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Buack Extrusion (N7

Fig 1 Back extrusion of the animal fats and the oleogels produced by different concentrations of BW at two cooling
temperatures. E: EC oleogel; W: BW oleogel; 5, 7.5, 10: Organogelator concentration; S: Temperature of 25 °C; F:
Temperature of 4 °C; F1: Flank fat; F2: Shank fat. Different letters indicates significant difference between
treatments (p<0.05).
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Fig 2 Back extrusion of the oleogels produced by different concentrations of bees wax at two cooling temperatures.
Different capital letters indicate the significant difference between organogelator concentration and different
lowercase letters indicate the significant difference between two cooling temperature (P<0.05).
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Fig 3 Back extrusion of the oleogels produced by different concentrations of ethylcellulose at two cooling
temperatures. Different capital letters indicate the significant difference between organogelator concentration and
different lowercase letters indicate the significant difference between two cooling temperature (P<0.05).
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Fig 4 Penetration force of the animal fats and the oleogels produced by different concentrations of BW at two
cooling temperatures. E: EC oleogel; W: BW oleogel; 5, 7.5, 10: Organogelator concentration; S: Temperature of 25
°C; F: Temperature of 4 °C; F1: Flank fat; F2: Shank fat. Different letters indicates significant difference between
treatments (p<0.05).
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Fig 5 Penetration force of the oleogels produced by different concentrations of bees wax at two cooling
temperatures. Different capital letters indicate the significant difference between organogelator concentration and
different lowercase letters indicate the significant difference between two cooling temperature (P<0.05).
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Fig 6 Penetration force of the oleogels produced by different concentrations of ethylcellulose at two cooling
temperatures. Different capital letters indicate the significant difference between organogelator concentration and
different lowercase letters indicate the significant difference between two cooling temperature (P<0.05).
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Table 1 Storage modulus, loss modulus and phase angle of the animal fats and the oleogels prepared from
bees wax and ethylcelluose in linear viscoelastic region

Concentration

Cooling

Organogelator (%) temperature (°C) G G G"/ G
5 25 26940.00F +484.04 6064.00° + 265.61 0.22° + 00.00
75 25 139708.00°+ 408943  29929.20° +222.73 0.21%+00.00
Bees wax 10 25 139989.00° + 769.96 27158.90% + 52325 0.19 +00.00
5 4 21815.00%+ 774.87 462730 + 142 .87 0.215+00.00
75 4 70733.00% + 313.87 13068.50F + 18596  0.18"9+00.00
10 4 187121.00 +£7418.72  33538.80°+479.06 0.17" + 00.00
5 25 164.00" £3.56 46.40" +1.57 0.28* + 00.00
75 25 487.00% £115.74 126.00" +33.98 0.25%¢ + 00.00
Ethvicellulose 10 25 13109.00"¢ + 107 .24 2564.80"+ 027 0.19% +00.00
y 5 4 272.00" £0.79 72.30" +1.58 0.26% + 00.00
7.5 4 312.00% +24.02 79.50" +5.20 0.25 £ 00.00
10 4 18544.0070 + 144.72 3549.80™ + 33.88 0.19 9+ 00.00
Flank fat - - 612385.00° £6738.72  85343.30%+ 108.42 0.13 '+ 00.00
Shank fat - - 769750.00" +20859.65  108304.00% +27423  0.14 "+ 00.00

Different letters indicate significant difference between samples (P<0.05)
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Table 2 Storage modulus, loss modulus and phase angle of the bees wax oleogels in linear viscoelastic

region

Concentration Cooling , " .

Organogelator %) temperature (°C) G G G"/ G
5 25 26940.00" £484.04 6064.00° + 265.61 0.22° £ 00.00
7.5 25 139708.00° + 4089 43 2992920P +222.73 0215 +00.00
Bees wax 10 25 139989.00° + 769.96 27158.90F + 523.25 0.19F + 00.00
5 4 21815.00%+774.87 462730+ 142.87  0.21%+00.00
7.5 4 70733.00% + 313.87 13068.50" + 185.96  0.18"¢+ 00.00
10 4 187121.00° £7418.72  33538.80° + 479.06 0.17% £ 00.00

Different capital letters indicate the significant difference between organogelator concentration and different
lowercase letters indicate the significant difference between two cooling temperature (P<0.05).
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Table 3 Storage modulus, loss modulus and phase angle of the ethylcellulose oleogels in linear
viscoelastic region

Organogelator Conc(e(;t)ratlon temp(é?;tllilr]eg °C) G G" G"/ G'
5 25 164.00" £3 .56 46.40"+1.57 0.28%£00.00
75 25 487.00" £115.74 126.00" +33.98 0.255¢ £ 00.00
Ethvicellulose 10 25 13109.00"° + 107.24 2564.80'+0.27 0.19" £ 00.00
Y 5 4 272.00% +0.79 72.30"+1.58 0.26% £+ 00.00
75 4 312.00" +£24.02 79.50" £5.20 0.25+ 00.00
10 4 18544.00° + 144.72 3549.80™ 1+ 33 88 0.19 9+ 00.00

Different capital letters indicate the significant difference between organogelator concentration and different
lowercase letters indicate the significant difference between two cooling temperature (P<0.05).
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Fig 7 Storage modulus and loss modulus of bees wax and ethylcellulose oleogels as a function of frequency. E: EC
oleogel; W: BW oleogel; 5, 7.5, 10: Organogelator concentration; S: Temperature of 25 °C; F: Temperature of 4 °C;
F1: Flank fat; F2: Shank fat. Different letters indicates significant difference between treatments (P<0.05).
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Fig 8 Storage modulus and loss modulus of bees wax and ethylcellulose oleogels as a function of strain. E: EC
oleogel; W: BW oleogel; 5, 7.5, 10: Organogelator concentration; S: Temperature of 25 °C; F: Temperature of 4 °C;
F1: Flank fat; F2: Shank fat. Different letters indicates significant difference between treatments (P<0.05).
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The aim of present study was to evaluate the effect of organogelator concentrations and cooling rate on
textural properties of beeswax and ethylcellulose oleogels to find a similar products with animal fat. For
this purpose, oleogels were produced from sesame oil along with ethylcellulose and beeswax
organogelator in 5, 7.5 and 10% concentrations. Then, they were cooled at 4 and 25 °C. The penetration
and back extrusion forces of the oleogels were evaluated and compared to flank and shank animal fat.
Results indicated that with enhancement of organogelator concentration, the hardness of oleogels
increased. The cooling at 4 °C in comparison with 25 °C could increase the penetration force of oleogels
and decrease the back extrusion force. Rheological properties were also affected by the rate of cooling
and organogelator concentration. The comparison of animal fat with oleogels showed that the amounts of
loss and storage modulus in animal fat were greater than that of oleogels, and even had a lower phase
angle and greater relative elasticity than the oleogels. Although the oleogels did not have the same
textural properties as the animal fat, only 10% organogelator-containing oleogels had a back extrusion
force similar to that of animal fat.
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