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S on untargeted metabolomics:
a case study with Copaifera (Fabaceae)†

Ananda da Silva Antonio, ab Davi Santos Oliveira,a Gustavo Ramalho Cardoso dos
Santos,b Henrique Marcelo Gualberto Pereira,b

Larissa Silveira Moreira Wiedemann a and Valdir Florêncio da Veiga-Junior *ac

Untargeted metabolomics is a powerful tool in chemical fingerprinting. It can be applied in phytochemistry

to aid species identification, systematic studies and quality control of bioproducts. This approach aims to

produce as much chemical information as possible, without focusing on any specific chemical class,

thus, requiring extensive chemometric effort. This study aimed to evaluate the feasibly of an untargeted

metabolomics method in phytochemistry by a study case of the Copaifera genus (Fabaceae). This genus

contains significant medicinal species used worldwidely. Copaifera exploitation issues include a lack of

chemical data, ambiguous species identification methods and absence of quality control for its

bioproducts. Different organs of five Copaifera species were analysed by UHPLC-HRMS/MS, GNPS

platform and chemometric tools. Untargeted metabolomics enabled the identification of 19 chemical

markers and 29 metabolites, distinguishing each sample by species, plant organs, and biome type.

Chemical markers were classified as flavonoids, terpenoids and condensed tannins. The applied method

provided reliable information about species chemodiversity using fast workflow with little sampling size.

The untargeted approach by UHPLC-HRMS/MS proved to be a promising tool for species identification,

pharmacological prospecting and in the future for the quality control of extracts used in the

manufacture of bioproducts.
Introduction

Plants have always been present in humankind history as
a reliable and vast source of medicine and drugs against several
diseases, such as cancer, inammations, and viruses.1 The
exploitation of medicinal herbs must be carefully performed to
always obtain reproducible and reliable bioproducts. Even
small changes in the chemical composition can modify the
biological properties of a natural extract. Such changes in
a plant's chemical prole can be due to intraspecic variations
within a variety or species, abiotic stress, geographic inuences
in plant development, or even a wrong identication of species
during logging.2–4 A drawback in medicinal herb exploitation is
that the scientic knowledge of them is still scarce compared to
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the magnitude of this economic and historical importance, as
a homemade traditional medicine and as a recognized option in
modern medicine treatments.

In order to ensure efficacy, reproducibility, and biodiversity,
preservation and quality control, methods able to detect slight
changes in the chemical prole must be addressed.1 Untargeted
metabolomics come forward as an alternative to enhance botanic
identication and natural products quality control. This research
eld aims to generate a holistic view of sample chemical
composition, without focusing on any specic chemical class.
Thus, it is reliable in the exploitation of new matrix, elucidation
of unusual chemical markers and screening for new bioactive
metabolites.5–7

The holistic chemical prole is usually achieved by high
performance exploratory methods, such as chromatographic and
spectrometric techniques, as they can provide a huge set of
chemical data with compounds identication without the need
of time-consuming isolationmethods.5,6 In addition, an extensive
chemometric analysis is required on untargeted metabolomic
studies.8,9 The analysis of comprehensive chemical proles by
chemometric methods can address models to achieve botanic
species identication, distinction of already harvested trees,
increase the biodiversity knowledge, quality control of bio-
products, phytochemical screening for bioactive compounds and
© 2021 The Author(s). Published by the Royal Society of Chemistry
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pharmacological prospection in several types of sample, ranging
from raw botanic material to commercial bioproducts.5,7,10,11

The genus Copaifera (Fabaceae, Caesalpinoideae) is an
example of a recognized medicinal plant which still faces
difficult on its commercial and scientic exploitation. Copaifera
species are famous medicinal plant across the world, popular
known as “Copáıba”. Copaiba trees produce and exude the
copaiba oil, an oilresin with remarkable ethnobotanic usage
and applications in the manufacturing of several bioactive
products.12,13 Copaifera oilresins has been studied to their
extraordinary bioactivities, such as, antioxidants, anti-
inammatory, cytotoxic and gastroprotector.14 These pharma-
cological properties are mainly related to its sesquiterpenes (e.g.
a-copaene, a-humulene and caryophyllene oxide) and diter-
penes (e.g. copalic acid and ent-agatic acid) chemical composi-
tion.15 In addition to the oilresin, non-volatile extracts of
copaiba twigs, branches, barks and trunk trees have several
therapeutical applications in traditional medicine. However,
copáıba extracts are not as famous as the oilresins, and present
substantially few scientic exploitations.16–18 Several review
papers have already described copáıba oilresin composition
and pharmacological properties.19,20 Nonetheless, the compo-
sition of the extracts from Copaifera vegetative and reproductive
organs (e.g. branches and owers) are poorly known. Another
issue faced on Copaifera exploitation is the challenging identi-
cation of its species due to low level of taxonomic description
of reproductive organs, the difficulty to obtain fertile specimens
and the complexity of the oral structure.21

Briey, Copaifera exploitation can be deeply improved with
untargeted metabolomics consolidation as a reliable and
reproducible method to address such issues involving natural
products utilization. Therefore, this work aims to study the
viability of high performance methods in the untargeted
metabolomic analysis of Copaifera species medium polarity
extracts fewly explored vegetative organs of this genus, such as
seeds and barks, in order to improve the chemical knowledge of
this genus, identify chemical markers, and provide insights on
untargeted metabolomics applicability.
Fig. 1 Multivariate analysis of ethyl acetate fractions by (A) principal
component analysis and (B) hierarchical clustering analysis.
Results and discussion

Untargeted metabolomic methods showed to be a reliable tool
to biodiversity discovery. As most of the Copaifera species have
few chemical description of their non-volatile composition, the
identication of detected metabolites was rstly achieved. This
phytochemical screening aided to elucidate the major distinc-
tions and chemical markers among the different extracts (Table
1). The applied method enabled the identication of 29
specialized metabolites of several chemical classes, recognized
by their bioactivity, such as galloylquinic acids, avones, ava-
nones, avonols, kaurene diterpenoids, triterpenoids,
condensed tannins and xanthones (Table 1). Despite C. multi-
juga and C. langsdori are well exploited, other species such C.
lucens and C. venezuelana are poorly known.19,20,22 In fact, there
is no previous reports regarding the chemical composition or
the bioactivity of C. venezuelana extracts, a typical Copaifera
25098 | RSC Adv., 2021, 11, 25096–25103
species endemic from the most attacked part of the Amazon
region, the south region known as “Arc of Fire”.

Most of identied compounds were avonoids derived from
phenylpropanoid pathway and were present in all evaluated
plant organs. Thus, it can be assumed that this biosynthetic
pathway presents a great relevance in the construction of
Copaifera chemical prole. Organs with fewer occurrence of
avonoids were seed and owers. Their nearly absence in
reproductive organs is peculiar, as avonoids play a role as
antioxidant and insect protection within plants, a fundamental
tool to enable species propagation.

Galloylquinic acids derivates had already been described within
C. langsdori23 and C. multijuga15 polar extracts and are currently
acknowledged as are remarkable gastroprotective and cytotoxic
agents.23 Recently, this chemical class had been indicated as
characteristic compound onCopaifera leaves.23–25 Although our data
did not identify galloylquinic acids in C. langsdori23 and C. multi-
juga, it is the rst report of this chemical class within C. lucens.

Condensed tannins were only detected within bark extracts
(Table 1). Their exploitation within Copaifera is recent, with the rst
description of their presence by Pereira and coworkers in 2018.26,27

This chemical class had been previously reported as a class of
compounds with antioxidant and antineoplastic properties. Their
presence observed exclusively in bark extracts can bring insights of
© 2021 The Author(s). Published by the Royal Society of Chemistry
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new pharmacological approaches to the exploitation of Copaifera
genus chemophenetic characterization. Also, it can be used to
authentication and identication of Copaifera bioproducts.
Discrimination of Copaifera species and organs

Multivariate analysis was performed to elucidate similarity pattern
and exclusive features characteristic of each type of sample,
considering plant organs and species differentiation. Within ethyl
acetate fractions, samples were clustered in ve groups (Fig. 1).
Along the groups, two of them (blue and cyan) were composed by
bark samples; one group represented the leaves samples (pink
group); one represented C. multijuga samples (red group); and the
last one characterized the C. langsdori samples.

The blue and cyan group were mainly characterized by the
exclusive detection of condensed tannins (12, 13 and 22). Previous
description of condensed tannins with copaiba were only within
the barks of C. multijuga.15,26 The presence of compounds 13 with
C. lucens and C. venezuelana gives preliminary evidences of their
antioxidative activity and an antineoplastic effect against Ehrlich
ascites carcinoma, since this diterpene have already being re-
ported as one of the responsible metabolites for C. multijuga
extracts bioactivity.18 The occurrence of condensed tannins only in
barks indicate such compounds as chemical markers of this organ
within the genus and can be considerate to compose a set of
chemical parameters to evaluate quality control of herbal products
or even identication of the Copaifera genus.7,20,27

Blue and cyan group also emphasized a relationship among
species. The blue group was composed by C. langsdori and C.
lucens barks and had as its major characteristic the high relative
concentration of ursolic acid (relative concentration higher 60%).
Meanwhile, cyan group was composed by C. multijuga and C.
venezuelana barks and characterized by the occurrence of epi-
afzelechin-(4b,8)-catechin as its base peak. Clustering pattern of
those pair of species correlates barks distinction composition
with adaptative mechanism related to a specic biome. This
hypothesis is possible since C. multijuga and C. venezuelana are
endemic species of rainforest while C. langsdori and C. lucens
are typical from Atlantic Forest. The discrimination of
geographical origin of botanic samples by chemical markers had
already been performed in other genera28,29 such as described by
Cao et al. (2021),30 in which 11 chemical compounds were able to
distinguish samples of Rhizoma Coptidis from 3 different loca-
tions. It is worth mentioning that despite the chemophenetic
similarity in the blue group, C. lucens bark samples can be
distinguished by its exclusive occurrence of gentisein.

The leaves samples of C. trapezifolia and C. lucens were also
clustered in a single group represented in the pink color (Fig. 1).
This group evidence the chemical variability among vegetative
organs and emphasizes the existence of distinct adaptative
processes to each biome as C. trapezifolia is also an endemic
species of Atlantic Forest. Depending on the environmental
stress to which a botanic species is submitted, it will adapt to
produce specic sets of specialized metabolites that can
increase its survivor. For instance, avonoids and terpenes
accumulation by plants can be increased or decreased under
heat or cold stress.31
© 2021 The Author(s). Published by the Royal Society of Chemistry
The pink group was mainly characterized by the m/z signal
293.176 (retention time of 7.39 min.). Despite the absence of
a suggestive identication for this peaks, they were the major
compound in pink group samples, distinguishing them of other
evaluated samples. Within this group of leaves samples, the m/z
251.092 (retention time 5.57) was also of exclusive occurrence
among the sampling universe though its relative concentration in
C. trapezifolia leaves samples was lower than 15%, while it was the
base peak of C. lucens leaves. The m/z 251.092 can be further
elucidated to stablish its identity and reliability as a C. lucens
chemical marker.

Loadings analysis of PCA also emphasizes that quercitrin
was detected only in leaves samples, with exception to C.
multijuga.

Along ethyl acetate samples it is important to highlight the
two groups which were able to characterize species (red and
green group (Fig. 1)), as species characterization regardless of the
plant organ can aid chemophenetic distinction and development
of species identication keys. The red group clustered C. multi-
julga leaves and branches samples due to their base peak as
6b,7b-dihydroxykaurenoic acid (4). This compound was nearly
absent within the other samples, with a relative peak area lower
than 9% demonstrating its potential as one chemical marker for
C. multijuga. The green group was the largest and mainly repre-
sented the samples of C. langsdori. This group presented the
formation of three subgroups separating: C. langsdori leaves; C.
langsdori reproductive organs (seeds and ower); and C. ven-
ezuelana branches samples. The leaves of C. langsdori were
distinct by their higher concentration of avonoids, with its
major compounds as quercitrin, cirsimaritin and 3,7-di-O-
methylquercetin. Meanwhile, C. langsdori reproductive organs
were characterized by the unidentied m/z 543.442 and 293.212,
as C. venezuelana branches were characterized bym/z 165.054 and
121.065. Despite the heterogeneity of green group, it was still
possible to identify chemical markers to distinguish it type of
sample by its classication as vegetative or reproductive organ.

Multivariate analysis of methanolic fraction (Fig. 2) corrob-
orates data obtained with ethyl acetate fractions (Fig. 1).
Though, distinct m/z were emphasized and can be used to
distinguish samples. This brings forth additional markers for
the chemophenetics of woody Copaifera parts and C. lucens and
C. langsdori. Within methanol analysis (Fig. 2A), the leaves of
C. lucens and C. multijuga were clustered based in the detection
of quinic acid on them. Although it is a well-reportedmetabolite
within Copaifera genus,19,25,32 its application together with the
other discriminate m/z signals described in our data demon-
strate its capacity to distinguish plants organs. In addition,
leaves of both species have different major peaks. Whilst C.
lucens base peak was m/z 647.088, C. multijuga major detected
signal was m/z 689.135 and quinic acid.

Methanolic fraction also enable to distinguish the barks of C.
lucens of the C. langsdori (Fig. 2A, blue group). Characterizing
signals of C. lucens barks were m/z 542.260 and 525.270.
Furthermore, C. venezuelana and C. multijuga were clustered
together though several of its major compounds, which were
not detected in the other samples (Fig. 2A), such as the putative
identied signal 25, a avonol with a b-glucosyl-(1 / 2)-b-
RSC Adv., 2021, 11, 25096–25103 | 25099
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Fig. 2 Principal component analysis of methanolic fraction biploted as
(A) principal component (PC) 1 versus PC 2 and (B) PC 2 versus PC 3.
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glucosyl residue at position 3 by a glycosidic linkage. In the case
of C. Langsdori, its samples still presented themself in a con-
sice cluster (Fig. 2B), being discriminated from other samples
by ursolic acid, as previosly mentioned and the unindentied
m/z 187.096 and 297.243.
Experimental
Botanic samples

Botanic samples of ve Copaifera species were collected at
Brazilian Amazon rainforest (Amazonas state) and Atlantic
forest (Rio de Janeiro and São Paulo state, Brazil) (Table 2).
Table 2 Copaifera samples description

Species Sampling site Geographic coordinate

C. multijuga hayne Manaus/AM 3� 00 27.0000 S 59� 560 2
W

C. venezuelana harms &
Pittier

Coari/AM 4�05037.300S 63�09004.500

C. langsdori Desf. Campinas/SP 22�49002.900S 47�04012.1

C. trapezifolia hayne São miguel arcanjo/
SP

24�03018.200S 47�59040.5

C. lucens Dwier Rio de janeiro/RJ 22�58003.100S 43�13029.0

25100 | RSC Adv., 2021, 11, 25096–25103
Voucher of each specimen were deposited at the National
Institute of Amazon Researches (INPA) herbarium and Rio de
Janeiro Botanical Garden Herbarium (RB). All samples collected
(Table 2) were cleaned to remove dust and small insects, air-
dried and grinded in a knife mill (Willey Mill SP-32, SPLabor).
Aer sample pretreatment they were stored frozen (�4 �C) until
extraction procedures. Botanic material sampling was autho-
rized and registered on the National System of Genetic Resource
Management and Associated Traditional Knowledge (SISGEN)
system (Table 2) in accordance with Brazilian legislation
regarding biodiversity scientic exploitation.

Extraction was conducted by exhaustive maceration in two
cycles of 48 hours at room temperature. Each extraction cycle
was performed with a distinct solvent, rstly ethyl acetate fol-
lowed by methanol. The extractor solvent was used in
a proportion of 1 : 10 (g : mL) between sample and solvent. Aer
extraction, the obtained extracts were dried in a rotary evapo-
rator under reduced pressure and used in further chemical
analysis. Solvent choice was based on previous reports of
bioactive extracts and non-volatile chemical ngerprint of
copaiba, which suggest the presence of avonoids, terpenoids
and galloylquinic acid derivates.

Chemical proling

Chemical analyses were performed in an Ultra High-
Performance Liquid Chromatographer Dionex Ultimate 3000
UHPLC (Thermosher Scientic, Bremen, Germany) coupled to
High Resolution Mass Spectrometer Q-Exactive (Thermosher
Scientic, Bremen, Germany) (UHPLC-HRMS). Both extracts
types were degreased with hexane and prepared with methanol
at 1.0 mg mL�1. Next, samples were ltered at a 0.45 mm PTFE
w/GMF membranes (Whatman, Little Chalfont, United
Kingdom). All samples were prepared and analyzed as
triplicates.

Chromatographic analyses were accomplished in an explor-
atory gradient elution in a Syncronis C18 (2.1 � 50 mm, 100 Å –

Thermosher Scientic, Waltham, United States) and a mobile
phase composed by solvent A (formic acid 0.1%: ammonium
formiate 5 mM) and solvent B (methanol). The elution gradient
ranged from 0.0 to 100% of solvent B in 9 minutes; 100% of
solvent B for 1 minute; and a gradient of 100 to 0.0% of solvent
B in 1 minute. The mass spectrometer was equipped with an
electrospray ionization source operating in negative mode for
s
Voucher
number

SISGEN
number Collected samples

2.9200 INPA82418 A09F694 Leaf, bark and branch,

W INPA229668 A9CDF0F Bark and branch

00W RB344931 A3AE56C Leaf, bark, branch, seed and
ower

00W RB142240 ACDC561 Leaf

00W RB301745 A10C77E Leaf and bark

© 2021 The Author(s). Published by the Royal Society of Chemistry
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data acquisition in MS1 and MS2 at the range of 100 to 900 m/z.
MS2 experiments were performed in a data dependent acqui-
sition mode. Operational parameters of UHPLC and HRMS are
available at ESI (Tables S1 and S2).†
Data analysis

Peak detection and integration were performed on MZmine 2
v2.53 though a workow which included baseline correction,
mass detection, deconvolution, deisotoping and alignment of
each spectra through the algorithms asymmetric least square
baseline correction, exact mass, baseline cut-off, isotopic peak
grouper and join aligner.22,33,34 MZmine 2 congurations on
each step are available at ESI (Table S3).†

The identication of compounds present on the detected
peaks were performed though analysis of the MS2 fragmenta-
tion spectra by similarity with the databases of Keggs,22,33–37 and
with the Feature-based Molecular Networking (FBMN) workow
on the Global Natural Products Social Molecular Networking
(GNPS). Such workows are recommended protocols to identify
compounds on untargeted metabolomic methods.34–39 In GNPS-
FBMN the fragmentation spectra of the sample is compared
with the database and the similarity between them is evaluated
based in the ppm error of the precursor ions, presence of
fragments, and their relative intensity. The similarity is
measure as a cosine score, that range from 0 (completely
different) to 1 (identical). Depending on the resolution of the
mass spectrometer, a cosine score above 0.7 can produce results
with nearly 90% accuracy.20 For FMBN-GNPS identication of
compounds, samples fragmentation spectra were only
compared with data from the database which have a maximum
m/z difference of �17 Da among samples and database
precursor ion and fragment ions. A positive identication was
performed only with samples and database spectra presented at
least 3 identical fragment ions and a cosine score above 0.7. In
addition, for positive identications, mass tolerance for the
precursor and fragment ions was set as 0.2 Da.34–38

Chemometric analysis was performed on OriginPro 2017 by
hierarchical clustering analysis (HCA) with Ward's method and
Euclidian distance and Principal Component Analysis (PCA),
with condence levels of 95% (a ¼ 0.05). In this analysis, each
detected peak was considered as a variable in which their
integrated relative areas were the response variable.
Conclusions

Untargeted metabolomic approach evidences the ability to
differentiate Copaifera species even if morphological features of
the specimens cannot be observed, using non-volatile extracts.
The UHPLC-HRMS/MS method provided reliable and distinct
chemical ngerprint for ve Copaifera species, enabling the
identication of 29 substances within avonoids, diterpenes
and galloylquinic acids. The identication of metabolites
provided insight of Copaifera chemodiversity, especially
regarding C. trapezifolia and C. lucens chemical composition.
Both species are poorly scientically explored and presented in
our data galloylquinic acids and avonoids, which are known by
© 2021 The Author(s). Published by the Royal Society of Chemistry
their remarkable bioactivities. In addition, 19 chemical markers
were highlighted by chemometric analysis which enabled the
characterization of samples by their geographic distribution
and efficiently distinct each species and their vegetative organs.
Flavonoids, condensed tannins, galloylquinic acids and kaur-
enoic acid derivates demonstrated great chemophenetic rele-
vance by untargeted approaches. Untargeted metabolomic
showed to be a feasible approach to elucidate several chemical
issues of complex botanic groups, by such as Copaifera, gener-
ating massive amount of chemical data with very few sampling
size.
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Rodŕıguez, I. Koester, K. C. Weldon, S. Bertrand,
C. Roullier, K. Sun, R. M. Tehan, C. A. Boya P,
M. H. Christian, M. Gutiérrez, A. M. Ulloa, J. A. Tejeda
Mora, R. Mojica-Flores, J. Lakey-Beitia, V. Vásquez-Chaves,
Y. Zhang, A. I. Calderón, N. Tayler, R. A. Keyzers,
F. Tugizimana, N. Ndlovu, A. A. Aksenov, A. K. Jarmusch,
R. Schmid, A. W. Truman, N. Bandeira, M. Wang and
P. C. Dorrestein, Nat. Protoc., 2020, 15, 1954–1991.

35 L. F. Nothias, D. Petras, R. Schmid, K. Dührkop, J. Rainer,
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