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Optimization of Ingredients Formulation in Low Grades
Surimi for Improvement of Gel Strength

Yeung-Joon CHOI, Ho-Soo LEE* and Young-Je CHO*

Division of Marine Bioscience / Institute of Marine Industry, Gyeong-Sang National Univ., Tong-Yeong 650-160, Korea
*Faculty of Food Science and Biotechnology, Pukyong National Univ., Pusan 608-737, Korea

The increasing price of surimi has affected the economical benefits of surimi based food industry. To maintain gel strength in low
grade surimi, the optimum formulation adding functional proteins to low grade surimi is required. The objective of this study was
to develop the optimum formulation of ingredients in making gels in low grade surimi on the addition of functional non-muscle
proteins to low grade surimi by measuring rheological properties of the gels. The rheological qualities of the cooked gels made with
A and RA grade surimi on the effects of adding five kinds of starches (potato, wheat, waxy maize, corn and modified corn) and
four kinds of functional proteins (bovine plasma protein, dehydrated egg white, soy protein isolate and whey protein concentrate) to
the gels were evaluated. The gel strengths at cooking with A and RA grade surimi were decreased with increasing the added starches.
The kind of starches added affected little the gel strengths in RA grade surimi, while potato and corn starches decreased at the least
in gel strengths of the gel made with A grade surimi with increasing the concentration of starches. The bovine plasma protein (BPP)
significantly increased the gel strength, especially in RA grade surimi, but BPP decreased the whiteness of the gel. Therefore, the
optimum content of BPP was up to 2% because of the whiteness of the gels in RA grade surimi. The optimum formulation for the
el with RA grade surimi to satisfy the gel strength of 1000xg and 78% moisture was 40.9% surimi, 9.1% dehydrated egg white
%DEW) and 0.9% starch, while that with A grade surimi under the same condition was 37.9% surimi, 6.6% DEW and 3.4% starch.
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& surimi®) &, A7Mgo T8/ 2 AL, 7MY
i Sol o) 9L Teg, YA Zo) ZEA surimid 7+
A5 ABHA FFAME o) § AL E o) &3 WA FEY
Zo| A, ZuolA] o] & 7hEd HAT oY
o BE3 713 WY mF S22 Ao AWR o] FoJAI
AR @& Aot wtA, gel 4T P BojAE AF €
2o} HAF H1ES Ahslm, o] HUMEY AH 2UE T
B0 2M gel AT AR AT HF FAY FAE SR,
Az EAL AT F & s 248 Ao vlo]§ oA
9 713 Wy FR APHolof B ez B
UE surimiE o] £ 4 AFEY gel AT #F
Zo A AR #A3, Wu et al. (1985)& FAEo] ofF
9 g& FAA Y, surimi BHA2 matrix A 7143}
e g#e 3 Agste 58 Yol gelst AHE F93
B35 Horn Chen (1987)& AW gel 75 & A7 4T 2
HF AR REY Yy g 2o Y Kim and
Lee (1987)& AE9) gel xS ¥ F3Bdle AT F/o
oot 9, Ymazawa (191)€ AE JAE 94§ 749 S
F4en, AR R F4 w¥d wy ALFOEA ¥
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AAEo] 28 tensile strength® FoHI B
Zo FA7)3le B2 9BAY gel BT 57 EF
Gl geld] 43 f8& Foheo] A%t AEEH,
6% FEAM gel ZEE HU2 F7HAIZ, @A E3) &2
AHAE gL olAM gel FH B9 WA 7q4E £ 3
A% Fohgk AL £33 2 Wt} (Chen, 1987). Yamashita and
Seki (1995) & egg albumin® X3 surimi pasteE 90TA 7}
ARE e gel ZE7} Ba F7H8 4, egg yolk®] H7be gel B
=8 843 242092 28 Chung (1990)& % &
WA AHEL surimid gel BAEE AFAIE ReZ BudY
Awh ALACO surimi plus (New Zealand milk product Co.) %
Nutrilac (MD Food Co) §& ©4¥ 23 &4 84 48w
M2} surimi gel® B S F2AUD A2 % F9) TGase
EA7F BUH I (Seki et al, 1990; Kimura et al, 1991), gel 2%
7 5#7 A" wehA (Sakamoto et al, 1995), & 8%
MA L o] &8 surimi gel 374 AT Bad g2 A7t 9
oA glom 4 A dNAY gel F3 EHe HTH 2

A3 2 2244

© 4 g ol

29 5en Az g4 dulde 43534 73 (Ya-
sunaga, 1997), a2-macroglobulin®l & cystein R serine A2
gl Rg g2 289 AA (Ashie and Simpson, 1996) ol 7|
Ay, & ¥4 @i dL AT surimi geld] stel AAHY
Aoz 4#x 9ot (Seymour et al, 1997).

o] &L 19973 % FZ8&ANEATe FuAA (At §4) I8l 9ste FAE dT7Y.
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Zeu WIWEA AgdE N2 S gndy F
ARE FFHo 2 YA, o gel AZE YT HIZSK 9

A9 HAAHE Ned d7e A FYH A g THA,
g

£ 97 AF surimid gel A% 7 W& £H37 9389,
AE 2 vias g Ao A7t gel Aol v ]-‘= S %< punch
test T AXE 53 S, BA T2aYL o] &3 HrtEe

HH5E Axstien, A719F 2 DSC 'E"li
a9 gl A3 717E ARG

e W e

Ab g 24 () AMIA Az 7] 6/1€E dA
A2 RAFHY ¥F ¥ surimiE 793+, 242 9
oF 10X15cme £522 H 93 polyethylene bagel X
g F, -20C9 FAIT AFSHA AYPo] ALY
S5 AR, Waxy Maize A%, 4 S49 48, 4 28L&
AAA 7tFF 2AEE (F) S"MW, 2 AEE AFY ¥
YolA 47 FYstg o, vZ% TR A2 A soy protein isolate
(SPI, Supro 538, Protein Technology International, St. Louis,
MO), whey protein concentration (WPC, Nutrlac 7723, MD
Foods Ingredients Union, NJ), beef plasma protein (BPP,
AMPC, Ames, IA), dried egg white (DEW, 54822, Prineff, Came-
ron, Wisconsin)& 27t AHE8Ath 19 A71Y% Alde Si-
gmarte] A71YEF AokE, 29 AgE EF & AHEagen,
A AHEE FRET BT ASRE 2ol E AHEEYT.

2. YHtdE 4 pHY é’éﬁ
FRE AYE Az, 2o9d #FL semi-micro Kjel-
dahl®, 3|&& A4gag oz ZA39 .o (AOAC, 1990), pH
za

€ A& 10g FF4 100mLE 7}k Ultra-Truux (Tka, 25-T,
German) 2 1% < ¥23t¢ ¥, pH meter (Okidan, Japan)
ZA 3.

3. OE gelel HZ

3% surimiE SCAAM #Ad FAL F, & 5em’y AV|2 F
Z} Stephan mixer (UM 5, Stephan Machinery Co)ol A ¢k 1%

S BAEY 229 AAT HF FEEF] 18%7F HEE A
A 228 2 47 246 BE H7MEE A7 mortar (4C)
ol A 108 F m7IHe] FHch, nU|HeE w3 /& XS}
Eoj7tA =8 AW (A7 20mm, Z2°] 200 mm)o] 25
DR 3ol 90Ty F2AA 308 FUd HEE F, L EAA
15% B¢ ¥4A71 2 B3 2AA BES g 48 A
£t

4, CHHHHE ST £F
£ g¥A FEE Bradford (1976) 8ol wal 595 nmoi A

A Z3% F bovine serum albuminl 2 AA3 HEFAMof

et gd & AN

5. Gel & 53
Gel 4%+ Rheometer (CR-100D, Sun Science Co., Japan)&
AHEE o] 8 M (20 mmX20 mm) <] 9 AR 10mme] T
& plungerE 60 mm/ming $E2 o]5o] fdE w71 F454
oldf plungerdl 7HA aFF (xg) 22 &R A

6. AMx}

Azle 2AE JF9 Aadd] dste A A3A (JUKI-IC
801, Japan) 2 Hunter ¥ 3Ao 2% L3k, adh, b#t & &35 L
o, ol WA= Park (1994)9) Wle] whel L*-3b% 9 2]
w2} Alakst o

7. SDS-polyacrylamide gel (SDS-PAG) M7|4S

op g o] 0.5g0] 7.5m9] 8 M urea-2% SDS-2% 2 mercap-
toethanol-20 mM Tris-HCL, pH 6.8 &39& 71814 90T &g
FZA 208 T 19T F, 100 ipmd] ST 2 EEAFHA
Ao 2047t F&3o 0.1% SDS- 20 mM Tris-HCL, pH 6.8
dA s FAE f42 H79E AER ARSI SDS-
PAG #719% < Laemmli (1970)¢] ¥ wa} 5% polyacryla-
mide gelol A AAIGH oA, 471958 #FH2 25 mM Tris-192
mM glycine (pH 83)& AH&3tHth H719F A8 HE @9
AL 77 20 pbA S loadingdte, well B 33mAY AFE £}
HA719% Fl gel& 0.1% Coomassie brillant blue R-2502.2 ¥
MEm gMe methanol: 2 HZEHS (118, vivwv) 4oz ¢d
8 gqEd7A Yt

8. DSC (Differential scanning colorimetry) 24

DSC #4& thermal analyst 20002 station® & A&3 Du-
Pont 910 DSC (Dupont Instrument, Wilmigton, DE, USA)E 4
AEgoen, gHde 2%9] NaCl &9} 9% F=71 A &4
AA RAF AFS AAG F, BAE ANEZ AT
4¢ HAs 9ud i57} 9% ©¥d 89 12-14mgs stain-
less steel pan®] ¥o] DX &, A& pancll loadingdtL, refe-
rencet 2% 9 NaCl §9& AH8-3t4th A EE 10C/mind &%
2 25Col A 95sC7tA stEEtgen, eI, onset 2% F peak
L5 AFoZ ALt

9. Screenig ¥ mixture design

Gel 4= 9 Mol wixe Z A7HEY 9% stz H3
ANES A7) 93to 167FA HA7ME ¥ pattern® 2 scree-
ning design (JMP, SAS Inc., NC USA)& ’é"] o, 43 H7tE
& A4 ¥ WIF sudmi, BSS 99, A& A3t mixture
designe A3t 4 A7HEY 3451 ?E?} “]a'*e' T Y
Hgo] W A89y H7MEY A7HFE Table 1% 20
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1. 2HiMg

e surimis H2& 99 HE dWAHE-S Table 2°0
YeEhRt RAT surimi® FE BFLS 75.6% 32, AF su-
rimig] FE L 736%2H TFL &4 2% F¥ FF A
ol Hojm gger zudd FFE AF0] 1767:2'*?
9] 153%) ¥do 2% 7t¥ A JEIR ¢ ¥z ]'r
o, & A¥o A8 WF surimis H]E’J—‘i 6}-.—] 236 &3

AAL 9T & YAt FE FFE qurimid FFE AR
Fa% 7102 49 8 é F2 %] At (Lanier, 19

92). Park and Morrissey (1995)2 1171¢] 8 ¥ surimi AZ
AAY B e surimid §F AAE 2AE 2", dF i
3ArEol HA4E S SAR was}%lwﬁ A 532 FAZ ¥
AldtHoy, 199 34 FEL At mek HA] WEol @3t
SAS FASHES FEFF 735~745%, 2L o8 FF& F£
FF 741~770% 24 FE T QAL IAIEE Ao]E B
Aty it HE FFS A9 RATAA 1% 9T 01%19.Bi,
19 8~9% & sucrose, sorbltol-‘Jr 22 Ys ¥4 HAAZ

Table 1. Formulation for screening design of starch and non-
muscle protein (Unit; %)

Starch non-muscle protein
Potato Wheat Com Waxy Mcom BPP DEW SPI WPC

Pattern
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Waxy ; waxy Maize DEW ; dried egg white
M-com ; Modified corn SPI ; soy protein isolate
BPP ; bovine plasma protein WPC ; whey protein concentrate

Table 2. Proximate composition of frozen surimi and non-mu-

scle proteins (Unit; %)

Moisture Crude protein  Ash pH
A grade surimi 73600 17501 0700 74
RA grade surimi 75601 153+01 06+00 73
BPP 72102 69600 124%£03 72
DEW 91+01 790x01 6202 68
SPI 59+02 743x00 43200 70
WPC 82+02 73101 26%00 70

"ok A 2 RAFY pH && #7749 73224 WE surimi
E£3 7129 702 3334

A7be S 99 £ FFE & ¥A v (BPP)
72%, @ d (DEW) 9.1%, WFSRA (SPD 59%, /3%
S d (WpC) 82% 24 el ool 717 wgkow dwA
gheke ol gwldoe] b e 790% %%, & 84 dwWAo]
7 B 60.6% QT

2. Gel

29
L
=

AMsol 0jXls M2 dg

27} gl Azl vA e 4% B4, M FAE9
Age7] 939 screening design 22 16749 pat-
?4' AEL v|HE T (Table 1), gel 328 2H3o 2

HE )

A
ternoll

g EA89 (Fig. 1, Table 3). 718 BE AN A&
3=E7} 17}@011 nel gel AEv Fade Ao e,

AT AFY vEtq AE F{HA BE Aoje HM,
’\’—‘1 S5 ARl gl BEY M S 9FE FAL, ST
2 Z2a AEE AY HRE FFEOE gel AT TS ]7‘]
Ao, waxy maize FES 7 FE7F FUH wit ge
8 A3 AATE Aoz deth AFNAE AE
gel ZEo v o] FREA dEtA A2 R #4

2L gel 2= AT GFo] AFHZ HAJAATE, U, waxy
maize 2 &3F AEL gel A% Zdo] ZA 9FE e A

o2 YEH

1000
1 TR RA grade
_ sof ; g
) ] R
= 4 %
z 7 5 5
= wlff, [ /
S0 Ik / 7
711% ] V] ’
= ’//.’ /¢
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Fig. 1. KEffect on gel strength of surimi by adding starch.

See Table 1 for legend.

Table 3. Estimation parameters of starches by screening de-

sign
RA grade A grade
Starch Effect test Effect test

Estimate¥ ————————— Estimate ——:c———

F ratio Prob>F F ratio Prob>F

Potato =579 128406 00050 —418 51075 00474

Wheat —603 9544 00115 —588 101461 00097

Com —-532 74127 00215 —930 253432 00005

Waxy maize =700 128406 00050 —80 20180 00012

Modified com  —497 64740 00291 —450 5939 0035
* Orthogonal estimate
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(Wu et al, 1985). Yamazawa (1991)& ¥ & Y0 &
AEo tensile strengthst 1% 9 BFEE F/HAUGIL o
o, Park (1995)& AE ¥=7 2718 w8 95 surimid 4
U2 %L 27) fRo A L T AR FE 12%
H7l A7 Ag Wy e Wiy g, 5%
o geld) =71 Aoddd gt Ad ¥ 7
Badgd, £ 7oA AHSE gel Zx EF HHL torsion
test 23T A9 $YAE= 2 4L 7L
wrd 3] a7 W&o (Lanier, 1992), 3¢
F gloy AW $¥ We 2 A9 AT
4 F Ut
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£
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3. O{K gelof O|Xc |2 CHEES A

1) Gel 2% vX+ 9%; BPP, DEW, SPI € WPC7} ol %
gel FEA vlX e 98T A (Fig 3, Table 4. 7 ¥|2%
9l de 2% A7t F AT gel AEE HZE ZAH (B,
C,E D, RAZ2 WPCE AYsie EF7} gel Z= F7%el 7]
d3lges AFE BEE HZS A HItEAA gl A7 F
7batgct olgt 22 ZAFE Park (1994)¢] B B surimiol
1%9 24§ @93 Frle A9 $¥& FNUde 2Zus
A9 dx8z ot 22k, screening designdtd gel 2EE &
A% A3, BPPE AYE v w2 f @A HUt v
%719 dEo] gl ZEE ZAA7E Ao UER RAZ
AE WPC>SPI>DEWS €28 #H7l vda 71 714
wel el ZE7F F43AR, ARdA S DEW>WPC>SPIY &
O 2 gel ZET} #A3AG o9 £ 4F ZAE McCord et
al. (1998)7F 444 ©dde] Argt /3 I ¥5E %
gl G X dFeRd g 8L gl AT ZA2AT B
3 g B39 Yoon et al. (1999)¢] fibrinogen? thrombin E3&
< 3~5% ANBE W AF F29Y surimiv FFAA 4

]

1000
" SN RA grade
800>— A 2221 A grade
¥ 7 ¥
P /¢ = [ Al P
2 A W T TP RN
~ /l"’///”/l" v,
s - EEREVECREL b tp ot
1) / 17 177 21 TS
g A28 007 7 8% 72k %
8 A4 %77
g anaranazaztaddna
7 o UUVHNEVEVEVEVVEVY Y
- If”f’f”;/lf’,;
Y A4z 707% 7
&) VIV VU E VY
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AA2A020320077 705917
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Fig. 2. Effect on gel strength of surimi by adding non-muscle
proteins. See table 1 for legend.

ALd vt =& stress® strain® AT F Hue Ao
dx)8t3 o} Weerasinghe et al. (1996)2 WPCE Pacific whi-
ting surimiol 4% 7t AZAA Fd $8E S, BPPHE
=X 4oz A 183 Yasunaga et al (1997)2 plasma
powder9] gel 723 EE HITH AFol 9T 2AHFA &
%22 myosin heavy chain %9 Z4 A 7|ddte Aoz
Busg,
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Fig. 3. Effect of non-muscle protein on gel color.
= RA grade ezza A grade

Table 4. Estimation parameters of non-muscle protein by sc-
reening design

RA grade

A grade

Starch . Effect test . Effect test
Estimate* ————————— Estimate——7—————
F ratio Prob>F F ratio Prob>F
BPP 2236 227780 <.0001 2870 21.0950 <.0001
DEW  —2099 21.0709 <.0001 —52.14 21.7594 <.0001
SPI —3232 61.1651 <.0001 —2685 72.8241 <.0001
WPC  —4328 782813 <.0001  —3247 304805 <.0001

* Orthogonal estimate
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2) Azl gie g3 IS G do] Ao A= Y
& Z2A37] Astd 2% A9, 6% AA AR 2% x|
o5 9UAS 37 Hriete o F& A F, AN NAAR L,
a P bas £33t HE9 bt € WAL E Yehl A (Fig. 3).
Park (1994) 0l 93, o] T 9] M S| AT = Ao J&S
XA gETn e WAT HAE NFIS W (19919
937lBthe L¥-3b% 9 HHYo] MALE EHEEY ENE
ojgtn Bttt weld, B 4¥9 AR Sz BHE
A gkgton] WMATE= park (1994)9 Wyl wal AR

H 24 g3 ArsiA @& d279 3EE RAY A
A bzt 72813 72.772AM & Aol g Mol ko) e
RAGol 78924 Ad9 3399 3t #& FE& Jehian,
o] & PNz Friz ddte] WA A RAFO| 49.1454
AT Y 62600 vlEte] dA3) Y& e Holm YU} 3%9 A
& A7 AR surimiE MZE o] 59 AR 7Fo) |5F

}, 655 50001494 #U43HH (Lanier, 1992), AFE ©]
712 433 A% RAB LS 6559 71Fdx 7gda e A
o2 Yyegd,

BPPY H7le AAHoz FALE FrAZALD AFo] RA
Foll vj3td ¥ FHAEE HYL WAL GA AFGolA wol
Zhdte 2%E BAY DEWS WPCe HAd) 9o dz+
g} & AolE HolA ¥%on SPIE BPPY ulrtAE F&7}
Z743el wt FAEs} Frtse ASE Yy

=
g
o
L
or,

i

4. SDS-PAG M7|dE

BPP, DEW, SPI ¥ WPCE #7 5% #H7tst zAE o5
T myosin heavy chain 84 2 EAE &37] Hetd SDS-
PAG A719% & A& (Fig 4). 279 BPP H7FolA
FHA L EAE U F ANeY, F AE Aol FRE X
ol BolA gk} of 22 HY ZAe BPP BW A Hrlv}
myosin heavy chain®] F%#el 719482 ¥&& Jehle ez
4 BPPS 7ol 93 gel 73} Edte FHA A4Ede <Y
AR Gl Az BPP AtolY HFH AR F7tel Vste Aoz
T 283, Yoon et al. (1999)2 fibrinogen®} thrombin 2]
1:20 EXEY gelst AHE STAA 40T7ARA Gl wet HA
Hoz Z28H, G'% G" e 30T o) ZeA Fr1ecn Bag
Ao v Fo] & A WA AT gel A3 Ae AW 2
BN olFoAE Aog & APFH Fo] AA T HBE
A AL AY &7l glve Ao Bddo) Plasma B
29| gel 78t Fool A3} Yasunaga et al. (1997)°] bovine
plasmad] gel 73l &= BT H ZEE 58 294 F oA
plasma @¥ A9 F5g4d) 719% Rolv, 712 ZHE myosin
heavy chain®] EMe JAHA et B¢,

5. DSC24

A7he 9 Ao 4 543 ¥4 Pol 2EE Folru, ofF
gelsh 2xd UXE 4§E 2AE 2, 2E dddd )9
TR ddo] e B (Table 5). 2% NaClelA ¥ o
Who] o] gl 7hE 2x 0T F2AAM 7+ & deY

o]i

ERECE

MHC-polymer »

MHC »

Fig. 4. SDS-PAGE patterns of surimi (control), surimi with
BPP (bovine plasma protein), surimi with DEW (dried
egg white), surimi with SPI (soy protein isolate) and
surimi with WPC (whey protein concentrate).

MHC ; myosin heavy chain
MHC-polymer ; myosin heavy chain polymer

Table 5. Thermal propeties of non-muscle proteins in 2%
NaCl solution

Peak 1 Peak 2
To Tp° AH° To Tp AH
BPP 616101 687106 21910 771103 B814+03 112104
DEW 646+35 699+14 331x05 755108 816%05 754+68
SPI  635%22 699%03 140£05 76618 81£01 8315
WPC ®8£24 696+05 48+08 763%16 818+07 116£09

*Denaturation onset temperature (:C)
®*Denaturation peak temperature (C)
“Enthalphy of denaturation (J/g)

38 B 71 & 2 W38 AE A9 JEdon, BPPE
2 gl A vl E& onset 2529 Ho) 2EE AL Y=
o2 Uegt o] 2& 489 ZHE oK geldyt AP HE
T 9 BPPY FZ W3 &7} AY YXNFOEZH BPPE A%
gelel 4 T A4 7dste AR B 2 4% 23
€ Raeker and Johnson (1995)°] &€ ¥4 Uy L F9 U4
BHARG W RN WS 1% Afe A&
Aot dul dwlAe 747t 67C (conalbumin) ¢ 84.5C (oval-
bumin)oll A, 82 @wde 70T, 77C 2 83Tl DSC peakE
gy B3 Adte thd AolE Holn g ol #e
ole @Gl o) Zolgle: fule) Folo 7Ues AoR Ho
W, duidoz g AL NaCl $AelHE 750 vt mhg
52 WA g% dde] £ %A glycinin® 85T ol
49l XA myosin® 4 FZE3M, B-conglycinin® 50~100
TolA myosin heavy chain®] $3& #AAUTL &t (Peng
and Nielsen, 1986). 223 Utsumi and Kinsella (1985)< W5
G2 8 geld TZFHQ matrixe disulfie 283 F2ZAF o)
FAE0R Basigh

kil
o
A
<
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6. AH3l Formulation

Screening design® F3t¢] gel Z&e] EFHV} ivdn Q34
27 A%, DEW, BPPE AX2 U333 misture design ¢ &
e ol H7MEY RA € AF 9% surmidh WF HFFE A
=&

AHE R QAbe] g 24L& DEWE 10% ©l3}, BPP 5% ©}3},
BE 10% oJ32 AFRY o€ 10% o144 DEW F7te 9
& AT NS L] dEoln, 5% o149 BPP HVte ¥4
e 3718 2A%Y AFE A4 RAZE 3297 GEo
o2, AEe Age AR AFY 2E 938 10% ofe
2 R3S §x4ETY 74L Anddd 89, 22 formula-
tiond £& "9 gel FEE 1000xg2 FAGELH, o} 29
FE FFL 78%2 2FHY

ol T2 At oM HAHLE AEH B (Fig 3, 6), AF
A gel Z% 1000xgE WA BA surimi 2R o) 7HE J &
formualtion® DEW 6.6%, starch 34%, surimi 3785% <0,
RAE® & DEW 9.12%, J¥ 088%, surimi 4093% Gt}

2

©2

AEL F7 BAY ANFE AU W) gl BEE
Aststg o RAT ¥WE surimiS B 2F0) 2 gL ¥x
G2 WY AL AARE 2 4 SEFRR) FE F7d
e gel A% FHAd 7HF & d¥E vAE Aog vy,
WPC, DEW % SPI= #H7tdko] 27t whit gel Axw P
3o, BPPE gl BEE F/M9lE A2z JEyen,

Fig. 5. Ternary plof with mixture ratio of adding three fac-
tors (DEW, BPP and starch) in A grade surimi pro-
ducts.

DEW

N\ AY A Y

A} AY AY \ \
1 09 08 07 0.6 05 0.4 03 02 0.1 0
8PP

Fig. 6. Ternary plot with mixture ratio of adding three fac-
tors (DEW, BPP and starch) in RA grade surimi
products.

o] && &F}e RATFIA @AY, BPPY gel BT 71 &
Ao ¢ 44 LES 4 W49 bE 73 437} ofF geld
matrix 28] 4 vlAE Aoz @ddr RAFE o4
ol & gel AZA HAL & GFL vjA A o 2% HY oA
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