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Abstract: To address the increasing prevalence of dysphagia associated with global population aging and to enhance the
safety and palatability of food for affected individuals, this study aims to develop 3D-printable composite hydrogels based
on pea protein (PP) in combination with various polysaccharides for the creation of easy-to-swallow foods. x-Carrageenan
(Car), corn starch (CS), and sodium alginate (SA) were respectively combined with PP to prepare three types of composite
inks (PP-Car, PP-CS, and PP-SA). The rheological properties, textural characteristics, printability, and swallowing
suitability of the hydrogels were systematically investigated. Results showed that all three composite inks exhibited shear-
thinning behavior and good thixotropic recovery, making them suitable for extrusion-based 3D printing. With increasing
concentrations of polysaccharides, the viscosity and storage modulus (G') of the printing inks significantly increased, along
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with the hardness of the resulting hydrogels. Specifically, the hardness values of PP-1.5% Car-G, PP-15.0% CS-G, and
PP-1.5% SA-G were 626.49, 790.67, and 287.85 g, respectively, indicating enhanced gel structure. 3D printing tests
demonstrated that the PP-Car and PP-CS inks produced constructs with well-defined structures and clear textures, showing

superior structural integrity compared to the PP-SA system. In terms of swallowing properties, all hydrogels met the criteria

of Level 7 as defined by the International Dysphagia Diet Standardisation Initiative (IDDSI), corresponding to regular,

easy-to-chew textures. This study successfully developed three plant protein-based composite hydrogel systems with good

3D printability and swallowing performance, providing a reference for the personalized development of easy-to-swallow

foods using 3D printing technology.
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Table 1 Texture parameters of PP-polysaccharide
composite hydrogels

FES T (g) R MEIEH: (g)
PP-0.5%Car-G 161.10+13.32" 0.75+0.02° 106.51£14.05"
PP-1.0% Car-G 479.84421.52°  0.84+0.03" 380.65+3.30°
PP-1.5% Car-G 626.49+53.90° 0.85+0.02° 477.00+£37.31°
PP-5.0% CS-G 128.08+34.64" 0.78+0.03¢ 98.67+35.84"
PP-10.0% CS-G ~ 425.70+£38.70°  0.84+0.02°  324.78+31.03°
PP-15.0% CS-G ~ 790.67+55.86"  0.84+0.01®°  564.44+55.84"
PP-0.5% SA-G 133.67+8.46" 0.57+0.08¢ 50.72+20.102
PP-1.0% SA-G 269.66£11.03°  0.80+0.00™  195.58+10.53¢
PP-1.5% SA-G 287.85+23.15¢ 0.85+0.02° 231.61£16.06°

TE: S RNG PR 2E 7 B35 (P<0.05)

58, PEAT R R s R 5 43 U Nk, B R T ey
A BT = R R S FE v R (PP-1.5% Car-G. PP-
15.0% CS-G. PP-1.5% SA-G) B} PN R PEX K F] T
0.84~0.85, i 25 i TR BE4H (P<0.05) , i HH Mk
FERR TR, NSRS aE A AR R, 45 A s . nHIEE
#a 3 5 R BF — 3, PP-15.0% CS-G MH 8% M 5% &
(564.44+55.84 g), &b 2515 T HARH A it R FLAihH
B (P<0.05) . LA, A B 55 nE R 22 [R] 52 TEAH G,
550 SCHRHEE — 35, U5 H e A R b R SR Y
NENEG SR80 =25 AR B A P R E AN R 22
WA 25 v 8 A 3 ek YRS v B SC A R, St R A
A AT S R DI RE B R S5k .
24 EfrEEERIXRFRELEIL IDDSD 21
IDDSI 5 7E A H I ANE I B i ARt 2 ERpR
HEALARIE AN E L o IDDSI i X4 45 5 e o—
R L 2 EYRBARE 8 23] (0~7) Kb &
Py S AR SRR REROL, A A UL IDDST
T LA — o AR R T, A AR L B
IDDSI J7ik, iR T 5 s A m] S HERbRfE L. & 7
AL R PR A 1A 32 T R, PR, BAHHRE &
BEESE . AT LAE H, Z2WERRRSE IR B n] S A
FRIRE L, e bR RS, RIS P 4% P i 4 RN e ik 22, PRI
BB B A B SR Y B 45 2544 . PP-Car-G. PP-CS-G.
PP-SA-G —# & & /K EE K1) 5 1 IDDSI H 7 0%
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Fig.7 IDDSI diagram of PP-polysaccharide composite hydrogels
T AJFHR4E: A1~A3; X FH4i: B1~B3

FLE R STHLRRNE, J& T2 5 WHIE . BTHb AR H &
JEX 7/
3 iR

A 5Y FE T ) FRAS BX G ik PP P [F] Car. CS.
SA =FhZBEE SHEET 3D FTENE S /KEER AR F& .
Ay PP s 2 MEANHAS 3D FTERATRR A i AS AL
WY, PP 5 2P E Nl /5 i B2 7T SCEE 3D FTED,
AR FIM A SR o H T Byl B B B UIARFS i1
YR AR N AR PR A R, 185 B M 3D #TER,
TEFTIE M) Z WU E VG N, PP-Car., PP-CS FTEVHE
A RAFFTEORG B, FTEN ARG A 5T 38, RIAEIE, 803
M. T SA 1 PP IOFHEEAH B AEF, PP-SA 155
B SA HeBEMIBS T ENES iz ita T AN Fa g . PP-
Car Fl1 PP-CS Z&idin#h . ¥ &N BERE 1k, 90 °C ik
XTFHTERAI S MIRSE ML/, T BTt s H
HA RArrOiE R v, vl s & o T A& o
g AR B, PP-SA 3 &) B 58 B ST E EE Rk 1k,
Ca> AZHR W PECEECARFI LG . —FF PP-ZHEE G7K
5T IS 1 S T8 R PR SR el 22 WL 5 1A 1 o 24, AL
)@ T IDDSI HEZE T 7 95 FL Y b ya . ABF
SEA LB R 11 LA A /K BB TE Sy A WA B T HE
8 KA~k i T B R N NS T .
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