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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 14858649 2971730 1.08 0.385
X 1 5501 5501 0.00 0.965
X, 1 1905304 1905304 0.69 0.410
X;3 1 2260780 2260780 0.82 0.370
X2 1 3640055 3640055 1.32 0.256
X, *X3 1 3215376 3215376 1.16 0.286
Error 51 140952817 2763781
Lack of fit 13 34834638 2679588 0.96 0.506
Pure Error 38 106118179 2792584
total 56 155811466
R? 9.54%
Adj. R? 0.67%
Pred. R? 0.00%
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Fig 1 Response surface plot for the effect of different parameters on the amount of DPPH radical-scavenging
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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 6 31594 526.57 3424 0.000
X 1 94.46 94.46 6.14 0.017
X, 1 337.16 337.16 21.92 0.000
X;3 1 54.96 54.96 3.57 0.044
X2 1 104.53 104.53 6.8 0.012
X, 1 194.14 194.14 12.62 0.001
X5? 1 1457.61 1457.61 94.78 0.000
Error 50 768.91 15.38
Lack of fit 12 767.37 63.95 1575.68 0.000
Pure Error 38 1.54 0.04
total 56 39.28.31
R? 91%
Adj. R? 88%
Pred. R 84%
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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 6 3562.61 593.77 43.03 0.000
X 1 164.46 164.46 11.92 0.001
X, 1 416.97 416.97 30.22 0.000
X;3 1 56.01 56.01 4.06 0.049
X2 1 116.98 116.98 8.48 0.005
X,? 1 159.35 159.35 11.55 0.001
X5? 1 1628.71 1628.71 118.04 0.000
Error 50 689.93 13.80
Lack of fit 12 685.63 57.14 506.01 0.000
Pure Error 38 4.29 0.11
total 56 4252.53
R? 94%
Adj. R? 94%
Pred. R? 89%
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Fig 2 Response surface plot for the effect of different parameters on the amount of Fe' reduction power
(FRAP test).
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Fig 3 Response surface plot for the effect of different parameters on the amount of oxidative stability index.
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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 6 27.80 4.63 41.78 0.000
X 1 1.33 1.33 12.01 0.001
X, 1 2.77 2.77 25 0.000
X; 1 0.76 0.76 6.86 0.012
X2 1 1.0386 1.0386 9.37 0.004
X,? 1 0.92 0.92 8.30 0.006
X5? 1 13.06 13.06 117.74 0.000
Error 50 5.5452 0.1109
Lack of fit 12 5.5090 0.4591 482.80 0.000
Pure Error 38 0.0361 0.0010
total 56 33.3432
R? 93%
Adj. R? 91%
Pred. R? 88%
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Table 6 Comparison of the observed value and predicted data by central composite rotatable design
eqations of Response surface methodology

Independent variable Dependent variable Total
Time Temperature Concentration DPPH radical- Oxidative stability phenolic
Runs (min) (°C) of ethanol scavenging (%) FRAP test index (hour) content
(%) (mg/100gr)
X, X, X5 Observed Predicted  Observed Predicted Observed Predicted Observed
value value value value value value value
1 50 65 50 62.68+0.12 60.55 69.03+0.90 66.16 5.93+0.04 5.8 1450+15
2 5 45 0 40.9+0.40 41.18 45.04+0.14 44.63 3.75+0.01 3.63 1396+17
3 50 25 50 50.4+0.20 54.86 55.00+0.82 57.82 4.82+0.02 5.07 1424+16
4 50 25 0 41+0.50 38.18 45.88+0.12 43.82 3.80+0.10 3.55 1397+11
5 27.5 25 50 50.88+0.12 53.91 56.18+0.11 58.31 4.93+0.03 5.12 1426+13
6 50 65 100 48.5+0.30 49.48 53.80+0.20 54.65 4.65+0.03 4.76 1412421
7 50 65 0 41.17+0.03 43.87 46.20+0.10 48.15 3.92+0.03 4.18 1398+18
8 50 45 50 61.71+0.10 59.75 67.17£0.06 65.66 5.69+0.03 5.49 1447419
9 27.5 45 50 61.4+0.10 58.80 64.38+0.10 63.16 5.51+0.02 5.37 1446422
10 27.5 45 100 45.19+0.06 47.73 50.55+0.01 51.65 4.31+0.01 4.33 1407+17
11 5 25 0 38.12+0.08 36.29 41.23+0.03 39.80 3.48+0.02 3.45 1394+13
12 27.5 25 100 43.02+0.03 42.85 47.22+0.08 46.81 4.03+0.01 4.08 1401+17
13 5 25 100 43.36+0.030 41.90 47.56+0.14 45.30 4.11+0.01 4.03 1402423
14 50 25 100 45.02+0.03 43.80 48.11+£0.12 48.32 4.18+0.04 4.13 140727
15 27.5 45 0 59.07+0.25 58.80 62.14+0.13 63.16 5.36+0.02 5.37 1443425
16 5 65 100 48.26+0.09 47.59 51.13+0.11 51.64 4.40+0.00 4.38 1410+19
17 5 65 0 40.31+0.01 41.98 44.19+0.47 46.13 3.66+0.01 3.80 1395+16
18 5 45 50 55.83+0.03 57.85 59.62+0.08 61.64 5.1+0.02 5.25 1437429
19 27.5 65 50 62.15+0.12 59.60 68.03+0.03 65.65 5.8440.01 5.61 1450419
20 27.5 45 100 51+0.1 51.80 55+0.10 55.53 5.01+0.04 4.85 1432+11
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Optimization of antioxidant activity of Ferula persica by
Ultrasound waves using various ratios of ethanol-water solvent at
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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 Ferula persica
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. In general, the results of analysis of variance showed that independent
parameters had a significant effect on the DPPH radical-scavenging assay, FRAP test, and oxidative
stability index of Ferula persica extract, their Correlation coefficients (R?) were 0.91, 0.94 and 0.93,
respectively. However, the proposed model for total phenolic compounds does not indicate the
significant effect of these mention parameters. The results showed that the optimum conditions for
antioxidant activity of Ferula persica extract were at 52.9 © C and 53.5% ethanol concentration in
water-ethanol solvent with 34.1 minutes for sonication. It was also found that the experimental results
were close to those predicted by the response surface methodology. Evaluation of the antioxidant
activity results of various extracts of Ferula persica showed that in most conditions, it has a suitable
antioxidant power.

Key words: Ferula persica, Ultrasound waves, Antioxidant Activity, Optimization, Response
surface methodology.

*Corresponding Author E-Mail Address: javadtavakoli@jahromu.ac.ir

Yoy



