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Abstract

A central composite design was applied to investigate the effects of independent variables of ethanol
concentration(X,), extraction temperature(X,), and extraction time(X;) on dependent variables such as
total phenol(Y,), carotenoid(Y,), electron donating ability(Y,), absorbance of extract(Y,), and browning
color(Y,) of the Capsicum annuum. The amounts of total phenol increased with increasing ethanol con-
centration and extraction time, however it decreased after reaching a maximum level. Total phenol also
increased with raising extraction temperature. Carotenoid content increased with increasing ethanol con-
centration and extraction temperature. Carotenoid increased with increasing extraction time, however it
decreased after reaching a maximum point. Electron donating ability increased with increase in ethanol
concentration. It increased with increasing extraction temperature and extraction time, but it decreased
after a maximum point. Absorbance of extract increased with increasing ethanol concentration and
extraction time. Absorbance of extract also decreased with increasing extraction temperature. Browning
color content increased with increasing ethanol concentration. It increased with increasing extraction

temperature and extraction time.
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Table 1. Uncoded and coded independent variables used
in RSM design of Ethanol-assisted extraction of
Capsicum annuum

Coded levels
-1 0 1
X,  Ethanol concentration (%) 45 70 95

X, Independent variable

X,  Extraction temperature(°C) 40 60 80
X, Extraction time(min) 40 60 80

Y = b, + bX, + bX, + bX, + B X? +
b21X2X1 + b22X22 + b31X3X1 + b32X3X2 + b33X32

FE549 BUEHAN HHzdwe] 952 4
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AR5, carotenoiddH, &=
o] FHx, A= & Table 390 uvehdsith
Table 3¢] AE BlHC = sas programs A3}

Capcicum annum sample
!
-20C Freeze drying
40 mesh
Capcicum annum powder b g + EtOH 50 mé
!
Condition
Temperature : 40T, 60T, 80T
Extraction time : 40 min, 60 min, 80 min
EtOH Concentration : 45%, 70%, 95%
1
Extraction
y
Total phenolics, Carotenoid, Electron Donating Ability,
Absorbance of Extract and Browning Color

Fig. 1. Flow chart of extraction process by ethanol from
Capcicum annum.
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Table 2. The central composite design by RSM for
optimization on the extraction process

Treatment EtOH Extraction Extraction 1086
No. Conc. Temp.(°C) Time(mim) z
1 45 40 60 £ s
2 45 60 40 I
3 45 60 80 3
4 45 80 60 S 6ol
5 70 40 40
6 70 40 80 359 - R
7 70 80 40 990 7839 P
8 70 80 80 e 1533 0 &
9 95 40 60 Ethanol concentration (%) <
}(1) gg 28 gg Fig. 2. Contour maps for the effects of extraction conditions
12 95 80 60 on total phenolics(%).
13 70 60 60
14 70 60 60
15 70 60 60

of=a|7fe| QbiME shzt
2 Ao AMSE UvtE BH4AdE 82
Met A= Table 49 Yepiigion, 3 3 5 90.35%, 2 1.23%, 24 033%, 235 372
"‘"‘@‘%}: HARFZo%, carotenoid &5, FE5-9 E34 %, ZA5 4.37%0|t},
T, ZAaze} e %é_‘ B4 FE2=x70] vXe
FFE 27198 Figs. 2~59 WregAIMoE 1} FEX710| & Hi=EE0| 0IXle dE
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Table 3. Experimental point of the central design and the experimental data of Capcicum annum
Exp" EtOH Extraction Extraction TP? Carotinoid ~ EDA? AEY BC®
No. Conc.(X,) Temp(X,) Time(X;) (%) (0.D) (%) (0.D) (0.D)
1 45 40 60 3944 0.006 66.99 0.113 0.027
2 45 60 40 581.2 0.014 42.16 0.116 0.062
3 45 60 80 699.7 0.015 51.19 0.209 0.081
4 45 80 60 520.6 0.013 65.11 0.190 0.070
5 70 40 40 947.9 0.048 4.57 0.324 0.220
6 70 40 80 636.9 0.050 11.53 0.416 0.201
7 70 80 40 1098.1 0.051 -18.13 0.472 0.304
8 70 80 80 1011.7 0.051 -12.74 0.194 0.244
9 95 40 60 596.2 0.105 69.79 0.521 0.395
10 95 60 40 506.6 0.089 73.98 0.125 0.293
1 95 60 80 559.7 0.095 72.48 0.210 0.382
12 95 80 60 680.2 0.112 70.76 0.220 0.394
13 70 60 60 974.9 0.072 4.95 0.442 0.229
14 70 60 60 7559 0.049 17.84 0.363 0.221
15 70 60 60 1053.1 0.050 14.5 0.366 0.223

YExperiments were performed in random order
PTotal phenolics

IElectron donating ability

“ Absorbance of extract

3Browning color
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Table 4. Polynomial equation calculated by RSM program for extraction of Capsicum annuum

Dependent variable(Y,) The second order polynomial® R?
. Y,= - 2316.606358 + 85.494962X + 5.696024X, - 1.722858X, - 0.551701X,”- 0.083419X,X, -
Total phenoliestY,) ¢ 019907X,2 - 0.052349X.X, + 0.131769X,X, - 0.025649X,> 08244
Carefinold(Y.) Y,=-0.089729 + 0.001105X, + 0.000342X,-0.001053X, + 0.000005891X 2~ 0.000004409X, X, 0.9673
2 +0.000001079X,% + 0.000000935X.X, + 8.11403518X,X, - 0.000008969X 2 ’
EDAX(Y,) Y,= 394279330 -13.303980X, + 1.112653X, + 1.515864X, + 0.096912X* - 0.000910X,X, - 0.9431
& 0.007687X,*+ 0.001255X,X, - 0.006610X,X, - 0.009865X ’
AEY(Y) Y= -2.385318 + 0.050707X, + 0.010896X, + 0.021829X, - 0.000246X % - 0.000211X,X, + 0.8299
s 0.000081599X,,%- 0.000025989X,X, - 0.000125X,X, - 0.000102X > :
- . . B 2
Browning color(Y,) Y= 0381021 + 0.0113892X, -0.0022218X, + 0.000837X, 0.000032379X, > 09553

0.000024993X X, + 0.000043783X,”+ 0.000012237X,X, - 0.000003213X,X, - 0.000010340X,,

DX ,: Ethanol concentration, X,:Extraction temperature, X,: Extraction time

PElectron donating ability
3 Absorbance of extract
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Fig. 3. Contour maps for the effects of extraction
conditions on total carotenoids(0.D.).
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Fig. 4. Contour maps for the effects of extraction
conditions on Electron donating ability(%).
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Fig. 5. Contour maps for the effects of extraction
conditions on Absorbance of extract(O.D.).
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