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Abstract—Dietary fats are essential for human nutrition, yet
excessive intake of saturated and trans fatty acids remains a
major health concern. Oleogelation represents a promising
approach for structuring liquid vegetable oils into semi-solid
systems suitable for replacing conventional solid fats. This study
aimed to develop oleogels based on pumpkin seed oil structured
with carnauba wax at concentrations ranging from 2 to 10% and
to evaluate their chromatic properties, acidity index, and
peroxide value. Oleogels were produced by thermal mixing
followed by controlled cooling. Increasing wax concentration
significantly influenced the color parameters, resulting in higher
lightness and yellowness due to the formation of a denser
crystalline network. The acidity index showed a slight increase
with wax content but remained within regulatory limits.
Peroxide values remained low for all samples, indicating that
oleogelation did not induce oxidative degradation, while higher
wax levels improved oxidative stability by limiting oxygen
diffusion. These findings highlight the potential of pumpkin seed
oil-carnauba wax oleogels as stable and functional fat
alternatives for food applications.
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I. INTRODUCTION

Compared to carbohydrates or proteins, dietary fats
constitute an essential macronutrient for good health, serving
as the most concentrated source of energy [1]. In processed
foods, fats in the form of Saturated Fats (SFA) and
Unsaturated Fatty Acids (UFA) significantly improve quality
characteristics, primarily affecting organoleptic
properties [2].

According to the recommendations of the European Food
Safety Authority (EFSA) and the World Health Organization
(WHO), dietary fats should account for 20-35% of total
energy intake. A minimum intake of 20% is required to
ensure adequate energy supply, sufficient intake of essential
fatty acids, and effective absorption of fat-soluble vitamins.
From a qualitative perspective, trans fatty acids should
contribute no more than 1% of total energy intake, while
saturated fats should remain below 10% [3].

There are various alternatives for reducing trans fatty acids,
such as applying chemical and enzymatic esterification, using
traditional fat substitutes of lipid or non-lipid origin, using
oleogelation, applying in situ genetic modification of lipids,
using algae oil. However, each of the aforementioned
approaches has specific limitations [4]. A modern approach
to solving this problem is the preparation of structured
emulsions called oleogels.

Oleogels are semi-solid systems obtained by entrapping
liquid vegetable oils within a three-dimensional network
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formed by low concentrations of structuring agents. The
structural and physical properties of oleogels are influenced
by the characteristics of the oil phase (type and polarity),
processing conditions (mixing time, shear rate, and cooling
profile), as well as storage conditions, including temperature
and storage period [5].

Oleogels are considered a distinct alternative to
hydrogenated oils or animal fats. Oleogels transform
vegetable oils rich in unsaturated fats into solid systems,
meeting consumer demands for functional and sensory
qualities [6]. Oleogelators, such as natural waxes, glycerides,
alcohols, ethylcellulose and phytosterols are incorporated
into vegetable oils, creating a gel network in the oil phase and
efficiently entrapping liquid oils. Thus, vegetable oils are
restructured to obtain a semi-solid, firm, spreadable and
viscoelastic state, commonly called oleogel [7].

Natural waxes have been extensively reported as effective
structuring agents for lipid systems. From a chemical
standpoint, they consist mainly of long-chain fatty acids
esterified with long-chain fatty alcohols. Their use as
oleogelators is driven by two principal factors: their
renewable, bio-derived nature and their compatibility with
food-grade applications. Even at low inclusion levels, natural
waxes are able to self-assemble into a three-dimensional
network capable of physically immobilizing the oil phase. Of
particular interest is oleogelators such as natural waxes which
have shown a higher storage modulus (i.e. more solid
behavior) than other prepared organogels [8, 9]. As
structuring agents in oleogel systems, natural waxes have
demonstrated considerable potential as oleogelators for
industrial applications, particularly as fat replacers. This
potential is attributed to their wide availability, effective
structuring performance, strong oil-binding capacity, and cost
efficiency. The functional properties of wax-based oleogels
are governed by the compactness of the crystalline network
responsible for immobilizing the liquid oil phase, as well as
by the extent of hydrogen bonding within the matrix. The
architecture of the three-dimensional network varies
according to the type of wax employed and its interaction
with different oils, reflecting differences in chemical
composition and resulting crystalline morphology.
Consequently, oleogels with varying degrees of elasticity and
mechanical behavior can be obtained. Moreover, the
chemical composition of natural waxes exhibits substantial
variability, even within the same wax type, as it is influenced
by the source material, cultivation conditions, and the
extraction and purification processes [10-12].

Of particular importance is the type, degree of purity, fatty
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acid composition (oleic, linoleic and linolenic acids) and
minor components (tocopherols and phytosterols) of the
vegetable oil chosen for the manufacture of oleogels.

The purpose of this research was to obtain oleogels using
pumpkin oil and natural waxes (carnauba wax) and analyze
the chromatic parameters, acidity index and peroxide index.

II. MATERIALS AND METHODS

A. Manufacture of Oleogels

As raw materials, locally produced pumpkin oil was used,
obtained by cold pressing, refining and deodorization.

Carnauba waxes are characterized by a chemical
composition that usually includes wax esters (50-70%,
hydrocarbons (1.5-3%), free fatty acid (3-6%), free fatty
alcohol (15-30%), with a melting point of 80-85 °C [13].

The process of obtaining oleogels provided for mixing
pumpkin oil with 2%, 4%, 6%, 8%, 10% of the respective
wax, which were heated to a temperature of 80 °C, continuous
mixing until a homogeneous mass was obtained.
Subsequently, the mixture was cooled to room temperature
and stored under refrigeration conditions. 5 samples of
oleogels were obtained.

PO-2-CW—oleogel obtained from pumpkin oil and 2%
carnauba wax.

PO-4-CW—oleogel obtained from pumpkin oil and 4%
carnauba wax.

PO-6-CW—oleogel obtained from pumpkin oil and 6%
carnauba wax.

PO-8-CW—oleogel obtained from pumpkin oil and 8%
carnauba wax.

PO-10-CW—oleogel obtained from pumpkin oil and 10%
carnauba wax.

B. Color Parameters

The CIELab color parameters (L*, a* 6 and b*) were
determined using a Chroma Meter CR400/410 colorimeter
(Konica Minolta, Tokyo, Japan), following the procedure
described in Ref. [14]. Measurements were performed at
three different locations on each sample to assess variations
in lightness (L*), the red-green coordinate (a¢*), and the
yellow-blue coordinate (b*).

The color differences (4E*) between the sample PO-2-CW
and the other samples were calculated using Eq. (1) [15].

AE x = J(L;ample - Lzantrol)z + (a;ample - azantrol)z + (b;ample - quntrol)z (1)

Chroma index (C*) indicates the degree of the color and is
proportional to the intensity of the color and was calculated
according to Eq. (2) [15]:

C*=Va?+b? )

Hue angle (#*) is expressed in a 0°-360° range, where 0°
= bluish-red, 90° = yellow, 180° = green and 270° = blue. The
h* was calculated using the following Eq. (3) [15]:

h* = arctan (z—*) 3)

Browning Index (BI) was calculated using the following
Eq. (4) [15]:

(a*+1.75%L*)

Bl = ( 100
(5.645XL*+a*—3.012xb*)

X —
0.17

- 0.31) 4)

Yellow Index (YI) was calculated using the following
Eq. (5) [16]:

Yl =142.86 x = (5)

C. Acidity Index

The acidity index of oleogels was determined by alkaline
titration in an alcohol/ether medium following the
internationally standardized procedure ISO 660:2020 [17].
The acidity index was expressed as mg KOH/g and calculated
using Eq. (6):

V-c56.11

AV(mg KOH/g) = (6)
where:

V—volume of KOH used for titration, mL,

c—molar concentration of KOH, mol/L,

56.11—molar mass of KOH, g/mol,

m—sample mass, g.

D. Peroxide Index

The Peroxide Value (PV) of pumpkin seed oil and the
corresponding oleogels structured with carnauba wax was
determined by iodometric titration according to the
international standard ISO 3960:2017 (visual endpoint),
which is also consistent with the ITUPAC peroxide value
methodology widely applied for fats and oils [18]. The value
of the PV was determined 5 d after the formulation of the
oleogels. They were kept in refrigerated conditions at a
temperature of 3+1 °C. The peroxide value was expressed as
meq O,/kg and calculated using Eq. (7):

_ (V=V5)-c'1000

PV (meqO,/kg) = ()

m
where:
V—volume of Na,S,03 used for the sample, mL,
Vy—volume used for the blank, mL,
c—molar concentration of Na,S,03, mol/L,

m—sample mass, g.

E. Statistical Analysis

All calculations were performed using Microsoft Office
Excel 2007 (Microsoft, USA). Data obtained in this study are
presented as mean values + the standard error of the mean
calculated from three parallel experiments.

III. RESULTS AND DISCUSSION

A. Color Parameters

The color was determined by measuring the reflectance of
freshly prepared oleogels using CIE L*, a* and b* values.
This analysis plays a significant role in consumers’
evaluation of the visual characteristics of novel food products.
The results regarding the color parameters of the obtained
oleogels are presented in Table 1.

Table 1. CIELab parameters of oleogels

Sample L* a* b* AE*
PO-2-CW  16.02+0.23  5.38+0.07 18.56+0.11 -
PO-4-CW  22.19+0.21  2.38+0.09 26.94+0.32  10.83+0.17
PO-6-CW  24.89+0.18  2.64+0.11 26.42+0.54  12.16+0.12
PO-8-CW  29.4240.17 —0.26+0.03  28.79+0.56  17.78+0.22

PO-10-CW  39.91+0.21 —3.87+0.06  58.80+0.38  47.70+0.35
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The increase in the concentration of carnauba wax in the
oleogels obtained from pumpkin seed oil caused significant
changes in the CIELab color parameters, highlighting the
influence of lipid structuring on the optical properties of the
product. The lightness (L*) increased progressively,
increasing from 16.02 in the PO-2-CW sample to 39.91 in the
PO-10-CW sample, indicating a pronounced color opening
with the formation of a denser and more uniformly organized
crystalline network at high wax concentrations.

The values of the a* coordinate decreased from positive
values in the PO-2-CW sample (5.38) to negative values in
the samples with 8% and 10% wax (—0.26 and —3.87),
suggesting a chromatic shift from reddish to green shades, as
aresult of the masking of the natural pigments of the pumpkin
oil, especially carotenoids.

Regarding the b* coordinate, a general increase in values
was observed with increasing wax concentration, reaching a
maximum of 58.80 in the PO-10-CW sample. The
intensification of the yellow component is probably
determined both by the intrinsic color of the carnauba wax
and by the cumulative effect of lipid crystallization on the
enhancement of the golden-yellow hues.

The total color difference 4E* increased significantly with
increasing wax concentration, from 10.83 for the PO-4-CW
sample to 47.70 for the PO-10-CW sample, indicating
chromatic changes ranging from slightly perceptible to very
obvious to the human eye. These results confirm that the
addition of carnauba wax is a determining factor in modifying
the chromatic characteristics of pumpkin seed oil-based
oleogels. Similar results for color parameters were recorded
for oleogels obtained from soy wax and rice bran oil. The
authors showed that the variation of the parameters is greatly
influenced by the color of the oil used [16].

The derived color parameters were markedly affected by
increasing carnauba wax concentration in pumpkin seed oil-
based oleogels, indicating notable changes in color intensity
and hue. The results regarding the respective color parameters
for the analyzed oleogels are presented in Table 2.

Table 2. Color indices of oleogels

Sample H C YI BI

PO-2-CW  73.83%£1.13  19.32+0.24 165.51+£9.26  492.50+12.67
PO-4-CW  84.95+0.87 27.05+0.38 173.44+7.54  521.36%9.65
PO-6-CW  84.30+1.09 26.56+0.25 151.64+11.12 427.50+14.21
PO-8-CW  90.52+1.23 28.80+0.33  139.80+7.95 380.94+14.02
PO-10-CW  93.76+1.42 58.93+0.28 210.48+9.78 875.69+19.48
Chroma (C) generally increased with wax content,

reflecting enhanced color saturation. Similar values observed
for PO-4-CW, PO-6-CW, and PO-8-CW suggest a
stabilization of chromatic intensity at intermediate wax levels
whereas the sharp rise in PO-10-CW indicates a strong effect
of lipid structuring on color enhancement.

The Hue angle (H) showed a progressive increase from
73.83 to 93.76, revealing a shift of the dominant color toward
the yellow-green region, likely due to interactions between
oil pigments and the crystalline network formed by carnauba
wax.

The Yellowness Index (YI) increased overall with higher
wax concentrations, reaching its maximum in PO-10-CW,
which points to an intensification of yellow tones associated
with both the intrinsic color of the wax and increased light

>
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scattering within the oleogel matrix.

In contrast, the Browning Index (BI) varied markedly with
wax level, showing lower values at intermediate
concentrations and a pronounced increase at 10% wax,
suggesting enhanced golden-brown coloration at high wax
contents due to increased opacity and combined chromatic
effects of natural pigments and lipid crystallization.

B. Acidity Index

The acidity index of wax-based oleogels vary depending
on the concentration of wax used. These values, governed by
the presence of free fatty acids in the wax, directly influence
the oxidative stability, color characteristics, and
technological properties of the oil-wax system [19]. The
results regarding the acidity index are tabulated in Fig. 1.

PO-2-CW PO-4-CW PO-6-CW PO-8-CW PO-10-CW
Fig. 1. Acidity index of oleogels.
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The acid index values of pumpkin seed oil-based oleogels
increased progressively with increasing carnauba wax
concentration, from 2.17 mg KOH/g in sample PO-2-CW to
2.47 mg KOH/g in sample PO-10-CW. This trend indicates a
direct correlation between the level of added wax and the free
fatty acid content of the oleogel system. The increase in
acidity index can be attributed to the contribution of free fatty
acids from carnauba wax, as well as to the intensification of
interactions between the lipid phase and the crystalline
structure formed at high wax concentrations. Although the
variations are moderate, which suggests that higher wax
levels may influence the oxidative stability and technological
properties of the oleogels, without indicating a significant
degradation of lipid quality. However, these results are within
the limits set by the CODEX STAN 210-1999 standard for
vegetable oils. Similar results, up to 2.08 mg KOH/g, were
obtained for oleogels made from linseed oil and candelilla
wax at concentrations of 3% and 6% [20].

C. Peroxide Index

The peroxide value is a sensitive indicator of primary lipid
oxidation and is therefore essential for evaluating the
oxidative stability of pumpkin oil and its oleogels during and
immediately after processing. The obtained results are
showed in Fig. 2.

In the present study, pumpkin oil exhibited a PV of 3.28
meq Oy/kg, confirming a low initial oxidation level typical
for high-quality cold-pressed oils. After oleogelation with
carnauba wax, the values remained in a narrow and low range
(2.73-3.59 meq Oy/kg), demonstrating that the applied
thermal treatment and structuring step did not trigger relevant
oxidative deterioration. The oleogel containing 2% of
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carnauba wax showed the highest peroxide indices
(3.59+£0.06 meq Oy/kg), while further wax enrichment
produced a progressive reduction in peroxide formation: PO-
4-CW—3.44, PO-6-CW—3.20, PO-8-CW—2.94, and the
lowest value at PO-10-CW—2.73 meq O/kg. Importantly,
all samples were far below the regulatory threshold of 15 meq
Oy/kg for unrefined cold-pressed pumpkin seed oil,
indicating full compliance and confirming that the produced
oleogels are oxidatively safe at the initial stage [21]. From a
quality perspective, these results are also well within
internationally accepted ranges frequently used for edible oils
(often <10 meq O,/kg as a benchmark for low primary
oxidation), and align with the general observation that
properly processed oleogels exhibit low PV immediately after
preparation due to limited formation of primary oxidation
products. The slightly elevated peroxide index at 2%
carnauba wax likely reflects a system where the wax
concentration is still insufficient to form a fully continuous
and compact crystalline network, leaving a larger fraction of
the oil phase relatively mobile and more accessible to oxygen
diffusion during cooling and early stabilization. As the wax
content increases, the increasingly dense crystal network
physically immobilizes the oil, reduces molecular mobility,
and limits oxygen transport pathways, thereby suppressing
the hydroperoxide formation. This “diffusion-barrier”
concept is consistent with oxidative behavior reported for
structured oil systems, where stronger gel networks restrict
exposure to pro-oxidizing factors (oxygen, heat, light, metal
ions) and reduce peroxide accumulation by limiting oxygen
penetration into the bulk lipid phase [22].

PO-2-CW PO-4-CW PO-6-CW PO-8-CW PO-10-CW
Fig. 2. Peroxide index of oleogels.
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Most importantly, the decreasing peroxide indices trend
with rising carnauba wax concentration observed in this work
is in agreement with carnauba wax oleogel literature, where
higher wax levels often correlate with improved oxidative
stability due to tighter structuring and reduced oxygen
diffusion; for instance, carnauba wax oleogels in other
vegetable oil matrices have been reported to reach very low
peroxide index values at higher wax concentrations (e.g.,
~2.30 meq Oy/kg at 10% carnauba wax), reflecting enhanced
protection against early oxidation [23].

IV. CONCLUSION

The results of this study demonstrate that carnauba wax is
an effective structuring agent for pumpkin seed oil-based
oleogels, enabling the formation of stable semi-solid lipid
systems with favorable physicochemical properties.
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Increasing wax concentration significantly influenced the
chromatic characteristics, acidity, and oxidative behavior of
the oleogels. All samples exhibited low peroxide values and
acidity index within acceptable regulatory limits, confirming
their oxidative stability and quality. The improved stability
observed at higher wax levels highlights the protective role of
a dense crystalline network. Overall, these oleogels show
strong potential as functional fat replacers in food
formulations, so confectionery and frozen desserts, such as
ice cream.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

AUTHOR CONTRIBUTIONS

Ropciuc S. and Bulgaru V. conducted the research;
Netreba N. and Pauliuc D. analyzed the data, Bulgaru V.,
Netreba N. and Ropciuc S. wrote the paper and approved the
final version. All authors had approved the final version.

ACKNOWLEDGMENT

This work was supported by a grant of the Ministry of
Research, Innovation and Digitization, CNCS—UEFISCDI,
project number PN-IV-PCB-RO-MD-2024-0173, within
PNCDI IV and NARD 25.80013.5107.25ROMD.

REFERENCES

N. G. Forouhi, R. M. Krauss, G. Taubes, and W. Willett, “Dietary fat
and cardiometabolic health: Evidence, controversies, and consensus for
guidance,” BMJ, vol. 361, k2139, 2018. doi: 10.1136/bmj.k2139

M. J. Ferdaus, B. Barman, N. Mahmud, and R. C. da Silva, “Oleogels
as a promising alternative to animal fat in saturated fat-reduced meat
products: A review,” Gels, vol. 10, p. 92, 2024. https://doi.org/10.3390/
2els10020092

N. K. Mohammed, C. P. Tan, Y. A. Manap, B. J. Muhialdin, and A. S.
M. Hussin, “Spray drying for the encapsulation of oils—A review,”
Molecules, vol. 25, no. 17, p. 3873, 2020. doi: 10.3390/mole
cules25173873

S. Akterian and E. Akterian, “Oleogels-types, properties and their food,
and other applications,” Food Science and Applied Biotechnology, vol.
5, no. 1, pp. 1-11, 2022. https://doi.org/10.30721/fsab2022.v5.11.156
D. Dimakopoulou-Papazoglou, K. Zampouni, T. Moschakis, and E.
Katsanidis, “Novel plant-based bigels formulated with sunflower wax,
monoglycerides, agar and x-carrageenan,” Food Hydrocolloids, vol.
166, 111341, 2025. https://doi.org/10.1016/j.foodhyd.2025.111341
A.J. Martins, A. A. Vicente, R. L. Cunha, and M. A. Cerqueira, “Edible
oleogels: An opportunity for fat replacement in foods,” Food Funct.,
vol. 9, pp. 758-773, 2018.

R. C. D. Silva, M. J. Ferdaus, A. Foguel, and T. L. T. Da Silva,
“Oleogels as a fat substitute in food: A current review,” Gels, vol. 9,
p-180, 2023. https:// doi.org/10.3390/gels9030180

J. Sarbojeet and M. Silvana, “Physical characterization of crystalline
networks formed by binary blends of waxes in soybean oil,” Food Res.
Inter., vol. 89, pp. 245-253, 2016. https://doi.org/10.1016/].
foodres.2016.08.003

A. Shakeel, U. Farooq, D. Gabriele, A. G. Marangoni, and F. R. Lupi,
“Bigels and multi-component organogels: An overview from
rheological perspective,” Food Hydrocolloids, vol. 111, 106190, 2021.
https://doi.org/10.1016/j.foodhyd.2020.106190

A. 1. Blake, J. F. Toro-Vazquez, and H. S. Hwang, “Wax oleogels,” in
Edible  Oleogels, 2nd  ed.,,  Elsevier, pp. 133-171.
https://doi.org/10.1016/B978-0-12-814270- 7.00006-X

H. Brykczynski, W. Till, and E. Floter, “Revisiting pure component
wax esters as basis of wax-based oleogels,” Journal of the American
Oil Chemists’ Society, vol. 99, no. 11, pp. 925-941, 2022.
https://doi.org/10.1002/aocs.12589

M. Quilaqueo, K. Catalan, S. Millao, I. Contardo, E. Morales, and M.
Rubilar, “Impact of oleogelator type and concentration on the
properties of food-grade bigels: A comparative study of three waxes,”

(1]

(7]

(8]

[10]

[11]

[12]



[13]

[14]

[15]

[16]

[17]

[18]

[19]

International Journal of Chemical Engineering and Applicationss, Vol. 17, No. 1, 2026

LWT, vol.
2025.118835
D. D. Papazoglou, K. Zampouni, and E. Katsanidis, “Natural waxes as
gelators in edible structured oil systems: A review,” Gels, vol. 11, p.
656, 2025. https://doi.org/10.3390/ gels11080656

A. Ghendov-Mosanu, N. Netreba, and G. Balan et al., “Effect of
bioactive compounds from pumpkin powder on the quality and textural
properties of shortbread cookies,” Foods, vol. 12, p. 3907, 2023.
https:// doi.org/10.3390/foods12213907

V. Bulgaru, 1. Sensoy, and N. Netreba et al., “Qualitative and
antioxidant evaluation of high-moisture plant-based meat analogs
obtained by extrusion,” Foods, vol. 14, p. 2939, 2025. https://doi.org/
10.3390/foods 14172939

S. Dhal, A. Alhamidi, S. M. Al-Zahrani, A. Anis, and K. Pal, “The
influence of emulsifiers on the physiochemical behavior of soy
wax/rice bran oil-based oleogels and their application in nutraceutical

238, 118835, 2025. https://doi.org/10.1016/j.1wt.

delivery,” Gels, vol. 9, p. 47, 2023. https://doi.org/10.3390/
2els9010047

Animal and vegetable fats and oils—Determination of acid value and
acidity. (2020). 1SO 660:2020. [Online]. Available:

https://www.iso.org/standard/75594.html

Animal and vegetable fats and oils—Determination of peroxide value
—Ilodometric (visual) endpoint determination. (2020). ISO 3960:2017.
[Online]. Available: https://www.iso.org/standard/71268.html

1. C. Nufiez-Garcia, L. G. Rodriguez-Flores, and M. H. Guadiana-De-
Dios et al., “Candelilla wax extracted by traditional method and an
ecofriendly process: Assessment of its chemical, structural and thermal

22

[20]

[22]

(23]

properties,” Molecules, vol. 27, p. 3735, 2022. https://doi.org/10.3390/
molecules27123735

C. L. Flores-Garcia, N. Medina-Herrera, B. A. Rodriguez-Romero, G.
C. G. Martinez-Avila, R. Rojas, and Z. Meza-Carranco et al., “Impact
of fat replacement by using organic-candelilla-wax-based oleogels on
the physicochemical and sensorial properties of a model cookie,” Gels,
vol. 9, p. 636, 2023. https://doi.org/10.3390/ gels9080636

G. H. O. E. GmbH. (May 2024). Pumpkin seed oil cold pressed—
Product specification. Product No. 320020; Reg-No. Sp320020b.
[Online]. Available: https://www.heessoils.com/fileadmin/
spezifikationen/320020-pumpkin-seed-oil-cold-pressed.pdf

C. S. Ursachi, S. Perta-Crisan, 1. Tolan, D. R. Chambre, B. D. Chereji,
D. Condrat, and F. D. Munteanu, “Development and characterization
of ethylcellulose oleogels based on pumpkin seed oil and rapeseed oil,”
Gels, vol. 10, p. 384, 2024. https://doi.org/10.3390/gels10060384

A. A. Alshehri, R. M. Kamel, M. A. Salama, M. Abdin, Y. A. Salama,
and M. Elsayed, “Oleogel-based fat structuring: Functional, oxidative,
and thermal stability of moringa seed, tiger nut, and garden cress oils
with various waxes,” International Journal of Food Science and
Technology, vol. 60, no. 1, vvaf080,
2025. https://doi.org/10.1093/ijfood/vvaf080

Copyright © 2026 by the authors. This is an open access article distributed
under the Creative Commons Attribution License which permits unrestricted
use, distribution, and reproduction in any medium, provided the original
work is properly cited (CC BY 4.0).





