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Abstract: In order to promote the innovation of traditional surimi products and improve the high-value utilization of low-value sea
cucumbers, the Hypophthalmichthys molitrix surimi and sea cucumber pulp were mixed to prepare a new type of food material for 3D printing.
The effects of different compounding ratios of Hypophthalmichthys molitrix surimi and sea cucumber pulp on 3D printing outcome and product
texture properties were investigated by using a 3D printer and texture analyzer, and the nutritional differences of the two raw materials and the
compounded materials were compared. The results showed that the protein contents of Hypophthalmichthys molitrix surimi and sea cucumber
pulp were 11.60% and 15.08%, respectively, with the Hypophthalmichthys molitrix surimi having an appropriate amino acid ratio (EAAI >
75.00), and the sea cucumber pulp having a collagen content of 8.07% and an active polysaccharide content of 16.49 mg/g; After
compounding, the resulting food material had all the nutritional ingredients of both materials, which made the composition more abundant and
allowed nutrition complementation. As for the 3D printing outcome, the increase of the proportion of sea cucumber pulp worsened the printing
outcome and gel properties of the composite materials, causing the gel strength to reduce from 1180.86 g-mm t0136.40 g-mm. Taken together,
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the ratio of Hypophthalmichthys molitrix surimi to sea cucumber pulp at 7 : 3 led to a 3D printing food material with the combined nutritional

properties of both raw materials and satisfactory printing outcome, which can be used for subsequent research and product development.
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surimi and sea cucumber pulp on the gel strength of 3D printed
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Table 2 Effect of the proportion on the texture properties of 3D printed gel

ki) Ay FRbE FoR M ofLo EFY
01 767.47+3251°  097+0.02°  0.87+001°  57398+2810°  0.570.01°
8:2 655.67+34.98°  099+0.04°  0.86:0.01°  499.67+29.46°  055:0.01°
7:3 545.47+47.18°  0990.02°  0.87+0.00°  432.26£30.42°  0.53:0.02°
6:4 43458:21.30°  09820.02°  0.87+#0.01°  367.03£1327°  0.53£0.01°
55 317.21#3063"  007+001°  0.86£0.01°  26845:2695°  0.53£0.02

E: NRFEATHSEAEAZERZF (p<0.05).
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Table 3 Sensory evaluation of 3D printed products composited by Hypophthalmichthys molitrix surimi and sea cucumber pulp

H Ferbis) &% Ak WE A a3 B
9:1 7.54+0.78 6.84+0.53% 8.62+0.32° 8.13+0.37% 8.14+0.46%
8:2 7.29+0.65% 6.98+0.61% 8.60+0.34% 8.42+0.45° 8.24+0.62°
7:3 6.88+0.47™ 7.03£0.46% 8.57+0.65° 8.33+0.48° 8.17+0.49°
6:4 6.46+0.47% 6.94+0.57° 5.32+0.70° 6.73+0.54° 6.16+0.37°
55 6.03+0.36° 6.86+0.43% 2.93+0.45° 3.89+0.37° 4.0240.24°

EARFHEATHRALA 2EMZ R (p<0.05).
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Table 4 Common nutritive composition of Hypophthalmichthys molitrix surimi and sea cucumber pulp (g/100 g wet weight)

e &am Y R EAE BRE A

ok & JiE 80.07+0.15  11.60+0.14 1.08+0.01 0.58+0.06 5.81+0.98 0.51+0.05

HBHKR 79.93+0.32  15.0840.36  0.66+0.12 1.32+0.07 1.76+0.24 8.07+0.96

MefE (7:3 AEA4H)  79.96+0.22  12.66+0.35 0.88+0.02 0.86+0.13 4.47+0.38  2.74+0.09
g (7:3 £ BeAH#) 80.03+020 1264042 0.91+0.06 0.80+0.02 4.53+0.76 2.78+0.32
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Table 5 Composition and content of amino acids in Hypophthalmichthys molitrix surimi and sea cucumber pulp (g/100 g wet weight)

AL b @ JiE BHR 7:3 A BeAH
AR 1.18+0.04 0.42+0.03 0.95+0.03
& A B 0.12+0.00 0.10£0.01 0.12+0.02
EE A 0.47+0.01 0.55+0.04 0.47+0.02
PEN: 0.54+0.02 0.7420.01 0.59+0.02
F 5T AR 0.55+0.00 0.50+0.01 0.54+0.00
7 AR 0.96+0.01 0.59+0.03 0.92+0.02
W AR 0.60+0.01 0.5620.01 0.56+0.01
B A R 0.27+0.09 0.24+0.01 0.34+0.07
RN 0.67+0.01 1.00+0.04 0.80+0.02
RN 0.50+0.02 2.59+0.08 1.09+0.04
RITA AR 1.20+0.04 1.48+0.03 1.25+0.04
L-54 28 0.44+0.04 0.3520.01 0.40+0.03
EEN 0.39+0.01 0.59+0.02 0.45+0.02
A 0.62+0.04 1.00£0.03 0.83+0.04
8 A 0.28+0.00 0.1520.01 0.22+0.00
Jok 2B 0.11+0.01 0.1620.01 0.18+0.01
1 AR 0.41+0.01 1.33+0.00 0.64+0.01
A 2.04+0.07 2.08+0.07 2.06+0.07
TAA 11.29+0.25 14.38+0.37 12.410.29
EAA 4.68+0.02 3.69+0.12 4.49+0.18
NEAA 6.65+0.24 10.71+0.28 7.92+0.28
EAA/TAA 0.41+0.01 0.26+0.00 0.36+0.02
EAA/NEAA 0.70+0.03 0.34+0.00 0.57+0.05

< 6 Bt FRFES RS ETLAY AAS, CS F1 EAAI 15>

Table 6 AAS, CS and EAAI scores of essential amino acids in Hypophthalmichthys molitrix surimi and sea cucumber pulp

AAS

AR st & fE BAR T3 HARMHA FAOWHO#EX BEEZG Mo BAN 73 LEHH

P 2B (Thr) 461 491 4.66 4.00 5.10 11525 12275 116.50

24 2,8 (Val) 5.17 3.71 4.42 5.00 7.30 10340 7420 88.40

¥ 5 (Met)+F B (Cys) ~ 3.23 2.59 411 3.50 5.50 92.29 74.00 117.43

F7(lle) 474 3.32 4.27 4.00 6.60 11850  83.00 106.75

7 #B (Leu) 8.28 3.91 7.27 7.00 8.80 11829  55.86 103.86

3 7 (Phe)+E4(Tyr) 7.80 5.90 6.87 6.00 10.00 130.00  98.33 114.50

& 2B (Trp) 1.03 0.63 0.95 1.00 1.60 10300  63.00 95.00

R A(RYD) 1013 279 7.50 5.50 6.40 18418  50.73 136.36

EAAI 81.87 5184 75.50 - - - - -
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Table 7 Composition and content of fatty acids in Hypophthalmichthys molitrix surimi and sea cucumber pulp (g/100 g wet weight)

iy b @ JiE HHEK 7:3 A BeAH
C14:0 0.09+0.01 0.02+0.00 0.04+0.02
C15:0 0.04+0.01 <0.02 0.02+0.00
C16:0 0.35+0.01 0.14+0.01 0.24+0.07
C18:0 0.05+0.00 0.08+0.01 0.06+0.01
C16:1 0.1620.01 0.17+0.02 0.1240.04
cis:1 0.25+0.01 0.07+0.00 0.25+0.04
c20:1 0.02+0.00 0.02+0.00 0.02+0.00
C18:2 0.05+0.01 0.0620.01 0.05+0.02
c18:3 0.02+0.01 <0.02 0.02+0.00
C20:5(EPA) 0.03+0.00 0.03+0.02 0.030.01

C22:6(DHA) <0.02 0.02+0.00 <0.02

-6/w-3 JI§ T BR 1.22+0.354 1.1020.471 1.22+0.236
oA e R R 0.51%0.021 0.24%0.014 0.36+0.106
SN g 0.430.014 0.260.007 0.39+0.085
% b ARe iR 0.100.00 0.11%0.007 0.10+0.028
B R 1.030.035 0.61+0.028 0.85+0.219
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