Optimized Enzymatic Extraction of Phenolic Compounds
from Verbascum nigrum L.: A Sustainable Approach for
Enhanced Extraction of Bioactive Compounds

Filippo Brienza!, Luca Calani 2, Letizia Bresciani 2, Pedro Mena 2*, and Silvia Rapacioli !

1 BiCT srl, 26818 Villanova del Sillaro, Lodj, Italy; (F.B.); silvia.rapacioli@bict.com (S.R.)

2 Human Nutrition Unit, Department of Food & Drug, University of Parma, 43125 Parma, Italy;
luca.calani@unipr.it (L.C.); letizia.bresciani@unipr.it (L.B.); pedro.mena@unipr.it (P.M.)

* Correspondence: pedro.mena@unipr.it.

Supplementary Materials

A b
'
260000 1 Bict_EAEAV7 - CHY)
d
4
200000 |
= c
3 I e
=
+
£ 5
100000 -
(| 3 1 f
L 2 ,J\."'A-“J"— JI
o) | \
PO LN PV WV o, \ -
0+—F% . - -“‘X\* L —~—
T T T T T r
0.0 5.0 10.0 15.0 20.0 25.0 30.0 340
Retention Time [min]
B
d
180000 ‘J,. Bict_HAVZ - CH5
c
'
150000
b
. 100000 -
3
=z
50000 a\
e 6 7 |
I |
3 5 W
e
IJI 2 l| ALJ UL)J \
{,3' \ ST . A \
0 e lf -IﬁL”J] e _!kh, - - ~ \\\7
0.0 5.0 10.0 15.0 200 25.0 30.0 34.0

Retention Time [min]


mailto:silvia.rapacioli@bict.com

Figure S1. Preliminary analysis of the V. nigrum extracts obtained by enzymatic treatment followed by
hydroalcoholic extraction (EH+HA) or hydroalcoholic extraction alone (HA). Two different enzymatic
concentrations were assayed (15% and 30% by weight of dry biomass). HPLC chromatograms (A = 254 nm) of
the whole extract with (A) or without (B) enzymatic treatment. Peaks marked a, b, ¢, d, and e are attributed to
phenolic species.

Table S1. Extraction yields of phenolic compounds and flavonoids obtained, expressed as TPC and TFC.

TP
Exp No CMg/8  1EC (meje DM
p DM) g/g
1 2381 23.98
2 2414 23.32
3 22.87 2327
4 21.60 23.10
5 25.19 20.54
6 2591 23.90
7 2459 2275
8 23.83 2323
9 2337 2245
10 25.00 25.64
11 21.73 20.85
12 2381 2378
13 24.30 2333
14 20.99 21.95
15 20.61 2241
16 22.85 2401
17 22.89 22,62
18 25.39 23.98
19 25.84 2534
20 24.83 21.76
21 25.30 24.41
22 22.45 22.31
23 25.83 22,56
24 22.69 2347
25 24.46 25.03
26 26.03 2225
27 23.03 2491
28 2546 2522
29 2519 22.99
30 2337 2221




Table S2. Total phenolic compound (TPC) and flavonoid (TFC) content of extracts obtained from V. nigrum. EH, enzymatic
pretreatment; HA, hydroalcoholic extraction; C, cellulase; X, xylanase; P, pectinase; A, a-amylase.

Type of Enzyme
retreatment concentration TPC (mg/g DM) TFC (mg/g DM)
P (U/ g DM)
EH 100 10 1
HA - 14 6
C 100 16 8
C 200 18 8
X 100 17 3
X 200 16 7
A 100 14 8
A 200 16 8
p 100 18 9
P 200 18 9
C+X 100 16 8
C+X 200 17 7
C+A 100 13 8
C+A 200 16 7
C+P 100 19 9
C+P 200 18 9
X+A 100 16 5
X+A 200 18 7
X+P 100 17 7
X+P 200 16 8
A+P 100 18 8
A+P 200 17 8
C+X+A 100 13 7
C+X+A 200 15 8
C+X+P 100 17 9
C+X+P 200 17 9
X+A+P 100 19 9
X+A+P 200 18 9
C+A+P 100 18 9
C+A+P 200 18 9
C+X+A+P 100 19 10
C+X+A+P 200 18 9
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Figure S2. UPLC-ESI-MS/MS traces of the most relevant compounds: In order, luteolin; verbascoside; p-coumaric acid;
caffeic acid.
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Figure S3. Ion abundance levels of unknown compounds in the Verbascum nigrum extracts. Ion abundance levels of
components analysed through LC-MS/MS were reported as mean values + SD. Analysis of variance (ANOVA) was
carried out through Tukey’s HSD test. Different letters indicate significantly different values (p < 0.05).



