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1. Response Surface Methodology
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4. Lack of fit
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1. Central Composite Design
2. Cross
3. Design Expert, 7.0.0 trial, Stat-Ease Inc.
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Table 1 Independent variables and their coded and actlaés used for optimization

: Coded level
Independent variable Symbol 168 X ) 1 168
Time (min) X1 2 6.5 135 20 25
Liquid to solid ratio (E/dm) X2 10 14 20 26 30
Concentration of ethanol (%) X3 0 20 50 80 100

Table 2 Central composite design for ultrasound assisté@debon (UAE) method

Runs Independent variable
X1 Liquid tg(golid ratio Concentra>t(i?3n of ethanol
Time (min) (E/dm) (%)
| 6.5 Ve Y
Y Y Ve Y
Al 6.5 ARl Y
¢ \E AR Y
0 6.5 Ve A
1 \B Ve A
% 6.5 At A
A Y ARl A
q Y Y. o
B Yo Ye 0+
W 135 D 0
VY 13.5 AN o
Y 135 AR
V¢ 13.5 Yo Yoo
Vo 135 Y. o
W 135 Y o
\\% 13.5 Yo 0
A 13.5 Yo 0

Table 3 Regression coefficients of predicted quadratigpoamial models for the total phenolics (TP)

and antioxidant activity

Coefficient Total phenolics (TP) Antioxidant activity
Bo 6.05 11.22
Linear
B, 0.59* -1.327
B, 1.05* -1.247
B, -0.57" 0.47™
Quadratic
B., -0.49* -0.15"
Baz 0.086" 217"
Baz -0.47" -1.27
Crossproduct
Bz 0.071° 1.617
Baz -0.028° 1.87"
Baz -0.29* 0.99"
R < AAYA AT
Adj R? 4T ALY

%Coefficient of multiple determination.**Significartt 1%.***Significant at 0.1%Not Significant.
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Fig 1 Response surface and contour plot for the effediguid to solid ratio and time on the extractioelg of
phenolic compounds. Thalue of the missing independent variableath plot kept at the center point
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Fig 2 Response surface and contour plot for the effddiguid to solid ratio and time on the antioxidant
activity of extract. Thevalue of the missing independent variableath plot kept at the center point
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Fig 3 Response surface and contour plot for the effdatemmcentration and time on the extraction yield of
phenolic compounds. Thalue of the missing independent variableath plot kept at the center point
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Fig 4 Response surface and contour plot for the effdot®centration and time on the antioxidant activity
extract. Thevalue of the missing independent variableath plot kept at the center point
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Fig 5 Response surface and contour plot for the effdat®mcentration and liquid to solid ratio on the
extraction yield ophenolic compounds. Thalue of the missing independent variableath plot kept at the
center point
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Fig 6 Response surface and contour plot for the effdat®centration and liquid to solid ratio on the

antioxidant activity of extract. Thealue of the missing independent variableath plot kept at the center point
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Figure 7 Comparison of the observed and
predicted values of antioxidant activity
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In this laboratory study, the optimization processiltrasound-assisted extraction (UAE) of phenolic
compoundf Ziziphora clinopodiocides was done using response surface methodology (R$d).
the determination of total phenolic compounds and aidant activity of the extracts, Folin test and
DPPH assay were used, respectively. A central ceitgpalesign for optimization of process
parameters with three independent variables induohee (2, 6.5, 13.5, 20 and 25 min), the solvent
concentrations (0, 20, 50, 80 and 100% of watatlanol) and the ratio of solvent to solids (10, 14
20, 26 and 30 solvents on the dry matter), whichuites 18 test at five levels with four replicass
the central point was done. Correlation coeffige(®) of the models for total phenolics and
antioxidant activity were 0.98 and 0.93, respetyiv€he results of the optimization for the extraction
of phenolic compounds showed that the extractiom terms of time 18.29 min, the solvent
concentration of 22.15% and the ratio of solvergdtids 25.95 were the highest amount of phenolic
compounds about 7.8Ing of gallic acid equivalents per gram of dry mat@ptimal conditions in
terms of antioxidant activity were the ratio of \vamit to solids 14.77, time 6.66 min, solvent
concentration 23.37%, respectively, under theseliions, the amount of the antioxidant activity of
14.25% per gram of dry matter was obtained.

Key words: Zizphora clinopodioides, Phenolic Compounds, Antioxidant Activity, Ultrasal,
Optimization.
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