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Abstract: [ Objective] Appropriate protein powder type and addition amount were selected to
improve the defects such as wire breakage, product sedimentation collapse and uneven discharge
occurred in the 3D printing process of pure shrimp surimi. [Method] To characterize the indicators of
the elastic modulus (G'), viscosity modulus (G"), apparent viscosity, elasticity, hardness, adhesion and
water holding capacity of shrimp surimi, different additive amounts (3%, 6% and 9%, respectively,
mass fraction) of soybean protein isolate powder (SPI), whey protein isolate powder (WPI), egg white
protein isolate powder (EPI) were used respectively, and the relationship between 3D printing effect
and material properties was further analyzed by principal component analysis. [Results] With the
increase of additive amounts of different kinds of protein powder, the elasticity, hardness, adhesion and
water holding capacity of shrimp surimi were significantly increased(” < 0.05), the printing accuracy
of samples increased first and then decreased, and the printing stability of samples showed an
increasing trend (P < 0.05). With the same additive amount, the SP1 group had the highest apparent
viscosity, viscosity modulus, hardness and adhesion, while the WPI group had the most fluctuating
elastic modulus, elasticity, water holding capacity and binding water peak area. 6% protein powder had
the best printing effect, and the printing accuracy and stability of shrimp surimi with 6% SPI were up to
97.86% and 98.16%. respectively. Correlation analysis of each indicator variable and principal
component analysis of the sample groups with different kinds and amounts of protein powder were
carried out. The 6% SPI group was the most close to printing accuracy and stability among all the
groups. [Conclusion] Three kinds of non-muscle proteins can improve the rheological properties,
texture properties. water distribution properties and water holding capacity of shrimp surimi, but only
adding an appropriate amount of protein powder can make shrimp surimi extruded smoothly from the
nozzle and the 3D printing effect is better.
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Fig.1 Photos of 3D printing shrimp surimi with different
types and additive amounts of protein powder at () min
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Fig.2 Photos of 3D printing shrimp surimi with different
types and additive amounts of protein powder at 60 min
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Table 1 Effects of type and addition dosage of protein powder on printing accuracy and stability
of three-dimensional shrimp surimi

65 Index Ashnit Addition / %  KUAFEECE SPL FLISSEESH WP B EWP

0 87.11+0.21' 87.11+0.21' 87.11+0.21"

FT e e 3 90.55+0.29° 89.42 £ 0.16° 89.92 +0.30*
Printing accuracy / % 6 97.86 +0.39° 94,10+ 027 96.5440.33"
9 9598 £0.25" 83.33+0.29" 93.52+0.20°

0 90.99 4 0.03° 90.99 + 0.03 90.99 £ 0.03°

FTE R bE 3 95 48 +0.50° 94 50+ 037" 93.74£0.27
Printing stability / % 6 98,16 +0.10" 96,78 +0.16" 96.32+0.37
9 98.82 £0.22" 90.64 +0.19° 97.61 & 0,24%

i PRl B R e i (P < 0.05),

Note: Different letters in the same indicator indicate significant difference (£ < 0.05).
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Fig. 3 Effect of type and addition dosage of protein powder
on apparent viscosity of shrimp surimi
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Fig. 4 Elastic modulus (G") and viscosity modulus (G") of shrimp surimi with different types and
addition of protein powder during frequency sweep
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Table 2 Effects of type and addition of protein powder on the texture profile of shrimp surimi

S5 Index AN Addition/ % KEAEECESPL SLIHOBEEAE WPL BT EWP
0 0.70 £ 0.02° 0.70 £ 0.02° 0.70 £ 0.02°
B 3 0.96 £ 0.05° 0.92 £ 0.04° 0.87 0,03
{if Bf Hardness /N
] 1.24 + 0.08" 1.08 £ 0.08" 0.94 + 0.05"
9 1.64 +0.05° 1.59 + 0.06" .16+ 0.05"
0 1.88+0.12% 1.88+0.12% 1.88+0.12%
. 3 237£0.20¢ 2,100,165 2,16 £0.14"
FhlE Adhesion /{ N-mm )
] 3.17 £ 0.04™ 2.69+0.14 2.95+0.19¢
9 379017 1.81 £0.14¢ 3.35+£0.17
0 211017 211017 2,11 +£0.17¢
N 3 3.61£0.15° 3.86+0.14% 3.0340.13°
g4 Elasticity / mm
] 4.14 +£0.10¢ 4.72+0.20° 3.90+0.17"
9 5.99+0.16" TA1+£0.13° 5.74+0.10°

A —Eerh AR RRER R E P < 005),

Note: Different letters in the same indicator indicate significant difference (P < 0.05),

[ | . i
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Table 3 Effects of type and addition of protein powder on water state distributions of shrimp surimi

15 b5 Index indd Addition /% KESFBEAE SPI P EE B WPL IRIEIEWP
0 2.30+0.01° 2.304£0.01° 2.30+0.01°
i 3 2.03 = 0.03 2.23+0.02" 2.25+0.02"
!}!hﬁ H—‘“[Tl Tgb -'I. ms
6 119+ 0.02% 1.22 +0.01" 2.01 £0.01°
9 116+ 0.01° 1.16+0,02° 1.16 % 0.02°
0 75.64 +0.01 75.64 0,01 75.64+0,01"
i 3 74.61 +0.06" 75.49 + .05 75.61 +0.06"
B Al T,/ ms .
6 65.73+0.12° 65.86+0,12° 7454 +0,11°
9 52,74+ 0.06° 52,88 +10.04° 54,26+ 0.06°
0 293+0.13% 293013 293013
o 3 311£0210 338+£0.13% 2.94+0.10°
RERET N A,/ %
6 3.69+0.32 437+£0.11° 3.27£0.17"
9 4274016 6464021 3.77+0.22¢
0 97.07+0.13° 97.07 £0.13" 97.07 +£0.13"
: _ 3 96.80 4021 06.62 +0,13* 97.06+0.10°
PR MR A, /%
6 96.31+£0.32° 95,64 +0.11° 06.73+£0.17"
9 95,73+ 0,16 93.54+021° 96,23 + 022"

Rl gk oh i dona R BE (P <0.05),

Note: Different letters in the same indicator indicate significant difference (P < 0.05).

x4 BEWMFHERFMEIIFAERKERHRE
Table 4 Effects of type and addition of protein powder on the WHC of shrimp surimi

s Addition / % REArEEEE (SPD FLil s E A (WPD Hildr (EwP)
0 84.66 + 0.05° 84.66 = 0.05 84.66 = 0.05¢
3 86.41 + 0.08' 87.86+0.16° 86.03 +0.35'
6 89.56 + 0,294 91.49 +0.15° %0.08 + 0.28¢
9 92.17+0.20 94.64 +0.13" GLRLL0.11™

By ARl R R 2 R R (P <0.05).
Note: Different letters indicate significant difference (P < 0.05).

FE ML S W S O, A (W) b 248 2R B S i Ay
W T8 Cyprinus carpio) 0 BERFACHEIUF2 & , HpEL
o B (WP (M RO Rt b, RGBS R A
(SPDKZ , 164 41 &5 3 111 (PP B 435 7K R 5 A
F . G5E 3D FTERSFPE, J TR AY FR 0 (e 5 P B
FEACHEA RS I, B AL AT EIRT M AR PR
2.6 SEREERNBAXERERSSH

M2 5 n] L, SR P JEE Y SRR AR IR R R LK
GrEE S AT RV PE AT B RRE M S e b 2 a1 3
AR A IEAR OCHE (P < 0.05),

M 5 Al LA, FE a2 1(PCL) 8 5T AR 324
72.72%, E R4 2(PC2) M BT ER R h 21.89%, Rit i

Hik 221K 94.61%. 18 S5(a) A 2 140 3 B 09 46 far 2], 4
an FOFT EDRS A AT BN tE SRR BE 0 1 BB
P i .G G A, AR ALEE B TE 32 Ry 1 Y [RI) ,
FA A BE LBAT ERAS B e AT EN R E S
Ty o LA, TE RS 1 AERGH Y I, 52 67 AH OCHE .
[#l 5(b) it 7 T 78 4k %5 [0] vh PC1 #I PC2 1E R 8%
i [ 04 A ) b BB % SR 15 o0 . SEWT
T 1.2,3 F14 KR aYHE &5 NS R P
Ko ¥A5 5 FE (E 5(b)) 55 38 1oy B (A 5a)) i 47 HE
e, T LA AR U0 3 b B R MR A FnER n 3% &
H o R it 20 55 T ERVRS 00 P AR A I T
00 o W 8 e T B I S R T i T 1 B
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x5 FMAEFHERTMEZESMESEREEMNEXE

Table 5 Correlation of various index variables with different type and addition of protein powder

1 3 - FTE :’i\;i,',- - W "-"E' = e .= = S -
- fffl?*n_ﬁfﬂﬁ. Hﬂ?ﬁg&ﬁ. %'flﬂ.fri_h_ iEﬁ_f’l-.FE_ﬁ_ RMHHE Bl S Wb kb

Print Print Elastici W A t
Index THRTE rm_ujg Sy s Ppargn Hardness Adhesiveness Elasticity WHC
accuracy stability  modulus modulus  viscosity

FTEDK W fE: Printing accuracy 1,00
FTEES 2 F Printing stability  0.92" 1.00

gl ¢ BL i Elasticity modulus ~ 0.73° 0.84" 1.00
FEE A Viscous modulus - 0,787 087" 0.89""  1.00
FAFLEE Apparent viscosity  0.83" 091" 093 099" 100
il [ Hardness 0.79” 0.90"" 096" 0917 0947 1.00
B EHE Adhesiveness 0.89™ 0.93™ 0917 0977 09977 093 1.00
ik Elasticity 0.77" 0.93™ 0917 0927 0947 0907 0.91™ 1.00
FEk Pk WHC 0.84" 092" 090" 087" 0917 086" 091" 097" 1.00

4R P < 0,05, **%388 P < 0,01, ¥ 3 P < 0.001, B0 5L 3
MNaote: * represents P < 0,05, ** represents P < 0.01, *** represents £ < 0.001, significant effect.

10 o ITEE R ?
0.8 i
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£ 02| T2 T el | B Lt SFI 3% T
giCT— SR 7 2w ' ' :
Q 02 Zb 1 %&1&%? E o« WPI 3%
1 G -1 1
et pE—
0.6 1 o Py ”
08 1 WPI 9% \
aqJi -3
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BIS  HRINAS IR K i st 8 11 4 A P B A b
Fig. 5 Principal component analysis for shrimp surimi with different types and additive amounts of protein powder

B F1 A SRS 2 BE (3% ) 3 AU 09 AF PI BERY AT B FRESE A EF P BE 3D ITEIIS I , Horp s inad H (6%)
TGN VARG R 2 . BRI 6% N 9% (BR 9% WPDEH TR (URRURECN 5235 (P < 0.05) ; 104 F Ml 5] 26 (1 8y
FrFEah S ATEDR AR ML E MR E i 29 IETT  WRIn R, B0 K S4B R 0k (SPD) A RE S BLAT 4w
fi1] , 3 W 330 6 A oty HL AT B 9 T EPRY 0l 4 RS S MATERRT B RS ETE . 56 6/ .G BB E i
. 9% WPTALBE BT ED Sl PE M B e B0 , MR ji  BEIME 3 ko bk S8 bR i3 & 0T, T
R0 9% WPTEH 4T EDNS B PE AN TEN R EPEART 69 SPIMORELIEMIEFRHE B EHmM (P <0.05) , FE 5
Bos. Mesh ERIN 6% VB BURE AL SATEDRTIR  geagiiiA)ar w2 SR S A it B RIFE
PERER E R AR TE E A 2 BYIE 0 X RYT M AR ) i R0 6% SPITEHE 75 0T 74 JE A0 T EfRS Wik LA %
BEP R INGd Gt (6% ) E E b AT LR & 3D ATENF Ml fasete A min B E/em, Hik. i e% kg sr s E
TTERIENEYE . HE5h, 6% SPUAHAE T A A WA ST oy ap g e ch o] 13 2 3D FTEE R

ERT O LR e 1, L] 6% SPI#ESN T 4F 4

P A T B A A B B T B3 SE M
3 % _L}E [ GUENARD-LAMPRON V., MASSON M, LEICHTNAM 0,

et al. Impact of 3D printing and post-processing parameters

fIFacet S F2 00, i hn— R ny A R RS E Ak on shape, texture and microstructure of carrot appetizer
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