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Table 1. Treatments designed in response surface test and response values for antioxidant tests of aqueous extracts

of plant leaf and root

ICy, of Root TPC of Root ICy, of Leaf TPC of Leaf Sound Exreaction Treatment
Aqueous Aqueous Aqueous Aqueous Extracts Intensity Time
Extracts Extracts Extracts
(mg/g) X3) Xy
(Mg/mQ) mg/g) (Mg/mg)
%0) (min)
88.88 452 32.74 10.10 49 14 1
90.09 4.36 33.33 9.32 40 25 2
83.75 5.12 27.20 12.44 49 36
80.00 6.44 25.72 12.58 70 10 4
71.02 9.28 19.10 16.24 70 25 5
69.93 9.36 21.30 15.22 70 25 6
70.32 9.33 20.82 15.29 70 25 7
72.62 10.42 20.93 15.28 70 25 8
69.25 9.38 21.17 15.25 70 25 9
62.11 11.22 17.15 17.36 70 40 10
60.02 12.16 15.65 18.27 91 14 11
51.44 15.41 11.25 23.32 100 25 12
53.71 14.52 12.00 21.18 91 36 13
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Figure 1. Three-dimensional  diagram, the
simultaneous effect of two extraction time and sound
intensity variables on the amount of total phenolic
contents of aqueous extracts of plant leaf (a) and
aqueous extracts of plant root (b)
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Table 3. ANOVA of the quadratic model of total
phenolic contents of aqueous extracts of plant root

Source Sumof df Mean F- P-
Squares Squares  Value Value
Model 147.44 5 29.49 65.49 <0.0001
Xy 11.81 1 11.81 26.23 0.0014
X5 133.39 1 133.39 296.27 <0.0001
X1 X, 0.7744 1 0.7744 1.72 0.2311
X;2 1.29 1 1.29 2.88  0.1338
X,? 0.0643 1 0.0643 0.1428 0.7167
Residual 3.15 7 0.4502
Lack of 221 3 0.7362 3.12 0.1501
fit
Pure 0.9431 4 0.2358
error
R? 0.9791

Adj. R?  0.9641
Pred. R>  0.8859
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Table 2. ANOVA of the quadratic model of total
phenolic contents of aqueous extracts of plant leaf

Source Sumof df Mean F- P-

Squares Squares  Value Value
Model 18842 5 37.68  123.09 <0.0001
X, 18.03 1 18.03 58.89  0.0001
X, 16844 1  168.44 550.19 <0.0001
X1 X, 00812 1 0.0812 0.2653 0.6224
X2 05449 1  0.5449 1.78 0.2239
X,? 1.09 1 1.09 3.55 0.1016
Residual 2.14 7 0.3062
Lack of 1.37 3 04753 2.37 0.2114
fit
Pure 07713 4  0.1928
error
R? 0.9888

Adj.R*  0.9807
Pred. R>  0.9425

Table 4. Results of the optimization process for antioxidant tests of aqueous extracts of plant leaf

Desirability ICx TPC Time Sound Optimal
(ug/mg) (mg/g) (min) (%) Intensity ~ Points
0.957 11.75 21.80 36 91 1
0.947 12.13 21.45 36 90 2
0.947 12.00 21.60 34 91 3
0.921 12.59 21.16 30 91 4

Table 5. Results of the optimization process for antioxidant tests of aqueous extracts of plant root

Desirability ICs TPC Time Sound Optimal
(ng/mg) (mg/g) (min) Intensity Points
(%)
0.985 52.17 14.96 36 91 1
0.982 52.43 14.91 35 91 2
0.969 53.49 14.67 32 91 3
0.963 54.00 1454 31 91 4
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Figure 2. Three-dimensional diagram, the
simultaneous effect of two extraction time and sound
intensity variables on the amount of 1Cs, of aqueous
extracts of plant leaf (a) and aqueous extracts of plant
root (b)
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Table 6. ANOVA of the quadratic model of ICs, of
aqueous extracts of plant leaf

Source Sumof df Mean F- P-

Squares Squares Value  Value
Model 567.22 5 11344 179.72 <0.0001
X, 56.76 1 56.76 89.82  <0.0001
X, 50428 1  504.28 789.87 <0.0001
X1 X, 08930 1  0.8930 1.41 0.2731
X2 1.08 1 1.08 1.71 0.2319
X,? 4.70 1 4.70 7.44 0.0294
Residual 4.42 7 0.6312
Lack of 1.22 3 04057 05068 0.6984
fit
Pure 3.20 4  0.8004
error
R? 0.9923

Adj.R*  0.9867
Pred. R®*  0.9761

Table 7. ANOVA of the quadratic model of ICs, of
aqueous extracts of plant root

Source Sumof df Mean F- P-
Squares Squares  Value Value
Model 178232 5 356.46 73.85 <0.0001
Xy 168.73 1 168.73 34.96 0.0006
X, 161197 1 1611.97 333.95 <0.0001
X1 X5 0.3481 1 0.3481 0.0721  0.7960
X2 1.02 1 1.02 0.2120  0.6592
X,2 0.3957 1 0.3957 0.0820 0.7829
Residual 33.79 7 4.83
Lack of 27.19 3 9.06 5.49 0.0667
fit
! wan
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ABSTRACT
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The aim of this study was to evaluate the efficiency of ultrasonic waves
in the aqueous extraction of phenolic and antioxidant compounds of
Capparis spinosa leaves and roots. Response surface methodology
(RSM) and Box—Behnken design were used to optimize the extraction
factors, including extraction time (10, 25, 40 min) and sound intensity
(40, 70, 100 %) with aqueous solvent. The results showed sound
intensity was more effective factor than time. By increasing time and
sound intensity, the extraction amount of these compounds increased.
Significant effects of independent variables on the extraction of total
phenolic compounds and DPPH radicals scavenging power of aqueous
leaf extracts, with the regression coefficients of 0.99 and 0.99,
respectively, were obtained. Significant effects of independent variables
on the extraction of total phenolic compounds and DPPH radicals
scavenging power of aqueous root extracts, with the regression
coefficients of 0.98 and 0.98, respectively, were obtained. The optimum
conditions for extraction of phenolic and antioxidant compounds with
ultrasonic bath were as follows: extraction time 36 min and sound
intensity 91 percent. Total phenolic content in these conditions was
obtained 21.80 mg/g in leaf and 14.96 mg/g in root and ICsy was
obtained 11.75 pg/mg in leaf and 52.17 pg/mg in root.
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