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Fig.2 Dynamic rheological curves of processed cheese with different TG addition
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Fig.3 Printing effect under different TG enzyme addition
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Table 1 Effects of different TG enzyme additions on the degree of collapse of 3D printing of reconstituted cheese

TG B i 2 /% B E /mm & & hy/mm FE % # & hy/mm HIFE b/1%
0.02 15.00 13.67 8.86% 12.52 16.53%
0.04 15.00 14.96 0.26% 14.95 0.33%
0.06 15.00 14.93 0.46% 14.92 0.53%
0.08 15.00 14.65 2.30% 14.61 2.60%
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Fig.4 Thermal analysis of the effect of TG enzyme on DSC of processed cheese
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Table 2 Thermal analysis data of DSC changes of processed cheese by TG enzyme

®2 TG EHXEHITE DSC TS HTEHE

3 85 HE TJC T,/%C Tyl C T/C AH/[J-g!
a 101.6 104.8 - 110.2 502.8
b 109.2 113.2 118.7 119.9 892.2
¢ 77.2 96.8 113.3 1124 794.0
d 68.5 89.5 98.9 98.4 867.7
e 56.1 88.2 92.4 76.0 212.6
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Fig.5 Infrared absorption spectra of reconstituted

cheese with different TG enzyme addition
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Effect of Transglutaminases Enzyme on Three—dimensional Printing Characteristics
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Abstract To improve the three—dimensional (3D) printing characteristics of reproduction cheese and investigate the ef-
fects of the addition of different glutamine transaminases (TGase) on these characteristics. Using cream cheese as the
main raw material, the rheological properties, thermodynamic characteristics, and microstructure of the reconstituted
cheese were studied via rotary rheometry and differential scanning calorimetry, Fourier transform infrared spectroscopy and
scanning electron microscopy, and a model was constructed for 3D printing and molding effect analysis. The reproduction
cheese with different TG enzyme additions showed shear and thinning properties. Moreover, with the increase in the TG
enzyme content, the viscosity, and energy storage modulus of the material also increased; however, when TG enzyme
addition was increased to a critical amount, which would cause overlinking of the proteins in the material, thus reducing
the viscosity and smoothness of the printed samples. When the amount of the added TG enzyme was 0.04% and the
sample collapse rate was minimal for 45 min before and after 3D printing (0.26%, 0.33%), the reconstituted cheese 3D
printing and molding effect was the best. Through the comparative analysis of 3D printing suitability and molding effect,
it was confirmed that the TG enzyme can significantly improve the molding stability of 3D printed and reproduction
cheese.

Keywords 3D printing; glutamine transaminase; recast cheese; stability



