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3.1. Chemicals and Reagents

All solvents were at least of HPLC grade and purchased from Carlo Erba (Val de Reuil, France). Chemical
standards of polyphenolic compounds, such as, neochlorogenic, catechin, rutin, quercetin 3-D-galactoside, luteolin,
apigenin, apigenin-7-O-glucoside, chlorogenic acid, vanillic acid, caffeic acid, syringic acid, p-coumaric acid, ferulic
acid were acquired from Sigma-Aldrich (Steinheim, Germany). Hydrochloric acid, ascorbic acid, trichloroacetic acid,
ferric (II) chloride, aluminum chloride, and sodium acetate were also obtained from Sigma-Aldrich (Steinheim,
Germany). Gallic acid, anhydrous sodium carbonate, Folin-Ciocalteu reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH),
and 2,4,6-tri-2-pyridinyl-1,3,5-triazine (TPTZ) were obtained by Penta (Prague, Czech Republic). For all experiments,
deionized water was used.

3.4. Response Surface Methodology (RSM) Optimization of Extraction and Experiment Design

Utilizing the Response Surface Methodology (RSM) technique, the extraction of total polyphenol content (TPC),
polyphenolic compounds, and antioxidant activity was measured using the FRAP, DPPH method aimed for optimal
yield. The design's objective was to enhance the content of H. officinalis extracts in TPC, polyphenolic compounds, and
antioxidant activity. This was achieved through adjustments to the extraction procedure involving parameters such as
solvent concentration (ethanol, EtOH) represented as C, % v/v (chosen to investigate different polarity solvents),
extraction duration denoted as ¢, min (selection was based on preliminary experiments), and extraction temperature
indicated as T, °C (as ethanol has a boiling point of 78.3 °C, a maximum temperature of 80 °C was chosen to ensure
the stability of the extracted compounds and the feasibility of the extraction process). An experiment employing a
Main Effect Screening design with twenty design points formed the basis for optimization. Process variables were set
at five levels, as outlined in Table 7, indicating both coded and actual levels. Analysis of variance (ANOVA) and
summary-of-fit tests were employed to establish overall model significance (R?, p-value) and the significance of model
coefficients (equations). Additionally, a second-order polynomial model (Equation S1) was utilized to forecast the
dependent variable based on the analyzed independent factors:
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where Yk is the predicted response variable; Xi and Xj are the independent variables; o, i, fi, and fij are the intercept,
regression coefficients of the linear, quadratic, and interaction terms of the model, respectively.
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Figure S1. Plot A displays the actual response versus the predicted response (Total polyphenol content — TPC, mg GAE/g) for
optimizing H. officinalis extracts using hydroethanolic solutions, different extraction techniques, and parameters, and plot B displays
the desirability function. Asterisks and colored values denote statistically significant values, while inset tables include statistics
relevant to evaluating the resulting model.
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Figure S2. Plot A displays the actual response versus the predicted response (FRAP, umol AAE/g) for optimizing H. officinalis extracts
using hydroethanolic solutions, different extraction techniques, and parameters, and plot B displays the desirability function.
Asterisks and colored values denote statistically significant values, while inset tables include statistics relevant to evaluating the
resulting model.
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Figure S3. Plot A displays the actual response versus the predicted response (DPPH, umol AAE/g) for optimizing H. officinalis
extracts using hydroethanolic solutions, different extraction techniques, and parameters, and plot B displays the desirability function.
Asterisks and colored values denote statistically significant values, while inset tables include statistics relevant to evaluating the
resulting model.
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Figure S4. The optimal extraction of the H. officinalis plant is shown in 3D graphs that show the impact of the process variables
considered in the response (FRAP, umol AAE/g). Plot (A), covariation of X1 and X»; plot (B), covariation of X1 and X3; plot (C),
covariation of X1 and Xs; plot (D), covariation of X2 and X3; plot (E), covariation of X2 and Xy; plot (F), covariation of X3 and Xa.
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Figure S5. The optimal extraction of the H. officinalis plant is shown in 3D graphs that show the impact of the process variables
considered in the response (DPPH, umol AAE/g). Plot (A), covariation of X1 and X»; plot (B), covariation of Xi and X3; plot (C),
covariation of X1 and Xs; plot (D), covariation of X2 and X3; plot (E), covariation of X2 and Xy; plot (F), covariation of X3 and Xa.



mAU

-320nm4nm (1.00)

250~
225
200

17.5-

(o]

2.5

20 30

60 70

80 min

Figure S6. Representative HPLC chromatogram at 320 nm of the optimal extract of H. officinalis plant demonstrating the identified
compounds. 1: Neochlorogenic acid; 2: Catechin; 3: Chlorogenic acid; 4: Vanillic acid; 5: Caffeic acid; 6: Syringic acid; 7: p-Coumaric
acid; 8: Ferulic acid; 9: Rutin; 10: Quercetin 3-D-galactoside; 11: Luteolin-7-glucoside; 12: Apigenin-7-O-glucoside; 13: Apigenin.

Table S1. Data for the identification and quantification of polyphenolic compounds in the extracts of H. officinalis plant.

Polyphenolic Compound Reterz;(;;:)Txme Mi‘;izf::l:;;) Equation R2
Neochlorogenic acid 15.2 324 y =28,213.51x + 551.72 0.9987
Catechin 17.8 278 y =11,920.79x - 128.19 0.9973
Chlorogenic acid 20.7 325 y =50,320.40x - 23,038.36 0.9943
Vanillic acid 21.9 270 y =20,000x + 1224 0.9939
Caffeic acid 22.3 322 y =937,658.95x +12,216.24 0.9998
Syringic acid 22.8 270 y =20,000x + 1687 0.9985
p-Coumaric acid 25.3 309 y =120,568.59x + 1059.043 0.9998
Ferulic acid 31.3 322 y =108,553.73x - 25,916.43 0.9992
Rutin 33.1 254 y =46,365.62x - 31,562.74 0.9970
Quercetin 3-D-galactoside 34.8 257 y =41,489.69x — 35,577.55 0.9934
Luteolin-7-glucoside 36.4 347 y = 34,875.94x — 16,827.36 0.9993
Apigenin-7-O-glucoside 41.5 336 y =64,742.65x + 15,897.94 0.9979
Apigenin 51.5 227 y =96,840x — 63,647 0.9975




