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Abstract: This study used tilapia myofibrillar proteins (MP) as the base material, corn oil as the oil phase, and incorporated
corn starch (CS) to construct emulsion gels, aiming to investigate the effects of pregelatinized CS at varying temperatures
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(25, 40, 60, 80, and 100 °C) on the microstructure, particle size, rheological properties, stability and 3D printing properties

of the emulsion gels. The findings demonstrated that increasing the pregelatinization temperature of CS significantly

enhanced both the storage modulus (G') and apparent viscosity of the emulsion gel. The most pronounced improvement was

observed when the pregelatinization temperature of CS was 60 °C (CS60). Raman spectroscopy analysis indicated that no

covalent interactions were formed between MP and pregelatinized CS. Gel strength analysis further revealed that hydrogen

bonding and hydrophobic interactions were the dominant intermolecular forces stabilizing the emulsion gel. This suggested

that the starch molecules released from pregelatinized CS could form a denser three-dimensional network with MP through

these intermolecular interactions. In addition, the 3D printing results showed that higher CS pregelatinization temperatures

improved the texture of the emulsion gel, with CS60 exhibiting the highest printing precision. Overall, this study elucidated

the underlying mechanism whereby pregelatinized CS enhanced the properties of MP-based emulsion gels and provided a

theoretical basis for optimizing MP gel performance and 3D printability through starch modification.
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Fig.2 Particle size of lotion gel at different pregelatinized temperatures in different solvents
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Fig.6  Strain amplitude oscillation shear test of lotion gel
at different pregelatinized temperatures
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and after centrifugation (B)

2,52 UREMARENE  PREMEE TEIRIE BEE v UR
PR PR IR S B RE T, PRI R, ZLIRBEIRL
ST AR L UK B G AL, ST RE ST H
SERRSE M AR ORI A Il 10 BT, £ 5 R
R AR S HEOUR S HH BRI (i 432, THhAE S5 K ARG

[cs2s PO B (Cs6 ‘|

P10 ANTR] FURY P TELRE LIRS R PR Rl s O R LIRS 5
pedhagal

Fig.10 Apparent state and microstructure of lotion gel after

freeze-thaw at different pregelatinized temperatures



4185 E S

AHERE | 25 FATER IR B AR US4 LR BE R S 3D FTENMERERSE IR - 161 -

B, SO FE) S s H R A Vi SR, XU BH VA TR
WA T LIS I L8 28544, (A AR & 90T 9t S
FET Ay EsUel, PN AT RE S R dlad R H R vk S AT
i T2 T K A E - R BRI, [FET UK i A AT
W% T FLIREEI A 48 4548, SEmiE Sk 5T
TR, FLIREE X LAk Sl o AR Wi S5 K T
FHUE AT L, 5 ZHAS [ TR AL TR PLIR B IS AN LA 4
SRR E P .

2.6 NEIFAHAICIEE CS XFFLiREERR 3D FTENMERE
20

2.6.1 FWSMHT  niE 11 TR, A HZL U BRI ]
ARIFTEN LAY, (HAAE R T TER T RS B 3 B
FY2E5E . CS25 M S FEAL I 1 FT S I F1 45 H I
Fo WERSRIFTOR, A FTEDRE LRI S, H 5 T 2
LA, MITHZEEIZIRANTE W . B CS Aol ikiE

BERIREIN, HEsHn CS A HUMIAL IR L F 60 °C 1Y,

TTERRERRTEIE AR SEREVE LBl T, SRR SR M 32
B, EUAEAS I R, SO NS M. IX U CS TR
LETUIAL IR VSR, Hashin 3 G5 SRR,
M H B A B G TERAERE, S5 As A haas A

RSN A
oo

PT AT M i L R R 2 ﬁuFE’J 3D TERSMLIA]
Fig.11 3D printing appearance of lotion gel before and after

cooking at different pregelatinized temperatures
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Table 1 Texture characteristics of lotion gel 3D printing inverted prism before and after cooking
at different pregelatinized temperatures

FE iR (g) R BR P (m)) R #P: (mm) JEEREPE (m)) REAEPE (m))
CS25(Z&&TT) 0.77+0.09% 0.12+0.01% 0.72+0.06° 1.86+0.13 0.57+0.05% 1.08+0.16
CS25(Z#&)5) 0.63+0.25° 0.16+0.07° 0.96+0.42° 1.72+0.16" 0.53+0.05° 0.89+0.06°
CS40(ZE AT ) 0.90:£0.00° 0.10+0.00° 0.72+0.01° 1.70+0.21° 0.63+0.05° 1.09+0.15°
CS40(ZE&)F) 0.70£0.42° 0.120.02° 0.88+0.14° 2.23+0.13° 0.60+0.28° 1.21+0.86
CS60(ZE AT ) 0.77+0.09% 0.12:0.00% 0.75+0.06° 1.73+0.12° 0.57+0.05% 1.03+0.11°
CS60(ZE& ) 0.83+0.09° 0.13+0.01° 0.78+0.05° 2.20+0.28° 0.63+0.05° 1.47+0.33°
CS80(ZE AT ) 0.67+0.05" 0.14+0.01° 0.66+0.10° 1.89+0.08° 0.43+0.12% 0.88+0.24%
CS80(ZEEfH) 0.700.00° 0.14+0.03° 0.74+0.09° 2.13+0.29° 0.53+0.05° 1.20+0.29°
CS100(ZEAH) 0.60£0.14° 0.12+0.02% 0.58+0.13° 1.24+0.23° 0.3740.17° 0.49+0.25"
CS100(ZE#)7) 0.53+0.17° 0.16+0.00° 0.87+0.06° 1.39+1.01° 0.50+0.14° 0.81+0.58"

TE: RIS RN PRI R A [RIREE ] 22 53 1235 (P<0.05) .
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Fig.13 Cooking loss rate of lotion gel 3D printed samples

at different pregelatinized temperatures
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Fig.14 Gelatinization morphology of CS particles and the effect of adding CS at different pregelatinized temperatures on lotion gel
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