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1. Butylated hydroxyanisole
2. Butylated hydroxytoluene
3. Propylgallate

4. Tert-butylhydroquinone
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Table 1 Independent variables and their coded and actliaésaised for optimization.

Independent variables Coded level
-2 -1 0 1 2
X1(Ultrasonic power) (W) 150 200 250 300 350
X2 (Solvent to sample ratio) (v/w) 30 40 50 60 70
X3 (Time) (min) 2 6 10 14 18
X4 (Solvent composition) (% methanol) 10 30 50 70 09
Coge 4 bl wlbl 3 s e (0T p (g0 SO bl Cb Jss ol cola 5 LSl bl e
(Y Jads) s el olas dsle gl (65 akd s IS T L gl Yo

Table 2 Central composite design with the observed respofiosailtrasound assisted extraction (UAE)

method.
No. Run X1 X2 X3 X4 Total phenolics Antioxidant Total flavonoids
order (mg gallic acid  activity (%) (mg quercetin
equivalent/g dry equivalent/g dry
matter) matter)
1 17 200 40 6 30 13.07 61.51 3.73
2 26 300 40 6 30 14.6 41.94 4.02
3 5 200 60 6 30 14.05 39.54 3.57
4 28 300 60 6 30 17.38 34.52 4.49
5 30 200 40 14 30 14.96 58.37 4.06
6 12 300 40 14 30 15.11 70.30 4.31
7 14 200 60 14 30 17.57 47.38 4.35
8 19 300 60 14 30 19.63 48.12 4.94
9 8 200 40 6 70 14.52 61.30 4.02
10 1 300 40 6 70 15.33 70.08 4.31
11 27 200 60 6 70 17.71 37.97 4.29
12 2 300 60 6 70 18.08 49.48 5.21
13 18 200 40 14 70 15.87 65.17 3.87
14 3 300 40 14 70 17.69 76.15 4.72
15 10 200 60 14 70 17.52 47.70 5.11
16 4 300 60 14 70 18.84 52.72 5.64
17 22 150 50 10 50 15.40 47.70 4.23
18 15 350 50 10 50 19.06 55.75 4.59
19 11 250 30 10 50 15.74 90.48 3.87
20 6 250 70 10 50 18.26 45.61 4.92
21 20 250 50 2 50 16.51 50.00 4.34
22 13 250 50 18 50 19.76 71.23 4.97
23 16 250 50 10 10 14.00 33.47 3.65
24 7 250 50 10 90 10.29 34.31 3.93
25 23 250 50 10 50 17.49 49.37 4.45
26 21 250 50 10 50 16.65 47.39 4.37
27 24 250 50 10 50 17.67 55.02 4.37
28 25 250 50 10 50 17.95 54.08 4.48
29 9 250 50 10 50 16.22 60.46 4.42
30 29 250 50 10 50 17.51 51.15 4.48
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Table 3 Analysis of variance of the quadratic model of elifint responses.

Responses Sum of Mean square F value P value Correlation Lack of fit
squares coefficient (R’
Total phenolics 105.41 7.53 5.13 0.0016 0.83 0.056
Antioxidant 6.07 0.43 8.81 0.0001 0.90 0.0008
activity
Total flavonoids 4669.84 333.56 12.29 0.0001 0.92 .380
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Fig 1 Contour plot of total phenolics during differentnaiinations of time, ratio and ultrasonic power.
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Table 4 Comparison of predicted and observed values foralgonse variables.

Responses Independent variables observed Predicted
Ultrasonic Solvent to Time Solvent values values
power (W)  sample ratio  (min) composition

(viw) (% methanol)
Total phenolics (TP) 300 40 14 60 16.59+0.18 17.66
Total felavonoids (TF) 300 40 14 60 4.48+0.32 4.45
Antioxidant activity (AA) 300 40 14 60 80+0.39 78.03
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In this study, ultrasound-assisted extraction (UAf&nditions of natural antioxidants froachys
lavandulifolia, with the separate and simultaneous maximizatiototal phenolic (TP), total flavonoid
(TF) and antioxidant activity (AA) by response sué¢ methodology, were optimized. A central
composite design, with four independent variabtetuding power of ultrasound, (W), time (min), lidu
to solid ratio, and solvent composition (%), with 8ins at five levels with six replicates at thatcal
point, was used. Results exhibited that the secoddr polynomial model could be successfully used f
optimizing the extraction parameters. Correlatioafficients (F) of the models for TP, TF and AA were
0.83, 0.90 and 0.92, respectively. The resultshefdptimization process of extraction showed that t
highest concentration of TP (19.8 mg gallic acidiieglents (GAE)/g of dry matte(DM)) in the
conditions were power of ultrasound 297.8 W, liqadd solid ratio 56.3, time 14 min and solvent
composition 43.2% methanol; the highest conceantrabf TF (554 mg quercetin equivalents (QE)/g

DM) in the conditions were power of ultrasound 390liquid to solid ratio 60, time 14 min and solven

composition 69.4% methanol, and the optimum comalitiin terms of AA 78.4% under conditions were
obtained at power of ultrasound 300 W, liquid tdicseatio 40, time 14 min and solvent compaosition
61.7% methanol.

Key words. Stachys lavandulifolia, Natural Antioxidant, Response Surface Methodalddlfrasound
Assisted Extraction
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