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Methods  

4.2.1. 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing antioxidant power 

(FRAP) assays 

The antioxidant activity was estimated using two colorimetric assays, DPPH [33] and 

FRAP assays [34], following the previously reported protocol [35]. In the DPPH assay, 100 

μL of DPPH solution (200 μM) was added to 100 μL of each extract (with concentrations 

ranging between 500 and 1.25 μg/mL). The samples were incubated for 30 min in the dark 

at room temperature. The absorbance was observed at λ max 517 nm using a microplate 

reader. The ability of the samples to scavenge the DPPH radicals was calculated according 

to the following equation:  

DPPH scavenging effect (%) = [(A0 –A1)/A0] ×100 

where A0 is the absorbance value of the control, and A1 is the absorbance value in 

the presence of the extracts. All measurements were carried out in triplicate. The IC50 value 

(the concentration that exhibited 50% scavenging for DPPH radicals) was expressed as 

μg/mL and evaluated by sigmoid non-linear regression using adequate software. 

In the FRAP assay, 180 μL of freshly prepared warm FRAP working solution was 

added to the samples (20 μl). The reaction was kept for 7 min at 37 °C. All measurements 

were performed in triplicate. The reduction was noticed by the appearance of an intense 

blue coloration, which was measured at 595 nm using a spectrophotometer microplate 

reader Tecan Safire IITM spectrophotometer. FRAP values were expressed as mM 

FeSO4/mg sample. 

 

4.2.2. Total polyphenolic content (TPC) and total flavonoids content (TFC) 

TPC and TFC were measured as previously reported [35].  

TPC was evaluated using the Folin–Ciocalteu method for both extracts, where 20 μL 

of the sample solution (5 mg/mL) were mixed with different serial dilutions of the stand-

ard gallic acid (with concentrations ranging from 50 to 1 μg/mL) in a 96-well microplate. 

Then, Folin–Ciocalteu’s reagent (100 μL) was added to the wells, keeping the samples for 

5 min at room temperature. A 7.5% solution of sodium carbonate solution (80 μL) was 



 

added, then the plate was mixed and kept in dark at room temperature for 2 h. Finally, 

the absorption was measured at 750 nm using a microplate reader. The calibration curve 

was plotted using different serial dilutions of the standard compound, gallic acid. The 

phenolics contents of both extracts were expressed in terms of gallic acid equivalent 

(GAE)/g plant extract.   

TFC was evaluated using the aluminum colorimetric technique, where 150 μL of 0.4 

mg/mL of both extracts were mixed with 100 μL of 2% (w/w) AlCl3 in a 96-well microplate, 

incubated at 37 °C for 30 min, and read at λ max 415 nm with a microplate reader against 

a blank without aluminum chloride. Quercetin was employed as the standard, and the 

calibration curve was plotted versus standard curve of quercetin. The data were shown as 

quercetin equivalent (QE) per g of extract. 


