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Effect of Printing Parameters on the 3D Printing Molding Effect of
Unrinsed Sturgeon Surimi Gel

XIANG Chenxi', LI Yujin"", GAO Ruichang’, BAI Fan®, WANG Jinlin**, ZHAO Yuanhui""

(1.School of Food Science and Engineering, Ocean University of China, Qingdao 266003, China;
2.School of Food and Bioengineering, Jiangsu University, Zhenjiang 212013, China;
3.Quzhou Sturgeon Aquatic Food Technology Development Co., Ltd., Quzhou 324000, China)

Abstract: In order to further improve the printing quality of unwashed sturgeon surimi gel, this paper explored the influence
of printing parameters such as printing speed, layering height, filling density, nozzle diameter, extrusion degree and
temperature on the 3D printing effect of surimi gel, and evaluated the printing accuracy. The results showed that the
layering height should be the same as or slightly lower than the nozzle diameter, and the higher the layering height, nozzle
diameter and printing speed were, the higher the printing efficiency was. Based on the comprehensive printing effect and
printing efficiency, the optimal printing parameters were determined as nozzle diameter 1.20 mm, layering height 1.2 mm,
filling density 100%, extrusion degree 100%, printing speed 25 mm/s and temperature 25 °C. Under these printing
parameters, the structure of the printed surimi was tight, and the formability was good and the printing accuracy was high,
which could obtain high-quality 3D printing surimi.
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Fig.1 Setting interface of printing parameters and model
size in slice software
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Sy 2T BE WIS B4R 1.20 mm, FTEDE EE N
25 mm/s, TIEHE N 100%, B HHFEE N 100%,
Sh 25 °C, PHEE ST )Z B4 0.6, 0.8, 1.2 1.6 FlI
2.0 mm,

W E ELAS : FTEN L A 25 mm/s, BT E R
100%, £ AR R 100%, H)E A 25 °C, i FH A miLE
HAZST512 0.84, 1.20 F1 1.55 mm,

FTEREJE . 432 & E R 1.20 mm, B HAE N
1.20 mm, HLFEB N 100%, Hr i FRE N 100%,
BE2R 25 °C, PREEFTEPHLEE 435120 15, 20, 25, 30 Fil
35 mm/s,

ISR . 32 S E N 1.20 mm, Wi 5428
1.20 mm, FTEFEEEE K 25 mm/s, B HFLEE S 100%,
W R 25 °C, SR % 2 20%. 40%. 60%.
80% Fll 100%.

PR, RS E SN 1.20 mm, Wi H 42N
1.20 mm, EFEFEREHN 100%, #EE N 25 °C, FTENHEE
Sk 25 mm/s, VEEE B R A 60%. 80%. 100%.
120% FN 140%.,

YRR SRR 1.20 mm, B B4 1.20 mm,
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MIZIEEB N, )25 )2 Z ARG G 55, s H
JEZEAEAR N 0.6 mm B, WEHEZEFTENR 2Rk 4% ™
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20, 5 EA U m2E, FIETTER)Z280 ., s r s e
[ AR 1 ) 2 LR A s i E R 25 . 52 mE
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Table 1 Effect of stratification height on printing precision of
unrinsed sturgeon surimi gel

Sy)AREE(mm)  fTEIRSE(min) B2 (%) REER2E (%)
0.6 15.47+0.01° —1.83+0.10° 1.48+0.13°
0.8 11.60+0.01° —0.78+0.09¢ 0.90+0.23¢
1.2 7.72+0.01° 0.17+0.07¢ 0.24+0.16°
1.6 6.07+0.02¢ 1.43+0.12° 0.94+0.14°
2.0 4.97+0.01° 3.06+0.13* 1.65+0.11°

T Al — B A R AR A B 122 57 (P<0.05) 5 F2~F61] .

2.2 FREEEEXRIRITE & R A B URFIFTENS
JER: Al
M BT F T B ™ it B B A 2R R RE P A TR
SN I BN, 2R AR, FTEDRS B,
{EXIAL IR AR, 75 50 3 N 2 Wi ELASHOR,
BHE I 1, (H W] i 2 25O, 5 BOFT EDRS BE AR .
[l 3 SR T =APmiE AR RS XS 3D FTEN 6 BT
HOSZME o FR AT 053 2 o R 5 W B A A 22 Rk
AFT RAFB AR, IS S = 5 -5 L)
7 Y WS ELARARR] o SRR A, 2 WimE B4
0.84 mm I, PPREHST HH RIXE, FTERZEAgIR AL, iRECR
22; MBI AR 1.20 mm B}, )2 5222 ARSI AT

E

2 432 i B X R S e £ JBE B I LR A R 1 5 i)
Fig.2 Effect of stratification height on the forming effect of unrinsed sturgeon surimi gel
: A: 0.6 mm; B: 0.8 mm; C: 1.2 mm; D: 1.6 mm; E: 2.0 mm,
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Fig.3 Effect of nozzle diameter on the forming effect of unrinsed sturgeon surimi gel
{E: A: 0.84 mm; B: 1.20 mm; C: 1.55 mm.

Humh-A U, RIADGH; W A2 1.55 mm [,
HUBHESLY, (BB, BB R ] i, Mt
Ko TR 2SI AR/ N, BT N BT I A8, 1Y
JinpLas e

22 WoR T AN EIBIE B AR R ST EVRE B 25 5% .
IEEHE AN 0.84 mm i p T HRHATE S BURBUSCR
22, TTEVRS BE B AIG, SHTENRCR—3. FEE W 54T
AR, FTEMm2E08/1N . 1.20 mm e A F T EDRS
B e, AR R R I 22 S 25 AT HA 2 (P<0.05) o
MBS EARIEINE] 1.55 mm, &5 B R 2218 K, X &
TR ROHL, MR S M AN, DT | o B B
Jine seAh, WS AR, FTERR A . 2B RIFT
ENSSCRMIFT EQ R &, #64% 1.20 mm BYWTHE B A B A
Hifio

F 2 WM B RISt BEREICE T ERS B A 520
Table 2 Effect of nozzle diameter on printing precision of
unrinsed sturgeon surimi gel

25 mm/s B, 2555 S ECYPRH HB E BEERAS [T B3
BEMT =207 7, PR AW AN A S, ST ER ™ S
Jine

FT BN X T EP s A A sl RS 2 (g s an 26 3
P~ . HFRATAEL, MFTENHEE R 25 mmy/s B, $TER
FES I EAR S B S AR i T . FT BN
ARSI NINXAE S BARTC 35 520 (P>0.05), {H 2 & B
A TGN, ORI TEN S B S 2 S 2 2 R AN
FAH B @GO, TS8P T ERAE i S o v B AR R o
W] ER 3 R 25018 15 | R 2 A5 A R 45 1 A5 A v 32 1
Ko FTENAHIRIAARTRY, ASIRIFT EPE 2 14 i R s a2 AS
FAY . FHEE PR, BT Ts FTER A A] i g, FTER R 3Rk
o DI, FTENEE R B A 25 mm/s BEn] AR IE—
REFIFTERRCR, AT RASRAS4 =7 00 s AR B

H 3 FTENE X AR h BE BT EVRS B2 (452 1)
Table 3 Effect of printing speed on printing precision of
unrinsed sturgeon surimi gel

B E AR (mm)  FTEREHE](min)  EAEMZE (%)  SER2ZE (%)
0.84 14.3240.01° 6.01+0.42° —26.84+1.86"
1.20 7.73+0.01° 0.22+0.06° 0.88+0.22°
1.55 5.67+0.01° 0.27+0.12° 2.60+0.08°
2.3 FTEMEE X ARIF 8T BR AL AT R BUU SR AN TENHE
E RIS

— ke U, WSS R SR S T ER i DL AT ED
R PIAR ST B 4 Wos T FTENEE X 0 BE BRI
AR5 o FH AT, AR TEREE N 4TERY
e I BISOR AN o BTMERL 23 2 25 mm/s B,
FTENRICR B o MWiME RS S /N T 25 mm/s B,
TEFTER AR T BB B 2215, TR B ik
SRS, FTENAR SR AT AR A < JhE ™ 5 T > 3 R

FTEDHE (mm/s)  FTERRFIAI(min)  EARMW2E(%) M2 (%)
15 11.27+0.01° 1.29+0.11° 2.14+0.16°
20 8.93+0.02° 0.61+0.04° 1.50+0.20°
25 7.73+0.02° 0.1240.03¢ 0.75+0.08¢
30 6.92+0.01¢ 0.24+0.15¢ 1.84+0.22%
35 6.38+0.01° 0.13+0.08¢ 2.12+0.29°

2.4 HEABEINREFERL S BRI ABARFITENE
FERISNE

U LR 3D FTEL™ Al N ERIE R, S TN
HR S L, HOR/NEHOC R F) 3D FTEI™ Sh e
FRRSGEMEIFYERR A BRI 4niE 5 B, 76 3D 37
ER AR Hp U T IR XS 3D FTEIAE A BT 19 52
Mo TE AN RSSCR B BT R, R RN (20%) B



943 20

IR0 , 45 FTENSHO ARG @ BEEEIR 3D $TENURSCR R 5.

P 4 ST EDRRE X AT £ RE BRI IR ACR A 5
Fig.4 Effect of printing speed on the forming effect of unrinsed sturgeon surimi gel
HE: A: 15 mm/s; B: 20 mm/s; C: 25 mm/s; D: 30 mm/s; E: 35 mm/s,

w..
O..

P 5 U BRI 40 RE BRI I R A R A R )
Fig.5 Effect of filling density on the forming effect of unrinsed sturgeon surimi gel
1 A: 20%; B: 40%; C: 60%; D: 80%; E: 100%.

PRSI FLIBR IS, 231 55 3R 5 ) SC P EE, 0
AR 2 . B AL T 40% B Y4EER)
FTER, (R XFF T ER ST A T B BE e AN [m] . 2435
FEERE A 40% B, FTER AR T £, SR TEN R
TSRS R, N R SRTREL, FTEN T BRI, B
H e BE N, W A IS AT T 22 fit, FTERS
PR ARG, JEHIZIH IR F] 100% B, Wi sk
AL, FTERZS MR, AR A 4 AT 5T
KGR KT 60% IHiEfn BESEIT T ENRFLAE
4, HAEHIFE BRI T 100% HHTEN PR . X
EARFFELE R I .

N T VPR FTED S e, I IS T T ED
PSR SEBR R SR R i m 22, ansk 4. FEE
WFE RO, HASIWZE A w228 BT
BEHEIT 60% JERES HAT RAFIY 124 0T, REfE 4
FI B 2540, T LUK RE i e 3 AN 25 3t il b 35 1 B i
(P>0.05). HSRMIIFEE N 100% HF 237 Sk FTER

BFIE] O RE I, (HFTENGE R SE 4K, BIAR A = B 22 dnk 3
1T HABLH (P<0.05)

4 BUOUE AR BE BT T EDRT R 1520
Table 4 Effect of filling density on printing precision of
unrinsed sturgeon surimi gel

WAEE (%) FTEPRE (min)  EARMWZE(%)  &EERZE(%)
20 2.90+0.01° - -
40 4.68+0.02¢ —-6.89£0.11° —1.5240.57°
60 6.2240.02° —2.24+0.15 0.68+0.18°
80 7.53+0.01° —2.21+0.10° 0.73+0.49°
100 7.73+0.01° —0.19+0.06° 0.53+0.17°

2.5 FHEEXRERES &R RESRAITENS
EHIF2N

& 6 A A IE AL R BRI B F T Bl k25
AR . AR 6 T, 45 R o) £ JBE R R £
SEMAR, i el i AR S AR T BN ™ i 1 STk
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Fig.6 Effect of extrusion degree on the forming effect of unrinsed sturgeon surimi gel
4 Az 60%; B: 80%; C: 100%; D: 120%; E: 140%.

UEF RS 100% B, 3T EARR A2 30 S e e 1) il 7Ry
RO, RIS, FTEPSEAZ UG W . 2SET H AR AR
T 100% B, PPk AN [ 00T 5525 0, G5 AT L,
ToE A, AN 6 A JITas; 1 2455 T 100% B, BT
SR AT, AR kL B 5 3O g RS sl 25 54T
EVRE SR 2 BRI, AR NULKELRE, ULIE 6D~6E.

B R B S Rl s ol T F T ERRE i 25 5%,
R 5 Frs . BEAE B R RE A3 R, FE S BLAR R
FEHLEWIE . BRHRREE 100% W22 6wy, AR
ZEALH-0.07%, SRS HEC IR . SET AR
A1 80% B, MBHET AN 2, S B E A AN v EEAE /)N
MBI 120% B [EYRHERL, /15 B AR
BEfmIC, PE— 23 RE AR, A TEN w2t .
2.6 REXRELS GRS RAITENEER
20

i SEBEIR R — P AT BT UG AA T o B B PE IR

K5 BHNRREEO ATt BE BT EVRS B2 (452 1R
Table 5 Effect of extrusion degree on printing precision of
unrinsed sturgeon surimi gel

BRI (%) FTENRE) (min)  EARW2E(%)  REWw2E(%)
60 7.83£0.01° - _
80 7.85£0.01° -4.3140.20° ~2.20+0.16"
100 7.85£0.01° ~0.07+0.03¢ 1.2440.35°
120 7.83£0.01° 6.5120.10° 3.57+0.16°
140 7.85+0.01° 9.97+0.10° 5.5620.30°

PRI R T ekl 3D TR AR R A BERORH AL
AR, BE TR MR dh B 3T BORS BE A g 2R REle .
7 JEoR T AN RIREE X5 0 BE BRI i RO S AR AE
PEROEEIR . DNIEL 7 WAl LUE R, 24iR)% 5 25 1 30 °C
s, FTER RSO S4B R BEE IR B T, FTER
JEEZ TR, BEEICIE MY . ik 35 °C i,
TEFTELS AR T A BRAR  H, SR ADCH R [, $TED

P 7 R X A B A £ FRE A e i R 5
Fig.7 Effect of temperature on the forming effect of unrinsed sturgeon surimi gel
1F: A: 25 °C; B: 30 °C; C: 35 °C; D: 40 °C; E: 45 °C,,
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Fig.8 Printing effect pictures for different models
F: A: JBUF; B: WK C: “fR7; D: #i& -

JoT R REARG s T MV BE M A 40 °C, fa R R BEREAIR T Sy
B, FRBH [ PE T, 57 W™ 8, AR AR,
AiEE 3D FTEN X AR T 3 n S 8
JEE RIS N R A 1 73 TS5 R e TT, T A B A IR &%
), A R BERG LR

AN [R) it B X £ BE B IS F T EIVRS JBE 952 L3R 6.
AR R LI, BEAE IR 00 T, B 22 F = R
D ZEZE WG, B IE M 2E . HiEETE 25~30 °C,
AT ASRASF TS AT ERS BE A R 0™ i, 25 °C 1)
AR EE 2 o AR IE— 2L T, AR AT
B[RS FEAG . RHMAIRE T 40 °C J=, MBEBEI S5
1, JCIEATERRSAY

H 6 R X AR IR BE BRI T EIVRS E A R
Table 6 Effect of temperature on printing precision of unrinsed
sturgeon surimi gel

RS (°C) FTEREY ] (min) EHR 2 (%) TR 2 (%)
25 7.73£0.01° 0.18+0.03¢ 0.30+£0.11¢
30 7.7340.01* 0.2640.04° 1.07+0.08°
35 7.7340.01* 1.47+0.26" 2.76+0.19*
40 7.73+0.01° 5.43+0.47" 3.03+0.08"
45 7.73+0.01° - _

2.7 FTENRURE

iEar FIRATERSE0NAL, n] DA 8 R I pe T
1 BEEE IS A A T 2280 Wi 5458 1.20 mm, JZ
F{EA 1.20 mm, FTEREE R 25 mm/s, ST E K
100%, $f L EE A 100%, i F il 25 °Co FHHT
EPa R R A S B0 # A e T 22280 X LR A ] )
FERIPEATFTED, FRATROR B an &l 8 s FTEN L2
TERZK T, )2 SR Z ARG R 8, FTEN I 2 S 2
Ko TEss, FMDGCHT, FTERRCR BT, SHAIRAR—34
3 g

AT FEH, FTERSE 2 R i g B SUR Fifs e
P, PNTISZ M TED ™ S BT bt . I AR R0 J22 i B
ZIRFFAE—E R R, 412 B B2 TEN R AL, T
W ELARHE T HF AR AR AR . MBS LA
AR R SIS TR A5 BAR, PT DAGRIE R 5 2 2 AR 4T
TR G T > A 253 R 25 W S BRI TEPAE

C

A R IR o AR ISRURET fa BEBE I i e (A TEN S 4K
g WEE E AR 1.20 mm, 432 EE 1.2 mm, B
BE 100%. FF AL 100% . FTENHEE 25 mm/s FE
JE 25 °C, TEMFTENSHCT Al 3RAS 5 3T BB HE %) 58
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