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2. Response surface methodology
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5. Face-Centered Central Composite Design
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Table 1 Independent process variables and their values

Code and levels

Independent Variables Symbols 1 0 1
Time (h) A 2 3 4
Temperature (°C) B 20 40 60
Ethanol to water ratio*
(%) C 50 75 100

*The proportion of 100%, ie, the solvent, is completely ethanol.
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Table 2 Statistical analysis of fitted models on extraction yield, total phenolic content and DPPH

Lack of fit R predicted R wijusted R’ p value Model
Extraction yield
0.0001 -0.5692 -0.0572 0.1097 0.5901 Linear
0.0001 -4.1024 -0.1879 0.1872 0.7463 2FI
0.5267 0.9899 0.9966 0.9982 0.0001 Quadratic
0.1672 0.4015 0.9955 0.9986 0.7954 Qubic
Total phenolic content
0.0001 -0.1153 0.3824 0.4799 0.0131 Linear
0.0001 -0.2061 0.7404 0.8224 0.0024 2FI
0.1958 0.9835 0.9920 0.9958 0.0001 Quadratic
0.0329 -1.7014 0.9890 0.9965 0.8641 Qubic
DPPH
0.0001 -0.2808 0.0770 0.2237 0.2456 Linear
0.0001 0.0608 0.1558 0.4243 0.2614 2FI
0.1799 0.9894 0.9971 0.9985 0.0001 Quadratic
0.1833 0.7374 0.9979 0.9993 0.2218 Qubic
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Fig 1 Response surface for the effect of temperature
and time (a); solvent ratio and time (b); solvent ratio
and temperature (c); on the extraction yield

Table 3 ANOVA results for response parameters

value P
TPC Yield DPPH
A (Time) 0.0001 0.7736 0.0001
B (Temperature) 0.0001 0.0352 0.0001
C 0.0001  0.0001 0.0029
A? 0.0001 0.5287 0.0001
B’ 02652 0.0019 0.0057
C? 0.0001  0.0001 0.0001
AB 0.0001 0.0072 0.0001
AC 0.0001  0.0001 0.0001
BC 0.0001  0.0001 0.0001
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Fig 2 Response surface for the effect of temperature
and time (a); solvent ratio and time (b); solvent ratio
and temperature (c); on the total phenolic content
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Optimization of extraction conditions of antioxidant and
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Due to increasing the importance of natural antioxidants because of their positive effects on human health
and enhancing preservation of food products, and on the other hand, some unexplained effects of
synthetic antioxidants, using and replacing of natural antioxidants is considered widely nowadays. The
purpose of this study was to identify the potentials of Ferulla Persica extract as a native and novel source
of antioxidants and polyphenols. In this research, the optimization of extraction conditions from the leaf
of F. Persica was studied by response surface methodology (RSM) at 3 temperature levels (20, 40 and 60
°C), three time levels (2, 3 and 4 hours) and three levels of water to ethanol ratio (50, 75 and 100%). RSM
was used to evaluate the effect of different optimization processes on extraction efficiency, antioxidant
activity and total phenolic content. Based on the results of optimization, a second-order polynomial model
was designed to optimize the extraction conditions as the best model. The optimum conditions of
extraction were in the solvent ratio of 79.58% at 20 °C during 2 hours. In these conditions, the optimum
point has yield of 17.61%, EC50 equal to 87.20 (ng/ml) and TPC of 140428.0 (mg GAE/g).

Keywords: Ferulla Persica, Total phenolic content, Antioxidant activity, Extraction, Response surface
methodology
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