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Abstract: The present study investigated the effects of resistant corn starch (RCS) heat-treated at various temperatures (25,
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40, 60, 80, and 100 °C) on tilapia myofibrillar protein (MP) emulsion gel viscoelastic properties, particle size distribution,
microstructure, centrifugal stability, Raman spectroscopy and three-dimensional (3D) printing characteristics. The results
showed that the RCS heat-treatment temperature significantly modulated the hydrophobic interactions, thereby affecting the
emulsion gel rheology and structural stability. When the RCS heat treatment temperature was 40 °C, RCS swelled
moderately, and the emulsion gel exhibited optimal performance, demonstrating pseudoplastic flow behavior, high
elasticity, and a uniform particle size distribution. Apparent viscosity, storage modulus (G'), thixotropic recovery rate, and
particle size uniformity increased significantly, thus enhancing the gel network structure and stability. This formulation
exhibited excellent 3D printing extrudability and self-supporting ability, maintaining its structural integrity even after
astaxanthin loading. Raman spectroscopy revealed that hydrophobic forces primarily governed gel network formation
without covalent bond involvement. When the RCS heat treatment temperature exceeds 60 °C, the the linear starch in the
RCS leaches out, causing decrease in apparent viscosity and shear stress.Collectively, this study elucidated the mechanism
through which heat-treatment temperature regulated RCS to influence RCS-MP emulsion gel stability. The findings showed
that 40 °C was the optimal temperature for enhancing rheology and 3D printing performance, thereby providing a crucial
theoretical basis for developing high-precision, personalized 3D printing food-grade inks and expanding RCS applications

in functional foods.
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Fig.6 Particle size distribution and size of emulsion gels in different dispersant systems (water (a), urea (b), and SDS (c))
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Schematic diagram of the formation mechanism of RCS emulsion gels at different heat treatment temperatures



- 166 - B Tk B4 2026 4F 5 H
=il Hla
WL EXVIE] RG] IR A R

RCS25

10,20, 3

MRS
o "o "o

-

RCS40

UL g )
< | ol o

RCS60

RCS30 B

RCS100

Kl 12 RCS AN[A]BAub B R FL IR T ENRE il 28 AR AL

Fig.12 Appearance diagrams of printed samples of RCS emulsion gels at different heat treatment temperatures
before and after cooking

AR HEAT Bh T ZLIEE I W B R | B RS 1 I 4%
548, i 28 B .

2.7.2 FTEDKSEE 3 1 9 RCS AIRIHGE BRI ZLIK
BERCFTEPRE S 28 B AT S FTEDMG BE . iR 1 nl o, A
FFLIREE AL £ 100 °C ZEE AT FTENE N & T
80%, P RCS £t A H IS 2 B il L S i #9 2L
A RIFPITEE R . Yin 2894 556308 gl ih ATk
1 3D FTERJE BRI Z 5 IHER BT 70%, #H
B2 T AKRE S FT EIORS BB, ;X n] S %) RCS
ATHRAE IS AT AT R i L A SRR S0, S iAssh
RAHH EIE.

1 RCS AIRHAEHR L FLIRBE A T EDRE A 28 2
R JE I TENAG

Table 1 Printing accuracy of printed samples of RCS emulsion
gels at different heat treatment temperatures
before and after cooking
i RCS25 RCS40 RCS60 RCS80 RCS100

EHI(%) 94.55+1.12* 93.41+1.89" 89.17+1.92° 94.02+0.76* 91.6+1.76
)5 (%) 91.34+0.49° 90.76+1.03° 91.22+1.07° 89.69+0.19° 92.97+0.23"
1 FATAN R R R 25 573 835 (P<0.05), 322, FA4lH],

2.7.3 ZEEMALF 3 2 alH, RCS A [A]Huab 3l
TR R FLIREERE 3D FTENAR G Y2538 0 2k R /NF
3%, JoIE EME2E B (P>0.05), FHIRE 45 s ka
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Table 2 Cooking loss rates of printed samples of RCS
emulsion gels at different heat treatment temperatures

S RCS25 RCS60 RCS80 RCS100

WRR(%) 1.77+0.40° 1.89+0.32° 1.68+0.89° 1.42+0.78" 1.39+0.62°
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Table 3 Texture analysis of RCS emulsion gels at different heat treatment temperatures

B B (md) T (N) IR #H: (mm) B (N) RHAEPE (m))
RCS25 0.23+0.02° 0.6+0.11° 0.55+0.03" 0.85+0.16° 0.40+0.01° 0.35+0.06"
RCS40 0.20+0.04° 0.83+0.06° 0.62+0.03* 1.43+£0.22° 0.57+0.06° 0.84+0.12°
RCS60 0.24+0.06° 0.63+0.12° 0.60+0.05° 1.31£0.24° 0.46+0.12° 0.62+0.15°
RCS80 0.27+0.01° 0.53+0.17° 0.55+0.06" 0.84+0.20° 0.33+0.06 0.29+0.18°
RCS100 0.19+0.02° 0.63+0.05° 0.610.03* 1.60+0.12° 0.46+0.06 0.62+0.22°

e FFIAR R 7R R R 22 5 3 (P<0.05) .
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Fig.13 Observation of 3D-printed ordinary samples (a) and Hawaiian flower-shaped samples (b) of astaxanthin emulsion gels
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Table 4 Printing accuracy of astaxanthin-loaded emulsion gels 3D printed Hawaiian flower-shaped samples

e RCS25 RCS40

RCS60 RCS80 RCS100

FTEMREBE (%) 95.94+0.04° 97.55+0.02°

94.20+0.26" 93.88+0.07° 94.08+0.07°
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