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2.1. Chemicals 

All solvents were purchased from Carlo Erba (Val de Reuil, France) and were of at least HPLC grade. Gallic acid, 

2,2-diphenyl-1-picrylhydrazyl (DPPH) anhydrous sodium carbonate, 2,4,6-tri-2-pyridinyl-1,3,5-triazine (TPTZ), and 

Folin-Ciocalteu reagent were supplied by Penta (Prague, Czech Republic). Chemical standards for HPLC-based 

determination of polyphenols, such as procatechuic acid, catechin, cyanidin 3-O-glucoside, delphinidin 3,5-di-O-

galactoside, rutin, quercetin 3-O-galactoside, delphinidin 3,5-di-O-glucoside, kaempferol 3-O-β-rutinoside, 3-O-

caffeoylquinic acid (chlorogenic acid), kaempferol 3-glucoside, cyanidin 3-O-(6’’-malonylglucoside), 5-O-caffeoylquinic 

acid (neochlorogenic acid), quercetin 3-β-D-glucoside, ferric (III) chloride, aluminum chloride, ascorbic acid, 

trichloroacetic acid, methanol, aqueous ethanol, sodium acetate, and hydrochloric acid were purchased from Sigma-

Aldrich (Steinheim, Germany) and were all of HPLC grade. The deionized water used in the experiments was created 

using a deionizing column.  

 

2.5.1. Determination of total polyphenol content (TPC) 

The determination of TPC was also conducted according to the technique established by Athanasiadis et al. [1]. 

In a 1.5 mL Eppendorf tube, 100 μL of P. spinosa fruit extracts were mixed with 100 μL of Folin–Ciocalteu reagent. After 

2 min, 800 μL of sodium carbonate solution (5% w/v) was added, and the solutions were incubated for 20 min at 40 °C. 

The absorbance at 740 nm was measured with a Shimadzu spectrophotometer (UV-1700, Shimadzu Europa GmbH, 

Duisburg, Germany). Using a standard chemical, gallic acid was employed to generate a calibration curve (10‒80 mg/L). 

The TPC (CTP) was expressed as mg gallic acid equivalents (GAE) per L. The extraction yield in total polyphenols (YTP) 

was expressed as mg GAE per g of dry weight (dw) using the following Equation (S1): 

YTP (mg GAE/g dw) = 
CTP × V

w
 (S1) 

where V is the volume of the extraction medium (in L) and w is the dry weight of the sample (in g). 

 

2.5.2. Determination of total flavonoid content (TFC) 

A previously established technique [1] was followed, according to which a volume of 100 μL of a diluted sample 

(1:5) was mixed with 860 μL of aqueous ethanol (35% v/v) and 40 μL of a reagent that included 5% (w/v) aluminium 

chloride and 0.5 M sodium acetate. The mixture was left at ambient temperature for 30 min before the absorbance was 

measured at 415 nm. A rutin (quercetin 3-O-rutinoside) calibration curve (30‒300 mg/L in methanol) was used to 

measure total flavonoid concentration (CTFn). The TFC was expressed as mg rutin equivalents (RtE) per g dry weight 

(dw), using the following Εquation (S2): 

TFC (mg RtE/g dw) = 
CTFn × V

w
 (S2) 

where V is the volume of the extraction medium (in L), and w is the dry weight of the sample (in g). 

 



2.5.3. Determination of total anthocyanins (TA) 

The total pigments were determined using a previously published procedure [2]. In a 1.5-mL Eppendorf tube, 67 

μL of extract was combined with 933 μL of hydrochloric acid solution (0.25 M in ethanol) and vortexed. After 10 min, 

the absorbance at 520 nm was measured using an ethanolic HCl solution as a blank. The total pigment concentration 

(CTPm) was calculated as cyanidin-3-O-glucoside equivalents (CyE) [2], as shown in equation (S3): 

CTPm (mg CyE/L) = 
A × MW × FD 

ε
 × 103 (S3) 

where A is the absorbance at 520 nm, MW is the cyanidin-3-O-glucoside molecular weight (449.2), FD is the dilution 

factor, and ε=26,900. The yield in total pigments (YTPm) was then determined as follows in equation (S4): 

𝑌𝑇𝑃𝑚 (mg CyE/g dw) = 
CTPm × V

w
 (S4) 

where V is the volume of the extraction medium (in L), and w is the dry weight of the sample (in g). 

2.5.4. Ascorbic acid content 

The ascorbic acid concentration was determined using a colorimetric assay established by Jagota et al. [3]. One 

hundred microliters of the extract was added to 900 μL of 10% w/v trichloroacetic acid. After that, 500 μL of 10% (v/v) 

Folin–Ciocalteu reagent was added to the solution. The absorbance at 760 nm was measured after 10 min. A standard 

curve was created using ascorbic acid (10‒80 mg/L). 

 

2.5.5. Radical scavenging activity (AAR, DPPH assay) 

A previously employed assay [1] of DPPH scavenging was followed. A volume of 25 μL of diluted sample extract 

(1:5) was mixed with 975 μL of DPPH solution (100 μmol/L in methanol), and the absorbance at 515 nm was measured 

immediately after mixing (A515(i)) and exactly 30 min later (A515(f)). The antiradical activity (AAR) was calculated employing 

Equation (S5): 

AAR (μmol DPPH/g dw) = 
ΔΑ

ε × l × C
 × YTP (S5) 

where ΔΑ = A515(i) ‒ A515(f); ε (DPPH) = 11,126 × 10‒6 μΜ‒1 cm‒1; C = CTP × 0.025; YTP is the total polyphenol yield of the 

extract (mg/g), and l is the path length (1 cm). 

 

2.5.6. Ferric-reducing antioxidant power (FRAP) assay 

A previously described method [1] was employed. The amount of 0.05 mL ferric (III) chloride solution (4 mM in 

0.05 M HCl) was well mixed with the diluted sample extract (0.05 mL, 1:50) and then incubated in a water bath at 37 °C 

for 30 min. After that, 90 μL of TPTZ solution (1 mM in 0.05 M HCl) was added, and the absorbance at 620 nm was 

measured after exactly 5 min. Ferric-reducing antioxidant power (PR) was determined as μmol ascorbic acid equivalents 

(AAE) per g of dw using an ascorbic acid calibration curve (50‒500 μmol/L in 0.05 M HCl) using the following Equation 

(S6): 

PR (μmol AAE/g dw) = 
CAA × V

w
 (S6) 

where V is the volume of the extraction medium (in L) and w is the dry weight of the sample (in g). 

 

2.5.7. Color analysis 

A colorimeter (Lovibond CAM-System 500, The Tintometer Ltd, Amesbury, UK) was used to determine the color 

of the extracts. In particular, each Eppendorf tube with the extract sample was placed in a colorimeter for CIELAB color 

determination. The lightness psychometric index, L*, and two color coordinates, a* and b*, were defined. 

 

 



 

Figure S1. Plots A, B, and C display the actual response versus the predicted response (Total polyphenol content ‒ TPC, mg GAE/g) 

for the optimization of Prunus spinosa extracts carried out with hydroethanolic solutions and different extraction methods, as well as 

the studentized residuals and the desirability function, respectively. Asterisks and colored values denote statistically significant 

values, while inset tables include statistics relevant to the evaluation of the resulting model. 

 

 

Figure S2. Plots A, B, and C display the actual response versus the predicted response (Neochlorogenic acid, mg/g) for the 

optimization of Prunus spinosa extracts carried out with hydroethanolic solutions and different extraction methods, as well as the 

studentized residuals and the desirability function, respectively. Asterisks and colored values denote statistically significant values, 

while inset tables include statistics relevant to the evaluation of the resulting model. 



 

Figure S3. Plots A, B, and C display the actual response versus the predicted response (Total anthocyanins ‒ TA, μg CyE/g) for the 

optimization of Prunus spinosa extracts carried out with hydroethanolic solutions and different extraction methods, as well as the 

studentized residuals and the desirability function, respectively. Asterisks and colored values denote statistically significant values, 

while inset tables include statistics relevant to the evaluation of the resulting model. 

  



 

Figure S4. The optimal extraction of Prunus spinosa extracts using different extraction methods and hydroethanolic solutions is shown 

in 3D graphs that show the impact of the process variables considered in the response (Total polyphenol content ‒ TPC, mg GAE/g). 

Plot (A), covariation of X1 and X2; plot (B), covariation of X1 and X3; plot (C), covariation of X1 and X4; plot (D), covariation of X2 and 

X3; plot (E), covariation of X2 and X4; plot (F), covariation of X3 and X4. 

  



 

Figure S5. The optimal extraction of Prunus spinosa extracts using different extraction methods and hydroethanolic solutions is shown 

in 3D graphs that show the impact of the process variables considered in the response (Neochlorogenic acid, mg/g). Plot (A), 

covariation of X1 and X2; plot (B), covariation of X1 and X3; plot (C), covariation of X1 and X4; plot (D), covariation of X2 and X3; plot 

(E), covariation of X2 and X4; plot (F), covariation of X3 and X4. 

  



 

Figure S6. The optimal extraction of Prunus spinosa extracts using different extraction methods and hydroethanolic solutions is shown 

in 3D graphs that show the impact of the process variables considered in the response (Total anthocyanins ‒ TA, μg CyE/g). Plot (A), 

covariation of X1 and X2; plot (B), covariation of X1 and X3; plot (C), covariation of X1 and X4; plot (D), covariation of X2 and X3; plot 

(E), covariation of X2 and X4; plot (F), covariation of X3 and X4. 

 



Table S1. Design points under investigation and the actual concentration of polyphenolic compounds, represented in mg/g dw. 

Polyphenolic compounds 

(mg/g) 

Design points 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Gallic acid 0.17 
N.D.

* 
N.D. N.D. N.D. 0.05 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 

Procatechuic acid 0.10 0.04 0.03 0.02 0.02 0.04 0.03 0.03 0.02 0.01 0.07 0.03 0.03 0.02 0.01 0.08 0.03 0.03 0.03 0.01 

Neochlorogenic acid 3.04 3.77 2.92 2.62 1.83 3.55 2.66 2.86 2.42 1.95 2.35 4.57 2.84 2.64 1.78 1.69 2.33 2.60 2.02 2.06 

Catechin 0.63 0.70 0.14 0.28 0.26 0.42 0.38 0.19 0.29 0.27 0.50 0.64 0.15 0.37 0.24 0.41 0.36 0.21 0.27 0.26 

Cyanidin 3-O-glucoside 0.15 0.79 1.00 0.60 0.58 0.27 0.21 1.04 0.98 0.71 N.D. 1.49 0.97 0.93 0.55 N.D. 0.19 0.97 0.76 0.56 

Delphinidin 3,5-di-O-

galactoside 
0.19 0.62 0.54 0.30 0.26 0.29 0.20 0.63 0.52 0.30 N.D. 0.97 0.51 0.41 0.26 N.D. 0.23 0.61 0.40 0.28 

Chlorogenic acid 0.30 0.27 0.20 0.15 0.14 0.39 0.17 0.19 0.18 0.14 0.17 0.40 0.19 0.20 0.14 0.15 0.15 0.18 0.16 0.16 

Delphinidin 3,5-di-O-glucoside 0.07 0.29 0.49 0.28 0.23 0.12 0.12 0.57 0.71 0.23 N.D. 0.46 0.41 0.49 0.22 N.D. 0.09 0.60 0.58 0.21 

Cyanidin 3-O-(6´́ -

malonylglucoside) 
0.32 0.93 0.88 0.34 0.30 0.42 0.46 0.97 0.70 0.36 0.11 1.25 1.00 0.55 0.31 0.04 0.38 1.07 0.51 0.33 

Rutin 0.13 0.19 0.19 0.15 0.13 0.15 0.15 0.20 0.21 0.15 0.09 0.20 0.19 0.22 0.15 0.09 0.13 0.21 0.17 0.16 

Quercetin 3-O-galactoside 0.06 0.08 0.07 0.05 0.04 0.06 0.07 0.08 0.08 0.05 0.05 0.08 0.07 0.09 0.05 0.03 0.05 0.08 0.06 0.06 

Quercetin 3-β-D-glucoside 0.05 0.08 0.08 0.07 0.06 0.05 0.07 0.09 0.09 0.07 0.04 0.08 0.08 0.09 0.07 0.03 0.06 0.09 0.07 0.07 

Kaempferol 3-O-β-rutinoside 0.10 0.13 0.13 0.12 0.14 0.08 0.11 0.14 0.15 0.16 0.08 0.13 0.13 0.16 0.13 0.05 0.10 0.15 0.14 0.16 

Kaempferol 3-glucoside 0.06 0.07 0.07 0.06 0.06 0.05 0.06 0.08 0.08 0.07 0.05 0.07 0.07 0.08 0.06 0.03 0.05 0.08 0.06 0.06 

SUM 5.35 7.96 6.75 5.04 4.04 5.95 4.69 7.06 6.41 4.47 3.50 10.38 6.64 6.26 3.97 2.61 4.15 6.87 5.22 4.39 

* N.D.: not detected. 
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