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Changes in Properties of Polysaccharide Iota Carrageenan-added Surimi
Mixture During Cold Storage
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Iota carrageenan-containing surimi was refrigerated for 7 days to investigate the change in its properties. Physical
properties, color differences, and sensory evaluation were tested for analysis after addition of 0-3 Wt% iota car-
rageenan. In unheated surimi, the 2% carrageenan- containing surimi had higher chromaticity and color difference
compared to the surimi without added carrageenan. However, the surimi with 3% iota carrageenan showed enhanced
yellowness, resulting in a modified color difference. Surimi containing iota carrageenan showed the same trend in
color difference in heated surimi after storage for 7 days, particularly when carrageenan content was 2% or greater.
The hardness, gumminess, and chewiness of the heated lota carrageenan-containing surimi also increased after 7 days
of storage. Compared to surimi without added carrageenan, the heated Iota carrageenan-containing surimi had higher
hardness, gumminess, chewiness, and lower adhesiveness after storage. The overall preference for surimi decreased,
while the hardness increased, when carrageenan was added. Therefore, the addition of the iota carrageenan to stored
surimi can significantly enhance its hardness.
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algae)?l ZFWH:(Chondrus)y} A %<(Gigartina)e] A|2£7F
of gHo FAFIN 323 U AAse] PolAe 1A}
Al ch-Folth(Lee et al., 1993). 7Feb7| o] 7]E 4 Q]
2L (1—3)-linked B-D-gaclactorpyranose (unit G) and (1
—4)-linked o-D-galactopyranose (unit D)2] 25 712t} o]
3t 7127 H9] FF9l+= kappa-, lamda-, iota-carrageenan©]
=t o] oA A AR 7HP I jota 77t
(t-carrageenan) 0. & 7|52l 7le}7|vtol| 3477} §F A B
Z]—H Ao|| ]3] 2712] 377} ZASH= 71ebr|dolTt. o]
/1\1_7] = mo] 310 o]._'_g_ op:anL_g_ 01—0]' ul o].ol-gﬂ 37] Ak
Q_ 3l ol o Ze oy =22 =9 7]=A]o| FHolur}

o =271 10 O

3 B ¥ v} QleK(Kim, 2009). E31 iota 7F} 71 o] U4l
-%(double helix)E ==t o] wjZof] AS}7} o] Fof & uff 1}
ATtzE712 S3ol WAYSHA] ot frdlekal Rede A
F/d%trh= 5401 *lth(Lee and Kwon, 2016). 7Fh7 =2 4
A, gel-3HA, AU/ IA, 22 AFA H YA o= AR
= AZ 712 o th(Choi et al., 2009). A2} Z-& T
£ RS BN Besitr] 1 sk el Sl 145
of Ehl o] 525l olo} e A He 42julof 2 o1
F9| QIA7IE Z7tol| S £ 4= Itk (Yamazawa, 1991). 7}
2t7|e] A} 582 Na', Ca** K 5 I 12 Jol 250 g
S HH=cH(Ortiz and Aguilera, 2004).

2 ghe ATgelA Selnlo) geld 44 ek 918 o
FeF AA7-50] o] Foix| 1 gz oS S, Na', K, Ca?'}
28 ool o] FheprIntolut ATk Mk S2lmlo] iz
%J3F(Montero and Pérez-Mateos, 2000), £-2] Tj5F a2 o]
CheFRt ol A WE 4=2jn| o] ZAstof| F= FoFel gk A+
(Luo et al., 2004), NaCl& A7} A] £4 4=2]n] A E4(Kang
etal., 2006), A 10t 2> 3 7o]| whE %1—7}'—‘/\21— 29|
olsfera ¥l ¥Hs4 £/ (Haetal, 2007), &2|H 2 7} of

& AR 9] 2|3} 9191(Lee and Joo, 2014) 5-°] )t
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75t sllof sk FEo] lof W whl AL QLA Akl sh
AFANLA Q] SO A AFA-E-37, 15, o7 59 ok o) wh
27 ALE 4= Qlok= A o] Ith(Kim et al., 2020). 3D 23
B 9] Foll=
terials extrusion, Materials jetting, Powder bed fusion, Sheet
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= SUA, Al E2Y, 55, A AR H AME AR
o] AR8-Hth(Shahrubudin et al., 2019). E3F Z|Lof| 714 W=
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2 floll glo| AU A5 BAFsEA 28 A FA71= A
SLS (selective laser sintering) BH, A 2] &2 Oﬂxﬂ ) Z1o] o] A
& o} A2} 7| A A 53= SLA (stereophotography)
=o] Qltk(Lee, 2017). T3t A]3Z 3DZHE| S 0] &3}o] A =25
Alz37] HlsiMe 7HER| Al ARgE = 24 E 7HE A At
7t 7Hs ] o7t S a7k ol & AsiA Gumr, HE, 7kt
7, R 5 A7t olRd A& THAES shal St
(Lille et al,, 2018). E3F 222 0] E3HEo] 1AL H7}ato]
W B0 v]A]= ke B4 58S YR Eo i (Kim et
al., 2021), fA] H7E= =2jv] E3kEe] &4do] 3D=d
Eof #3FetA] 4572 A3L517] = FrkSeo et al., 2021). E3F
Al ot s H7tste] 3D 2E G A5 Ao i
of| ¥t ¢17(Kim et al., 2020)= XY E= 53D ZHE|E &
T2 S0l B 713 W SokE AE 4 e 47
7} 2 Q3 A Ao},
b B oA
== Azl 3l E}%HET E
HE drsto] ejv] S 24 Wt 3 e A 5A4S
AFetR o Eok A% 5 %’éﬁ% lst7] Sisf ¥
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u}Z 0] §3H 3D Zalego) £3
sl iotartel7| e

1

Bt
o N

%

Mz H A

Al
=

09"

=2

B Aol A AR8-5F SAH 4177 2]=(golden threadfin bream
Nemipterus virgatus)2 JS international (Busan, Korea)o]| 4|
Fofselct. Axe)s 4=2|u]E -30°C o|5}k9] 52 1 (Togliere
Tensione Prima; larp S.R.L. Co., Genova, Italy)of| 4] A&}
3 55ke] Aol ARg-sh3iTt.

INEERPSTE

-30°C o]ste] s A Lol A Hakgth Ws Anrels feulE
WAL A 12417 s Este] 7t&, A2, 0] 5 cm?l ‘—Ff']j ?ﬂ
B = 27| 2t Ao ARE-SHeiTh Ane]w 4=2fn]E Silent
cutter (ST11; ADE Co., Hamburg, Germany)oﬂ 3 71 By 5}
W= 40%2} A~FH(HanJu Salt, Ahnsan, Korea) 1.2% (w/w), 2
EH(CJ CheilJedang, Seoul, Korea) 1.5% (w/w), 1A 317
A(MSC Co. Ltd., Yangsan, Korea) 0.5% (w/w) ¥ 7}2}7]
0-3% (wiw)S A2 A7 F 1587 Sgeksict. &3
=2 $47](DICK 151b; DICK Co., Hamburg, Germany)o]|
7)32E A AT ¥ @11 sealing machine (PACKNER HRPS2;
MAX Co., Tokyo, Japan)©.& PVDC casing®] &#15}%c}.
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A% $Eu]E= 40°C -+2(JS-WBP-170P; JOHNSAM
Co., Bucheon, Korea)ol|A] 4087} o] 713t ¥, 80°C %
79] 4483 (DDW-WBT110; Dongwon Scientific System
Co., Seoul,, Korea)ol| 4] 5057k 7}d A 2] 3}5ict 71E 42 &
5°Col| 4] 30 53F W2ste] ol& 7t feju] 3 AlRE
AR&5 CHKim et al., 2021). E3F A AAI S-S 93 714 422
0] 235 AR YRS BFOHL 4°Cof 787 YR 5k
A9 ol ARg-5F T
Mz 25

AN&E A5 4cmEo] 1.5 cme] dFHHe 2 At 7 &
A &= A (Colormeter, JC 801; Color Technosystem Co., Na-
goya, Japan)=2 =43}3tt. 4452 L (Lightness, %), a*
(redness, A ), b’ (vellowness, SHA%E) 1231 AE (color
difference, 2422} Y| 7FA] Zko &2 vehf glot. 549 g
X=92.35, Y=83.92, Z=96.980| 1, T}-3 A& o]&-5}o] LfepY
AUrt.

AE= AL+ Aa*+Ab?

=

I

=4

=454 98l Texture analyser (TA-XTplus; SMS Co.,
Surrey, UK)Z o]8-3t%aL s=2]n]¢] 7 % (hardness), 2
(adhesiveness), B2 4 (springiness), -5-% 4 (cohesiveness), 7
A (gumminess), A ¢4 (chewiness) ¥ &4 (resilience)S =
gsksict. BI7kE =2|u] 9] B9 A 25 A5 40 mm HFoll T
o} P/45 (45 mm diameter aluminumcylinder prove)& ©|-8-3}
o] Test speed 1.0 mm/s, Strain 50.0%, Trigger force 5.0 g =
o)A 53] o4 24 T H@ghe ARSI 7152 o))
B ARE AF4em =0 L5 ome] APt o= Aot &
v7td ejulet FUs 2008 53] o] SHS & Btk

& Altskict.

PHd%g 5 S4st 657

WsH 7k 21-25419] <2 799 panelS AAste] 7t
Al=9] A(color), &H(smell), H]AW(fish smell), SH(taste), ©]
u](abnormal taste), &7 (texture), 7= (hardness), B4
(elasticity) & £3H4] 7| &= (preference)?] 971A] 52 74
A2 greteict. 78 Aol 782w £S(extremely
good), 1738 ll-$- LH¥(extremely bad)© 2 FA|31CH s
7ol AL AlR= A& 4 cm =0| 1.5 cm@] 2717} H=
= Ao s dAust 7 o EekaE YAl Fot A= o
panct5 ] Lolol 43 5& 7S50 B} F7] B2 U
7)o 0] ZAT}gre] 2L ek 2o panel 52 2AT
a7 EAEEE Y3 521(1041386-202110-HR-53-02)
= 5oto] AdS skl

SUIRSE

AE At glo|g o] tjgt FA| 42 SAS program (ver. 9.3;
SAS Institute, Inc., Cary, NC, USA) o] 8331 A =
3 A2 gho] ke HAHEA 5 Duncan's multiple range
testi] © 2 P<0.05 oA 5 712 214Ql 2tol& HA

ahaict.

M

W D

Mz 5%

Az 25 o] 22|u] EFE] bk B 7Hbde] Hobg
o] 7142 §-2] 2 © 2(P<0.05) &2 72 ey of 712}
o] H7tol| whet o] ZFaiA]= Alo] EHRIE| LAl gkt oF
7k Z7kste] Mt wobA]= AaE e TH(Table 1). 18
g2 7| d rleko] Wold 4= & oft fhadt= AiE
Btk o] Chae et al. (2014)9] 28 AL9f 717t A
7k Al a'gho] et Ak aste] A w7t Atgiths Aaket U A|

Table 1. Changes in color value of non-heated surimi containing different concentration of iota carrageenan-added during cold storage for

7 days
lota carrageenan (wt%) L* a* b* AE
0 44.77+0.55¢ 4.611£0.422 -1.01£0.27¢ 53.92+0.572
0 days 1.0 45.56+0.29° 4.52+0.322 0.34£0.13¢° 53.14+0.29°
2.0 47.09£0.29° 4.77+0.272 0.72+0.25° 51.64+0.29¢
3.0 45.97+0.49° 4.32+0.26° 1.13£0.132 52.74+0.49°
0 39.98+0.38° 3.96+0.222 -1.19£0.20¢ 53.18+0.382
7 days 1.0 40.02+0.48° 3.82+0.18% -0.64£0.34¢ 53.1240.482
2.0 41.9310.20° 3.68+0.26° 0.02+0.26° 51.19£0.19°
3.0 42.850.29° 3.4240.24° 0.5110.162 50.25+0.28°

Means in the same column (a-d) bearing different superscript in sample are significantly different (P<0.05). L, Lightness; a, Redness; b,

Yellowness; AE, Color difference.
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A sk githTable 1). S-eju]o] 7hek7| 2 A7k 5 bl
L AN ARY M 27 2ot 19T AN 5T
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U 4CIIAYT Selo] BRBE A LGS da
Aovtagahbghe S5t 3% W A9 E Lghe
aahgl ot aghe Z71ekolrk(Table 2). 707 WY et &
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Table 2. Changes in color value of heated surimi containing different concentration of iota carrageenan-added during cold storage for 7 days

lota carrageenan (wt%) L* a* b* AE
0 72.4410.422 -0.7840.15° 1.83+0.25¢ 26.4610.41°
0 day 1.0 69.87+0.42° -0.37£0.212 1.64+0.12¢ 28.65+0.41°
2.0 69.71+0.48° -0.30£0.122 1.97+0.10° 28.8410.48°
3.0 69.0310.52° -0.27+0.232 2.3810.212 29.57+0.522
0 68.13+0.282 -1.70£0.10° 2.9740.072 25.09+0.29¢
1.0 66.02+0.19° -2.10£0.37¢ 3.03+0.092 27.23£0.17°
T-days 2.0 64.3120.31° 0.460.33" 2.08+0.20° 29.05:0.32"
3.0 63.51+0.28¢ 0.80£0.162 2.01+0.19° 29.84+0.29°

Means in the same column (a-d) bearing different superscript in sample are significantly different (P<0.05). L, Lightness; a, Redness; b,

Yellowness; AE, Color difference.

Table 3. Texture values of heated surimi containing different concentration of iota carrageenan-added during cold storage for 7 days

lota carrageenan Hardness  Adhesiveness Springiness Cohesiveness Gumminess Chewiness Resilience
(Wt%) (g/cm?) (9/s) (mm) (%) () 9 9

0 3,441.84546.2¢ -73.1£42.02  0.95+0.07¢  0.83+0.02*  2,832.9+407.3° 2,681.8+468.4° 0.40+0.01°

0 day 1.0 4,311.7+£376.2° -155.9163.1°  0.92+0.05®> 0.81+0.05®® 3,497.5£362.9° 3,210.3+459.6® 0.45+0.022

2.0 4,811.9+364.7° -162.9+71.6° 0.92+0.05®® 0.78+0.02° 3,756.0+324.6° 3,460.2+276.5° 0.43%0.012

3.0 5,524.5+427.3° -224.9+44.8> 0.86+0.05° 0.78+0.02> 4,284.9+406.4®° 3,683.4+460.12 0.43+0.012

0 4,974.24242.6° -120.5+64.42 0.88+0.05a 0.77+0.01°  3,817.8+162.0° 3,375.9+231.7¢ 0.40+0.022

7-days 5,617.6+426.1° -163.8t51.0°  0.90+0.05a  0.81+0.05*  4,547.4+405.6° 4,117.8+589.8® 0.41+0.022

5,919.4£528.5° -182.5+69.82  0.92+0.03a  0.7710.02® 4,577.5+384.3° 4,219.8+421.8> 0.39+0.01°

3.0 6,998.8£630.72 -126.2+35.2°  0.93+0.02a  0.794£0.02°  5,491.74#411.0° 5,076.3+£353.3° 0.41+0.022

Means in the same column (a-c) bearing different superscript in sample are significantly different (P<0.05).
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Fig.1. QDA (Quantitative descriptive analysis ) profiles in sensory evaluation of heated iota carrageenan-added surimi products. Values with
different superscript within products are significantly different at (P<0.05).
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Fig.2. QDA (Quantitative descriptive analysis ) profiles in sensory evaluation of heated iota carrageenan-added surimi products stored for
7-days. Values with different superscript within products are significantly different at (P<0.05).
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of whet Mk ko] F7hgE2 214 Q1 Zpo] 7 glgl ot gl §)
ojA= 7] 7ol St 5 Hrlgkol Koy o
2 Aok B B4 F w2 7k 3.0%8 7ol A
oA o7 FHashs A3S UeEh I SlckFig. 1). ¥ A1 &
O] TeH 7t Aut A, gtk WA O] A= 77 7kl o
£ AL zfo| 7} A o] Ho|z] ghgrot S/ glo] 7kt
2.0 3.0% 7ol A ghol WA Ueld=d 1 o)< 7t
2p7)e] A7kgo] 3.0%% WolAH A e F7IsHAvE e
2 gojA ARkAQl EA4o] WA Uehs Ao R Yebth ®
SF A= A 3-oK(Fig. 1) v]ashd A} gk & 2ol 7} ¢lols
o WAl A £ o 9 Ueigon 549 A ke id
3.0% 7ol A A EE Alet 1909 B4 B wol A4
St Ao & et 23] A9 3%l A 4.57+1.990]%12
U A% 3 325+1.098 74519 cKFig. 2). o] 7t e
A7ste] 7hE A e & @A 24 Foll 7 =1tk AR A 2obA]
I A 52 A Aaste] ARbAQl A7k Fhasle A e
2 el 27 o] M7t 2 A4S AA o Ao & Alr . o]
O 2 Adb= AAHEE 7hste] 747 W AR ¢
A% Sol| ke 5/ 9] Aol 7k AL §iH A3K(Seo et al., 2021)
o= 2o 7} qlo] H71eE v 9| ol whE 54 Apol=taL
AR 3D 2R Eof A3l vSEAd S #e-oh= A2 54
o |4t M3t JHFEA T AF F-|| AA FFE vA= 29l
o=z zgst}

Al AL

O] =t 2022 st AL L & s Faitaelr | sl
SO A ol e AFAYTHIAE: w2 pAbAlE
AATE], TAH S 1525012888).
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