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Development and Quality Optimization of 3D-printed Shrimp Alternative
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The aim of this study was to develop a shrimp analogue by using 3D printing technology with surimi-based formula-
tions. Initially, the textural characteristics of Alaska pollock Gadus chalcogrammus was superior to those of golden
threadfin bream. Attempts to improve the texture of threadfin bream surimi by adding 0.5 wt% gum or glutinous rice
starch were unsuccessful in replicating natural shrimp texture; therefore, Alaska pollock was selected as the base
material. The optimal formulation, containing 3.0 wt% tapioca starch and 2.0 wt% strong flour, demonstrated suit-
able printability. Texture profile analysis of the optimal sample indicated no significant differences in hardness and
shear force when compared with natural shrimp (P>0.05). Sensory evaluation further confirmed the high similarity in
texture, color, and overall preference, with taste being the only attribute the showed a significant difference (P<0.05).
These results suggest that 3D printing of optimized Alaska pollock surimi is a feasible method for producing seafood
analogues that closely replicate the texture and sensory quality of natural shrimp.
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T WEHANHAIS B3 984 o] 35k Ho|th(Park and
Morrissey, 2000). W5 42]m] 0] -2 48 Ghaf, zghia,

WAl AT 52 o §ato] LA Hnl, S Aubg oz

A AAH R A Al 23] F718kaL 9o A
AA 101G AHE 28RS 1961 HEE 2019W7HA] A+

3.0%°] S7HES Helom o= A7 HAIA )1+ S7HES] = SSA, SA, FA, A, KA, RA ¥ B 5522 o] A 9l Ahn
Hiell SRt o2t =8 T7h= At Ao TERF AF etal, 2019). 53] Eju]of &S H VA EH Ao ¥y
2 o]ojA gt AEA wt] ZAIE oF7Iskal Qlrk(Teixeira |31 AZE7} Abgsto] f2n] o] 4ol FH ke m|Hct
and Silva, 2023). 53] Aj9-= 22 AT O 2 QI8 F (Yang and Park, 1998). E3t 222 E So =2|n|E A}
83 A RR AL 1 glov $A, s8A 52 4 ojFo| A AU HEYA 25 FJst] w2 2 =57}
100-1507 SHER=.9] SQE A7} A Ao Heked A 4= lek(Xiong etal,, 2024). whehA] S22jul= -2 Zste 7t
A SlRE A, ' A 5 of et S sl AEAI S Ve A wF A o) b 2 glen 9 VIR 3D 2" g &
)7} 218 =] 11 QJrH(Paez-Osuna, 2001). 22 0]i= o] Fo] wjo} A 24 9] ZAH-& A dtH(Prithviraj et al., 2025). 42 G2l o]
WS AASEL vp, A 378& ol AT, A, 1) 70-74%, THA 10-14%, A4 1.9-2.3%E FHrstaL glon
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FAE =8k 4= It (Chung and Lee, 1996). ESF 7}ARLS]
Hejo A e ete] 07F HAE-2 AR 0 & Folalot
A T2 Al == (Ahn, 2005) B-&/d 3} A =7t ol A Y| E
9121 28 718 4 9lck. 2] ulof el o7} S Bl
e v 2n] A AT FAAT D A4 ABAEL
FRANA =24 E44E Ak A o= delA Sltk(Huang
etal., 2024).

3D ZHH 7|52 ot AR E 284
= t2 ZEE 7]eE ARESte] Al xsh= 7]
T H|AF Fopol| A ARE-E|o]ghA|TE 2| 3D 2
Foll 285 = S&7hebsleh 3D ZHF oA A
R G54 0= &= o] o] FAEofoF 51l %
7} 7Hs et 541 Ast E4o] FaslthLi et al., 2023; Na
et al., 2023). WehA 5745 7= A2 SaEooF 5t
M f549 A8 el E o] &3t 7tash 85 AH
2 Wztste] B4 §AIX7|0 3D eE 714 olej 5
AL 7HE = Qe YR E A sfjof hti(Lille et al., 2018). ©]
£ 9ol E7 52 Jete WAl o2 A3 S AT 4= e
™ (Nachal et al., 2019; Lee et al., 2024), S=2|0]of] IS EH
= A7hstaL o] 9] A S v A= Gkl sl A2 Bl 2l
o|(Wang et al., 2018) s=2|v|= 3D ZRIE§ 4] JAEA 9
7R542 A},

wheba] 2 Aol A= Al - Al 7 flsl Be 2
0] 7|5ke] 3D R E A% 25 S-Esto] Al FHE st
3D ZRE G AE SARA pH, A, 224 54 8 B
S48 Akste] A8k 20 EESTA STk
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= AYoA ARHE 42luli= KOREAN SEAFOODA}
(Busan, Korea)ol| 4] KAG2] W Efj(Alaska pollock Gadus chal-
cogrammus) <~2]1], SA & 4177 2|5 (golden threadfin bream
Nemipterus virgatus) 52|15 25d ol 1£915}Fe] 935} 30°C
olale] Wsal(Togliere Tensione Prima; Larp S.R.L. Co.,
Genova, Italy)ol A #7%-5ko] ARE-8FGITE E3E 2t 2 ARS-
d All¢-= HubA|(Mokpo, Korea)oll A =it 54 W5 2tk
2] M-<~(Litopenaeus vannamei)s +ol|5}o] AR8-5}-itt, o2
oF 72 o] x23hel 23 g H(head-on, shell-on) e %01,
el oF 25-28 g9l Za ARE-SH

R e e R R o) 667

A= Z=H|

e @ A0 E W S 40N W ekl Sie
lent cutter (ST11; ADE Co., Hamburg, Germany)*] 21l &
Hsteict. 24 =2u]ofl A FF 71 4= (Hanjusalt Co.,
Ahnsan, Korea) 1.2 wt%, A% (CJ Cheilledang Co., Seoul,
Korea) 1.5 wt%, 14t S3HAIAI(MSC Co. Ltd., Yangsan,
Korea) 0.5 wt%, EHAZZEM|LolA|(Ajinomoto Co. Inc.,
Tokyo, Japan) 1.0 wt%E 7}st3lch. 17| Zol& shm A=
5 EF3 T 4°C Y4(33.0 wt%), A3 F=EMSC Co.
Ltd.) 1.3 wt%, Z0]9l(MSC Co. Ltd.) 0.7 wt%= A 7}5}o] o}
A Eqkelo] 71 4] Ao AEE Atk o) 7t
7Fz WiE 5ok AR 342 AsdAL(Seo et al., 2021; Na
etal., 2023; Kim et al., 2024; Lee et al., 2024)E #a1s}o] A
Holch. AZE F ol50] 73 Hol AL 4 ulE 4]
sion], ol 7k 71 slo|AEE ofFo] wel th2A e
= ich AxelE ejn] g o] A EL= Ftob(Shree Vijaylaxmi
International, Rajasthan, India), ZF£H (Xinjiang Fufeng Bio-
technologies, Xinjiang, China), 271+ (Sungjin Food Co.
Ltd., Busan, Korea)Z 212} 0.5 wt% == H7l5F9aL, ¥
e =2ju| Hlo|AE = €hu] @ 7} #E(Wooriga Story Co. Ltd.,
Yangju, Korea), 72 2(CJ Cheilledang Co.), ZHAFHEMSC
Co. Ltd.)S 2+ 4.0 wt% =22 A7isigon Als dus
Ao e AAE e eulE o83t 2E 4 AFS &
Aol A= H7HeE Bh 27 A& 3.0 wtY, i 2.0 wt%
2 275l Mrkskelth o] % Akt 223l 4% ol 5
A7|(DICK 15LB; DICK Co., Metten, Germany)o| Z#5}
o] #o|AES] 7|ZE A|ASTEAL 124 mesh oju}7| = ofu}s}
H A PVDC casing®]] %7%13}¢] sealing machine (PACKNER
HRPS2; MAX Co., Tokyo, Japan)o| A ZZs}c} 22 =
A En o] A ] F YR H7bE FEn 2 Ae A
stk Yo A] Hlo|AEx= 3D cartridgeol $4351e] 3D =
¥ (Vistech Korea Co., Dagjeon, Korea)E o]-8-3f] A1 & el
23D =Y 3t 3, =83 (DDW-WBT110 Co.; Dongwon
Scientific System, Seoul, Korea)ol| A 40°C 271 2.2 setting 7}
e 7 3 90°C 24 A 3087 57] 7HEskTt 013 4°C
o|stof| A Wyztsto] Aol ARgSIITE YL =F A7)
1.55 mm, F-3]3= 10 mLQ! A2 & AR8-510] layer height 0.5
mm, W 23 100%2 A3 248 e 285l 42
oAl EEH] 1.2, ZHE &% 800 mm/sec O 2 ZHE 31T
2oz AN A= F717F S48 HAEt o] & 9R %t
371 7¥gstaL 4°Colatol| A 1087 W2kt & A4S A A3t
of ARg-sHITE

2y 573

u7td, 7+ Al 29] 42 Texture meter (TA-XT plus; Sta-
ble Micro Systems Ltd., Surrey, UK)E Al-8-5}0] SA 3}t
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2 27 ¥)7kd peju] o] AE = RF 6 cm2] Y5 8§
7121 A/BE (back extrusion probe)E ©]-8-3] A|ZE 60% Hot
test speed 1.0 mmy/s, strain 40.0%, trigger force 5.0 g&] =719
A 58] o4 T4k Q1% HIAES Aolslo] 254 (frmness)o}
474 (adhesiveness)) Bahe AT 7l 4-ejul
=85S AME-510] P/45 (45 mm diameter aluminum cylinder
probe)E ©]-8-3}19] test speed 1.0 mm/s, strain 50.0%, trigger
force 5.0 go] XA A 53] oAt = HIAES A5t A=
(hardness), 24 (adhesiveness), B A (springiness), 55173
(cohesiveness), /3 (gumminess), %3] 4d(chewiness), %143
(resilience)?] Htghe AXFsFATE Zche| 2~ E(shear force)
9] A test speed 0.17 mm/se] AL E AR E Hdslo] A
] (shear force) 9] B4k ©]-8-5F3iTt.
pH &3

2% 27102 25 seju] fo] A pHE AR 3 go
Z524227 mLE 7}sted 10,000 rpme] £ &8 18 7+ 447
(Nissei ACE homogenizer; Nihonseiki Kaisha LTD., Nisseli,
Japan)= #A3}sE 10% dEN-S ATt A7 dElS
pHAI(TOADKK pH meter HM-42X; TOADKK, Tokyo, Ja-
pan)& pHE 33| o]} SAstaL Htgto = Alikekgith
ME 2

44 zhom Axe 2enldl vz, he Azl du
S Adsto] A %A (Colormeter, JC 801; Color Techno-
system Co., Nagoya, Japan)= 439 th 442 L* (¥
), a* (FAx), b* (FHNE)E o2 YeF 2ITh Whiteness
(HAS)E L*3b%E olgalo] Atelgich mauT he
X=92.35, Y=83.92, Z=96.980| 21t} AE* (M7}):= o}z 2] 2]
= o]-&5fo] UEtf Sl

AE=+/ (AL +(Aay H(Ab)?

rt
0]

s &%

A 2702 AzH 3D ZUY FEjn|et A -2 A
(color), HAl(smell), B (fishy smell), Sk(taste), ©]7](ab-
normal taste), =& Z(texture), 73 T=(hardness), B2} 4d(spring-
iness) 9 F34 7|3 % (preference)2] 9714 =l panelo]
A% AFIste] Brkels HeB7HE AASITHF A ek
71882 93] 501 E, 1041386-202005-HR-30-02).
Bz 97 Az Aok 94 A= F 142 o ¢ v
A FS(extremely bad or slight), 98-2 1|3 A 729t
(extremely good or much)2. 2 FA|5to] s H71=S AA|5}
At ofuf panel: 7ol sl ol sl = ¢l w, F7h o]
SAE AR 107 (R4 e AlE-5ekt o 473, o] 6.
23-26A)0 2 AE5}ST.

BN

s EM
HE Ao ¥& 574 a9 5871 2= SAS pro-
gram (ver. 9.3, SAS Institute, Inc., NC, USA)Z o]-&-5}of A9
2| gho] Hat kS EAHLA S % Duncan’s multiple range
test ¥-2 0]-8-3]] P<0.05 =220 2 2185}t

o
Zn 9 D3

HE 050 ME =4 Hlw

+ Fig. 13} A, Aubd o= 7k s=efn] o] 5/ JE 4~
ul7} AxglE 42|u]Ro}t 7 x(hardness), 554 (cohesive-
ness), 34 (chewiness), =¥ (resilience), AT+ (shear
force)oll A +2]4] 0.2 93 E(P<0.05). o] 2fet Ak +
oz9] ezt 74 TGat B4 Aol 7|9let Ao 2 W
Seju)h Al Sefolnet gl gl o 7] uiol
tH(Choi et al., 2023). Ahn et al. (2019)2] A ATt A S
7 2704 A2H 71l o] A el e S2j0]3123-
769.4 g-em) 7} A3E]E 422]0)(280.2-456.5 g-cm) H.r} B
5] =tom, ol e eju|o] A 5ol ¥ +517]
o Zoletar HauEar glek dRbA oz e} Ane)Ee A
£ 37 o] 2 913 1] 2.419) & el Ao Afolet S0 e
A Qe eyt 2 Ao HA2 Uttt 30l HE ofF
Apolof| mhE E4E Hluste AlolH, AA| eju] 7Hs- 4o
A YA B844E 918l 40°C FZol| A o] 7FE S S=3gict
(Benjakul et al., 2003; Uemura et al., 2022). o]of] & &I5Lof| 4]
13D 2lY 34 ¥4E BAISt] A4 4848 k)
Al F 0% B UG setting 202 2831} whabA
2 Ao A 3D ZHEE AZ Fole Yi ofFL Apol7}
% AlEe] 2A% B4 2 ARG ulAE AL 1T 4 9]
k. o= WH| eju|7F Axre]s e n] Rk A ARS- Al
+9| eebelal g9l = Ae skt o Aedtt YR
& KA,

=
dugls #2019 taF 70 OE =4

A Ao A BE =2jm| 7t gt
o) seiujo] 28 TKsAS HEH o

5 elulol TRIR 35 (P, WA, FAR
A7rsto] 2212 £ AA| A2} vl skl o,
Fig, 29} 2}, Ze2jujof) 2122 7lelel 2245 542 )
= Athal B 1% 37 QIth(Yang and Park, 1998). TSt Lo}
3D ZRE§ g=2jn] Y29 A w=Qlrkar v %l vt qlok
(Naetal., 2023). 274 ¥l 87}%] & % &+ 4 (Springiness), 5-
Al (Cohesiveness), B A (resilience) S A| 2]3F = gH=of
A AA A7 ] AR R oA 0 R 8 g e
2ItH(P<0.05). £3] 7 &= (hardness), %3] A (chewiness) 50| A]
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Fig. 1. Comparison of texture profile analysis (TPA) and shearing force between Alaska pollock Gadus chalcogrammus and golden thread-

fin bream surimi gels compared to natural steamed shrimp. Each panel represents: A, Hardness; B, Adhesiveness; C, Springiness; D, Co-
hesiveness; E, Gumminess; F, Chewiness; G, Resilience; H, Shear force. Means in the same column (a-c) bearing different superscript in
sample are significantly different (P<0.05).
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Fig. 2. Texture profile analysis (TPA) and shearing force of golden threadfin bream surimi gels containing different gums/starch (0.5 wt%
guar gum, xanthan gum, and glutinous rice starch) compared to natural steamed shrimp. Each panel represents: A, Hardness; B, Adhesive-
ness; C, Springiness; D, Cohesiveness; E, Gumminess; F, Chewiness; G, Resilience; H, Shear force. Means in the same column (a-c) bearing
different superscript in sample are significantly different (P<0.05).

2ACLE 5], o A Df o} THf FEA R A ChE 7EE B Tc(Wangetal, 2018). T ol 1
HESA 720 ZRAQ o] mfio|th. faju] Ashs ghl PAHEL W75k 4:2]0] AR E {holi= 7w (hardness), 4
Ao AT AR o8 dolub, Aefo] 2% 2T (qumminess), 714 (chewiness) oll A #2141 to]7} tp
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Fig. 3. Texture profile analysis (TPA) and shearing force of Alaska pollock Gadus chalcogrammus surimi gels containing different starch/
flour concentration (4.0 wt% tapioca starch, strong flour, potato starch) and the optimized mixture (T-3/S-2, formulated with 3.0 wt%
Tapioca starch and 2.0 wt% Strong flour) compared to natural steamed shrimp. Each panel represents: A, Hardness; B, Adhesiveness; C,
Springiness; D, Cohesiveness; E, Gumminess; F, Chewiness; G, Resilience; H, Shear force. Means in the same column (a-d) bearing differ-

ent superscript in sample are significantly different (P<0.05).

B 3okt
o] Ak xe)

o= A7k R -} ot 1% 71 7
U A o] 2E Aefoll o] ey %
2 7]0j97] uhe 4= 9le}. 3D g sjo|AEo] fisty
£, 53] g2 3 (vield stress) Flo] Fol AR 3o o]
o A5 82 Bfoll A Ut FHE SAHE el Bl
o] 9lom(Lille et al., 2018), Folzo] % Al Eo] Hw R}
© moy gekmel PgAS ol G Foht A72
e BAE 3 QIck(Na et al., 2023). wheha] AxEE 0]
ofl 0.5 wi%e] RS H7bske AREo =i A4 4 094 e
7he B ol 27 98- Bhelatgint. ofof &

oA 712 BAo] okt AlelE elu] S R A uﬂxﬂ

31, 7% BAo] 944 el Selu| /o 2 X 28k v

ol
=

AR M2ete] Hlu

G 48, RIS A4S, A 25 fa
ol elvl SIoI2E ] g 28 Plslel 3D el
F ) 9422 Holg 4 9o =S 9 4 9rk(Chung

and Lee, 1996; Wang et al 2014). Eba] @7} AE-L 4=2|u] 72
A AT = Ao 2 A A 9 S ™(Huang et al., 2024),
RS el S4sto] 2ojn] A AES £ 4 Yt

T o+
(Kim and Lee, 1987; Seo et al., 2021). T3+ Hunt et al. (2009)

Of o] wEH ju] AlFel H7hE e ¥
4-12%=2 %3 ¢l o, A x| 4=2|u] 9-H(Cha et al., 2009)
M= A2 HA FE5 4.0 wt%= A% vf Slek. webA
& Aol e A0S v e R ke 5S40
wit% = Aot g 2ol o 3F (B &7t A8,
EE, AR )yE 4.0 wto H7IRE Al et o] S RO R
=3 27 2427} AR 3.0 wt% 42 2.0 wt%) Al
7o) 224 B4 AA) M99} v we A7H= Fig, 37} 2k,
B A}, g RS 4.0 wi% 71 AP oA %
Eﬂ—‘?'—(Strong flour)d7F Al=7F 5, AA4, AdolM 7H =
< 24 A 59 B3om(P<0.05) 53] A olM A
Hrh fejgom we oz teht A7l B4 tepic
(P<0.05). o= 7 1 chat el 2 dlo] S8 fxl2jo] 5
ofuf 425 9&& 7H2A7)E AP} 9L n](Chung and Lee,
1996) 52l o] 914 6 Thal At 22 chu o] M2 93]
A 733l LR E WS o A et e A Ao g Al EH)
(Zhang et al., 2015). T3} 732 Hof ZolH AR A= 7}
A A SRS F5ha Takstol Tl U] =9 Alo] o] ¥l F
g A on Bl Mo L2E A5o] FEE ol 43t
St (Wang et al., 2014). ¥HH el o7} A& H7E Al 2= 74
LS A, AA, AE o] GojF o g 71 ;Lg&r,}(fk() 05).
Geejo] | 78 TR TG T ol TEA HoiA
el el A2 Yol v 2 Aol 25k &
il ko] ozl Wefste] 25 O*ﬂﬂl ARt

e gyHon

FAA
] X

1 ﬂilo

F_‘EL
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Fig. 4. Appearance of 3D-printed shrimp analogues prepared with
the optimized formulation (3.0 wt% tapioca starch and 2.0 wt%
strong flour). A, Unheated state; B, Heated state.

(Huang et al., 2024). ZFAAES H7psk Algas F =, A4, 4
3, Aekelo] ] o7} B R} A e g e
Zhang etal. (2013)2] Aol wh2wl e 97} AR H7be
AR AAARE B o] £ A AR et v
WRCE AR o Aol Bls YA 2L 7FE Al B
ot glo] Zkeh o] Adet WA YAsol ] A A2
£ ¢ ddshA w7 djEo]th(Kim and Lee, 1987; Zhang et
al., 2013). o|2|3t 7} th 78] 4 Afo| & Higro 2 e i o
& 34 59 ] orF AR 223 A4St aE ares)
of of2] Bl &= ofH] A S aYsteit. 4 & dhdol S+
T A%, B, 1A, ddEo] o] A 27t ekl
O}, 1] 07} AR 9| FHeo] F7Hd S Ak, v, A, A
o] raxsto] 2] At a7t Urekstth ZF 2 of A
=g vieo 2 beli RS 2.0 W% Al3tato] Thest 7

2 ook eh] 97} A 3.0 it A7bBle] 229
A& Bebehes 2A 21S AAR 2 2 AR 24
A--ef Bl aet Axt A, A, A A oA A A L
2 523 Ato] 7t fIATHP>0.05). o]+= e 42| n] Aojut
Y o A7HEIA = WA S Ante F o
o] H5eAQl a7t Uebg 32 olnlgteh g2liol st
AEt 58 el o] =2ju| o] TYAf T} 3HA
A zE J A5t (Wang et al., 2014; Zhang et al., 2015) AF
Ho 2 HEe BAS el Bla] o) do] GIlHoR
Aolsti nekgtomy) el H7lPuo R TE% 4 gl
A0 22 AEHOT WAES ofulFtHChisenga
etal., 2019; Huang et al., 2024).

3D =2IE =

Fig. 4= 2|7 2702 AzH A$ wofo =z 3D =gt
7FE A(A), 7HE $(B)2] S BlaLgh ARglolt). 7k A

= ke

R e e R R o) 671

2 AgFA] 71T (Wang et al., 2018). k24 3D Zelglo g Y
SHA| Al p2ju] Yo B 7hshe A IS A A
Aol AA| A-S-2F AR vk Aeh 2202 2857] 919t 2
ARl Aot e AlZHA o2 Hojzt)

H7te 22l0] E4

3D ZRIE FA oA 29 Zejaletd S 2E Al
A& AAshs YA 40|t ofof & Aol A= 2F
Z () 271 A8 3.0 wit% + 7 5 2.0 wt%) 2o 2 A ZF H|
7el 5:2u] o] AE7} 3D el QARA ZHe ATHL B
7hom 7 A= Table 13} 2}, 2|2 271 slo] ~E 9] pH
©73302 S pen] A F=E At Satt 2
4 % Sk pHol v, pH 7.0-8.0014 Seju] Zlo] 7137 &
A= ZeZ a4 Qlck(Lee et al., 2017). uj2bA] £ AR
9] pH= ZHE F 7FE Al Aasial HAA Q1 YERA L2
£ A7)0l vi9- feldt 24 9S vl Seefn] =29
A FE 2 A9 el FA ol A1 Al Pk vt 422
u|9] Y= A 34 Fol 8¢ T o] Al AE
42 o2 4| "rkJin et al., 2007). T3+ 4=2]n] S5o] Yo}
A4 AN ), B0, AAHAE)P] 710wy
I=(whiteness) = fash= £44 0] Qlti(Ahn et al., 2019). & &
Toll Al At 22 27 Ho|AEE & R AL Bhe
Ao} FAEE Uehfo] DB S:ejuo] Ay 543} I
2|51 et ol= Y& Y27t WA of| 77k Sk At AW
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Table 1. Physicochemical properties of Alaska pollock Gadus chal-
cogrammus surimi paste prepared with the optimized formulation

Optimized sample

pH 7.33+0.07
L* 75.4040.09
a* -1.74+0.13
b* 3.42+0.16
Whiteness 65.15+0.40
AE 18.25+0.06

2413+129

Adhesiveness (N) -1,829.84+152.58
L*, Lightness; a*, Redness; b*, Yellowness. Optimized sample:

Firmness (g)

3.0 wt% tapioca starch and 2.0 wt% strong flour.
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2 Aol HH 2702 AxH B7tE S=eju] #o|AEQ)
A 314 (firmness)?} 7214 (adhesiveness) S =7 5}o] 3D =&
9 JAEA O A HHE A2 2,413 g, HAS
-1,829.84 N0 2 Lpebyie). H2HA 0] 2.9] B35 (-)= sample©]
probe || F2bE] o] Hol 2| 2] oF 0 &= A]3}& ofu|s}H,
Adigho]l 245 A5 FzHdo] At A& Sttt o]= ¢
A7} = Zo| N EESH & A FAL & S0 oS Ay
FHE FA3H= o] ml$- HoldZ SJu|ghct. Ad) -+t
A Aol =25 9 EY et FuUA glol 243] &
A E)= A o2 Wal9rh(Na et al., 2023). E3F A8 <79
A yEhd H2H4 H9j= 2,300 -3,000 N} -730- -870 N2
2 Uetgon B A uglglo] iy Al &= 3D 271E
TSN HAE S FRT 4= = A0 R B9 th(Seo et al.,
2021; Kim et al., 2024). weha] 2 Lo A 4w H2HAe
71& Ae] x|t v w et of Aest EZo| FE-5] Agletal
S AL FAE 4= s Mol &3t

ZY T VM FAS AR 2A 24 S22 0] AlFat AA

£ v gt A= Table 29} e, HE A 2] 329
A 5 A& 7ol -2 2 Q1 &Kol 7} YERGTHP<0.05). L* (Y )
%k} whiteness (WA e )= AA A-7F A 2 S2Eu] Rt
A e o B2 S veR e Sefa] 7] RE ARl A= =
2 L* ("4 5=)7k 3t whiteness (A =)= 52 3H F4 2| 3E 2 o]
AKX Ahn et al,, 2019). ¥HE, a* (A=)} b* (FA %) 2k
2 A 2 eju|7h AR Af-Eot 5914 0 2(P<0.05) W
A Ukttt o) eju] Aol 2 719 7l 7|7}k Fof o
MRBLAL =gt WAlof| 7k7ke M2 E A3 oulgict. A
A A= ok EFZE (astaxanthin) i} -2 24 A A4S w2k
Frato] -0 A w= Bh, FE cEfuls A 3 A4S Fol

M2 RS TP AR AL AAste] HE7] o]

o] 3t x}o]7} LJeElt Z o 2 AR E ch(Jin et al., 2007). Park
et al. (2003)3} Jin et al. (2007)2] ¢1-of| wh=w S=2]n] 2] b* (
A )= 25 W AEShE rlea 2] (myoglobin)olur & &
= 21l (hemoglobin)¥} Z-2 #l(heme) ) 4~0f FEFS o 4=
A 342 Fol A7} ) WA E7} Ak B
STk E3E FH7He Aol b* (B E)E SIAAIA dapal e
2 A7} 4 4= QAT Ahn et al. (2019)9] 15Rof wh=
W 2 GH v o] WA =L 70.80] Lo 2 Aol A
Az 7+ efm| o] WA E(78.42)7} o] Hrt o =] WERE,
o} ol 2 A-o] 223} uigtell H7He A2 at YrHR 4
o] Ho]AE o] MaE EE|H o g S4A7]= AXE 5
AA o7 WA gEito] 7]of3)7] dliE o wekEth 1y
L}, A $ARE A Zo] HEH 07 AH|RoA 857 93l
A A1 Q1 A (visual similarity) ESF H42 Q] @ 40|
th & A9 3D ZH Y Ejuls Be Ak ghmoA #5204
21 Aol 7} LrERo.m|(P<0.05), Al2H A Ao tha 5t
F7A7} Lk, b B A AN S92 B8 A7k Tl
of 2H|A} 7|5 EE FEAI7])7] YeliAs A MAE 0]8s
of o3t BAL RASHE F4 A7 R Aoz AmHh

A A AE2 2F A Q1 484 -8-& BT

7] 915 2 d A0 A 2H 7+ Srejn] A Ea A HS
& W87 AR 1 A= Table 33k L) 2

7}, 97)2] = 2 Ui(taste)S A )8t BE gEo]|A] 39
41 2fo]7} LiEbLEA] SkoIeHP>0.05). o] = ¥ A 72 3} /)
o A A9 AlEO] AA A2 ol AR Be A B
W 3 282 5848 S 7HA= A& vehich 59 At
= AA|Fh=E Tae A3 % = (hardness), T (elastic-
ity) 2] 31 22 FH(texture) Gl 4] FA1 2 2|7t glodtt. o]
= oA R 71A1 A B4 &7 AnkFig. 3)ollA] H A 2 A

Table 2. Comparison of color values between natural steamed shrimp and the heated 3D-printed shrimp analogue prepared with the opti-

mized formulation

L* a* b* Whiteness AE*
Shrimp 89.15+0.232 -1.14+0.132 2.80+0.332 80.75+1.152 10.22+0.28°
Optimized sample 84.90+0.16° -3.17+0.10° 2.16+0.09° 78.42+0.34° 14.41+0.162

L*, Lightness; a*, Redness; b*, Yellowness. Optimized sample: 3.0 wt% tapioca starch and 2.0 wt% strong flour. *® Means in the same col-
umn (a-b) bearing different superscript in sample are significantly different (P<0.05).

Table 3. Sensory evaluation scores of the heated 3D-printed shrimp analogue compared to natural steamed shrimp

Color Smell

Fishy smell  Taste

Abnormal  Texture  Hardness Elasticity Preference

Shrimp
Optimized sample

7.70£1.06* 8.10+0.88* 7.30+1.572 8.50+0.53* 8.30+0.82° 7.70+1.42* 7.40+1.26° 6.10+1.97 7.90+1.102
8.00+0.942 7.60+0.97¢ 7.50+1.18% 7.40+0.97° 7.70+1.57¢ 7.30+0.95° 6.50+1.58% 7.20+1.232 7.00+1.15°

Optimized sample: 3.0 wt% tapioca starch and 2.0 wt% strong flour. ** Means in the same column (a-b) bearing different superscript in

sample are significantly different (P<0.05).
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