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Abstract

The consumption of meat is increasing as the population increases. As a result, livestock
feeding and slaughtering is growing, creating many problems including global warming, water
shortage, and unethical behaviors. On the other hand, the high cost of fresh meat results in
starvation. To essentially solve this problem, research on artificial meat made by reused meat
is needed. The artificial meat can solve unethical behavior and environmental pollution. In
this study, we developed a three dimensional (3D) printer, which produces artificial meat, and
use it to artificial meat printing techniques. First, the 3D printer was assembled and modified.
Syringe pumps and nozzles required for 3D meat printing were modelled and printed by 3D
printer. The ingredients of 3D meat printing were made by grinding pork and chicken with
water at 1:1 ratio through blender and strainer. Their printability showed limitation as the
height of 3D printed meat increased. This study showed the possibility of customized meat
with 3D printing and expected the engineered meat that can be processed into desired
ingredients in the future.
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Materials and Methods
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Table 1. 3D printing parameter settings.

Printing conditions Set value
print speed 15~25 mm/s
bed temperature 50~75°C
Nozzle diameter 0.4 mm
Layer height 0.2 mm
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a. Syringe pumps
b.  Syringes
c. Tube
d.  Printer head
e.  Printing nozzle
I Heating bed
g. Stepping motors
h.  Autoleveling sensor
I LCD panel
Ji Control board
k. Power supply
e /

Fig. 1. 3D printer assembly. (A) Preparation of 3D printer components. Components of syringe pumps were
printed and assembled. (B) Printer head modeling and assembly. The components of printer head were
modeled and printed. (C) Dual nozzles and auto leveling sensors were considered. The prepared printer
head, nozzles and syringe pumps were applied to the 3D printer to enable 3D meat printing.
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Weighing Preparation & Analysis of Variance Mixing & Homogenizing

Fig. 2. Preparation of 3D printing meat inks. Water and meats were mixed 1.1 ratio and homogenized.
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Results and Discussion
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Fig. 3. Viscosity measurement results of meat-based inks (ANOVA, Duncan’s multiple range test, p < 0.05).
Errorbars mean standard errors.

Single Nozzle Printing Dual Nozzle Printing

3\_ ——

3D designed model

Result

Scale Bar: 5 mm

Fig. 4. 3D printing of meat-based inks (1:1 ratio). To test single and double nozzle printers, a cube shape was
3D designed, converted to stl file, and then 3D printed.
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Fig. 5. Printing Accuracy Test. The length of the width, depth, and height were measured using a vernier
caliper, and then the quantitative analysis was performed FANOVA Duncan’s multiple range test, p <0. 05).
Errorbars mean standard errors. Although accurate values were measured up to 4 mm in height, errors
began to occur more than 4 mm.
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Scale Bar: 500 pm
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Green: Live cell
Red: Dead cell
Fig. 6. Live and Dead assay after 3D cell printing
Conclusion
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