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Abstract: To improve the printability of traditional rice products and diversify product varieties, rheological analysis was used
to evaluate the printability of japonica and indica rice doughs, as well as doughs supplemented with different oils (rapeseed oil, red
pepper oil, and green pepper oil). The feasibility of producing Sichuan-flavored rice products using 3D printing was further assessed
using Fourier transform infrared spectroscopy (FT-IR) and texture profile analysis (TPA). The results show that increasing the water
content from 80% to 85% significantly reduced the apparent viscosity of japonica and indica rice doughs and markedly decreased
the storage modulus (G’). When the shear rate exceeded 1 s™', the apparent viscosity of both doughs tended to stabilize. FT-IR and
TPA analyses demonstrated that the addition of 8% rapeseed oil, red pepper oil, or green pepper oil resulted in the appearance of a
new ester characteristic peak at 1 700 cm ', and enhanced hydrogen-bond interactions compared with those in the control group. Rice
products containing oil exhibited significantly lower hardness and improved chewiness, elasticity, and adhesiveness relative to those
in the blank group, with the most pronounced effects observed at an oil addition level of 8%. The combined application of 85% water
content and 8% oil content significantly improved printing accuracy. Overall, rice dough formulated with 85% water content and 8%
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oil content is well suited for 3D printing, enabling innovation in the processing, texture, and flavor of Sichuan-flavored rice products.

This approach offers potential for customized production and provides suitable dietary options for individuals with celiac disease.
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Fig.1 Technology roadmap
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Fig.2 Rheological results of indica rice dough (left) and glutinous rice dough (right)
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T A WA T [ 35 2 0 SR B IR0 AT 9, 1K
— AR R A ORIE 3D AT ERIRURIEEAT (1 G . (E AR
B, M5 KR 80% 1 2 85% I, TH 4] W
KRG RE i & G W& FRIE (P <<0.05), 1T 85%
JEE T g XA S VE R — K AH BAE AL
BBV OC . & S /K o AT Ve WUk 78 T IR, TR
RIS RIS . il s S K E S S EUA BRI T
R, FCWITENAAL, FT-IR 40 M7 S, ¥ 0 8% i g
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HMEAR AT e e T B0 i B RS (B B R R L
30%) MHMEPEANSEPESR T A B R 2R o AN R inh i (14
FIRCR 22 7 W] BeIR T H R R AL - kP s & A
AREIER GHERZ) 60%), W TRk R TEAH
ANFE AR AR AR RUBR D 5T CHAERURR 2R R
A RS BKE R E AR R . KRB S HF
0 2 O T AR T 5 R T 1 ORI 4 AR RN, A

PN 1 1 i B P (2 AN 7 1 B < N RPN S 2B ]
REERAE AL @I RS RATENSHORIL . B V)
F>1s R RMEBTRE, KAFTESLETHEME
THEESH 8% IMININEAECRIUEST ERS B 1 [F,
PG WA AL AR L RE AR 3] 92% 3% il I i v
R E A A EA N7 s P il i B U E i !
SER R B 27 S KR A

F 1 HKE B TPARMZE R
Table 1 TPA texture results of indica rice dough

vH 7 b

i RlE

¥ ob 4 AR R i i3
Control 6 706.66 £719.29"  0.92+0.02°
IRC-1 3863.36+£233.63°  0.94+0.02a°
IRC-2 474484 +607.21°  0.96%0.042"
IRC-3 4 640.84 +361.79  0.98 +0.01"
IRC-4 3921.80+270.08™  0.97 +0.03"
IRR-1 5163.34+£234.71°  0.92+0.00°
IRR-2 5391.81£127.21°  0.97+0.01°
IRR-3 3688.74£245.92°  0.93+0.03"
IRR-4 4195.52 +314.01° 1.14£0.34°
IRG-1 5219.49£31027°  0.96 £0.03"
IRG-2 477587 +521.38"  0.98+0.01"
IRG-3 3679.90 £339.00°  0.97£0.01°
IRG-4 3901.62 £658.13  0.96 +0.02"

4545.98 +£290.14°
2570.20 + 286.25°
3578.19 £579.54°
3473.85+205.91™
2907.96 +211.85%
3676.18 +145.91°
4041.19 £127.10°
2 800.62 + 257.84°
2996.12 * 159.66"
3769.67 +230.23
3508.77 +282.10°
2734.98 + 163.70°
2861.90 +383.19°

4936.63 +381.51°
2731.82 % 267.66°
374471 658.73°
3547.18 +196.43"
3000.27 + 157.95%
4030.12 * 163.65"
414691 +151.16°
3015.35 £232.75°
3223.50 £ 166.00°
3914.54 £228.71°
3588.47 £303.25
2 829.72 % 170.00¢
2967.72 +351.75¢

E: AP EFERTRNEFRATFHSMNER. TAR.

2 EARERMTPARMER
Table 2 TPA texture results of glutinous rice dough

wf UE%- :L&‘_

I At

o 2 AR R B
Control 5793.10 £117.39" 0.98 £0.05°
JRC-1 3936.72 £ 118.41° 1.13£0.33°
JRC-2 4 44847 +466.59"  0.97 £0.02°
JRC-3 5151.37 +399.95" 1.11+0.21°
JRC-4 481497 £164.132™  1.01£0.21°
JRR-1 4 655.09 59035 0.99 = 0.05"
JRR-2 3675.22+219.28  0.98 +0.04°
JRR-3 3.009.36 + 572.46° 0.93 +0.03"
JRR-4 3908.23 * 131.24° 0.96 +0.00°
JRG-1 5183.90 £479.22"  0.98 +0.01°
JRG-2 5217.92+547.12"°  0.99 +0.07"
JRG-3 4 839.43 +268.49" 0.95 +0.04"
JRG-4 4 470.86 + 450.23" 0.96 +0.02°

4234.44 + 141.04°
2715.98 651.14°
3379.84 £317.93"
3229.20 +808.20"
3783.35 £747.03"
3 626.84 * 387.56°
2938.97 +227.92°
2394.60 + 437.44"
2898.88 = 119.32%
4020.34 +423.85"
3671.97 +140.77"
3466.53 +67.21°

2961.57 £261.56°

448733 +160.33"
3198.19 + 684.83"
349539 +333.12°
3804.71 + 154.44°
374174 £19537°
3773.05 +304.04°
3012.64 127.02°
2564.10 = 434.71°
3017.06 = 118.86°
4051.50 + 403.06"
3855.89 +152.75
3 628.33 £97.64"

3277.57 £337.96°
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