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Section S1. Chemical standards resolution in HPLC-PDA method and gradient elution profile 

HPLC analysis 

HPLC-PDA analyses were performed by a validated method reported in literature [Locatelli et al. 

2017] using an HPLC Waters liquid chromatography (model 600 solvent pump, 2996 PDA). Mobile phase was 

directly degassed on-line using a Biotech 4CH DEGASI Compact (Onsala, Sweden). Empower v.2 Software 

(Waters Spa, Milford, MA, USA) was used to collect and analyze data. The analyses were carried out using 

gradient elution mode on a C18 reversed-phase column (Prodigy ODS(3), 4.6 x 150 mm, 5 µm; Phenomenex, 

Torrance, CA), thermostated at 30 °C (± 1 °C). The gradient elution was achieved by a solution of water-

acetonitrile (93:7 ratio, with 3% of acetic acid) as initial conditions, and the complete separation was achieved 

in 60 min. 

Chemical standards chromatogram (@ 278 nm as example of wavelength in which all compounds 

show absorbance) for the analytes, with a table reporting the retention times and the maximum wavelengths 

used for the quantitative analyses. A table with gradient elution program used for the analyses was also 

reported. 

 

Gradient elution: 

TIME (min) FLOW (mL min-1) %A %B 

0 

1 

93 7 

0.1 93 7 

30 72 28 

38 75 25 

45 2 98 

47 2 98 

48 93 7 

58 93 7 

 

  



 

 

 

Limit of Detection (LOD) and Limit of Quantification (LOQ) 

The limit of detection (LOD, S/N = 3) was 0.075 μg/mL for each analyte. The LOQ (S/N = 10) was 0.25 μg/mL 

for each analyte at the corresponding maximum wavelength. 

Precision and Trueness intra and inter-day 

The intra-day precision (RSD%,) of the HPLC determination was in the range 0.5 ÷ 12.3% for the studied 

phenolics at three quality control (QC) levels within the linearity range; while the trueness was in the range 

11.5 ÷ -12.5% at the same QC concentration level. The inter-day precision (RSD% intermediate precision) was 

in the range 1.3 ÷ 11.8% while the trueness was in the range 12.9 ÷ -12.0%. 

Parallelism Test 

In order to evaluate the effect of dilution onto the correct quantitative analyses, parallelism test was made. 

In this test, standard solution with analytes concentration strictly major to the highest calibration point was 

subjected to a dilution with mobile phase. After quantification on the calibration curve, Bias% and precision 

values were calculated and the result attests that the samples dilution with mobile phase doesn’t affect the 

final dosage. 
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Analytes, retention times, and maximum wavelengths used for quantitative analyses: 

Analytes Retention times (min)  max 

Gallic acid 4.99 271 nm 

Catechin 13.36 278 nm 

Chlorogenic acid 14.29 324 nm 

4-hydroxybenzoic acid 14.71 256 nm 

Vanillic acid 17.31 260 nm 

Epicatechin 18.30 278 nm 

Syringic acid 18.50 274 nm 

3-hydroxybenzoic acid 19.41 275 nm 

isovanillin 22.08 278 nm 

p-coumaric acid 22.65 310 nm 

Rutin 25.38 256 nm 

Sinapinic acid 26.18 324 nm 

t-ferulic acid 27.75 315 nm 

Naringin 29.78 285 nm 

2,3-dimethoxybenzoic acid 30.36 299 nm 

Benzoic acid 31.20 275 nm 

o-coumaric acid 34.81 276 nm 

Quercetin 40.57 367 nm 

Harpagoside 45.49 280 nm 

t-cinnamic acid 45.87 276 nm 

Naringenin 46.74 290 nm 

Carvacrol 49.95 275 nm 

 

  



Section S1. HPLC-PDA chromatograms obtained for MAE optimization 

 

40 °C, WATER, 10 min 

 

60 °C, WATER, 10 min 
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80 °C, WATER, 10 min 

 

100 °C, WATER, 10 min 
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120 °C, WATER, 10 min 

 

100 °C, WATER, 5 min 
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100 °C, WATER, 15 min 

 

100 °C, WATER/ETHANOL, 15 min 
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