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Introduction

The increasing incidence of non-communicable diseases, particularly cardiovascular disorders, diabetes, and
metabolic syndrome has intensified efforts to reduce the consumption of saturated fatty acids (SFAs) and trans
fatty acids (TFAs) which are predominantly supplied through industrially processed fats such as partially
hydrogenated oils and palm oil. Although palm oil remains one of the most widely used solid fats in food
formulations, largely owing to its functional and technological advantages, concerns regarding its nutritional
quality have encouraged the development of healthier alternatives. In this context, oleogel technology has emerged
as a promising approach for structuring liquid oils into semi-solid systems while maintaining desirable
physicochemical and sensory attributes.

Oleogels are formed through the immobilization of liquid oil within a three-dimensional crystalline network
generated by gelator compounds. Among naturally derived gelators, beeswax has attracted considerable attention
because of its excellent oil-structuring ability, food compatibility, and potential to generate stable gel matrices.
Therefore, the objective of the present study was to formulate beeswax-based sunflower oil oleogels at different
gelator concentrations and to evaluate their potential as healthier substitutes for palm oil based on comprehensive
physicochemical and rheological characterization.

Materials and Methods

Sunflower oil was obtained from Giyahkala Co. (Sabzehvar, Iran), palm oil was supplied by Farsanchemecal
Co. (Isfahan, Iran), and yellow granular beeswax was purchased from Moomila Co. (Tehran, Iran). Oleogels were
prepared by dispersing beeswax in sunflower oil at concentrations of 4%, 7%, and 10% (w/w). The mixtures were
heated at 80°C under continuous stirring until complete dissolution of the wax phase and subsequently allowed to
stabilize at 23-25°C for 24 h to promote gel formation. The resulting systems were characterized and compared
with palm oil using a completely randomized experimental design. Physicochemical analyses included fatty acid
composition, peroxide value, oil-binding capacity, texture profile, and color measurements were performed.
Rheological properties were investigated through strain sweep, frequency sweep, and temperature sweep analyses
to assess structural integrity and viscoelastic performance. Statistical analyses were conducted using SPSS
(Version 26), and significant differences among samples were determined by analysis of variance (ANOVA) at p
< 0.05.

Results and Discussion
The results demonstrated that beeswax concentration significantly affected the structural and functional
properties of the oleogels. Increasing beeswax content promoted network formation and improved the stability of
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the structured lipid systems. The oleogel formulated with 10% beeswax showed color parameters closest to those
of palm oil, supporting its potential as a direct replacement in food formulations.

Fatty acid analysis showed that all oleogels had more favorable lipid profile than palm oil. Unsaturated fatty
acids content increased by 25%, while saturated and trans fatty acids content decreased by 67.5% and 70%,
respectively (p < 0.05). This shift reflects the considerable nutritional advantage of structured sunflower oil
systems.

Oil-binding capacity increased with gelator concentration, and the 7% and 10% formulations reached oil-
retention levels comparable to palm oil, consistent with the formation of a denser crystalline wax network capable
of immobilizing a larger oil fraction. Higher beeswax levels also improved peroxide value and increased
mechanical strength. Oleogel hardness remained lower than that of palm oil; however, this may be advantageous
in applications where reduced firmness is desirable without compromising structural integrity.

Rheological measurements confirmed the formation of viscoelastic gel networks in all formulations, with
storage modulus (G') exceeding loss modulus (G") across the tested frequency range, indicating solid-like, gel-
dominated behavior. The 7% and 10% formulations exhibited higher gel strength and greater resistance to
deformation. The 10% oleogel formed the most densely interconnected network, yielding the highest elasticity,
structural coherence, and thermal stability during temperature-sweep analysis.

Conclusion
The 10% beeswax formulation provided the best overall balance of nutritional quality, structural functionality
and physicochemical stability. This oleogel reduced unhealthy fatty acids content while matching the rheological
and technological performance of palm oil, supporting its use as an effective, sustainable palm oil alternative in
food product development.

Keywords: Fat replacer, Structured oil, Structural properties, Trans



Olnl 218 gluo g pole SLlidgly 4 5l
i ] https://ifstrj.um.ac.ir
. £

LA

044-1\4 N RARAY MI—M A oyled (YY W

230 5 Jeelm 35300 5 0l s bt s 5 S8 Gl S i Al
Jes 355 pge 5 Ols S

e:‘j 4;)‘;&5 ‘J'.'.ST - dg.ULJ.,:-J‘,.; Ao
VB0 Y/ 1l 55

VEO/ PO 1ty b

LXVCCS

bdas 45 3,05 il 5 gLl 0 glasusl (YL B pumo b onditne bL3)l 0y g Cobd ol lagslon alox 1 STy slags)low ]38l
clgieas b J5dsl s asl )il clopity) dnugs dil) ol 3 Nigd o (e cloodjgl b 3l Wl (1£9) 5 459 ,0umdes sty (sabanly 4
pye 5 OS] o8y (e Slaisls) avlie 5 i) s g cul S Bun sl 4BS 8 g 2050 (2 el ool
(WIW) 2053 Ve 9 ¥ &F o s 33 s y5555 o S5l pslatecs 5 ol 0895 b (Se3055) 5 olrondsSajud sl Shg 3 | Jus y5535
3PPy 9 (Bl () lpadld gy IS Cdib STy (adls (o slassl Jilgy Jl 5l (Bolai MelS z)b B )3 5 as
Lop3 ¥ digad Jl VL ()3 sne pobods 1opd Ve 5V (sladigal 3 (189, (5) M byl A (L ol aS duglie (lod 5 S8 (S i)
(P +1+0) bl (halBl ST Jgdo g (B g (AalS 0uSTy (2SS pge e (IEIL (pizman il Wl (12g) Alie (63 )Shes 5 0392
s 5lals s ool 53 (s pglie U8) 5 bod hag) 3 9 5ol (J5 aSud aoyd Ve Jisdsl Jlo ol b caiisly €565 J5 L8, b Jjadl (olos
G2l ol 19y & o Jisd) aw o b @l 9y 4 Ty Calid (pyieS wopd ¥ el 5 i dopd Ve diged 5 Sy sla e
B+ /FA 0dga0m0 4y doyd VIVE 5I) Ll oy sladuwl g (doyd Vo/AY B Y+ /FD 0dguome 4y o yd YYIVO ) slusl o (slasnl j3 (6> gimo
Vo J5sdl ecoles po.inly LS (duoyd ANEY B AM Y+ odgiome 4y duoyd SF/ Y ) gludl e Cpn sladuwl j3 (6 pSadde Liulisl o (Ao )d +/0F
gt Blgio 9o &) (Se398) 5 lesbsSasd Lol Sl it ol ol o) b Al ) b ST (g 5 sy pgo Aoy
295 deidy e SV game GonVged 3 Ll LSl

Bl (S anb)lidle (29, (23 il (il 1S sejly

S5 oadgldl Glize G slasl ol ez 5 gy, dodRo
R SR S i e g gldlnd a el Baas 5 lo 38 0)) 5 oops o dlgo sis, 5 boys

Puscas, Muresan, Socaciu, & Muste, 2020; Tan ) sl (835 e odlen gyl il sl wl ol gl Sy Jotue
b slalic G pns a5 cul odby lis 8] cldlles (et al., 2023 L 03y5],5 3 3l 390 5:5enST (o)l 5 s s cpabs
Y game 5| (gl ;3 &S gldl g il slaoyn 5l (oYL pdaw Lopez-Pedrouso, Lorenzo, Gullén, Campagnol, &)
65 9 i (slbodygl 8 ¢ 2ol Y guaso dn i i sl (Franco, 2021; Silva, Ferdaus, Foguel, & da Silva, 2023

Al oY (oMol o] ol8tils ylaY solg o pliE plio wkize g pole 09,5 -
(Email: azinnasr@iau.ac.ir: Jstwe sdiws s —%)
https://doi.org/10.22067/ifstrj.2026.98485.1569


mailto:azinnasr@iau.ac.ir
https://doi.org/10.22067/ifstrj.2026.98485.1569
https://orcid.org/0009-0004-7203-8259
https://orcid.org/0000-0001-6918-7289
https://ifstrj.um.ac.ir/

VPO woluwl- REVYI Y W o QRVESPRN oY | gs.’.l';"é Lo g pole dle i gy Ay s sy

Kumar et ) ol osd 039331 sl & ok Sl 9 alS slapge
Caotsy axd sy odlizel 390 (slayeYssdsl (al, 2025
5 dloply (Solwlg sl sasign )b ) sl ksl
)5l dgg8 sty 0 (sl (Gama Lo Al o S35 0m
peole g odd fas delrdes S (489, d9de sl &
Ol o el 8B (58 Sluogad dgu 5 09 dal il
3 o o, k8l 24, (Nasirzadeh Dizaji et al., 2022) wal
Jdda g cwl (e (Shed o9y Wy pod ool )3 Lgw (159,
iy 2HE 0235 3 S oot sls oo o ol iS55
Khan, Choudhary, Pandey, Khan, & Thomas, ) ¢l o0
Bl gludl e iz 0y sladl (YL cons b (g, (! (2015
Mo Gizmen 9 ¥ Bl glidl e di> 02 sl j2 b Cons &
Fayaz, Calligaris, & Nicoli, ) glusl oy (slasuwl 51 o5
owoling a5 B ¢ o xsie (2020; Nakonechna et al., 2024
#1'L (Franco, Iseppi, & Taverna, 2018) la S| 5l 5 E
b lanlinged Gl g JSoeS SlapuSgngnd » Sual
Fayaz et al., 2020; ) 25 0 dsog ole daly o YU J&s
8L olgs ey 55 s y505 pge (Nakonechna et al., 2024
ooks U1y 5 cuwlie (Gl )18y YU gslipns] g)lily cogllas
IS gl ofa) VL il pba g amdw aSud Jsas
dpde cgee Jiodsl My sl (Shed e (0%
&uly pgo oyl (Jlw S sk (Nasrollahzadeh et al., 2024)
@ e S Job )3 yels Il g 0 )l ploj &
.(Bogdanov, 2016) 54 0 o b0yl canls 5 ghw yialj8l
Conl dusly (189) £95 4 oad JStS sloJliww S (5T5lg3)90 il
z (Soleimanian, Goli, Varshosaz, & Maestrelli, 2018)
oo S J5odsl (plolid g dawgi b dbuly ) (b slapsingl,
OgeYe ) bl laaye (b lp (daej Pl 89, 2
2 Jusyg8i poe b o) £l 129y Jjodgl & b (L5 b SoS
9 01 e S SRy wr oo pee sl Jjedsl b awmlia
J3gdgl (Jlwa S )3 Lo 5 (53l ol oz sl Claseie
350 5)bS Siyed 5l S sl sl Jus y9i55 pge 20 p3 VY
P LS Siyed Loy VO il See yobar Mlgie 4
OlSen 5 Lloga pisen (Kumar et al., 2025) >4 b S'sS
5 ol Esy amslis L imgh > ¢(Homolya et al., 2024)
&sl>) O SBT gy 5 3 jelS 5350 ¢ ey pgo S5l 5T
20y3 B g pge 203 VO (ol J5edsl wals )15 (Vb Syl
g 03l Glis (Vb A jeSmy g 08 Jgde (St o puelS gige
358 SIS )3 Wb 8y Sl emlie (2Rl Wl e (>

AYMB! ple 5 b8 slagjlon gond Lli8l L Wb 292
ool Sl Vb o3 o ¥ g5 s aile (Sipss
Splie p s 9 o VL g (JUigil 3, Sos S g5l
WS o oy Sl el lole .(Pedrouso et al., 2021
Vo Ve ¥ Sl e il g gldl (JS oy 8Ly il
ldlles 4 (Puscas et al., 2020) wsl 8L, (g5, JS 51 oo
whie aby jo gl sl gy 5l aop & ks als soly ol
g9 cpl b Ll .(Kumar, Kumar, & Sharma, 2025) sy jials
oo pi Jdody ¢ gixio olie Y gae b AJg el g
G 3k i el (SdeSS 5 s cubS  p
3 Y glusl Gy sl Joyd b deladas (sl oy 5l eolatwl
Abdolmaleki et al., 2022; Malvano, Albanese,)
oeds 2lie mlus ,5.(Cinquanta, Liparoti, & Marra, 2024
b oly e glaseel (iR lp s Caio
b ol Wb gyl e3ymS yebar anb oo
Sk peS Cwadd Jdoas 425, opl (HOmolya et al., 2024)
Jb ol Jglae plie mlio » SYeb (5,88l 5 YU aslius]
el slagslon st Stally dsl B e (S olsl 4SS
Sl slais slaasl wloly cplply e o Gilidl |y B4y
o 5o oll g, 5 eslisel Wl 435 5k druss & ol
9 bl olrdes b del> 51 (glod )3 &S 390 (130> (55,100
il awsh gV Bl il clacar st

Anushree, André, Guillaume, & Frédéric, 2017;)
.(Homolya et al., 2024

Slyicee gl s ooy b eldl slao 2 i (23501

Pl wollasl Gl wile (GGdess a5l ) (S
» (Malvano et al., 2024) .S sbol (545 9 (SO
Sy 4 (2)be gl e YiPE)l gy 3l sl
Cowl 48,5 515 dxgi )90 189y Suid GBS h B 5 b
Nasirzadeh Dizaji, Roufegarinejad, Tabibiazar, &)
lo clanig, b amd o ojlel aulyd ol (Alizadeh, 2022
Aol JBg g i s 3 1) S y9d Aiile (tiaw (sl 3 3 )SMos
el b J5955 ) .(Kumar et al., 2025) aus” aas gl iy
hol S g Nsd oo 4Bl « Jiedsh plysar 2lis mlio
oS ol e g 0, 08T g «yd WSl BLS (claye g, ol Ll
lopSon eyl pl beas i 5l (o polie
{Gengatharan, Mohamad, Zahari, & Vijayakumar, 2023)

epdginnd oy ol gl JSU ¢ Jg polgnd dady punlS 63 g gige



PaY oy i ol Jisilel g ol () (o lonaiiaSy b 9 (S 59090y (S rg dmaslile o0l i i g (oolllons 59

Olyd) Mg <835 51 S5y 35 Jgil S Ojgots Jus j95 poe
L4 ans (ol

Juse 5943 p 9o U593 ) s luole]

A Jois illae cilises slacdale b b J56s) (o5looslel ol
o) Jlazms 593l il ealisl b Juus j9555 pge sl 3)50 5lade
069y ol Feeml glaind yiy G 3 o jes (VY- - Sartorius
i G 2 0313 )15 0 s by ) Slacms L 0,008
ruebline (jjon doxiio o 69y Jwei9s) P 9 OF 9
0jed v ey b ddBd Y cieas (Wl NL.ILA. Scientifica)
-0 ug.) dlad; L J»&)}u) £9o 9 UIJ;JLST uf—s))/\'oc dl.a.) U9
03> oyl JolS cudlads o Mool ay yawy U (3,5 ol da )0 Y
» J(Abdolmaleki et al., 2022; Homolya et al., 2024) ..
a5 IS ilas (ogatie Gyl 53 0ad au laaigal obL
4>, YY-Y0) oisle;l Lo (slod y3 sl Y doay 9 3,5
Nl B 5ad ools J13 olrale 255550 sl (o 9 (31,5 5l
.(Ghalamkari & Abbasi, 2022) >,5 JS J56d4] 5l

(ol Gimeds ) At p bla 5l S5 (Homolya et al., 2024)
lgieas) b ST o) 5l sxSo e b ey dnugs 5 Sk
5 Ebdlnt oy bl g Bpodgyie (s 3 gy K
o olsiear) Jusygss pse 5 (edi)l laglimst
R A T e
Wb o9y ollash Il (e dasite el anlyd o8 e aS
Ofe ol ol g Eledl @ el (Rl i) oM
2 adlles ol (gl )l oy o )3 (glod S 3,8 lizmen
S (NP s SRy wb g e awlie
oF9 Jh deb il b o)ls Wl ) alerdsisd
s 3,5y bl 555 poe b allislo ol Sl
w28 ) Wl o) (Rl cebl 38 b))l Il L
B 5 oS SYsare 1y lp s spme &S gl
o amdee b g (b glie p 4SSL (il 0 sl
D50 gmis 3485 cul )8 5 Wyl o

W g, 9 dlge
VI oS S, 5 oSl s obgy e ol 5
9 (0lp! ledol) omd Lo <855 51 b gy ol2] lgram)

Juns y9u55 090 9 (312,081 g, (Wl hE 9, GCBE ) Jgan
Table 1- Concentrations of palm oil, sunflower oil and beeswax

Ogw¥ 90,8
Formulation (percent)
Jiedy!
diged S5 Oleogel Wb o9,
Sample Code 15 SoUdT €9, Jumsy9435 @30 Palm oil
Sunflower oil Beeswax
T1(control) 0 0 100

T2 96 4 0

T3 93 7 0

T4 90 10 0

(303 Ve J59891 =T4 o pd ¥ 59991 =T3 cro > ¥ 3989l =T2 oJb ¢4, =(CONtrol) T1)
(T1=Palm oil (control), T2= oleogel 4%, T3= oleogel 7%, T4= oleogel 10%)

1P g, iy | P IR o, i m.)-ﬂ:!mwé -
b N M e odey

TP oo IV Jsatipyoy I, ST g,
g S g

l

ouwd (5 jlwodlel (gladiges -y JSUS
Fig. 1. Prepared samples



VPO adwl- oo F oylods FY ol oyl ! 2108 2 luo g pole Glddghy s 20 Y

(S—=B)XNx1000
— (v)

(M) G905 gl (e modw Slilgusgs o> =5
(Ml) S sl (B pae Slilguss o2 =B
ozt Olilguogss Joloro aiflo i =N

(Qr) @5ge5 159 =W

2 el cus i (6 yaSe 5wl

I S5 gleg S ol jlosliiul b badigel 51 S5 50 4l
5 FID Lo, il & ete BYY Jse ¢pl5 GC B14 Shimadzu)
GBb cwlus g /YaMM Jhé Fem Jobay BPXY+ aiyge gt
g uly e ol (S op il jolis (</YOum
JoS g 435 390 gludlppbrin 5 SO gl sbaop lgie
oyl e (gjlwoslel (Kumar et al., 2025) cs,5 I,
bulys ) My pgeedie il B9y Gk o slases]
38kl b gollas oo s Woylas oo ymipesl LilBg s U o L3
INSO, ) ws plsl WWAYE-F 5 WAVE-Y ojlad & ol o
ol S5 (yisas ele g plosl (1Y) s b 32,55 (2016, 2022
5 WO°C 9l (slod g yidg,Sun V diges 3o,55 )Mo 193,35 odliul
390 YA+°C 5 Y0+°C i iy 5l 5T 5 08 555 (Lo

S,

Gged ) S5 pasls A« alidy) pasls LT eyl
G Cg0)5 g ol b w903 S5y (S0 (e lE D g s g je B 4
NR#-CP Colorimeter) zuscs, o&uws Sl oslawl b S,
9y 2 BBl slod 3 adiged | p)5 B 29 LA s (e NN
xSl (S5 (sl yially olSes Lawgs g 43,5 )18 Glad el
Aliasl khiabani, Tabibazar, Roufegarinejad,) i
b J59dsl IS S5y Ml o (Hamishekar, & Alizadeh, 2020
2 dwles ¥ adles 3. (ol (129)) @20 Wiges b dualie

AF=V(L"1- L)+ (@1 a%0)? + (b"- bo)? (¥)

Slawlio dges S5, oyl b™ g a". L7 o &S

Sy sloyehl By g @y LTy g (o> Ve g VF sla )

Szymanska, Zbikowska, & ) situs (Wb 1£4)) J5uS dges
(Onacik-Gr, 2024

a5 538 slag 9o

(OBCY) (8 95 s halplacs e b3
Sl sladlg) s aih & Jlooy (o cels V Gledy 9 A5 g
5 b 4555 10 oty bl o (D) 235 i 55 35y
(3,5 lo 43,5 YO-VY) olSiolojl baso (clod ;> VO+++ rpm
Lojl o)l MLLYF o 5gais yilong Suo 0lKiwd) 05 5gais yiluo
5 0553y kd JEE (g9 0nd Saiyile (sladdg) ol 1 am o]
Sl mlo €9y (sdan U aid )3 41,8 Cls ppom 4y ddB ¥ kody
3 ofey il phar b )b (C) B35 (g5 0)lg 9 395 )l
Abdolmaleki, Alizadeh, ) & awloe ¥ g ) (b Jgo )8 32,k

¢(Sheikhi, & Nayebzadeh, 2022
OBC (%) = 100 — Released oil (%) (V)
released oil (%) = [ (b-a) - (c-a)] / (b-a)x100 (Y)

sl yy padl

bl (bl 50950 5 Wl (129, aaigel 2081y 2ae
(AOCS, 2017) w55 yus AOCS Cd 8b-90 &> )e
O 0 diged e S 0 E SN 5B lade lanl elaie p.
BIeSy Sl plaebl Jpan Caz g A5 (njy sl YO
slod v g Ay (Jaoe )3 ladigald dafsdl sl (6l piges
OgoldenST oy 516 S0S Ggd (31,5 5l da 3 ¥O pSTus) ;oMo
Dl o T 2 diges g 4] Jos & 555l ol
@V oo i L) S Tg5l 5 SIS Sl dsl Jols (8 5
by 22y £l Jgboeo il en o/ (ol 31 g 03 o SIS (¥
4B £ 58 Gaedy Byl g A 00938 )] 4y e s o5l (KI)
Sl 5l Dl Oge Jol5 STy B ad ool S5 s &
& hie o sl deo Yo wwd )3 8 Sl ardy O cded
50kl Jgbre ) oslizal b odd Il 4 5,8 ablal Ll
S s (S5 ad 5 g /) e Slilguss
ka5 SpeS (S5 4 Jslowe 2,5 S0y o (ol gl 5
Oy (ool Si9 2oy V) wiwlis Gpme i oo /0 )
& Sy oS 5l b e U gl o5 05,5 exlil Slulis
Al st Jlen] cblas oMol jskiiedy el ab]
3 ol lojad 35 (29 S35 35) SV ialefl o Jo
PS> 5l Vls Slilie o 28y 206 ol

1403)5 dlee yij (gl Sl oolisul L 8

1- Oil Binding Capacity



PrO o ey 3l el J3asl 9wl 5€ 95 (o2 o gS 38 9 (25990 (S S a9 Al ool alll el g (o lllone 59

Slp LSS aw o g dolad MolS i LIB o ieghs oyl
b Jueygsj poe wl 2 adisdel 5 olb g9y Jold lajles
2 o g €855 plxl (ANOVA) (ib)ly o5 Ll (b))l
O905) 51 o3l b b pSile clmodly )5 lalime AMS] 3439 < jgu0
8 duslio 5y50 P/ ) oy A loeb! mdaw 3 S
aeus SPSS (glol l8le 5 5l edlal b (gyle] (glanay o aisd S
5 Microsoft office LTSC ¥+ Y\ jl solatwl b o lages pusy o V7
A plodl EXCEl Y VS dol y lawgs

O 9y 3wl plads by
a8l D oEgy 3l pbay e samdlis oS adlie oyl
e > @le (19) SV o &y x5 b 032 )5V L (g
Jgaze 43 089y IS > Jisdsl VL 2Uly 5 J5odl
Callau, Sow-Kébg, Nicolas-) 5> cuenl jlaw olul (g)bs
oo o350l sl y> sl (Morgantini, & Fameau, 2020
e lge i ple (D3l 3 g Geelm 4 8y 4
S yghailen .(Blake, Toro-Vazquez, & Hwang, 2018) 545 .
S cud )b oS conl ol 5 (Sl zoli 295 0 0ud ¥ S5 5
(D<-1+0) 35 ol sixe B waly (g )lel Lo 5l ntigas 5o,
S ygbds b 392 o9y JLail Cud i poe clale 58I
OF9) SIS Cad)bo o yieS (s y95) pge 2o yd ¥ gol> diges
poe 2o Ve oV sgle slaigdsl &S o 3 sy (wopp V)
Al 2 Gibme ©glis Wb (s8gy b (doyd Ver) Jus 9
sladisdyl 3 YL cud)l cpl (p>+/:0) il (29, ()l
Olipe o2l Jdoa Slgice Juue o poe VU chale (ol
b ieslie J5 &b JSuis g pge clale (I L (29, ©2lee
S el ol olas a8 wsl Jlasl bl g b Jliay Syt dlas
dllice ploay S le )3 35550 1) 29, 9 03> LAl ) B,
L pso ccply e9Me (Xiong, Han, Wu, Jia, & Cai, 2025)
A joSmny 38l sk S ( SAS Il 5 (S8 grlgel Cols
Wlp s by ekd Egy ol Spd el cag
S (o S8 S35l 3 o8 9) ©plee B 4 gl jllins S
Sy e 9 S 0F9) 3 pye cuwlio CalE o (o S0 (g9
36 53 b Jlins S 9 )50 S 9 Sy (ST 4 ot 9
poe o9ill (QUlg5 5 (SIS U5 (S j (AU sl () & 0 gy

a8l (b))
YCT-N0- e Juo) gl olfiws I b b)) Gl
Yo £ Y gr dgis &S ysba b edlizul (IS5 ,.] Brookfield
O e S FO XYR CM dlel b (slaslginl Bg)s 30 5685l dig0s
0o b Juw 9 V/E MM Jladey clelginl gy 5l oalatwl b 3485 o)l500
A5 Tl dmm Ges b o YO mmMmIn? ceyw b oygas Voo
(Ebrahimzadeh, Mazaheri Tehrani, & Ghasemi, 2024)

sS238150,5 sLap s

5 08 Gy OB gy Jels (Sjels) clepsell
Anton Paar MCRY+)) jieg, olSiws jl oolatwl b Los g,
led 9V MM alols 5 (B-mM) gilge oo awsin b (i 5l
L Peltier axio piww jl lod pulais (gl 05 bl Y0 °C eyl
03930y (¢ly b ool O (53,5 4 eme +f+ ) Comlus
(52 ) o lS 5 polis 5 (LVR) (s S IsSens
els ol sy (231 J32e) G 5 (o555 Jyao) G (et
OB ol @l ool 2 5 A5 i (8o Ve B /) S
o 42,5 Bl e g, 9 388 gy 9esl sl ey <)
Sly s SeaVlsSuny sodgaze 13 x5 s S
Cowd 5 aSed Hlslo (35,5 ol b bl byleg plas
Gty el G55 5 s el 13 5 Sloige (Bl 0355
duglie &Sud 55 Go |y rdiged ()l3le b Sk Glye
Pl Cub (1) 50 &5 LuilS )b gy slagigeil ) cien 08
sl o (5SS lgieds doyd oY (15,8 Gl (g e
09951 ol S oo wrlB 1y Iolass oy prine (sumalie lSKal (s
23 3l lul Dbl g waled A5 S Sl riren
Olg) oefl 285 15 ealisl 390 o Jlasl sla S5y
N s S 3 B B /Y ) dlS 8 gogae 53 il
L 5 lod gy 903l 93,5 ()l aSed (5l b 4 ploil o >
Y Gl Fy b olS le asys £e BVl Ly i)l
plxl 5y2 ) (iS5 g doyd oV i S i 0l)S sl
598 byl bdses Sl Cuwglis g gy sl U oud
buwy  (SHielg, syl .(Abdolmaleki et al., 2022)
Anton Paar Rheoplus software YYVY ¥.) bl

A s (Rheoplus/

&bl o g & 5o

1- Linear viscoelastic region
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Fig. 2. Results of oil binding capacity of treatments (T1= Palm oil, T2= oleogel 4%, T3= oleogel 7%, T4= oleogel 10%)
Different superscripts in a column indicate significant difference (P<0.05).
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Fig. 3. Peroxide value results of treatments (T1= Palm oil, T2= oleogel 4%, T3= oleogel 7%, T4= oleogel 10%)
Different lowercase letters indicate significant differences among treatments (p < 0.05).
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Table 2- Mean comparison of color parameters results of palm oil with oleogels containing sunflower oil and beeswax
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Values are represented as mean + standard deviation. Different superscripts in a column indicate significant difference (P<0.05).
(T1=Palm oil, T2= oleogel 4%, T3= oleogel 7%, T4= oleogel 10%)
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Table 3- Mean comparison of textural properties results of palm oil with oleogels containing sunflower oil and beeswax
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Treatment Hardness(gr) Springiness (mm) Cohesiveness
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Values are represented as mean + standard deviation. Different superscripts in a column indicate significant difference (P<0.05).
(T1=Palm oil, T2= oleogel 4%, T3= oleogel 7%, T4= oleogel 10%)
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Fig. 4. Average Fatty acid composition results of palm oil and sunflower oil oleogels containing beeswax
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T1= Palm oil, T2= oleogel 4%, T3= oleogel 7%, T4= oleogel 10%
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Table 5- Strain sweep parameters of palm oil and oleogels containing sunflower oil and beeswax

slowd (G) o055 Joo (G") cdl Jgao <l ClFU ol ads
Treatment Storage modulus (Pa) [ oss modulus (Pa) tand Flow point (Pa)
Tl 277+ 0.76 ¢ 160 +0.14¢ 1.04 £0.02A 3.87+0.23¢
T2 140 + 0.45°0 157 +0.08 ¢ 1.03+0.05A 2.13+0.67°
T3 2560 + 1.028 1600 + 1,178 1.02+0.03A 31.4+0.048
T4 8450 + 1.094 5250 + 1.58 A 1.01+0.02~ 105+ 0.41A

(P /40) Wb o i gljlos e )0 o gime BMS] 39 (goiad Ll (i S5 ) e pe gy ilosds 45135 5 kil Gl il & Sl & jgody baodld
Slosd ()55 2oy V 55,8 55 9 (LVR) e StoVlsSans (g035950 13 G 5 G’ jolis
(o Ve U599 =TA o ¥ 59351 =T3 o> ¥ 5099l =T2 ol 4, =T1)
Values are represented as mean + standard deviation. Different superscripts in a column indicate significant difference (P<0.05).
(T1=Palm oil, T2= oleogel 4%, T3= oleogel 7%, T4= oleogel 10%) .

The values of G’ and G” were reported within the linear viscoelastic region (LVR) at 1% strain.
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Fig. 4. Elastic (G”) and viscous (G"") modulus of sunflower oleogels and palm oil
(T1= Palm oil, T2= oleogel 4%, T3= oleogel 7%, T4= oleogel 10%)
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1- Frequency Sweep
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Fig. 5. Elastic and Viscous modulus rate changes of sunflower oleogels and palm oil with Frequency Sweep
(T1=Palm oil, T2= oleogel 4%, T3= oleogel 7%, T4= oleogel 10%)
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Table 6- Frequency sweep parameters of palm oil and oleogels containing sunflower oil and beeswax

slow (G) 0585 Joo (G") cdl Jgso cdl calEb
Treatment Storage modulus (Pa) [ oss modulus (Pa) tand

T1 2575+ 0.35°¢ 1017 +0.78 € 0.39 +0.238

T2 1009 + 0.07 P 642 + 0.46 © 0.63 £0.01~

T3 13646 £ 0.40 B 5761+0438 042+0.13°B

T4 55232 + 0.14 A 23064 £ 029~ 0.41+0.078

(P< +/+0) il oo iz sbojlass (s 53 o ime OS] D939 (godidd LS (g S 5D e yue Bgya  Slods (4555 3Lkl Gl ool £ 4, Slo &gy rodls
(o Ve J56951 =Th o p ¥ 568l =T3 o )n ¥ J50del =T2 (o 84, =T1)
Values are represented as mean + standard deviation. Different superscripts in a column indicate significant difference (P<0.05).
(T1=Palm oil, T2= oleogel 4%, T3= oleogel 7%, T4= oleogel 10%)
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Table 7- Temperature sweep parameters of palm oil and oleogels containing sunflower oil and beeswax

o (G) oy Jgro (G") <l Jgmo <9 gl
Treatment Storage modulus (Pa) | oss modulus (Pa) Melting point (°C)

T1 120 £ 0.67 A 131+0.16 A 31.3B

T2 76.8+0.19B 784+0.20B 29.2¢

T3 1.25+091° 1.33+0.07° 56.6 A

T4 16.6 +0.99 © 16.6 +0.73 € 5414

(P< +/+0) wisb o caliseo (slajlags oy yd 5l ine BOMB] 352y (gosimd ) lis (ot G 50 dliopé g . lods (5135 5kl Bl ool & 1, Silo & yguods aosls

(.Lo).) Ve J)ﬂs‘ =T4 o yd \s J)9§J9l =T3 o yd ¥ J)ﬂs‘ =T2 «pJLv L‘).ég) =T1)

Values are represented as mean * standard deviation. Different superscripts in a column indicate significant difference (P<0.05).

G, G" (Pa)

G',G" (Pa)

(T1= Palm ail, T2= oleogel 4%, T3= oleogel 7%, T4= oleogel 10%)
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Fig. 5. Elastic and Viscous modulus rate changes of sunflower oleogels and palm oil with Temperature Sweep
(T1= Palm oil, T2= oleogel 4%, T3= oleogel 7%, T4= oleogel 10%)
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