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A HERL T, AR AR 10 °C LT
~0.6 Pa FLA5 55 FillAT. 8291 3 min, A 1.5%
(e R Ak S Pt 3 min, PRI Z3E M (0%
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FE VI EAR 2.5 em. 5 2.5 em WY REIFEIR, T3
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AN ) =7 BE R R A [F) A B A 2 (A7 AE 22 57 2 35 (P<0.05), T Al
Fig. 1 Effects of different additive amount of cassava
starch on the gel strength of N. virgatus surimi

Different letters indicate significant difference between different treat-

ment groups (P<0.05), the same below
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Tab. 1 Effects of different additive amount of cassava starch on the texture of the N. virgatus surimi

REVER TN/ Y% /g it JKe B FRME WELVES /(g mm)
amount of cassava starch hardness elasticity adhesiveness cohesiveness chewiness

0 340.58+75.20° 0.72+0.130° 252.03+48.57° 0.74+0.029° 181.46+25.44°

1 671.57+£91.66° 0.87+0.069" 490.25+54.99° 0.73+0.006" 426.52+34.20°

2 119 1.96+179.21° 0.92+0.018° 929.73+23.30° 0.78+0.013° 855.35+20.28"

3 884.59+56.41° 0.82+0.086™ 663.44+12.97° 0.75+0.023° 544.02+85.01"

4 823.99+71.48" 0.73+0.096" 650.95+21.44° 0.79+0.003° 475.19+12.30°

e GERCLPIEESDERIR, F SRR TR B M2 R (P<0.05), T

Notes: the results are based on the mean+SD, there are significant difference, between different letters in the same column (P<0.05), the same below
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Fig. 2 Effects of different additive amount of
cassava starch on the water holding capacity of

N. virgatus surimi
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Fig. 3 Effects of different additive amount of

cassava starch on the relaxation time of

N. virgatus surimi
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Tab. 2 Effects of different additive amount of cassava starch on the moisture distribution of the N. virgatus surimi
RZERININER/% Ty, VLA Ty U LL 51 T3V LA Th VLA
amount of cassava starch T,, peak proportion T,, peak proportion T3 peak proportion T,4 peak proportion
0 0.015 8+0.001 7* 0.004 0+0.000 4* 0.94+0.004° 0.031+0.003 3°
1 0.014 3+0.001 8* 0.005 7+0.000 4° 0.96+0.017* 0.020+0.002 5
2 0.002 0+0.004 5* 0.006 0+0.000 8° 0.98+0.012° 0.012+0.001 3°
3 0.025 7+0.001 3* 0.006 3+0.000 4° 0.95+0.018™ 0.018+0.001 1*°
4 0.021 4+0.009 1* 0.006 6+0.000 5° 0.95+0.016° 0.022+0.002 9°
3000 — 0% B VE R S B RN, A 2k fh £l BE BRI R 5L
s = 9 G GRS TR R R RS, 1A Ay

2 000 Pesenagiiies,

1500

ﬁ%ﬂ?ﬁ@z{(Pa"s)

apparent viscosity

1 000

500

10 20 30 40 50 60
B BRI (7] /s
step time
4 TRIKRZBEMRMEN &Lkt EFE
RUFHE AR M
Fig. 4 Effects of different additive amount of
cassava starch on the apparent viscosity of

N. virgatus surimi
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BV B £00 B8 HORE S LA S E R AR, IR AEAE
— E MR HLHA SRR AL, 4T D R dh 0
PR I 10 B8 2 5 )= Z 1) A B B B (1 5). BEH

WM 3% B ik Bl . G R WIFE 3D
FTED G 2 HP Rt A e, Ho sh ik As 2%

tand 7E A S5 JE MR B R 2% A Ui/ 2 B IR AL,
I B ROR ) 5 J 5 B B v, RO A B R T AR
2, HushMERRAL, FJ2BE A BT Ul 4 B 2k
IE DAY il 2 K BT, BRBHAE By D) A K
R 85 R R RN S M R G g, X T 3D 4T ER
T B IR AL IR A — i R

27 REE#HNELEEFITEIRAZM

N TR) A B E Hoy T4 T X <3 £ 11 £11JBE 3D AT EN
FORIE AN 6 s, WS —HE EHE a2
B, R R VR W RS, R A R Y
PR DUIZ WSS, TR AR ETER A 3% I I B
JETFIR o, FEEARER B S RN, RS
JZ 2 18] (4 3% 45 2 W A B ks o A RN R
Rl LA, 2 H A RN IR 5 )R 2 18] Y 4%
B2, bR, FiE ARk i
MT s , TR SR Z AR S WA B G, AE
REVERWRIE Ty 2% I, J2 5 )2 Z ) i & 8
B, LIS, 2 B R P Al AR R
FUE Ry R SCRETE R Y LR, MBS SEE b

F3 KREEMAMEX &% & & Herschel-Bulkley £ #9521

Tab.3 Effects of different additive amount of cassava starch on the Herschel-Bulkley parameters of the N. virgatus surimi

KRR IR/ % 5
7 K n R
amount of cassava starch

0 421.3343.26" 164.13+1.05° 0.58+0.02° 0.998
1 482.56+4.30 192.67+2.10° 0.54+0.02° 0.998
2 523.42+1.69° 224.15+4.03¢ 0.52+0.02° 0.997
3 579.51+4.33¢ 276.69+3.12° 0.46+0.03" 0.996
4 606.37+6.78° 325.97+4.82° 0.40+0.06 0.996
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Fig. 5 Effects of different additive amount of cassava starch on the dynamic
rheological properties of N. virgatus surimi
s S8 B KoK G 41 O PR
Ne)) £ FDM 3D T B v, ek 358 Jie o 13 14 7o G
ST ' DETE TR SR SR, — R S TR Y R
- _ : - JEE T LA/ W ) 22 55 H I DR FIVRE il 3% T B 46 AL
w a b e — (S

Bl6 TRIAZEMARMEMNELEER
3D FTENZLRHIF2 M
MR ZE A AN [ A 2 3 B S 0 Y < 2 A BE AT ENRCR (a, b, ¢, d
e 73 R 0%, 1%, 2%, 3% Fl 4%)
Fig. 6 Effects of different additive amount of cassava
starch on the 3D printing of N. virgatus surimi

From left to right, the printing effect of N. virgatus surimi with different
amount of cassava starch (a, b, ¢, d, e represents 0%, 1%, 2%, 3% and

4% respectively) are shown

B 2 IR MR RR A AR A, N R R T R
MR, [R5 )22 B BB IE AR E .

3 iR

AHEFER 3D AT ERF AR ZE 5 7K 77 i in 5
A% gt f0 BE il 0 B AT ek . N TE R
AT LA A PR JBE R A R S H: 3D AT B M
NN 6% FY /N7 VE R HE TN T RE i R RE R L RN P
s, fASAES S TAABEL BT, Higm T
FTEAS O PE, A B T 4ERR 4T B0 7 i 09 R AR ek
TR PR E MR 4 3 W A1 X R [R] 4T BD 45 14
() £ B8 3D AT ENBURLASOR 7 B R B, I A
KT 60%, 53)2 0B 4T B i S8 g g L A% 5331
7 0.8mm, 35 mm/s Fl 1.2 mm H}, £ EESRMA R
() 3D FTENREME AT B MR ol BT A 0 oG B8 4 119 il
RURE S o ARPFSEIE T AR IS 0 i 1) K 35 5
XF 3D FTEN G Rt BE R RE N, FF B T KRB TE R
X 4x 4k A0 0 BERORLBE I MR . R . Zh )
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Effect of cassava starch on 3D printing of Nemipterus virgatus surimi

YI Shumin', LIANG Feng', YANG Ling', LI Xuepeng', LI Jianrong ",

MI Hongbo !, XIEJing?, YU Jianyang’, WANG Mingli*, ZHOU Xiaomin®, HU Jinghui °
(1. College of Food Science and Technology, Bohai University, Food Safety Key Lab of Liaoning Province, National & Local Joint
Engineering Research Center of Storage, Processing and Safety Control Technology for Fresh Agricultural and
Agquatic Products, National R & D Branch Center of Surimi and Surimi Products Processing, Jinzhou 121013, China,
2. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China;

3. Rongcheng Taixiang Food Co., Ltd., Taixiang Group, Ministry of Agriculture Rural Affair, Key Laboratory of
Frozen Prepared Marine Foods Processing, Weihai 264309, China;

4. Penglai Jinglu Fishery Co., Ltd., Yantai 265600, China;

5. Zhejiang Industrial Group Co., Ltd., Zhoushan 316101, China;

6. Liaoning Agricultural Products Trade Center Co., Ltd., Shenyang 110032, China)

Abstract: The influence of cassava starch on the 3D printing effect of Nemipterus virgatus surimi was investig-
ated in three aspects: apparent viscosity and rheological properties (transport capacity), printing effect (appearance
morphology, stereotypy), and gelation properties of surimi products, using Nemipterus virgatus surimi as the
research object, by adding cassava starch, the gel properties of surimi products can be improved, the water holding
capacity and elasticity can be improved. Low field nuclear magnetic analysis, rheological analysis and molding
effect analysis were used to determine gel strength, texture characteristics, water holding capacity, water distribu-
tion and composition, apparent viscosity and dynamic rheology. The results demonstrate that with the increase of
cassava starch addition, the gel strength, hardness, flexibility and water holding capacity of the Nemipterus vir-
gatus surimi slurry showed a trend of rising first and then decreasing, reaching the highest value at 2% of cassava
starch addition, which increased by 113.63%, 249%, 28% and 9.14%, respectively, compared with the control
group. The relative content of immobilized water (T,3) in the surimi reached the highest value at 2% of cassava
starch addition, with a T,; peak ratio of 0.98. The apparent viscosity and yield stress of surimi slurry increased
with the increase of cassava starch addition, and the elastic modulus (G') and loss modulus (G") of the slurry ten-
ded to increase first and then decrease with the increase of cassava starch addition, reaching the highest at 3% of
tapioca concentration, and the loss tangent (tand) reached a maximum at 2% of starch concentration. In summary,
when cassava starch addition was 2%, the effect of surimi 3D printing was the best. This study has positive guid-
ance for 3D printing of surimi, and provides some reference for realizing the practicality, extensiveness and diver-

sification of 3D printing in the food field.
Key words: Nemipterus virgatus; surimi; 3D printing; cassava starch; gel properties; rheological properties
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