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Background and Objective: High-fat diets are among the major
risk factors for chronic diseases such as type 2 diabetes, metabolic
disorders, and cardiovascular diseases. The presence of trans and
saturated fatty acids in ingredients like shortening can disrupt
metabolic balance and lead to serious health problems. Therefore,
developing healthier and more natural fat substitutes in the food
industry, particularly in widely consumed products such as cakes, is
of great importance. The aim of this study was to investigate the
effect of replacing shortening with oleogels prepared from beeswax
and sunflower oil on the physicochemical, textural, and sensory
properties of oily cake.

Materials and Methods: Oleogels were prepared with three levels
of beeswax (0.5%, 3%, and 5%) and incorporated into cake
formulations at substitution levels of 10%, 30%, and 50% in place
of shortening. A control sample was prepared using 100%
shortening. Physicochemical properties including moisture, acidity,
and peroxide value, as well as texture profile analysis (hardness,
chewiness, and elasticity), colorimetric evaluation, and sensory
assessment (color, odor, taste, texture, and overall acceptability)
were examined.

Results: Increasing the amount of structuring agent and the
substitution level of oleogel significantly increased cake moisture
and decreased acidity (P<0.05). The highest moisture content
(23.67%) and the lowest acidity (0.04%) were observed in the
sample containing 5% beeswax with 50% substitution. Peroxide
value was also affected by oleogel level and storage time (P<0.05);
the increase in peroxide value was greater in the control sample
(from 0.017 to 0.066 meqO. /kg), whereas in treatments containing
50% oleogel it reached a maximum of 0.29 on day 14. Texture
profile analysis showed that with increasing oleogel percentage,
hardness and chewiness increased while elasticity decreased, with
these changes being more pronounced in the second week of
storage. Colorimetric evaluation indicated that the highest lightness
and color changes were observed in the treatment containing 5%
beeswax with 50% substitution (11.77 and 21.17, respectively).
Sensory evaluation revealed no significant differences between
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oleogel-containing samples and the control in terms of color, odor,
taste, texture, and overall acceptability, and consumers found the
oleogel substitution acceptable.

Conclusion: The use of oleogels containing beeswax and sunflower
oil improved the physicochemical properties of cake and enhanced
oxidative stability and textural quality. Based on the results of
texture, color, and sensory analyses, this formulation can be
considered a suitable alternative to shortening in cake production up
to the level of 3% beeswax and 50% fat substitution. The findings of
this study highlight the potential of natural oleogels to promote the
development of healthier, low-fat confectionery products and pave
the way for future research on their application in improving
nutritional value and reducing health risks associated with the
consumption of unhealthy fats.
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Table 1. Description of treatments investigated in the study
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Figure 1. Effect of different oleogel concentrations and replacement levels on moisture content of cake
(dissimilar letters indicate significant differences between the samples on the same oleogel treatment)
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Table 2. Effect of oleogel replacement on peroxide value of cake during the storage
period(Treatment descriptions according to Table 1)

Ve s, Vs, 390 4 yo

Dayl14 Day7 Day0 sample
0.490 + 0.0128 0.280 £ 0.04%8 0.070 £ 0.02¢0 T1
0.450+£0.0128 0.240 + 0.05%8 0.070 £ 0.04¢<D T2
0.380 £ 0.012 0.150 £0.01% 0.050 £0.01¢<E T3
0.370 £0.012 0.180 £ 0.01% 0.050 £ 0.01¢<E T4
0.280 +0.012P 0.150 £ 0.01%c 0.046 £ 0.03¢E T5
0.280 £ 0.022P 0.100 £ 0.05vd 0.023 = 0.02¢E T6
0.253 £0.012P 0.110 + 0.04bd 0.020 = 0.01¢<E T7
0.250 £ 0.012P 0.080 +0.01¢be 0.020 £ 0.01¢<E T8
0.244 £ 0.012P 0.080 = 0.01be 0.017 £0.01¢<E T9

0.650 + 0.062A

0.343 +£ 0.0402

0.077 £ 0.01<F

(control)aals
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The difference in uppercase and lowercase letters indicates significant differences, corresponding respectively to

oleogel treatments and storage time (p < 0.05).
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Table 3. The effect of replacing beeswax—sunflower oil oleogel on the textural properties of oil-
based cake during the storage period

Sl Sns
Textural properties & gal
(05 50) Ods s lis (o) ol ool (05 55) (5o Sample
Chewiness (N) Elasticity(mm) Hardness (N)
day) 55, day) 55, day) 55,

14 7 0 14 7 0 14 7 0
1.26 “+ b 0.72%+ 0.94 A+ 1.78% + 1.80 4+ 8.35 8¢+ b 4.30 ©°+

001 0817010 0.14 0.19 0.05 0.13 0.03 6.217+0.18 0.26 T
1.47 ©2x 0.84°5 + 0735+ 0.80 B 1.66 %0 + 175+ 8.86% b 4.63%+

0.05 0.09 0.16 0.10 0.01 0.11 0.03 6.377+0.16 0.38 T2
1.63% + 0.875% + 0.76 & + 0.71% + 1.63% + 1.66 5 + 7.92% + b 5.07% +

0.04 0.10 0.21 0.12 0.04 0.09 0.06 6.027+0.13 0.35 T3
1.928 4 0.89% + 0.78% + 0.73% + 1.60 %+ 1638+ 8.98 5% + 8b 480 %+

0.04 0.09 0.19 0.08 0.04 0.10 0.01 6.857+0.10 0.26 T4
1.99 B2 + &b 0.825%+ 070% +  157%=% 1.50 %+ 9.12°%2 + - 5.46 B¢ +

004 0917012 0.25 0.10 0.04 0.10 0.06 6.897+0.14 0.35 T5
221% ¢ 0.96" * 0.84 5+ 0.70° 152%+ 156 @+ 9.34% ¢ 7.80% + 5.80 5 + T6

0.04 0.12 0.18 0.10 0.04 0.07 0.06 0.15 0.30
2504+ 0.96 % + 0.86 %+ 071 +  148°% + 154%+ 9524 + Ab 5.80 5+

0.04 0.09 0.26 0.10 0.01 0.09 0.05 7.557£0.15 0.36 T7
267"+ 0.984° + 0.884°+ 069+ 146% + 1480 & 9.47M + ab 6.06°° +

0.04 0.10 0.19 0.14 0.05 0.09 0.05 7417014 0.35 T8
2707+ 0.99 A" + 0.88 4+ 0.61%° + 1.48%% + 1.42%% + 9.68"% + Ab 6.76"°+

0.04 0.10 0.18 0.10 0.05 0.10 0.05 77T £0.14 0.35 9
0975+ 075+ 0.70% + 0.98%° + 1.37% + 1.80 4+ 8.04% + 6.06% + 0.20 4.02° + dals

0.05 0.10 0.19 0.15 0.04 0.10 0.06 =T 0.30 control
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The difference in uppercase and lowercase letters indicates significant differences, corresponding respectively to oleogel treatments

and storage time (p < 0.05).
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Table 4. Effect of beeswax—sunflower oil oleogel replacement on the color properties of oil-based cake

AES, o s C*&, wus b* 5,5 a* 3 L* sbay, Hles
- 28.10% £ 0.56 16.82¢ + 0.43 4512+ 024 64.01° + 0.37 aals
7.35°+0.12 18.75 £ 0.53 18.25b + 0.44 4.30% + 0.30 71.22° +0.33 T1
8.33°+0.19 20.03b+0.76 19.50° + 0.36 4.00° +0.30 71.86° +0.34 T2
9.28°+0.14 20.94 £ (.60 20.60:> £ 0.53 3.80° + 0.30 72.45° £ 0.35 T3
9.17°+0.38 19.89% + (.54 19.43b + 0.49 4.28%+0.28 72.77° +0.27 T4
9.75" + 0.46 21.23:+£0.41 20.90: £ 0.56 3.74° +0.24 72.80° + 0.30 T5
10.74° + 0.13 21.923+0.49 21.642 £ 0.52 3.52°+0.32 73.552 + 0.35 T6
12.240+0.13 24.45 + (.44 24.14° + 0.52 3.90° + 0.06 73.800 + 0.30 T7
13.06* + 0.32 25.56% + 0.46 25312+ 0.48 3.60° +0.13 74.97 £ 0.37 T8
17.216+0.13 28.10° + 0.56 27.912 + 0.57 3300+ 0.26 77.112 £ 0.32 T9
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The difference in uppercase and lowercase letters indicates significant differences, corresponding respectively to

oleogel treatments and storage time (p < 0.05).
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Figure 3. Effect of different oleogel concentrations and replacement levels on sensory evaluation of cake
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