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Abstract
Bidens pilosa L., Bidens alba (L.) DC., and Bidens subalternans DC., Asteraceae, are often misidentified because of their 
morphological similarities. The present study provides a comparative analysis of the morpho-anatomical characteristics, 
histochemical, and chemical fingerprints obtained by liquid chromatography mass spectrometry for these three species. Light 
microscopy, field emission scanning electron microscopy, and energy-dispersive X-ray spectroscopy were used to character-
ize diagnostic structures. Histochemical assays and LC-MS were applied to obtain chemical information from leaf, stem, 
and root extracts, and multivariate chemometrics including principal component analysis were used to classify the datasets. 
The morpho-anatomical and histochemical analysis allowed the identification and differentiation of the three species; also, 
the LC-MS analysis revealed that the main compounds in Bidens extracts are phenolics, and using chemometrics methods 
was possible to discriminate by species and plant parts. Together, these complementary approaches provide a robust basis 
for distinguishing closely related Bidens species and support more reliable pharmacognostic identification.

Keywords  Chemotaxonomy · Herbals · Micromorphology · Pharmacobotany · Quality control · Species authentication

Introduction

The genus Bidens L., Asteraceae, is cosmopolitan and com-
prises about 223 species (POWO 2025). Species of Bidens 
are commonly called as Spanish needles, beggar’s ticks, 
devil’s needles, cobbler’s pegs, broom stick, pitchforks, bur-
marigold, black Jack, and farmers’ friends in the USA (Bar-
tolome et al. 2013); “cadillo rocero” in Venezuela; “amor-
seco” and “pirca” in Peru; “pinyin” and “jin zhan yin pan” 
in China; and “pico-pico,” “picão”, picão-preto, carrapicho, 
piolho-de-padre, picão-do-campo, erva-picão, and fura-capa 
in Brazil (Gilbert et al. 2013; Bringel et al. 2025).

Nineteen species are native to Brazil, and Bidens pilosa 
L., B. alba (L.) DC., and Bidens subalternans DC. share 
the same common name and are morphologically similar 
(Grombone-Guaratini et al. 2004; Lorenzi and Matos 2008), 
creating the “Bidens pilosa complex”. The circumscription 
of this complex may vary across regions; in southeastern 
Brazil, this complex has been treated as comprising B. 
pilosa, B. alba, and B. subalternans, three closely related 
taxa with extensive overlap in diagnostic traits (Grombone-
Guaratini et al. 2005, 2006). Traditional delimitation within 
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the complex relies mainly on morphological characters, 
especially capitulum traits and achene features including 
the pappus awns; however, these may vary within species 
and across populations, making identifications imprecise and 
often controversial when based solely on external morphol-
ogy (Grombone-Guaratini et al. 2004). Cytogenetic evidence 
further supports the complexity and provides an additional 
discriminant line of evidence, since B. pilosa has been 
reported with 2n = 72, whereas B. subalternans and B. alba 
have 2n = 48, indicating that polyploidy and cytotype differ-
ences contribute to the taxonomic difficulty and can assist in 
species separation (Grombone-Guaratini et al. 2006).

Moreover, in traditional medicinal systems, these three 
species are used interchangeably as anti-inflammatory, anti-
septic, hepatoprotective, anti-hypokinetic, blood pressure 
reducer, antiulcerogenic, and to treat digestive disorders, 
diabetes, cancer, jaundice, malaria, angina, influenza, colds, 
pains, fevers, and edema. These biological properties are 
attributed to the presence of secondary metabolites such as 
phenylpropanoids, terpenes, and polyacetylenes, but mainly 
the phenolic compounds such as flavonoids and phenolic 
acids (Ortega et al. 2000; Grombone-Guaratini et al. 2005; 
Lans 2006; Ong et al. 2008; Bartolome et al. 2013; Borges 
et al. 2013; Silva et al. 2013; Gbashi et al. 2017).

Several studies in Asteraceae have shown that combining 
diagnostic morpho-anatomical evidence with chemical fin-
gerprinting approaches, including HPTLC and high-resolu-
tion LC-MS-based profiling, improves species authentication 
and strengthens the quality control of botanical raw mate-
rials (Antunes et al. 2024; Gempo et al. 2024). In Bidens, 
pharmacobotanical studies have stated useful anatomical and 
histochemical markers for B. pilosa, including epidermal and 
trichome traits and the localization of phenolic constituents 
(Duarte and Estelita 1999; Sá et al. 2017). Complementarily, 
HPLC, LC-MS chemical fingerprinting, and feature-based 
profiling combined with chemometrics have been applied to 
characterize B. pilosa extracts and discriminate plant organs 
(Chiang et al. 2004; Cortés-Rojas et al. 2013; Chagas-Paula 
et al. 2015; Ramabulana et al. 2020).

Thus, the study aimed to compare the morpho-anatomical 
and chemical profiles of the three Bidens species using a 
combination of morphology, microscopy, micromorphology, 
and LC-MS techniques to provide a robust background for 
accurate identification and differentiation of the species.

Materials and Methods

Plant Material

Five individual plants per species (B. alba, B. pilosa, and 
B. subalternans) were collected (n = 5 per species; total n 
= 15). Bidens pilosa specimens were collected at Fazenda 

Escola Capão da Onça (latitude 25° 5′ 43″S and longitude 
50° 3′ 26″W) in Ponta Grossa, PR, Brazil. Specimens of B. 
subalternans and B. alba were collected at Ponta Grossa 
State University (latitude 25° 5′ 23″S and longitude 50° 6′ 
23″W, and latitude 25° 5′ 23″S and longitude 50° 6′ 23″W, 
respectively), Ponta Grossa, PR, Brazil. All three species 
were collected in November 2021, identified by Claudio A. 
Mondin and the herbarium voucher specimens were depos-
ited in the State University of Ponta Grossa Herbarium 
(HUPG), under the numbers Bidens pilosa (22498), Bidens 
subalternans (21262), and Bidens alba (22499).

Optical Microscopy Procedure

Fresh samples from healthy and intact mature leaves, stems, 
and roots of B. pilosa, B. alba, and B. subalternans were 
fixed in formalin-acetic acid-alcohol (FAA70) for 3 days 
(Johansen 1940), washed in distilled water, and stored in 
70% ethanol solution (v/v) (Berlyn and Miksche 1976). 
Leaves, stems, and roots were free-hand sectioned with 
razors in transversal and longitudinal directions. The sec-
tions were stained using astra blue and basic fuchsin (Roeser 
1972) and mounted in a drop of 50% glycerin (Berlyn and 
Miksche 1976) on glass slides, covered with a coverslip, 
and sealed with transparent nail polish. For the analysis of 
epidermal surfaces, small sections of the leaves were washed 
and then treated with hypochlorite solution (5%) until trans-
lucent. The materials were then washed in distilled water 
and neutralized in an acetic acid solution (5%). Later, the 
sections were washed again with distilled water and stained 
with safranin (Fuchs 1963) and mounted as described above.

Micro‑measurements

Quantitative studies of stomata were performed by taking 20 
measurements from multiple leaf specimens. Stomatal index 
(SI) was calculated using the following formula, wherein 
S = number of stomata per unit area, and E = number of epi-
dermal cells (including trichomes) in the same unit area. The 
length and width of stomata were measured from 20 stomata 
at different locations on the leaf blade for each species to 
determine the average stomatal size.

Field Emission Scanning Electron Microscopy

For the field emission scanning electron microscopy 
(FESEM) analyses, the FAA-fixed samples were dehydrated 
by passing through increasing concentrations of ethanol in 
water (30, 50, 70, 95, and 100%) and dried in a Leica EM 
CPD300 critical point dryer (Leica Microsystems, Wetzlar, 
Germany) using liquid CO2 as a transitional fluid. The dried 
samples were coated with gold using a Quorum SC7620 
sputter coater (Quorum Technologies Ltd., Kent, UK). 
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Electron micrographs were prepared using a Tescan Mira3 
field emission SEM in high vacuum mode with an accelerat-
ing voltage of 15 kV. This procedure was performed at the 
multiuser laboratory (C-Labmu) in the State University of 
Ponta Grossa.

Energy‑Dispersive X‑ray Spectroscopy

Energy-dispersive X-ray spectroscopy (EDS) analyses were 
performed during FESEM observation to characterize the 
chemical composition of the crystals. Measurements were 
acquired from crystals as well as from neighboring cells 
devoid of crystals, which served as internal controls. The 
analyses were carried out using an EDS detector combined 
with a FESEM, operated at 15 kV accelerating voltage. All 
procedures were conducted at the Multiuser Laboratory 
Complex (C-Labmu), State University of Ponta Grossa.

Histochemical Tests

The FAA-fixed leaves, stems, and roots of B. pilosa, B. alba, 
and B. subalternans were subjected to histochemical tests. 
After fixation, samples were transferred to 70% ethanol and 
stored until sectioning. Free-hand cross-sections were pre-
pared and subjected to histochemical reactions. Staining 
reactions were performed immediately after sectioning and 
interpreted qualitatively as in situ localization indicators, 

not for quantitative inference. Because FAA fixation and 
subsequent storage in ethanol may influence the detectabil-
ity of readily extractable constituents, especially lipophilic 
substances and some phenolics, the histochemical results 
were interpreted conservatively. The sections of the plant 
materials were tested with standard reagents, such as Sudan 
III for lipophilic substances (Foster 1949), iodine solution 
for starch (Berlyn and Miksche 1976), phloroglucinol/HCl to 
detect lignified components (Sass 1951), potassium dichro-
mate 10% (Gabe 1968), and ferric chloride 2% for phenolic 
compounds (Johansen 1940). Appropriate controls were 
processed in parallel under identical conditions.

Extract Preparation and LC‑MS Analysis

The samples of roots, stems, and leaves were dried sepa-
rately in a circulating oven. The extracts were obtained in a 
Soxhlet extractor using 750 ml of ethanol 96° GL. UPLC/
QTOF analyses were performed in a Waters® Ultra Perfor-
mance Liquid Chromatography comprised of the following 
modular components: binary pump, a vacuum solvent micro 
degasser, an auto sampler, a thermostatically controlled col-
umn compartment, and coupled to a Xevo Waters® Mass 
Spectrometer. Chromatographic separation was achieved 
using a BEH C18 (1.7 μm, 2.1 × 100 mm) reversed-phase 
column. The mobile phase consisted of 0.1% formic acid 
in water (v/v) (A) and 0.01% formic acid in methanol (v/v) 

Fig. 1   Morphology of Bidens 
species. a, d, g Bidens alba; b, 
e, h Bidens pilosa; c, f, i Bidens 
subalternans (ad, adaxial side; 
ab, abaxial side). Scale bar: 
a–c, e, g = 5 cm; d = 1 cm; f, h, 
i = 2 cm



	 Revista Brasileira de Farmacognosia           (2026) 36:47    47   Page 4 of 13

(B) as a binary mobile phase. A gradient elution program 
was used, starting at 5% B, reaching 100% B over 12 min, 
holding for 3 min, and then returning to initial conditions 
within 16 min. The flow rate was 0.3 ml/min, the injection 
volume was 4 μl, and the column temperature was main-
tained at 30 °C. The mass spectrometer, operating in nega-
tive ion mode, was equipped with an ESI source, and colli-
sion energy and cone voltage were set at 40 V each. Accurate 
mass measurements were obtained by means of ion correc-
tion techniques using reference masses at m/z 112.9856 
(deprotonated trifluoroacetic acid-TFA). The masses were 
investigated based on MONA (Mass Bank of North America 
—https://​www.​massb​ank.​us/and some articles published in 
the literature (Chiang et al. 2004; Safer et al. 2011; Saltos 

et al. 2015; Chen et al. 2016; Lusa et al. 2016; Khoza et al. 
2016; Gbashi et al. 2017; Machinski et al. 2024).

Multivariate and Univariate Statistical Analysis

The LC-MS chromatograms (range 2 to 8 min) were pre-pro-
cessed using Masslynx version 4.1. The dataset (27 × 2108) 
was imported for Matlab, version 2020a, and Icoshift was 
used for alignment. The singular value decomposition algo-
rithm was used for PCA after smoothing, baseline correc-
tion, and mean-centered processing applied over the varia-
bles. Specific compound data were evaluated by the analysis 
of variance and the Tukey test (p < 0.05), and the Levene test 
was applied to verify the variance homogeneity.

Fig. 2   Leaf epidermis in Bidens 
— frontal view (light micros-
copy: a–f (stained in tolui-
dine blue); scanning electron 
microscopy: g–l). B. alba a, d, 
g, g′, j, B. pilosa b, e, h, k, B. 
subalternans c, f, i, l. Adaxial 
side a–c, g–i, abaxial side d–f, 
j–l (ct, cuticle; cr, crystal; st, 
stomata). Scale bar: a–f = 50 
µm, g–l = 5 µm, g′ = 3 µm

https://www.massbank.us/
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Results and Discussion

Morphology

In the present study, the key morphological features of the 
three Bidens species are investigated and compared. In gen-
eral, all three species (Fig. 1a–c) are herbaceous, growing 
0.3–1.2 m in height, and share basic morphological features. 
The stems are green to reddish purple, quadrangular, erect, 
or decumbent. The leaves are opposite and petiolate. How-
ever, the three species have some distinct leaf morphological 
characteristics that aid in their identification. Bidens alba 
has generally tripartite or pinnatisect leaves, with ovate-lan-
ceolate segments with serrated to deeply toothed margins 
(Fig. 1a, d), presenting a glabrescent or slightly pubescent 
indumentum, especially on the veins. In B. pilosa, the leaves 
are pinnatisect to bipinnatisect, with 3 to 5 lanceolate or 
ovate-lanceolate segments with serrated margins (Fig. 1b, 
e) and a more evident indumentum, commonly pubescent or 

strigose on both sides. Whereas, B. subalternans is distin-
guished by its larger leaf division, often bipinnatisect, with 
narrower ovate-lanceolate segments with deeply serrated 
margins (Fig. 1c, f) and a predominantly strigose indumen-
tum, giving the blade a rougher texture to the touch.

Also, B. alba has inflorescences composed of radiate 
capitula, being the ray florets white, reflexed, sterile, and 
measuring 14–16 mm in length; the disc florets are yellow, 
tubular, fertile, bisexual, and around 5.5 mm long (Fig. 1g); 
B. pilosa possesses inflorescences formed of discoid or radi-
ate capitula, when the ray florets are present are white to 
salmon-colored, sterile, and approximately 3–4 mm long, 
while the disc florets are yellow, tubular, and approximately 
3.5–4 mm long (Fig. 1h); whereas the inflorescences of B. 
subalternans are composed of discoid or radiate capitula, 
yellow ray florets, sterile, and 4–6 mm long; yellow disc 
florets, tubular, and approximately 3–4 mm long (Fig. 1i). 
These differences, especially the inflorescence, in the degree 
of leaf division and shape of the segments, and type of 

Fig. 3   Leaf trichomes in Bidens 
spp. (d–i, m: light microscopy; 
a–c, j–l, n: scanning electron 
microscopy). Bidens alba (a, 
d, g, j–l), B. pilosa (b, e, h, 
m), B. subalternans (c, f, i, n) 
(bc, basal cell; gf, flagelliform 
glandular trichome (type III); 
fl, flagellum; ns, unbranched 
non-glandular trichome (type 
I); np, pluricellular uniseriate 
non-glandular trichome (type 
II)). Scale bar: a–c = 10 µm, 
d–l = 50 µm, m = 25 µm, 
n = 100 µm
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indumentum, are important for the morphological differen-
tiation among these species.

Light Microscopy and Scanning Electron Microscopy

In frontal view, anticlinal epidermal cell walls were classi-
fied following the criteria proposed by Yang et al. (2012) 
as smooth-angled or (slightly) sinuous. They were smooth-
angled on both adaxial and abaxial epidermises of B. alba 
(Fig.  2a, d) and sinuous on both surfaces of B. pilosa 
(Fig. 2b, e), whereas B. subalternans showed sinuous walls 
on the adaxial epidermis (Fig. 2c) and slightly sinuous walls 
on the abaxial epidermis (Fig. 2f). Striate cuticle covers the 
epidermis in the three studied species (Fig. 2g–l). Also, 
anomocytic and anisocytic stomata are observed on both 
sides of the epidermis in the three species, describing the 
leaf as amphistomatic (Fig. 2a–f). Sinuous anticlinal cell 
walls, amphistomatic, anomocytic, and anisocytic stomata 
were also observed in B. pilosa by Sa et al. (2017). Essiett 
and Archibong (2014) found diacytic and staurocytic sto-
mata, in addition to anomocytic and anisocytic types, on 
both leaf surfaces in B. pilosa and found brachyparacytic 
stomata only on the abaxial surface.

Pyramidal crystals (Fig. 2g′) were found on the epidermal 
cells on the adaxial side, whereas amorphous crystals were 
observed arising from the stomata (Fig. 2j) on the abaxial 
side in B. alba. The presence of calcium oxalate crystals 
is a frequent anatomical feature in different plant groups 
(Raeski et  al. 2023), playing functions associated with 

defense against herbivores, ionic regulation, and calcium 
storage (Franceschi and Nakata 2005).

The stomata size and the stomatal index have greater tax-
onomic significance (Cutter 1986). Micro-measurements of 
stomata show that abaxial leaf surfaces have a higher stoma-
tal index when compared to those of the adaxial sides across 
all samples. Bidens alba (SI = 26.7% adaxial, 43.9% abaxial 
sides) presents the most distinct difference between adaxial 
and abaxial sides; Bidens pilosa (SI = 33.6% adaxial, 45.7% 
abaxial sides) evidences the highest average stomatal index 
on abaxial side, whereas Bidens subalternans (SI = 32.7% 
adaxial, 36.3% abaxial sides) shows the smallest difference 
between surfaces. Essiett and Archibong (2014) recorded a 
similar stomatal index for B. pilosa with 34% on the adaxial 
side and 46% on the abaxial side.

Considering the average size of stomata, B. alba has 
abaxial stomata (21 × 15 µm) that are commonly larger than 
adaxial stomata (18 × 12 µm). However, B. pilosa shows 
the opposite pattern with larger adaxial (18 × 14 µm) than 
abaxial (17 × 13 µm) stomata. Bidens subalternans possesses 
comparable sizes of stomata on both sides, being 20 × 11 µm 
on the adaxial side and 19 × 13 µm on the abaxial side. Also, 
stomata width is more constant than length measurements.

Three types of trichomes were recognized in the present 
study (Fig. 3a–i). Type I is an unbranched, non-glandular, 
multicellular uniseriate trichome with a broad base, com-
posed of 4–6 cells with thick walls, and a narrow, elongated 
apical cell (Fig. 3a–f, i). These trichomes are covered by 
a striate cuticle (Fig. 3a, c), and tiny crystals are observed 

Fig. 4   Leaf anatomy of Bidens 
spp. Cross-section of lamina 
(a–c), midrib (d–f), and petiole 
(g–i). B. alba (a, d, g), B. pilosa 
(b, e, h), B. subalternans (c, f, i) 
(co, collenchyma; ep, epider-
mis; gp, ground parenchyma; 
pp, palisade parenchyma; sd, 
secretory duct; sp, spongy 
parenchyma; vb, vascular bun-
dle). Scale bars: a–c = 50 µm, 
d–i = 300 µm
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inside some cells. The epidermal cells surrounding this 
trichome are arranged in a rosette pattern. Non-glandular 
trichomes are also present along the leaf margins, with the 
apical cells regularly oriented toward the leaf apex in all spe-
cies (Fig. 3d–f) and make the indument of the leaf strigose.

Type II trichomes are non-glandular, multicellular, uni-
seriate, formed by 4–10 cells, with the basal cell shaped 
like a pedestal and covered by striate cuticle, and an apical 
cell slightly longer than the others (Fig. 3g, j, k, m). This 
trichome was called by Essiett and Archibong (2014) and Sá 

Fig. 5   Anatomy of Bidens spp. 
— stem in cross-section. B. alba 
a, d, g, j, B. pilosa b, e, h, k, B. 
subalternans c, f, i, l (co, col-
lenchyma; en, endodermis; ep, 
epidermis; fi, fiber; ph, phloem; 
pi, pith; sg, starch grain; sd, 
secretory duct; vb, vascular 
bundle; xy, xylem). Scale bars: 
a–c = 500 µm, d–f = 200 µm, 
g–l = 50 µm

Fig. 6   Scanning electron 
microscopy of crystals in 
Bidens spp. — stem in cross-
section. B. alba a, B. pilosa b, 
B. subalternans c. Scale bars: a, 
b = 10 µm and c = 20 µm
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et al. (2017) as glandular. However, no glandular heads or 
oil production were observed. Type III is a flagelliform glan-
dular trichome (Fig. 3h, l), formed by 1–3 cells at the base 
and an apical cell from which an elongated, cylindrical tube 
contains a translucent secretion. Bidens alba and B. pilosa 
have all three types of trichomes, whereas B. subalternans 
has only types I and II.

The leaves of all species, in cross-section, present uni-
layered epidermis covered externally by a moderately thick 
cuticle that reacts positively with Sudan III. The mesophyll 
is dorsiventral, comprising one layer of palisade and about 
four layers of spongy parenchyma. Minor vascular bundles 
are located in the middle of the mesophyll and are encircled 
by a parenchyma sheath (Fig. 4a–c). The midrib is biconvex 
with an angular shape on the adaxial side and a rounded 
or slightly plane-convex outline on the abaxial side. Tri-
chomes previously described for lamina were also found 
in the midrib. Beneath the epidermis, one to two layers of 
angular collenchyma are found on both sides; however, pho-
tosynthetic parenchyma is continuous on the adaxial side. 
The vascular system is represented by three free vascular 
bundles in an open arc, the central one being larger than 
the others. Secretory ducts formed by uniseriate epithelium, 
producing lipophilic material, are found close to the vascular 
bundles in the ground parenchyma (Fig. 4d–f). The petiole, 
in cross-section, is biconvex with two wings on the adaxial 
side (Fig. 4g–i). The overall anatomy of the midrib is similar 
to that of the petiole.

In cross-section, the stems are quadrangular in shape with 
four angular projections which may be slightly or deeply 
prominent in all three species (Fig. 5c, f, i). The epidermis 
is unilayered, covered by a thin and striated cuticle. In the 
cortex, chlorenchyma alternates with angular collenchyma 
(Fig. 5d–f). In the projection regions, various layers of angu-
lar collenchyma are observed in the three species (Fig. 5g–i). 
Secretory ducts are also found in this region (Fig. 5h, i). 
Idioblasts containing brownish substances corresponding 

to phenolic compounds are present in the chlorenchyma. 
Delimiting the cortex, an endodermis is present (Fig. 5g–k), 
containing starch grains (Fig. 5g) which react positively with 
iodine solution.

The vascular system of the stem is represented by around 
20 vascular bundles forming a ring and delimiting the pith 
(Fig. 5a–c). There is also a vascular bundle in each projec-
tion (Fig. 5c, f). A perivascular fiber cap is found attached 
to the phloem (Fig.  5). The pith occupies most of the 
stem’s central region and is formed by parenchyma cells 
(Fig. 5a–c). The three Bidens stems showed bipyramidal 
crystals in the pith (Fig. 6a–c). However, only B. alba also 
displayed cubic crystals in this tissue.

In cross-section, the roots of the three studied species 
are circular. The development of secondary growth with the 
presence of periderm can be observed. The cortex is formed 
by around five layers of parenchyma and encloses secretory 
ducts. Delimiting the cortex, an endodermis is present and has 
Casparian stripes. The phloem surrounds the xylem, which 
occupies the root’s central region and shows parenchymatic 
rays. Groups of fibers are found in the phloem (Fig. 7a–f).

Elemental Analysis of Crystals

The presence of amorphous crystals arising from stomata 
(Figs. 2j and 8a, b) suggests the existence of an excretion 
mechanism, probably associated with the elimination of 
excess calcium or the regulation of osmotic balance, also 
functioning as a physical barrier against microorganisms and 
insects. This stomatal phenomenon, although poorly docu-
mented, has been associated with the adaptive capacity of 
certain species to deal with environments rich in mineral 
salts (Nakata 2015).

After EDS analyses, amorphous crystals showed addi-
tional elements, such as potassium, sulfur, and sodium 
(Fig. 8a, b), whereas the cubic crystal structure was observed 
when the chemical composition was only calcium oxalate 

Fig. 7   Anatomy of Bidens spp. 
— root in cross-section. B. alba 
(a, d), B. pilosa (b, e), B. subal-
ternans (c, f) (co, collenchyma; 
cp, cortical parenchyma; en, 
endodermis; fi, fibers; pe, peri-
derm; xy, xylem). Scale bars: 
a–c = 500 µm, d–f = 300 µm
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(Fig. 8c). This finding suggests that the incorporation of 
heterogeneous ions may affect the orderly arrangement of 
calcium oxalate, leading to changes in crystal morphology.

Chemical Identification Using UPLC‑ESI‑QTOF

In the present study, LC-MS analysis was employed for the 
characterization of different compounds tentatively iden-
tified in the three species studied divided in stems, roots, 
and leaves. It showed the presence of polyphenols, includ-
ing phenolic acids and their derivatives, flavonoids (as well 
as their glycosidic forms) as the main compounds of the 
Bidens species studied and identified in all plant parts. These 

molecules have also been previously identified in Bidens 
(Chiang et al. 2004; Silva et al. 2013; Yang 2014; Bartolome 
et al. 2013; Liang and Xu 2016).

Compounds identified in the three species studied are 
listed in Table S1. These compounds showed to be similar 
in all extracts analyzed, with differences in concentration; 
there were major variations for caffeoylquinic acids, di-
caffeoylquinic acids, and some flavonoids such as querce-
tin and okanin derivatives (Figure S1 and Figure S2). As 
observable in other species from the genus, phenolic com-
pounds are common in Bidens species with the chemical 
structures and unique characteristics that collectively influ-
ence the overall biological activity of the plant.

Fig. 8   Field emission scanning electron microscopy image and 
energy-dispersive X-ray spectroscopy spectra of Bidens alba. Amor-
phous crystal (a, b) and cubic crystal (c). The prominent unlabeled 

peak at 0 keV is the noise peak, and the peak near 2.1 keV is for gold 
(Au) used for sputter-coating the samples for SEM analysis
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Additionally, as observable in Table S2, 21 compounds 
were observable and 2 unknowns. Caffeoylquinic and di-
O-caffeoylquinic acid showed ions at m/z 353 and 515; oka-
nin derivatives as ions at m/z 533, 575, and 679; quercetin 
and luteolin derivatives at m/z 609, 447, and 531. Other 
compounds were dihydroxybenzoyl hexoside at m/z 315, 
quinic acid at m/z 191, and caffeoyl-xylose at m/z 311.

Although the class of samples is known a priori, a study 
based on the unsupervised pattern recognition method was 
applied to observe the structure of the dataset. The PCA 
score plot (PC1 × PC2) clearly separates Bidens samples 
according to species, tissue, and heat/steam processing 
(Fig. 9a). PC1 (70% of the variance) is the main discrimi-
nator, distinguishing samples with higher contributions of 
the markers assigned to peaks 1–9, namely caffeoylquinic 
acid derivatives (1 and 4–5), caffeoyl-xylose (2), quercetin-
O-glucuronide (3), and acetylated okanin glycosides (6–9) 
from samples showing lower relative contribution of these 
compounds (Fig. 9b). PC2 (18%) further refines the separa-
tion by contrasting profiles relatively enriched in the later-
eluting acetylated okanin glycosides (6–9; positive PC2 

direction) versus profiles more associated with the earlier-
eluting phenolic markers, especially caffeoylquinic acids 
and quercetin-O-glucuronide (1–5; negative PC2 direction) 
(Fig. 9c). Overall, the loading plots support that changes in 
the relative abundance of these phenolic and okanin-derived 
constituents drive the observed clustering, indicating that 
both plant matrix (leaves vs roots) and processing (steam/
heat time) contribute to the chemical differentiation among 
Bidens samples.

To understand the variations of the content, semi-
quantification was evaluated by certifying the compounds 
between the species (Fig. 10a, b) presented high caffeoyl 
and di-caffeoyl content for B. subalternans root and leaves 
observed in loadings PC1 plot described in positive of PC. 
Additionally, B. pilosa leaves and B. alba leaves and root 
showed variations in caffeoyl and di-caffeoyl (B. pilosa 
leaves showed higher concentrations in both — Fig. 10c), 
and B. pilosa leaves show higher concentration of okanin-
O-(diacetyl)-hexoside and placed in positive of PC2.

It should be noted that the present study is based on mate-
rial collected in a single geographic region and during a single 

Fig. 9   PC1 × PC2 scores plot on the Bidens in different heat times 
a. Loading in line with scores b and c  for PC1 and PC2, respec-
tively. The numbers showed the following identification: 1, 
3-O-caffeoylquinic acid; 2, caffeoyl-xylose; 3, quercetin-O-glucuron-

ide; 4 and 5, di-O-caffeoylquinic acid; 6 and 7, okanin-O-(diacetyl)-
hexoside; 8 and 9, okanin-O-(triacetyl)glucoside. The species are 
described as Alb, B. alba; Pil, B. pilosa; Sub, B. subalternans; L, 
leaves; R, root; and S, stem
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collection period, with five individuals analyzed per species. 
Given the high phenotypic plasticity and broad geographic 
distribution reported for Bidens taxa (Grombone-Guaratini 
et  al. 2005), broader sampling across multiple popula-
tions, seasons, and environmental conditions would further 
strengthen the generalization of these diagnostic traits and the 
associated chemical fingerprints. However, the concordance 
observed among individuals within each species, together 
with the complementary evidence provided by morpho-anat-
omy and LC-MS fingerprinting, supports the consistency of 
the diagnostic set proposed here for the studied material.

Conclusion

Among the three Bidens species studied, morphological 
identification often leads to confusion. This study demon-
strates that the combined use of morpho-anatomical and 
chemical techniques was decisive for their differentiation.

Certain morpho-anatomical characteristics show poten-
tial as reliable markers for species delimitation, particularly 
inflorescence type, the degree of leaf division, segment 
shape, indumentum type, the pattern of anticlinal epidermal 
cell walls, stomatal size and index, trichome assemblages, 
morphotypes, and crystal composition.

Similarly, chemometric analysis of the species’ extract 
profiles helped reinforce the differences among the three 
species. Therefore, this combined analytical approach serves 

as a powerful tool for determining the morpho-anatomical 
and chemical differences among B. pilosa, B. alba, and B. 
subalternans, allowing for their clear differentiation.

Overall, this integrated approach provides a useful frame-
work for Bidens species authentication and for improving 
quality control of botanical raw materials. Because the pre-
sent study is based on material collected in a single region 
and period (n = 5 per species), broader sampling across 
multiple populations, seasons, and environments will fur-
ther strengthen the generalization of diagnostic traits and 
chemical fingerprints and support extension of this strategy 
to additional taxa within the B. pilosa complex.
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