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Abstract: Natural waxes, with distinctive hydrophobic structures, have demonstrated notable emulsification properties. The
present study aimed to provide insights into the microstructure of emulsion gels formed by different natural waxes and the assembly
process of such gels in property modulation. Plastic fats were formed by inducing gelation of highly unsaturated liquid oil using four
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different natural waxes. Characterization and analysis were conducted using differential scanning calorimetry (DSC) and polarized

light microscopy (PLM). The results demonstrated that upon modulation of the glycerol monostearate (GMS) concentration, the

Japanese candelilla wax and sunflower wax (SFW) gels exhibited a gradual deepening of color, a homogeneous texture, and a milky

sheen. With an increase in the mass concentration of wax from 6 to 10 wt.%, a solid-like behavior of storage modulus (G')>loss

modulus (G”) was observed. Within the shear range of 1~100 s™', apparent viscosity increased to 10°~10° Pa with increasing wax

concentration. All four gels exhibited high thixotropic recovery during thixotropic scans conducted at 0.1, 1, and 0.1 s™'. In DSC

and X-ray diffraction (XRD) analysis, wax-based gels showed a tendency toward wider peaks. The sugarcane wax (SW) gel showed

the highest melting peak and largest enthalpy under the same concentration conditions. SFW and SW gels exhibited the lowest

crystallization points during the crystallization process, with two distinct sharp ' crystalline peaks of 3.8 A and 4.2 A observed in

the XRD spectra. PLM revealed smaller wax crystals with denser lattices and greater thermal stability in the gels. The results of this

study demonstrated the potential for these gels to replace conventional solid fats, facilitating the application of novel oils and fats to

improve the nutritional and physicochemical status of foods.
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Table 2 Initial melting/crystallization temperature (Ton), peak temperature (7,) and enthalpy (AH) of different emulsion gels

, ik 2 2 S 4
& REIH) - -
T,/ C AH/(J-g ) T,/ C AH/J g

6% BW 50.03 +0.83° 5.02 £0.48° 43.27 +0.68° 2.30+0.27
8% BW 51.17 £0.15° 7.09 £0.66° 45.60+0.17° 2.94 £0.96°
10% BW 51.73 £0.12° 7.87 £0.41° 46.87 +0.15° 3.78 £0.53"

6% RCW 39.97 +0.42" 1.47 £0.15"® 41.27+0.21° 1.82 £0.26
8% RCW 4237 +0.23¢ 3.00 £ 0.09° 43.60 £ 0.10° 4.49 £0.24™

10% RCW 44.00 +0.30" 3.25+0.54° 45.40+0.17° 5.27+0.82°

Peakl ) )

6% SFW 34.47 0.3 2.15£0.61" 29.93 +0.42' 2.20£0.67¢
8% SFW 34.93 £ 0.35 3.54+0.31° 30.70 £0.72" 3.54 £0.25™¢
10% SFW 38.63 £ 0.42' 5.78 £0.56° 30.87 £ 0.40" 536+ 1.35°
6% SW 61.23£0.15° 0.80 +0.08° 33.73£0.15° 1.13 £0.59°
8% SW 68.60 = 0.46" 1.50 £0.11% 37.27+0.31° 1.85 +0.43"
10% SW 69.60 £0.10° 1.83 £0.35 39.23£0.15° 2.52 £0.65%
6% RCW 65.37 £0.64° 0.21+0.02°

8% RCW 67.86 £ 0.06° 0.28 £0.03™

10% RCW 68.13£0.15° 0.35£0.10°

Peak2

6% BW 28.10 £0.30° 0.16 £ 0.04°
8% BW 28.57 £ 0.40% 0.56 £0.21°
10% BW 29.07 £ 0.25° 0.60 £ 0.08"

E: B 5P RENE FEGHSAARF E R (P<0.05).
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Fig.6 X-ray diffraction analysis of different emulsion gels
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Fig.7 FT-IR spectrum of natural wax (a) and different
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Fig.8 Crystal morphology of different emulsion gels
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Table 3 Average particle size of different emulsion gels
) B BW RCW
H (RESH)
6% 8% 10% 6% 8% 10%
#4542 /um 6.70 +0.24° 6.02 +0.28% 5.60 = 0.23° 7.45 % 0.40" 6.42+0.35" 5.52+0.33¢
) B SFW SW
M (REaH)
6% 8% 10% 6% 8% 10%
F 34242 /um 7.12 £0.38% 6.25 £ 0.30¢ 5.85+0.28¢ 7.12 £0.38* 6.25 +0.30¢ 5.85+0.28¢

E: B — TP AR FEGHEA R F EF (P<0.05).
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Fig.9 The micromorphology of different emulsion gels
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