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Optimization of Extraction Conditions for Cabbage
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Abstract

This study was conducted to monitor the extraction yields and functional properties from cabbage by a
response surface methodology. The extract yield was maximized as 44.47% under the temperature of 79.86°C,
ethanol concentration of 56.84% and solvent to sample ratio 25.58 mL/g. The maximum value of electron
donating ability was 85.46% at 46.38°C, 57.06% of ethanol concentration and 27.71 mL/g of solvent to sample
ratio. The maximum value of tyrosinase inhibitory effect was 69.37% at 37.5°C, 47.71% of ethanol concentration
and 16.03 mL/g of solvent to sample ratio. The maximum value of SOD-like activity was 48.36% in 66.12°C,
70.35% of ethanol concentration and 29.13 mL/g of solvent to sample ratio. Estimated conditions for the
maximized extraction including yield, electron donating ability and SOD-like activity were 20~30 mL/g in
ratio of solvent to sample, 25~85% in ethanol concentration, and 40~90°C in extraction temperature.
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Table 1. Level in extraction condition for cabbage based on
central composite design

. .. Level
Extraction condition 2 1 0 1 2
Ratio of solvent to sample content 10 15 20 25 30

(mL/g)
Ethanol concentration (%) 0 25 50 75 100
Extraction temperature (°C) 3% 50 65 8 9

Table 2. Central composite design for optimization of ex-
traction condition for cabbage

Exp Ratio of solvent Ethanol Extraction
1 to sample concen-— tempera—
No. content {(mL) tration (%) ture (°C)
1 15 (-1) 25(-1) 50 (-1)
2 15(-1) 25(-1) 80 (1
3 15(-1) 751 50 (-1)
4 15(-1) 7B C1D
5 25( 1) 25(-1) 50 (-1)
6 25( 1) 25 (-1) 80( 1
7 25( 1) B 50 (-1)
8 25( 1 75( 1) 80( 1
9 20( 0) 50( 0) 65(0)
10 200 0) 50( 0) 65( 0)
11 10(-2) 50 ( 0) 65(0)
12 30( 2) 50 ( 0) 65( 0)
13 20( 0) 0(-2) 65( 0)
14 20( 0) 100 ( 2) 65( 0)
15 20( 0) 50 ( 0 35(-2)
16 20( 0) 50 (¢ 0) 95( 2)

DThe number of experimental condition by central composite
design.
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Table 3. Experimental data on yield, electron donating ability, tyrosinase inhibition, nitrite-scavenging ability and superoxide

dismutase (SOD)-like activity of cabbage by central composite design for response surface analysis (%)
Exp. . Electron donating Tyrosinase Nitrite-scavenging ability SOD-like
1 Yield o . e ..
No. ability inhibition pH 1.0 pH 3.0 pH 4.2 activity
1 31.750 78,602 64.603 95.605 75.223 38.809 0.000
2 32.250 81.197 66.751 99.717 68.307 30.025 34.394
3 35.750 85.577 62.039 94.854 81.628 33.870 38.018
4 38.625 84.415 60.062 96.589 80.010 35.484 35.993
5 35.125 82.103 67.587 99.000 89.350 36.504 0.000
6 38.500 81.395 71.500 99.245 73.311 35211 28.328
7 42.625 84.741 49.087 95.324 83.531 12.427 39.417
8 43.500 82.840 53.050 97.769 81.107 30.732 39.329
9 39.250 81.390 62.568 95.956 81.850 49,678 28.501
10 39.375 81.814 62.528 96.015 81.628 49.587 31.892
11 30.250 81.706 60.114 95.683 78.334 47.430 25.854
12 43.625 83.682 61.391 99,187 82.360 48.160 47.737
13 30.875 73.587 53.122 99.580 71.542 48.064 0.000
14 28.125 78.339 39.576 95.991 66.001 11.721 27.845
15 36.500 82.808 71.112 99.222 81.985 23731 0.000
16 40.250 80.092 56.190 99.991 74.803 32.755 36.742

UThe number of experimental condition by central composite design of Table 2.
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Table 4. Polynomial equations calculated by RSM program for extraction conditions of cabbage

Responses Second order polynomials” R® Significance
Yy=1.802083+1.350521X; +0.396146 X2 +0.171354X3
Yield —0.023750X,% 4+ 0.002125X, X2 — 0.003925X 7 0.8296 0.0827

+0.001458X;X5—0.000041667X>X5— 0.001042X5°

Yepa=57.994569+0.372083X; +0.513710X2 +0.211656X3
Electron donating ability : +0.010920X,* — 0.0061 10X X2 — 0.002246X>” 0.8209 ~0.0936
—0.006737X1 X3~ 0.001650X2X3— 0.000169Xs"

Yr1=48.166910+1.147379X; + 1.106954X 2 — 0.439060X 3
Tyrosinase inhibition —0.017955X > — 0.027697X Xz — 0.006480X" 0.8300 0.0822
+0.012842X,X3—0.001358X>X3+0.001226 X5”

Ypro=108.707188 —0.037921 X, —0.085436 X2~ 0.375579Xs
pH 1.0 +0.014495X1* —0.001223X, X2+ 0.000720X7° 0.8683 0.0427
—0.005178X; X3~ 0.000042333X2X3+0.004023X5°

Nitrite- Yoprzo=33.749396 +2.816279X, +0.454046 X2 + 0.326579X 3
scavenging pH 3.0 —0.013920X;°—0.016131X;X>— 0.005187X," 0.8171 0.0986
ability —0.016548X X5+ 0.006304X2X5— 0.003717X5"

Youaz= — 15.092722 - 0.704092X, +0.469402X, + 1.896914X
pH 4.2 —0.018375X,°— 0.029076 X, X>— 0.007896X>° 0.8208 0.0937
+0.040303X X3+ 0.009999X X5 — 0.023744X5”

Ysop= —147.663215 —2.201904X, +2.204011X; + 3.485065X 3
SOD-like activity +0.065990X,” +0.010801 XXz~ 0.006510X7° 0.9395 0.0050
—0.006882X,X3—0.021612X,X3—0.013139X5”

UX,: ratio of solvent to sample content (ml./g), X2 ethanol concentration (%), X3 extraction temperature (°C).
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oleld Arh= Park $(DY A5 ol gre $2%9) 7184 R4E: A E] et FAT E34E 2 FolF o 33
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Table 5. Predicted levels of extraction condition for the maximum responses of variables by the ridge analysis (96)
Responses X" X5? XY Maximum Morphology
Yield 28.58 56.84 79.86 4447 Maximum
Electron donating ability 2771 57.06 46.38 85.46 Saddle point
Tyrosinase inhibition 16.03 4771 37.50 69.37 Saddle point
Nitrite-scavenging pH 1.0 21.05 29.73 83.45 99.52 Minimum
ability pH 3.0 26.97 35.40 45.34 90.80 Saddle point
pH 4.2 28.40 23.68 68.67 50.38 Saddle point
SOD-like activity 29.13 70.35 66.12 48.36 Saddle point

Ratlo of solvent to sample content (mlL/g).
‘Ethanol concentration (%).
PExtraction temperature (°C).



594 o)

of gt Luin], e rx 222 ro otE Al
o] Wistel gt ub-g- X9 3] 74 Table 49} 2on Az}
FoFoll Mg 3742 R*E 0.8200% 10% oW §-9) 5
ToAA ol el A= e}, ofull 59 AR50 %-& Table
5¢} Zo] Al Zof| tigk g-un] 27.71 mL/g, 82 ¥ % 57.06%
4 FELE 4638°CYU o 8546% 8 7HE H& 7S el
e, ol d Hulghe YehiE 244 Hel g2 dx
T AadE Ae e thFig. 2).

e (°C)

g

Extraction temperatur

Fig. 1. Response surface for yield in cabbage extract at
constant values (yield: 30-35-40%) as a function of ratio
of solvent to sample content, ethanol concentration and
extraction temperature.

Fig. 2. Response surface for electron donating ability in
cabbage extract at constant values (electron donating abil-
ity: 74-78-82%) as a function of ratio of solvent to sample
content, ethanol concentration and extraction temperature.
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Fig. 3. Response surface for tyrosinase inhibition in cabbage
extract at constant values (tyrosine inhibition: 55-60-65%)
as a function of ratio of solvent to sample content, ethanol
concentration and extraction temperature.

Table 6. Regression analysis for regression model of physicochemical properties in extraction condition of cabbage

F-ratio
Extract condition Yield Electron Tyrosinase Nitrite~scavenging ability  sOD-like
© donating ability  inhibition pH 1.0 pH 30 pH 42  activity
Ratio of solvent to sample content 3.70" 0.63 0.95 2.55 1.50 0.82** 1.07*”
Ethanol concentration 2.84 493" 5.88" 4317 3.61" 479™ 1317
Extraction temperature 0.37 0.52 0.34 445" 2.53 2.67 11.07*"

*Significant at 10% level; ~Significant at 5% level; **Significant at 1% level.
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Fig. 4. Response surface for nitrite-scavenging ability (pH
1.0) in cabbage extract at constant values (nitrite-scav-
enging ability (pH 1.0): 96-98-100%) as a function of ratio

of solvent to sample content, ethanol concentration and ex-
traction temperature.
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Fig. 5. Response surface for nitrite-scavenging ability (pH
3.0) in cabbage extract at constant values (nitrite-scav-
enging ability (pH 3.0): 68-73-78%) as a function of ratio

of solvent to sample content, ethanol concentration and ex-
traction temperature. ’
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Fig. 6. Response surface for nitrite-scavenging ability (pH
4.2) in cabbage extract at constant values (nitrite-scav-
enging ability (pH 4.2): 15-30-45%) as a function of ratio

of solvent to sample content, ethanol concentration and
extraction temperature.
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Fig. 7. Response surface for SOD-like activity in cabbage
extract at constant values (SOD-like activity: 20-30-40%)
as a function of ratio of solvent to sample content, ethanol
concentration and extraction temperature.
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Fig. 8. Superimposed response surface for optimization of

yield (40%), electron donating ability (82%) and SOD-like
activity (40%) of extract from cabbage.
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Table 7. Optimum extraction condition for response vari-
ables yielding the optimum response by superimposing 4-
dimensional response surfaces

Condition Range of predicted

condition
Ratio of solvent to sample content (mL/g) 20~30
Ethanol concentration (%) 25~85
Extraction temperature (°C) 40~90

Table 8. Predlcted values of response variables at a given
condition" within the range of optimum extraction conditions
(%)

Predicted value

Response variables

Yield 42.67
Electron donating ability 82.98
Tyrosinase inhibition 63.15
Nitrite-scavenging ability pH 1.0 97.03

pH 3.0 82.78

pH 4.2 45.17
SOD~like ability 37.85

YCalculated using the predicted equation for response variables.
Given conditions of independent variables: 25 mL/g in ratio of
solvent to sample content, 50% in ethanol concentration, 70°C
in extraction temperature.
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42) 8 SOD fAt2A4 37.85% 2 o &% ¢l cH(Table 8).
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