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1. Hydroxypropyl methyl cellulose
2. Methyl cellulose
3. Regenerated cellulose
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Table 1 Sodium caseinate and xanthan gum
concentration used to prepare the emulsions.

Samples Sodium Xanthan Gum
Caseinate (wt%) (Wt%)
C2 2 -
CX22 2 0.2
CX24 2 0.4
C4 4 -
CX42 4 0.2
CX44 4 0.4
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Fig 1 Optical microscopic images of emulsions
prepared by different concentrations of sodium
caseinate and xanthan gum: a) C2: sodium
caseinate 2 wt% b) CX22: sodium caseinate 2-
xanthan 0.2 wt% ¢) CX24: sodium caseinate 2-
xanthan 0.4 wt% d) C4: sodium caseinate 4 wt%
e) CX42: sodium caseinate 4-xanthan 0.2 wt% f)
CX44: sodium caseinate 4-xanthan 0.4 wt%.
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Table 2 Droplet size and zeta potential of emulsion samples.

Emulsions
Samples Droplet Size (um) (-potential (mV)
C2 24.11+0.14° -86.30+1.9°
CX22 21.67+0.80® -80.63+2.2¢
CX24 19.50+3.28 % -75.56+1.5°
C4 14.8243.32% -58.73+1.0°
CX42 14.37+1.72% -73.50+2.6°
CX44 13.75+1.12° -69.76+2.0°

Various letters in each column show significant differences among mean values (p<0.05).
C2: sodium caseinate 2 wt%, CX22: sodium caseinate 2-xanthan 0.2 wt%, CX24: sodium caseinate 2-xanthan
0.4 wt%, C4: sodium caseinate 4 wt%, CX42: sodium caseinate 4-xanthan 0.2 wt%, CX44: sodium caseinate 4-
xanthan 0.4 wt%.
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3. Yield strain
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Fig 3. Frequency sweep (a, b) curves of emulsions
prepared by different concentrations of sodium
caseinate and xanthan gum. C2: sodium caseinate 2
wt%, CX22: sodium caseinate 2-xanthan 0.2 wt%,
CX24: sodium caseinate 2-xanthan 0.4 wt%, C4:
sodium caseinate 4 wt%, CX42: sodium caseinate
4-xanthan 0.2 wt%, CX44: sodium caseinate 4-
xanthan 0.4 wt%.
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Fig 2 Amplitude sweep (a, b) curves of emulsions
prepared by different concentrations of sodium
caseinate and xanthan gum. C2: sodium caseinate 2
wt%, CX22: sodium caseinate 2-xanthan 0.2 wt%,
CX24: sodium caseinate 2-xanthan 0.4 wt%, C4:
sodium caseinate 4 wt%, CX42: sodium caseinate
4-xanthan 0.2 wt%, CX44: sodium caseinate 4-
xanthan 0.4 wt%.
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Fig 4 Complex viscosity curves of emulsions under
applying frequency.

C2: sodium caseinate 2 wt%, CX22: sodium
caseinate 2-xanthan 0.2 wt%, CX24: sodium
caseinate 2-xanthan 0.4 wt%, C4: sodium caseinate
4 wt%, CX42: sodium caseinate 4-xanthan 0.2
wt%, CX44: sodium caseinate 4-xanthan 0.4 wt%.
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Table 3 The hardness of freeze-dried (FD) products and oil loss of related oleogels.

FD-Products

FD-Oleogels

Samples Hardness (N) Oil Loss (%)
C2 0.77+0.02° 31.347+1.08"
CX22 6.45+1.04° 19.018+5.29°
CX24 9.04+0.66° 6.939+3.81%
C4 6.26+0.11% 9.671+1.15°
CX42 11.4940.06" 1.65140.50%
CX44 18.2245.51° 0.162+0.05°

Various letters in each column show significant differences among mean values (p<0.05).
C2: sodium caseinate 2 wt%, CX22: sodium caseinate 2-xanthan 0.2 wt%, CX24: sodium caseinate 2-xanthan
0.4 wt%, C4: sodium caseinate 4 wt%, CX42: sodium caseinate 4-xanthan 0.2 wt%, CX44: sodium caseinate 4-
xanthan 0.4 wt%.
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Food industry researchers are looking for suitable alternatives for solid fat to reduce the adverse
effects of saturated, hydrogenated and trans fats, including a new method called "oleogel". One of the
oleogel production approaches is emulsion preparation. Therefore, the purpose of this study was to
prepare an oleogel by emulsion production using sodium caseinate (emulsifier) and xanthan gum
(thickening agent) biopolymers. To investigate the possibility of producing oleogel in this way, first
emulsions with different concentration of sodium caseinate (2% and 4%) and xanthan gum (0.2% and
0.4%) with vegetable oil (60% wt / wt) were prepared then the particle size, zeta potential,
microscopic images and rheological properties (viscosity, loss and storage modulus) of the samples
were studied. Based on the results, increasing sodium caseinate concentration significantly reduced
droplet size but the effect of xanthan gum concentration on the mentioned parameter was
insignificant, therefore the droplet size in the CX44 sample reduce to 13.75 microns (P>0.05). The
results of rheological tests showed that the storage modulus was higher than the loss modulus,
indicating strong gel formation for the oleogel production with a desirable texture. Oleogel was then
prepared using freeze drier. The results of the hardness of the dried samples and oil loss in the
respective oleogels showed a significant effect of the two biopolymers concentration in which with
increased biopolymers concentration hardness of dried products improved and the oil loss decreased
where the hardness and the oil loss of the sample containing the highest concentration of two
biopolymers (CX44) reached to 18.22 N and 0.162%, respectively. Therefore, the emulsion
preparation method is a suitable approach for oleogel production with desirable properties for the
replacement of high saturated and trans fat products which can guarantee public health.

Keywords: Oleogel, Emulsifier, Thickening agent, Freeze drier, Rheology.
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