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Abstract The quality characteristics of a surimi-based product with sea tangle single cell detritus (SCD) were studied in
order to utilize SCD from sea tangle as a food additive. Mixture design and regression models were applied to optimize
the processing conditions and to investigate the interaction between surimi and the other ingredients. Surimi and SCD
decreased hardness and cohesiveness of surimi gels, and then increased them. Water increased hardness and then decreased
it, whereas cohesiveness was reversed. Surimi and water increased gumminess and brittleness of surimi gels, but SCD
decreased them. SCD increased water retention ability (WRA) and whiteness of surimi gels, whereas water decreased it.
Hardness and cohesiveness fitted nonlinear models by ANOVA, but gumminess, brittleness, WRA and whiteness fitted
linear models. The response constraint coefficient showed that surimi influenced hardness and whitenessmore than water
and SCD, whereas water influenced WRA more than surimi and SCD. Moreover, SCD influenced cohesiveness,
gumminess and brittleness more than surimi and water. Hardness and cohesiveness fitted nonlinear models with interaction
terms for surimi-SCD and surimi-water, respectively. Optimum mixed ratio values of surimi, water, and SCD were 36.80,

57.07 and 4.14%, respectively, by mixture model.
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SCDe| M=

Agke] WAFolA B2& Vibrio sp(17)E 2X3em 272 EA
A2 1kge] tiAlwlel 7 Woi 3 L &89 & Z(BioTron,
Bucheon, Korea)s AMHS-31 pH 7, 20°C 2 150 rpmollA] 1547k
wjoFstaT). o MdHE 10 umel Hsieve)l] o3343te] 10 um =
7] olste] tiAlel YApE Kol FAAR stof BLgEe] SCD
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Mixture modelE 0|28t AE design M

Least-cost linear programming®] &< Design Expert(Stat-
Easy Co., Minneapolis, MN) software®] mixture programs ©]&
ato] SCDE 7R sdAlFe] Az 2748 B alalvh(22,23).
SCD #7F FARAAF] Az =79 MR He Fev, &,
SCDY H7He g 3191.9™ mixture program® modified distance
design® A-8-3154ch 7H7ke] W 271 429 20-53%, & 45-
70%, SCD 0-8%% sk3ler, LH@AY, dFEF))S 2%E 3L
43t tH(Table 1).
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Gel9| texture &3
SCD #H7F oJ§ gel?] texturer= Choi (26)2) ol wa}
rheometer(Model CR-100D, SUN Scientific Ltd., Tokyo, Japan)Z

AT F oF gelE AE 3omXEO| 2em AVE AE
Acte] 274 10mme] +3 plungerS table speed 60 mm/mins:
o] & gelo] 9Xs] HAE 7R FEAIA oS geld] textureE
ZA skt

TEEFH(WRA) £H
o] gel®] FHER %3—3,5’4 Kocher®} Foededing®] microcentrifuge
HEeNeR 439 th &, 1.5mLe] microcentrifuge tube(Micro-
con, Millipore Corporation, Bedford, MA, USA) <l 1g2] gel
S He B 17696X g0l A 208 E9F AR sk 022 umel
filtlerS: FHate] v Fie & FAsle] FERFES A

stelt.

WRA =(Total g water in sample—g water released)/Total g
protein in sample

HiAlzo| X
ofF gele]l WA= Park(28)2] Wl olsf EFAsIelTh &
ul Al = AW RPA] (Model CR-300, Minolta, Tokyo, Japan)® Hunter

Table 1. Effect of sea tangle SCD on functional properties of surimi gels shown as actual values at various experimental constituents

Treatment Surimi  Water  SCD Salt Hardnfiss Cohesiveiness Gummir}ess Brinlen?ss Water r.eFension Whiteness
(8 (mL) (&) (g) {(g/em’) (g/lem’) (g/lem’) (g/em?) ability
1 32.50 57.50 8.00 200 29569+396 1922+324 190.65+10.24 74.02+522 0.22+0.02 4920+533
2 45.00 45.00 8.00 200 126.19+4.02 3050+2.16 4120+532 7.75+1.12  0.17+£0.04 49.65+5.10
3 53.00 45.00 0.00 200 556.72+321 34.88+4.80 534.6411324307.17+833 022+0.04 68.06+537
4 53.00  45.00 0.00 200 351.14+6.29 29394533 308.92+6.44 17425+445 0191003 64.04+6.10
5 40.50  57.50 0.00 200 13837573 20511421 92714430 47.75+510 028+0.05 64.97+435
6 20.00  70.00 8.00 200 31842+13.25 19.64+6.76 208.68+845 127941699 020+0.02 51.22+5.13
7 36.50  57.50 4.00 200 352244837 22.76+543 256361795 10438+435 024£0.03 50.73L£5.44
8 20.00  70.00 8.00 200 41855+4.85 24371344 31728%9.10 147.63+351 0211002 49.93+436
9 4475  51.25 2.00 200 533.14+6.16 14434519 231.84+7.66 6728+321 0.19£0.03 354.87L5.19
10 45.00  45.00 8.00 200 101.65+731 14.02+633 39.46+4.51 623 1.15 0221004 54.15+437
11 40.75  51.25 6.00 200 13832+9.64 16511427 89.03+6.45 1869+222 0204003 50.55£5.00

12 28.00  70.00 0.00 2.00 -l
13 28.00  70.00 0.00 2.00 -
14 2825  63.75 6.00 2.00 -

"Not determined (gel is too soft).
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Table 2. Effect of sea tangle SCD on ANOVA tables for linear and nonlinear models of surimi gels

Response Model Source SsP DF MS¢ F-value Prob.> F
Model 80,600.75 5 16,120.15 0.21 0.9428
Hardness Q? Residual 3.79 5 75,878.86
Lack of fit 90,772.88 2 45,386.44 0.47 0.6635
Mode! 209.76 5 41.95 0.86 0.5647
Cohesiveness Q Residual 24448 5 48.90
Lack of fit 92.12 2 46.06 0.91 0.4920
Model 52,850.32 2 26,425.16 0.46 0.6492
Gumminess La Residual 4.634 8 57.919.83
Lack of fit 1.186 5 23,712.02 021 0.9390
Model 21,818.43 2 10,909.22 047 0.6418
Brittleness L Residual 1.86 8 23,259.61
Lack of fit 57,186.18 5 11,437.24 0.27 0.9058
W ) Model 0.04 2 0.02 15.61 0.0017
ater retension . -
ability (WRA) L Re&dua}l‘ 0.01 é? 1.33
Lack of fit 9.22 5 1.84 3.84 0.1486
Model 382.78 2 191.39 13.99 0.0024
Whiteness L Residual 109.43 8 13.68
Lack of fit 90.36 5 18.08 2.85 0.2090

*l.: linear, Q: quadratic.
*SS: sum of squares.
“MS: mean square.
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linear model(Quadratic model)*1A St& probability?} =2 lack of
fitE LJERHS] nonlinear modelo] 24121, gumminess, brittle-
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o}x] g=gjule] constraint coefficient®] #ro] E(454.54, 61.20)°1v}
SCD(-4471.05, 9.67)EL} =o} F2ju|7} A} SCD o1& gel?]
hardness2} Aol o} SCD Hu}k ¢ & S v Zo
2 Helth WS SCD2 cohesiveness(173.97), gumminess(601.20),
brittleness(350.03)2] constraint coefficient®] #te] T Y8HT} =
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Table 3. Effect of sea tangle SCD on constraint coefficients of surimi gels expressed as pseudo value

Constraint coefficient
Response —
Surimi (M) Water (W) SCD (S) MW" MS? ws?
Hardness 471.70 454.54 -4471.05 6327.90 (0.7502)"
Cohesiveness 30.78 20.83 173.87 -25.65 (0.6540)
Gumminess 316.77 42.27 601.20
Brittleness 164.90 -11.45 350.03
Water retension ability (WRA) 0.18 0.40 023
Whitenwss 63.60 61.20 9.67
"Surimi X Water, ?Surimi X SCD, YWater X SCD, “The number in parenthesis is probability > | t |.
Trace (Piepel) Trace (Piepel) Trace (Piepel)
498.119 — 30784 373.024
419.902 .. 27077 — 311.007
= 2 2 C
H % H
¢ s £
; : ;
T 3e1685- 8 O 248.990 —
Cc
263.468 19.664 186.973
C
185.251 — 15.958 — 124,956
-0.449 0214 0.0‘21 0256 0 ;91 -0.449 -0‘214 0. 0‘21 0. 2’56 0,4‘91 —0,‘449 AD.;M 0.021 0.256 0}91
Deviation from Reference Blend Deviation from Reference Biend Deviation from Referance Blend
Trace (Piepel) Trace (Piepel) Trace (Piepel)
201,516 — 0.350 — 63.604 —
| C
161.585 — 0.308 — 58 942 —
5 C
é [ H
S 121655 % o7 2 ssor9-
81.725 0.226 52617
41.794 — i 0.184 — 48.954 —
-0 ;49 ~0‘214 0(;21‘ 0256 04391 -0.449 -0 ;14 0(;21 0;56 04[91 -0 "149 -0 >214 0.021 0256 04‘91

Deviation from Reference Blend

Deviation from Reference Blend

Deviation from Reference Blend

Fig. 1. Effects of sea tangle SCD on texture, WRA and whiteness of surimi gels. A-A: surimi, B-B: SCD, C-C: water.
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