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Effects of Naked Barley Starch on Properties of Fish Surimi Mixture for
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This study investigated the effects of various naked barley starch contents (0, 0.67, 1.34, 2.0, and 2.67 wt%) in surimi
mixtures for 3D printing. Adding starch to surimi altered its texture, potentially reducing production costs. Unheated
surimi became less firm with higher starch content. After heating, there was an increase in hardness, adhesiveness,
springiness, cohesiveness, gumminess, chewiness, and resilience, peaking at 1.34 wt% starch. Compared to the nega-
tive control, starch-added heated surimi had a tougher texture. The color values (L*, a*, and b*) decreased after
heating, with no significant change in shearing force with increasing starch content. Sensory evaluation indicated im-
proved smell, texture, hardness, elasticity, and preference over the negative control. Higher starch content increased
hardness for 3D printing suitability with no significant difference above 1.34 wt% starch indicating this is the most
appropriate content. Naked barley starch enhanced surimi strength without affecting smell and preference, suggesting
it as a potential surimi additive.
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A Sl AT, 2, v ekl e AAskgkE 52 Al A st W Azo] MR B AL Al FH|8 A3 aakE 42 4 Jlom], MY
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p-glucans F-fall &, W 7, &
T 59 g o] f-4=5kaL 4|99
=l axpAolct. Hejo] ik A
=AM} o] HI o] 71y A 2] §lo]
FEO R AuHh Ko 8 gEel
B} 7k Ao wold Ao R ofAX
9] o|3}e}A £/ Wl 3.3} B¢ gt of 2] A7t
(Song and Shin, 1991). Hel= A% & 7 o] &
AH 2o} 2 Bl w2 2] 2 U 7 vl-G- A 2] amylose@}t
amylopectin 9+ B]-&of whet Ad o] v /Ad 1} 2/d 0 & Lt
(Kwon, 2015; Baek et al., 2021). =2 2o}, Ok Aol A&
El= AR o) vls) AHel= ARl B4 A Fofstal
Tl B-glucan 5] §-8/9+-2 Wol eHal Al 782
2 §-2]5}ck(Jeong et al., 2013). Cheigh et al. (1975)°] wt=H
A7 Al 27 stoll A A E 2|0l Blsf AR 2] o] Al &
oF 10% =11, 3| gheFo] Wt E3t amylogram 57 574 4
o AR 27 E =2 A Hlom A al Al oA Ak
2Eoh QP o] a1, e o] Fom 22|o] TetsHA sh= A
= YErict

3D ZHY 7|2 A, A0t A w, Z2v, 534, a5 4
Al ah 22 F ot YR E ARGt 1FE A YA
& 507 thofg Alx Aol o]-8-5tal 9ltk(Shahrubu-
dinetal.,2019). 3D A]3% Z R O] 7, UvbA 0 & njA| \eZ
< B0l w52 eI E E= Hlo|AE Q] &S ol MPHrt
(Lille et al., 2018). 3D g Ao A] A]& Y5 =
IA BT 5 Aol e A= S E olokekal, f5d
A& Sl Foll 2Jgt 7k 85 AH = Wahsto] 4=
A1}, wheba] ZElgo] 7Hg3t AlE YR E A sk At
71 Aol gt S5 welshe Aol Aol 24, &
] W] A o] o] A E fRrEd S SR
AlA 3D ZHE A% H = 2 A3t (Seo etal., 2021), 4221
L oo sz3tEt) 53] A% 2415 3D ZHIE 7HEZA| = o]
|517] fleliAl= 249 Asrt Fasitt) ol= A&, AR, 7t
2p7)e, we 9 9hd 55 37isto] A elst W o= Al
9] A= A e 4= Qltk(Nachal et al., 2019).

wheba] & Ao A= AxelEs YE= sk, 3D =9
5§ Skl At 4 Uehd7] flal AE2] 2z Ha}
4 Asl7} 7RsgE A 2] 180, 0.67, 1.34, 2.0, 2.67 wt%)S
H7¥eFaL 1o W pH, MR}, 54 & S5k W5 Bt
£ At 18]al AaE Sal 3D ZRIE 7HE A 2 A]
A3k 270 2} sl
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mipterus virgatus) <~2| 1]+ 43} 30°C ©]3}2] W1 (Togliere
Tensione Prima; Larp S.R.L. Co., Genova, Italy)o] #A-5}]
ARSI AL, E=210- SAHS & Korean Seafood (Busan, Ko-
rea)ol| Al -4 5HlTt

A= ZH|

Y Auels EuE 4°CollA ¥4 sllsst 3, silent cut-
ter (ST11; ADE Co., Hamburg, Germany)o]l ¥ E4{3}-%tt.
E2aq5t 4=2]u] o] 2} = A~F(Hanju Salt Co., Ahnsan, Korea)
1.3 wt%, ABH(CJ Cheiljedang Co., Seoul, Korea) 1.5 wt%, QI
At E3HAIA(MSC Co. Ltd., Yangsan, Korea) 0.5 wt%, iso-
lated soy protein (MSC Co. Ltd) 3 wt%} Lo} (Shree Vijay-
laxmi International, Rajasthan, India) 0.67 wt% & %715}t

a7zbolel Y mes 2 ST & Y440 wtde) = A7l
of ThA] s3It o] % WIS YT FAR 57 axitoto]
AR 2] AE(Wooriga Corp., Yangju, Korea)S $=H(0, 0.67,
1.34, 2.0, 2.67 wt%)& 2z A|2o]] H7}a) oF 1587F 23519
oh £ & =2gZel et 545 1 $X17](DICK 15LB;
Dick Co., Metten, Germany)ol| &25}o] Z31&E2] 7|5 #|
A3lal 124 mesh®] A7 2 of1}stH A PVDC casing®f %
Z13}o] sealing machine (PACKNER HRPS2; MAX Co., To-
kyo, Japen)ol| 4] A&5}3]ct.

SR ] F A= 7S FRYsHA] oAl B7kE e
n] 2 AE Xsleh. 7+ 422w 9] % 3D cartridgee] 5
Z 33D Z#E(Biztech Korea Inc., Dagjeon, Korea)E ©]-%-
3| 7F2 X A2 X T 2 cm@] FEZ 3D 3 UE 3 & micro-
wave (MW-272LB; LG, Seoul, Korea)ol| 4] 400 W= 15 20
Z 7t 71gsiet. g2 & A7o] 1.55 mm, F1]+= 10
mLel AR E AL EEH] 1.2, THY <% 800 mm/seco
= T si3irh
pH &3

U7l 4:2]u]e] pHE 24517] 913 10% A5 5§24 7]
3tk H|7bA A2 3gi} 224 30 mLE 10,000 rpm]
22 15 7F -2 7](Nissei ACE homogenizer; Nihonseiki
Kaisha LTD., Nissei, Japan)S AR&3|| 2 3}slict 235t
¥ A]2Z pHA(TOADKK pH meter HM-42X; TOADKK,
Tokyo, Japan)= pHE 53] o] S48l Ht gk o &2 AlAilkst
et

Mz 5%

A a] A SR (0, 0.67, 1.34, 2.0, 2.67 wt%) B]71H, 7}
4 A|79 thi-S Aost & B A|(Colormeter, JC 801;
Color Technosystem Co., Nagoya, Japan)Z =435} th &4
22 " (lightness)E YWEFY+= L*, A = (redness)E LIE}

= a*, P (yellowness)E YEUY &= b*E ¢Ho2 YEY
i T g2 X=92.35, Y=83.92, Z=96.98°] %I T}. A=}



AEE AL A7k whE e{v] 9] 3D Z

(color difference)= AE*Z 0 & o} 9] A& o]-g-5ko] Llel
At

AE*=+/ (AL*y-HAa*+HAb*Y

=9 £8

A

Texture meter (TA-XT plus; Stable Micro Systems Ltd., Sur-
rey, UK)E AR&-Sto] BI7HE, 7HE 4=2]n] 9] 42 574513l
o} H|7FE pejn] 29k W] B, AE 6 cmf| HE 8
27191 A/BE (back extrusion probe)E |43l A|2E 60%%+
= &o} test speed 1.0 mmy/s, strain 40.0%, trigger force 5.0 g
O] 22104 53] o] T AE HIAEE Zdskar 7 = (firm-
ness)2} H2Hd (adhesiveness) 2] Fwt -2 Al4kekelct 71 4=
2| 9] A, S8 ES I 2 ARS8 P/45 (45 mm diameter
aluminum cylinder probe)E ©]-8-3}¢] test speed 1.0 mm/s,
strain 50.0%, trigger force 5.0 g&] 710 A] 53] o]AF Q= H)
AEE 288512 7 E(hardness), F 21 (adhesiveness), B2
AJ(springiness), -7/ (cohesiveness), 7/d(gumminess), %
314 (chewiness), =/ (resilience)?] 4= A5t

AT

I

g7t

B7F el =2lu] 259 M(color), WA (smell), B
(fishy smell), SH(taste), ©]7](abnormal taste), 2] 7} (texture),
7 %= (hardness), EFEl A (springiness) ¥ &34 7| & = (prefer-
ence)?| 9714] g-5of| tfsl| panele] 2|5 A Fsto] H7lel =
5 7hE ATl A s 7| A 2291913 <)
35, 1041386-202005-HR-30-02). B7}= 974 A& A5}
Aot 9 HE F 1382 ol Y ALY Y-3(extremely bad or
slight), 9782 }-3- =71} 733 (extremely good or much) 2.2
A3} T B7HE AAISISA o] o panel& B
of| i} olsl =] 3lem, F7P o] A H Al = 107 (F7
st A E gkt 61, o 41, 23-264) 0.2 Asier.

e
oIr

ZAXI0]A(Scanning electron microscopy) 2

W g AB H71EH0, 1.34, 2.67 wi%)o]| T2 22 o] 122
H7] 9]8j| 3D Y 5 microwaveo| 4] 7FEEE e & 4
AZ7)(EYELA FDV-2100; Rikakikai Co. Ltd., Tokyo, Japan)
of oJsff 4847 HE et FAUEIN AlRE 20 mMAFA R WE%
=(platinum coating)3t & FAPHAE T (VEGA 2 LSU;
TESCAN Ltd., Czech Republic)2.Z 5.00 kVolA] 100 X Hj
S5 TSkt
s &4

At 4 I3 Avte BA BS54
221 2ol 5 ATt =T O] 749 SAS program (ver.
.3; SAS Institute, Inc., NC, USA)& AR&311 3L, A% X2

e

] Ashy W7} 111

Zro] Wt ghs #4HEA 33 Duncan's multiple range test ¥
2 o 3] P<0.05 220 2 A1t

B2 A2 A % (additive manufacturing) W0 2 2}
FrEe FH ARE SR g HY T2 S B
sto] =g T 5 AA AA FRES AXshs 7]el
TH(Kim et al., 2017). 2= 2] HE-S $HFd(0, 0.67, 1.34, 2.0,
2.67 wt%) 2 71t v7kE A Ae]ss $2|u|E 3D 5=
g3t 71 A= Fig. 13} Fig. 20|tk AE2] 22 0 wt%ed
ol L] Zo]7} 2 em, 0.67, 1.34, 2.0 wt%ol| 4] 2.16 cmo| ™
2.67 wt%¥ ] 2.24 cm=z t) 2ol v|E| 12% Z7}8l H A=
AL ZRIIG. o] = B e] o] w2 = 2} B
S 7}2)7] wj&ol|(Jun et al.,, 2011), &K 2] AEo] LFtE =2
0] o] BFo & oFs A= A2 AL E T
pH &3

A ] A S0, 0.67, 1.34, 2.0, 2.67 wt%)ol whE v 7+
] 23h=o] pH 57 Aak= Table 19 2ot ] Hi
SheFo] Z71a4=2 pH7} 742519t Back et al. (2021)9] 2
Fpof| wp=r 2 g] Bako] pHi= 6,112, X a] J&8 g0
wt%®] pHSl 7.635 T} 1.52 W2 grolot. wheba] A= ¢l
off M7ho] Skl whet AR 2] i g 0 wt%ol| A 2] pH
7.630 4 2.67 wt%2] pH 7.43 0.2 pH7} 029 g9 og
(P<0.05) 7Hagtth= & o 4= 9ltt. Kim and Cheigh (1989)
o] Aol M= o FEo] AR AL HEQIARe] ol R
291 3H PAE EAA 2 EA gt AR e AR FA4A



(A) 0 wt% (B) 0.67 wt%

(C) 1.34 wt%

(D) 2.0 wt% (E) 2.67 wt%

Fig. 2. 3D printing structure of unheated surimi with (A) 0 wt%, (B) 0.67 wt%, (C) 1.34 wt%, (D) 2.0 wt%, and (E) 2.67 wt% of naked

barley starch.

Table 1. pH of unheated surimi with different contents of naked
barley starch

Treatment contents (wt%) pH

0 7.63+0.032
0.67 7.5940.01°
1.34 7.56+0.02°
2.0 7.4740.02¢
2.67 7.4310.01¢

Means in the same column (a-e) bearing different superscript in
sample are significantly different (P<0.05).

At A, QAL R o) =AY e

= =,
2 —7—*&5]019\)\5}- ]I]'E}}\‘] ML};_]a ;ﬁ_—‘:r'— ?‘5:1-301: ] 27].t§}_'_§_ X%
el gl o Edbal s ate] G F71ote] pH
7} 2hast A 02 v,

M =3

o] Fe o} sheFe J=a)u] Ao] My} 2R o & o
Zth(Park et al., 2003). ZH 2] A& ﬂE‘Z(O 0.67, 1.34, 2.0
2.67 wt%o)oll w2 H]714E, 7HE efn| E3kEe] M £ 4
FH= Table 2, Table 3] LFER{c B]7HE 4=2]w] 2] HI=(L)
B (), (D)ol A A e A A7 skl whe
S} 7 3ol UehbA] ¥slet. A3t ebzlof] Bl sl Alo] F= 2|2t
| 2ol S LAIGE 7kl ARA| S AE* HA| H7bekef up
7 e sl

uk 74 ejulol A Ao At §-0] 1 9I(P<0.05) %

Ok HEF A ShEeh. T ] A1 B 0 wited ol
69.500. 2 714 okl shaFo] 271k E Wl Sojx o7
(P<0.05) Z7}3) 2.67 wt%ol| 4| 72.32% 714 =4t} Jun et al.
(2011)94 AR HE |2 2L dlo] Mukd o g Alo] vttt 2
37} Age) Aol falell, o] w3t Al fauS o

S

o°|’

ll

Table 2. Color indexes of unheated surimi with different contents of naked barley starch

Treatment contents (wt%) L* b* AE*

0 76.62+0.84° -0.4340.12 16.86+0.69° 25.56+0.56°
0.67 78.44+1.082 -0.61+0.23° 15.98+1.11° 23.51+0.32°
1.34 74.46+0.2¢ -0.74+0.06° 14.72+0.05¢ 26.38+0.192
2.0 77.65+0.34° -0.98+0.07¢ 14.75%0.3° 23.53+0.37°
2.67 78.09£0.34¢2 -0.86£0.07¢ 15.03+0.3¢ 23.29+0.37¢

Means in the same column (a-¢) bearing different superscript in sample are significantly different (P<0.05).

Table 3. Color indexes of heated surimi with different contents of naked barley starch

Treatment contents (wt%) L* b* AE*

0 69.50+0.89¢ -1.38+1.142 13.4610.342 30.5410.732
0.67 70.97+0.40° -1.56+0.022 12.9610.15° 28.97+0.33°
1.34 71.71+0.35° -1.57+0.022 12.55+0.10° 28.13+0.32°
2.0 72.03+0.45%® -1.21+0.632 12.3940.26¢ 27.79+0.344
2.67 72.3240.45° -1.30£0.632 11.97+0.26° 27.37+0.34°

Means in the same column (a-e) bearing different superscript in sample are significantly different (P<0.05).



AR AR H7EEl whe aeelv] 9] 3D 2| {9k 7t 113

£ A Ho] gl AR AbRETE AT A= 0 wt%d
o 134602 7H &9k, HE ko] S-S ATt
9017 0 2(P<0.05) 7HA3] 2.67 wt%d o 11.972 713 &
ek A& W7t Fert S7FEGE A WA w5 A st
P T At AP AL} FUg Afoln, o= 7t
gF Aol & & FAao] o5t S ATAATT]
o|th(Park et al., 2003). FZ=WA-S g0 2 HA5to] 27}
2 2polg U AE*o| A= 212l 0 wt%ollA] 30.54%
7P okl AR e AE0 ghepo] SNl whet fojHe s
(P<0.05) 7rA3to] 2.67 wt%ol A 7H W2 gkl 27.375 1
EpSiTt WA = mEjn] o] FAE AA5H=s 84 F skl
(Kim at el., 2021), & g] ZEo] "7tz Qg Mapx|4=7} 7+
adfo] ko] 2| 2H4 ato| 7k Zlet. uheha] AR e
O] 27P7F gren] AlEL A4S FAI7 = Egol H A
o7 gt} 7)=s)},

24 &%

A ] A5 FHER0, 0.67, 1.34, 2.0, 2.67 wt%)ol| T 1] 7}
o, 714 S| 9] B4 =% AT}E Table 4, Table 50 LERY
ok H7FE e n] o] A9, 7 T (firmness)o| 4 ghdo] 57}
o uff §-2]% 0 2(P<0.05) 7F45t0] 2.67 wi%eol A 7HY W2
e gl = AT Yun et al. (1988)9] ¢15tof| wh=rd 42
He| dEo] i FE B F7FE oot R R, A H 2] HE
O] H7t= S=eju] Ae] Rujrt F7lste] Hrerh ghagt 2o R
AtRETE o] 3D ZAY EYHEol|A] B HE o] 5

Table 4. Texture profile of unheated surimi with different contents

of naked barley starch

Ig?]?éwtesn(twt% ) Firmness (g) Adhesiveness (N)
0 2,557.24+154.65° -2,668.15+189.02%
0.67 2,585.03£116.012  -2,947.61+256.31°
1.34 2,517.58427.05° -2,868.03+150.30°
2.0 2,380.06+39.11*  -2,796.80+214.06%°
2.67 2,135.11£101.55¢  -2,552.52+195.69°

Means in the same column (a-c) bearing different superscript in
sample are significantly different (P<0.05).

JYak5: ofslinle] 0|7} Zoj A M) Ao} F i), ut
H F-21d (adhesiveness)i= -2 2] ?1(P<0.05) 73 o] S = 4|
Q19LeF. 3D Zel] FRERlA 2 A Agkol] SlelAl AT &
4, A2, WhE Bl 9 A 4e 74 A FES AP0k
5 2ol A Zelhe 4 A7 A4 RYS §AL 4 9)
=, B Al A7t oFstar /o] e Ao] A gkstth(Seo et
al., 2021). whepA] AR 2] FH5o] 7171 3D ZHE S 299
gohe 2 sk ApR L,

7hd peu| o] 24 S Aol A AR ] HE H7IRO 2 A
7J == (hardness)2} BF2] A (springiness), -5-%1/d(cohesiveness),
A4 (gumminess), % 314 (chewiness), -4 (resilience) 7| &
7ksal F-214g (adhesiveness)o] 7HAastitt. Ak, ©EA4, &
A, A4, AR, BEAAME 1.34 wi%oll A 7H =& 4=
A% wolom 53] A, §314, B4 49 134 with o
& A Aol M= 724 R1(P<0.05) Ao & LERHA] 232
o}, oliz o] A7k 23 Agtelo] WA A 72 U
=L 73517 gFch= Yang and Park (1998)2] 911} --AKsH
oh B3 Aol = A et kg een] Ao A
= Z71A1717] wl&ol(Kim and Lee, 1987) & 4

H 3T
i 7l Sl St s & 4 AR

3D Y2 EFE FRE= J0] obd 7ME S 8 oL
o] A== Ao] Al edolrmZell, 2/ AEf 3
T Al FO R MI7Hs3 3D LU ES S ER AR Y] A
I 1.34 wt%oo] 71 97t = 0l2h ddgh.

E )

g A 8ol FHFH(0, 0.67, 1.34, 2.0, 2.67 wt%)= H7}
2 2u] 3D ZHY 2859 7MY & AEE e BUkst
o] Table 60l YEFRITE M, oF, oju|e} F314 7|3 e o
A 1.34 wt%o] 7P =A B7HE| ek AR, A, @249 7
9 AH B M gheko] SUhetH A BrbEE g ee] UEr
t}. You (1996)°] w2 AR 7ol uhat #5571
A FoA Q1 FEE rA= B A= SR, ©EA, HE)
o)t} o]} SAlelA A E B AE SHeF 1.34 wi%eol A 7H 7
53, erE o] ds 7t FakE vl Tk AbR H ) gt

Table 5. Texture profile of heated surimi with different contents of naked barley starch

Treatment Hardness Adhesiveness  Springiness Cohesiveness Gumminess Chewiness Resilience
contents (Wt%) (N/cm?) (N) (cm'?) (N/cm?) (J/lem*)

0 1,033.83+179.62° -236.95+38.66° 0.91+0.03° 0.84+0.06°  864.36+98.89° 788.74184.63° 0.42+0.04°
0.67 1,532.26+100.43° -31.3145.56®  0.94+0.02° 0.86+0.06° 1,309.83+73.34% 1,228.87+91.53** 0.50+0.05°
1.34 1,566.19+106.63* -52.90+21.66* 0.96+0.01* 0.86+0.07* 1,348.96169.07¢ 1,288.20+£69.05* 0.50+0.05°
2.0 1,424.91+157.66° -37.29+1.48%  0.93+0.02° 0.86+0.06° 1,222.57+125.31> 1,133.85+137.80° 0.49+0.05°
2.67 1,402.84+71.562 -39.57+#5.30°  0.95+0.01% 0.86+0.072 1,201.35+66.45° 1,140.86+74.13° 0.49+0.05%

Means in the same column (a-c) bearing different superscript in sample are significantly different (P<0.05).
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Fig. 3. Cross-sectional views of freeze-dried heated surimi with (A) 0 wt%, (B) 1.34 wt%, and (C) 2.67 wt% of naked barley starch at
magnification 100x.

Table 6. Sensory evaluation results of heated surimi with different contents of naked barley starch

I(r)?\?gr?tes n(tWt% ) Color Smell Fishy smell Taste Abnormal  Texture  Hardness  Elasticity Preference
0 6.22+1.307 5.00+1.66% 6.11+1.69% 6.11+1.76° 6.67+1.942 4.89+1.96° 4.56+1.51°® 5.78+1.86° 5.33+1.32°
0.67 578+1.397 5.89+1.36% 5.67+1.58% 6.00+1.50° 6.78+1.392 5.89+1.62% 7.22+1.48% 6.22+1.30° 5.78+1.39
1.34 6.44+1.597 6.11+1.45° 6.00+1.66° 6.89+1.05° 7.22+0.97% 6.44+1.59" 6.67+1.12* 6.11+1.17° 7.11+1.05°
2.0 6.1141.45° 5.78+1.48° 54411422 6.22+1.72° 6.56+1.67% 6.89+1.17% 7.11+0.93% 6.89+0.93% 6.22+1.09
2.67 5.3341.25% 6.44+1.172 6.56+1.172 6.2241.622 6.56+1.572 5.78+1.40" 6.67+0.94° 7.44+0.682 5.89+1.37%

Means in the same column (a-b) bearing different superscript in sample are significantly different (P<0.05).

A 3, BRI Aol A= 5212 %1(P<0.05) ZFolut gl wh skt o= B4 S 2Tl A 2.0 wi% o FEE9] ©
2 ZgFo] YepA] k7] wjof| &H ] o] gt L sto] 4, A4, Aol ol L 2(P<0.05) Hadiths 23S 5
B U A A] = A 4= Asieh wheba] 3D ZRE A% e
O RA9], T1E|al e Al FFFolA EAo] AFsHHA, 71 wheba] A 2] 5 1.34 wt%o] 2704 7 2 &]o] A
2 270 JA] ZEE A 1.34 wi% o] Are e] HE gheko] 7 A sto] A, gy, SR 5 B4 A7 Holu 3D ZHE 4
Sk 2SS o = sk YRR sttt 2S & 4 A9k
BN Ab A}

Fig. 3= 21 2] A5 A7} 3HK0, 1.34, 2.67 wt%)ol| T2 7}
o 2gjn2 2AAZ A7 & 2N A o2 Hae 2 o] =2 Rt Ao gk ta](2023 W)l &Jst

o}, gl A f u @ Alo] Zhdwl AetelA Bado ple o ATHIAE
Aoy Wiz 98 light chaino] sj2)¥ 0] B¢ Wh

o] ofLF11, heavy chain] X130l o3 v 0 Al weje] 2z References
2 W87} dolut 33HA A Q) WAFT S FASTH Yasui etal,

—_ . _ Baek CW, Lee AY and Lee JH. 2021. Quality evaluation of
1979). AH2] HES H7IsHA] ob2 seefulof Hlsl 1.34%

pan bread supplemented with immature chalssalbori pow-

7k Al 22 o] AR-BIA| AL F7bo] Zopx|= e EEHT der. ] Korean Soc Food Sci Nutr 50, 1108-1116. https://doi.

o= 1.34 wt%oll A 7P A, e, S04, A4, A, org/10.3746/jkfn.2021.50.10.1108.

HoAo] =9t BA] 24 AutE sibg|Fn, A8 = of Cheigh HS, Harry E, Snyder and Kwon TW. 1975. Rheologi-

g 2HEl o] oJ3Fo 2 ¢ mke o] T4ar| 3 ARz} AR cal .anq milling characteristic?s of naked and covered barley
L o720} 9AFSITH(Yang and Park, 1998). BHH 2.67% A variesties. Korean J Food Sci Technol 7, 85-90.

Jeong YS, Kim JW, Lee ES, Han YY, Gil NY, Lee MJ, Lee GH

7} Al ZZlo 2] ;("!.T'_Z_}Eo 331 "ko X_‘L:__ﬁﬁ}:_g_:éj-o] ‘ ] )
FAl 2ol AR AL F1bgel Aot webrl= 4 and Hong ST. 2013. Studies on physico-chemical charac-

o= T w



#re] A8 H7legel w2 Jeln| o) 3D 22l Aaky Bt 115

terization of starch extracted from domestic barley culti-
vars. Food Eng Prog 17, 203-211. https://doi.org/10.13050/
foodengprog.2013.17.3.203.

Jun HI, Cha MN, Song GS, Yoo CS, Kim YT and Kim YS. 2011.
Physicochemical properties and cooking quality of naked
waxy barley (Saechalssal bori). Korean J Food Preserv 18,
165-170. https://doi.org/10.11002/kjfp.2011.18.2.165.

Kim CT, Maeng JS, Shin WS, Shim IC, Oh SIL, Jo YH, Kim
JH and Kim CJ. 2017. Food 3D-printing technology and its
application in the food industry. Food Eng Prog 21, 12-21.
https://doi.org/10.13050/foodengprog.2017.21.1.12.

Kim HG and Cheigh HS. 1989. Lipid class and fatty acid com-
position of starch-lipid in naked barley. Korean J Food Sci
Technol 21, 515-520.

Kim HH, Choi YH, Park YL, Park JC, Han HS, Kang Y, Kim
SH, Seo HS, Kang WS, Kim SR, Ryu SH, Lee JE, Xu X,
Lee GH, Jeong SM and Ahn DH. 2021. Change of physi-
cal property of alaska pollack Gadus chalcogrammus surimi
with addition of polysaccharide alginic acid for applying to
3D printing. Korean J Fish Aquat Sci 54, 145-151. https://
doi.org/10.5657/KFAS.2021.0145.

Kim JM and Lee CM. 1987. Effect of starch of textural prop-
erties of surimi gel. J Food Sci 52, 722-725. https://doi.
org/10.1111/.1365-2621.1987.tb06711 x.

Kwon OH. 2015. Optimization of coffee replacement beverage
prepared with roasted small black bean, barley and brown
rice using RSM. M.S. Thesis, Kyonggi University, Suwon,
Korea.

Lille M, Nurmela A, Nordlund E, Metsid-Kortelainen S and
Sozer N. 2018. Applicability of protein and fiber-rich food
materials in extrusion-based 3D printing. J Food Eng 220,
20-27. https://doi.org/10.1016/j.jfoodeng.2017.04.034.

Nachal N, Moses JA, Karthik P and Anandharamakrishnan C.
2019. Applications of 3D printing in food processing. Food
Eng Rev 11, 123-141. https://doi.org/10.1007/s12393-019-
09199-8.

Park JD, Kim JS, Cho YJ, Choi JD and Choi YJ. 2003. Opti-
mum formulation of starch and non-muscle protein for
alkali surimi gel from frozen white croaker. J Korean Soc
Food Sci Nutr 32, 1026-1031. https://doi.org/10.3746/
jkfn.2003.32.7.1032.

Park JW and Morrissey MT. 2000. Manufacturing of surimi
from light muscle fish. In: Surimi and Surimi Seafood. Park
JW, ed. Marcel Dekker Inc., New York, NY, U.S.A., 23-58.

Seo HS, Park YL, Park JC, Han HS, Kang YS, Choi YH, Kim
SH, Kim HH, Jeong SM, Kang WS, Kim SR, Ryu SH, Lee
JE, Xu X, Lee GH and Ahn DH. 2021. Effect of potato starch
on suitability for 3D printing in golden threadfin bream (Ne-
mipterus virgatus) surimi mixture preparation. Appl Biol
Chem 64, 413-419. https://doi.org/10.3839/jabc.2021.056.

Shahrubudin N, Lee TC and Ramlan R. 2019. An overview
on 3D printing technology: Technological, materials, and

applications. Procedia Manuf 35, 1286-1296. https://doi.
org/10.1016/j.promfg.2019.06.089.

Song E and Shin MS. 1991. Physicochemical properties of na-
ked barley starches. J Korean Agric Chem Soc 34, 94-101.

Yang H and Park JW. 1998. Effects of starch properties and ther-
mal processing conditions on surimi-starch gels. Food Sci
Technol 31,344-353. https://doi.org/10.1006/1stl.1997.0366.

Yasui T, Ishioroshi M, Nakano H and Samejima K. 1979.
Changes in shear modulus, ultrastructure and spin-spin
relaxation times of water associated with heat-induced ge-
lation of myosin. J Food Sci 44, 1201-1204. https://doi.
org/10.1111/j.1365-2621.1979.tb03481 x.

You BJ. 1996. Effects of subsidiary ingredients on the texture of
steamed salmon kamaboko. J East Coast Res 6, 1-16.

Yun YJ, Kim K, Kim SK, Kim DY and Park YK. 1988. Hydra-
tion rates and changes of hardness during soaking of pol-
ished naked barleys. J Korean Agric Chem Soc 31, 21-25.





