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3. Response surface methodology
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1. Box-Behnken design (BBD)
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Fig 2 Perturbation plot; (A) Extraction temperature,
(B) Agitation intensity and (C) Extraction time.
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Fig 3 Response surface plots (3D) showing the
interactive effects of extraction temperature (°C),
agitation intensity (RPM) and extraction time (h)

on the extraction yield of valuable bioactive
compounds.
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Table 1 Levels of independent variables and related codes.
Codes and related levels

) 0 3 Symbol Independent variables
45 35 25 A Extraction temperature (°C)

300 200 100 B Agitation intensity (RPM)
6 4 2 C Extraction time (h)

Table 2 Actual values for Box-Behnken design matrix and response values for the extraction yield
valuable bioactive compounds.

Order Extraction temperature (°C) Agltat(lggll\z;ensny Extracalgn time Extraction yield (%)
1(C) 35 200 4 19.12
2(C) 35 200 4 19.17
3 45 200 2 15.80
4 45 100 4 16.50
5 25 100 4 13.00
6 25 200 6 15.50
7 25 300 4 15.00
8(C) 35 200 4 19.14
35 100 6 17.00
10(C) 35 200 4 19.12
35 300 2 16.00
12 35 300 6 19.50
13 25 200 2 12.00
14 45 300 4 18.00
15 45 200 6 18.50
16 35 100 2 14.50
17(C) 35 200 4 19.11

C; Center Point
Table 3 Analysis of the variance (ANOVA) for the second-order polynomial model.

Source Degree of Freedom Sum of Squares Mean Square F Value P Value
Model 9 88.12 9.79 1376.89 <0.0001
Extraction Temperature (A) 1 22.11 22.11 3109.26 < 0.0001
Agitation Intensity (RPM) 1 7.03 7.03 988.73 <0.0001
Extraction Time (C) 1 18.60 18.60 2616.21  <0.0001
A? 1 24.32 24.32 3420.33 < 0.0001
B? 1 5.13 5.13 720.98 < 0.0001
Cc? 1 6.88 6.88 967.79  <0.0001
AB 1 0.063 0.063 8.79 0.0210
AC 1 0.16 0.16 22.50 0.0021
BC 1 0.25 0.25 35.15 0.0006
Residual 7 0.050 7.11x10° - -
Lack of Fit 3 0.047 0.016 27.78 0.0039
Pure Error 4 2.28x10° 5.70x10™ - -
Total 16 88.17 - - -
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Table 4 Predicted and experimental values of the response at optimum conditions.

Extraction yield (%)

Predicted Experimental (h)

Extraction time

Agitation intensity Extraction temperature
(RPM) (°C)

20.05 20.19+0.11 5
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Optimization of valuable bioactive compounds extraction from
Mulberry leaves using agitated solvent extraction method
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This study was conducted to optimize valuable bioactive compounds extraction from mulberry leaves
using agitated solvent extraction through Box-Behnken response surface methodology. The effects of
process independent variables including temperature (25-45 °C), agitation intensity (100-300 RPM)
and extraction time (2-6 h) on the extraction yield of valuable bioactive compounds were studied. In
this study, the optimized conditions aimed to obtain highest extraction yield were 38 °C, 235 RPM
and 5 h of extraction time. Under these conditions, the extraction yield was 20.05%. The results
revealed that the model obtained explains the relationship between the independent variables and
response very well and also suitable for predicting extraction yield using any combination of values
for the independent variables. Antioxidant activity of extract obtained under optimized conditions was
determined using Diphenyl Picrylhydrazyl (DPPH) and Hydrogen peroxide (H,O,) assays. The total
phenolic content (TPC) of the extract was determined by Folin-Ciocalteu reagent. The TPC and
antioxidant activity measured using DPPH and H,0, assays were 38.12+0.15 mg GAE/g extract,
66.54+0.12% and 4.87+0.16%, respectively. Finally, the results obtained were compared with the
results of Soxhlet extraction method. The results revealed that applying agitated solvent extraction led
to obtain more extraction yield with higher antioxidant activity within shorter extraction time.

Keywords: Mulberry leaves, Phenolic compounds, Antioxidant activity, Optimization, Response
surface methodology.
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