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Abstract

Background and Objectives: Extracts from various medicinal plants contain valuable
bioactive and phytochemical compounds, including polyphenols and flavonoids, known for their
potent antioxidant, antimicrobial, anticancer, and antidiabetic properties. The caper plant
(Capparis spinose L.), native to Hirmand City, is a rich source of bioactive compounds such as
saccharides, glycosides, flavonoids, alkaloids, phenolic acids, terpenoids, fatty acids, vitamins,
and steroids. Novel extraction methods, such as ultrasound-assisted extraction, offer significant
advantages over traditional techniques like Soxhlet and maceration. Ultrasound facilitates
efficient extraction, reduces processing time, and preserves heat-sensitive bioactive compounds.
This study aimed to assess the efficacy of ultrasound waves in extracting phenolic and
antioxidant compounds from caper leaves.

Methodology: Response Surface Methodology (RSM) and Box—Behnken Design (BBD) were
employed to optimize two extraction parameters for phenolic and antioxidant compounds from
caper leaves using ethanolic and aqueous solvents: extraction time (15, 30, 45 min) and
ultrasound power (100, 200, 300 watts). Design Expert software suggested 13 treatments for
extraction. Dried plant leaves were ground and dissolved in 70% ethanol (for alcoholic
extraction) or distilled water (for aqueous extraction) at 1:4 w/v. Ultrasonic bath treatment with
a constant frequency of 40 kHz was applied. Alcoholic extracts were concentrated using a rotary
evaporator under vacuum, while aqueous extracts were processed in a vacuum oven at 40°C.
The antioxidant activity of the extracts was assessed using the Folin-Ciocalteu colorimetric
method for total phenolic content (TPC) and the DPPH free radical inhibition method,
determining the half-maximal inhibitory concentration (IC50) index. Mean comparisons
between the antioxidant test results of aqueous and alcoholic extracts were performed using the
Mann-Whitney U test in a completely randomized design at a = 5% with SAS software version
9.1

Results: Statistical analysis using the RSM model indicated that the quadratic model was the
best fit for the measured parameters. The significant effects of time and ultrasound power on
phenolic compound extraction and DPPH free radical inhibition ability in alcoholic extracts
were determined with regression coefficients of 0.99 and 0.98, respectively. For aqueous
extracts, the regression coefficients were 0.98 and 0.99, respectively. The TPC of caper leaf
extracts obtained via ultrasound-assisted extraction with ethanol and distilled water solvents was
20.77+0.32 mg/g and 17.53+0.54 mg/g, respectively. The 1C50 values of ethanol and distilled
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water extracts were 13.16+£0.60 pg/ml and 20.42+0.81 pg/ml, respectively. The optimal
extraction conditions were identified as an extraction time of 45 minutes and an ultrasound
power of 300 watts. Under these conditions, the TPC values were 27.4 mg/g (ethanolic extract)
and 23.8 mg/g (aqueous extract), while the IC50 values were 8.1 ug/ml and 10.8 pug/ml,
respectively.

Conclusion: Ultrasound-assisted extraction is highly efficient for both alcoholic and aqueous
extraction of phenolic and antioxidant compounds from caper leaves. A direct correlation was
observed between TPC levels and DPPH free radical inhibition ability. Alcoholic extracts
contained higher phenolic compound concentrations and exhibited higher antioxidant activity
than agueous extracts.
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Table 1. Treatments designed in response surface test and response values for antioxidant tests of alcoholic and
aqueous extracts of Capparis spinosa leaf

Treatment Extraction time Ultrasound TPC of leaf 1Cx of leaf TPC of leaf I1Cy of leaf
(A) power alcoholic alcoholic aqueous aqueous
(min) (B) extract extract extract extract
(W) (mg.g*") (ug.ml™) (mg.g™) (ug.ml™)
1 15 100 15.22 17.74 12.10 31.72
2 30 59 14.44 18.72 11.32 32.36
3 45 100 17.36 16.08 14.46 26.24
4 9 200 18.42 15.32 14.60 24.76
5 30 200 20.28 13.42 18.24 18.10
6 30 200 20.22 13.46 17.22 20.30
7 30 200 20.25 13.44 17.29 19.82
8 30 200 20.27 13.42 17.28 19.93
9 30 200 20.86 12.22 17.25 20.17
10 51 200 23.16 10.76 19.34 16.16
11 15 300 24.18 10.02 20.26 14.62
12 30 341 28.22 8.06 25.34 10.28
13 45 300 27.10 8.44 23.22 11.06
TPC: Total phenolic content
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Figure 3. Three-dimensional diagram of simultaneous effects of extraction time and ultrasound power variables
on total phenolics content of alcoholic (a) and aqueous (b) extracts of Capparis spinosaleaf
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Table 2. ANOVA of extraction time and ultrasound power variables effects on total phenolics content of Capparis
spinosa leaf alcoholic extracts

S.O.V. d.f. M.S.
Model 5 40.26"
A (Time) 1 17.30™
B (Ultrasound power) 1 182.29™
AB 1 0.1521
A? 1 0.2336
B? 1 1.43"
Residual 7 0.1040
Lack of fit 3 0.1444
Pure error 4 0.0737
R? 0.9964
Adjusted R? 0.9938
Predicated R? 0.9825

*and **: significant at 5 and 1% probability levels, respectively.
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Table 3. ANOVA of extraction time and ultrasound power variables effects on total phenolics content of
Capparis spinosa leaf agueous extracts

S.0.V. d.f. M.S.
Model 5 37.77
A (Time) 1 18.07"
B (Ultrasound power) 1 168.80"
AB 1 0.09
A? 1 0.5376
B’ 1 1.12
Residual 7 0.3009
Lack of fit 3 0.4450
Pure error 4 0.1928
R? 0.9890
Adjusted R? 0.9811
Predicated R? 0.9440

*and **: significant at 5 and 1% probability levels, respectively.
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Table 4. Optimization process results by quadratic model for antioxidant tests of Capparis spinosa leaf alcoholic
extracts
Optimal point Time Ultrasound power  Total phenolic 1Csq Desirability
(min) (W) content (ng.ml™Y)
(mg.g™)

1 45 300 27.45 8.14 0.950

2 45 296 27.21 8.29 0.936

3 45 292 26.97 8.44 0.921

4 39 300 26.71 8.66 0.910
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Table 5. Optimization process results by quadratic model for antioxidant tests of Capparis spinosa leaf aqueous
extracts
Optimal point Time Ultrasound power  Total phenolic 1Csg Desirability
(min) (W) content (ug.mi)
(mg.g™)

1 45 300 23.82 10.79 0.950

2 45 296 23.60 11.02 0.936

3 45 292 23.374 11.27 0.921

4 39 300 23.373 11.36 0.910
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Figure 4. Three-dimensional diagram of simultaneous effects of extraction time and ultrasound power variables
on IC; of alcoholic (a) and aqueous (b) extracts of Capparis spinosa leaf
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Table 6. ANOVA of extraction time and ultrasound power variables effects on 1Cs, of Capparis spinosa leaf
alcoholic extracts

S.0.V. d.f. M.S.
Model 5 25.53"
A (Time) 1 11.73™
B (Ultrasound power) 1 115.79™
AB 1 0.0016
A? 1 0.0877
B? 1 0.0274
Residual 7 0.3602
Lack of fit 3 0.4464
Pure error 4 0.2955
R? 0.9806
Adjusted R? 0.9668
Predicated R? 0.9127

*and **: significant at 5 and 1% probability levels, respectively.
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Table 7. ANOVA of extraction time and ultrasound power variables effects on 1Cs of Capparis spinosa leaf
agueous extracts

S.0.V. d.f. M.S.
Model 5 113.34"
A (Time) 1 56.19”
B (Ultrasound power) 1 504.12"
AB 1 0.9216
A? 1 1.13
B? 1 4.83"
Residual 7 0.6514
Lack of fit 3 0.4528
Pure error 4 0.8004
R? 0.9920
Adjusted R? 0.9863
Predicated R? 0.9743

*and **: significant at 5 and 1% probability levels, respectively.
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