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Optimization of Surimi Processing Using Solubility of
Fish Muscle Protein and Its Quality Evaluation

Min—Sung, CHO

Department of Food Science and Technology, Graduate School, Pukyong

National University
Abstract

The objectives of this study were to simplify surimi processing by
obtaining the precipitated protein at near pl after solubility fish
protein in acidic and alkaline pHs, to higher vield than general
processing, to use the diverse fishery by using frozen fish and to
reduce treatment cost of waste water. Surimi was proceeded with the
proteins recovered from jack mackerel and white croaker muscle using
acidic and alkaline solubilization and the proteins were evaluated.
Therefore, the optimization of extraction of fish protein, surimi
processing and the optimization of heated gel on additives will be
discussed.

In the optimum condition of extracts fish protein, The optimum pHs
for solubilizing protein by acidic and alkaline ranges were around pH 2.5
and pH 10.5, respectively. SDS—PAGE, Myosin heavy chain (MHC) and
actin were greatly degraded in acid processing. There was no significant
difference between conventional surimi and alkaline surimi. The optimum
pH value for recovery of protein was around pH 5.0. The protein
solubility was remarkably decreased with increase of ionic strength by
salt. The homogenized speed and time for maximum solubility were below
9,600 rpm and 30 s, respectively. The optimum ratio of water to minced
muscle was 6 fold by evaluating breaking force, deformation and



whiteness of cooked gel. Surimi yields from acidic and alkaline processing
of white crocker and jack mackerel were compared to those from conventional
processing. The protein vield of alkaline processing is higher than that of
conventional processing. In addition, the waste water of conventional
processing contained higher solid and nitrogen contents and chemical
oxygen demand than those of acidic and alkaline processings. Effect of
sarcoplasmic protein and NaCl on heating gel from acidic and alkaline surimi
were also investigated. As the amount of sarcoplasmic protein was increased,
breaking force and deformation of its gel were significant increased and
whiteness was decreased. As the amount of NaCl was increased, breaking
force was decreased, but deformation not significantly changed, and
whiteness was increased. The addition of starch decreased breaking forces
and deformation values of gel regardless of starch type. The breaking
force was decreased, but deformation value was significantly not
changed(p<0.05) with increasing starch. The potato starch was better
than corn and wheat starch for breaking force and deformation for White
crocker, but corn starch was better for Jack mackerel. The Bovine plasma
protein(BPP) greatly improved breaking forces and deformation values
White crocker and Jack mackerel. The breaking force and deformation of
gel were increased with the concentration of BPP, The whiteness of gel
was slightly improved with adding starch and non—muscle for all
treatments.

At total water content of 78%, the optimum ratio of ingredients was
89.4%—-90.0% for white crocker surimi, 5.9—6.3% for potato starch and
9.0—5.4% for BPP to obtain above 100 g for a breaking force, 4.6 mm
for a deformation value, and 25.5 for a whiteness. At total water
content of 78%, the optimum ratio of ingredients was 89.5%-90.0% for
Jack mackerel surimi, 4.6—6.0% for corn starch and 4.3—-5.4% for BPP to
obtain above 110 g for a breaking force, 4.6 mm for a deformation value,
and 25.5 for a whiteness. Alkaline process for surimi can -be a valuable way
of increasing the utilization of frozen and pelagic fishes by deciding the values
of yield, breaking force, deformation, whiteness. And alkaline surimi is
thought to be able to apply to kamaboko—type products.
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#Ap, e 9" ARS AUAHAE, Bl pstgen, b2
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International, St. Louis, MO, USA), #dZE YW (Prinegg, Cameron, WI,

USA) 3} 2d A M A(AMPC, Ames, 1A, USAYE A}83 9}

2. AzH

2.1. 234 g9nde =
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2.2. v Az
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Fig. 2 . Surimi processing by acidic or alkaline treatments from fish.
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Table 1. Starch formulation by two—level fractional factorial design for

White crocker

Exp Starch (g)" Response

Deformation

No  potato corn wheat  Force (g)? 2) Whiteness
(mm)
1 0 0 0 103%5 2.0%0.2 18.0£1.0
2 0 0 2.1 87£5 5.1x£0.4 20.1x0.3
3 { 2.1 0 89+4 5 0+0.2 20.2+0.4
4 0 2.1 2.1 7314 4,210 22.8%0.5
) 2.1 0 0 92+3 5.1+0.2 19.6x0.5
§ 2.1 0 2.1 79+4 46+0.2 21.9£0.2
7 2.1 2.1 0 78t3 4.7x£0.3 20.8+0.4
3 2.1 2.1 2.1 o7x4 3.6£0.6 23.2%x1.1

Y The sum of starch, alkaline surimi and ice water was adjusted to 70 g without

salt.
2 Rorce and deformation values were assayed by punch test using cylinder—type

sample(1.98 x 2.0 cm).

412,



Table 2. Starch formulation by two—level fractional factorial design

for Jack mackerel

xp. Starch (g)"’ Response

No  potato corn wheat Force (g)” De(fcr)nrgiazt)ion Whiteness
1 0 0 0 84Wi8 4.3£0.8 18.0£0.6
2 0 0 2.1 713 3.7x£0.6 17.6+0.4
3 0 2.1 0 7213 1,505 17.920.3
il 0 2.1 2.1 02%3 3.8+0.3 17.7£0.6
5 2.1 0 0 70+3 41.0+0.2 17.71£0.6
) 2.1 0 2.1 14+1 47105 18.04+0.4
7 2.1 2.1 0 0313 3.7120.3 18.0+0.2
8 2.1 2.1 2.1 54+A1 4,0+0.5 17.94+0.7

Y The sum of starch, alkaline surimi and ice water was adjusted to 70 g without
salt.
* Force and deformation values were assayed by punch test using

cylinder—type sample(1.98 x 2.0 cm).

_13,



Table 3. Non—muscle protein formulation by two—level fractional factorial

design for White crocker

Exp Non—muscle protein (g)” Response
No wp¥ spc™ EWY  BPPY Force (g)” Deg?nrri;l?%)ion Whiteness
1 0 0 0 0 24 + 1 53 £ 0.1 18,1 £ 0.6
2 1.8 0 0 0 5 + 5 46 £ 04 196 £ 05
3 0 1.8 0 0 42 + 2 4.0 £ 0.3 21.1 £ 0.5
4 1.8 1.8 0 0 29 £ 2 3.3 £ 04 230 x 05
3] 0 0 1.8 0 67 £ 3 4.3 £ 0.4 20.1 £ 0.7
8 1.8 0 1.8 0 68 £ 3 4.0 + 0.2 226 £ 0.6
7 0 1.8 1.3 0 9 £ 2 4.1 £ 0.3 245 £ 0.3
3 1.8 1.8 1.8 0 83 + 10 4.7 01 253 + 07
9 0 0 0 1.8 81 = 1 50 £ 0.1 22,1 £ 04
1o 1.8 0 0 1.8 89 + 6 H2 £ 0.3 232 £ 0.2
11 0 1.8 0 1.8 72 £ A4 1.9 £ 04 267 £ 0.3
12 1.8 1.8 0 1.8 107 £ 6 h.o £ 0.1 265 = 0.3
13 0 0 1.8 1.8 109 £ 6 51 £ 0.4 224 £ 05
14 1.8 0 1.8 1.8 I53 = 5 b4 = 0.2 232 £ 0.2
15 0 1.8 1.8 1.8 115 £ 5 h.l £ 0.2 257 £ 0.3
16 1.8 1.8 1.8 1.3 164 + 3 54 £ 03 265 + 0.3

1 A . . .
" The sum of non—muscle protein, alkaline surimi and ice

60 g without salt.

water was adjusted to

? Force and deformation values were assayed by punch test using cylinder—type

sample(1.98 x 2.0 cm).

H WP, SPC, EW and BPP mean whey protein. soy protein concentrate, egg white

and bovine plasma protein, respectively.
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Table 4. Non—muscle protein formulation by two—level fractional factorial

design for Jack mackerel

D, Non—muscle protein (g)" o Response
NO-wp® gpe? EWY BPPY Force ()7 Deformagion  whiteness
0 0 0 0 137 £5 48 + 0.3 200 % 0.1
2 24 0 0 0 1167 £ 4 43 + 0.3 203 + 0.5
3 0 24 0O 0 1197 £ 15 4.9 +05 221 + 0.6
124 240 0 1017 £ 11 4.6 + 0.4 227 + 0.9
5 0 0 24 0 1387 4+£22 A1+ 07 196 + 0.5
5 24 0 24 0 135 £ 7 4.7 £ 05 216 + 0.3
700 24 24 0 110 £ 7 Al %04 222 £ 09
824 24 24 0 135 £ 5 4.4 + 0.3 243 + 0.3
9 0 0 0 24 159 £322 47 £ 0.6 212 + 0.3
1 240 0 2.4 170 £ 9 5.0+ 03 214 + 0.4
0 24 0 24 117 £ 6 5.0 £ 0.3 22.0 £ 0.3
12 24 24 0 24 150 £ 4 4.9 + 0.1 241 + 0.2
130 0 24 24 156 + 4 44 + 03 21.7 £ 0.2
14 24 0 24 24 180 £ 23 43 05 24.1 + 0.8
15 0 24 24 24 173 £ 17 44 £ 0.3 235 + 0.8
16 2.4 24 24 2.4 197 £ 17 A3 + 03 261 % 1.1

" The sum of non—muscle protein, alkali surimi and ice water was adjusted to 60

g without salt.

» Force and deformation values were assayed by punch test using cylinder—type
sample(1.98 x 2.0 c¢cm).

» WP, SPC, EW and BPP mean whey protein. soy protein concentrate, egg white

and bovine plasma protein, respectively.



Wilmington, NC, USA)& 8000 rpmo}A 30% &< 2"E 48 F 10
ml. 82| biuret& ©]&&] | N HClI %2 1 N NaOHE #E7bsto pHE
zdstct ol Hrkgk HCI¥ NaOH §ofo] k2 7247} 7|53t F 23
W] e Tl w i AlMke] RG] ALgESATH plIE 2T SRS
A(4°C)elA 302 e AAAY ¥ YFAdAdL7I(SUPRA 30K,
Hanil  Science Industrial Co. Ltd., Incheon, Korea)2 H4&7
(2,500xG, 15%)s8te & AFdAe] ohild FE & bovine serum
albumin{Sigma P7656)05 HFZMHE 244$ Umemoto H(16)o} e}
FAsATE g5 o vAE ol Hxel AFgE SHE] Hs of
S oy 2 goll pH 2,59 plf 10.52 ZHF 18 mL9 NaCl £94(0, 0.1
M. 0.2 M, 0.3 M, 0.4 M, 0.5 M, 1.0 M)& @78t &) =4 9w
AT WY o R Hejste gwd wxE FH sl

27 T Anvt dde] g vA e dEgs F3H37] Y8 grinder
Z o o] & 2 go] FHS 18 mLE Y1 homogenizer?] EHE(8,000
rpm, 9.500 rpm)eF AZHI5%, 30x%, 156%, 60Z2)S dEatdAs =FE&
gk & QAT (2,500xG, 15W)8te e o] gl FEE F459)

o},

o]

3.2. HFAXH

FA Evleh A 2 ke el Al E Al slEY e Al 29
A AEde] ngEel 2 A& 100 mLE glass filter® 79 of 3
gF 31FES 105TelA 347 A2A Fo] LA ZAHso g/l2 #A

stalo, FHA L semi—micro Kjeldahl (404 and #HAA.
o

197182, g8y Are7Ee 3t Z2EHE(Kim, 1994)08 =436}

3.3. SDS—polyacrylamide gel #7149 %
Feln 3 gel 27 mLe 5% sodium dodecyl sulfate (SDS) #H82
A7}kl homogenizer(IKA—25 basic, IKA Works, Wilmington, NC,

,16,



USAYE 8000 rpmell A 30& F<t #Aste] Zd8d 2 294
=ol7] 98 80CelA 308 FF FIeth F2g AERE Y
(3.000xg, 15&)3to] =84 24 5 k.
Lowry 5(1951)2] #el] mjet ol d Fx& A8l dA7196& S
A s = 1.00 mg/mlLol FEE 3 A&t wdle
4 e 44 w2 HHA s FEAY] giel SDSe & 2gelAd o

H = E A8 gdokrh SDS-PAGEE 5%
A 75%¢ Bl AN Laemmli(1970)¢} w9 we} Faa9c 37
A-Feol v AL Coomassie brilliantoll 4] &8 43199 21, methanol
Doacetic acid 1 FHEF(LL8 v B R A EAEUTE BAYE HHE 9
& E7 59 mvosin (205 kDa), E, coli®l PB—galactosidase (
kDa), E7] %2 phosphorylase b (97 kDa), bovine serum albumin
(66  kDa), egg albumin (45 kDa)a} #olx} AH&E9  carbonic
anhydrase (29 kDa)E X 3dle= 1843 35 owld =S (SDS—-6H,
Sigma Chemical Co., St. Louis, Mo, USA) 2 AF&3F3ich

3.4. 439 4= 4

Okada®] = (19640 upel Ao Al8(1.8 x 2.0 cm) 9o} A
E 5 mme T3 plunger® #FE5 60 mm/mine £EF7 LdAA
rheometer (Model CR—100D, Sun Scientific Co., Tokyo, Japan)® 3}
AZAE(gor My (mm) @& SAsAT.

A gwe] CIE Lab colors MAA(ZE-2000, Nippon Denshoku,
Tokyo, Japan)® ZA3¢ch AxAl= EFEM plate® L7 =96.83, &
=—0.36, b =0.62% FFFstgon], W= [ — 3p'F AAsgr)
(Park, 1964).

3.5. 719 A9 v Fx #AF
719 As 1mm'39] 7182 A dstal 2.5% glutaraldehyde®t 1%
osmium tetroxide 2 2}z} 2/"]@ ok 12 2 2z A A AR

_‘!7_



& 0.1 M phosphate &5 (pH 7.2)2 AH&dF F 50%, 70%, B80%,
90%, 95% R 99% ethyl alcoholZ H2o)A 208 b &4},
Propylene oxide® 30% &<t 2% =A#3tx, Epson Z=FE¥ Epson
A+B Z35=2 2A17F FAFAZ & Epson 8128 Xofsiith Eojdt AR
B 37CAAM 12473 2F 7

0.5—-1 um® FAZ dAdstad toluidine blue® @G M3l FatgdoAdoz
dd BYE vpErt o]lE 200 mesh® copper grided] F-2rA17]m
uranyl acetate®} lead citrate® ©o|F dAMEe] FEaAdapsv) A (JEM

1200EX~I1I, JEOL, Japan)o. 2 =3k

|
kel & microtome(LLKB, Nova, Sweden)o. =2

4. BAA 7

4.1, AL} viosomde] AE4dy

ol Sk Ae] Aol nAe WEQ Ay vIgdwA JFgs
HESZE et BAZE WA IMP(2002)E o]g8le A 2gA
(Table 2=5)°] uhet A Zgle] anr e AEd vg gyds Ay
&kl vt

4.2. JA7FES] HAg & Hau4A%
2% fractional factorial 2 mixture designe JMP program

(2002)F  AFHS AP E 110g, M ZE 4.2mm, WAT 22 58 Fo] £
IR IMPE o] &8ty Elv], AR U 8] 2% chwl A o) 3 A H I &3} F

el -2 Aaretal)

4.3. BAEA
FEeda, FeA Hd5e IMP B4 ZRafg o83 RAEMu
(analysis of variance table @ ANOVA )& AAsgon, HoAd #
Duncan?] ThHEH Y 75 (Duncan's multiple range test})® p < 0.05
oA X HEIST

,18V



L gv] Az dFE A= 22

1.1, &3 =0l v|X]& pHe} o] 27FEe] 93
of & vkl o] LaTol vl pHe FYFEL pH 2-119] F7te] AH

=48 AvH(Fig. 3), Ao 9| %ﬂi%lﬂ 259 10.5 F2elA Mg %
i, pH 5.5 BZolA 7H sk b, B famE A gze %

o2 pH7F @A S7bge) wel 74]% -€;7}M9_fﬁ pIl 4.56004 7} ket
Pacific whiting v &e] S8l pH 5.0-5.5 Atolola 7b4 uwigton],
pll 2.0-2.59 pH 11 320A] 71 & s W93 (Choi and Park,
2002), Herring?] 9 &2 pl 273 1084 713 w2 g9} pll
55004 74 whe S8l E B (Undeland et al, 2002). o] Zo] o]&
o mhet Ho 2 HA G E Hol= pHel tha zolE Mol AL oH

2 we EH5o owwaEg ¥3Ekar 9 o™ (Suzuki, 1981; Sikoski et al.,
1004), o]Fof] e} 2P Fem AT 282 dide sy 284 o
ped

Wge pASE QWdc TRl a7t v wWEd pow AzdEn

(Suzuki, 1981). 243} azda) g A L7t F7 s gﬂ% chull 2] o

4 o
T A = QT olvlxdt SHle] shd kel Slete]l A Ade
7beidol wobA7] Mg Rem BAIvh

ol=dEe FFE H=Es7] skl pH 259 1058 U s
NaCl &fel theh o chlde] Feixng FAHY ZA4(Fig. 1), |27
b SIS & dide) gAles gastes dleg vEbth 2d4d &
WAy e elae 7hzh ol 0.5-1.08F 0.01-0.05 %—*é?é‘

Lo Lafdl= Ao dHA dAe(Sikirski et al, 1994), 7}

=1 e}
$el Aolel pild A oleAEel FAe HAd oo el HAoe 2o
wE 4Eggn 2Ue Al SAEE paAslE AoR warn

{(Undeland et al., 2002; Dagher et al., 2000; Chang et al., 2001;
Dewitt ¢t al., 2002).



Protein conc.(mg/ml)

18
—~ White croaker

16 | —4@)— Jack mackerel

14 }

12 |

10 |

pH
Fig. 3. Effect of pH on solubilities of minced

Jack mackerel and White croaker muscle.
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—@)— White croaker pH 2.5
— White crocker pH 10.5
—WF— Jack mackerel pH 2.5
-/ Jack mackerel pH 10.5

Protein conc.(mg/mi)

0.0 0.2 0.4 0.6 0.8 1.0
NaCl conc.(M)

Fig. 4. Effect of NaCl concentration on solubilities of minced Jack markerel

and White croaker muscles in pH 2.5 and pH 10.5.
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L2, 99 galo] WA 234 A S5 4%
% 220 i) AE7t gudel gse] v AR 2Ae) 9
B

shed sha) Fiool Alghe] ME FHEE ZAY AT(Fig 5), B A

4

G2k v Soh v A el s wlde] vhgEel 2 JFE VAR &
AR UERETH(p<0.05). A pHel A ehild ol sl g o) &ata] 4 A
F&o] gMaAs 5% o 12,500 rpm oidle] w23 1= FH3 %o
dwEs FESA RSl 15000 rpm o) e HEOAE A Ads
3

A AYAA el d S WA 7] wEe] 15,000 rpmell A 30%

st Aol 7hg Awdstrhil sklth(Deuitt et al, 2002). £ H¥eo] Az

[ A9 8000 2 9,500 rpmelAd 83 Azte] E 2 Afo]E H

ol ¢fom H-Ae G FANA 9500 rpme] 232 3000 rpmoj
Z3Fo] &l ndte] Hof

&7 W E(Suzuki et al., 1981)o) A&o|Hqx 53 9%

o St AL w4 BN WY frs] gFoR YA,

FRE M QARE ARe AANA oude wge %

{
B
PN
2
4
AU
2
=2,
o
olo
_O'J‘_'a
ol
i8]
o
)
Al
X,
=
S
i o)
=y

L
oz

A A hg pevle 24 @S dAs gawta a9n

il A
(Undeland et al., 2002). 44 F8lv] Az Al AA M= ¢4 34
A
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=]
E 6}
o
c
Q
L& ]
'E 4t —@— White croaker pH 2.5(8,000rpm)
S —) White crocker pH 10.5(9,500rpm)
n"_' —W— Jack mackerel pH 2.5(8,000rpm)
2F —.— Jack mackerel pH 10.5(9,500rpm}
0 L L i I I L 1 L
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Homogenized time(sec})

Fig. 5. Effects of homogenized time and speed on solubilization

of minced muscles.
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160

T

140

120

100

Breaking force{g)
-]
(=]

60| g a
40 —r White croaker
—4@)- Jack mackerel
20 |
D i il 1 1 I

5 6 7 8 9

Water/minced muscle ratio{viw)

Fig. 6. Effect of the ratio of water to minced muscle on breaking force.

a, b & ¢ a, b, & ¢

and of different letters in a curve differ significantly,

respectively (p<0.05).
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Deformation(mm)
[#)

-{_r- White croaker
11 —@— Jack mackerel

5 6 7 8 9

Water/minced muscle ratic{viw)

Fig. 7. Effect of the ratio of water to minced muscle on deformation.

a b, ¢ & ac a, b, & '

and of different letters in a curve differ significantly,

respectively (p<0.05).
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»
=
[ 20
=
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=
10 ¢ ~_> White croaker
-4~ Jack mackerel
0 L L 1 L

5 6 7 8 9

Ratio of water to minced muscle

Fig. 8. Effect of the ratio of water to minced muscle on whiteness.
a0 &cand® ¢ &7 of different letters in a curve differ significantly,

respectively (p<0.05),
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g ANF) e A% Atk F4 057 0% Faw dom

o} A7},

1.4. Fenl9] &
v of S} Ao uE 122 §le] 33 et A Zzg SFo)u) g
3 A (Fig. 9), A7

rUIo

8]

hw gy FRes l;ﬂﬁd Telve & .

of FEjvle] a4, A FA, @de Ao oz FUlEdey, ¢
Ze] T4 A A wiskel o 5% ol w4l gl F7HskAT 1
1 WETE 4 sReR Az Feu)e] go] vhg wigtorn] gzte F
Aol FaE 32.7%300 74 TN &Ze] 3 Abole] &0 Aoyt W)
A o7 Mzjel Blste] AL o] {ol HAloldld ©] T zle HAK
ol F7F MAE offfol ¥late] teke] wd vWAS Ty an, o
= o) e gl ool o Y] WEe R FAHACT o,
ise]l T 22 A o Rl R oy o] gAl, Fol S
& A of ol Hlsto] vl B uE R vh(Suzuki. 1981)

1.5 A, A 51 dZE] eElvle] A5 g%

TAL 2F 2 a7kl 4glu]2] waste water®] L EI A A dEr o
COD(chemical oxvgen demend)t= FAl>dZe]>4eo F£og x=9r}

(Table 5). W7ol Al e|v] Ao Lg=, FE& % 2 CODE
b oeo] #Hg=e] 45499, 2. 8uiet 1.0w) Eotoen RIFAE .84, 2.24)

S 3L1MEA Absh el v Az Rl oF sF AP mde 4

F3 2 ez veisth ada 2FEY] dhe WAL o) Fo blste] A
AL o]/t & vk COD AR &abs WS o] FolA FA IERECH
dZe] Feojvle] CODE Al Felmldl vlste] A7ele} B A7} 55

_)]_:
ooRAE Aes et b vl nlste] @ AL aIh B e
LhEpsber
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40

30 |

25 |

Yield, %
N
Q

15 ¢

10 |

JM1 JM2 JM3 WC1 WC2 WC3

Sample name
Fig. 9. Protein yield of surimi by conventional, acidic and alkaline processings.

JM and WC means lack mackerel and White croaker, respectively and 1, 2

and 3 are for conventional, acid and alkali processings, respectively.

,28,



Table 5. Sclid content, total—nitrogen content and chemical oxygen demand

(COD) of waste water from

surimi processings

Jack mackerel

Conventional Acid

Solid

10918 £+ 50 2412
(mg/L)

Total—N
(mg/100 167 £ 14 61 + 2
mL)

COD

2282 +17 1183+ 20
(mg/L)

White croaker

Alkali Conventional Acid Alkali

25 +7 153 £ 6 2+1 23x1

100 £ 9 100 £ 3 A7+ 7 68 + 3

1776 £21 1897 £ 16 960 £67 1493 + 30

AZQ,



2.1. A3} ekze] fEv) 71 Aol BT A
T T 78%0 A rrlver A g7E] gelv|e] JbE Aol w7

L gbe vlad da), del= Al vl A vl 4wt 2Ze] el
Hlgto] #otou, RyA= dzde] Fev)o] A Awrt oA e 4 Fee
Bl ok FrEo 2 YERtHFig. 10, 11). g3 4 vl 7td 4 2x
27FA] o F EFoA A TE]H]Q} ¢zt
2 A ol f owide] WA ¢hzkel pH
wakete, ekl pH x7o] @A o] cross—linkingg B F3F 3}8h A 424
of Agstry] Wl ez MzbEcl o] L AyE=E Al 4209 myosin
heavy chain®} actino] 94 =& &2l =gojo wldo e Bar o
o]k SDS—-PAGE 4°] bandE %3 g 5= o)

Aot kel seeln] tE de) W ol A reln] 7 A3
Hjdtsd o, MEr|e ) Szbe] grelvle] b Aol AR vhs wgkt
(Fig. 10, 11). o] @o] vt dy & SRl pH Ao 23 o &
el WATE A el nlate] byt Gz gEjulolE B oo )

Tl AEso] dolely] wiEo® gahwth Pacific whitingelld

ru

o

Fejvlel] wste yEokrh o]
Adorrt 44 pH ddoliA o

otk
=

o
el

T

< b wEjue] R Fee Wge 18] A fElv HoE w133
THE Grein BobE wrial #8912 (Choi and Park, 2002), 69 %<t
WA ool Abd obde] gElv) ) sttEel Mg e Aold u)dho
S ks Hola o] e AVE AR dZe Feivle] x3E A Ae) sz}

of 7|1st Ztog #AIEAcH Undeland et al, 2002),

Wik el Fovl g el WARE 38 2Aso] Az
vle] Hlape] wkgkow A ML o FAFE Mo Z JolE HPa okt
o el hd Wel WAL 4 el A Ao ulstel A tha
SteHTig. 12). A elv] 7kE Aol @iy wyt sbel d7e) 4220 71g
Aol Miste] 2 AL w4 FAHE F&l thaFe] M9 hemoglobind}t &

M2l myoglobine] A AE ] vellowness?t 7F4 87 wjF o]},

# 54 52
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Breaking force(g)
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E-Y
(=}

g
(]

—i

JM1 JM2 JM3  WCH

WC2 WC3
Sample name

Fig. 10. Breaking force of heating gels from conventional, acidic
and alkaline processings by punch test.
JM and WC means jack mackerel and white croaker, respectively, and

1, 2 and 3 are conventional, acid and alkali processings, respectively.



Deformation{mm)

JM1 JM2 JM3 wcH1 WC2 WC3
Sample name

Fig. 11. Deformation of heating gel from conventional, acidic
and alkaline processing by punch test.
JM and WC means jack mackerel and white croaker, respectively, and

1, 2 and 3 are conventional, acid and alkali processings, respectively.
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50

30 |

20}

Whiteness

JM1 JM2 JM3 WC1 WC2 WC3
Sample name

Fig. 12. Whiteness of heating gel from conventional,

acidic and alkaline processing.

IM and WC means jack mackerel and white croaker, respectively, and

1, 2 and 3 are conventional, acid and alkali processings, respectively.
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2.2. 7Y4 B9 40 vA= 232 9 de] g3

WAtz e] gz Feve] 29 E dMds yoksle] tE 4L =A%
ol
MR

F ok Ao 2Ad WA uA: gy gude 488 ZAso
(Fig. 13). sh2Esh i e 294 umae 37492 o 3

v AR FhE 1% J7MA et F 179 B0 Aol oAl
ol & Ro|x ¢kghil, 9%E HIFHE W) 1-7%e] Wt thh FrbslE A
o2 WG CHp<0.05). zela MEE G4 1% AUEA FhE 3 1-9%
ol M WelA fel MY Aol wolx) @tk o e A 2¥F ©
Wgel Azt S AEE F7MAZIARE 4 s HY doldE 2 Aol
Hol| ghg g wavh THA v ofge A F4%

LR =1=]

i

o

T (Shimizuk and Nishioka, 1974: Okada, 1964; Mashimoto et al.,
1985) vl 7k Ao gEHe 44717 9 FAFEE 9 29
G dol AAE Basicin sodvk 2y 10-20%9 +ad geAs 3
7hek agel elvle] vl Ao A

T 2388 F7H o (Morioka et al.,
1992), <gd dde] ddfel 2

%
TS wHstr Zen, 294
G E S st glde] TR mEl 4" Ao EAde] dzota dhe
(Morioka and Shimizu, 1990) 34 dwdo] ol Fe 714 o v
kol disle] dAH HalE wolx @i qlr)
WYL= Frbek 2 chi o] ghefo] Frbstel nel BAdE Aoz
]

7k

LR (Fig. 14), hemoglobin®t myoglobinell 2]3F  vellowness®
mE MATo] HAE 3ol v Eodn

=

2
F& HHRe, 9Y § Y WAES 5o 246}034 oluj seln] o
Axt o) gerol B vAE AgE Aaky] fle) Fen] G 48
Fo 77t 50 gib 7RV HEF zAsd AR e Arles o
of gol FAgol wheh Felgow hsiRow(1<0.05), F40 AEE
S5 o) Fe Aol WA o Fel wEAo) Wisle] ZA Lo} Aol
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Fig. 13. Effect of sarcoplasmic protein on breaking force and deformation

of heating gel from White croaker by alkaline processing.
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Fig. 14. Effect of sarcoplasmic protein on whiteness of heating gel

from White croaker by alkaline processing.
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A= 57 Aol wlste] 3%9 NaCle #7hst oM 56% g8 e
Pl EAE 38% #askloh 2elu B ghe NaCl #@7F s=o) e #

o] HQl WalE Rolx drh(Fig. 15, 16). Fev)e] g 4L 3457
Ash A7k 92 myosing Folil 7k Eoll myosing] GATEo| 7)o
a AR Ao g Fadt Ags fAlely] e} Selu)e) s}
d 3 f’fé*éil gl NaCle] /b D3 olm (Niwa, 1992), 9o} #drhgol
I M W72 A Ao F7hska 1 ol A49E 23y #adica &
A THShimizu and Simidu, 1995). 83 Pacific whiting 4 Fgr)=
2.5%° NaClZ #H7Hle of 71 £& A 2= Rogda 2usgn
(Chung et al, 1993). Zejv} & 2ge] Ao} o] NaCle] 7l Fr)

o
|
!
i
2
aul
ok

(b

FARA WA S e gaehs AR FEAL ph Aol ol

1
= 1
myosin =42 WAAT Fyo] dojup wFd mW A Ar| 9% F

el sst A Bk 72 GAS Bel A2 WA+ Ao, 9ol W47l
b Edel olal wEd wrgd JlEel BA 7 A2e FANA d4 Pz
o Fg Paer) WECE Wl A5 J)Te Aol f|we guy i

o
E

s

AW QIE A A dEAE 8] AV daztie o) 2dE
B (Damodaran, 1996), 9¢] d7}&= Pacific whiting©. & A)x& Az o4
2 Felvle] sMAE e AsAchn #HAch(Kim et al. 2002). 1]
oAb gz geEjle] b A A e A3E Ex ) B BAgle)
agat st S8 AESojoF & Aojrh 7bE Ao MM E= Nallel
H7bEe] F7tsh tlEo] Fvhstiz slo® Yeldh(Fig 17).

2.4. SDS—PAGE A7|9% 4
A FE09) myosin heavy chain(MIIC)9 acting A4 2 g2ty
Zuloll w)sled AA BEesglort, EAe] #Dsls myosin light chainoll
Mz MBS RolX skthFig. 18). defuy F A9 dzel g Alo)
o = MHC2} actin off &9 s= bandol] 2 21o]E Kol kol MHC
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Fig. 15. Effect of NaCl concentration on breaking force of heating gel

from alkaline surimi of White croaker and Jack mackerel.
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Deformation{mm)

~(_— White croaker
—4@— Jack mackerel

0.0 0.5 1.0 1.5 2.0 2.5 3.0
NaCl(%)

Fig. 16. Effect of NaCl concentration on deformation of heating gel from

alkaline surimi of White croaker and Jack mackerel.
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NaCl{%}

Fig. 17. Effect of NaCl concentration on whiteness of heating

gel from alkaline surimi of White croaker and Jack mackerel.
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High White croaker High Jack rmackerel
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Fig. 18. SDS—PAGE patterns of surimi from sarcoplasmic protein(SAR),
conventional(pH 7.0), acidic(pH 2.5) and alkaline{pH 10.5) processings of

White croaker and Jack mackerel.



9} actine] a7} AF AHalol 2]3F mysoin A2} aclin 23] AF bR
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Fig. 19. Electron micrographs of conventional(A), alkaline(B) and
optimum formulated surimi gel(C) from frozen White croaker.

,43_



H

32} —
323867 08 8KV ¢ X28K Jd8na

&

£y E

2882-218(1) JKF

#79898 98 8KV ¢ X268k Zadea

Fig. 20. Electron micrographs of conventional(A), alkali{B) and
optimum formulated surimi gel(C) from Jack mackerel.
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Fig. 21. Prediction profiles of starch on breaking force, deformation and

whiteness of alkaline surimi gel from frozen White croaker.
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Fig. 22. Prediction profiles of starch on breaking force, deformation

and whiteness of alkaline surimi gel from Jack mackerel.
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Fig. 23. Effect of potato starch on breaking force and deformation of

alkaline surimi gel from frozen White croaker.
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Fig. 24. Effect of corn starch on breaking force and deformation of

alkaline surimi gel from Jack mackerel.
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Fig. 25. Effect of potato starch on whiteness of alkaline surimi gel from

frozen White croaker.
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Fig. 26. Effect of corn starch on whiteness of alkaline surimi gel

from Jack mackerel.
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Fig. 27 Prediction profiles of non—muscle protein on breaking force, deformation
and whiteness of alkaline surimi gel from frozen White croaker.
WP, SPC, EW and BPP means whey protein, soy protein concentrate,

dried egg white and bovine plasma protein, respectively.
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Fig. 28. Prediction profiles of non—muscle protein on breaking force,
deformation and whiteness of alkaline surimi gel from Jack mackerel.
WP, SPC, EW and BPP means whey protein, soy protein concentrate,

dried egg white and bovine plasma protein, respectively.
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Fig. 29. Effect of bovine plasma protein(BPP) on breaking force and

deformation of alkaline surimi gel from fozen White croaker.
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Fig. 30. Effect of bovine plasma protein(BPP) on breaking force

and deformation of alkaline surimi gel from Jack mackerel.
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Fig. 31. Effect of bovine plasma protein{BPP) on whiteness of

alkaline surimi gel from frozen White croaker.
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Fig. 32. Effect of bovine plasma protein(BPP) on whiteness of

alkaline surimi gel from Jack mackerel.
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Fig. 33. Ternary plot of ingredient ratios for optimum formulation of
alkaline surimi gel from frozen White croaker.
BPP means bovine plasma protein. The breaking force, deformation

and whiteness were set to 110 g, 4.2 mm and 22.5, respectively.
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Fig. 34. Ternary plot of ingredient ratios for optimum formulation of
alkaline surimi gel from Jack mackerel.

BPP means bovine plasma protein. The breaking force, deformation and

whiteness were set to 110 g, 4.2 mm and 22.5, respectively.
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Fig. 35b. Total colonies of alkaline surimi from White crocker and

Jack mackerel during frozen storage at —18T.
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Fig. 36. Whiteness of alkaline surimi from White croaker and

Jack mackerel during frozen storage at —187T.
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Fig. 37. Breaking force and deformation of alkaline surimi from White

croaker during frozen storage at —18T.

_67_



140 8

Breaking force(g)
—@- Deformation

Breaking force(g)
Deformation{mm)

B o . _ LIp
1] 10 20 30 40 50 60

Period of freezing storage(day)

Fig. 38. Breaking force and deformation of alkaline surimi from Jack

mackerel during frozen storage at —18T.
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Table 6. Full—formulation of surimi processings for sensory evaluaton

{(Unit : %)

Pollock surimi

(RA grade)?’

White crocker

Jack mackerel

Surimi
Bpp?

Corn starch
salt

Glucose
Sugar
MSG*

Soy ail

Water

84.1

o

0.24
0.05

2.73

84.1 84.1
5 5
6 6
0 1.71

0.17 0.17

0.24 0.24

.05 0.05

2.73 2.73

Adjust to 75% of total

0.17
0.24
0.05

2.73

34.1 84.1
o 5
6 6

1.71 0

0.17 0.17

0.24 0.24

0.05 0.05

2.73 2.73

Y RA, pollock surimi(RA grade);

2)

respectively,

,69_

BPP and MSG mean bovine plasma protein and mono sodium glutamate.



Table 7. Quality evaluation of various surimi on fish species and the

amounts of salt.

Salt(%:)
1.6
pst
0
1.6
wel
0
1.6
0

Whiteness
(L—3b)

12.3

11.

(SR

18.1

19.6

+ 0.3

+
—
-
N

+ 0.9

b+ 04

H

1.3

H

0.9

Breaking [orce

(g) Deformation(mm)
w64 ol
88 + 3 3.8 £ 0.3
7 x5 14 £ 0.4
84 + 6 1.2 £ 0.4
62 + 2 3.7 £ 0.1
69 + 3 3.7 £ 0.2

]

The used PS5 was pollock surimi(RA grade), and WC and JM means White

crocker and Jack mackerel, respectively.
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Table 8. Sensory test of various surimi on fish species and the amounts of salt

Salt(%) Texture
PS 1.6 2.76
1.6 2.76

WC
0 1.75
1.6 2.25

JM
0 2.20

Color Taste Total
3.38 2.57 2.86
3.24 2.29 2.53
2.50 1.50 1.25
2.69 2.38 2.19
2.40 2.80 2.60

1]

crocker and Jack mackerel, respectively,

The used PS was pollock surimi(RA grade),

,71_
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