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Abstract — This study examined the optimization of hot-water extraction conditions for maximizing the total polyphe-
nol compounds (TPC) extracted from amaranth leaf. The effects of three independent variables, including extraction
temperature, extraction time and ethanol concentration on TPC were investigated using central composite design (CCD).
The concentration of TPC increased with increased levels of extraction temperature and time. The extraction tempera-
ture and the ethanol concentration showed the significant effect on TPC production (p<0.05). The predicted values at the
optimized condition were acceptable when compared to the experimental values (R>=0.9566). The optimum extraction
conditions were as follows: temperature of 90.1 °C, time of 50 min and ethanol concentration of 61.6% (v/v) for the
maximum TPC of 12.6 mg GAE/g DM.
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Table 1. Independent variables and their levels for central composite

design
. Coded and actual level
Variables
-1.68 -1 0 +1 +1.68
X Temperature (°C) 50 60 75 90 100
X, Time (min) 132 200 30.0 400 46.8
X; Ethanol conc. (%) 50 60 75 90 100
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Table 2. Central composite design for optimization of extraction parameters.
Second-order regression model calculates the predicted values

based on the experimental date

Run X X Phenolic compounds (mg GAE/g DM)

No ! 2 3 Experimental Predicted
1 60.0 20.0 60.0 10.07 10.76
2 90.0 200  60.0 12.12 12.03
3 60.0 40.0 60.0 11.68 11.50
4 90.0 400  60.0 12.36 12.41
5 60.0 20.0 90.0 7.01 6.84
6 90.0 200 90.0 9.53 9.59
7 60.0 40.0 90.0 7.81 7.79
8 90.0 400  90.0 10.98 10.18
9 498 300 750 9.09 8.84
10 1000 300 750 11.52 11.95
11 750 132 750 10.67 10.33
12 750 468 750 10.94 11.45
13 75.0 300 498 12.19 11.86
14 750 300 100.2 6.19 6.7
15 75.0 30.0 750 11.21 10.95
16 750 300 750 11.00 10.95
17 750 300 750 10.67 10.95

R?=0.9566; X,: Temperature; X,: Time; X5: ethanol concentration
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Table 3. Analysis of variance of the regression parameters of the predicted
response surface quadratic models

ANOVA for response surface quadratic model

Sum of Squares Fvalue P level
Model 50.73 17.15 0.0006
X, 11.45 34.83 0.0006
X, 1.51 4.60 0.0691
X, 32.28 98.23 <0.0001
X’ 0.066 0.20 0.6668
X,? 1.09 331 0.1116
X5’ 0.021 0.065 0.0003*
XX, 0.068 0.021 0.8891
X, X5 0.054 0.017 0.9007
X, X5 0.0057 0.0018 0.9678

Xi: Temperature; X,: Time; X3: ethanol concentration
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Fig. 1. Effect of independent variables on TPC. Each level of vari-
ables was expressed as the code value. A: extraction tem-
perature; B: extraction time; C: ethanol concentration.
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Fig. 2. Response surface curve for the relative effects of extraction
temperature and time at fixed level of ethanol concentra-
tion of 60%.
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Fig. 3. Response surface curve for the relative effects of extraction
temperature and ethanol concentration at fixed level of
extraction time of 40 min.
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Fig. 4. Response surface curve for the relative effects of extraction
time and ethanol concentration at fixed level of extraction
temperature of 90 °C.
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g. S. Optimization of TPC extraction conditions based maximum
production and economic constrain. M: optimization point
based on maximum production constrain. E: Optimization
point based on economic production constrain.
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