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Table 1- Independent variables used for oleogel

production

No. of Independent variables

Treatment Beeswax Monoglyceride

1 6.25 6.25

2 0 6.25

3 12.5 6.25

4 6.25 0

5 10.42 10.42

6 6.25 6.25

7 6.25 6.25

8 2.08 2.08

9 2.08 10.42

10 10.42 2.08

11 6.25 125

12 6.25 6.25

13 6.25 6.25
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Table 2- Analysis of variance of beeswax and monoglyceride concentration on physical and textural
characteristics of grape seed oil oleogel

Sources Responses

Oil migration Melting temperature ~ Melting enthalpy Firmness Back extrusion

(%) (%) Q) (N) (N)
Df Sum Df Sum df Sum Df  Sumsquares df Sum
squares squares squares squares
Model 3 56.68™" 5 290.07" 4 55.90™" 3 1.98x105™ 5  571x10%"
A- Beeswax 1 43.29™" 1 154.65™" 1 19.01™ 1 16750.71™ 1  5.62x10°%™
B- Monoglyceride 1 4.08" 1 7.88™" 1 26.28™" 1 1.309x10 1 4.30x106™
g

AB - - 1 62.61"" - - - - 1 1.38x10°™"
A? 1 9.31™ 1 56.84™" 1 3.28™" - - 1 37733.04™
B? - - 1 30.80™" 1 8.94™ 1 43156.77"" 1 7.04x10°™"
Residual 9 6.88 7 1.74 8 0.014 9 5675.45 7 9896.48
Lack of fit 5 5.58" 3 0.87"1 4 0.011m 5 5000.36" 3 5169.46"
Pure error 4 1.29 4 0.87 4 2.92x10°3 4 675.09 4 4727.03
Cor total 12 63.56 12 291.81 12 55.91 12 1.96x10° 12 5.72x10°%™

-: Non significant effect of variable on response, *Significant at 95%; ** Significant at 99%, *** Significant at 99.9%,
ns= Not significant, Cor total=Corrected Total Sum of Squares.
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Table 3-Ccoefficients of developed models on studied attributes

Coefficients

Responses

Oil migration Melting temperature

Melting enthalpy  Firmness Back extrusion

(%) (°C) (¢C) (N) (N)
Bo +7.86" +41.92" +0.71" 12,64 4225917
B1 -1.29™ +0.45" -0.093" +10.65""  -53.70"™"
B -0.17" +0.14 -0.32" -21.32"  -106.002""
P12 - -0.20™ - - +10.69™
Pus +0.06™ +0.15" +0.036" - +3.88"
Bz - +0.117 +0.059" +4.087  +16.78"
R? 0.89 0.99 0.99 0.97 0.99
Lack of Fit 0.1265™ 0.3811"™ 0.1106"™ 0.0547" 0.3520™

*Significant at 95%; ** Significant at 99%, *** Significant at 99.9%, ns= Not significant.

0: y-intercept , 1: Beeswax concentration, 2: Monoglyceride
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Figure 1- Effect of beeswax and monoglyceride concentrations on melting temperature (a), and required
maximum force for back extrusion (b)
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Table 4- Validation of developed models using the response surface method in predicting the physical and
textural properties of grape seed oil oleogel

Tests

Predicted value Experimental value Error percentage

Oil migration (%)

Melting temperature (°C)

Firmness (N)

Maximum force for back extrusion (N)

11.29
46.32

0.43
3.84

10.61 6.04
46.30 0.04
0.45 4.44
4.87 21.14
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Figure 2- FTIR spectra of grape seed oil oleogel
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Table 5- Comparison of physical characteristics of optimal and control samples

Samples Physical characteristics
Oil migration (%) Melting Firmness (N) Maximum force
temperature (°C) for back extrusion
(N)
Optimal 10.61+0.71° 46.30+5.66% 0.45+0.13° 4.87+0.39°
Control 10.15+0.07¢ 54.10+7.07? 0.40+0.01° 5.65+0.17¢

Different superscript letters indicate significant difference (P<0.05)
Optimal sample: 2.089% beeswax and 6.303% monoglyceride, Control: Margarine
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Figure 4- Viscous (G") and elastic (G’) modulus of grape seed oil oleogel (a) and margarine (b)
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Figure 5- Elastic modulus, viscous modulus and complex viscosity of grape seed oil oleogel (a) and margarine (b)
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Figure 6- Polarized light microphotographs of grape seed oil oleogel (a) and control sample (b)
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Introduction: Solid fats such as shortening and margarine have been extensively utilized in the food
industry since they play important roles in the quality attributes by providing a unique texture, flavor,
and aroma. It is however well-recognized that large intakes of solid fats may cause a variety of adverse
health effects such as risk of cardiovascular diseases due to their high levels of saturated fatty acids
and also possible presence of trans fatty acids. Therefore, solid fat replacers with low saturated fatty
acids and the same qualities to the original saturated fats are necessary. In recent years, research
dealing with oleogelation has considerable interest from the researchers in the food sciences (Park et
al., 2018). Oleogels can be formed by the self-assembly of organogelators into three-dimensional
networks that entrap an organic liquid through capillary forces. They can be produced due to physical
forces and chemical interactions depending on the kind of gelators (Cerqueira et al., 2017). Different
substances such as lecithin, sorbitan tristearate, monoacylglycerides, a mixture of phytosterol and
oryzanol, ricinelaidic acid, fatty acids, fatty alcohols, 12-hydroxystearic acid, wax esters, and waxes
can be produced oleogels with edible oils. Organogels as fat mimetics were suitable in different foods,
such as ice cream, cookies, sweet bread, frankfurters, and heat resistant chocolate (Valoppi et al.,
2017). Beeswax like other waxes is able to play as an edible gelator for producing different edible
oils. Beeswax is a complex mixture of chemical compounds predominantly based instraight-chain
monohydric alcohol compounds with carbon chains from C24 to C36 and straight-chain acids with
carbon skeletons of up to C36, including some C18 hydroxyl acids that can be esters, diesters and
triesters. Beeswax organogels have ability of aroma maintenance successfully (Martines et al., 2016).
Monoglycerides are lipid molecules consisting of a fatty acid esterified to the hydroxyl group at the
glycerol backbone. The use of monoglycerides as structuring agents have gained significant interest
due to their ability to gelation of aqueous and non-aqueous solvents based on the potential of
monoglycerides to crystallize and cocrystallize either in the bulk phase or at the interfaces. Generally,
the crystallization of fatty acid alkyl chain can be achieved either through supersaturation or
supercooling of the monoglycerides in oil dispersions (Sintang et al., 2016). The aim of this study
was to investigate the production of oleogels from grape seed oil using beeswax as oleogelator, and
monoglyceride as surfactant.
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Materials and methods: Refined grape seed oil was purchased from the local market (Isfahan, Iran),
and beeswax and monoglyceride was obtained from Merck Co. All other chemicals and solvents were
of analytical grade and purchased from Merck Co. and Sigma Aldrich. Oleogels were prepared by
mixing grape seed oil with beeswax and monoglyceride. The mixtures were heated at 80 °C in a water
bath for at least 10 min to completely dissolve waxes. After that time, the samples were stored at 20
°C for 24 h to form gel and kept at this temperature up to perform the analyses. In this study, the
effect of beeswax (0, 0.8, 6.15, 8.6, 10.42, 12.5%) and monoglyceride (0, 0.8, 6.15, 8.6, 10.42, 12.5%)
on oil migration, melting point, melting enthalpy, firmness and maximum force for back extrusion of
grape seed oil oleogels was investigated using Response Surface Methodology and Design Expert in
the form of a central composite design with 5 central points. Optimum and control (margarine)
samples were evaluated and compared in terms of physical and textural properties (oil migration,
melting point, firmness, maximum force for back extrusion), rheological properties, and polarized
light microscopy using SAS ver: 9.0 software. Oil migration of samples were determined according
to Fayaz et al (2017). Organogel firmness was measured by a puncture test at 20 °C using an Instron
4301 Universal Testing machine. The rheological analyses were performed according to method
described by Lupi et al (2013). The infrared spectra of the organogels were analyzed using FT-IR
Spectrophotometer. The samples were scanned in the range of 350 to 4000 cm™. Micrographs of
organogels were obtained under polarized light optical microscope connected with a Leica EC3
digital camera.

Results and discussion: The results of this study showed that the beeswax and monoglyceride
concentrations had a significant effect on the physical and textural properties of grape seed oil oleogel,
so that by increasing the concentration of beeswax and monoglyceride, the oil migration and melting
point of oleogels decreased and increased, respectively. An increasing in melting enthalpy, firmness
and maximum force for back extrusion were observed in higher levels of beeswax and monoglyceride.
The interaction effect of beeswax and monoglyceride concentration in increasing the melting point
was weaker than their independent effects. The interaction effect of beeswax and monoglyceride
concentration at their higher levels increased the maximum force for back extrusion. Optimal
conditions for the production of grape seed oil oleogel with physical and textural properties similar
to margarine were 2.1% beeswax and 6.3% monoglyceride. The results of FTIR showed hydrogen
bonding have been effective in forming a gel network of grape seed oil by trapping oil droplets. Oleogel and
control sample had no significant difference in terms of oil migration, melting point, firmness and
maximum force for back extrusion (P>0.05). Evaluation of rheological properties revealed that, by
increasing shear rate, apparent viscosity of the oleogel and control samples decreased, which
presented the pseudoplastic behavior of samples. The elastic modulus (G’), of oleogel and control
samples were higher than viscous modulus (G") in evaluated frequency range. The elastic modulus,
complex modulus and complex viscosity of oleogel were lower than them in margarine. Therefore,
margarine had more solid-like properties than the grape seed oil oleogel. Microstructure examination
showed the formation uniform and stronger gel network with smaller crystals in oleogel compared to
the control sample.

Conclusion: According to the results of the present study, it can be concluded that the use of
appropriate concentrations of beeswax and monoglyceride can produce of a structured edible oil with
physical and textural properties similar to commercial margarine. So, it selected as a substitute for
margarine and shortening, and can be used in producing of healthy food products.
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