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Abstract

This study was conducted to optimize the extraction conditions from cabbage by a response surface methodology.
In extraction conditions based on the central composite design with variations, the ratio of solvent to sample (10~30
mL/g), ethanol concentration (0~100%) and extraction temperature (35~95C)coefficients of determinations (Rz)
were 0.8162(p<0.1), 0.8173(p<0.1), 0.9374(p<0.01) and 0.9116(p<0.05) in extraction yield, electron donating ability,
tyrosinase inhibition and SOD-like abilify, respectively. Estimated extraction conditions for the maximizing yield,
electron donating ability and SOD-like ability were 15~30 mL/g in ratio of solvent to sample, 40~80% ; ethanol
concentration, and 50~90T ; extraction temperature. Predicted values at the optimum condition (25 ml/g solvent
to sample, 50% ethanol concentration and 70 T in extraction temperature) were in good agreement with observed

values.
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Table 1. Central composite design for optimization of extraction
condition for cabbage

Extraction

Ratio of solvent .

E;;pf) samgle content " Eihanol c(t%l)cen tration Temperature
: (ml) (0
1 15(-1) 25(-1) 50(-1)
2 15(-1) 25(-1) 80( 1)
3 15(-1) 75 1) 50(-1)
4 15(-1) 75( 1) 80( 1)
5 25( 1) 25(-1) 50(-1)
6 25( 1) 25(-1) 80( 1)
7 250 1) 5( 1) 50(-1)
8 25( 1) 75 1) 80( 1)
9 20( 0) 50( 0) 65( 0)

10 20( 0) 50( 0) 65( 0)
11 10(-2) 50( 0) 65( 0)
12 300 2) 50( 0) 65( 0)
13 20( 0) 0-2) 65( 0)
14 200 0) 100( 2) 65( 0)
15 20( 0) 50( 0) 35(-2)
16 20( 0) 50( 0) 95( 2)

“The number of experimental condition by central composite design.
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Superoxide dismutase(SOD) FAIEA
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Table 2. 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

; Nitrite-scavenging abili
o ‘?%d dona}zt%uggﬂity it @ SO
k) (%) pH 10 pH 30 pH 42
1 31375 27475 50,657 84.289 64.365 24.802 0.000
2 32270 33577 60.772 82.059 71137 23.055 21812
3 27.000 40927 30.744 84.553 51.159 3348 25.660
4 3875 50.826 30991 75.255 35522 0.000 2.172
5 37.145 28390 65.675 81.005 66.547 22303 0.000
6 35.875 34.865 61.564 81.503 70295 23.060 18310
7 3875 483436 42512 48.566 48.566 4523 30.896
8 38.395 51201 3263 44,140 24.141 1256 28.736
9 36.875 43389 50.800 73371 64.761 15271 26.143
10 36.725 43566 55,557 73347 64312 15.563 33914
1 27875 38.498 46.580 77971 53,649 6.047 17.798
12 38.500 46301 51212 70214 50241 7210 37.051
13 37375 23197 58929 74,669 55.744 19.395 0.000
14 13875 30.163 24,104 56.614 30846 0912 20811
15 34,500 27.950 45.067 76.982 41.442 6915 0.000
16 42500 39.424 53614 65.800 48654 0,685 32397

“The number of experimental condition by central composite design of Table 1.
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Table 3. Polynomial equations calculated by RSM program for extraction conditions of cabbage
Response

Second order polynomials”

1§ Significance
Yy=12.796076+2.350167X+0.025283K:-0. 178472X;
Yield -0.035875X,+0.002020X, X,-0.004470X," 08162 0.0998
-0.007533X,X;+0.003923X;X;+0.001889X’
Yepa=-60.617292+1 200754X,+0.758933X ,+1.838888X;
Electron donating ability -0.010780X;+0.005681 X, X-0.006719X," 08173 0.0984
-0.011268X,X5+0.000029000X,X;-0.010878X;”
Yri=-19.238757+3.40]975X,+0.008323X,+1.1956] 1X;
Tyrosinase inhibition -0.042825X,°+0.008230X, X,-0.004663%: 09374 0.0056
-0.022870X,X:-0.001669X,X3-0.004264X;”

Yi10=46.234299+0. 965867X1+1 552657X,+0. O73289X3
pH 1.0 +0.007330X,2-0.063262X,X2-0.003087X" 0.8648 0.0457
+0.012667X1X3-0.003997X2X3-0.002187X32
Nitrite-

Yiizo=-163.581368+6 838808X +1.845003X,+3.988781X;
me- pH 30 0.125915X 0015314, X:-0.008497X, 0.8654 0.0452
scavenging ability -0.019687XX5-0.016861X:X3-0.021654X,”

Yipre2=-49.039403+2. 925729X1J0 067066X,+1. 493657X3
pH 42 -0.087885X,+0.002925X,X,-0: 002105X2 0.8650 0.0539
+0.007642X,X5-0.001208X,X5-0.012908X
Ysop=-172.583417+2. 117900X1+1 748807Xx+3. 392417X3
SOD-like activity -0.026040X;"+0.008302X,X-0: O(T7849X2

09116 0.0146
-0.015290X,X5-0.012923%,X5-0.01536 7%,
DX ratio of solvent to sample content(ml/g), Xy:ethanol concentration(%), X:extraction temperature(C)

Table 4. Predicted levels of extraction condition for the maximum responses of variables by the ridge analysis
Responses x1" X2? X3) Maximum Morphology
Yield(%) 20.00 50.00 65.00 36.90 Saddle point
Electron donating ability(%) 2923 67.95 69.07 49.60 Maximum
Tyrosinase inhibition(%) 19.10 828 81.31 63.55 Maximum
pH 10 11.23 67.93 55.44 91.15 Saddle point
Nitrite-scavenging ability(%)  pH 3.0 . 20.32 11.32 78.76 72.96 Maximum
pH 42 19.54 0.09 63.85 26.85 Maximum
SOD-like activity(%) 29.03 7139 65.85 3578 Maximum
"Ratio of solvent to sample content (mL/g), PEthanol concentration (%), *Extraction temperature (C)
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values (yield : 25-30-35%) as a function of ratio of solvent to sample
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Table 5. Regression analysis for regression model of physicochemical properties in extraction condition of cabbage

F-Ratio
Extract condition Vied E'““ggﬂ ? t(})}nating m : trilg‘;e Nitrite-scavenging ability SOD ke aciviy
pH 10 PH 30 pH 42
Ratio of solvent to sample content 1.59 036 228 477" 084 0.68 0.82
Ethanol concentration 378 476" 2001 6.70" 905" 761" 929"
Extraction temperaure 0.86 169 0.88 0.58 270 141 716"

“Significant at 10% level ; “significant at 5% level ; “significant at 1% level.
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Fig. 2. Response surface for electron donating ability in cabbage
extract at constant values (electron donating ability : 20-30-40%)
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
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of ratio of solvent to sample content, ethanol concentration and
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Fig. 4. Response surface for nitrite-scavenging ability (pH 1.0) in
cabbage extract at constant values (nitrite-scavenging ability (pH
1.0) : 60-70-80%) as a function of ratio of solvent to sample content,
ethanol concentration and extraction temperature.
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Fig. 5. Response surface for nitrite-scavenging ability (pH 3.0) in
cabbage extract at constant values (nitrite-scavenging ability (pH
3.0) : 30-45-60%) as a function of ratio of solvent to sample content,
ethanol concentration and extraction temperature.
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Fig. 6. Response surface for nitrite-scavenging ability (pH 4.2) in
cabbage extract at constant values (nitrite-scavenging ability (pH
4.2) : 5-15-25%) as a function of ratio of solvent to sample content,
ethanol concentration and extraction temperature.
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Table 6. Optimum extraction condition for response variables
yielding the optimum response by superimposing of the
4-dimensinal response surface

Condition Range of predicted condition
Ratio of solvent to sample content (ml/g) 15~30
Ethanol concentration (%) 40~80
Extraction temperature (C) 50~9%
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Fig. 7. Response surface for SOD-like activity in cabbage extract
at constant values (SOD-like activity : 10-20-30%) 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
(35%), electron donating ability (40%) and SOD-like activity (30%)
of extract from cabbage.
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Table 7. Predicted values of response variables at a given
condition” within the range of optimum extraction conditions
Reaponse variables Predicted value
Yield (%) 3751

Electron donating ability (%) 45.66
Tyrosinase inhibition (%) 53.59

pH 1.0 7330

Nitrite-scavenging ability (%) pH 30 65.06
' PH 42 1641

SOD-like ability (%) 3101

“Calculated using the predicted equation for response variables. Given conditions
of independent variables: 25 mLjg in ratio of solvent to sample content, 50% in
ethanol concentration, 70°C in extraction temperature.

Nete % 50% E FE2E 00)NA FE2E &
37.51%, AAZ S 45.66%, tyrosinase A 3] &3} 53.59%,
o}AAA 2A%e AL 73.30%pH 1.0), 65.06%(pH 3.0),
16.41%(pH 4.2) = SOD {4184 31.01%2 o ==t
(Table 7).
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