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Change of Physical Property of Alaska Pollack Gadus chalcogrammus
Surimi with Addition of Polysaccharide Alginic Acid for Applying to 3D
Printing

Han-Ho Kim, Ye-Hui Choi, Ye-Lin Park, Jeong-Cheol Park, Hyeon-Su Han, Yoo-Seok Kang, Soo-Hy-
eong Kim, Hun-Seo Seo, Woo-Sin Kang, Su-Ryong Kim, Si-Hyeong Ryu, Ji-Eun Lee, Xiaotong Xu,
Ga-Hye Lee', So-Mi Jeong' and Dong-Hyun Ahn*

Department of Food Science and Technology, Pukyong National University, Busan 48513, Korea
"nstitute of Fisheries Sciences, Pukyong National University, Busan 46041, Korea

When manufacturing Alaska pollack Gadus chalcogrammus surimi for 3D printing, it examined the characteristics of
physical properties and sensuality by adding polysaccharides alginic acid [0, 1, 2, 3% (w/w)]. As a result of the color
value of surimi by adding alginic acid, it showed that the lightness of heated surimi containing 2% (w/w) alginic acid
was the highest and AE value was the lowest. In the changes in physical properties, the heated surimi of 3% (w/w)
alginic acid content showed the lowest values of hardness, springiness, cohesiveness, gumminess, chewiness and re-
silience, but the highest adhesiveness. In the case of fried surimi, its hardness, cohesiveness, gumminess, chewiness
and resilience were the lowest at the content of 3% (w/w) alginic acid. After 7 days of cold storage, the hardness,
gumminess, and chewiness of heated surimi with an alginic acid content of 2% (w/w) were significantly higher, and
fried surimi was also the same. In the results of the sensory evaluation, there were significant differences according to
the alginic acid content in hardness and fishy smell, and as the alginic acid content increased, it felt more fishy smell,
resulting in poor preference.
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£ o83t 42| u] A= (Park et al., 2003) 5-°] a1 v} Qlct,

IFIARE: lofo]u} ThAl kel 28 A2 R0] A3 % 30-40%
= AR5k iR d£ 02 poly-D-mannuronate®}
poly-o-L-guluronate®] heteropoly-saccharide® 4% -2
ZIEEAVE 7 A iA; S48 oloh w3k At v
7R 2 F71E T 2|2 S o= Ao R A A Q)
CH(Haug et al., 1974; Nishide et al., 1988).

hrFolA dS FEES g or A YERSITH
(Myklestad, 1968), 1883 thAutol A 714 LEF©] ¥
ol shAEo] I -84 ZHA]of gt g A4S Rl
th A HEFS] 78 g3 F42 A= 2o, o]
= A A8 ArA et A8 7 o] tH(Zhu et al., 2020).
YU UEFES T2 ofo| 27 9] HPAI=A AREE M, 11
o] mpau|=, A, A, =814 ol 83k A=, 3t 1
B So) Bxog AT Qlck(Byrom, 1991). dje] o]
o} Aol W= UZIARS 3 op b eA| A A K(Jeong et al.,
2006), F ] %4 g4J(Bagni etal., 2005), 3Ak3} 4 2 5}
% A ¥K(Sarithakumari et al., 2013)7} Ithal B 1|31 QIc} E
3} Zulj(Dekamin et al., 2018), A7H(Castell et al., 1992), L7}
(Tedeschi et al., 2018), A% AF(Zhu et al., 2020) 5 T}Fst
Eofoll A 7l Abe] Tt g 913k 3-8 il E et

3D ZHY 7 a4, Alehe, 534, 20, A4 Qs 2
AntE A 7of 2he FR Qe AR E o] 8sto] LEFE Sl
= AAFsE7| 915k oheket Az Abd ol Al ARE-E AL Qlth(Shah-
rubudin et al., 2019). 4] 3D Zggof ¢lo] Q3 4=
3D Zelgo] 75 eAlEl o] AlE AR A3t U S dhet
Eo|oh E4f, o] T gl A AE S oln] AeE d=
7} 3D melgol 85}, ALHAS FUALT. AE A
3D =ele Tolq S5 4o] g

Ag0) el A1 Ak, 7hoix b, B Mg e
2% s o Psstch AL T, A
8k2 5 ole] 4RO ol2olA 9
3D ZdY B4 AlF9] fefdol, 7kt 9 §57F
A&l A Ftf(Slade and Levine, 1994; Bhandari and
Howes, 1999; Bhandari and Roos, 2003; Haque and Roos,
2006; Roos, 2010).

E3] 4% &A1& 3D ZHY 7HEA|R o]&317] A=
a9 APt Fajt a4 5 sl A&, zhek A, Lot
4, okeplot A, RAAE vl A, 7hepr|d, 9d 9 3 55
7ol AA g WA oz o]& sAE 4 3drk(Nachal et al.,
2019). &5 Al&E2] 7%, transglutaminase 2} wj o)A Z]9o] 2
Wz 317] Feleh el gl bz g ot oot
(Lipton et al., 2010). 3} o]F =&]u] A7 AFJUEES
A7¥stol A B/ ol vl A]= gaFe] A%l v Jri(Wang et al.,
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uhepa] & oI tof| A= 3D 2L Q)3 g Elj(Alaska pollack
Gadus chalcogrammus) <=2 1] A2 A, |09 24 24
5171 Slstol TR RO, 1, 2, 3% (wiw)le ek,
ojof mhE =4 7| 24 59 EHS ARSI =3 L34t
H7tell of3t i s=2ju| 2] 3D Y 7FE A=A 2] 0|87}
A2 7hetstct,

Iz H A

Az M=

2 Aol A AR ¥ 42]vl= KA "gE(Alaska pol-
lack G. chalcogrammus) 52|72 KOREAN SEAFOODA}
(Busan, Korea)ollA] +J3}3ict. -30°C ofslol|A W& Wit
< He| =ejulE oF 4°CollA] WA sl sAIl & 7FE X A2
X FAE 242y 5 em FE=Z A7 &gkt Silent cutter (ST11,
ADE Co., Hamburg, Germany)o| 42-2 do] 10&7F ¥z+
A& E719F A5 AASHL, FEE A2 422]u]E silent
cuttero]] 29T}, Silent cutterS Z-5-A|7|WHA] 2}7FS- Eo|ut
Zrolsg d3[40% (w/iw)] Y3l AF-(Hanjusalt Co. Ltd.,
Ahnsan, Korea) 1.2% (w/w), -A8(CJ Cheiljedang Co. Ltd.,
Seoul, Korea) 1.5% (w/w), ¢14td Z3HA|A|(MSC Co., Ltd.,
Kyeongnam, Korea) 0.5% (w/w)E =AM 2 €1 7} 5
H A7, 1, 2, 3% (wiwye ZF Almell F7Fste] oF 15871
E3tslgit}. &3 & %217|(DICK 15LB, DICK, Germany)©]
71327} E07HA] @A 4=8]u]E Y il PVDC (polyvinylidene-
chloride) casing®l| &%l 3}t 4 3 dF HA=X7]|(WFFO-
600SD, RIKAKIKAI Co., Tokyo, Japan)ol4 40°C =72
2 4057} o8] 715l T, A4=EZ(DDW-WBT110 Co.,
Dongwon Scientific System, Seoul, Korea)ol| 4 80°C ZA L.
2 5087 71 skt o] % 5°Cof|A] 305 7F W ZHA A, o] 5 7}
A efn] AR 2 ARSI, s Al RS 2F 180°C 7|50l 5
1 FA, F4 g2v] Al 22 Al z5k30h B3 PVDC casing
of gk Y714k ShF E e =ejulE 4°C Wkarel| 747k
Hyket 2, 7Hd 9 513 e AA en] o] 3 Bkl uf
E &4 97154 55 B7Iskelth

AV BHEE (0, 1, 2, 3% (wiw)] 71 efm| o T
g} Aok o] W= (Lightness, L*), 2] M = (redness, a*), 3=
(yellowness, b*) @ MZK(AE, color difference)s 337
(Color Meter, JC 801, Technosystem Co., Yokohama, Japan)
2 24519Ic}. 2] ZH X=92.35, Y=83.92, Z=96.98¢]
et

AB=+AL> + Ad> + AD
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=4 A2 texture meter (T1-AT2, SMS Co., Tokyo, Japan)
£ o]galo] AR 9| AA(firmness), 7 = (hardness), F-2Hd
(adhesiveness), €2 Ad(springiness), -5 4d (cohesiveness), 7
/J(gumminess), 3 4J(chewiness) ¥ &4 (resilience)S &
okt GAE S 7 Eimet FA enlE AE
3.5 cm, Z20] 1.5 cm=z A2 & p/45 (45 mm diameter alum-
minum cylinder probe)E ©]-8-5}4] test speed (1 mm/s), strain
(50.0%), trigger force (5.0 g) & o4 53] o]} 574 3+ &
Batgks Fskadch
7t

rt
or
(0]

WsE7b= 2 SdE 799 panel (RS R AE38
41, of 31, 21-25A)E AAste] Bt it geein] A
2] M(color), WA (smell), H]HW(fishy smell), DH(taste), ©]
t](abnormal taste), =& (texture), 7= (hardness), B4
(springiness) ¥ F3%H4] 7|3 = (preference) 5 9714 =52 7
A A== A 78 A 5 182 o AL W
(extremely bad or slight), 782 wl-%- AW 7F3H(extremely
good or much) 2.2 F A5} 310] T H7HE AASHAT

SAEA

[ |

ol

Aol A Lojzl Aol gt FA 241> SAS program (ver.
9.3, SAS Institute, Inc., Cary, NC, USA)< o]-&slo] Ad A
2] ¥ 3re] HatghS EAREA 3 5 Duncan's multiple range
test .22 P<0.05 <ol A 5 7He] [1-9]21¢1 2feol 5 A

Znt W D
A BB 5 JleEh Bl 42/0/0] YT EiE] TE
M s}

A7IAH0-3% (W/w), 1% (wiw) 7HA] gHagol| whe e =2

1] 8] AdS Bk flall A% 092k 71 S=eju|ek 7Y
HAC Y7 Bk 3 7HAg ejn| o Alw

(Table 1). A7 04 2}e] Z-9-, A7t Fhego] Z71eE B
£ 37k A B, A4 8RF 2% (wiw) Y wf 81.45
2 7P =& 3 etk A s dXIAE 3 1% (wiw)
ol 74 0.16 08 F-OJ5HA 7H =2 k2 H3AL, 2% (w/w)
ol Al 0.0602 A7IAF FA71A(-0.08)2 -2J7t 2ho]
7k ilem, 3% (w/w) T o -0.80°.2 f-ofabA 7HE w
2 7S UERL o] Chae et al. (2014)2] 2 S| 7}at
I\t 7F Al A ETE At Aol KAk o] gt A=
oA 0] 714 7] S71gtel whE Ao & o AXIch &
A= AR FHFo] S7FeE f-9lsHA S7FekalaL, 47l
A 3HF 3% (ww)ollA] 8.010.8 71 =2 7S YeRfglct
+ Lim and Hwang (1999)2] 91| A] alginate $F&F2] WS}
of wh2 A M= 9l S o] 1 3leL GARE A gES LERA AL §)
T} AE 3He S48 7120 4] 26,172 71 =2 e U 9l
U4k o] F7Fge] whet sk sk Ak B
o, 2% (wiw) T 1] 18978 714 e 718 LERT)
SA-RAT e F=2ju| 452 Mr 5 ZA5h A+ Aate] ofst
H(Anh et al., 2019) =98] ¢ 50| RoPd4E Fadte
78S, Aot A E Ul AE gk o FUbeke A3
Hol G0l Wold45 SAlo] o =9 x| M =7} Xl zlttaL
SEAITE 2 AtolA= KA 559 He] g=2]ulol d7lAke 3
7Fho 2 W= SVl AE #h2 Ak Aee ol o
4to] 3D el 7LE X 24 O] S2efn] F4 g 91gh 7t
A2 Ag}strtar AR}

A% 7Y 3, 7HE g=2]v| 9] Wi A% 0 Aol np7 R =
AL B 2% (wiw)oll Al 8415 ool 7P =2 3k
Hoa, AAwet A= A4 FEF 3% (wiw)ollA] 2t
0.163} 7.052 §-0l5HA] 7H -2 k& VFERITE AE g2 A
% 0ot w7 FA] 2 R 7RO A 2441 2 7MY =2 3k
Bl A71AF ke 2% (wiw)oll Al 157382 71 whe gk
Bt ofof upeh 2 Aol A LA Tl whE e, 3
A 9 AE Zoll A WA A 3, vjsdt Ak Bole Zlo R

Table 1. Changes in color value of heated surimi containing different concentration of alginic acid during cold storage for 7 days

Alginic acid [% (w/w)] L* a* b* AE
0 72.25+0.45¢ -0.08+0.11° 1.80+0.68¢ 26.17+0.442
0 days 1.0 78.7910.61° 0.1640.212 6.68+0.38° 21.35+0.69°
2.0 81.45+0.33° -0.06+0.42° 7.07£0.17° 18.97+0.27¢
3.0 80.47+0.40° -0.80+0.27¢ 8.01+0.232 20.30+0.37°
0 73.34+1.28¢ -0.61£0.21¢ 1.9610.15° 24.41+1.26°
7 days 1.0 80.390.19° -0.41+0.20° 6.14+0.13° 18.69+0.18°
20 84.15+0.85° 0.16+0.20° 7.05+0.242 15.73+0.81¢
3.0 82.48+0.64° 0.7540.312 7.14£0.322 17.16+0.69°

L*, lightness; a*, redness; b*, yellowness; AE, color difference. Different superscript in same column means significantly different (P<0.05)
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14to] A7}l =ajn| o] 79 -886.992 BHlE|QlTt. o)==
ol Frob B 7S MUK A kol Sk
A 701—5 E]—EJH IQ‘c‘]k] o) xlﬂ ol 7;H;<1/Ho] 7?_/,\_01.% o]
Ao} f-AFsFAtH Chae et al., 2014).
3D ZH" 7tEYA =X H88 4= Q= AE

A 9 JA Al e 270] Fasit 7k
2 E A BFEO| AL GrkaA P E o
ol ']}‘]‘EE] Lofof gtk F79] A9 714
Ztof 9J3f| gLk kAol glof 3D ZHH 9

N

g

i ne
re

rﬁm

%
5 2
o
N

O o

ox
1o @ rr B~

, Az 9
]

2
R
w

hva
™
g

[P

o
N
)

2

=2

%Iﬂ:.:ﬂ) [e}

CRA - ol

274 0] 222 bedet WA
AR a7 BAbE o] A3-2 stch ek, of
ehajobd 9 7kt 7Hebr g %4 Gum%% SAA WEEEH
3D ZRAF O ARG Al 22 9) PR S ol S At
£ A 23t @t M o8 meksty] el AR-E
THKim et al., 2020). = G A= d7lAte] H7tol o)
B 2ejn| o] A& FAsHA] FshH, 7k STt whet 52|
o] A AstE A E/o] AT A o= o AXIT
T B A 5 7FERE e u] o] ARIAE bl whE =
7 HBHE BelRt 2 2% (wiw) SR e efm] o] B
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Table 2. Texture values of heated surimi containing different concentration of alginic acid during cold storage for 7 days

Alginic acid [% (w/w)] Hardness Adhesiveness Springiness Cohesiveness Gumminess Chewiness  Resilience
0 2163.6+38.1° -32.0£23.12 1.320.32 0.9+0.0°  1880.7£71.32  2470.0+¢573.22  0.5+0.0°

0 days 1.0 2014.2+207.2®> -282.1+183.4> 1.1£0.3% 0.8+0.0°  1604.2£4131.0° 1741.2+422.2> 0.4+0.0°
2.0 1897.4+130.7° -651.6+120.2°  0.9£0.0° 0.8+0.0>  1554.24107.2° 1468.0+104.0> 0.4+0.0°
3.0 1481.4+155.4° -887.0+26.8°  0.9£0.0° 0.8+0.0°  1210.6499.9° 1131.3+124.4°  0.3+0.0°
0 1717.1£154.4>  -39.5+16.5° 1.040.02 0.9+0.0°  1587.94207.3° 1560.0+219.5®® 0.6+0.0°

7 days 1.0 1592.6+74.7° -164.2+¢27.0>  1.0+0.0° 0.9+0.12  1444.0481.1°  1407.9+85.4° 0.5+0.1°
2.0 2264.4+274.7°  -564.6164.8°  1.0£0.0° 0.9+0.12  1920.24326.9° 1835.1+366.1°  0.4+0.0°
3.0 1612.8+42.4° -679.0£33.2¢  1.0+0.02 0.9+0.12  1480.2+126.1®° 1425.5£129.1°  0.4+0.0°

Different superscript in same column means significantly different (P<0.05).

Table 3. Texture values of fried surimi containing different concentration of alginic acid during cold storage for 7 days

Alginic acid [%(w/w)] Hardness Springiness  Cohesiveness Gumminess Chewiness Resilience
0 1066.2+54.72 0.9+0.0° 0.9+0.0° 912.74£38.72 836.2+44.22 0.5+0.0°

0 days 1.0 814.1£135.7° 0.9+0.0° 0.8+0.0% 637.4£99.2° 557.2493.9° 0.4+0.0°
2.0 523.9£123.8° 0.9+0.0° 0.8+0.12° 397.6£137.0° 349.6+125.4¢ 0.4+0.0°
3.0 321.3+23.6¢ 0.8+0.22 0.7+0.1° 222.3+29.8¢ 183.5+28.3¢ 0.3£0.0°
0 842.4192.3¢ 1.0£0.0° 0.8+0.22 668.7+217.5° 653.1+221.7° 0.6+0.0°

7 days 1.0 1305.2+208.6° 0.9+0.1° 0.8+0.2° 1004.7£349.6®°  903.5+343.5° 0.40.1°
2.0 1734.7+306.12 1.4£0.7° 0.7+0.1° 1321.2+¢429.8°  1964.8+1310.2° 0.3+0.1°
3.0 710.5£112.5° 0.8+0.4° 0.9+0.1° 585.7+50.2° 555.8166.6° 0.5+0.1°

Different superscript in same column means significantly different (P<0.05).
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preference
N

Springiness -,A.,-;_"".

Hardnhess

Texture :

-+ - Negative control =®=1.0% (w/w) addition

" Taste

Abnormal taste

2.0% (w/w) addition == 3.0% (w/w) addition

Fig. 1. Sensory evaluation of heated Alaska pollack Gadus chalcogrammus surimi. Values with different superscript within products are

significantly different at P<0.05.

HE Bt = F72] HE) 2|09 L7IM st E
=4 Hst
F71AL Fhekol] WE[0-3% (wW/w), 1% (w/iw) 712] HEj 52

o] o] AR 42 B Ael A 042k FA 4=2]v] €} casing
SR 4CollA 7AW Bk 5§31 en)e] 4
HSHE 15 K(Table 3). A7 044F F31 =2 o] 79,
7HE el el vz RA = AR kgl uhet Ak, S5,
A, A 9 Bl frelshAl s o] &7Ak 3 3%
(wiw)oll Al Z+2}+321.3,0.7,222.3, 183.5,0.3 0. & Sl €| gich.
TR AR T H v A, A=, A R I
o] T8kl YRR = 2% (wiw) srejn| ] Bt 17347,
AAL 13212, WAL 1964.82 7H4 =] Lehyith 12
U AR B 3% (wiw) =2]u] 2] 7%, = 710.5, 1432
585.7, 191432 55582 7P W gho = ElE Qe o] = A
A A5l 20% 7HP7IdE 71skke o A /g o]
S7F81aL, 30% o4 7F Al [ AR d ol asshe A
2 W13t Chae et al. (2014)2] A7} -F-A8Ic) whabq 471
Aol A7ks AAntA o= W Ejn|e] E4E FaAA e
HIL 72 24 7P ke AL SRIE
LIk Hotol e Fe ~2|0[2] HsEIt
A7IAF BeFo] WHE[0-3% (Wiw), 1% (wiw) 7H4] 7HE e
Seju] 9] 57} A= Fig. 13 2ok G714k ghago] 27}
S 2 A e A 2 ti2tol| vlste] o8t s
At 1-3% (wiw) Brgoll wh fo12 <l Apol= A3lch 4

7L, G951 ZAaslo] 3% (wiw) ol A 7 e ke
B}, o= 7kt o] AH7tel os) A% Al A, 4, W E
A, ahehe s, ohge 9 st 2] 7 ZhAgho 2 A Bl AK
7} Fs}E] o] 7 Z7to] ¢15} Frkal 313k Choi and Oh (2009)
O] Aupe} FAlstITh A, WA, B, o]u] o] -9, U714 Gl

2 594 Hsh= glodet aHATE 2, 3% (wiw) el Al vl=l
W7t F-oJstA F7tste] 715 e 7h S 4] o2 Eelskeict o
gha] peju]ofl H7ehe G ] S7he 22 AR 2
A2 rAA]7] AL, gkt Bl yle] glefA] 2] AlE2] 7]
S ol HAARI S 7|7k AR E )

Al AL

O] T 2020 s FAakt Al o= stk s Al
T A Y ot H A AUTHIAIY: v]elitAE
AAIH).
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