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Abstract: The present research employed sodium alginate (SA) and pea protein isolate (PPI) as primary
materials to explore the impact of pre-gelation time on the rheological properties, 3D printability, and
swallowing properties of SA-PPI composite gel. Additionally, in vitro release capabilities of 3D printed
products carrying curcumin (Cur) were studied. The results illustrated that adjusting the pre-gelation time
could enhance the rheological properties, 3D printability, swallowing ability, encapsulation efficiency, and
slow-release capabilities of the composite gel. Specifically, the SA-PPI composite gel (SA-PPI22) with
pre-gelled for 22 min, displayed the optimal viscosity and recovery, which facilitated extrusion and shape
retention during the 3D printing process. Moreover, SA-PPI22 exhibited a smooth surface quality in its 3D
printed structures, along with exceptional self-supporting ability and swallowing performance meeting grade
5 fine filling food standards. Furthermore, SA-PPI22 delayed its release rate in vitro. This study could

contribute to the advancement of hydrogel applications in the field of 3D printing and offer the theoretical
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groundwork for the development of SA-PPI composite gels in dysphagia-friendly food products.

Key words: sodium alginate; pea protein; curcumin; pre-gelation; 3D printing
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Fig.2 Strain recovery of SA-PPI at different pre-gelation times

KL AR &S, BAFER] W . $TENL SR b
S, X5 Zhu FYIHRA R, Xk
J2 TREE AL I ) RIS, At v BRI S 4 i R
G, R H SCEERE T 22, ITENR BIIE 2 5 Bl
ToUUEE I A IS B3 A B T it fE B O A BN
P2, BESRHAMUMERE, $& T ED BB iy 58 8
SR M . PBERC AL )G 1, R A BE
JRESHIIE T8, WA RS, BOMERL B s
3D FTELat B P BRI 0 265 25 2 B IR | T2 UBE /N
TOURL , R AERAT EDRE it 1 S0 B Ry g DY

2.2 3D FTERSMIR

mE 3 fi, SA-PPIO $TEIAY A HI T3k
5k kAT E Y, SRR UOREM, IR
Ry BIG, BIE & B e ik T ik & B . SA-PPI12
FTENRY A BURTEDGH (AT ER B & A8 I
e SR A BB, SA-PPI22 FTENfY A BRI
TR GHT, SRR, EE & B S s s B
Boh—3, #W SA-PPI22 HA BUFM A LR
1 o BRI AL B[R] SE 4 28 32 min D [, SA-PPI32
1 SA-PP142 FTER(Y) A RIZE A FLRE BERE i, 4%

F: A flla: SA-PPIO; B Flb: SA-PPI12; C fllc: SA-PPI22; D fild: SA-PPI32; E flle: SA-PPI42, KEFH:ALF 3D #TE0
FEG IR, NES AR 3D TEIRES M IERLIE

Note: A and a: SA-PPI0; B and b: SA-PPI12; C and c: SA-PPI22; D and d: SA-PPI32; E and e: SA-PPI42. Upper case letters represent
top views of 3D printed samples, lower case letters represent front views of 3D printed samples.

B3 [ FUsE AL L BT B SA-PPI 89 3D $TED E 7
Fig.3 3D printed graphics of SA-PPI at different pre-gelation times

2.3 HFMREIKE
IDDST & FH UL iFA 7 R PR X 2 2 0 T i 1)

MY g 1 R, BTA 3D STENRE AT
12 20 R . SA-PPI0 X & R At T FH s g i

125



RoflLT

. oo
IR il
7] ~ [
SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

E32%5 2024 F FE 48

FEH TR, R T IRH B RE S 1% o
% SA-PPIO 41, H:Ax 3D FTEIFE S R0 BT )
AR AR, B TR E 2 A
RZS, FEE R XA A i My K %, Hop
SA-PPI32 Fl SA-PPI42 7EMXHT 5 ¢ i, HRIR
NGHRRE . ST VE S2 50 0] LLSRAE 3D FTEIRE L Y
WEhPEfE. SA-PPIO, SA-PPII2 FI SA-PPI22 i
BUENF L, RN FERETS; SA-PPI32 I

SA-PPI42 7EXF T IR . AT iRt ]
EWHIEAE BN R T o 45 FRG , TUEER
B <22 min BRI RS, A TFNILT
RAFEE 5 WEER A B 22 min BOREG RS,
R TC 58 2 WA LV, BT Aok, X R
IDDSI, SA-PPI12 Fl SA-PPI22 5 5 S 4NGETI &)
R —2, BRI B RN R BCE Sk B R RE
P, EASAH, T A R

F1 AEFERLEER 3D $TEIE A IDDSI K
Table 1 IDDSI tests of 3D printed figures at different pre-gelation times
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Fig.4 Cur encapsulation efficiency of SA-PPI-C at different
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Fig.5 3D graphics in vitro simulated release of SA-PPI at
different pre-gelation times
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