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indicate significant differences (P<0.05).The same as below.
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Fig.1 Effects of different additive of TGase on the gel 6] (9 2216 L fE TG B it it s @ﬁ M i Y A
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Table 1 Effects of different additive of TGase on the texture of Nemipterus virgatus surimi
TG FFEma/ Y N N
A I W /g it Wt 1 BE LR I /g
The amount of . . . . \ .
Hardness Springiness Adhesiveness Cohesiveness Chewiness

TGase added

0.7240.130b
0.80=£0.120ab

0 340.58+75.20¢

0.1 698.92+49.36b

0.2 742.72+28.79b 0.90-£0.091a
0.3 1117.340.87a 0.87-0.085a
0.4 1317.3489.41a 0.86+0.110a

181.464+25.44a
418.80£34.20ab

0.7440.029bc
0.7540.031bc

252.03+48.57a
523.50+42.26a

594.18+74.30b 0.8040.018b 534.76+20.28bc

860.32£89.29¢ 0.7740.019a 748.48+85.01d

961.63+90.03b 0.7340.028¢ 827.00£90.70cd
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Fig.2 Effects of different additive of TGase on the

WHC of Nemipterus virgatus surimi

24 TCEBMEZBEBFEEHMNEMAKIFHHHIN

HE 3 2 v IFEH, TG BT F 5B FF
B T, B0 T2 K 8 &, KR T, 45

GK G YR TR AL, T RE R T TG B 2K
BN R FRERM Z, 52856 K45 L
I T ARG sk i 2% ETHE TR
PRIAR S 2,37 R KR W BFF 98 45 R HAF AL 1 TG
B IR 0.2% B, T AN 5 3 8 K 1Y & el B
L AT R AR S T 3,199

PRI Amplitude

B 3 AE TGEHMEX &Lk & & B R E K
Fig.3 Effects of different additive of TGase on the

relaxation time of Nemipterus virgatus surimi
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Table 2 Effects of different additive of TGase on the moisture distribution of Nemipterus virgatus surimi
TG BRIt/ % T oy W Eb 5] T 2 W L ) T o5 W L 5] T 24 W LY 151

The amount of TGase

Peak ratio of T

Peak ratio of T2

Peak ratio of T

Peak ratio of T

0 0.015 840.001 7a
0.1 0.017 8£0.001 8a
0.2 0.013 0£0.004 5a
0.3 0.017 5£0.001 3a
0.4 0.015 320.009 la

0.004 0220.000 4a
0.014 620.000 4b
0.011 020.000 8b
0.010 3£0.000 4b
0.094 020.000 5b

0.9402£0.004b
0.950£0.017ab
0.9700.012a
0.950£0.018ab
0.9400.016b

0.031 0£0.003 3a
0.019 0£0.002 5ab
0.010 04=0.001 3b
0.023 0£0.001 lab
0.029 0£0.002 9a
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Fig.4 Effects of different additive of TGase on the

viscosity of Nemipterus virgatus surimi
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JGE VR I 2R 0 ) SR PR AR B (G B b T R A i 8RR AR
(G R IEY (tand) Je ETHE TG BERINE N
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BB M an & SA FTn B TG B 7 &t i
T B R B L R R B 5 AR 3D T B R
SRR L R, L Bh P 2 L T AR RE AR (G
Tk T EESORL M B PE . InlEl 5B TR, A EE K R
FERIN TG M5 AFER R (G AR, HFE TG B iR
T Ay 0.2 % i, B S P BAE AR B (G ek,

W 5C FroR . 40 f0 B R 95 2k 1E U (tand)
INF 1, OB AE — 1 WM LA 28 R AR R
fIE 5 T3 B3 25 1E VI Crand) (1 7428 fb it 3 5 10 RE A i
(GO b fash—3, R I 0.2%6 1 TG BiA B

R 3 TG HEERME £ % & Herschel-Bulkley £ £ I % g

Table 3 Effects of different additive of TGase on the Herschel-Bulkley parameters of Nemipterus virgatus surimi

TG B§# nHE/ % The amount of TGase added 7o K n R?
0 319.46+4.48a 118.04+1.05a 0.5440.02e 0.997
0.1 378.944-3.30b 146.9942.10b 0.50£0.04d 0.998
0.2 441.3641.67c 173.15%1.10c 0.4874-0.02¢ 0.995
0.3 496.51+2.35d 203.6942.02d 0.4240.05b 0.994
0.4 507.1943.87¢ 256.97+4.11¢ 0.36£0.06a 0.996

TN RORE YR 0 B FE AR i, TG A R B B K
FEPA R 2L B T ORI B, B R IE U (tand)
A2 e U T R S A R T LG ORI R B R R
AL
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Fig.5 Effects of different additive of TGase on the dynamic rheological properties of Nemipterus virgatus surimi
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Fig.6 Effects of different additive of TGase on the 3D printing of Nemipterus virgatus surimi
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Abstract Taking Nemipterus virgatus surimi as the research object,the effect of transglutaminase
on the 3D printing characteristics of Nemipterus virgatus surimi was studied from three aspects;appar-
ent viscosity and rheological properties (difficulty or ease of conveying), printing effect (appearance,
molding performance) ,and the properties of surimi product. As the transglutaminase addition increased,
the gel strength,elasticity,and water holding capacity of Nemipterus virgatus surimi gel increased first-
ly and then decreased. When the transglutaminase addition was 0.2% , they reached the highest value,
which were increased by 70.88% ,25.01% ,and 9.72% compared with the control group,respectively. The
relative content of immobilized water in the surimi reached the maximum when the transglutaminase was
added at 0.2% ,and the T,.; peak ratio was 0.97. The apparent viscosity, yield stress, consistency and
rheological properties of Nemipterus virgatus surimi gradually increased with increasing transglutami-
nase addition, while the fluidity decreased. The apparent viscosity reached the maximum at 0.4% trans-
glutaminase,and loss modulus and loss tangent at 0.2% transglutaminase. The surface of the sample
with 0.2% transglutaminase was relatively integral and matched the set model, and the continuity and
adhesion between the surimi threads were relatively high. In summary,addition of 0.2% transglutami-
nase was the best for printing the Nemipterus virgatus surimi gel product.

Keywords Nemipterus virgatus; surimi; 3D printing; transglutamianse; gel properties; rheologi-
cal properties
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