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Bioactive characterization of obtained extracts 

 Scavenging activity (%) =  [(Abs  – Abs )/Abs ] x 100         

Mathematical model 
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Multi-objective optimization 



Figure 1. The flowchart of Multi-objective optimization of the extraction 
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Reduce the Set of Pareto Optimal Solutions – the compromise solutions 

Figure 2. Scheme for determining the set of compromise solutions from the Pareto front 
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Results and Discussion 



Regression equations and indicators of model fitting to experimental data for the decision 
criteria 

=  725.247 + 13272.872 9.908 18.966+ 20.22 65.583+ 0.009 52896 + 0.157+ 0.141
F

p=  3338.421 + 27965.5 + 8.709 94.049+ 131.9 127.34 0.08141485 0.1485 + 0.642
F

p=  131.179 9.1 0.178 1.662+ 0.943 + 0.653 0.002+ 4.444 + 0.0049 + 0.011
F

p=  6.09 + 653.233 0.231 0.366+ 8.573 4.18 0.0072720.9 + 0.0063 + 0.0049
F
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Figure 3. Interpolation and regression function of criterion K1 (TPC, Total phenolic content) 
as a function of process parameters (decision variables) x1 (Sample/solvent ratio (g·mL-1)) 
and x3  x2=20 min (extraction time); B  x2=30 min (extraction 
time); C  x2=40 min (extraction time) 



Figure 4. Interpolation and regression function of criterion K2 (TFC, Total flavonoids con-
tent) as a function of process parameters (decision variables) x1 (Sample/solvent ratio  
(g·mL-1)) and x3 (Temperature (ºC) for: A  x2=20 min (extraction time); B  x2=30 min 
(extraction time); C  x2=40 min (extraction time) 



Figure 5. Interpolation and regression function of criterion K3 (TAA, Total antioxidant ac-
tivity) as a function of process parameters (decision variables) x1 (Sample/solvent ratio 
(g·mL-1)) and x3 (Temperature (ºC) for: A  x2=20 min (extraction time); B  x2=30 min 
(extraction time); C  x2=40 min (extraction time) 



Figure 6. Interpolation and regression function of criterion K3 (RSC, Reducing sugar con-
tent) as a function of process parameters (decision variables) x1 (Sample/solvent ratio  
(g·mL-1)) and x3 (Temperature (ºC) for: A  x2=20 min (extraction time); B  x2=30 min 
(extraction time); C  x2=40 min (extraction time) 



Figure 7. Sets of Pareto solutions for maximising regression equations for the relationship 
between criteria K1 (TPC total phenolic content-maximised), K2 (TFC total flavonoids con-
tent-maximised), K3 (TAA total antioxidant activity-maximised). Red color indicates Pareto-
optimal solutions (Pareto front), blue color indicates dominated solutions. For maximised 
criteria, 0 is the best case scenario

Figure 8. Pareto solution sets for maximising regression equations for the relationship be-
tween criteria K1 (TPC total phenolic content - maximised), K2 (TFC total flavonoids content 
- maximised), K4 (RSC reducing sugar content). Red color indicates Pareto-optimal solu-
tions, blue color indicates dominated solutions. For maximised criteria, 0 is the best case 
scenario 
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Figure 9. Pareto solution sets for maximising regression equations as a function of the deci-
sion variables x1 (Sample/solvent ratio), x2 (Time) and x3 (Temperature). Red color indicates 
Pareto-optimal solutions, blue color indicates dominated solutions. 
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Figure 10. Sets of compromise solutions (dU) as a function of the decision variables: A - x1 
(Sample/solvent ratio) and x2 (Time); B  x2 (Time) and x3 (Temperature); C  x1 (Sam-
ple/solvent ratio) and x3 (Temperature)  



Figure 11. Illustration of compromise solutions based on distance from Utopia point as  
a function of decision variables x1 (Sample/solvent ratio), x2 (Time), and x3 (Temperature). 
The green color indicates compromise solutions, the blue color indicates dominated solutions 
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