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1. Optimisation of polyphenols extraction

Ultrasonic assisted extraction (UAE) technique using common solvents as ethanol:water
mixtures at elevated temperatures turned out to be very effective in extraction of polyphenols from
Medicago sativa [1]. In the study referred to, Jing described the optimized extraction conditions for
UAE was obtained using response surface method. Ethanol water mixture (50:50) and a
temperature of 62 °C was recommended. Using a mixture of ethanol and water on the recoveries of
polyphenols from different plants has been discussed in some studies as well [2]. Moreover, ethanol
is environmentally-friendly solvents and it is recognized as safe according to the European Food
Safety Authority (EFSA) and FAO/WHO Expert Committee on Food Additives [3].

In the present study, three different extraction procedures are tested and compared. Tinctures
represent the conventional solid-liquid extraction method to obtain active compounds from plant
matrices. Within the technological advances, a broad spectrum of solid-liquid procedures is
available including microwave-assisted (MAE) and ultrasound assisted extraction (UAE). The
choice of the main variable conditions to be applied within the selected techniques was done
considering the literature [4,5,6].

The ratio of dried weight matter (DW) and the extraction solvent was 1:10 g/¢ DW ethanol 70%
for both tincture and UAE. A ratio of 1:25 g/¢ DW ethanol 50% was used for MAE. All extractions
were performed with hot solvent (60°C for tincture and UAE and 50 °C for MAE). The extraction
time was 60 min for UAE and 10 days for tincture. Compared with other techniques, MAE is a



rapid extraction technique which requires irradiation time of seconds [7,8]. An extraction time of 5
minutes by microwave treatment at 300 W power and 50 °C was used.

In the present study it was experimentally demonstrated the superiority of ultrasonic
extraction compared to conventional extraction and MAE for the extraction of phenolic compounds
from sprouts of alfalfa and red clover. The results indicated that UAE allowed the higher number of

compounds in appreciably higher quantities (Figure 1).

2. Optimization of UPLC and MS conditions

Mobile phase and flow rate were investigated in order to obtain the optimal elution conditions
for the separation of the analytes. According to the previous reported, methanol was chosen as the
organic part of the mobile phase [9]. A small of addition of an organic acid prevent tailoring on the
C18 column of phenolic hydroxyl moiety [9]. Polyphenolic compounds generally showed better
mass spectrometric responses in negative ionization [9,10]. Therefore, 0.05% and 0.1% formic acid
aqueous solution were tested as the mobile phase A with a flow rate of 0.4 mL/min. based on the
results the 0.05% formic acid aqueous was preferred as mobile phase A. The elution gradient was
progressively slowed to increase the number of data points per chromatographic peak.

Considering our experience and previous studies [10], the heated electrospray ionization
parameters were optimized to obtain high sensitivity for most compounds. Optimal conditions
were presented in the material and method section.

Operating in vDIA mode the instrument alternates between MS and MS2 scans, and a
sufficient number of data points across a chromatographic peak are necessary to ensure a high
number of detected peaks. For the Orbitrap, the higher the resolution is set, the slower the scan rate
is, even if the effective scan rate also depends on other settings (e.g., AGC intensity and ion
accumulation time). Therefore, for the MS scan the resolution was set at 70,000 (FWHM at m/z 200),
AGC target 3e6 and the injection time 200 ms and for the MS2 scan, at 35,000 AGC target 1le6 and

the injection time 100 ms; the mass error was less than 2 ppm.
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Figure S1. Influence of different procedures on the extraction yield of the main active compounds.
Results are presented as mean (n = 3) values + STDev. Superscripts with different letters indicate
significant differences (p < 0.05).
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Figure S2. TIC and the extracted chromatograms of the main identified compounds in alfalfa
extract in the third day of germination (the chromatograms were extracted from TIC using a 5 ppm

mass accuracy window; negative ion mode, full scan, base peak in the range 150-1000 m/z)
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Figure S3. Common product ions spectra of [M-H]- ions of methoxylated isoflavones displayed at
m/z 283.06 (spectra corresponding to biochanin A in red clover sprouts extract, 3th day of
germination).

4] oH

ne” . O 0 0 o
. (|.H (3) Pratensein
HO' (2) Tectorigenin 3 (RT 17.70)
(1) Chryosoeriol (RT 18.20) m/z 299.05611
(RT 15.24) m/z299.05611
m/z299.05611
3
2 v
RT: 0.00 - 34.00
100 19.70 :;:.ﬁE.’)
1 299.05464-299.05764 F:
20 FTMS - p ESIFull ms2
1 ‘ 250.¢ @hcdda1.67

w o0 300000 ws

70
g 60 18.20

50 ‘
é 40

a0 1524

20

10 % 17.81‘

5 1275 W A A\ \2027 2250
o 5 10 15 20 25 30

(A)

16IULIE_20 #5493 RT: 1528 AV:1 NL:2.13ES
F: FTMS - p ESI Full ms2 250.0000@hcd41.67 [50.0000-330.0000]
25506642

100

% S\

~ o
=) 3

o
3

o

261.02142
20 v 279.05457 o
257.13934 269.04620 ‘ 284.03281

10 26301816

239"12906'245.02602 252-0“305 l t 267.06653 271.05020 ‘

| - ] | I L) I !

240 45 250 255 260 265 270 215 280 285 290 205 300
mz

rs
S

Relative Abundance
3

w
S

ol



16IULIE_20#6573 RT: 1822 AV: 1 NL:7.82ES

o
F: FTMS - p ESIFul ms2 250.0000@hcd4167 [50.0000-330.0000] o«
26904587 | | |
100 1 "o 6= 0’

90|
8
70;‘ on
2 |
H “
E 0 N /“1 on
e 255.06631
2z
s 4
S ]
3 |
%
2
1 265.14813 271.05173
0] 257.04135
282.01663 | 286.03873
25095187 ‘ 27912790 130120224
0 )
250 255 260 265 270 275 280 290 205 300 305
mz
16IULIE_20#6573 RT: 1822 AV: 1 NL: 557E5
F: FTMS - p ESI Ful ms2 250.0000@hcd41.67 [50.0000-330.0000]
135.00760
100 on
1 =c
807 "o
70 CHy
8 3 ?
S 60 jij\
S
S
250 °
2 " 15301836
s 40
= o 0
2 7
30
HO’
20 151.00267
1 154.89738 169.12248
10-128.89948 136.01085 146.86586 157.86205 164.
16283815
13103380 19892834 yapgest0) | | | ‘
130 135 140 145 150 185 160 165
mz

(D)

16IULIE_20 #7125 RT: 19.71 AV: 1 NL:5.49E5
F: FTMS - p ESI Full ms2 250.0000@hcd41.67 [50.0000-330.0000]
256.03784

100

Relative Abundance

258.04294

265.14813

27306738

| 261.14984 | 26917578

281.14297 27’52072‘
1

293.14413 29715280

301

106229

| 30301532

255 260 265 270 215 280

mz

285

290 295

300

305

(E)



Figure S4. Extracted ion chromatogram for m/z 299.05 in alfalfa sprout in the 3th day of germination
(A) and MS-MS spectra of the diagnostic ions of chryosoeriol (B), tectorigenin (C and D) and

pratensein (E).



Compounds RT ALF seeds| ALF day 1| ALF day 2 [ ALF day 3 | ALF day 4| ALF day 5 [RCV seeds|RCV day 1|RCV day 2{RCV day 3|RCV day 4|RCV day 5
1 |coumestrol 18.22 X X X X X X
2 |coumestrol 3-O-glucoside 12.46 X X X X X X
3 |biochanin A 20.09 X X X X X X X X X X X
4 |sissotrin 22.02 X X X X X X X
5 |calycosin 17.52 X X X X X X X X X X X
6 |prunetin (O-methyl genistein) 18.11 X X X X X X X X X X
7 |liquiritigenin 15.30 X X X X X X X X X X X
8 |isoliquiritigenin 18.19 X X X X X X X X
9 |irilone 17.21 X X
10 |pseudobaptigenin 21.29 X X X X X X X X X X X X
11 | baptigenin 11.74 X X X X X X
12 |pratensein 19.70 X X X X X X X X X X X
13 |kaempferol-3- O-rutinoside 18.24 X X X X X X X X X X X X
14 |kaempferol-O-glucoside 13.62 X X X X X X X
15 |luteolin 7-O-glucoside 15.19 X X X X X X X X X X X
16 |azelaic acid 15.11 X X X X X X X X X X X X
17 |ethyl gallate 15.38 X X X X X X X X X X X
18 |vitexin (apigenin 8-C-glucoside) 14.79 X X X X X X X
19 |apigetrin (apigenin -7-glucoside) 14.29 X X X
20 |chrysoeriol 15.24 X X X X X X X X X X X
21 |chrysoeriol 7-glucoside 17.32 X X X X X X X X X X X X
22 |medicarpin 16.59 X X X X X X X X X X
23 |alfalone 14.80 X X X X
24 |irisolidone 16.52 X X X X X X X X X
25 |tricin 18.17 X X X X X
26 |afrormosin 18.38 X X X
27 |tectorigenin 18.20 X X X X X
28 |isorhamnetin 3-O-glucoside 15.37 X X X X X X X X X X X X
29 [5,7-Dihydroxy-2'-methoxyflavone | 16.58 X X X X

X compound detected

compound not detected

Figure S5: Results of the qualitative screening: variation of the compounds in the samples (alfalfa and red clover sprouts samples coded as flow: RCV —
red clover; ALF — alfalfa; s — seeds; day 1-first day of germination; day 2-second day of germination; day 3-third day of germination; day 4-fourth day of

germination; day 5-fith day of germination)



Quantitative method validation

Mix standard stock solutions containing 30 analytes were prepared and diluted to six

appropriate concentrations for the construction of the calibration curves in the concentration range

of 25 to 2500 ng/mL. Each solution was injected in duplicate. Linear regression equation and

coefficient of determination (R?) was obtained. For the applied method, satisfactory linearity and

correlation coefficient were achieved with the mentioned linear ranges. The R? coefficient for all

standards were higher than 0.99, showing a good linearity. RSD values of the intra-day and inter-

day of the target compounds were all less than 5.0%, which showed good precision. The values of
LODs and LOQs were in the range of 0.15-10.5 pg/g DW and 0.30-35 ug/g DW, respectively (Table

s1).

Table S1. UHPLC-MS/MS method validation parameters.

Precision (RDS,

LOD L R il
Com.pou.nds/ Calibration O 0Q %) ePetabl
Validation equations R?2 ug/'s ug/s - - ity
parameters 1 DW DW mera mter (RSD, %)
day day
. y= 0.99
catechin 824313.8x4203017.7 1 0.40 1.30 3.15 2.85 3.21
. . y =230287.5x- 0.99
epicatechin 1686416 ” 0.85 2.83 1.41 2.62 2.16
o y= 0.99
caffeic acid 781534.3x4393060 0 1.84 6.13 2.36 4.1 3.82
0.99
myricetin y = 32881x-738887 4 1.21 4.03 0.89 1.36 2.07
y 0.99
p-coumaric acid ~ 82377489.4x+48611 5 0.62 2.06 1.23 3.04 2.95
2
S 0.99
syringic acid y =72565.8x-82305 3 0.35 1.16 2.81 4.01 3.87
- 0.99
genistin y = 18732x-110805 3 1.65 5.50 1.65 1.85 2.04
- y= 0.99
chlorogenic acid 174329 1x+19222.5 3 0.71 2.30 3.45 3.89 4.01
- y =121050x- 0.99
ferullic acid 2301515 9 0.15 0.50 1.25 1.87 2.56
Y- 0.99
hyperoside 117573.7x+1512847. 3 0.47 1.56 3.21 4.32 3.58
8
. . 0.99
isohamnetin y =3022x+156072 9 1.02 3.40 2.47 2.67 2.12
. y= 0.99
rutin 102426 9x477215.4 1 0.65 2.16 2.43 3.16 3.04
o y = 449675.5x- 0.99
gallic acid 3320507 4 0.31 1.03 1.26 2.08 2.74
N 0.99
ellagic acid y =10520x-1437986 0 1.03 3.04 1.11 1.15 1.27
. y= 0.99
formononetin 2628478x+16100393 9 0.42 1.40 1.48 1.58 2.23
ononin y = 0.99 10.5 35.1 3.04 411 3.98




211703.5x+1291087 2

=1301012x- 99
pinocembrin y 413(())4076 X 09 0.10 0.30 1.95 2.28 2.65
. . Y =897709x- 0.99
apigenin 73484551 3 0.22 0.73 1.65 29 3.07
y= 0.99
galangin 866716.1x+2153447 3 0.15 0.47 1.04 1.87 1.95
8
=695357x- .99
pinstrobin y2208i1571X 09 0.15 0.50 2.76 3.16 3.82
y= 0.99
kaempferol 324023.5x+3510968 1 0.30 1.00 3.07 3.65 3.18
9
. 0.99
hesperetin y =1635.3x-120620 0 0.95 3.16 2.89 3.07 3.14
. y= 0.99
. 1. 1. 2.4 2.61
genistein 1598102x+5526494 9 0.30 00 58 9 6
. . y= 0.99
naringenin 18977 8x+1767512 4 0.14 0.46 2.8 3.74 3.06
.. Y= 0.99
naringin 73403, 1x+53366.8 3 6.90 23.0 1.08 2.16 3.85
.. Y = 0.99
quercitin 195092, 1x+747968 9 1.60 533 1.11 2.65 1.85
. y= 0.99
1 . 1. 2. 1 2.74
glycitein 250340 7x+6212357 9 O 83 08 318
daidzin y =1017.2x-74781 0'39 1.08 3.60 2.65 3.74 4.08
. . 0.99
daidzein y =2071x+3009.8 9 1.15 3.83 1.43 2.65 2.14
. y = 430529x- 0.99
21 .7 1. 2.14 2.
crysin 185238 5 0 0.70 08 68
. . 0.99
abiscisic acid y =222271x-396923 6 0.15 0.37 1.66 1.89 1.54
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