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Surimi Mixture for Using Pigments from Laver

We investigated the physical properties and color values of surimi mixtures with added natural red pigments from
laver Pyropia yezoensis. After adding the natural red pigment from seaweed extract to surimi, the hardness, gummi-
ness, and chewiness of the surimi decreased compared to the negative controls. The L* color value was lower for the
surimi mixture than the negative controls, but the a* and b* color values were higher. After cold storage for 7 days,
the unheated surimi mixture showed increased firmness, but decreased adhesiveness. Moreover, the gumminess and
chewiness of the surimi mixture stored after heating were increased compared to the pre-storage values. These results
indicate that seaweed extract pigments may be used as additives for surimi, to increase the color preference, with little
effect on the physical properties.
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7 ol gk a7t7h ARkshE]ar glof ofof thgh 4] A<l
T2} @751 JrH(Kim et al., 2017). $AREo] 3t 2H| 2 S

Az AF okl A= < 2% (rapid prototype, RP) A1 o] o] kS A B AlA 35202 v} Z7HA o
stel 3271 A1E 283l AFE dlolelE Aabgaleol oheket gk Fergho] A2 Al g, oS AR B AR shaka 2
HA o= Z-gstal glek(Lee, 2017). RP H] 5 3h4el 3D =2 FAF AAE] anl7E STk AL, o] 2Rt AlEEo] A2y
A" 7142 19861 A5 v]=2] Chuck Hull 2 €] 2 =] 9] & 2 o8 Y= e n) 7k 2ES WAL Qlth(Jang
© m(Kim et al., 2020b), @A AF4td 2k §HA Eebstar glot. et al,, 2006). :=2|v]= A=, HEHd 5 S0l £4& U

M B

AlZAR o] 9lof 3D ZHE= H ' 9 FEE 76k aljof of ol(Jungetal., 1993) =& Ed] EZ A]7| 1L S A 7= 714
= FHol §lo] A5, AFg-EE, o& 59 okt o mE & S AAok k= 3D ZYE R 333 Al xsh=d| A3st 54
== 284 7FsA ol AHH(Kim et al., 2020b). BHH A3%2] 7 S 7HA AL 9lo], 223D THUER E3H ko] YRR AL

S YR7t EFER o] Fo|Alon o] 50| 0|3k {54
S 7HAa §lof 3D ZRE et E4S UehlA sk 7|
&5 #g3h=t ofg&o] ¢lth(Shahrubudin et al., 2019). 71
Bk AR 2H[AFe] Q= F AT dRF A A F R T

=

Qlth(Wang et al., 2018; Kim et al., 2021; Seo et al., 2021).
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F2 92 o} RS AHESIIL QAT o]0 35 5o o
2 A= o]8aF] 40-50%5 AFA|sh= HMS: o] 7, Ao
ojFol it rejn] PE ST oS vkt e Y ¥
A& o] &3t rein] FAEA Y TE A7F A=A Q=
o] thA|EkE A 7Fsto] Al 23t AFAAE 9] 545/ (Bang et

=
E

O oo

]

N,
it ofr ofp i

O 2 WK
B[l
X

ot do rlr ox

oL

al., 2006), 7| #o|AE 7} AAlE Al 2 S A o
TH(Kim et al,, 2005), Aw =2|v] 9] 2 Fe S7be 91t A7t

=9 43K Choi et al., 1999), AF U Zbe] FAH o2 Az
Z=2]u] 7} Ae] B4 (Choi et al., 2002) 5 2 115 v}7} Qi)

N A2 S5 o 25 E ofAlok Aol 4 Pl 43
hom 7% ul, vleby 9 a4, Bl So| Eia
FoElo] P W ohe L 9hY, e 25, 4 Ak, 1 ¢
So] BEF A AE AASE| wEo] SAETIE 2
TALA = YA BFo] Al S 7R 2L Qltk(Jung et al., 2013). E4
dEolME B, Bt T, FARMIS HIES) A2, 5
HAsh FAS, LY U HEF 59 A4 ool aubo]
ghe BaE Fof l2R7E o8t B Ak AdEa Qlok
(Frlich and Riederer, 1995; Okai et al., 1998; Chen and Chou,
2002; Nagayama et al., 2002).

Z(Porphyra yezoensis)- | 25| 0] %] 9 thAJu} F-0] 3%
T oA AF vdlE, Ao, 20] a2, FUd SHde
2 ol gEo] & 7|TAFORA HTof= o s = Aol 7HA
= A 7]50l HellA WA o] sorA AL Jlrk(Ulagesan et
al., 2020). ¥F 7 9] 7ot o8- " of] glo] Thede Hlof
UFA] E8haL QIAL Al HA] o] #E53) E-8eE =017
AelA= 2 -8 e 582 gt A7 B askek 4 &
A ol A F-2M 22 A thg EAEH= 4-8-/d phycobilinA] T
W0 AxH oAM= A o2 Eaiskar ¢li=dl(Hong
etal,, 1997) o] MAE 0]8-5}7] ffste] & Aol A=z 4
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3D =Y flal Al een] 2 S vk Al 23l 2l
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H7hol i B4 st 803

rea)o A Y3k -30°C o]} s (Togliere Tensione
Prima, Larp S.R.L. Co., Genova, Italy)ol] &5} A28}
oh Aol ARGE 72 F3E 24 uhEA S IRE 31 A
A2 SACAAADE ol $3c

N

& 9A7(FA 947], DAS500; DaesungArtlon Co.,
Anyang, Korea)2 #4f & 52 Fef| & 3to] 7] F3F2] 104]
A5 7t 4°C YA A & 12413 1% 3=Z(Mini Shaker,
CMS 350; Jeio Technosystem Co., Incheon, Korea)s} i tt. ==
252 3000 rpme] =2 10550 YAE 2] 7] (Centrifuge,
Supra R 22; Hanil Scientific Inc., Gimpo, Korea)5 ©|-8-3}
o] AFZollS stk 1A A (Filter paper; Advantec Co.,
Seoul, Korea)E ©]-83slo] 7H¢tojx(Rotary Evaporator, R
1005; CPK Co., Shanghai, China)Z 3+ % 108] A% 533}
of WYaksto] o]-§Fict.

FEjul= -30°C olatRE Byl W eulE WAL
A A7 T T 7FR XA R X o) 7F 242 5 em7} HE
= 2 |2 2z} Silent cutter (ST11; ADE Co., Hamburg,
Germany)ol] Y31 B-2|51HA LS5 40%2} 2+(Hanju Salt,
Ahnsan, Korea) 1.2% (w/w), A8(CJ CheilJedang Co. Ltd.,
Seoul, Korea) 1.5% (w/w), 214 (EIMSC, Kyeongnam, Ko-
rea) 0.5% (w/w) 2 71 B3 M44(0.5. 1.0, 3.0%)= 2+ A| 7o
W oF 1557k B3tahoc). 3 % 2207](DICK 151b; DICK
Co., Hamburg, Germany)o|| 124 mesh& o1}3} & 7| LZ 7
Aslal PVDC casing®]| %%13}1L sealing machine (Packner
HR-PS2 Co., Tokyo, Japan)o. 2 WEs}3ct &3t HI5o] &
A& Aot 7] I3k Al W 5 1A o[ Hof BE= =4, A
A& S5k 7+ A Y] 29 EAS A8 S8k
FEn] E9HE-2 40°C 2% 20fA] 405 F3t 2
+2(JS-WBP-170P, 20 L; Johnsam Co., Bucheon, Korea)©]|
A ofu] 7tES 3191, E4 ¥ 2(DDW-WBT110; Dongwon
Scientific System Co., Busan, Korea)E ©]-8-3| 80°C 2702
5027k 7HEBRGITE o] 5°Cof| 3020l WA A o] F AR
o] 7} 2| A|R 2 ARSI EHKim et al., 2021). 7}E A
2lgh =eju| o] A9 A% F A BIksk] Sl 4°CollA 7
U7+ A7gste] Aol ARSI
ME £5

Al7E Adst & E3A A (Colormeter, JC 801; Color
Technosystem Co., Nagoya, Japan)& SA3}%ch 47>
= (lightness)E YElW+&= L*, AMZ(redness)E YEIH+=
a*, S (yellowness)& UEHH = b*E FHoE YER ST
FET 2 X=92.35, Y=83.92, Z=96.98°] 3T},

=4 &4 Texture meter (TA-XTplus; SMS Co., Surrey,
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UK)E o|-gsto] =2ju] &3H=9] 7% = (hardness), 21 (ad-
hesiveness), B2 4 (springiness), -3-%1/J(cohesiveness), 74
(gumminess), A& A (chewiness), &4 (resilience) 2 =745}
et

W] 71l Sealn] B3 o] A9, A1E 4 cme] §E 8
7lof] ©ol P/45 (45 mm diameter aluminum cylinder prove)
& 0]-8-51o] Test speed 1.0 mm/s, Strain 50.0%, Trigger force
5.0 g9 27lo|A 53] o]} st Fatgho = ALFSHIT
7FE =2|u] 9] A9, Al2E A5 4 em, 20| 1.5 em= ALE &
H] 7Hd 2ju)of FURt 2 02 53] o) SA7 F Hat gk
2 #Assch
s 7t

sE7he 9ol & H 77 Panel (K tHeta Aokt
o4, of 3%, 212542 A sto] 7 el -efn] &3t
=9] All(color), HAll(smell), Bk(taste), ©] 7] (abnormal taste), H]
Y| (fish smell), 2] T (texture), 7 = (hardness), B+ 4 (elas-
ticity) W AA| A 7] &= (preference) 5 9714 =52 94 #

£ ol ga1o] Brleloict 0 HE 5 142 ule pm A
2(extremely bad or slight), 9%8-2 1] &A1} 7} el(extremely
good or much)©. 2 FEA|EFGITE Al 2o} AR S ZHAISHE Alo]
of 1= Atol Axpghe] AdE =3tk o] panel:> F73
distn 7] 3-8 €3] 9] 591(1041386-202110-HR-53-
02) Wobx] A =37t
A *z

AL 5ol =&d At gk A 242 SAS program
(ver. 9.3; SAS Institute, Inc., Cary, NC, USA)2 o]-&3}o] A
o Ag)d gre] Wit ahS AREA S A A g S, Duncan’s mul-
tiple range testt] 2.2 P<0.05 7ol A &= 7522 91 2fo|
£ A sto] skt

7 2 m3

4 MA H7KOl T2 420j0) M HE
=:]
=

(0,0.5, 1.0, 3.0%) 4 A4 7}of w2 v] 7Hd o=

S}E Table 1o Yepllct. Y=g el L* gt
J71oHA] Rk 739 42.94% 7MY =2 b e
Zhar= A gheFo] 3.0%00 A4 13.552 71 =&
S Ve, J7eko] 7t whet A e oA ol ATt
& & Sl ] A bR Al 717 3.0%001A4

HT o pm

25 W ALS HE 8] A1 elule] 7 W
o) At WS Table 29} k. A7kl WE 542 A

2e AL ehllo] HEl AAS Brhsh ook
TV S ghS WA, AMESL AL 3.0%4 7
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o= AN G| Ho] Az QAL e Ao U

Lt rlo

U <)

= (0, 0.5, 1.0, 3.0%) MAE Arista 7+ A 25t
2]u] o] A= W3S LEhH A7H= Table 32} Zth 7HE A
2]u|(Table 1ol H]5te] e AAI3] 7t on, FHAmw=
T S7FskATh ey AM m e ko] 7] A M dof ¢
gAdo] BolAle B4 7HAIAL e A 2= LR ol 27t
EA4E& Aekshd 7Ha A gfsh= AlEol 4 £5= Mas 7t
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Table 1. Color values analysis of unheated surimi products by red
natural pigment from laver Pyropia yezoensis treatment

EZ%Z?WV?{%) Lt a b*

0 42945012  3.942014°  0.05£0.10°
05 4264:015° 8488019  0.70%0.15°
10 3556£0.15°  12.26:026°  1.60:0.16"
3.0 34054025¢ 1355¢030°  2.8740.18°

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

Table 2. Color values analysis of unheated surimi products by red
natural pigment from laver Pyropia yezoensis treatment in refrig-
erated storage for a 7-day period

Red natural L* a* b*
pigment (Wt%)

0 39.72+0.242 3.8840.18¢ -2.28+0.22¢
0.5 35.54+0.18°  10.11£0.24°  -1.6940.12°
1.0 33.09+0.25°  12.54+0.27°  -0.58+0.12°
3.0 31.40£0.20¢  13.57+0.24° 0.61£0.122

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

Table 3. Color values analysis of heated surimi products by red
natural pigment from laver Pyropia yezoensis treatment

E;?nre]iiu(ﬂ%) L* a b*

0 6843:042° -053027°  2.78£0.25°
05 65.08:0.55°  15040.16°  6.46:0.19°
10 6312:0.25° 29740200  9.12:0.15°
3.0 60.70£0.31°  3.98:0.37¢  10.830.14°

L*, Lightness; a*, Redness; b*, Yellowness. Means in the same
column (a-d) bearing different superscript in sample are signifi-
cantly different (P<0.05).
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Sk 7 7ol o3t A= o s v e sto] Alg 1173t
SHAY A7HdS 7 BarE S Aoz AlEth(Lee,
1969). Ha (1975)= 7] & 2% 24421 phycoerythrine©]
A Qb Aol WolA B g shdake: A efsto] M-S iAot o
T AIE ISl A A 2 Q) Ak v 7HE en|et Ed
B MAS H7FelA] AOFS w) W T} 684308 71AF =0F

XJ/\HEQ]- §L/\ﬂ54 751 = 3.0% AH/\ ;<47].o}0d e) IIH 7_17_}
3.98, 10.832 =3t}

7+E Aefgt eju|E 77 Y AT 0] A Hoke
Table 4} At} 714 A7 ‘?— Z715t Mol S 1
st A e = 77 WAt ol 919l o)
o} SPA = OFFF A4S &lﬂi e o u A= of

FE7lehe A02 el
ol AAREL Alx Al H-2 A Ho|AEL] A7} HlEo] &
7V8H4=2 carotenoid A MAaxQ] &J5Fo 2 W 7| Yol = Au}

Table 4. Color values analysis of heated surimi products by red
natural pigment from laver Pyropia yezoensis treatment in refrig-

s
=S M

H7tol WE £ R} 805
= vrehdl Kim et al. (2005)2] A1} GAFSH AFFS Hgla vp

) 27 eelo] A 5} o) ole] fAK A el
Wok(Kim et al., 2020a). 1344, 71L& 7155fo] A% & 20
tﬂﬁ- LR Lee et al. (1990)2] ¢1-Lol| A 7o) A 40 ¢
}& 1] 2]+ biliprotein®]| A% &, chlorophyll a2} carotenoids
H] aff A4 W3l7E Ao Bl w A QHsirhs AXE Hargh af
Slck. whebA AT Ak A4 A Aol7h 37 9 A
2 ojgh g o] el o2 AL,
2 mua 2t 02 22inje] 24 wat

A AN 7R QIR eEju] o] B4 Wk FARleR o
ofE7] ¢ }ozl iE tlf’(o 0.5,1.0, 3.0%)§ A a2 Hlste] 7}

3£ 1]

F

(

AR ES X47} ﬁol @75}1] %3 2o wlsf| ash= 4
S HA o ofof e Aok A el oAM=

o= el °lL S AR #7719 FAE
A=A 24 A, 7] B Hrito] gz et $o/F

o & v Uehgti= o 9} AFsl 74 3Re B tH(Lee et al.,

7] Bk % 7)o 12 Exoa 7] B
erated storage for a 7-day period 2017). T3 41 s 7R °'_4 oletets S4o o
wo] Arhago] Z71A4E B, WA Sol Pash: 3% o
Red natural « * "
pigment (Wt%) L a b Al o At} fARRE AIkE E‘}"}\E}(Lee_: et al., 2020). 1?1
0 68.12:0.41°  -0.36:0.14°  2.06+0.13¢ ‘jr %j’(? A %H%*j% %94?4‘3 10017} %iii}l_ﬂ;%.ﬂ}&
o L MAZ (0.5% H7)slae 2} =0}
0.5 64.50+0.18°  1.91+0.15°  5.78+0.15° 0“0] GRS 5;9(9)§ = ;lfi % %07 MM*‘;‘ “j* jg M*:
= 5 P Ke: KeN LS 7 7
1.0 62.62:0.24°  347+0.15°  8.24+0.10° 31'(1) (f’sag T;] ;;; Eoujj 20"] ij'gﬂlo"g S ora)
- _ zZ S Eo]7d]
3.0 60.08+0.42¢ 4.4110.142 10.19+0.18° 7:1;1—;2 ’ m FARAAIE @ A o= e Sl
L*, Lightness; a*, Redness; b*, Yellowness. Means in the same &= HErl. o . )
column (a-d) bearing different superscript in sample are signifi- 7HE Al 3 77 W AR o] 242 T A%
cantly different (P<0.05). of vla Ak, HA U Ao FrskET S8 A A
Table 5. Texture profile analysis of heated surimi products by red natural pigment from laver Pyropia yezoensis treatment
m‘;}‘;'gment Hardness Adhesiveness  Springiness Cohesiveness ~ Gumminess Chewiness Resilience
0 3511.72+179.26° -110.594+58.13*® 0.92+0.05° 0.83+0.01° 2912.10+121.53® 2668.45+168.40° 0.41+0.00°
0.5 2657.79+256.92° -57.99+42.55°  0.9610.03°  0.834£0.03% 2209.20+169.12* 2111.97+167.01° 0.40+0.022
1.0 3264.68+373.812 -97.89+60.80®®  0.93£0.05°  0.84+0.022 2732.00+280.75° 2548.75+307.54® 0.42+0.03°
3.0 2668.72+476.71° -130.72+£31.33°  0.90£0.06°  0.83£0.012 2211.64+396.07° 1983.33+329.87° 0.40+0.01°

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

Table 6. Texture profile analysis of heated surimi products by red natural pigment from laver Pyropia yezoensis treatment during cold stor-

age for 7 days

(I?Netf)i/or))igment Hardness Adhesiveness  Springiness Cohesiveness ~ Gumminess Chewiness Resilience
0 3646.60+478.25° -175.724¢23.13° 0.88+0.03> 0.80+0.03° 2918.81+380.27% 2584.51+410.07¢ 0.42+0.01°
0.5 3909.39+361.23° -135.29+54.20%®° 0.91+0.04® 0.82+0.012 3200.761+252.87% 2916.10+349.17¢ 0.42+0.01°
1.0 3717.62+354.64° -92.57+38.282  0.95+0.05° 0.82+0.03° 3041.73+273.37% 2880.45+358.55* 0.42+0.01°
3.0 3764.76+304.022 -176.51+79.51° 0.9310.04®> 0.82+0.022 3077.02+230.15% 2849.57+282.912 0.41+0.01°

Means in the same column (a-b) bearing different superscript in sample are significantly different (P<0.05).
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Color
9
BA
Preference 7, WA Smell
Elasticity Fishy smell
Hardness Taste
Texture Abnormal taste
«+++ Negative control - 0.5w% =i~ 1.00wt% == 3.00wt%

Fig. 1. Sensory evaluation of heated fish surimi. Values with dif-
ferent superscript within products are significantly different at
(P<0.05).

Preference 7/AB Smell

~__— Fishy smell

Hardness Taste

'Abnormal taste

Texture

---#-- Negative control == 0.50% == 1.00% —=3.00%

Fig. 2. Sensory evaluation of heated fish surimi by red natural pig-
ment from laver Pyropia yezoensis treatment in refrigerated stor-
age for a 7 day period. Values with different superscript within
products are significantly different at (P<0.05).

47K ol o 27 Z71ekck. et s, S44
B4 wsfalA] Prh(Table 6). ol 71271tg 27k
of elu] EYES AZS TULE WH AT B %

A, A4 B Rl 27 Z7ek ot By, 84
g 2 BA4E WskL ¢loleka S B (Han et al, 2022)2

=

o8] - 44 - S - o] - ABH
Qx]3hict
MA Hotol 2 42/0|9f BsE

Az G7hel T 74 A2 A5 42n)o] e} Avks
Fig. 10] UFERRICh. Al 23 42]m]9] 812 1.0%¢] A28 o
912t 71y L H7hE BT, HlR @ ojnli u]H7} A
29} 0.5% H7He AR7} ke Aol vls] £ BAhE B
L 1% o]AF H7H) A4 WA ek 243 A4 &
A 912 Aol 7} gigiet.

7he % 7U7E WA A Selu(Fig. 2)9) 49 Ao o
H7H= 1.0%2] 488 A7 Selv] 7k 7b 49k, Aot v
2Ol A 012 Zfol} GIgor, o]t 1.0% A4 H7}
Ao} H] B AR Vg e 7S Bk BAT AR
Q1 Bhet 01421 Ahol7} glgich 4% Ak vl mahe 4 A
4:0] 19% H7HE7h BE gollA] 7H) & B2 wol, 4|
% 25 BTk W7l EobAch. et AR AE 0] Ao ol &
2 A9 1% W7k o] P £ AL 0@ A,

At AL
O] =2 20224 S FpAl T AL o= sty eRl

|
SO A ¢S whof faE AL YUTHIAE: vle=AbA]E
ATANE], TA|H 5:1525012888).
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