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Table 1 Independent variables and their coded and actual values used for optimization.

Independent variable Symbol 1 Code%level I
Time (min) X 5 27.5 50
Temperature (C°) X, 25 45 65
Concentration of ethanol (%) X3 0 50 100
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Table 2 Analysis of variance of the quadratic model adjusted for total phenolic compounds.

Squares DF Sum of Square Mean Square F-Value P-value
Model 5 574.80 114.960 66.60 0.000
Linear 3 166.58 55.526 32.17 0.000
X 1 66.88 66.880 38.74 0.000
X, 1 19.09 19.093 11.06 0.010
X;3 1 65.90 65.895 38.17 0.000
Square 2 408.22 204.111 118.24 0.000
X2 1 10.96 10.963 6.35 0.036
X5? 1 366.29 366.289 212.19 0.000
Error 8 13.81 1.726
Total 13 588.61
R? 97.65%
Adj. R? 96.19%
Pred. R? 93.48%

Table 3 Analysis of variance of the quadratic model adjusted for DPPH radical-scavenging assay.

Squares DF Sum of Square Mean Square F-Value P-value
Model 4 1150.65 287.663 115.64 0.000
Linear 3 394.02 131.341 52.80 0.000
X 1 77.07 77.074 30.98 0.000
X, 1 37.31 37.310 15.00 0.004
X;3 1 257.99 257.986 103.71 0.000
Square 1 756.63 756.629 304.16 0.000
X5? 1 756.63 756.629 304.16 0.000
Error 9 22.39 2.488
Total 13 1173.04
R? 98.09%
Adj. R? 97.24%
Pred. R? 95.67%

Table 4 Analysis of variance of the quadratic model adjusted for FRAP test.

Squares DF Sum of Square Mean Square F-Value P-value
Model 4 18.3557 4.5889 160.33 0.000
Linear 3 5.8206 1.9402 67.79 0.000
X 1 1.6046 1.6046 56.06 0.000
X5 1 0.5639 0.5639 19.70 0.002
X;3 1 3.2640 3.2640 114.04 0.000
Square 1 12.5351 12.5351 437.95 0.000
X5? 1 12.5351 12.5351 437.95 0.000
Error 9 0.2576 0.0286
Total 13 18.6133
R? 98.62%
Adj. R? 98%

Pred. R? 96.53%
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Table 5 Analysis of variance of the quadratic model adjusted for oxidative stability index.

Squares DF Sum of Square Mean Square F-Value P-value
Model 4 491294 1.22823 136.83 0.000
Linear 3 1.19865 0.39955 44.51 0.000
X 1 0.34457 0.34457 38.39 0.000
X, 1 0.13825 0.13825 15.40 0.003
X;3 1 0.62720 0.62720 69.87 0.000
Square 1 3.71429 3.71429 413.80 0.000
X5? 1 3.71429 3.71429 413.80 0.000
Error 9 0.08078 0.00898
Total 13 4.99372
R? 98.38%
Adj. R? 97.66%
Pred. R? 96.31%
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Fig 1 Response and contour plot for the effect of different parameters (Time (min), Temperature (°C) and
Concentration of Ethanol (%)) on the amount of total phenolic content (mg/100gr).
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Fig 2 Optimum conditions of phenolic compounds extraction, DPPH radical-scavenging, FRAP test and
Oxidative stability index (OSI) and Composite desirability of mention assay under 3 independent parameters
(Time (min), Temperature (°C) and Concentration of Ethanol (%)
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In the present study, the optimization process of phenolic compounds extraction and
antioxidant activity (DPPH radical-scavenging assay, FRAP test, and oxidative
stability index) of Pistacia khinjuk fruits was evaluated using ultrasound waves
through response surface methodology (RSM). To optimize the extraction process
from the central composite design with three independent variables including time (5,
27.5 and 50 minutes), temperature (25, 45 and 65 ° C) and ethanol ratio in water-
ethanol solvent (0, 50 and 100% ) was used. Significant effects of independent
variables on the extraction of phenol compound, DPPH radical scavenging power,
FRAP test and OSI of P.khinjuk fruit extract, with the regression coefficients of
97.65, 98.09, 98.62 and 98.38 %, respectively, were noted. Among the independent
parameters, ethanol concentration was the most effective parameter because two
effects of quadratic and linear were observed in the proposed models of different
tests. The interaction effect between different paprameters was not observed in the
models of this study, too. It was also the strongest model for the phenolic compounds
extraction test; because in this test, in addition to the linear effect of independent
parameters that were common to all tests, a quadratic effect was also observed in the
parameters of time and ethanol concentration. Also, the best antioxidant activity of
P khinjuk fruit was obtained by using the ultrasonic wave for 50 minutes at 65 °C and
with 57.7% v/v ethanol/water solution. Finally, it was found that the results of
experimental tests were close to the values predicted by the response level method.




