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Bituminaria bituminosa is a wild legume that can endure drastic conditions, including contaminated and
degraded soils. It has been traditionally used as feeding for livestock, and different uses in folk medicine
are known. The chemical composition of leaves and flowers from B. bituminosa is presented for the
first time. The screening of phytochemical compounds was carried out using high-performance liquid
chromatography with electrospray ionization mass spectrometric detection (HPLC-ESI-MS™). More than
40 compounds were identified or tentatively characterized. A high percentage of the detected compounds
corresponded to glycosylated flavonoids, especially from apigenin, although phenolic acids, lignans, and
saponins were also identified.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Bituminaria bituminosa (L.) C.H. Stirton, or Psoralea bituminosa
L., is a perennial wild legume widely distributed in the Mediter-
ranean basin. Commonly called as “Arabian pea” or “pitch trefoil”
it belongs to the Fabaceae family, which comprises a large num-
ber of economically important agricultural and food plants, such as
soybean, beans, pea, chickpeas, alfalfa, and peanut, among others
(Permender et al., 2010).

B. bituminosa is an herbaceous perennial and pubescent plant.
Leaves are cauline, pinnately or subdigitately 3-foliolate, linear-
lanceolate to broadly-ovate with entire margins. Inflorescence
presents several flowers and calyx with long setaceous teeth
exceeding the tube (10-15mm); corolla scarcely exceeding the
sharply subulate-tipped calyx-lobes, blue, violet or creamy-white.
It blooms between April and August (Press and Short, 2001). When
rubbed between the fingers, the foliage emits a characteristic smell
of naphta. This strong aroma can be attributed to the combination of
phenolics, sulphurated compounds, sesquiterpenes and probably
short-chain hydrocarbons (Tava et al., 2007).
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One of the main applications of B. bituminosa is using it as
forage shrub, considering that good forage quality and biomass pro-
duction have been reported for this species (Pecetti et al., 2007;
Ventura et al., 2004). For instance, it is traditionally used for feed-
ing goats in the Canary Islands (Spain) (Sternberg et al., 2006). B.
bituminosa tolerates drought conditions, and is known for its heavy
metal-phytostabilization capacity in contaminated or degraded
soils (Martinez-Fernandez and Walker, 2012; Martinez-Fernandez
et al,, 2011; Pecetti et al., 2007). Thus, the presence of toxic com-
pounds in this plant can limit its use and has to be taken into
account.

In Madeira Island, it is commonly used in folk medicine as a
decoction with alcohol and iodine and applied externally for hair
restoration. The infusion from fresh leaves is also used for the treat-
ment of fever and urinary infections (Darias et al., 2001; Freitas and
Mateus, 2013; Rivera and Obén, 1995).

Previous studies on this species have reported high contents
of phytochemicals with pharmaceutical interest, namely fura-
nocoumarins (psoralen and angelicin), pterocarpans (Erybraedin
C and bitucarpin A) and flavonoids (daidzin and isoorientin). Good
antioxidant and antibacterial activities have also been described for
B. bituminosa extracts (Azzouzi et al., 2014; Martinez et al., 2010;
Maurich et al., 2006; Walker et al., 2012). However, these previous
studies were not focused on its phenolic profile.

Phenolic compounds have been used for centuries in differ-
ent medicinal applications. The antioxidative and pharmacological
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Fig. 1. HPLC-ESI/MS™ base peak chromatograms (BPC) of the methanolic extracts from B. bituminosa (leaves and flowers).

properties of medicinal plants are usually related to the presence
of phenolic compounds, especially phenolic acids and flavonoids,
which are of great interest mainly due to their bioactive functions
involved in human health-related issues. Hence, there is a growing
interest in substances exhibiting antioxidant properties, which can
be used as food or cosmetics components or as specific preventive
pharmaceuticals (Gouveia et al., 2013).

In this work, the screening of the chemical composition of leaves
and flowers of B. bituminosa is presented for the first time, using
high-performance liquid chromatography with electrospray ion-
ization mass spectrometric detection (HPLC-ESI-MS").

2. Experimental
2.1. Chemicals and reagents

All reagents and standards were of analytical reagent (AR) grade
unless stated otherwise. Kaempferol (>99%) was purchased from
Acros Organics (Geel, Belgium). Apigenin (>99%) was obtained
from Extrasynthese (Genay, France). Caffeic acid (>98%) was pur-
chased from Sigma-Aldrich (St. Louis, MO, USA). The methanol
(99.9%) used for the extraction of B. bituminosa was purchased from
Fisher (Lisbon, Portugal). LC-MS grade acetonitrile (CH3CN) (99%)
(LabScan; Dublin, Ireland) and ultrapure water (Milli-Q Waters
purification system; Millipore; Milford, MA, USA) were used for
HPLC-MS analysis.

2.2. Sample preparation and extraction of phenolic compounds

Samples of B. bituminosa were collected in the wild in Madeira
Island, in June 2012, with the help of Professor Miguel Menezes
de Sequeira from the Biology Department of Madeira University.
Vouchers were deposited in the Madeira Botanical Garden Herbar-
ium collection. Specimen collection was performed at full maturity
of leaves, in a protected forest area, of restricted human access, and
free of contamination from agricultural pesticides or heavy metals
from vehicles transit. Leaves and flowers were air-dried separately,

ground to powder in a mechanic grinder, and stored at —20 °C until
analysis.

The phenolic compounds were extracted by ultrasound-assisted
solvent extraction. Briefly, 1 g of dried plant material was extracted
with 25mL of methanol using a sonicator Bandelin Sonorex
(Germany) at 35Hz and 200W for 60 min (room temperature).
Then, chlorophylls were removed by adsorption on activated char-
coal and extracts were filtered and concentrated to dryness under
reduced pressure in a rotary evaporator (Buchi Rotavapor R-114;
USA) at 40°C. The resulting extracts were stored at —20°C until
further analysis.

2.3. Chromatographic conditions

The HPLC analysis was performed on a Dionex ultimate 3000
series instrument (Thermo Scientific Inc.) coupled to a binary
pump, an autosampler and a column compartment (kept at 20°C).
Separation was carried out on a Phenomenex Gemini Cqig col-
umn (5pm, 250 x 3.0mm i.d.) using a mobile phase composed
by CH3CN (A) and water/formic acid (0.1%, v/v) at a flow rate of
0.4mLmin~!. The following gradient program was used: 20%A
(Omin), 25%A (10min), 25%A (20min), 50%A (40 min), 100% A
(42-47 min) and 20% A (49-55 min). A solution with concentration
(w/v) of 5mgmL-1 was prepared by dissolving the dried extract
in the initial HPLC mobile phase. After filtration through 0.45 pm
PTFE membrane filters, 10 pL was injected.

For HPLC-ESI-MS" analysis, a Bruker Esquire model 6000 ion
trap mass spectrometer (Bremen, Germany) with an ESI source was
used. MS™ analysis was performed in negative and positive mode
and scan range was set at m/z 100-1000 with speed of 13,000 Da/s.
The conditions of ESI were as follows: drying and nebulizer gas
(N3) flow rate and pressure, 10mLmin~! and 50 psi; capillary
temperature, 325 °C; capillary voltage, 4.5 keV; collision gas (He)
pressure and energy, 1 x 10~> mbar and 40 eV. The acquisition of
MS" data was made in auto MS™ mode, with isolation width of
4.0m/z, and a fragmentation amplitude of 1.0V (MS™ up to MS?*).
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Fig. 2. Chemical structures of the main compounds detected in B. bituminosa.

Esquire control software was used for the data acquisition, and Data
Analysis software for data processing.

3. Results and discussion

For the analysis of the chemical composition of leaves and flow-
ers by HPLC-ESI-MS™, both the positive and negative ionization
modes were used. Two independent assays were performed for

each sample, and no relevant variations were observed regarding
the nature of the detected fragments and their relative intensi-
ties. The base peak chromatograms of the methanolic extracts are
shown in Fig. 1.

An essential step in these analyses was to determine the molecu-
lar weight of each compound. In general, in the negative ionization
mode (ESI~) MS! spectrum, the most intense peak corresponded
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to the deprotonated molecular ion [M-H]~; this permitted to per-
form MS" analysis. The mass spectra of the conjugated phenolic
compounds showed the aglycone ion as a result of the loss of sugar
moieties like hexosyl, deoxyhexosyl, pentosyl, rutinosyl, and glu-
curonyl (—-162,—-146,-132, -308,and —176 Da, respectively). Mass
spectra data from the positive ionization (ESI*) mode was used for
confirmation purposes. Compounds were numbered by their order
of elution and this numeration was kept identical for leaves and
flowers. The structures of the most relevant compounds are shown
in Fig. 2.

3.1. Phenolic acids

Compound 14, with an [M-H]~ ion at m/z 731, suffered a neutral
loss of 366 Da in MS?, yielding a fragment ion at m/z 365, so it was
identified as a dimer. It was characterized as a caffeoyl derivative
due to the loss of 162 Da, and a signal of low abundance at m/z 179
in MS3 experiments (Kammerer et al., 2004). The MS3 fragment ion
at m/z 203 was identified as tryptophan, taking into account the
MS#[731 — 365 — 203] fragment ion at m/z 159, characteristic of
tryptophan (Kramer et al., 2013). Hence, compound 14 was char-
acterized as caffeoyl-N-tryptophan, a substance previously found
in green coffee and coriander (Barros et al., 2012). This compound
was observed in both leaves and flowers.

Compound 26 exhibited an [M-H]~ ion at m/z 561, and pre-
sented the MS3[561-439] base peak at m/z 163, which exhibited
a fragment ion at m/z 119 after further fragmentation. This
163 — 119 fragmentation is typical from coumaric acid (Gruz et al.,
2008). Without further information this compound, detected in
leaves and flowers, was just characterized as a derivative.

Compound 28 was identified as hydroxybenzoic acid based on
its deprotonated molecular ion at m/z 137, and characteristic frag-
ment ion at m/z 93.

Compound 30, with an [M-H]~ ion at m/z 511, suffered the
neutral loss of 146 Da (rhamnoside) to yield a fragment ion at m/z
365, which showed a fragmentation pattern similar to compound
14. This compound was characterized as caffeoyl-N-tryptophan-
rhamnoside and, to our knowledge, is here reported for the first
time. It was detected in leaves, but not in flowers Tables 1 and 2.

3.2. Flavonoids

Several derivatives of apigenin were detected in the methano-
lic extracts of leaves and flowers. All these flavonoids were
identified as glycosides containing one or more sugar moieties.
Both C-glycosylated flavonoids and O-glycosylated flavonoids were
detected. These two groups of flavonoids are easily distinguished
based on the MS" fragmentation pattern. The carbon-carbon bond
of C-glycosylated flavonoids is resistant to rupture, so the main
cleavages are at the bonds of the sugar. However, the sugar moi-
eties are easily lost by neutral losses in O-glycosylated flavonoids
(Jin et al., 2008).

The O-glycosylated derivative of apigenin was compound 23,
detected only in flowers. This compound displayed an [M-H]~ ion
at m/z 431, and its MS? spectrum exhibited a fragment ion at m/z
269, indicating the neutral loss of 162 Da (hexoside). Further frag-
mentation of the ion at m/z 269 showed characteristic fragments
of apigenin at m/z 225 and 151. Therefore compound 23 was char-
acterized as apigenin-7-O-hexoside (Gouveia and Castilho, 2012;
Qiao et al., 2011).

All the C-glycosylated derivatives of apigenin were detected
in leaves and flowers. Compounds 4 and 10 showed [M-H]~
ions at m/z 563. Both compounds have been previously
described by our group (Gouveia and Castilho, 2013). Their MS2
fragmentation revealed a behavior typical of the asymmetrical
di-C-glycosides, with fragment ions at [M-H-210]~, [M-H-90] ",

and [M-H-60]- at m/z 353, 473, and 503, respectively. The
neutral loss of 60Da indicated the presence of a pentose moi-
ety. Considering that 6-C-pentoside-8-C-hexoside elutes before
the isomer 6-C-hexoside-8-C-pentoside, compounds 4 and 10
were characterized as apigenin 6-C-pentoside-8-C-hexoside and
apigenin-6-C-hexoside-8-C-pentoside, respectively.

Compound 5 was characterized as vicenin-2 (apigenin 6,8-di-C-
hexoside) based on bibliographic information (Ferreres et al., 2003;
Zhang et al., 2011). It showed an [M-H]~ ion at m/z 593, and pre-
sented the typical di-C-glycosyl flavone MS?2 fragmentation pattern
of [M-H-18]~, [M-H-90]~, [M-H-120]", [aglycone+113]~, and
[aglycone +83]~ at m/z 575, 503, 473, 383, and 353, respectively.

Compound 13, with an [M-H]~ ion at m/z 593, displayed MS?2
base peak at m/z 413 and MS3[593 — 413] base peak at m/z 293.
This fragmentation pattern has been previously described for other
apigenin derivative, isovitexin-2”-0-glucoside (Jung et al., 2013).
These authors also described the fragmentation observed using the
positive ionization mode, which showed an[M +H]* ion at m/z 595,
with main MS" fragment ions at m/z 433 and 367. This pattern was
also observed for compound 13, so confirming the identification. It
was detected in leaves and flowers.

Compound 15, only detected in leaves, was tentatively
characterized as apigenin-C-hexoside-O-pentoside according to
bibliographic data (Hauck et al., 2014; Santos et al., 2014). Com-
pound 16, with an [M-H]~ ion at m/z 577 and main MS" fragment
ions at m/z 413 and 293, was characterized as vitexin rhamnoside
(Slimestad, 2003); it was detected in leaves and flowers.

Compound 18 exhibited an [M-H]~ ion at m/z 431, and its MS?2
spectrum showed typical fragment ions of C-glycosides at m/z 311
and 341, corresponding to [M-H-120]~ and [M-H-90]~, respec-
tively. Considering the guidelines for the identification of isomeric
mono-C-glycosides flavonoids (Waridel et al., 2001), the compound
was identified as a C-8 flavonoid, since the MS? spectrum did not
show the loss of water molecules, which is representative of C-6 iso-
mers. Considering bibliographic data, compound 18 was identified
as apigenin-8-C-hexoside (Gouveia and Castilho, 2011).

Compound 7, with [M-H]~ ion at m/z 579, presented the typ-
ical fragmentation pattern of di-C-asymmetric glycosyl flavones
(Ferreres et al., 2003), with fragments at m/z 561 [M-H-18]",
519 [M-H-60]-, 489[M-H-90]-, 459 [M-H-120]-, and 429
[M-H-150]". For the identification of the aglycone (A), the frag-
ments at m/z 399 [A+113] and 369 [A+83] were considered,
yielding a molecular weight of 286 Da for the aglycone, which could
correspond to kaempferol or luteolin. Considering scientific bibli-
ography (Haucketal.,2014; Simirgiotis et al., 2013), this compound
was identified as luteolin-C-hexoside-C-pentoside

Compound 8, with an [M-H]~ ion at m/z 435, exhibited MS?2
fragment ions at m/z 345 [M-H-90]~, and 315 [M-H-120]". This
fragmentation pattern is consistent with C-glycosidic flavonoids
(Waridel et al., 2001). Although the aglycone is not usually iden-
tified in C-glycosylated flavonoids, its molecular weight may be
274Da (M-162Da (hexoside)), which would correspond to the
presence of the dihydrochalcone phloretin. In this case, the positive
ionization mode of compound 8 exhibited an [M +H]* ion at m/z
437, with MS? base peak at m/z 317. This fragmentation pattern has
been previously described for nothofagin (phloretin 3'-C-glycoside)
(Kazuno et al., 2005).

Compound 11 was characterized as isoorientin (luteolin 6-C-
glucoside) considering bibliographic data (Waridel et al., 2001).
This compound exhibited an [M-H]~ ion at m/z 447, with MS? frag-
ment ions at m/z 357 and 327, and MS3[447 — 327] base peak at
m/z 299. This fragmentation pattern was consistent with luteolin-
C-hexoside. The differentiation between 6-C and 8-C-glycosidic
flavonoids was made considering the MS? fragment ions at m/z
429 ([M-H-18]") and 411 ([M-H-36]"), and MS3 fragment ion
at m/z 309, which are characteristic of isoorientin and are absent



Table 1
Characterization of the methanolic extracts of leaves from B. bituminosa.
No. tg (min) [M-H]~(m/z) m/z (% Base peak) Assigned identification Ref.
1 2.6 683 MS? [683]: 503 (1.5), 342 (12.1), 341 (100) Hexose polymer (Brudzynski and
MS? [683 — 341]: 179 (100), 161 (22.7), 143 (14.4), 131 (11.5), 119(29.0), 101 (15.1) Miotto, 2011)
MS? [683 — 341 — 179]: 149 (100), 131 (73.1), 125 (30.9), 119 (72.1), 89 (38.5), 71 (44.5)
2 2.6 457 MS? [457]: 342 (10.1), 341 (100) Malic acid dihexoside -
MS?3 [457 — 341]: 179 (100), 161 (62.7), 143 (68.2), 131 (14.3), 113 (36.9), 101 (40.2)
MS*? [457 — 341 — 179]: 143 (100), 89 (33.0), 71 (35.1)
4 3.0 563 MS? [563]: 545 (18.1), 503 (18.5), 473 (78.7), 443 (100), 383 (73.8), 353 (96.7) Apigenin-6-C-pentoside-8-C- (Gouveia and
MS?3 [563 — 353]: 326 (26.3), 325 (100), 298 (18.6), 297 (62.5) hexoside Castilho, 2013)
MS? [563 — 353 — 325]: 298 (23.3), 297 (100)
5 4.1 593 MS? [593]: 575 (4.8), 503 (39.4), 474 (21.7), 473 (100), 383 (39.7), 353 (60.7) Apigenin-6,8-di-C-glucoside (Zhang et al., 2011)
MS3 [593 — 473]: 383 (24.4), 354 (17.8), 353 (100) (Vicenin-2)
MS* [593 — 473 — 353]: 325 (100), 298 (18.2), 297 (61.8)
7 44 579 MS? [579]: 561 (13.2), 519 (6.4), 489 (100), 459 (91.9), 429 (29.1), 399 (46.2), 369 (28.4) Luteolin-C-hexoside-C-pentoside -
MS3 [579 — 489]: 429 (10.8), 411 (17.7), 399 (92.7), 369 (100)
8 4.7 435 MS? [435]: 345 (34.2), 316 (15.0), 315 (100) Phloretin-C-hexoside (Nothofagin) (Kazuno et al.,
MS? [435 — 315]: 298 (11.4), 297 (66.0), 243 (19.1), 109 (50.7), 191 (100), 190 (27.2), 162 2005)
(11.8), 151 (28.1)
MS* [435 — 315 — 191]: 163 (100), 162 (80.8), 148 (13.9), 137 (16.1), 135 (12.2)
10 4.9 563 MS? [563]: 503 (20.0), 473 (70.6), 443 (100), 383 (58.8), 353 (81.2) Apigenin-6-C-hexoside-8-C- (Gouveia and
MS? [563 — 443]: 383 (27.7), 354 (13.7), 353 (100) pentoside Castilho, 2013)
MS* [563 — 443 — 353]: 326 (22.4), 325 (100), 298 (13.6), 297 (63.4)
11 5.5 447 MS? [447]: 429 (25.2), 411 (2.3), 358 (17.1), 357 (100), 328 (18.1), 327 (95.3) Luteolin 6-C-hexoside (isoorientin) (Waridel et al.,
MS? [447 — 357]: 340 (22.4),339 (100), 311 (19.2), 297 (76.2), 285 (61.8) 2001)
MS3 [447 — 327]: 309 (8.5), 301 (13.0), 299 (100), 298 (14.3), 284 (17.3)
MS* [447 — 357 — 285]: 243 (66.5), 241 (100), 211 (68.2), 199 (76.7), 175 (33.5), 151 (10.8),
107 (52.6)
MS* [447 — 357 — 339]: 312 (31.1), 311 (100)
MS* [447 — 327 — 299]: 255 (100), 242 (85.4), 240 (14.0), 209 (54.7), 135 (55.7)
13 6.0 593 MS? [593]: 575 (10.6), 504 (10.9), 503 (54.3), 474 (14.8), 473 (63.3), 414 (17.9), 413 (100), 383 [sovitexin-2"-0-glucoside (Jung et al., 2013)
(54.3),293 (29.3)
MS3 [593 — 413]: 294 (17.6), 293 (100)
MS?3 [593 — 473]: 413 (15.4), 384 (13.5), 383 (100)
MS* [593 — 413 — 293]: 173 (100)
MS* [593 — 473 — 383]: 368 (26.3), 355 (61.0), 340 (22.3), 313 (18.7), 311 (100)
14 6.2 731 MS? [731]: 366 (12.4), 365 (100) Caffeoyl-N-tryptophan dimer (Barros et al., 2012)
MS? [731 — 365]: 203 (100), 179 (1.7), 159 (56.3)
MS# [731 — 365 — 203]: 159 (100)
15 6.5 563 MS? [563]: 443 (9.8), 414 (25.6), 413 (100), 341 (11.2), 294 (16.4), 293 (73.9) Apigenin-C-hexoside-O-pentoside (Hauck et al., 2014;
MS?3 [563 — 413]: 294 (20.6), 293 (100) Santos et al., 2014)
MS? [563 — 413 — 293]: 293 (74.8), 247 (15.2), 175 (100), 173 (17.0)
16 6.7 577 MS? [577]: 457 (15.4), 414 (17.7), 413 (100), 294 (10.1), 293 (60.1) Apigenin 8-C-glucoside (Slimestad, 2003)
MS3 [577 — 413]: 294 (15.8), 293 (100) rhamnoside (vitexin rhamnoside)
MS? [577 — 413 — 293]: 293 (100), 278 (13.3), 276 (11.6), 275 (11.3), 251 (13.9), 149 (21.0),
221(12.3),175 (46.2), 173 (35.0), 163 (17.5)
17 7.5 425 MS? [425]: 277 (12.3), 263 (73.9), 245 (100), 183 (14.4), 173 (13.4) Unknown -
MS?3 [425 — 245]: 201 (41.3), 183 (94.9), 173 (100), 171 (11.7), 147 (18.4), 131 (50.1)
MS* [425 — 245 — 183]: 143 (100)
18 7.6 431 MS? [431]: 341 (33.6), 312 (22.1), 311 (100) Apigenin-8-C-hexoside (Gouveia and
MS3 [431 — 311]: 284 (28.3), 283 (100) Castilho, 2011)
MS? [431 — 311 — 283]: 283 (83.6), 212 (100), 197 (78.6), 183 (71.0), 165 (53.8), 163 (48.6),
119 (94.9)
20 8.2 461 MS? [461]: 443 (2.4), 371 (25.0), 342 (20.4), 341 (100) 6-C-glycosylated flavonoid -
MS?3 [461 — 341]: 313 (20.1), 299 (22.0), 298 (100)
MS* [461 — 341 — 298]: 298 (100), 269 (34.1)
21 8.4 447 MS? [447]: 286 (11.5), 285 (100) Luteolin-O-hexoside -

MS? [447 — 285]: 243 (38.2), 241 (85.1), 217 (66.5), 175 (100), 151 (20.7)
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MS? [593]: 286 (16.2), 285 (100)

MS? [593 — 285]: 267 (30.3), 257 (100), 255 (23.3), 241 (57.5), 229 (47.3), 213 (41), 151 (23.9)
MS* [593 — 285 — 257]: 255 (69.0), 229 (100), 213 (43.2), 169 (12.7)

MS? [663]: 632 (29.0), 631 (88.3), 588 (36.4), 587 (100), 569 (19.7)

MS3 [663 — 587]: 570 (28.2), 569 (100), 557 (13.2), 327 (15.8)

MS* [663 — 587 — 569]: 551 (57.9), 509 (43.0), 446 (39.2), 327 (100), 309 (32.2)
MS? [561]: 544 (10.2), 543 (38.3), 523 (17.5), 358 (19.8), 357 (100)

MS? [561 — 357]: 342 (20.9), 327 (22.4), 151 (100), 136 (36)

MS* [561 — 357 — 151]: 136 (100)

MS? [561]: 440 (20.9), 439 (100), 163 (18.6)

MS3 [561 — 439]: 277 (17.4), 236 (28.3), 165 (11.7), 164 (50.3), 163 (100)

MS* [561 — 439 — 163]: 119 (100)

MS? [137]: 93 (100)

MS? [393]: 231 (100)

MS? [393 — 231]: 187 (100), 132 (2.9)

MS* [393 — 231 — 187]: 132 (100)

MS? [511]: 365 (15.2), 265 (11.7), 203 (100), 163 (28.5)

MS? [511 — 203]: 161 (25.1), 159 (100)

MS? [647]: 615 (49.8), 572 (36), 571 (100), 399 (22.8)

MS3 [647 — 571]: 512 (29), 447 (28), 446 (49.9), 327 (100), 309 (31.9)

MS* [647 — 571 — 327]: 309 (100), 297 (51.6), 291 (21), 281 (77), 280 (32.7)

MS? [973]: 955 (100), 929 (1.4), 911 (66.3), 827 (10.7), 809 (2.7), 783 (3.2), 765 (51.7), 665
(1.6), 647 (57.7), 629 (19), 603 (13.4), 557 (61.5), 489 (26.4)

MS? [973 — 955]: 911 (36.4), 765 (48.0), 557 (100), 489 (12.1)

MS? [327]: 291 (56.0), 229 (100), 211 (51.9), 209 (10.8), 171 (62.1), 165 (15.2)

MS3 [327 — 229]: 211 (100), 209 (64.4), 193 (23.5), 165 (18.0), 155 (22.1), 125 (9.6)

MS? [971]: 953 (30.5), 927 (9.6), 909 (100), 825 (2.7), 763 (31.1), 645 (88.9), 627 (4.7), 601
(16.5), 555 (18.1), 487 (11.8), 469 (28.9)

MS? [971 — 909]: 763 (100), 745 (9.3), 601 (49.5), 487 (14.8), 439 (3.8)

MS? [957]: 939 (100), 895 (38.4), 811 (14.1), 767 (9.9), 749 (58.2), 631 (43.2), 613 (15.5), 541
(63.3), 473 (13.8)

MS3 [957 — 939]: 895 (45.9), 749 (64.4), 613 (24.2), 541 (100), 473 (17.3)

MS? [327]: 309 (100), 291 (30.5), 251 (31.8), 209 (24.2)

MS?3 [327 - 309]: 291 (100), 235 (10.6)

MS? [327 — 309 — 291]: 273 (90.2), 247 (100), 235 (68.3), 219 (48.6), 123 (61.2)

MS? [231]: 188 (12.8), 187 (100)

MS?3 [231 — 187]: 132 (100)

MS? [941]: 923(100), 879 (51.9), 795 (11.3), 751 (9.7), 733 (68.8), 633 (3.6), 615 (58.2), 597
(25.4), 525 (69.8), 457 (15.6)

MS? [941 - 923]: 879 (42.5), 733 (69), 597 (20.5), 525 (100), 457 (11.7)

MS? [337]: 319 (33.7), 161 (17.5), 149 (100)

MS?3 [337 — 149]: 123 (100), 121 (5.0), 119 (41.5)

MS? [939]: 921 (100), 877 (59.2), 793 (14.5), 749 (10.7), 731 (65.2), 613 (52.3), 595 (26.4), 523
(69.6), 455 (28.3)

MS3 [939 - 921]: 877 (55.6), 731 (96.8), 595 (38.1), 523 (100), 455 (18.5)

Kaempferol-O-rutinoside

Unknown

Pinoresinol-O-acetylhexoside

Coumaric acid derivative

Hydroxybenzoic acid
Unknown

Caffeoyl-N-tryptophan-
rhamnoside
Unknown

6-deoxyhexose-hexoside-uronic
acid-aglycone D

Oxo-dihydroxy-octadecenoic acid

6-deoxyhexose-hexose-uronic
acid-bayogenin

6-deoxyhexose-hexose-uronic
acid-soyasapogenol A

Trihydroxy-octadienoic acid

Unknown

3-rhamnose-galactose-glucuronic
acid-soyasapogenol B

Unknown

6-deoxyhexose-hexose-uronic
acid-soyasapogenol E

(Ye et al., 2005)

(Gruz et al., 2008)

(Pollier et al., 2011)

(Spinola et al.,
2014; Van
Hoyweghen et al.,
2014)

(Pollier et al., 2011)

(Pollier et al., 2011)

(Mohn et al., 2009)

(Pollier et al., 2011)

(Pollier et al., 2011)
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Table 2
Characterization of the methanolic extracts of flowers from B. bituminosa.
No. tr(min) [M-H]~(m/z) m/z (% Base peak) Assigned Ref.
identification
1 2.6 683 MS? [683]: 503 (1.3), 342 (14.4), 341 (100) Hexose polymer (Brudzynski and
MS? [683 — 341]: 179 (100), 161 (20.1), 143 (21.4), 119 (26.2), 113 (49.8) Miotto, 2011)
MS* [683 — 341 — 179]: 143 (100), 131 (73.6), 119 (48.1), 113 (27.7), 89 (38.5)
3 2.6 473 MS? [473]: 342 (9.3), 341 (100) Trisaccharide -
MS3 [473 — 341]: 179 (100), 161 (12.5), 143 (24.2), 119 (20.7), 113 (14.7) (pentose +2
MS* [473 — 341 — 179]: 161 (89.4), 143 (100), 131 (36.2), 119 (85.8), 113 (86.8), 101 hexoses)
(65.9)
4 3.0 563 MS? [563]: 503 (18.2), 473 (66.7), 443 (100), 383 (63.4), 353 (89.8) Apigenin-6-C- (Gouveia and
MS3 [563 — 443]: 383 (31.1), 354 (18.5), 353 (100) pentoside-8-C- Castilho, 2013)
MS* [563 — 443 — 353]: 326 (64.7), 325 (100), 297 (25.2), 265 (50.2) hexoside
5 4.1 593 MS? [593]: 575 (13.3), 503 (30.7), 474 (24.4), 473 (100), 383 (27.7), 353 (58.3) Apigenin-6,8-di-C- (Zhang et al., 2011)
MS3 [593 — 473]: 383 (18.4), 354 (21.3), 353 (100) hexoside
MS* [593 — 473 — 353]: 326 (26.7), 325 (100), 307 (35.6), 298 (47.7), 297 (95.2), 283 (Vicenin-2)
(23.8),282(11.8),197(15.3), 189 (12.4), 117 (24.6)
6 4.1 431 MS? [431]: 369 (45.7), 329 (100), 271 (45.6), 203 (47.2), 125 (73.9) Unknown -
MS3 [431 — 271]: 256 (18.7), 243 (30.2), 227 (45.2), 203 (25.4), 161 (100)
MS3 [431 — 329]: 233 (17.0), 221 (24.7), 203 (29.3), 179 (22.4), 125 (100)
MS* [431 — 329 — 125]: 97 (100)
8 4.7 435 MS? [435]: 345 (34.2), 316 (15.0), 315 (100) Phloretin-C- (Kazuno et al., 2005)
MS3 [435 — 315]: 298 (15.1), 297 (41.2), 271 (10.4), 243 (18.4), 209 (100), 191 (22.1), hexoside
191 (73.4), 190 (41.3), 163 (25.9), 151 (10.1) (nothofagin)
MS* [435 — 315 — 209]: 191 (100), 163 (47.8)
9 4.7 387 MS? [387]: 369 (11.1), 208 (10.5), 207 (100), 164 (11.2), 163 (72.0) Medioresinol (Ozarowski et al.,
MS3 [387 — 207]: 163 (100) 2013)
10 49 563 MS? [563]: 503 (28.5), 473 (76.0), 443 (98.5), 383 (56.8), 353 (100) Apigenin-6-C- (Gouveia and
MS3 [563 — 353]: 326 (19.1), 325 (100), 297 (39.3) hexoside-8-C- Castilho, 2013)
MS? [563 — 443]: 383 (29.5), 354 (30.8), 353 (100) pentoside
MS* [563 — 353 — 325]: 298 (41.3), 297 (100)
MS* [563 — 443 — 353]: 326 (31.5), 325 (100), 297 (59.6)
11 5.5 447 MS2 [447]: 429 (25.6), 411 (4.1), 358 (11.1), 357 (100), 328 (11.6), 327 (89.8) Luteolin (Waridel et al.,
MS3 [447 — 327]: 327 (21.4), 309 (2.2), 300 (24.7), 299 (100), 284 (15) 6-C-hexoside 2001)
MS* [447 — 327 — 299]: 256 (76.7), 243 (90.3), 229 (78.3), 212 (100) (isoorientin)
12 5.6 449 MS2 [449]: 288 (12.8), 287 (100), 269 (35.7), 259 (56.4) Dihydrokaempferol- (Fischer et al.,
MS? [449 — 287]: 260 (12.0), 259 (100), 243 (17.3), 201 (8.0), 125 (4.0) 0O-hexoside 2011)
MS* [449 — 287 — 259]: 215 (100), 173 (35.8), 165 (33.2), 151 (32.2), 125 (88.2)
13 6.0 593 MS? [593]: 575 (2.4), 503 (54.3), 473 (63.3), 414 (17.9), 413 (100), 383 (12.3), 293 (43.1) [sovitexin-2"-0- (Jung et al., 2013)
MS3 [593 — 413]: 294 (25.3), 293 (100) glucoside
MS* [593 — 413 — 293]: 293 (100), 173 (11.9)
14 6.2 731 MS? [731]: 366 (12.4), 365 (100) Caffeoyl-N- (Barros et al., 2012)
MS3 [731 — 365]: 203 (100), 179(2.2), 159 (56.3) tryptophan
MS* [731 — 365 — 203]: 159 (100)
16 6.7 577 MS? [577]: 457 (18.4), 414 (23.7), 413 (100), 367 (25.1), 293 (64.6) Vitexin (Slimestad, 2003)
MS3 [577 — 413]: 294 (13.9), 293 (100) rhamnoside

MS# [577 — 413 — 293]: 293 (35.7), 249 (100), 175 (24.1)
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17

18

19

22

23

26

27

32

33

34

35

36

37

38

41

7.5

7.6

7.7

9.5

11.8

29.1

323

32.7

349

349

36.6

41.2

425

431

371

593

431

561

521

973

327

673

971

957

329

287

941

MS? [425]: 263 (61.7), 245 (100), 191 (15.4), 173 (20.4)

MS? [425 — 245]: 201 (64.1), 183 (79.3), 173 (100), 171 (47.9), 131 (35.9)

MS? [431]: 341 (32.2), 312 (20.0), 311 (100)

MS3 [431 - 311]: 284 (19.9), 283 (100)

MS? [431 - 311->283]: 239 (96.1), 209 (100), 183 (60.7), 165 (90.8), 163 (49.7)
MS? [371]: 249 (100)

MS3 [371 - 249]: 231 (23.1), 175 (5.4), 113 (100), 111 (8.3)

MS? [593]: 286 (16.2), 285 (100)

MS? [593 > 285]: 267 (30.3), 257 (100), 241 (57.5), 229 (41.8), 213 (35.3)

MS* [593 — 285 — 257]: 255 (69.0), 239 (49.5), 229 (100), 213 (43.2), 163 (45.6)
MS? [431]: 270 (16.6), 269 (100)

MS? [431 — 269]: 269 (63.9), 268 (82.5), 227 (41.6), 225 (49.0) 151 (100)

MS* [431 - 269 — 225]: 197 (100)

MS? [561]: 440 (20.9), 439 (100), 163 (18.6)

MS? [561 — 439]: 277 (17.4), 236 (28.3), 165 (11.7), 164 (50.3), 163 (100)

MS* [561 — 439 — 163]: 119 (100)

MS? [521]: 400 (15.7), 399 (100)

MS3 [521 - 399]: 179 (14.6), 177 (27.0), 163 (10.5), 153 (23.3), 152 (100), 147 (12.9)
MS? [521 - 399 > 152]: 125 (36.4), 108 (100)

MS? [973]: 955 (100), 911 (66.3), 827 (14.1), 809 (2.0), 783 (6.0), 765 (51.7), 665 (1.7),
647 (57.7), 629 (24.8), 603 (9.6), 557 (61.5), 489 (18.8)

MS? [973 — 955]: 911 (36.4), 765 (48.0), 629 (73.5), 557 (100), 489 (12.6)

MS? [327]: 291 (34.1), 229 (74.1), 211 (47.2), 209 (28.9), 171 (100)

MS?3 [327 — 171]: 153 (100)

MS? [673]: 551 (100), 475 (54.3), 265 (28.9), 197 (35.2) 189 (10.3)

MS3 [673 — 551]: 353 (12.4), 265 (100), 251 (34.7), 237 (90.9), 222 (23.7)

MS? [673 — 551 — 265]: 222 (61.8), 196 (94.1), 153 (100)

MS? [971]: 953 (24.9), 927 (5.5), 909 (100), 825 (3.3), 763 (36.6), 645 (87.7), 627 (5.6),
601 (24.8), 555 (12), 487 (10.7)

MS? [971 — 909]: 763 (100), 745 (5.7), 601 (40.1), 583 (6.9), 487 (15.2)

MS? [957]: 939 (100), 895 (36.7), 811 (11.2), 767 (5.2), 749 (35.4), 631 (35.9), 613
(12.7), 541 (38.5), 473 (12.2)

MS? [957 - 939]: 895 (45.9), 749 (100), 613 (29.1), 541 (57.4), 473 (11.2)

MS?[329]: 311 (25.7), 293 (21), 229 (100), 211 (81.4), 171 (40)
MS3[329 — 229]: 211 (100), 209 (67.1), 155 (47.2), 125 (39.6)

MS* [329 - 229 - 211]: 193 (100)

MS? [287]: 285 (34.9), 270 (25.5), 269 (100), 241 (30.0), 141 (12.1)

MS? [287 — 269]: 267 (48.9), 251 (100), 235 (31.2), 185 (43.3), 155 (30.5)

MS? [941]: 923(100), 879 (39.1), 795 (18.7), 751 (2.8), 733 (57.7), 633 (2.7), 615 (39.6),

597 (14.9), 525 (78.3), 457 (15.0)
MS? [941 — 923]: 879 (50.5), 733 (41.5), 597 (43.9), 525 (100), 457 (10.6)

Unknown

Apigenin-8-C-
hexoside

Unknown

Kaempferol-O-
rutinoside

Apigenin-7-0-
hexoside

Coumaric acid
derivative

Unknown

6-Deoxyhexose-
hexoside-uronic
acid-aglycone D
Oxo-dihydroxy-
octadecenoic
acid

Unknown

6-Deoxyhexose-
hexose-uronic
acid-bayogenin
6-Deoxyhexose-
hexose-uronic
acid-
soyasapogenol

Trihydroxy-
octadecenoic
acid
Unknown

3-Rhamnose-
galactose-
glucuronic
acid-
soyasapogenol
B

(Gouveia and
Castilho, 2011)

(Ye et al., 2005)

(Gouveia and
Castilho, 2012)

(Pollier et al., 2011)

(Spinola et al.,
2014; Van
Hoyweghen et al.,
2014)

(Pollier et al., 2011)

(Pollier et al., 2011)

(Van Hoyweghen
etal,, 2014)

(Pollier et al., 2011)

06-08 (S102) 69 s1onpo.d pup sdo.) [prsnpuj / |p 35 zaulpN-IuaLo]T [

L8



88 E.J. Llorent-Martinez et al. / Industrial Crops and Products 69 (2015) 80-90

in orientin (luteolin 8-C-glucoside). In addition, the 6-C-glucoside
shows base peak at m/z 357, whereas the 8-C-glucoside presents
base peak at m/z 327. This compound had been previously reported
in B. bituminosa aerial parts (Azzouzi et al., 2014).

Compound 12, only detected in flowers, exhibited an [M-H]~ ion
at m/z 449. It suffered the neutral loss of 162 Da (hexoside) in MS2,
yielding the aglycone at m/z 287. The aglycone was characterized
as dihydrokaempferol, due to the MS3[449 — 287] base peak at m/z
259 (Fischer et al., 2011). Hence, this compound was identified as
dihydrokaempferol-O-hexoside.

Compound 20 displayed the deprotonated molecular ion at
m/z 461, and exhibited MS? fragment ions at m/z 443, 371, and
341, corresponding to [M-H-18]~, [M-H-90] -, and [M-H-120],
respectively. This fragmentation pattern is consistent with 6-
C glycosylated flavonoids (Waridel et al.,, 2001), due to the
[M-H-18]~ ion, which is absent in 8-C glycosylated flavonoids.
Taking into account bibliographic data, this compound could
be diosmetin-6-C-hexoside (Zhang et al., 2011) or isoscoparin
(chrysoeriol-6-C-hexoside) (Mohn et al., 2009). Without any fur-
ther information, compound 20 was tentatively characterized as
a 6-C-glycosylated flavonoid. This flavonoid was only observed in
extracts from leaves.

Compound 21 was identified as a luteolin-O-hexoside. It dis-
played [M-H]~ ion at m/z 447, and suffered the neutral loss of
162 Da (hexoside) to yield a fragment ion at m/z 285, which exhib-
ited a fragmentation pattern similar to luteolin (m/z 243, 241, and
151).

Compound 22 displayed the deprotonated molecular ion at m/z
593, and suffered the neutral loss of 308 Da (rutinoside) in MS?,
yielding the aglycone at m/z 285. The aglycone was identified as
kaempferol (March and Miao, 2004; March and Miao, 2004). There-
fore this compound, detected in extracts from leaves and flowers,
was identified as kaempferol rutinoside.

Compound 29 displayed an [M-H]~ at m/z 393, and suffered the
neutral loss of 162 Da (hexoside), yielding the aglycone at m/z 231.
This aglycone was later detected as compound 40. However, the
aglycone could not be identified due to the lack of bibliographic
data.

3.3. Lignans

Compound 9, with an [M-H]~ ion at m/z 387 and main MS?2
fragment ions at m/z 207 and 163, was tentatively characterized
as the phenolic lignan medioresinol (Ozarowski et al., 2013). This
lignan was found only in the methanolic extracts from flowers.

Compound 25 displayed the deprotonated molecular ion at m/z
561, and showed a neutral loss of 204 Da to yield the product
ion at m/z 357; this neutral loss can be interpreted to be due to
the loss of an acetylhexoside moiety (162 +42Da) (Gouveia and
Castilho, 2012). The fragment ion at m/z 357 suffered further frag-
mentation, yielding the fragment ions at m/z 342 [357-CH3]",
327 [357-2CH3]~, 151 [357-206]", and 136 [151-CH3]~, which
are characteristic of pinoresinol (Han et al., 2007). Therefore this
compound, only found in extracts from leaves, was tentatively char-
acterized as pinoresinol-O-aceylhexoside.

3.4. Terpenoid saponins

Different saponins were observed in the extracts from leaves
and flowers. Compounds 32, 35, 36, and 41 were identified in
leaves and flowers, whereas compound 43 was only observed
in leaves. The following nomenclature is used: HexA=uronic
acid; Hex = hexose; dHex = 6-deoxyhexose, GlcA = glucuronic acid,
Gal =galactose, Rha =rhamnose, Agly = aglycone.

Compound 32, with [M-H]~ at m/z 973, was identified as
dHex-Hex-HexA-Aglycone D (Pollier et al, 2011) based on the

following fragments: 955 [M-H,0—H]~, 929 [M-CO,—H]-, 911
[M-H,0—CO,—H]~, 827 [M-dHex-H]~, 809 [M-dHex-H,0—H]",
783 [M-dHex—CO,—H]~, 765 [M-dHex-H,0—C0O,—H]~, 665 [M-
dHex-Hex-H]~, 647 [M-dHex-Hex-H,0—H]~, 629 [M-dHex-Hex-
2H,0—H]~, 603 [M-dHex-Hex-H,0—CO,—H]~, 557 [M-dHex-Hex-
108-H]~, and 489 [Agly-H]~.

Compound 35 exhibited [M-H]~ at m/z 971 and showed
the following fragments in MS2: 953 [M-H,0—H]-, 927
[M-CO,—H]~, 909 [M-H,0—CO,—H]~, 825 [M-dHex-H]|~, 763
[M-dHex-H,0—C0O,—H]~, 645 [M-dHex-Hex-H,0—H]|~, 627 [M-
dHex-Hex-2H,0—H]~, 601 [M-dHex-Hex-2H,0-CO,—H]~, 555
[M-dHex-Hex-108-H]~, and 487 [Agly-H]". It was identified as
dHex-Hex-HexA-Bayogenin (Pollier et al., 2011).

Compound 36, with [M-H]~ at m/z 957, was characterized
as dHex-Hex-HexA-soyasapogenol A (Pollier et al.,, 2011), and
displayed the following fragment ions: 939 [M-H,O0—H]~, 895
[M-H,0—CO,—H]~, 811 [M-dHex-H]~, 767 [M-dHex-CO,—H]",
749 [M-dHex-H,0—CO,—H]~, 631 [M-dHex-Hex-H,0—H]~, 613
[M-dHex-Hex-2H,0—H]~, 541 [M-dHex-Hex-108-H]~, and 473
[Agly-H]~.

Compound 41 exhibited the deprotonated molecular ion at m/z
941, and presented MS? fragment ions at m/z 923 [M-H,0—H]-,
879 [M-H,0—C0O,—H]~, 795 [M-Rha-H]~, 751 [M-Rha-CO,—H]",
733 [M-Rha-H,0—C0,—H]~, 633 [M-Rha-Gal-H]~, 615

[M-Rha-Gal-H,0—H]~, 597 [M-Rha-Gal-2H,0—H]~, 525 [M-
Rha-Gal-108-H]~, and 457 [Agly-H]~. Considering bibliographic
data (Pollier et al., 2011), it was identified as 3-Rha-Gal-GIcA-
soyasapogenol B.

Compound 43, with [M-H]~ at m/z 939, was identified as
dHex-Hex-HexA-soyasapogenol E (Pollier et al., 2011) consid-
ering the MS? fragment ions at m/z 921 [M-H,O0—H]~, 877
[M-H,0—CO,—H]~, 793 [M-dHex-H]~, 749 [M-dHex-CO,—H]",
731 [M-dHex-H,0—C0O,—H]~, 613 [M-dHex-Hex-H,0—H]~, 595
[M-dHex-Hex-2H,0—H]~, 523 [M-dHex-Hex-108-H]~, and 455
[Agly-H]~.

3.5. Other compounds

Compounds 1, 2, and 3 were characterized as oligosaccharides.
Compound 1, with [M-H]~ ion at m/z 683, displayed fragment ions
at m/z 503, 341, and 179, which were consistent with the losses
of hexoside moieties. The presence of hexoses was confirmed by
the fragmentation by MS#, which exhibited fragment ions at m/z
143,131,119, 113, 89, and 71, typical from hexoses (Verardo et al.,
2009). Compounds with similar fragmentation have been previ-
ously reported as polysaccharides (Brudzynski and Miotto, 2011;
Gomez-Caravacaetal.,2008). Compound 2 exhibited an [M-H]~ ion
at m/z 457, and suffered the neutral loss of 116 Da (probably malic
acid)yielding a fragmention at m/z 341, which showed typical frag-
mentation of an hexose disaccharide. Compound 3, with [M-H]~
ion at m/z 473, showed fragment ions at m/z 341 [M-H-132] and
179 [M-H-132-162]. Considering this fragmentation pattern and
the MS* full spectrum (consistent with hexose), this compound
could be tentatively identified as a trisaccharide containing a pen-
tose and two hexoses.

Compound 33, with a[M-H]~ ion at m/z 327 and MS? base peak
ion at m/z 229, was identified as oxo-dihydroxy-octadecenoic acid
(ox0-DHODE), an oxylipin (Spinola et al., 2014; Van Hoyweghen
et al,, 2014). It was detected in leaves and flowers.

Compound 37 was identified as trihydroxy-octadecenoic acid,
considering its [M-H]~ ions at m/z 329 and its fragmentation pat-
tern, previously described in scientific literature (Van Hoyweghen
et al.,, 2014). This oxylipin was detected only in extracts from flow-
ers.

Compound 39 was tentatively characterized as trihydroxy-
octadienoic acid based on bibliographic data (Mohn et al., 2009),
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due to its deprotonated molecular ion at m/z 327 and fragment
ions at m/z 309 and 291. It was detected only in leaves.

4. Conclusion

In this study, a detailed characterization of the phytochemical
profile of the methanolic extracts from B. bituminosa, from Madeira
Archipelago, is presented. Using an HPLC-ESI-MS™ method, more
than 40 compounds were detected. All of the compounds (except
isoorientin) were identified for the first time in the target plant.
Both morphological parts shared acommon composition, the leaves
being much richer in terms of number of compounds.

About 50% of these compounds corresponded to flavonoids,
especially C-glycosylated apigenin isomers, although flavonoids
from luteolin or kaempferol, among others, were detected. Dif-
ferent terpenoid saponins, lignans, and phenolic acids were also
identified. The presence of saponins may indicate potential uses
of this plant in hair care products and may be the reason for the
traditional use of the plant tincture as hair restorer. Saponins not
only have detergent properties, producing stable foams, but they
also have antimicrobial activity against several fungi and bacte-
ria (which can be a cause of hair loss), and anti-inflammatory and
emollient effects that can sooth the scalp. However, further inves-
tigation would be required to study such potential applications for
B. bituminosa in addition to those currently known.
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