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Preparation and Application of Oleogel as Fat Substitute in Plant-Based Patties

LI Enze, WU Jingwen, JIA Xinyue, MAO Like™
(College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract: In this study, oleogels were prepared with rapeseed oil and coconut oil as oil phase and monoglyceride (MG),
beeswax, rice bran wax, carnauba wax or candelilla (CLW) wax as gelling agent, and the effects of different concentrations
of gelling agent (5%, 10%, 15%, and 20%) on the oil-holding capacity, textural properties and rheological properties of
oleogels were investigated. The results showed that the oil-holding capacity of the oleogels prepared with 15% and more
gelling agent was more than 96%; the melting characteristics of MG were most similar to those of butter, but the textual
properties of oleogels prepared with a single gelling agent were not comparable to that of butter. Therefore, mixtures of MG
and CLW in different proportions by mass were used to prepare oleogels with 15% oleogels and plant-based patties. The
results showed that the oleogel prepared with a 3:7 mixture of MG and CLW was the closest to butter in terms of textural and
rheological properties, and the resulting patty had the highest sensory quality, showing that this oleogel has a better potential
for use as a fat substitute.
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Table 1  Sensory evaluation criteria for plant-based patties
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Fig.1  Effects of addition of different types and amounts of gelling Fig. 2 Effects of addition of different types and amounts of gelling
agents on the storage (G’) and loss (G”) moduli of oleogel samples as a agents on the viscosity of oleogel samples
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Fig.3  Effects of addition of different types and amounts of gelling

agents on the G’ and G” of oleogel samples as a function of temperature

2.4 MG5CLW R L i Feith 11t s
AR, SRCHELL L BETE BAe E O BEIR 454 1E
BRI E NS %1 264 T, ARMGSCLW R L
] 2 FK T B I 2 R A B K R /), fEMG: CLW R L
N9 LI & (R B A Rl 0 AR, B 94 HERE
&> TTREE H T MG & 85 2 I BRI 190 2% 45 K4 B D
B MRS HMER 2 R a REEER, B
AR .
#4  AWIMGHCLW A AL EL il SBE i -H5 il
Table 4  Oil-holding capacity of oleogels with different ratios of MG to CLW

JRE L 1:9 3:7 5:5 7:3 9:1
Frlh%  99.91£0.08" 99.90£0.08" 99.7740.15* 99.8040.08" 98.6340.06°

W KEFRARFEREEFEER (P<0.05) .

2.5  MG5CLW K Bt X it 5 J5 #4514 1) 52 i

WEAARTR, BEEMGES IR IE I, I ) fe 5
SEIEBINE FREMES . EMGECLWE R 1:9%
372 [AVRE R AGE R I, HLAE3: 7R IR R EOK, 7E3: 7%
O 1 A] Uk Sl M 4 25 R B FE BRI I & A 15 %0,
MG 5CLWE I b A3 = 715 = S I 6 e (60 A o 240 2 - B g
TN AL, X % BIMGAHICLW 2 i) 7] BEA7AE % ) 7]
PERT, IR P [R] 76 FH AT DAASE Jo 5 e T2 BB Sy 350 2% 1 ) 4%
ghiR, IR K. UMG S5 CLW R BLLL A 7:3H1
9: LI, A5 0 BRAG, X AT RS T AMG LA
T, R AR R IR R YRR, BT R T R I 4%
SERIRATCH AN A, R Rl FE 423 T e o

WE4BH R, fEMGHCLWE &R T, BHEMG
EC AT 186, ek A F e PR AR A I R B AR . Y
MG5CLWE B L A3 7], &R s e BIA e K.
MG 5CLWE B EL 7230, e A S A1

WEACHT R, BEEMGUS RGN, &4 mE
(I FE STt Ja PR, MG 5 CLWE L EE A5 < S it
RSB Rk B i K. MG S5 CLWEFLEE 1:9. 3:7,




XA ML

E6mill=

2024, Vol.45, No.08 51

S:SFIT 3 BEAMEREEER, YMGS5CLWER
EE7:3F09: 1), &R RS HoAR3 4 L 3%
B, mrEEsE R TMGLGBI I &, T R I 45 H A
i, BB,

40 A
a
301
<
oot 4
%{
10
0
1:9 37 7:3 0 9:1
MGHCLWFEH:
12r
10F
£ 8F
£
ESiN]
B 4|
2+
1:9  3:7
MG'ﬁCLW
15
12
Eof
=
w& o
3+
0 .
MG'ﬁCLWUIEI:IZ

AL B CREZ. NSFRAFFRRZERLEE (P<005) , T,
P4 AWIMG "5 CLW SERE EL eI i BTk 1
Fig.4  Textural properties of oleogels with different ratios of MG to CLW

2.6 MG5CLW S L Fb x5 i It A48 25 14 o 1) 5 Tl

KI5A SR A [FIMG 5 CLW 5 B EL 51 ] 4% 1R 1 3 1%
AR AR R i 2. SRR, BAE R
Mg n, B R ENHRE B NG5 G AR A A
WA, BB A et e S A 00 X L Ay oo 00 2 8 R A B £
fif 520, H T FE S A R T e R M s g5 8 . Lk
Gb, FTEMERMG #R K, BEREMMG G
K, UEBHUE RSP R 1 B MR AT IR . (RS
Hirh, MGE5CLWEE L A3 T ME IR I G femr, 7T RS
T H NI SIS e

FEI5SBE /R AN [FIMG-5 CLW & JE L i1l 25 1 7l 258 i R 2 ek
FES OB BB DI HOR GG I 45 R, BT R
(I P S5 B A B D) R R g ek s, I “BIY)ARAG
FIBLE, HABUHIR IS N15%H24 T, 5 Fhihkti
(0 B AR Ak i 28 5 20 SR i TR 0 P AR Al 2R AR AL

b MGHE 5 G s EL B R 1, A ()i 7
MR IR R R R, M R AR e MR R Y. ESC
IR AN EIMG 5 CLW S EE il 2% R it 8 A0 A= il A i PR i
L. SR KRH, YMGHCLWERL N1:9, 3:7
s:su, BEHFREA G EEUH MR, BN
Jeg Mg Mg, £E60 CHAIRIE N, RSSO Chtii
TV HMGSCLWERLLL AT7:3/19: 1, B E T
=G RGN TR, {EIREEARI80 CAA M IRE M. 4
MG 5CLWE L L 9 LI AHAZ IR 2 A 380 °C,  BLIN 1A &
I EE TR . MG S CLWEBLLL 370, Ikt
HIAAAS IR 60 °C ety AR S A4 il i A AL .

—— l-9y

10° 3
10* 3
10° 3
1074

FE (Pae.s)

10" 4

100 TorTTTTTT HEE R | TorTrTTTTm
0.1 1 10 100

30 40 50 6|0 70 80 90
IEErC
ABRERI L BAE- USRI, CARAE k.
5 AREIMG 5 CLW SLRC HihBE I i A8 7Pk
Fig. 5  Rheological properties of oleogels with different ratios of
MG to CLW



52 2024, Vol.45, No.08

E6miltl =

2.7 MG5CLW 5 B it 5 s 0 A= 490 PR D oA Ao A 1D 52 T
VA il it 4D JOR AL AR5 P 0 VA A e e 7= il P B B R, 2
YR AR AR 95 B0 R A AR 2 — 07 TEE . MR, Bk
SR RAE AR (0 E E SO 1R R R AR R IR
PUIE) N FE R T A RE A5, WHE 4 (4 K /N AT DR AE A
VI RIELE N A 1 s MELUGS () 5 B FE B2 s M — ANk
i EL AT SRR AR M R B R, R BRSO 52 R
PR M 3 L R R TR 7 A ORE [R] 28 45 T S ) P 3R
71, REEEYIBA FIBEIR I AR R A B v
B & 9 B T MG S I & R 3 m . A A R AR A
(E6A) « MHIEME (K6B) #5554 Th i Ja B AR i fa s,
HAMG 5 CLW & B bE A3 = 7 0 A 5 AT ngd 1 5 K
A, AFEAERHMHEDR G (El6C) AN R
(E6D) STt fa AL &, UMGE5CLWER A
7:3F9: 1IN LR EZR, UMGS5CLWER L N3 : 7
FIMHE MR N R R K. %L, UMGHCLWEIRL A
3 THIH B ) % AR DR PERRE L siPE L MHIEE S T
T AREMG S CLW A E Bt Joh 26 g 5 A A 1 5 i
IR, MG5CLW S RC b 3 = 71 4 10 i 5 I 7 i
P U T THT S8 e v, U0 T R R e FEE K 1) e e R S AL
HE ARG BRI R O, TG e 8 B

PIGRIIAERE . k4 AL R 1
b
ﬂ ﬂ
9 37 s 753 9t
bk L

MG-5CLW/Jiii & |

500 A a

4001 ¢

203001

=

B 200}
100}

0

10 B

a

b
c 2 be be
1 1 1 1 J
3:7 5:5 7:3 9:1

1:9

NI A4 /m]
(e} [38) B (=) oo

MG5CLWJR &t

30 C
25} a b ab
g 20F
£
i\ﬂ 1.5F
E 1.0f
05}
00 1 1 1 1 J
1:9  3:7 5:5 7:3 9:1
MG5CLWJi &Lt

. 1)
XA LA
10F D
0.8}
a
= 06F b b b
2
' 04F
0.2+
00 1 1 1 1 ]
1:9 3:7 5:5 7:3 9:1

MG 5CLWJi & Lt

ATERE; BUHMEME; Cantk; D.NEME.
Pl 6 ASIMG5 CLW AL BEIEE N (¥R I DF IR P
Fig. 6  Textural properties of plant-based patties prepared with oleogels
with different ratios of MG to CLW

2.8 MG5CLWE FCit Beons 4 P 8 U1 5 3 s
ST R 4 U DAY ) R P T BT i, URE T A
TR VIEIRE S i B s B D) 53R, IR b 3T
BV)BE 3 R . AN FIMG 5 CLW S S EE T 1] 4% 1
PRI B YIRS R 7R . 45558, CLWIIIR
I TMGH, EYAPHRES I BB KBTI 18, 2
MG 5 CLW S B N3 T IE B e K, HEEH MGAEBER
A BRI, BIYI T A R, B AEMGAICLW
Y EEAT 3 214 B RE % 312 1 AR 420 PAY OO F) B U 428 E  EL

T AgE .

1000 -
a

L80F b b

& 600

iy c

= 400}

= 200f

0 1 1 1 1 ]
1:9  3:7 5:5 713 9:]

MG 5CLWJi kb

Bl 7 ANMG 'S CLW SLACIEEIRE MR 14 55 D) 4%
Fig.7  Shear loading of plant-based patties prepared with oleogels with
different ratios of MG to CLW

2.9 MGEHCLWEFC LLXH Y A YA OR KR RE AT K152

Y AYHREAKE . Frith . AR ff R 45
P ] —E R AR H XTI R AT E 0, TR A DR
TR BE T B AS [F) 2 3 3007 il 40 HHL IR - VB0RE 15 10 1
ZEFEOT YA TR B KR R, K A
Frah T3 AR A AR . AL BT E IR
AR, R BB A R 2 E PR A
BBV AR o K AL IR K R A RE T, R
VRAGR A PP O U577 It i R R T 2R b, —H S e —
SERE B 7 S R A AE O, AT VR N RAL A A
PE2 TR A B AR AR KSR, BEAEMGTE B
JE 7R e B A B T, R PR B B AR KR R e g S
g6 ETHE T RERES, HMGECLW RS LE 3 : 7 ik £
K, CRETERERLF . BEEMGINIMERIGIN, B



XA ML

E6mill=

2024, Vol.45, No.0§8 53

2R RS, BRI A RATL, 7K 23458 S R AR 41 0%
ZWE N, MGHCLWE R A9 IR ™ &, 7=
ann N R E . AN, BEE MGAE IR S N
Bn, ABTVRABEB R EINH L TEE L&
#, EMGS5CLWHE L L 3 : T X Bk (11.42%A1
1.58%) , HAE3:THIS: S C R EEZ R . wWREH T78
TRV AS L AT T 78 5 Pz 1 i O D) 8% &5 A0 X%, X KRR R
PR RE J ik, 7 b 2 TR
#5  AHMGHCLWHELL FHM AU R FRGE )

Table 5  Water and oil retention capacity, cooking and thawing loss of plant-
based patties prepared with oleogels with different ratios of MG to CLW
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Table 6  Sensory evaluation of plant-based patties prepared with
oleogels with different ratios of MG to CLW

Rtk Rk
19 7.03£0.15°

.y HERE Bk
&= E /. /" LB
B mleEg VN AT AL
7.08+0.10°  670£0.10°  6.70+0.18°  6.85+0.08°

3:7 7174006 7.03£021°  6974£021°  690£020°  7.03£0.14°
5:5 7124013 7.05£0.09° 6934016 690+0.13"  7.02+0.10°
7:3 6.8310.06"  6.93+028  6.75£031"  6.62+0.15"  6.75£0.18™
9:1 6.73£0.12° 6774015 653+0.15°  643£0.06°  6.57£0.08

3 4 #

R TR TR 52 D9 15% S LA L, ek 5 R P R T
i URAR AR BT A, SR H SR 1 A B

2 A DRSS 25 9 PR B A S o BRI, T S R TR MR
N15%, EFEMGS5CLWIHTHEL, 45REKIMGECLW
ST LG 3 = 7HNE 46 10 V8 F2 i e AR FEE A7 2l (R
FEAE FLRE A A DR B P B2 2 M B o ASHIE AT 32 B M T
TR T T AN [ 8 g 75000 00 2 T 43 81 11 9ot 8 e A 400 24 T
Ik AN B P R el AT M, NP R BT 4R
e (R AR I A A A R, Sl DU 25 4
TN S TR 7 T AT 4 T T RN T L FH AT 9

S 3R -

[1] TOMASCHUNAS M, KOEHN E, BENNWITZ P, et al. Quantitative
and qualitative variation of fat in model vanilla custard desserts:
effects on sensory properties and consumer acceptance[J]. Journal of
Food Science, 2013, 78(6): 894-901. DOI:10.1111/1750-3841.12128.

[2]  FEEOC TRIRIE, R, A IR B AR AT ST ST FE D).
£ A R I AR, 2017, 8(6): 1961-1966. DOI:10.3969/
j.1s8n.2095-0381.2017.06.004.

[3] YOUSSEF M K, BARBUT S. Effects of protein level and fat/oil
on emulsion stability, texture, microstructure and color of meat
batters[J]. Meat Science, 2009, 82(2): 228-233. DOI:10.1016/
j-meatsci.2009.01.015.

[4] KWON H C, SHIN D, YUNE J H, et al. Evaluation of gels formulated
with whey proteins and sodium dodecyl sulfate as a fat replacer in
low-fat sausage[J]. Food Chemistry, 2021, 337: 127682. DOI:10.1016/
j.foodchem.2020.127682.

[5] HUGHES N E, MARANGONI A G, WRIGHT A J, et al. Potential
food applications of edible oil organogels[J]. Trends in Food Science &
Technology, 2009, 20(10): 470-480. DOI:10.1016/j.tifs.2009.06.002.

(61  FERA, WL, SR BN, S5 R A SO0 USRS T Bk I iy
S5 RERE IR [T]. o EHORME D) 4T, 2022, 44(3): 667-677.
DOI:10.19802/j.issn.1007-9084.2021084.

[71 PATEL A R, DEWETTINCK K. Edible oil structuring: an overview
and recent updates[J]. Food & Function, 2016, 7(1): 20-29.
DOI:10.1039/c5f001006¢.

[8] BAEZ, LM, REH, & GUBER S LALE AT R IR R S A
X ERF M B B L IO R [J]. oh R, 2022, 47(12): 31-36.
DOI:10.19902/j.cnki.zgyz.1003-7969.210621.

[91 ‘b, S/NTH, R BB B ILAE € il Tl P R I SRt e )]
BAERE, 2015, 36(3): 272-279. DOI1:10.7506/spkx1002-6630-
201503051.

[10] CHEN C H, TERENTJEV E M. Aging and metastability of
monoglycerides in hydrophobic solutions[J]. Langmuir, 2009, 25(12):
6717-6724. DOI:10.1021/1a9002065.

(1] R[EEE, BERH, XUFTHE. ST Te VAR I a2 x i IR B IR 4 A 5T 5 3 A
SERIRIIAL]. R B O AR (F SRR AR, 2016, 44(11): 1-6.
DOI:10.3969/j.issn.1000-565X.2016.11.001.

[12] sk, dKEE, XU, 5. iR IE S iR & R 5L
HEJE[I]. b B A SR N, 2022, 33(8): 222-234. DOI:10.19804/
j.issn1006-2513.2022.08.032.

[13] SHIY, LIU C, ZHENG Z, et al. Gelation behavior and crystal
network of natural waxes and corresponding binary blends in high-
oleic sunflower oil[J]. Journal of Food Science, 2021: 3987-4000.
DOI:10.1111/1750-3841.15840.

[14]  VLEEM, ka8, S 5. ML P HI 0T AU R S Rk Bk (0]
o [ A 2E R, 2020, 20(8): 1-10. DOI:10.16429/j.1009-
7848.2020.08.001.



54

2024, Vol.45, No.08

E6miltl =

XA MY

[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

SONG M Y, FUNG T T, HU F B, et al. Association of animal and
plant protein intake with all-cause and cause-specific mortality[J].
JAMA Internal Medicine, 2016, 176(10): 1453-1463. DOI:10.1001/
jamainternmed.2016.4182.

G, R, XIBEL, S B AR A A R ], i Tl
FH, 2021, 42(18): 1-8. DOI:10.13386/j.issn11002-0306.2021070082.
WOERN C, MARANGONI A G, WEISS J, et al. Effects of partially
replacing animal fat by ethylcellulose based organogels in ground
cooked salami[J]. Food Research International, 2021, 147: 110431.
DOI:10.1016/j.foodres.2021.110431.

WOLFER T L, ACEVEDO N C, PRUSA K J, et al. Replacement
of pork fat in frankfurter-type sausages by soybean oil oleogels
structured with rice bran wax[J]. Meat Science, 2018, 145: 352-362.
DOI:10.1016/j.meatsci.2018.07.012.

PIEVE S D, CALLIGARIS S, CO E, et al. Shear nanostructuring of
monoglyceride organogels[J]. Food Biophysics, 2010, 5(3): 211-217.
DOI:10.1007/s11483-010-9162-3.

By, ARRLAE, FRREOR, 55, FET A LR R AR AR
A A TR BRI S0 B LR 23 M (0], o DA 2741, 2020, 35(8): 22-27.
DOI:10.3969/j.issn.1003-0174.2020.08.005.

BN, B05, AR, S ORIVER [ B 455 VR B A BN T PR g
(I [T]. B 5 R EE Tk, 2014, 40(12): 230-234. DOI:10.13995/
j.enki.11-1802/ts.201412043.

TEMRYE, BEREE, RAR, 5. AJRE A NEX 7R 5 A o AL R 1
R B S RAE D] IR AR, 2020, 36(4): 46-53.
DOI:10.13982/j.mfst.1673-9078.2020.4.007.

W%, DU, XA, S HRHEG L A s Ty 2O R 2 A D R
M), RIZEEFFT, 2018, 32(1): 23-29. DOI:10.7506/rlyj1001-8123-
201801004.

5, EIL, B, 55 ORGR A-TEm R AH W miR st E L
AR, T E AR, 2019, 19(12): 133-144. DOI:10.16429/5.1009-
7848.2019.12.018.

B, RS, TR, S5 AR BRI R A 5 RS,
RIZEHIFFT, 2020, 34(1): 45-50. DOL:10.7506/rlyj1001-8123-20190930-232.
RN RIAPFIC T KON L L Z W 5 [D]. o8 VLR K%, 2013:
8-18.

IR, Phid, TREZL, 46 bl Jntge e (v ] & SRR 0],
5 R Tk, 2020, 46(5): 188-193. DOI:10.13995/j.cnki. 11-1802/
t5.022682.

HWANG H, KIM S, SINGH M, et al. Organogel formation of soybean
oil with waxes[J]. Journal of the American Oil Chemists’ Society,
2012, 89(4): 639-647. DOI:10.1007/s11746-011-1953-2.

[29]

(30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

(40]

[41]

[42]

[43]

VR, Pharout, Bk, S /NI I IR IR A R 2 AR AL
PHFITLI]. A AR AR, 2021, 36(6): 91-95. DOI:10.3969/
j.issn.1003-0174.2021.06.015.

JRTNGR, MR, SRR, A U A A R A AT LT iy ik R
ZEACHRF IR 5 R AR RS2 0], £t TV AHE, 2023, 44(1):
128-135. DOI:10.13386/j.issn1002-0306.202204013 1.

JRINGR, BRA, EREAE, A R SR EL N R A . S R R
LA FTEJE[T]. & iR, 2022, 43(21): 372-385. DOI:10.7506/
spkx1002-6630-20211224-288.

RAE, HEERE, B, . R S IR 0 OE A
HROSEFR TR 1T, i TR, 2022, 43(14): 467-474.
DOI:10.13386/.issn11002-0306.2021070277.

TAVERNIER [, PATEL A R, VAN DER MEEREN P, et al. Emulsion-
templated liquid oil structuring with soy protein and soy protein:
x-carrageenan complexes[J]. Food Hydrocolloids, 2017, 65: 107-120.
DOI:10.1016/j.foodhyd.2016.11.008.

TR, X, B, AR i A A H TR S o SR iR
PRI 2R FE[I]. P IEl Al R, 2020, 45(1): 56-60. DOI:10.12166/
j.2gyz.1003-7969/2020.01.013.

B, T A0 A B S5 4G M R RIE ST (D] M- TR ol ok
£, 2021: 68-80.

St K. SRR HEEE i IR (K44 i S L FTRRF S [D). TE8: YL K%,
2021:21-22.

RSCAY.. S5 M) A D 20 7 M 10 JEORETRUAL BB AR 55 [D].
JbT: ALK, 2021 18-20.

W, 2V ZE . S [RGB (D], £ TR,
2008, 29(12): 156-159. DOI:10.3321/.issn:1002-6630.2008.12.031.
AGUIRRE M E, OWENS C M, MILLER R K, et al. Descriptivesensory and
instrumentaltexture profile analysis of woody breast in marinated chicken[J].
Poultry Science, 2018, 97(4): 271-276. DOI:10.3382/ps/pex428.
FIGTG. FVHEAE WO AR 5 BRI SR 2R OE A
KA HID]. st PERL R, 2021: 19-22.

MLl BN R AR AU AL [D]. T LM R,
2021: 15-26.

YOUSSEF M K, BARBUT S, SMITH A. Effects of pre-emulsifying fat/
oil on meat batter stability, texture and microstructure[J]. International
Journal of Food Science and Technology, 2011, 46(6): 1216-1224.
DOI:10.1016/j.meatsci.2009.01.015.

SANTHI D, KALAIKANNAN A, SURESHKUMAR S. Factors
influencing meat emulsion properties and product texture: a review[J].
Critical Reviews in Food Science and Nutrition, 2017, 57(10): 474-
499. DOI:10.1080/10408398.2013.858027.





