. Food Hydrocolloids, 2019, 93: 68—77.

[84] WANG N, LIU B Y, WANG D H, et al. Oil-in-water and
oleogel-in-water emulsion encapsulate with hemp seed oil contain-
ing A9-tetrahydrocannabinol and cannabinol: Stability, degradation
and in vitro simulation characteristics[J]. Food Chemistry, 2024,
444. 138633.

[85] Emysk, Fvmik, LA, 5. FB G0 80 00 BT A
Wy RE T B AR LM Rk My SR 09 EAC[T]. AR e A1, 2025, 41(5):
1-12. [ WANG P Y, JIANG S Q, DENG W Q, et al. Changes of
microbial community and volatile flavor compounds in Pixian Dou-
ban during "turning, sun-drying and exposing" process[J]. Modern
Food Science and Technology, 2025, 41(5): 1-12. ]


https://doi.org/10.1016/j.foodhyd.2023.109167
https://doi.org/10.1016/j.afres.2025.100730
https://doi.org/10.1016/j.foodchem.2022.134032
https://doi.org/10.1016/j.foodhyd.2022.107592
https://doi.org/10.1016/j.foodchem.2022.132132
https://doi.org/10.1002/jsfa.13992
https://doi.org/10.1002/jsfa.13992
https://doi.org/10.1016/j.foodres.2019.03.011
https://doi.org/10.1016/j.foodhyd.2021.107455
https://doi.org/10.1016/j.foodchem.2021.131262
https://doi.org/10.1021/acs.jafc.7b02125
https://doi.org/10.1021/acs.jafc.7b02125
https://doi.org/10.1021/acs.jafc.7b02125
https://doi.org/10.1016/j.jcis.2019.01.010
https://doi.org/10.1016/j.jcis.2019.01.010
https://doi.org/10.1016/j.msec.2021.112076
https://doi.org/10.1016/j.foodhyd.2019.01.050
https://doi.org/10.1016/j.foodchem.2024.138633

	1 OGEs的组成和制备
	1.1 OGEs的组成
	1.2 OGEs的制备

	2 OGEs的性质
	2.1 OGEs的理化性质
	2.2 OGEs的稳定性
	2.3 OGEs的其他性质

	3 OGEs的应用
	3.1 脂肪替代物
	3.2 生物活性物质或营养功能性成分递送
	3.3 挥发物的包埋系统

	4 总结与展望
	参考文献

