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

ICx, of Fruit Alcholic Extracts TPC of Fruit Alcholic Extracts Sound Exreaction Treatment
Intensity Time
(ug/mg) (mg/g)

X2) X1

(%) (min)
87.92 12.82 49 14 1
90.74 12.02 40 25 2
85.22 15.10 49 36 3
81.52 16.48 70 10 4
70.10 18.90 70 25 5
62.50 19.50 70 25 6
65.41 19.32 70 25 7
68.61 19.29 70 25 8
60.21 20.10 70 25 9
54.35 21.14 70 40 10
51.62 22.16 91 14 11
46.87 24.10 100 25 12
47.67 23.22 91 36 13

Table 2. Treatments designed in response surface test and response values for antimicrobial tests of alcholic extracts
of Caper fruit

MIC of MIC of MIC of MIC of Sound Exreaction Treatment
Pseudomonas Escherichia coli Bacillus Staphylococcus Intensity Time
aeruginosa of 0157:H7 of cereus of aureus of Fruit

Fruit Fruit Alcholic Fruit Alcholic Extracts (X2) X1)
Alcholic Extracts Alcholic
Extracts Extracts (mg/ml) (%) (min)
(mg/ml)
(mg/ml) (mg/ml)
>100 >100 50 1.56 49 14 1
>100 >100 50 1.56 40 25 2
>100 >100 25 0.78 49 36 3
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50

25

25

>100
100
100
100
100
100
50
50
25
25

25
12.50
12.50
12.50
12.50
12.50
12.50

6.25
6.25
6.25

0.78
0.39
0.39
0.39
0.39
0.39
0.39
0.19
0.19
0.19

70
70
70
70
70
70
70
91
100
91

10
25
25
25
25
25
40
14
25
36

(o2 B & ) B

10
11
12
13

Table 3. Treatments designed in response surface test and response values for antimicrobial tests of alcholic extracts

of Caper fruit
MBC of MBC of MBC of MBC of Sound Exreaction Treatment
Pseudomonas Escherichia coli Bacillus Staphylococcus Intensity Time
aeruginosa of 0157:H7 of cereus of aureus of Fruit
Fruit Fruit Alcholic Fruit Alcholic Extracts X2) Xy
Alcholic Extracts Alcholic
Extracts Extracts (mg/ml) %) (min)
(mg/ml)
(mg/ml) (mg/ml)
>100 >100 >100 100 49 14 1
>100 >100 >100 100 40 25 2
>100 >100 100 50 49 36 3
>100 >100 100 50 70 10 4
>100 >100 50 25 70 25 5
>100 >100 50 25 70 25 6
>100 >100 50 25 70 25 7
>100 >100 50 25 70 25 8
>100 >100 50 25 70 25 9
>100 100 50 25 70 40 10
100 100 50 25 91 14 11
50 50 25 12.50 100 25 12
50 50 25 12.50 91 36 13
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1. Three-dimensional

Figure
simultaneous effect of two extraction time and sound
intensity variables on the amount of total phenolic
contents of alcoholic extracts of Caper fruit
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Table 4. ANOVA of the quadratic model of total phenolic contents of alcholic extracts of Caper fruit

Source Sum of Squares df Mean Squares F-Value P-Value
Model 165.76 5 33.15 109.03 <0.0001
X1 12.33 1 12.33 40.54 0.0004
X, 149.16 1 149.16 490.54 <0.0001
Xy X, 0.3721 1 0.3721 1.22 0.3052
X2 0.7737 1 0.7737 2.54 0.1547
X2 3.49 1 3.49 11.48 0.0116
Residual 2.13 7 0.3041
Lack of fit 1.36 3 0.4541 2.37 0.2114
Pure error 0.7661 4 0.1915
R? 0.9873
Adj. R? 0.9783
Pred. R? 0.9352

Table 5. Results of the optimization process for antioxidant and antimicrobial tests of alcholic extracts of Caper fruit

Desirability MBC of MIC of MIC of ICs TPC Sound Time Optimal
Staphyloc Bacillus Staphyloc Intensity (min)  Points
occus cereus occus (ug/mg)  (Mg/g) %)
aureus aureus
(mg/ml)

(mg/ml) (mg/ml)
0.979 11.81 6.07 0.19 45.30 23.63 91 36 1
0.977 12.78 6.84 0.21 4571 23.60 91 34 2
0.974 13.50 7.36 0.22 46.07 23.57 91 33 3

0.965 14.48 8.02 0.24 46.74 23.49 91 32 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 alcoholic
extracts of Caper fruit

Table 6. ANOVA of the quadratic model of ICs, of
alcholic extracts of Caper fruit

Source  Sumof df  Mean F- P-
Squares Squares  Value Value
Model 258881 5 517.76 17.14 0.0008
X1 253.96 1 253.96 8.41 0.0230
X, 230831 1 230831 7640 <0.0001
X1 X 0.3906 1 0.3906  0.0129  0.9127
X2 10.34 1 10.34 0.3421  0.5770
X2 19.03 1 19.03 0.6298  0.4535
Residual 211.50 7 30.21
Lack of 143.77 3 47.92 2.83 0.1704
fit
Pure 67.73 4 16.93
error
R? 0.9245
Adj.R*  0.8705
Pred. R  0.8671
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Figure 3. Three-dimensional diagram, the simultaneous effect of two extraction time and sound intensity variables
on the amount of MIC of Staphylococcus aureus of alcoholic extracts of Caper fruit (a) and amount of MIC of

Bacillus cereus of alcoholic extracts of Caper fruit (b)

Table 7. ANOVA of the quadratic model of MIC of Staphylococcus aureus of alcholic extracts of Caper fruit

Source Sum of Squares df Mean Squares F-Value P-Value

Model 2.66 5 0.5324 321.61 <0.0001
Xy 0.2216 1 0.2216 133.88 <0.0001
X, 1.90 1 1.90 1147.06 <0.0001

X1 X, 0.1521 1 0.1521 91.88 <0.0001
X2 0.0503 1 0.0503 30.36 0.0009
X5 0.3680 1 0.3680 222.31 <0.0001
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Residual 0.0116 7 0.0017
Lack of fit 0.0116 3 0.0039
Pure error 0.0000 4 0.0000

R? 0.9957

Adj. R? 0.9926

Pred. R 0.9692

Table 8. ANOVA of the quadratic model of MIC of Bacillus cereus of alcholic extracts of Caper fruit

Source Sum of Squares df Mean Squares F-Value P-Value
Model 2722.74 5 544.55 327.64 <0.0001
Xy 227.67 1 227.67 136.98 <0.0001
x> 1933.54 1 1933.54 1163.36 <0.0001
Xy X, 156.25 1 156.25 94.01 <0.0001
X2 52.01 1 52.01 31.29 0.0008
X2 383.19 1 383.19 230.56 <0.0001
Residual 11.63 7 1.66
Lack of fit 11.63 3 3.88
Pure error 0.0000 4 0.0000
R? 0.9957
Adj. R? 0.9927
Pred. R 0.9697
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Figure 4. Three-dimensional diagram, the
simultaneous effect of two extraction time and sound
intensity variables on the amount of MBC of
Staphylococcus aureus of alcoholic extracts of Caper
fruit

Table 9. ANOVA of the quadratic model of MBC of
Staphylococcus aureus of alcholic extracts of Caper
fruit

Source Sumof d Mean F- P-
Square f Square Value Value
S S
Model 10348.8 5 2069.7 134.2 0.0001
2 6 7 <
Xi 1196.96 1 11969 77.65 0.0001
6 <
X 6976.38 1 6976.3 4525 0.0001
8 6 <
X1 X, 35156 1 35156 22.81 0.0020
X2 27174 1 271.74 17.63 0.0040
X,? 1698.37 1 1698.3 110.1 0.0001
7 7 <
Residu 10791 7 15.42
al
Lack of 10791 3 35.97
fit
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ABSTRACT

ARTICLE INFO

Extracts and essential oils of medicinal plants have many bioactive agents,
including phenolic compounds with significant antioxidant and antimicrobial
properties. Choosing the suitable extraction method affects the quantity and
quality of antioxidant and antimicrobial compounds. The aim of this study was
to evaluate the efficiency of ultrasound waves in extracting phenolic,
antioxidant and antimicrobial compounds of Caper fruit. Response surface
methodology (RSM) and Box-Behnken design were used to optimize the
extraction factors, including extraction time (10, 25, 40 min) and ultrasound
intensity (40, 70, 100 %) with ethanolic solvent (70 %). From the results of the
tests performed with the response surface methodology, ultrasound intensity
was recognized as the most effective factor in extracting phenolic, antioxidant
and antimicrobial compounds of Caper fruit and by increasing time and
ultrasound intensity, the extraction of these compounds increased. The optimum
conditions for extraction of antioxidant and antimicrobial compounds of Caper
fruit were determined extraction time 36 minutes and ultrasound intensity 91
percent. In these optimum conditions, the amount of total phenolic contents and
ICs, index of ethanolic extracts extracted from Caper fruit were obtained 23.63
mg/g and 45.30 pg/mg, respectively, the optimum amount of minimum
inhibitory concentration of coagulase positive Staphylococcus aureus and
Bacillus cereus were obtained 0.19 and 6.07 mg/ml, respectively, and the
optimum amount of minimum batericidal concentration of coagulase positive
Staphylococcus aureus was obtained 11.81 mg/ml. Also, the extracts extracted
at time 36 minutes and ultrasound intensity 91 percent had the ability to inhibit
the activity of Escherichia coli O157: H7 and Pseudomonas aeruginosa at
concentrations of 25 and 25 mg/ml, respectively, and had the batericidal ability
of Bacillus cereus, Escherichia coli O157: H7 and Pseudomonas aeruginosa at
concentrations of 25, 50 and 50 mg/ml, respectively.
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