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Introduction

Growing public awareness regarding the link between diet and chronic diseases is driving a significant demand
for healthier food formulations. The high content of saturated and trans fatty acids in many bakery products is a
major cause of cardiovascular disease, type 2 diabetes, and obesity. Consequently, the World Health Organization
(WHO) recommends replacing fats like butter and shortening with vegetable oils rich in unsaturated fatty acids.
This presents a major challenge for the food industry, as solid fats play a key role in creating desirable sensory
properties like texture and mouthfeel, and their direct replacement with liquid oils leads to a significant decline in
product quality. Oleogels, formed by creating a three-dimensional network of oleogelators within vegetable oils,
have been proposed as a structured alternative to solid fats. Numerous studies have successfully demonstrated the
potential of oleogels as fat replacers in various bakery products. For instance, beeswax-based oleogels have been
shown to improve the nutritional profile of cakes without compromising quality attributes. However, most research
has focused on wax-based oleogels. There is a scarcity of studies that systematically investigate and compare the
performance of low-HLB emulsifiers (such as monoglyceride, polyglycerol ester, and Span 60) used alone for the
complete replacement of butter in a cake formulation. Furthermore, butter has technological limitations, including
a poor ability to trap and stabilize air bubbles, which can affect cake volume and texture. Therefore, this study
aimed to investigate oleogels using monoglyceride, polyglycerol ester, and Span 60 emulsifiers in cold-pressed
peanut oil (an oil chosen for its excellent nutritional profile) and evaluate their potential as a functional and healthy
butter replacement in butter cake.

Materials and Methods

In this research, peanut oil was first extracted using a cold-press machine. Oleogels were then prepared by
adding 12% (w/w) of monoglyceride (MG), polyglycerol ester (PG), and Span 60 (SG) to the oil, followed by
placing it in a 75°C water bath. The physicochemical properties of the oleogels including crystal morphology
(light microscopy), oil holding capacity (OHC) via centrifugation, thermal behavior (Differential Scanning
Calorimetry - DSC), firmness (back extrusion test), molecular structure (Fourier Transform Infrared Spectroscopy
- FTIR), and oxidative stability (peroxide value) were evaluated. Finally, butter cakes were prepared with complete
replacement of butter by the selected oleogels (MG and PG). The cakes were then analyzed for firmness and
sensory evaluation (color, taste, texture, and overall acceptability).

Results and Discussion
The type of oleogelator significantly impacted the oleogel properties, an effect dictated by the underlying
crystal microstructure. Microscopic images revealed that the MG formed a dense, uniform network with fine,
needle-like crystals. In contrast, PG also formed needle-like crystals, but they were larger and less dense, while
SG created a weak network containing large, rosette-like crystals and significant spaces. This structural difference
was directly reflected in the macroscopic properties. The dense network of MG was highly effective at trapping
oil, resulting in the highest Oil Holding Capacity (100%) and the greatest firmness. Conversely, the sparse network

Authors retain the copyright. This is an open access article distributed under Creative Commons
Ev Attribution 4.0 International License (CC BY 4.0).
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of SG resulted in poor oil retention and minimal firmness, demonstrating a clear structure-function relationship.
Thermal analysis by DSC further supported these findings. MG showed the highest thermal stability, evidenced
by its high melting enthalpy, which corresponds to the energy required to disrupt its well-ordered crystalline
network. FTIR analysis confirmed that the network was stabilized by non-covalent interactions, such as hydrogen
bonds and van der Waals forces. Furthermore, the oleogels demonstrated improved oxidative stability. The strong
physical barrier provided by MG and PG networks showed that the rate of peroxide value increased over 30 days
compared to pure oil. In the cake evaluation, samples formulated with MG and PG had significantly softer texture
than the control cake made with butter. This is attributed to the enhanced air-holding capacity of the firmer oleogels
and the inherent emulsifying properties of the gelators. Crucially, the sensory analysis revealed that the cakes
containing oleogel scored higher texture and taste value, and their overall acceptability score was equal to or even
higher than that the control sample.

Conclusion

The findings demonstrated that the oleogelator type dictated the physicochemical and structural properties of
oleogels. The monoglyceride-based oleogel exhibited superior performance, showing the highest oil holding
capacity, thermal stability, and firmness, followed by the polyglycerol ester-based oleogel. Microstructural
analysis confirmed that these properties were linked to the crystal morphology, .FTIR analysis verified that
gelation was driven by non-covalent interactions. Most importantly, when monoglyceride and polyglycerol ester
oleogels used as a complete butter substitute in butter cakes, produced cakes with a softer texture and received
overall acceptability scores equal to or higher than the control. Therefore, this study confirms the high potential of
monoglyceride and polyglycerol ester-based oleogels to develop healthier bakery products. Despite promising
results, the study had limitations, including the use of a single oil type and one oleogelator concentration. Textural
and sensory analyses could also be more comprehensive. Further research need to focus on evaluating these
oleogels in other bakery products, investigating long-term stability, and optimizing the production process.

Keywords: Oleogel, Monoglyceride, Peanut oil, Polyglycerol ester, Span 60
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1- Oil holding capacity
2- Differential scanning calorimetry
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P (@) Bu @ @ @ @ @ (© (@)
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MGBC 45 - - 50 60 82.5 35 1 15 0.5
PGBC - 45 - 50 60 82.5 35 1 15 0.5
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3- Polarized light microscopy
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1- Rosette-like
2- Spherulitic
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Fig. 1. Microscopic images (A, B, C) and visual appearance (D) of oleogels
Monoglyceride-based oleogel (MG, A), Polyglycerol ester-based oleogel (PG, B), Span 60-based oleogel (SG, C)
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Fig. 2. Oil holding capacity of oleogels (%)

Different letters indicate significant differences between the data (p<0.05).
MG: Monoglyceride-based oleogel, PG: Polyglycerol ester-based oleogel, SG: Span 60-based oleogel
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Fig. 3. Thermal behavior curves (DSC thermograms) of the oleogels
MG: Monoglyceride-based oleogel, PG: Polyglycerol ester-based oleogel, SG: Span 60-based oleogel
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1- Nuclear magnetic resonance
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Table 2- Melting peak temperature and enthalpy of oleogels based on monoglyceride (MG), polyglycerol ester (PG), and Span

60 (SG)
MG PG G
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Enthalpy (j.g'")

P+ Sy (yg03l) Al s Indiged w15 gize Coglis (gosimd Ui Ciliseo gy ®
*Different letters indicate significant differences between samples (Duncan's test, p<0.05).
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Fig. 4. Firmness values of oleogels
Different letters indicate significant differences between the data (p<0.05).
MG: Monoglyceride-based oleogel, PG: Polyglycerol ester-based oleogel, SG: Span 60-based oleogel
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Fig. 6. Visual appearance and firmness values of butter cakes

Different letters indicate significant differences between the data (p<0.05).
Butter cake prepared using butter (Control), monoglyceride based oleogel (MGBC), polyglycerol ester based oleogel (PGBC)

28 b 5 U o 1) (uiVlgsS ué sl iiSeny 29
A Ui 1) bl )85l Lojy )3 Gl 5 (959 See pslias
9 &9 4 b o U o Jjedsl (goSug Sle (olgs a5 5,8 ol o
O b dulio 1 b 5ol colos 3l (S o] Jhiw 3 JSS
O (50083 59, Vo (o a1 e )3 (g patun] al8l jalls
olis sloyS S o b 565l ol 5l ooltwl cdons I Fpree w0l
ol Jg puelS (S 9 % jurlS 9390 Sl J59dgl (sol> (sladiges a5 ol
SS) ald saiged VL (> gl IS ey slitel a5

8 5 4o
2 @it 86 ,Y5sly) £ edsliwse @l el
Jigdsl cuils b J5edsl (ylislo 5 (plend=( K3 Sluogad
Or b 09y SIS Cedil (VL b S gige b ordans
sl 3 J5sdal ol plits 093 511, b cp i 5 (Sl syl
b 2 Jigde) Jy cutly (gllae 3 Slae j il g S
ol 2y il plgieds odlitul (sl (oYL Juily £o oyl
Wys8 bas jeyd ygole  srwwiads (3 sadedalie s ol



VFoF (60— 33T b olosds FY wler oyl ] (2108 aobio g pole Slipg}y 4yt FAY

oS S Sh e b L b csleS SaSiS grage ilply g gpp ol Ol puizen 638 S (05 gl
Sl il g bl 0 ladsl (il yed (2l Jgae sl iy YU Jeily (dg)a adlas ol loasly
S (o 2 oS ol iRl ln b peldopmdS 9 S gige

Color
Y
5,0I —a— MGBC
PGBC
Control
Texture Taste
cél pes

Overall acceptability

5105 SIS o ] o - U5
Sl JgyudS L sl g J5edsl b oddians (gl ,S LS PGCBC s puulS540 casb » S50l b oAddns (glo)S S :MGBC 0,8 b odddgs (gloyS S :Control

Fig. 7. Sensory evaluation parameters of butter cakes
Butter cake prepared using butter (Control), monoglyceride based oleogel (MGBC), polyglycerol ester based oleogel (PGBC)

OB M g &8 Lo oyl 540 lye oacodgioe b (iagh ol @S lossl @lS 2929 L
SIlays sy 5 a0 dbod Cyple I 4 adlllao (gatels dygl o ol p ST Slaiog (gl ) aize; 45 55
(o ol csilopgrie 0315 m8 (Lol Lwginie —oide o plisdgel £95 w5 (Spw o Sweiell) ) £95 Su
ials 5 sy~ eabio wyllai 0fg Cu ko 0Pl b3 ulpogde g 2910 (10)3 W) pasuie clale

3 odlil (Jlto plyisar sl Sl cunslion s 5 (8L
(TPA) <l blogy U1 5 b J585l (slp (o595, slagygasl
9 e Wl (Sole ol Gl gpdes S WSS Gl
Fe)liel & o b5yl 5 Feaass syl gpSe e
Sl 4 5l dacodaie (505 5l agei 0 S8 S 558
03151 ol 13 45 391 (gmelinnS] iy JBlis 4 (gl g5 s,

o ool pibio
3 Jl el claplojlo | ol Jlo SoS n Baios ()
285 €8l (ol pt b ()l (eges lapie

d)'}-i'“tz.“’

g S SS Gronils (g)lul ¢ puiomed Dgr aguie dewS Ty die (S
duw u;l..\.c .)‘30 e 9 n_gq).:ﬁy.s oliw;l.n)l )‘ d“l“""ﬁc)"‘»

SIS 50593 Job )3 (o S Shg bai 9 Sl 5 5l ol
358bas o sl yimgsy (sl 295 o0 Aoy Calag 3 A g 2
5 Il leodyghd plo > 2 (Rl Olgisa bjedsl ol

25 518 bl 2)90 58 (el 505 (yimen

OLBl )83 (logd 51 i o g 395 12 g oS o0 )8
el s&b)ﬁ 9 0‘95.)‘) ‘W9.)Oa:39) 990490 mbl)’ow Jol>

wles ()l Sl
References



fay

SlosS S5 500,18 lp (Sueiplol 9y Sl 52 S5l audgi 50 b ygu £ 95 ST (a2 00155058 g (S (o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Alvarez-Ramirez, J., Vernon-Carter, E., Carrera-Tarela, Y., Garcia, A., & Roldan-Cruz, C. (2020). Effects of
candelilla wax/canola oil oleogel on the rheology, texture, thermal properties and in vitro starch digestibility of
wheat  sponge cake  bread. LWT-Food  Science  and Technology, 109701,  130.
https://doi.org/10.1016/j.Iwt.2020.109701

Amoah, C., Lim, J., Jeong, S., & Lee, S. (2017). Assessing the effectiveness of wax-based sunflower oil oleogels in
cakes as a shortening replacer. LWT-Food Science and Technology, 86, 430-437.
https://doi.org/10.1016/j.lwt.2017.08.021

Ang, E.M., Abdullah, N., Muhammad, N., & Lizardo, R.C.M. (2017). Effect of formulation with papaya sauce as
fat replacer on butter cake texture. Journal of Science and Technology, 9(4).

Arrieira, N.M., de Avila, M.T., Flores, W.H., Michelon, M., Duarte, S.H., & Burkert, J.F.D.M. (2025). Oleogels
based on carotenoid-rich microbial oil produced by R. mucilaginosa in agro-industrial by-products. Bioprocess and
Biosystems Engineering, 48(2), 275-286. https://doi.org/10.1007/s00449-024-03108-y

Badem, S., & Bastiirk, A. (2023). Oxidative stability and characterization of oleogels obtained from safflower oil-
based beeswax and rice bran wax and their effect on the quality of cake samples. Journal of the American Oil
Chemists' Society, 100(8), 635-649. https://doi.org/10.1002/a0cs.12694

Banerjee, D., Sengupta, S., Sahu, D., Ghosh, S., Neelapu, B.C., Mitra, A.K., Sarkar, P., Dutta, D., Demina, T.S.,
Pal, K. (2025). Optical and structural modifications in stearyl alcohol oleogels induced by soylecithin. Crystal
Growth & Design, 25(7), 2043-2055. https://doi.org/10.1021/acs.cgd.4c01638

Barroso, N.G., Okuro, P.K., Cerqueira, M.A.P.R., & Cunha, R.L. (2024). Unveiling the formation capacity of
multicomponent oleogels :Performance of lecithin interacting with monostearate derivatives. Food Research
International, 187, 114430. https://doi.org/10.1016/j.foodres.2024.114430

Behera, B., Patil, V., Sagiri, S., Pal, K., & Ray, S. (2012). Span-60-based organogels as probable matrices for
transdermal/topical ~ delivery systems. Journal of Applied Polymer Science, 125(2), 852-863.
https://doi.org/10.1002/app.35674

Bharti, D., Kim, D., Cerqueira, M.A., Mohanty, B., Habibullah, S., Banerjee, I., & Pal, K. (2021). Effect of
biodegradable hydrophilic and hydrophobic emulsifiers on the oleogels containing sunflower wax and sunflower
oil. Gels, 7(3), 133. https://doi.org/10.3390/gels7030133

Bublin, M., & Breiteneder, H. (2014). Cross-reactivity of peanut allergens. Current Allergy and Asthma Reports,
14, 1-12. https://doi.org/10.1007/s11882-014-0426-8

Buitimea-Cantla, N., Serna-Saldivar, S., Pérez-Carrillo, E., Jordania-Silva, T., Barrera-Arrellano, D., & Buitimea-
Cantla, G. (2022). Textural and rheological properties of soybean oil organogels structured with polyglycerol and
propylene glycol esters during storage. Grasas y Aceites, 73(1), e443-e443. https://doi.org/10.3989/gya.1001202
Caponio, F., Paradiso, V., Bruno ,G., Summo, C., Pasqualone, A., & Gomes, T. (2011). Do monoacylglycerols act
as pro-oxidants in purified soybean 0il? Evidence of a dose-dependent effect. Italian Journal of Food Science, 23(3),
239. https://doi.org/10.1021/jf5025888

Cerqueira, M.A., Fasolin, L.H., Picone, C.S., Pastrana, L.M., Cunha, R.L., & Vicente, A.A. (2017). Structural and
mechanical properties of organogels: Role of oil and gelator molecular structure. Food Research International, 96,
161-170. https://doi.org/10.1016/j.foodres.2017.03.021

Chen, X., Ding, S., Chen, Y., Lan, D., Wang, W., & Wang, Y. (2023). Assessing the effectiveness of peanut
diacylglycerol oil-ethylcellulose/monoglyceride-based oleogel in sponge cake as a margarine replacer. Food
Bioscience, 55, 102959. https://doi.org/10.1016/j.fbio.2023.102959

Chen, X., Zhu, J., Tian, D., & Li, Z. (2024). Preparation of soybean protein isolate—ester emulsifier oleogels and
comparative study of their structure and properties. Food Chemistry, 461, 140927. https://doi.org/10.
1016/j.foodchem.2024.140927

Davidovich-Pinhas, M., Barbut, S., & Marangoni, A. (2015). The role of surfactants on ethylcellulose oleogel
structure and mechanical properties. Carbohydrate Polymers, 127, 355-362. https://doi.org/10.1016/j.
carbpol.2015.03.085

de Oliveira, G.M., Stahl, M.A., Ribeiro, A.P.B., Grimaldi, R., Cardoso, L.P., & Kieckbusch, T.G. (2015).
Development of zero trans/low sat fat systems structured with sorbitan monostearate and fully hydrogenated canola
oil. European Journal of Lipid Science and Technology, 117(11), 1762-1771. https://doi.org/10.1002/
ej1t.201400559

Demirkesen, 1., & Mert, B. (2020). Recent developments of oleogel utilizations in bakery products. Critical Reviews
in Food Science and Nutrition, 60(14), 2460-2479. https://doi.org/10.1080/10408398.2019. 1649243
Dimakopoulou-Papazoglou, D., Giannakaki, F., & Katsanidis, E. (2023). Structural and physical characteristics of
mixed-component oleogels: Natural wax and monoglyceride interactions in different edible oils. Gels, 9(8), 627.
https://doi.org/10.3390/gels9080627


https://doi.org/10.1016/j.lwt.2020.109701
https://doi.org/10.1016/j.lwt.2017.08.021
https://doi.org/10.1007/s00449-024-03108-y
https://doi.org/10.1002/aocs.12694
https://doi.org/10.1021/acs.cgd.4c01638
https://doi.org/10.1016/j.foodres.2024.114430
https://doi.org/10.1002/app.35674
https://doi.org/10.3390/gels7030133
https://doi.org/10.1007/s11882-014-0426-8
https://doi.org/10.3989/gya.1001202
https://doi.org/10.1021/jf5025888
https://doi.org/10.1016/j.foodres.2017.03.021
https://doi.org/10.1016/j.fbio.2023.102959
https://doi.org/10.1016/j.carbpol.2015.03.085
https://doi.org/10.1016/j.carbpol.2015.03.085
https://doi.org/10.3390/gels9080627
https://doi.org/10.3390/gels9080627

VFoF (60— )3T b olosds FY aler ()l ] (2108 pobeo g pole linpgy & pii FAY

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

Dominguez, M., Carrin, M.E., & Palla, C.A. (2024). Structuring PUFA-rich oils with monoglycerides:
Physicochemical and nutritional properties of fat substitutes with high-lipid quality. Food Bioscience, 60, 104107.
https://doi.org/10.1016/j.fbio.2024.104107

Dun, Q., Yao, L., Deng, Z., Li, H., Li, J., Fan, Y., & Zhang, B. (2019). Effects of hot and cold-pressed processes on
volatile compounds of peanut oil and corresponding analysis of characteristic flavor components. LWT-Food
Science and Technology, 112, 107648. https://doi.org/10.1016/j.Iwt.2018.11.084

Fasolin, L.H., Cerqueira, M., Pastrana, L., Vicente, A., & Cunha, R. (2018). Thermodynamic, rheological and
structural properties of edible oils structured with LMOGs: Influence of gelator and oil phase. Food Structure, 16,
50-58. https://doi.org/10.1016/j.foostr.2018.03.003

Fearon, A.M. (2011). Butter and butter products. Dairy Ingredients for Food Processing, 199-223.
https://doi.org/10.1002/9780470959169.ch9

Feng, Z., He, D., Zhang, L., Li, Q., Xue, C., Yi, X., Liao, L., Pei, Z., & Shen, X. (2025). Preparation of myofibrillar
protein oleogels by emulsion template method: Application of fat substitute for sponge cakes. LWT-Food Science
and Technology, 216, 117350. https://doi.org/10.1016/j.Iwt.2025.117350

Gao, Z., Zhang, C., Wu, Y., Chen, F., Hu, B., Wang, R., Yang, J., & Nishinari, K. (2022). Composite oleogels
formed by cellulose particles and sorbitan acid esters. Food Structure, 31, 100242. https://doi.org/
10.1016/j.foostr.2021.100242

Ghan, S.Y., Siow, L.F., Tan, C.P., Cheong, KW., & Thoo, Y.Y. (2020). Influence of soya lecithin, sorbitan and
glyceryl monostearate on physicochemical properties of organogels. Food Biophysics, 15(3), 386-395.
https://doi.org/10.1007/s11483-020-09633-z

Ghan, S.Y., Siow, L.F., Tan, C.P., Cheong, KW., & Thoo, Y.Y. (2022). Palm olein organogelation using mixtures
of soy lecithin and glyceryl monostearate. Gels, 8(1), 30. https://doi.org/10.3390/gels8010030

Giacomozzi, A.S., Carrin, M.E., & Palla, C.A. (2018). Muffins elaborated with optimized monoglycerides oleogels:
From solid fat replacer obtention to product quality evaluation. Journal of Food Science, 83(6), 1505-1515.
https://doi.org/10.1111/1750-3841.14174

Giacomozzi, A.S., Carrin, M.E., & Palla, C.A. (2023). Muffins made with monoglyceride oleogels: Impact of fat
replacement on sensory properties and fatty acid profile. Journal of the American Qil Chemists' Society, 100(4),
343-349. https://doi.org/10.1002/a0cs.12674

Giacomozzi, A.S., Palla, C.A., Carrin, M.E., & Martini, S. (2019). Physical properties of monoglycerides oleogels
modified by concentration, cooling rate, and high-intensity ultrasound. Journal of Food Science, 84(9), 2549-2561.
https://doi.org/10.1111/1750-3841.14762

Giineser, B.A., Yilmaz, E., & Ok, S. (2017). Cold pressed versus refined winterized corn oils: quality, composition
and aroma. Grasas y Aceites, 68(2), €194-e194. https://doi.org/10.3989/gya.1168162

Hafiz, S., Sadeghizadeh-Yazdi, J., Eskandari, S., Morokian, R., Akramzade, N., & Madadizadeh, F. (2025).
Physicochemical, rheological, sensory properties and shelf life of processed cheese analogue prepared with oleogel
sesame oil and mono-and di-glyceride (E471). Food Chemistry, 470, 142467. https://doi.org/10.1016
/j.foodchem.2024.142467

Hasenhuettl, G.L., & Hartel, R.W. (2008). Food emulsifiers and their applications (\Vol. 19): Springer.

Hwang, H.S., Kim, S., Winkler-Moser, J.K., Lee, S., & Liu, S.X. (2022). Feasibility of hemp seed oil oleogels
structured with natural wax as solid fat replacement in margarine. Journal of the American Oil Chemists' Society,
99(11), 1055-1070. https://doi.org/10.1002/aocs.12619

Jang, A., Bae, W., Hwang, H.-S., Lee, H.G., & Leg, S. (2015). Evaluation of canola oil oleogels with candelilla wax
as an alternative to shortening in  baked goods. Food Chemistry, 187, 525-529.
https://doi.org/10.1016/j.foodchem.2015.04.110

Lee, S. (2018). Utilization of foam structured hydroxypropyl methylcellulose for oleogels and their application as a
solid fat replacer in muffins. Food Hydrocolloids, 77, 796-802. https://doi.org/10.1016/j.foodhyd.2017.11.022

Li, J., Guo, R, Bi, Y., Zhang, H., & Xu, X. (2021). Comprehensive evaluation of saturated monoglycerides for the
forming of oleogels. LWT-Food Science and Technology, 151, 112061. In  Press.
https://doi.org/10.1016/j.Iwt.2021.112061

Li, J., Xiao, Y., Guo, R., Bi, Y., Zhang, H., & Xu, X. (2024). Enhancing the long-term stability of glyceryl
monostearate-based oleogels by incorporating hydroxy monoglyceride as an additional scaffolding agent. LWT-
Food Science and Technology, 214, 117154. https://doi.org/10.1016/j.lwt.2024.117154

Liu, P., Pei ,H., Shen, J., Xu, C., & Zhao, H. (2024). Effect of surfactin on the properties of glycerol monosterate—
Based oleogels. Food Structure, 40, 100370. https://doi.org/10.1016/j.foostr.2024.100370

Lupi, F., Mancina, V., Baldino, N., Parisi, O., Scrivano, L., & Gabriele, D. (2018). Effect of the
monostearate/monopalmitate ratio on the oral release of active agents from monoacylglycerol organogels. Food &
Function, 9(6), 3278-3290. https://doi.org/10.1039/C8FO00594J


https://doi.org/10.1016/j.fbio.2024.104107
https://doi.org/10.1016/j.fbio.2024.104107
https://doi.org/10.1016/j.lwt.2018.11.084
https://doi.org/10.1016/j.foostr.2018.03.003
https://doi.org/10.1002/9780470959169.ch9
https://doi.org/10.1016/j.lwt.2025.117350
https://doi.org/10.1016/j.foostr.2021.100242
https://doi.org/10.1016/j.foostr.2021.100242
https://doi.org/10.1007/s11483-020-09633-z
https://doi.org/10.3390/gels8010030
https://doi.org/10.1111/1750-3841.14174
https://doi.org/10.1002/aocs.12674
https://doi.org/10.1111/1750-3841.14762
https://doi.org/10.3989/gya.1168162
https://doi.org/10.1002/aocs.12619
https://doi.org/10.1016/j.foodchem.2015.04.110
https://doi.org/10.1016/j.foodhyd.2017.11.022
https://doi.org/10.1016/j.lwt.2021.112061
https://doi.org/10.1016/j.lwt.2024.117154
https://doi.org/10.1016/j.foostr.2024.100370
https://doi.org/10.1039/C8FO00594J

¥40

SlosS S5 500,18 lp (Sueiplol 9y Sl 52 S5l audgi 50 b ygu £ 95 ST (a2 00155058 g (S (o

41.

42.

43.

44,

45.

46.

47.

48,

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Malvano, F., Albanese, D., Cinquanta, L., Liparoti, S., & Marra, F. (2024). A comparative study between beeswax
and glycerol monostearate for food-grade oleogels. Gels, 10(4), 214. https://doi.org/10.3390/gels10040214
Malvano, F., Laudisio, M., Albanese, D., d’Amore, M., & Marra, F. (2022). Olive oil-based oleogel as fat replacer
in a sponge cake: A  comparative study and  optimization. Foods, 11(17), 2643.
https://doi.org/10.3390/foods11172643

Meng, Z., Guo, Y., Wang, Y., & Liu, Y. (2019). Organogels based on the polyglyceryl fatty acid ester and sunflower
oil: Macroscopic property, microstructure, interaction force, and application. LWT-Food Science and Technology,
116, 108590. https://doi.org/10.1016/j.1wt.2019.108590

Meng, X., Wang, H., Lu, Y., Yu, N., & Ye, Q. (2024). The gelation characteristics of Torreya grandis wax in
diacylglycerol and its preparation of oleogel substitution for shortening. International Journal of Biological
Macromolecules, 271, 132592. https://doi.org/10.1016/j.ijbiomac.2024.132592

Monto, A.R., Yuan, L., Xiong, Z., Shi, T., Li, M., Wang, X., Jin, W., Li, J., Gao, R. (2023). a-tocopherol stabilization
by soybean oil and glyceryl monostearate made oleogel: Dynamic changes and characterization for food application.
LWT-Food Science and Technology, 187, 115325. https://doi.org/10.1016/j.Iwt. 2023.115325

Nguyen Doan Mai, H., Phan Thi Lan, K., Techapun, C., Leksawasdi, N., Taesuwan, S., Hanprom, N., &
Khemacheewakul, J. (2023). Quality evaluation of butter cake prepared by substitution of wheat flour with green
soybean (Glycine max L.) okara. Journal of Culinary Science & Technology, 21(4), 606-619.
https://doi.org/10.1080/15428052.2021.1978363

Palla, C., & Carrin, M.E. (2024). Monoglyceride Oleogels. In Advances in Oleogel Development, Characterization,
and Nutritional Aspects (pp. 115-131): Springer. https://doi.org/10.1007/978-3-031-46831-5 5

Palla, C., Dominguez, M., & Carrin, M. (2022). An overview of structure engineering to tailor the functionality of
monoglyceride oleogels. Comprehensive Reviews in Food Science and Food Safety, 21, 2587-2614. In Press.
https://doi.org/10.1111/1541-4337.12930

Pancharoen, S., Leelawat, B., & Vattanakul, S. (2019). Using texture properties for clustering butter cake from
various ratios of ingredient combination. Journal of Food Measurement and Characterization, 13, 34-42.
https://doi.org/10.1007/s11694-018-9916-z

Prodromidis, P., Biliaderis, C.G., Katsanidis, E., & Moschakis, T. (2023). Effect of tween 20 on structure, phase-
transition behavior and mechanical properties of monoglyceride oleogels. Food Structure, 38, 100345.
https://doi.org/10.1016/j.foostr.2023.100345

Sagiri, S.S ,.Kasiviswanathan, U., Shaw, G.S., Singh, M., Anis, A., & Pal, K. (2016). Effect of sorbitan monostearate
concentration on the thermal, mechanical and drug release properties of oleogels. Korean Journal of Chemical
Engineering, 33, 1720-1727. https://doi.org/10.1007/s11814-015-0295-4

Silva, R.C.D., Ferdaus, M.J., Foguel, A., & da Silva, T.L.T. (2023). Oleogels as a fat substitute in food: A current
review. Gels, 9(3), 180. https://doi.org/10.3390/gels9030180

Singh, V.K., Pramanik, K., Ray, S.S., & Pal, K. (2015). Development and characterization of sorbitan monostearate
and sesame oil-based organogels for topical delivery of antimicrobials. Aaps Pharmscitech, 16, 293-305.
https://doi.org/10.1208/s12249-014-0223-7

Soares, M.G., Okuro, P.K., da Silva, M.F., Goldbeck, R., & Cunha, R.L. (2025). Ultra-long-chain sorbitol esters
tailoring thermo-responsive rheological properties of oleogels. Foods, 14(6), 1030.

Su, T., Zhang, E., Yang, Y., Zheng, T., Xin, T., Dong, L., Huang, F., & Su, D. (2023). Utilization of ovalbumin-
ferulic acid-carrageenan Pickering emulsion in baked bread for butter reduction: Bread microstructural properties
and quality. LWT-Food Science and Technology, 185, 115124, https://doi.org/10.1016/j.1wt.2023.115124

Sun, H., Xu, J., Lu, X,, Xu, Y., Regenstein, J. M., Zhang, Y., & Wang, F. (2022). Development and characterization
of monoglyceride oleogels prepared with crude and refined walnut oil. LWT-Food Science and Technology, 154,
112769. https://doi.org/10.1016/j.1wt.2021.112769

Swe, M.T.H., & Asavapichayont, P. (2018). Effect of silicone oil on the microstructure, gelation and rheological
properties of sorbitan monostearate—sesame oil oleogels. Asian Journal of Pharmaceutical Sciences, 13(5), 485-
497. https://doi.org/10.1016/j.ajps.2018.04.006

Trujillo-Ramirez, D., Lobato-Calleros, C., Vernon-Carter, E.J., & Alvarez-Ramirez, J. (2019). Cooling rate, sorbitan
and glyceryl monostearate gelators elicit different microstructural, viscoelastic and textural properties in chia seed
oleogels. Food Research International, 119, 829-838. https://doi.org/10. 1016/j.foodres.2018.10.066

Uslu, E.K., & Yilmaz, E. (2021). Preparation and characterization of oleogels with tallow and partially hydrolyzed
tallow as organogelators. Grasas y Aceites, 72(1), e388—e388. https://doi.org/10.3989/gya. 1031192

Uvanesh, K., Sagiri, S., Senthilguru, K., Pramanik, K., Banerjee, 1,. Anis, A., Al-Zahrani, S., & Pal, K. (2016).
Effect of Span 60 on the microstructure, crystallization kinetics, and mechanical properties of stearic acid Oleogels:
An in-depth analysis. Journal of Food Science, 81(2), E380-E387. https://doi.org/10.1111/1750-3841.13170


https://doi.org/10.3390/gels10040214
https://doi.org/10.3390/foods11172643
https://doi.org/10.1016/j.lwt.2019.108590
https://doi.org/10.1016/j.ijbiomac.2024.132592
https://doi.org/10.1080/15428052.2021.1978363
https://doi.org/10.1007/978-3-031-46831-5_5
https://doi.org/10.1111/1541-4337.12930
https://doi.org/10.1007/s11694-018-9916-z
https://doi.org/10.1016/j.foostr.2023.100345
https://doi.org/10.1016/j.foostr.2023.100345
https://doi.org/10.1007/s11814-015-0295-4
https://doi.org/10.3390/gels9030180
https://doi.org/10.1208/s12249-014-0223-7
https://doi.org/10.1016/j.lwt.2023.115124
https://doi.org/10.1016/j.lwt.2021.112769
https://doi.org/10.1016/j.ajps.2018.04.006
https://doi.org/10.1016/j.foodres.2018.10.066
https://doi.org/10.1111/1750-3841.13170

VFoF (60— )3T b olosds FY aler ()l ] (2108 pobeo g pole linpgy & pii AP

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Wang, Z., Chandrapala, J., Truong, T., & Farahnaky, A. (2023). Oleogels prepared with low molecular weight
gelators: Texture, rheology and sensory properties, a review. Critical Reviews in Food Science and Nutrition,
63(23), 6069-6113. https://doi.org/10.1080/10408398.2022.2027339

Weeragul, K., & Pandolsook, S. (2022). Effects of manufacturing conditions on physical characteristics of
recombined butter and quality of butter and sponge cakes. Journal of Culinary Science & Technology, 20(3), 197—
212. https://doi.org/10.1080/15428052.2020.1824831

Wei, X., Xia, R., Wei, C., Shang, L., An, J., & Deng, L. (2024). The impact of beeswax and glycerol monolaurate
on camellia oil oleogel’s formulation and application in food products. Molecules, 29(13), 3192.
https://doi.org/10.3390/molecules29133192

Yilmaz, E., & Oz, C. (2024). Utilization of hazelnut oil oleogels for the preparation of milk couverture type
compound chocolates: Composition, properties, and sensory evaluations. Journal of the American Oil Chemists'
Society, 101(12), 1401-1416. https://doi.org/10.1002/aocs.12850

Yilmaz, E., & Uslu, E.K. (2020). Comparison of the glycerol monostearate and polyglycerol stearate oleogels:
Effects of amphiphile addition. Authorea Preprints. https://doi.org/10.22541/au.158775697. 74846507

Yin, W.-t., Maradza, W., Xu, Y.-f., Ma, X.-t., Shi, R., Zhao, R.-y., & Wang, X.-d. (2022). Comparison of key aroma-
active composition and aroma perception of cold-pressed and roasted peanut oils. International Journal of Food
Science and Technology, 57(5), 2968-2979. https://doi.org/10.1111/ijfs.15615

Zarzycki, P., Wirkijowska, A., Nawrocka, A., Koztowicz, K., Krajewska, M., Klosok, K., & Krawecka, A. (2022).
Effect of Moldavian dragonhead seed residue on the baking properties of wheat flour and bread quality. LWT-Food
Science and Technology, 155, 112967. https://doi.org/10.1016/j.Iwt.2021.112967

Zhang, Y., Xu, J., Tang, C., & Li, Y. (2023). Crystallization behavior and physical properties of monoglycerides-
based oleogels as function of oleogelator concentration. Foods, 12(2), 345. https://doi.org/10.3390/foods12020345
Zhao, S., Zhu, Y., Zhang, L., Hu, F., Xu, W., Zheng, M., Zhou, Y., Li, S. (2025). The structuring mechanism and
in vitro digestion of novel EPA-rich medium-and long-chain triacylglycerol oleogels. LWT-Food Science and
Technology, 215, 117299. https://doi.org/10.1016/j.1wt.2024.117299

Zulfigar, A., Shabbir, M.A., Tahir, F., Khan, M.R., Ahmed, W., Yikmus, S., Manzoor, M., Abdi, G., Aadil, R .M.
(2024). Development of oleogel by structuring the blend of corn oil and sunflower oil with beeswax to replace
margarine in cookies. Food Chemistry: X, 23, 101676. https://doi.org/10.1016/j.fochx. 2024.101676


https://doi.org/10.1080/10408398.2022.2027339
https://doi.org/10.1080/15428052.2020.1824831
https://doi.org/10.3390/molecules29133192
https://doi.org/10.1002/aocs.12850
https://doi.org/10.22541/au.158775697.74846507
https://doi.org/10.1111/ijfs.15615
https://doi.org/10.1016/j.lwt.2021.112967
https://doi.org/10.3390/foods12020345
https://doi.org/10.1016/j.lwt.2024.117299

Iranian Food Science and Technology
: ‘ §s Research Journal
%, S Homepage: https://ifstrj.um.ac.ir %;;;g;}

Research Article
Vol. 21, No. 5, Nov.-Dec. 2025, p. 497-510

Investigation of the Effect of Post-harvest Treatment with Water and
Disinfectant Agents Activated by Cold Plasma on Certain Physicochemical
Properties of Oranges

S.F. Hossieni, S.J. Hashemi‘”'*", A. Ranjbar Nedamani‘*'!, F. Sohbatzadeh'"?

1- Mechanic of Biosystem Department, Sari Agricultural and Natural Resources University, Sari, Iran

(*- Corresponding Author Email: szhash@yahoo.com)
2- Department of Atomic and Molecular Physics, Faculty of Basic Sciences, University of Mazandaran, Babolsar, Iran

Received: 01.07.2025 How to cite this article:
Revised: 07.09.2025 Hossieni, S.F., Hashemi, S.J., Ranjbar Nedamani, A., & Sohbatzadeh, F. (2025).
Accepted: 14.09.2025 Investigation of the effect of post-harvest treatment with water and disinfectant agents
Available Online: 16.11.2025 activated by cold plasma on certain physicochemical properties of oranges. Iranian
Food Science and Technology Research Journal, 21(5), 497-510. (In Persian with
English abstract). https://doi.org/10.22067/ifstrj.2025.94222.1452

Introduction

Citrus fruits are among the world's most widely cultivated crops, owing to their rich content of vitamins,
minerals, and dietary fiber. Mechanical damage during harvesting and transportation can promote the growth of
bacteria and fungi, increasing postharvest losses. The use of fungicides and chemicals to mitigate these damages
raises environmental concerns. Modern technology and practical development are required to ensure maintaining
healthy food, environmental preservation, and food quality without altering its properties . In this study, the effect
of plasma technology applied on hydrogen peroxide solution, and comparing it with a fungicide-hot-water
treatment and a hydrogen peroxide solution without plasma, on the physicochemical properties of Moro cultivar
blood oranges were investigated.

Materials and Methods
This study involved four treatments: hydrogen peroxide solution (H20:), plasma-activated hydrogen peroxide
(PH:0.), fungicide-hot water (WT; hot water with fungicide), and a control (C). Treatments were applied on days
0, 15, 30, 45, and 75 (D0-D75) during storage. Changes in pH, total soluble solids (TSS), total acidity (TA),
vitamin C content, firmness, weight loss percentage, ripening index (TSS/TA), and color variations in both the
fruit and juice were determined.

Results and Discussion

The results showed that PH20: samples had the lowest pH and the highest acidity, indicating a slowdown in
fruit aging. By the end of storage period, there was no significant difference in pH between the H.O> and WT
samples. Vitamin C content was higher in samples treated with fungicide-hot-water; however, the PH2O- treatment
did not reduce vitamin C levels compared to the control. Total soluble solids increased in all treatments during
storage period, with the greatest change observed in WT. All treatments maintained fruit firmness, although weight
loss was higher in WT. The optimal storage time for samples treated with PH.O. and H:O: extended to day 45,
showing the most favorable effects on the physicochemical properties of oranges.

Conclusion
In summary, hydrogen peroxide and plasma-activated hydrogen peroxide effectively contribute to controlling
and reducing the viability of the green mold Penicillium digitatum, which is in consist with previous studies.

Authors retain the copyright. This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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Considering environmental and human health concerns associated with fungicides, as well as the higher cost of
fungicides compared with plasma- and hydrogen peroxide-based approaches, the hydrogen peroxide—plasma
treatment shows promise as an alternative to fungicide-treatment strategy, with positive impacts on certain quality
traits of orange juice.

Keywords: Cold plasma, Hydrogen peroxide, Fungicide, Orange
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Table 1- Variance analysis of the effect of treatments and storage period on quality characteristics of orange juice

Olaspo (il
Mean of Squares

Oyt @alio df pH TSS TA Ascorbic acid TSSITA JE 5Ol S5,y Ol s
S.0.vV (%) (ml/100g) (mg/100m) Orange Juice color
changes
o Jgloxe 3 0.024* 1.109* 0.038* 0.680* 1.425* 469.605"
Solutions
S bl obs; 4 0.131* 8.724* 0.312* 5.072* 40.045* 728.671"
Storage time
ol loj x Jaloxe 12 0.049* 0.320* 0.010* 0.249* 0.889* 32.914"
Solution*Storage time
las- 40 0.001 0.015 0000 0.033 0.028 0.160
Error
F 32.46 2.77 3.481 2.177 3.149 4.464
p-Value 0.000 0.004 0.001 0.020 0.001 0.000

I gine il 9 A0 phaws 43 43 Jxe a5 4 NS g
«and ns are significant at the 5% level and not significant, respectively.
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Table 2- Variance analysis of the effect of treatments and storage period on quality characteristics of the orange
©la o (ibke
Mean of Squares

Ol pts 23lo &oljlan 45 (9) st Lid oy 35l 539 ol aw JW py SOy O s
S.0VvV Degree of Maximum pressure- Weight loss percent Orange color changes
freedom hardness Y P
LﬁJ?l_m 3 51927.227" 0.986" 9.101"
Solutions
e ‘?uj 4 24616.849" 36.181" 114.182"
Storage time
ol ploj xJsbes 12 222293.501" 0.118™ 2.603"
Solution*Storage time
s 40 391.846 0.072 0.698
Error
F 1.077 3.025 2.346
p-Value 0.424 0.002 0.013
Mo gixe pé o /i glaw )3 5 dxe o iy NS
# and ns are significant at the 5% level and not significant, respectively.
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Fig. 2. Comparison of the average pH of fruit juice for different treatments in each storage period

Vertical columns: pH values of the samples on that day - different letters on each day indicate a significant difference between the
data(p <0.05).
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Fig. 3. Comparison of the average soluble solids TSS of fruit juice for different treatments in each storage period
Vertical columns: TSS values of the samples on that day - different letters on each day indicate a significant difference between the
data p<0.05.
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Fig. 4. Comparison of total acidity ml/100mg TA of fruit juice for different treatments in each storage period

Vertical columns: TA levels mI/100mg f samples on that day. Different letters on each day indicate a significant difference between
the data p<0.05.
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Fig. 5. Comparison of the average processing index TSS/TA for different treatments in each storage period

Vertical columns: TSS/TA levels of samples on that day - different letters on each day indicate a significant difference between the
data p<0.05.
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Fig. 6. Comparison of average vitamin C mg/100ml f fruit juice for different treatments in each storage period

Vertical columns: Vitamin C levels of the samples on that day. Different letters on each day indicate a significant difference
between the data p<0.05.
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Table 3- Comparison of average color changes of orange fruit for different treatments in each storage period

oyl gl

] PH20:2
Storage time Day
0 0
15 5.207°
30 6.890°
45 8.208°
75 9.149°

H202 WT C

0 0 0
2.616% 4.752° 2.0123%
49062 5.231* 5.601%
5.368% 5.721*  7.171°
7.782°  6.238%  8.464"

ol o jlogs oy jboline gles pas (glime 4y 3y 2 ;3 S b By >

Common letters in each row mean no significant difference between treatments.
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Fig. 7. Comparison of the average changes in the L index luminosity of the whole orange fruit for different
treatments in each storage period

Vertical columns: Changes in the L index of the samples on that day. Different letters on each day indicate a significant difference
between the data p<0.05.
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Introduction

Whey protein isolate has been considered in food packaging due to its edibility, biodegradability, ability to produce transparent,
colorless and odorless films and coatings, cheapness and high relative abundance, as well as high barrier to oxygen and aromatic
compounds at low relative humidity. However, the poor mechanical properties of these films, such as low tensile strength, inherent
stiffness and poor water vapor barrier, have limited their application. Therefore, to overcome this limitation, in this study, the use
of zinc oxide nanoparticles produced by green synthesis method from propolis alcoholic extract in the production of biodegradable
films based on whey protein isolate was investigated. The effect of ultrasound treatment on the green synthesis process and the
characteristics of the manufactured nanoparticles were also studied.

Materials and Methods

The production of zinc oxide nanoparticles by green synthesis method was as follows: first, zinc nitrate was prepared with different
concentrations of 0.075, 0.15 and 0.25 M. The alcoholic extract of propolis was slowly and dropwise added to the prepared zinc
nitrate solution. The reaction was carried out on a heater stirrer at 60 °C for 5 h. The pH of the solution was adjusted to 10 during the
reaction using sodium hydroxide so that after the end of mixing, a brick-colored precipitate of zinc oxide nanoparticles was observed
at the bottom of the container. The precipitates were centrifuged for 10 min at 4000 rpm. After this stage, the accumulated zinc oxide
precipitates were washed with distilled water to separate impurities and finally placed in an electric furnace at 350 °C for 2 h. After
this time, zinc oxide nanoparticles can be obtained in a light gray to white color. In the ultrasonic method, the brick-colored solution
obtained before centrifugation was subjected to ultrasonic waves in an ultrasonic bath for 15 min, and then the same procedure was
followed. To prepare the alcoholic extract of propolis, 15 g of propolis was mixed with 20 mL of 99% ethanol and placed in a shaker
at 180 rpm for 24 h at room temperature. The resulting solution was filtered with VWWhatman paper No. 1. Finally, the solvent was
recovered in a rotary evaporator at 45 °C. The superior nanoparticles were then obtained to be incorporated in the films of whey
protein isolate at different concentrations of 3, 5 and 7 % and the physicochemical, antioxidant and antimicrobial properties were
studied.

Results and Discussion
The results of FTIR analysis of nanoparticles showed a decrease in the intensity or elimination of some bands presented in propolis
extract, which indicated the participation of these functional groups in the process of zinc ion reduction and surface coating of
nanoparticles. The morphology of nanoparticles also showed that the samples treated by ultrasound had a more homogeneous
morphology than those without ultrasound. So, zinc oxide nanoparticles synthesized at a concentration of 0.25 M zinc nitrate with

Authors retain the copyright. This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0).
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ultrasound were selected as the superior sample due to their appropriate density, regular shape and uniform distribution of particles.
These particles were then added to whey protein isolate film at concentrations of 3, 5 and 7% to compare their performance and their
properties in comparison with the control whey protein isolate film. The results showed that with increasing the percentage of
nanoparticles, the solubility and water vapor permeability decreased and the antioxidant property, tensile strength, elongation and
Young's modulus increased significantly (p < 0.05). This increase was greater in samples containing zinc oxide nanoparticles treated
with ultrasound than in samples without ultrasound (p < 0.05). The findings of the antimicrobial property also indicated that the gram-
positive bacterium Staphylococcus aureus was more sensitive to zinc oxide nanoparticles treated with propolis extract than the gram-
negative bacterium Escherichia coli.

Conclusion

In general, the findings of this study showed that the use of zinc oxide nanoparticles synthesized with propolis
extract using ultrasound improves the physicochemical and microbial properties of the whey protein isolate.

Keywords: Biodegradable film, Green synthesis of nanoparticles, Propolis extract, Zinc oxide nanoparticles
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SEM HV: 30.0 kv : SEM HV: 30.0 kV WD: 5.10 mm
View field: 2.98 pym View field: 2.93 ym Det: SE
SEM MAG: 92.7 kx _ Date(m/dly): 12/05/21 Kurdistan University SEM MAG: 94.6 kx  Date(m/dly): 12/06/21 Kurdistan University

SEM HV: 30.0 kV WD: 4.81 mm | SEM HV: 30.0 kv WD: 5.16 mm
View fleld: 2.92 um Det: SE View field: 3.04 pm Det: SE 500 nm
SEM MAG: 84.7 kx  Date(midly): 12/08/21 Kurdistan University SEM MAG: 90.9 kx  Date(m/dly): 12/05/21 Kurdistan University

SEM HV: 30,0 kv WO: 4,88 mm MIRA3 TESCAN| SEM HV: 30.0 kv WO: 475 mm MIRA3 TESCAN|
View field: 1.75 ym Det: SE 500 nm View field: 2.71 um Det: SE 500 nm
SEM MAG: 158 kx  Date(m/dly): 12/05121 Kurdistan University SEM MAG: 102 kx _ Date(m/dly): 12/05/21 Kurdistan University
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Fig. 1. Scanning electron microscope images of zinc oxide nanoparticles synthesized with propolis extract
a (nanoparticle synthesized by 0.075 molar zinc nitrate without ultrasound), b (nanoparticle synthesized by 0.075 molar zinc nitrate

with ultrasound), ¢ (nanoparticle synthesized by 0.15 molar zinc nitrate without ultrasound), d (nanoparticle synthesized by 0.15
molar zinc nitrate without ultrasound), e (hanoparticle synthesized by 0.25 molar zinc nitrate without ultrasound), f (nanoparticle

synthesized by 0.25 molar zinc nitrate with ultrasound)



OVA Ll ol A )0 o1 3 eoliiuwl 5 pges o bac 3 ooliwl b (59 dumwST &ly39i6 Juww s 31y Ko g (ilo!

dga by pols ysboay 45 Silog)| (slaadls I C-H dad 5 oS
ol em? e e—Ae e adgioe ) it bade B sl
b 50 Caol oad ol L Y JSS jn &S jglailen g o
P50 il S Bl b cud (ials wid i olydgl
2 lole (sloog S ul 850 Sk o 05 oanlie pgooy oslas
55 3] g pyeon (S8 LS 5 Bl g g5 slaps sl wul b
osMs .(Ahmed, Ahmad, Swami, & Ikram, 2016) ¢l 0,345l
& oS a5 el cmtaye U FVe asl o (glaasuie Sb opl
deuST Sl 35l 3850 JuSis 0018 AU g 009y bgype ZN-O Wgp

(Salama et al., 2024) cusl (55,

W b
33414 29320 c
P

g cmt YAYe 5 olael CHy (glaog, S iuiS wlils)]

Jolis a5 e S olge 51 3B em™ YADY o ] o) lize cilils))
Osman et ) s SSlal clooyon; b (o) g,un slaog,S
Wile (g3lge > &S (C=0) Jsg)S iuiS wlils)l (al., 2023
Sl emASYE Sy jd gd e 0bd (i clasl g lassggMe
.(Munoz, Ferrari, Sancho, & Montafa, 2016) cul e o3l
P e sbyly hug basgaMs olgls C-H iis olsls)|
Ol b Sy ol ad 0 03> lis cmTAYYE 5 cm™ AYoY
oy ool 4 dasseiaMs 1> dege (ol (6,3l (glial ool
olils)l )0 > ol Vgare (PP, 2020) siS o SaS

—4d

1536\{1"5/?_,\_/-/—\} d
—— e

(v22) 138 i35
Transittance(%6)

N 1 N L) N L)
4000 3500 3000 2500

1 v 1 N 1 v 1
2000 1500 1000 500

Wavelength( em™)

{- \,‘-‘-"l_r‘-l-ﬂ" } gl dAE

ol b ol 3w (69 danST 143530 g 0500 1 8 las FTIR _xiow ciab 4y bgs po gelis —F JS0
69y Slyis Yee +NO L osd jiiw 0)366) C ((guol b b g9y Oyt ;Yoo /o0 b o 5itw 0)3956) D (gl yd 9 (59, lyis )Yge /YD b ol 5ikw 0)dg3b) @

VDL osd jiw 0)360) T o(golyd oy (69, Slyis Vg /YO L osd jiiw 0,350) € ((golyd oty (69 Oy ;g0 /N0 b osd jiw 0,3550) U (gl b 5

poe o ojbas (G (ool b gy ©lyis Ve
Fig. 2. FTIR spectroscopy results of propolis extract and the synthesized ZnO nanoparticles
a (nanoparticle synthesized by 0.075 molar zinc nitrate without ultrasound), b (nanoparticle synthesized by 0.075 molar zinc nitrate
with ultrasound), ¢ (nanoparticle synthesized by 0.15 molar zinc nitrate without ultrasound), d (nanoparticle synthesized by 0.15
molar zinc nitrate without ultrasound), e (nanoparticle synthesized by 0.25 molar zinc nitrate without ultrasound), f (nanoparticle

synthesized by 0.25 molar zinc nitrate with ultrasound), g) propolis extract



\fFo¥ ‘5.5—)5]— B oylods ¥ als (Il (2188 puluo g pole slebdghy @ piid O

sl Jd old (g5, &5 sladles 4> (Ghaitaranpour, 2025
45 233)S (yl35 w0l plosl Sgj olS il 5 (55 dST 03930
2 Db e phd M gals el old )0 0,06l lude oI5l
Ojagh, Adeli, Abdollahi, ) l,ISen 5 slal a5 polie adllas
9y ST alydgb 04381 31 g9, (Kazemi, & Habibi, 2017
OLSISUS T 4o ol (Sl 5 (S5 slo Sy 53
UiblS el g9y daST )y 6l 0938l 48" waly )58 Waly plool
o> pld 3 Lo YY/FO & dalis pld )3 wo > AF/AF 5 M
ol »ogde (Ojagh et al., 2017) wis (g9, 3uST 66 1o p> /0
Ghafoori Ahangar, Pourashouri, ) ,Ken ¢ Sial (s)s4e
Oluogad (64, &5 (sladlles )> (Ojagh, & Shabanpour, 2018
25305 plosil (59 duwST G130 g9l wrius SLST, 8T 4 Y g Bl
cel ¥ Wb 4 (69 ST gl 39580 48" W50, 5,158
Ghafoori Ahangar et al., ) us sudgi pld ;> cuds ials
Sherafatkhah Azari, ) .o ¢ (5,5 olgs cdl,s (2018
556 gladlas > (Alizadeh, Asefi, & Hamishehkar, 2021
959 9 b S Sh 2 OB 5 g9yt Ol b
Sy ly e dld S (b > 05Y5 i PO okd
cel gy ST Slydegl a8 oy ol axdl sl Jl)3 )y
Sherafatkhah Azari etal., ) i sy slapld cMs gals

(2021

Ol Jlas @ s yaigd e
4 e plice B lapld pre oyl 5l (S
Slge Ly (sla Sy 5 ol Dl )3 cope L &S Canl Ll by
Slapkd ol 5 4 ideh 4 beye @l S e ) i
09 5 Gaolyd il eolatwl b ol i (g5) MST Sldgl (g9l
aS amd o Ui puls cwl odd odld L Y Jada 0 gl yd
S 3o e Aald digei b auglio ) () 48T )35 (3938
(P <e/40) amd o bl (gyls dme yob 4 |y Lol O Jbw
048 jiiw (59,31 L1390 (55l (slapld > LEals cnl a5 g5k
2 Pgne ol sl Ggol (g saiges Sl i gl b L
O 59y ST $b 039381 5l am Ol By 4 (pddsss 5
S sSse y50 (slp o3 9 @t 2 e 3ol 2929 41 2 go S
o938l egMe 4 (YU, Yang, Liu, & Ma, 2009) »,5 I )b
2 g &5 098 (alaaY obul cage Cunl (Sen (59) 2T 9L
5@ 5t slad b U8 e ygome |y Ol b 5 a8 e sl Ol
0ol Gl case el 4 ol o938l culple S (b)) o3
ohSen 5 55 .(Adame & Beall, 2009) 555 0 o (S5,b5L

o sladiges a5 2l Hlis Cawlyd ok o b (sladiges duslde

cims I clasil g YL s b Zn-0wsb (clyls ool b oss
2 el gl Siegd GiSeny g YL pogs by &5 K3y 5
Gl cdale ()38l b cpiomen Gl Ggolyd zlgal 5l edlatwl 3]
as cal Gl Zn-0sl wud Ve /YD & +/+V0 3l g9,
W30 ol ol sl o Oldgl LS oajh ]38l Jsas Yieas
90355 Jos oS liky g oials’ plgices pgeoy 0jlias oS A8
3l CuS domo & oo o yiiSTy 033L Linl38l b gl 3 lgal
oMl lawg pils iagh wlie guls (Wlodd g9y JuST )34l
Cawdy sbaaidly a5 0l 5,055 (Salama et al., 2024) |)\Se 4

Sl e 156 1) pols imgh 5> ool

L sS85 oy

Sl

) ol plicn PO Saed )3 pre (Shy o clM>
ol b 3 (oguad & ol &) Cas plid Cuaglio 30 Wl oo
Sl 5 05 3lj] s iz o g S5 (slwod gl Jte b
o3lo gaw b wlos )3 &5 Sloj 1) whid (29)S0id 9 (SmulipusTas
V Jsis 3 caldlo oysejl 5l Jols guls S e sl gl
lydgl 29381 2 o dlanMe &S jglailas .cuwl o 0dld L
o g 3l s > cgol glssl 5l esliul 5 (95|
s ol Gld (P <-/40) cutls gyl ine 5l bapld e
5 pSliie jieS HLdle saimdlis &S dg oM dsyd YL
69y SemS) S3sb 53938l b Lol .l o] i O G el
Cab ials cldMs duoyd Ggolyd el g gl B b ol

Ggolyd b oodd juw Gldgl sl sladiged ;o Lials oyl
o Jiw 59y 48T 03956 20 )3V (5l wiged a5 (5 pobo 29y yiiin
5ol Vi) S2alS ol el ) cdds oS Ssolyd L
25 s Gl g o) ST Sl S LB d conle
» el iy el cle el gy ey L L]
OlFe ) ool b bord jiw 9y 4T Sl ool sladiges
S SV s pistiSly 5 SIS i e ol &
sl i Cogl 4 e o Cuh Ggolp alp 5l ol
S wlodly lis Sllllas 33,5 o Ol 395 galS g Wb (glass
ST 9l (B9 )den Bgn JSdS carge 59y MnST B (13959
sl sSg0 S 5 )4 5 99 gl S 5o 5 55,
S 2li gei b auglio 13 by youdsgm Cavgd] (slaog,5 L ol o]
Tung & Duman, ) ub e ials old cuMs Likie 4 oid
Nabavi, Esmaiili, &) K 5 (535 (2010



OYY . olad A )0 o1 3 eoliiuwl 5 pgos o bac 5 ooliwl b 59y dumwST 13396 Juww st «(y1 )0 g (Silo!

ol 33 S V508 ol IS L 5 558 555 /55
Ghafoori Ahangar et al., ) o)}, Ken ¢ ,5al 5958 oyl pogMe
¥ pld Cliogad oLl ) & ladlae > (2018
oS 5305 plogl (55, tuS] gl ol mates lis3lST, 6T
oublS el Ve pld 4 g5y MuST 2o ¥ 0958 a5 WS
2 g pld O oo & s $pdidgs 1oy YV 5l i
15 plool mey 5 i by YOF Jlo 5 &5 _iiso 5
S35 5 OLSLS BT 4l oud asls laplisn Clogas
@955 45 S lpied o) weST Sldglog ole Jute
$9y gl 3938] a8 sy Lis sl Canday gl b wyy
Kanmani & Rhim, ) 15,5 U1 )bu 4 (6 pbdesi Lials coge

(2014

ol Jd obd (65,0 &S sladlls ,> (Nabavi et al., 2025)
45 23,8 )5S ol plosl Sy olS' eill 5 (595 3T 0,395
Sy @ cpd doi LialS el phd 45 0,39b Jlade yiul3él
Ojagh et al.,) Ko 5 slol a5 polie adllae > 395 0
S SRy Soun 9y S Sl (39381 S g9y (2017
G55 3l ol SIS 5T 45 ok (Sl 5 (Soi
@ Sl 298 alS cely g9y 28T S gl o938l 4 ol
Nafchi, Mahmud, & Robal, ) -,Kea 5 b5 05 Oyl
Marvizadeh, Mohammadi) \Kea 5 odljgpe (2012
Res cek, ) l)Ken o S, 4 (Nafchi, & Jokar, 2014
= (Kratofil Krehula, Katanci¢, & Hrnjak-Murgi¢, 2015
J o @l e 4 Cans pideis talS pogad ) elde
s Sl &l slajesbign & g9y S Sl Sy

89 demST 8,3650 Cillisee (gdauo yd b oaw and sl (gMIsTpa-t) oof b 4y (g piiudeis g (1) CulWs Y Joas
Table 1- Solubility (%) and water vapor permeability (gm's"'pa!) of films prepared with different percentages of zinc oxide
nanoparticles
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Samples Solubility
Control 61.74+0.73?
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11.33+0.36°
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10.40 £ 0.17 ¢
10.14 +0.16¢
9.26+0.26
8.33 £ 0.349
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Data are reported as mean = standard deviation (n=3). Small non-identical letters in each column indicate significant differences (p <
0.05) between film samples.
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Table 2- Mechanical properties of films prepared with different percentages of zinc oxide nanoparticles

baiges  (JEwlKe) U Jgre (1) Jgb sbsjl  (JSwbio) (ouiaiS Canglie
Samples Young's modulus Elongation Tensile strength
Control 22.26 £0.049 18.82 £0.179 26.17+0.459
Zn0Os 28.110.04 f 20.1310.14 f 30.24+0.16f
Zn0Os 31.92+0.06° 29.38 +1.13¢ 38.99+1.78°
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Sodiges cp (P < +/+0) o sxe BB D929 (0B st o 13 Koo e pue Bgy> . Llosds y5)35( N=Y) 5)luliwl Bl ool £ 1, She & )jgods odl>

bl ol

Data are reported as mean + standard deviation (n=3). Small non-identical letters in each column indicate significant differences (p <

0.05) between film samples.
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Table 3- Antioxidant and antimicrobial properties of films prepared with different percentages of zinc oxide nanoparticles
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Samples  Antioxidant property(%)  |phibition zone diameter (mm)  Inhibition zone diameter (mm)

Staphylococcus aureus

Escherichia coli H157: o7

Control 11.27+0.559
Zn0s 35.344+0.34 f
Zn0Os 49.14 £0.18 ©
Zn07 57.36 +0.17 ¢

Zn0s-US 65.49 £0.43 ¢
Zn0s-US 76.61+0.26°
Zn07-US 89.33+0.28 2

8.56+0.28F 10.34+1.34 f
10.19+0.16 ¢ 15.14 £1.18 ¢
13.47 £0.15 ¢ 18.56 +1.17 ¢
16.51+0.36 ¢ 24.64£1.43°¢
18.32+£0.14 ° 26.59 £1.26 ©
20.54 £0.24 @ 30.43+£1.28 2
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Data are reported as mean + standard deviation (n=3). Small non-identical letters in each column indicate significant differences (p <
0.05) between film samples.
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