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Abstract

Taguchi experimental design and analysis was used to determine optimal conditions for extraction of cod
by-product. The independent variables were set to three factors three levels, namely, extraction temper-
ature(80, 98, 121°C), extraction time(2, 3, 4 hr) and addition of water (1.3, 2.0, 2.7 times) and response
variables were extraction yield, crude protein, crude ash and calcium content in extract. Cod by-product
as pre-treatment of extraction was chopped to determine how the difference affects extract characteristics
for hot-water extraction. The extraction rate constant(k) of solid content and crude protein of the
chopped and unchopped cod by-product were measured. It was found thet, in the chopped cod by-prod-
uct, the extraction rate constant of the soluble solid content was 0.137 hr* and the extraction rate con-
stant of the crude protein content was 0.133 hr'. In unchopped cod by-product, the extraction rate
congtants were 0.057 hr* and 0.101 hr?, respectively. Optimized results via Taguchi analysis showed that
optimum conditions and significant factors for yield were extraction temperature: 121°C, extraction time:
4 hr, addition of water: 2 times(A,B,C,) and extraction temperature, that optimum conditions and sig-
nificant factors for crude protein were extraction temperature: 121°C, extraction time: 4 hr, addition of
water: 2 times(A,B,C,) and extraction temperature. Optimum conditions and significant factors for crude
ash were extraction temperature: 121°C, extraction time: 4 hr, addition of water: 2.7 times(A,B,C;) and
addition of water, that optimum conditions and significant factors for calcium were extraction tempera-
ture: 80°C, extraction time: 2 hr, addition of water: 2 times(A,B,C,) and addition of water.
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Table 1. Levels of extraction conditions in Taguchi experi-
mental design

Ai Bi Ci

A 80 B, 2 C, 13
A, 98 B, 3 C, 2
A, 121 B, 4 C, 2.7

Ai: Extraction temperature(°C), Bi: Extraction time(hr), Ci:
Addition of water(times), i: Level.
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Fig. 1. The hot-water extraction procedure of cod by-
product.
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SNH|(signal-to-noise ratio)
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Table 3. Proximate composition and calcium contents of
cod by-product

characterigtic)) ©. 2 W71 =4¢<(loss function)<} Composition Contents(%)
SNH] 2] Alatale Table 29} 7t} 2 AgoA] o Moisture 71.74
TARES] BA Al &, U 3b, Z3E Crude protein 16.63
A, 2 Tl Ak HE Ao MEAsER Crude fat 052
BEA S o] 8315} Crude ash 6.86
elres e Cdcium 202
Table 2. Classfication of quality characteristics
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Table 4. Comparison of composition of cod bon and cod

by-product(d.b.)
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Composition(%) Cod bones  Cod by-product Zh SR JH]UL ];H:rL‘:'/\]—Eoﬂ A =7
Crude protein 388 58.8 t} Figs. 2, 3& FEA)71 JHEA] T E 5
Crude fat 05 18 2l %7]9] 7}}1/\ TR ko] Hlo] B3k 2
g o oy B 3ol AR EAslele 718718 FEEEy
YBased on crude ash content 9= HER 'LH] @ i ?}_ o A
e 7k TR P FEEE g4
= 0057 hrieflA 0137 hri2 4] A= S/
R &4 olrmuthe 4R 28] sl B, 20 g9e] 2E5T A4E 0101 hridA
2 oo ke 20%, =AY T 1% = W 0133 hrt oF 1.3 A% FUsich
o) B3] FUjHoE ZE FFe BUWHE ¥ TP hakEe) FEEEE T A
A she-atgnh. ek oyme] 238 shek oy 2 17y Ae4E 2T ZrhEuE o)AE] &
& gl BI%IAY tRabEe] A 2HE (200000 Aze} Lol fpRaEe] QA=) 2
I e DEIFL 205%2 oF T Wtk S5= gulr) R el AFelE Havh Bl &
AR FAadlne FEHET) SR o &
o] e FEEE He) faazbe
A5 AAHZ Mg k) o] o) we
FE %594 AsHE 43z 13 s, 08°C =94l EHE
ARE 0% H0R AN FUE M8 TR o ARAG] we FExN YR
gt zeh o] WSt ¥ RHEE AFE MBS FF @ FEEC) 5§, 2o, 2R, B4

Table 5. Comparison of solubles for chopped and unchopped cod by-product

Timett) Soluble solid(%) Crude protein(%) Ln(SUSY) LnSYs?) Ln(SYP?))  Ln(SYR,%)
ime(hr
Un- chopped Chopped  Un-chopped Chopped  Un-chopped Chopped  Un-chopped  Chopped
0 187 2.16 1.69 2.02 0 0 0 0
0.5 215 2.52 17 249 0.140 0.155 0.006 0.207
1 223 2.83 174 261 0.176 0.269 0.029 0.257
15 235 3.04 185 2.89 0.229 0.343 0.091 0.359
2 243 3.72 199 349 0.262 0.542 0.163 0.546
3 253 3.83 217 363 0.302 0.573 0.250 0.586
4 263 4.05 2.39 385 0.341 0.630 0.347 0.646

YSoluble solid of unchopped 2Soluble solid of chopped ®Crude protein of unchopped ?Crude protein of chopped

Table 6. Experimental data on Taguchi design for hot-water extraction of cod by-product

Exp No. Temp. Time V_Vater Yield Crude protein Crude ash Cacium

(°0) (hr) (times) (%) (mg/g) (mg/g) (Hg/9)
1 80 2 13 4.04 33.77 2.47 25.15
2 80 3 20 4.49 39.70 291 26.60
3 80 4 2.7 452 37.90 3.23 37.04
4 98 2 20 5.37 45.01 3.01 32.09
5 98 3 2.7 542 48.85 3.15 28.29
6 98 4 13 5.35 50.87 2.63 15.15
7 121 2 2.7 7.25 66.94 331 25.17
8 121 3 13 7.00 65.53 2.83 16.77
9 121 4 2.0 8.65 80.97 341 31.46
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Fig. 2. Relationship between extraction time and InSY/So.
S;: Soluble solid of unchopped cod by-product, S,: Soluble
solid of chopped cod by-product
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Fig. 3. Relationship between extraction time and InPt/Po.
P,: Crude protein of unchopped cod by-product, P,: Crude
protein of chopped cod by-product
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Table 7. Response for signal to noise ratios on yield of
extracts

Level A B C
1 12.7584 14.6446 14.5322
2 14.6155 14.8756 15.4616
3 17.6163 15.4701 14.9965
Delta” 4.8579 0.8254 0.9294
Rank? 1 3 2

A: Extraction temperature(°C), B: Extraction time(hr), C: Addi-
tion of water(times)

YDifference between high SN and low SN ratios

ARank of the influenced factor about response variable
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Fig. 4. Sgnal to noisg(S/N) ratios of main effects of extraction time and temperature and addition of water on yidd of extracts.
Ai: Extraction temperature(°C), Bi : Extraction time(hr), Ci : Addition of water(times), i: Level
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Table 8. Response for signal to noise ratios on crude Table 9. Response for signal to noise ratios on crude ash
protein in extracts in extracts
Level A B C Level A B C
1 31.3731 33.3835 33.6762 1 9.1053 9.273%4 84296
2 33.6576 34.0276 34.4028 2 9.3122 9.42660 9.8348
3 37.0030 34.6228 33.9546 3 10.0291 9.74608 10.1823
Delta” 5.6299 1.2393 0.72266 Delta” 0.9238 0.47214 1.7527
Rank? 1 2 3 Rank? 2 3 1
A: Extraction temperature(°C), B: Extraction time(hr), C: A: Extraction temperature(°C), B: Extraction time(hr), C:
Addition of water(times) Addition of water(times)

YDifference between high SN and low SN ratios
ARank of the influenced factor about response variable
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Table 10. Response for signal to noise ratios on calcium in HE A she & g ABCYES & +
edradts AT, & FHLE 80C, FHAT 2 hr, 15F 2
Levd A B c W7} B B G heaE 9% FEE
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3 ) 27.4878 28.3123 29.4746 & =749 MA
R rARae] hE 43 29E Tale 119
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1)Dif‘ferenceb_etween high SN and low SN ratios L9 SNHlE HAZA(GFELSE 98°C, &
2Rank of the influenced factor about response variable A7V 3hr, 7VEE 1.3 )R T 4530 271 A
o= eEgon 2w 9Fe) H2AF I
ey ool digk sNvje] AR A #E2 AxE ABCEEEE 121°C, 53417 4 hr, 7}
=, FEARL TR P0D)E FAHCE folH % 209)9 FE2EIUT SNvlE dA=ARn
a]lo] 1 HA F¢hvh. 2EI F 2HE e A6THE 71 Ao AdE T
9@ Fig. 74 CUACIERYE whgRs] we =38 G ANEAT GAAAE ABC,(
e v 15513 M5)T 2, 375(20, 2.7 HY 25 121°C, F2AI7E 4 hr, 73 2m9)3 7
e Be AolZ HolL i A BANGEELE,  Fdoln] s\l AdEdn 2799 A Rl
22ANE e FFL AT gAENe SN B e 2 8% AREAS 9N
A B C
10.1

AN

P

S/N Ratio
© ¢
w
1

©
©
I

8.5 1

Y ary N ry o T iy ars
Fig. 6. Signal to noise(S/N) ratios of main effects of extraction time and temperature, and addition of water on crude ash

in extracts.
Ai: Extraction temperature(°C), Bi : Extraction time(hr), Ci : Addition of water(times), i: Level

A B C

29.5
2 28.54 \ \ s T
[o]
< 275 \\ \/
)

26.5-

25.5

= r TR o 5 T~ oy %
Fig. 7. Signal to noise(S/N) ratios of main effects of extraction time and temperature, and addition of water on calcium

in extracts.
Ai: Extraction temperature(°C), Bi : Extraction time(hr), Ci : Addition of water(times), i: Level
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Table 11. Optimum response variables by Taguchi analysis for hot-water extraction for cod by-product

Optimum conditions  Current S/N ratio Predicted SN ratio  Improvement Significant factor
Yield(%) AB.C, 14.03 18.56 453 Extraction temperature
Crude protein(mg/g) AB.C, 3334 38.01 4.67 Extraction temperature
Crude ash(mg/g) AB.C, 820 10.99 279 Addition of water
Calcium(ug/g) AB.C, 24.05 31.29 7.24 Addition of water

Ai: Extraction temperature(°C), Bi: Extraction time(hr), Ci: Addition of water(times), i: Level
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