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ABSTRACT: Objective To study plant-based salmon substitutes based on high precision 3D printing technology.
Methods Using pea protein isolate (PPI), konjac gum (KGM) and natural carrot powder as rawand auxiliary
materials, precise 3D composite printing was performed to produce plant-based substitutes simulating the color and texture

of salmon. The influence of different material ratio on printability of ink were investigated. Selecting representative ink
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formula, its rheological properties, water distribution, microstructure were characterized. Results The increase of the
concentration of PPI and KGM enhanced the ability of the system to bind with water, and the high concentration of
PPI (20%, m:m) affected the ability of KGM to bind with water to form stable gel. PPI15SKGMS5 formula could form a
dense grid structure, enhance the stability of the system, had good shear recovery characteristics, and conducive to 3D
printing; the PPI20KGM3 formula had better mechanical properties and structural strength, but its shear recovery
property was poor due to the high PPI concentration affecting the formation of stable gel structure of KGM.
Rheological parameters 7, 7y, G', yield strain and shear recovery characteristics had significant effects on ink 3D
printing process. Conclusion By adjusting the 3D printing precision (350 um nd 500 pm) and model filling degree,
the products with differentiated texture and high protein content (15%, m:m) can be produced. The viscosity and

elasticity of some products are similar to that of real salmon, which provides a new perspective for the development

of 3D printing and production of plant-based substitutes.
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Table 1 Composition of different 3D printing ink formulations

(%, m:m)
fic 7 PPI  KGM BT M
PPISKGM5 5 5 15
PPI15KGMS5 15 5 15
PPI20KGMI1 20 1 15
PPI20KGM3 20 3 15
PPI20KGMS5 20 5 15

3D FTERE 7 {8 F PPIISKGMS, ikl 5 iR B, R
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Table 2 3D printing parameter settings of different nozzle diameters

Wik HAR B WK ST TR
/pm /(mL/min) /(mm/s) /mm
200 0.20 9 0.25
350 0.15 9 0.40
500 0.20 9 0.60
1200 0.60 9 1.50

WL FTE 2 emx1 emx1 em FS7 A, f# A slic3r Fk 4
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Fig.l Analysis of 3D printing of different ink formulations
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#3 TREHZBALSH LF-NMR 3t % 8] & SE R (n=3)

Table 3 LF-NMR relaxation time inversion data for different ink formulations (n=3)

(593 T,1/ms W LB 1/% Ty,/ms W LB 2/%
PPISKGMS5 8.52+0.70° 6.42+0.05" 174.75+0.00° 93.58+0.05"
PPI15KGM5 5.3440.00° 7.94+0.31° 104.99+8.65° 92.06+0.31°
PP2OKGM1 4.44+0.35¢ 5.76+0.49" 75.65+0.00° 94.24+0.49%
PP2OKGM3 3.51+0.00¢ 5.80+0.52" 65.79+0.00¢ 94.20+0.52%
PPI20KGM5 3.86+0.30% 5.20£1.07° 65.79+0.00° 94.80+1.08*

: RFIARNG PR FRR A W 22 5 B3, P<0.05.
Ul-_[—""w— ________ =T T— U jeeesseees S =2 2 - & e
V] 1 1 ! L 1 J r * 1 1
107 10° 10! 10 10 10 10 100 10"

5 170 3. PR 1) /s

ffi 1) S R B 1] /ms

P 2b S 2a FPaT EHE PR
B 2 IE)H R 7 B LE-NMR 375 i 18] 5z 8 B

Fig.2 LF-NMR relaxation time inversion images for different ink formulations
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Xof e gt f R R ) PPI20KGM fh T3 5 4 Thid%
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RS, BT DARBUM R R IX, 60T
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Fig.3 Observation on microstructure of ink formulations with
different magnification
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Fig.4 Rheological (a~¢) and shear recovery properties (f) analysis of different ink formulations
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