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A B S T R A C T   

The species of the genus Passiflora (Passifloraceae family) have been used as food, cosmetic and traditional 
herbal. As a result, the Passiflora species are widely cultivated and has an economic, medicinal and ornamental 
importance. The popular designation as “passion fruit” and chemical profile of several Passiflora species remains 
unknown. The lack of chemical information contributes to the erroneous classification and adulteration. In recent 
years, special attention has been paid to the bioactivity and phytochemical profiles of several Passiflora species 
extracts. In this research, 1H NMR-based metabolic profiling coupled with chemometric tools was used to 
characterize and distinguish extracts obtained from different wild Passiflora species (P. alata, P. cincinnata, and 
P. setacea) and genetic varieties (P. alata var. BRS Pérola do Cerrado, P. cincinnata var. BRS Sertão Forte, and 
P. setacea var. BRS Pérola do Cerrado). Fourteen metabolites were identified by 1D and 2D NMR experiments, 
highlighting the presence of fatty acids, carbohydrates, saponins, alkaloids, and mainly C-glycosidic flavones. 
Principal components analysis (PCA) allowed discrimination of Passiflora extracts, which the quadranguloside, 
oleanolic acid-3-sophoroside, α-glucose, β-glucose, and vitexin-2-O”-rhamnoside were relevant in the differen
tiation of P. alata and P. alata var. BRS Pérola do Cerrado, while the flavones isovitexin and isovitexin-2-O”- 
xyloside were dominant in the grouping of P. setacea and P. setacea var. BRS Pérola do Cerrado, and finally 
P. cincinnata and P. cincinnata var. BRS Sertão Forte grouped by the influence of the fatty acids, sucrose, flavones 
(isoorientin and vitexin-2-O”-xyloside), and trigonelline. The varieties of P. setacea, and P. cincinnata are 
chemically equivalent to the original Passiflora species. However, the PCA analysis showed that the genetic 
variety of P. alata occupied a different position in the scores plot provoked mainly by the presence of oleanolic 
acid-3-sophoroside. The 1H NMR metabolic profile can be efficient for quality control evaluation, and can 
contribute to the investigation of new alternatives for official Passiflora herbal medicines.   

1. Introduction 

Passiflora L. belongs to the Passifloraceae family and comprises by 
almost 630 species. Its occurrence is described mostly in Tropical 
America with parallel reports in Australia, China, India, and the Pacific 
Islands (Faleiro et al., 2019; Pereira, Lima, Soares, Laranjeira, de Jesus, 
& Girardi, 2019). About one hundred and fifty Passiflora species, 
popularly known as “passion fruit”, are originally from Brazil, some of 
which has been widely employed in food, cosmetic, and pharmaceutical 
industries (Patel, Soni, Mishra, & Singhai, 2011; Pereira et al., 2019). In 

2020, Brazil produced 690,364 t of Passiflora fruit, with a great partic
ipation of the Northeastern region contributing with 71.17% of the 
production (IBGE, 2020). Among Passiflora species, Passiflora edulis 
Sims. is the most cultivated one and can be found in 90% of the orchards. 
P. edulis is commonly consumed as fresh fruit or used for producing 
juices, beverages, jams, sweets, and jellies (Faleiro et al., 2019). Other 
species economically important in Brazil are Passiflora alata Curtis, 
Passiflora cincinnata Mast., Passiflora setacea DC., and their genetic va
rieties have also achieved commercial interest due to their edible fruits 
and medicinal appeal (Bomtempo, Costa, Lima, Engeseth, & Gloria, 
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2016; Faleiro et al., 2019). The genus Passiflora has contributed signif
icantly to plant breeding programs, since most species have longevity, 
tolerance to diseases, pests and hydric stress, as well as high concen
trations of important pharmaceutical industry metabolites, such as fla
vonoids (Bernardes et al., 2020; Bomtempo et al., 2016; Wosch, dos 
Santos, Imig, & Santos, 2017). 

Traditionally, Passiflora species have been indicated for the treat
ment or prevention of disorders of central nervous system, such as 
depression, insomnia, and anxiety (Figueiredo et al., 2016). Biological 
studies have shown analgesic (He et al., 2020; Sasikala, Saravanan, & 
Parimelazhagan, 2011), anti-inflammatory (Patel et al., 2011; Sasikala 
et al., 2011), antibiotic (Siebra et al., 2018), antioxidant (Shanmugam 
et al., 2020; Wasicky et al., 2015), anti-diabetic (He et al., 2020; Shan
mugam et al., 2020), gastroprotective (Wasicky et al., 2015), sedative 
(Gazola et al., 2018; He et al., 2020), anxiolytic (Holanda et al., 2020), 
and anticonvulsant effects (Holanda et al., 2020) in the genus Passiflora. 
Although several Passiflora species are often used for medicinal pur
poses, only P. edulis Sims and P. alata Curtis are included in the 6th 
Edition of the Brazilian Pharmacopoeia (Anvisa, 2019). Recently, Pas
siflora incarnata was added to the 2nd Edition of the Form of Herbal 
Medicines of the Brazilian Pharmacopoeia (Anvisa, 2021; Fonseca, 
2020). Several pharmacological and taxonomic investigations on 
P. alata and P. edulis have been performed. However, other Passiflora 
species native to Brazil, albeit cataloged a long time, have been 
neglected and there is no information on their potential uses as food, 
cosmetics, and pharmaceuticals (Fonseca, 2020). 

In addition, Passiflora spp. present numerous classes of chemical 
compounds, with emphasis on alkaloids (Bomtempo et al., 2016; Dha
wan, Dhawan, & Sharma, 2004), saponins (Doyama, Rodrigues, Novelli, 
Cereda, & Vilegas, 2005; Reginatto et al., 2001), terpenes (Ozarowski, 
Piasecka, Paszel-Jaworska, & de Chaves, 2018; Reginatto et al., 2001), 
and phenolic compounds (Dhawan et al., 2004; Patel et al., 2011), 
mainly C-glycosylated flavonoids derived of the apigenin and luteolin 
(Gazola et al., 2018; McCullagh, Goshawk, Eatough, Mortishire-Smith, 
Pereira, Yariwake, & Vissers, 2021; Ozarowski et al., 2018). 

In this regard, analytical tools associated with chemometric have 
enabled simultaneous identification and quantification of primary and 
secondary metabolites via metabolic profiling or fingerprint approaches 
in several medicinal plants, including Passiflora species (Danek, Plonka, 
& Barchanska, 2021; Dutra et al., 2020; Emwas et al., 2019; Farag et al., 
2016; Hellal, Mediani, Ismail, Tan, & Abas, 2021). Mass spectrometry 
(EM) - coupled with liquid (LC) or gas (GC) chromatography - and nu
clear magnetic resonance (NMR) are the main analytical techniques 
employed in this area (Emwas et al., 2019). Among the advantages of 
using NMR stand out the speed and simplicity of samples preparation, 
the possibility of identify and quantify multiple metabolites at the same 
spectrum, high reproducibility, and the non-destructive aspect of this 
technique (Brahmi et al., 2020; Dutra et al., 2020; Farag et al., 2016; 
Hellal et al., 2021; da Santos, 2018; Snyder, 2021). 

Assessing the chemical composition of plants with biological and 
economical importance, as Passiflora, is essential. In this sense, untar
geted metabolic profiling can be very helpful offering the opportunity of 
tracking major and minor metabolites. Furthermore, there is a great 
interest in developing methods to efficiently identify and distinguish 
Passiflora species, their genetic varieties, as well as to discriminate 
species according to applications and popular uses. Also, adulteration 
and misidentification can impact the commercial values of Passiflora 
species and affect their therapeutic application (Brahmi et al., 2020; 
Fonseca, 2020). In this context, Farag et al. (2016) and Flores, Marti
nelli, and Lião (2020) proposed 1H NMR metabolic fingerprint ap
proaches for both differentiation of geographic origins and quality 
control of some Passiflora based on herbal medicines (Farag et al., 2016; 
Flores et al., 2020). 

Herein, we employed 1H NMR-based metabolic profiling associated 
with chemometric analysis to differentiate Passiflora species (Passiflora 
alata Curtis, Passiflora cincinnata Mast., and Passiflora setacea DC.) and 

their genetic varieties by comparing the chemical composition of the 
Passiflora extracts. This investigation can contribute to quality control 
and help investigate alternatives for the official herbal medicines of 
Passiflora. 

2. Material and methods 

2.1. Chemicals and reagents 

All the chemical reagents were of analytical grade. Dimethyl sulf
oxide-d6 (DMSO‑d6, 99.9% 2H) containing tetramethylsilane (TMS, 
0.03%) was purchased from Cambridge Isotope Laboratories, Inc. 
(Massachusetts, USA). Absolute ethanol was supplied from LabSynth 
(São Paulo, Brazil) and distilled water was acquired in our laboratory. 

2.2. Samples collection and preparation 

Leaves of wild Passiflora species (Passiflora alata Curtis, Passiflora 
cincinnata Mast., and Passiflora setacea DC.) were collected in August 
2019, while their varieties (Passiflora alata Curtis var. BRS Mel do Cer
rado, Passiflora cincinnata Mast. var. BRS Sertão Forte, and Passiflora 
setacea DC. var. BRS Pérola do Cerrado) were obtained in August 2018. 
All Passiflora samples were stored at Brazilian Agricultural Research 
Corporation (EMBRAPA) Semiarid, housed in Petrolina city, Pernam
buco State, Brazil. Passiflora spp. were dried in an oven of circulating air 
at an average temperature of 45 ◦C for 72 h, and submitted to pulveri
zation in an analytical mill (Quimis, São Paulo, Brazil) before the 
freezing. Afterward, the samples were kept at − 20 ◦C until NMR data 
acquisition. All procedures for access to genetic patrimony and associ
ated traditional knowledge were carried out and the project was regis
tered in SisGen (Register #A1514EF). 

2.3. Extraction of metabolites 

Extractions were carried using about 50.0 ± 0.5 mg from the powder 
obtained from Passiflora spp. leaves in 1.0 mL of ethanol:water (7:3 v/v) 
in tubes, followed by sonication at 30 ◦C for 15 min in an SB-120DTN 
Ultrasonic Cleaner (Logen Scientific, São Paulo, Brazil). These samples 
were centrifuged at 4000 rpm for 10 min in a Universal 320R centrifuge 
(Hettich, Tuttlingen, Germany). The supernatant was collected and 
transferred to glass flasks and subsequently submitted to evaporation 
the solvent in an oven circulating air at 30 ◦C for 12 h, yielding Passiflora 
extracts. The powder was discarded. This procedure was realized in 
quintuplicate for each Passiflora species, resulting in 30 samples. 

The sample preparation for NMR experiments was performed as 
previously described by Kim, Choi, and Verpoorte (2010) with adapta
tions. The extracts were dissolved in 500 μL of dimethyl sulfoxide-d6 
(DMSO‑d6) containing 0.03% tetramethylsilane (TMS) and added to 5 
mm tubes for further NMR analyses. 

2.4. NMR spectroscopic analysis 

1H NMR spectra were recorded at 298 K on a Bruker™ ASCEND III 
400 NMR (Bruker BioSpin GmbH, Rheinstetten, Germany) operating at 
9.4 T, observing 1H and 13C at 400 and 100 MHz, respectively. The NMR 
spectrometer was equipped with a 5-mm multinuclear direct detection 
probe (BBO probe) with z-gradient. The samples were locked on the 
deuterium signal from DMSO‑d6, and the magnetic field homogeneity 
was optimized for each sample. The 1H NMR experiments were acquired 
using a water suppression pulse sequence, zgpr (Bruker library), in which 
the residual water signal at 3.411 ppm was eliminated. For each sample, 
64,000 of time domain points for a spectral width of 24.99 ppm over 128 
scans, radiofrequency pulse of 13.55 µs, acquisition time of 3.28 s, 
recycling delay of 2.0 s, 2 dummy scans, and 161 of receiver gain. The 
spectra were apodized via exponential Lorentzian broadening multipli
cation corresponding to 0.3 Hz line broadening in the transformed 
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spectrum, and zero filled to 64 k points prior to Fourier transformation. 
NMR spectra were referenced to TMS at 0.0 ppm. The total experiment 
time was 25 min for each sample, including the time required for 
locking, tuning and matching of the probehead, shimming, and acqui
sition procedure. 

2.5. Metabolic profiling 

The metabolite identity was assigned using one- and two- 
dimensional NMR experiments and in accordance with the literature 
(Abd Ghafar et al., 2020; Doyama et al., 2005; Farag et al., 2016; Fer
reira et al., 2016; Gazola et al., 2018; Hosoya, Young, & Kunugi, 2005; 
Marchesine, Prado, Messiano, Machado, & Lopes, 2009; Zielińska-Pis
klak, Kaliszewska, Stolarczyk, & Kiss, 2014), including online database, 
such as the Human Metabolome Database (HMDB) (Wishart et al., 
2018). Thus, to support an unequivocal chemical shifts assignment in 
the 1H NMR spectra, homonuclear correlation spectroscopy (1H–1H 
COSY), heteronuclear single quantum correlation (1H–13C HSQC), and 
heteronuclear multiple bond correlation (1H–13C HMBC) experiments 
were performed. Thus, the 1H–1H COSY experiment was obtained using 
cosypgppqf with spectral window of 6,410.3 Hz in both dimensions, 
2,048 × 128 were acquired with 16 scans per increment and relaxation 
delay of 2.0 s. For 1H–13C HSQC, the hsqcdetgpsisp2.3 sequence was used 
employed spectral window of 6,410.3 and 25,252.5 Hz in f2 and f1 di
mensions, respectively, per 40 scans per increment, with an average 
coupling constant 1J(C,H) optimized for 145 Hz, relaxation delay of 2.0 s. 
1H–13C HMBC experiment was performed with hmbcgplpldqf pulse 
sequence with coupling constant LRJ(C,H) of 8 Hz, 2,048 × 312, it was 
used 80 scans per increment, relaxation delay of 2.0 s, and spectral 

width of 6,410.3 in f2 and 25,252.5 Hz in f2 dimensions. The coupling 
constants (J) were expressed in Hz. 

2.6. Chemometric analysis of the Passiflora species 

The principal components analysis (PCA) was performed using 
AMIX® software (version 3.9.12, Bruker BioSpin, Rheinstetten, Ger
many). Firstly, all 1H NMR spectra were manually phased, baseline 
corrected, and aligned with the use of the TopSpin® (version 4.0.9, 
Bruker BioSpin, Rheinstetten, Germany) software. The chemical shift 
range between δ 0.20–10.00 represented all 1H NMR resonances in the 
samples. Such range was segmented in continuous small buckets with 
0.05 ppm wide. The areas between 3.30 and 3.50 and 2.46–2.56 ppm 
were excluded from the 1H NMR data to eliminate residual water and 
dimethylsulfoxide signals, respectively. The area under each bucket was 
integrated using the special integration mode. The spectra were scaled to 
the total intensity and after this procedure, a matrix was created in 
which each row represents the 1H NMR spectra of the Passiflora samples 
and each column contains the integrated areas of the original signal 
within each bucket region. The quintuplicate of each sample resulted in 
a final matrix composed of 30 lines (samples) and 192 columns (vari
ables or buckets). For the PCA analyses, autoscaling was employed as 
pre-processing. The identification of the metabolites responsible for the 
discrimination between species was performed through the loadings 
plot. The metabolites responsible for the variance data were attributed 
in comparison with the literature. 

Fig. 1. 1H NMR fingerprint of Passiflora extracts.  

L.M. Dutra et al.                                                                                                                                                                                                                                



Food Research International 164 (2023) 112441

4

3. Results and discussion 

3.1. Identification of metabolites in Passiflora extracts by 1D and 2D 
NMR experiments 

The 1H NMR metabolic profile allowed us to identify the main me
tabolites in the leaves ethanolic extracts of Passiflora species (Fig. 1 and 
Fig. 2). In all species investigated, the 1H NMR spectra revealed a 
complex pattern of signals attributed to aliphatic (δ 0.50–3.00), glyco
sylated (δ 3.00–5.50), and aromatic compounds (δ 5.50–10.00) (Fig. 1). 
Signals attributed to primary and secondary metabolites in Passiflora 
species are depicted in Fig. 1 and detailed in Table 1S). Resonances 
associated with the presence of long-chain saturated fatty acids (1) were 
observed via signals at δ 1.48 (m, CH2), δ 1.29–1.31 (m, CH2n) – asso
ciated with methylene groups, δ 0.85 (t, J = 6.5 Hz, CH3) – attributed to 
terminal methyl group of fatty acids, and a triplet at δ 2.17 (t, J = 7.3 Hz, 
CH2), that showed long-range 1H–13C HMBC correlation map with the 
carbons at δ 24.7, 28.4 and 174.6. Also, unsaturated fatty acids (2) were 
identified by the signals at δ 0.92 (t, J = 7.2 Hz) and δ 5.06–5.38 asso
ciated respectively with the terminal methyl and olefinic hydrogens of 
these metabolites (Figs. 1 and 2, Table 1S). Fatty acids are typically 
found in nature, including in plants as Passiflora species (Farag et al., 
2016). 

The second region (δ 3.00–5.50) showed intense and overlapping 
signals related to the most abundant sugars and other anomeric hydro
gens attributed to aglycones, typical of compounds in Passiflora species. 
α-glucose (3), β-glucose (4), and sucrose (5) were easily identified in all 
Passiflora extracts by tracking the anomeric hydrogens at δ 4.90 (d, J =
3.6 Hz), δ 4.26 (d, J = 7.7 Hz), and δ 5.18 (d, J = 3.7 Hz) (Abd Ghafar 
et al., 2020; Farag et al., 2016). One-bond and long-range correlation 
maps ensured the compounds identification. (Figs. 1 and 2, Table 1S). 

In addition to primary metabolites, the 1H NMR metabolic profiles of 
P. alata and P. alata var. BRS Mel do Cerrado displayed signals consistent 
with saponins quadranguloside (6) and oleanolic acid-3-sophoroside 
(7). The quadranguloside (6) was confirmed by the singlets at δ 0.86 
(s, H-18), δ 0.93 (s, H-28), δ 0.96 (s, H-29), and δ 0.78 (s, H-30) that, 
according to the 1H–13C HSQC experiment, are respectively attached to 
the carbons at δ 19.4 (C-18), 18.3 (C-28), 25.1 (C-29), and δ 14.9 (C-30). 

The methyl groups at C-29 and C-30 showed long-range 1H–13C HMBC 
correlations with carbon at δ 87.4 (C-3) and its hydrogen at δ 3.12 (m, H- 
3). Likewise, the doublet at δ 4.17 (d, J = 7.7 Hz, H-1′) correlated with 
the carbon at δ 105.3 in the 1H–13C HSQC, as well as long-range 1H–13C 
HMBC with the carbon at δ 87.4, supporting the gentiobiose unit at C-3. 
The other methyl group, at δ 1.70 (s, H-27), revealed one-bond 1H–13C 
HSQC correlation map with the carbon at δ 21.6 and long-range 1H–13C 
HMBC correlation map with the carbons δ 66.4 (C-26), 130.2 (C-24), and 
130.8C (C-25) of quadranguloside (6) (Doyama et al., 2005). The signal 
at δ 4.11 (br s, H-26) is attached to C-26, while the multiplet at δ 5.28 (m, 
H-24) is bonded to C-24. The doublets at δ 0.30 (d, J = 3.8 Hz) and δ 0.48 
(d, J = 3.8 Hz) displayed one-bond 1H–13C HSQC correlation map with 
the carbons at δ 29.6 (C-19), also of quadranguloside (6) (Figs. 1 and 2, 
Table 1S). The saponin oleanolic acid-3-sophoroside (7) was charac
terized by the methyl hydrogens at δ 0.74 (s, H-23), δ 0.99 (s, H-24), δ 
0.86 (s, H-25), δ 0.71 (s, H-26), δ 1.09 (s, H-27), and δ 0.87 (s, H-29 and 
H-30). The olefinic hydrogen at δ 5.15 (br t, H-12) showed one-bond 
1H–13C HSQC with the carbon at δ 121.4. Furthermore, methyl groups 

Fig. 2. Main metabolites identified in Passiflora extracts.  

Table 1 
Overview of the metabolites identified in Passiflora extracts.  

Metabolite A B C D E F 

Saturated fatty acids (1) x x x x x x 
Unsaturated fatty acids (2) x x x x x x 
α-Glucose (3) x x x x x x 
β-Glucose (4) x x x x x x 
Sucrose (5) x x x x x x 
Quadranguloside (6) x x     
Oleanolic acid-3-sophoroside (7) x x     
Isoorientin (8)    x   
Isovitexin (9)   x x x x 
Vitexin (10) x x     
Vitexin-2′′-O-rhamnoside (11) x x     
Vitexin-2′′-O-xyloside (12)   x x   
Isovitexin-2′′-O-xyloside (13)   x x x x 
Trigonelline (14) x x x x x x 

A – Passiflora alata; B – Passiflora alata var. BRS Mel do Cerrado; C – Passiflora 
cincinnata; D – Passiflora cincinnata var. BRS Sertão Forte; E – Passiflora setacea; F 
– Passiflora setacea var. BRS Pérola do Cerrado. 
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at C-23 and C-24 of oleanolic acid-3-sophoroside (7) exhibited 1H–13C 
HMBC correlation map with the signal at δ 88.3 (C-3), which is attached 
to hydrogen at δ 3.04 (m, H-3). Also, the doublet at δ 4.25 (d, J = 7.8 Hz, 
H-1′) showed 1H–13C HMBC with the carbon at 88.3, confirming the 
glycosidic unit at C-3 (Doyama et al., 2005). The other glycosidic unit of 
oleanolic acid-3-sophoroside (7) was attributed based on the anomeric 
hydrogen at δ 4.43 (d, J = 7.8 Hz, H-1′′) (Figs. 1 and 2, Table 1S). 

The aromatic region (δ 5.50 to 10.00) revealed the presence of fla
vonoids and alkaloids, often found in species of the genus Passiflora 
(Fig. 1). Flavonoids are the most abundant class of secondary metabo
lites present in this genus and possess diverse medicinal properties, 
which explains their use as chemical markers for quality control of 
Passiflora species (Dhawan et al., 2004; Patel et al., 2011; Tremmel, 
Kiermaier, & Heilmann, 2021). Isoorientin (8) was identified in the 1H 
NMR metabolic profile of P. cincinnata var. BRS Sertão Forte trough the 
signals at δ 6.58 (s, H-8) and δ 6.66 (s, H-3) that exhibited one-bond 
1H–13C HSQC correlation map with carbons at δ 93.6 (C-8) and 102.8 
(C-3), respectively – which is consistent to the rings A and C of a 5,6,7- 
trisubstituted flavone – and anomeric hydrogen at δ 4.59 (d, J = 9.8 Hz, 
H-1′′). Also, an ABX system was observed at δ 6.92 (d, J = 8.3 Hz, H-2′) 
and δ 7.43 (d, J = 2.3 Hz, H-5′) and a double of doublets at δ 7.40 (dd, J 
= 8.3 and 2.3 Hz, H-6′) in accordance to 3′,4′-disubstituted ring B 
(Figs. 1 and 2, Table 1S) (Ferreira et al., 2016). The derivative of 6-C-gly
cosylated flavone of apigenin, known as isovitexin (9) was observed in 
the 1H NMR metabolic profile of all Passiflora extracts, except for P. alata 
and its genetic variety (Figs. 1 and 2, Table 1S). In contrast to 8, iso
vitexin (9) showed two doublets at δ 7.91 (d, J = 8.8 Hz, H-2′/H-6′) and 
δ 6.95 (d, J = 8.8 Hz, H-3′/H-5′), typical AA’BB’ coupling system of the 
ring B. The singlet at δ 6.60 (s, H-8) showed one-bond 1H–13C HSQC 
correlation map with the carbon at δ 93.7 (C-8). The signal at δ 6.76 (s, 
H-3) displayed a long-range 1H–13C HMBC correlation map with the 
carbons at δ 103.4 (C-10), δ 121.6 (C-1′), δ 163.5 (C-2), and δ 181.9 (C- 
4), supporting the hydrogen at C-3. The anomeric hydrogen in the iso
vitexin (9) was confirmed with the presence of doublet at δ 4.58 (d, J =
9.8 Hz, H-1′′), which showed 1H–13C HSQC correlation map with the 
carbon at δ 73.0 and 1H–13C HMBC correlation map with the carbons at δ 
160.4 (C-5), δ 108.7 (C-6) and δ 163.2 (C-7) of the flavone ring A 
(Ferreira et al., 2016; Hosoya et al., 2005). 

Vitexin (10) and vitexin-2′′-O-rhamnoside (11) were identified in 
P. alata and P. alata var. BRS Mel do Cerrado. The flavone 10 was 
characterized by the resonances at δ 6.30 (s, H-6) and δ 6.76 (s, H-3). 
Just as for isovitexin, it was observed an AA’BB’ coupling system at δ 
7.91 (d, J = 8.8 Hz, H-2′/H-6′) and δ 6.94 (d, J = 8.8 Hz, H-3′/ H-5′). The 
anomeric hydrogen of glucose attached at C-8 was observed at δ 4.76 (d, 
J = 9.9 Hz, H-1′′) (Farag et al., 2016; Ferreira et al., 2016). Evidence of 
this fact is the long-range 1H–13C HMBC correlation of the anomeric 
hydrogen (H-1′′) with carbons at δ 162.6 (C-7), δ 104.8 (C-8), and δ 
155.9 (C-9), confirming the 5,7,8-trisubstituted flavone (Figs. 1 and 2., 
Table 1S). Vitexin-2′′-O-rhamnoside (11) revealed the presence of res
onances at δ 4.76 (d, J = 9.8 Hz, H-1′′) and δ 4.98 (br s, H-1′ ′′) and their 
one-bond correlations with carbons at 71.6 (C-1′′) and 100.1 (C-1′ ′′), 
respectively, which are characteristic of glucose and rhamnose units 
(Ferreira et al., 2016). The doublet at δ 0.48 (d, J = 6.2 Hz, H-6′′’) 
attached to C-6′′ (δ 17.3) confirmed the presence of the rhamnose unit. 
The two singlets at δ 6.31 (s, H-6) and δ 6.77 (s, H-3), as well as, two 
doublets of an AA’BB’ coupling system at δ 8.04 (d, J = 8.7 Hz, H-2′/H- 
6′) and δ 6.93 (d, J = 8.7 Hz, H-3′/H-5′), confirmed the presence of 11 
(Figs. 1 and 2, Table 1S). 

The 1H NMR metabolic profiling of the P. cincinnata extract and its 
genetic variety revealed two doublets at δ 8.01 (d, J = 8.8 Hz, H-2′/H-6′) 
and δ 6.92 (d, J = 8.8 Hz, H-3′/H-5′) - typical of an AA’BB’ system of the 
ring B of a flavone - as well as two singlets at δ 6.30 (s, H-6) and δ 6.77 (s, 
H-3) that are relative to rings A and C of flavones. Anomeric hydrogens 
of glucose and xylose appeared at δ 4.79 (d, J = 9.8 Hz, H-1′′) and δ 3.88 
(d, J = 8.0 Hz, H-1′ ′′) along with their carbons at δ 71.1 and δ 105.8, 
respectively, corroborating the presence of vitexin-2′′-O-xyloside (12) 

(Figs. 1 and 2., Table 1S) (Gazola et al., 2018; Zielińska-Pisklak et al., 
2014). Except for P. alata and its genetic variety, the 1H NMR metabolic 
profile of the Passiflora species studied presented signals similar to 
vitexin-2′′-O-xyloside (12), differing only in the position of the glyco
sidic unit. In these samples, it was observed the presence of a singlet at δ 
6.57 (s, H-8) and its carbon at δ 93.6, which showed long-range 1H–13C 
HMBC correlation map with the carbons δ 107.8 (C-6), δ 163.6 (C-7), 
156.4 (C-9), and 103.2 (C-10), characteristic of the ring A of the flavo
noid; as well as the signal at δ 6.77 (s, H-3) and its carbon signal at δ 
102.7. The ring B, in turn, was identified via doublets at δ 7.92 (d, J =
8.6 Hz, H-2′/H-6′) and δ 6.95 (d, J = 8.6 Hz, H-3′/ H-5′), indicating an 
AA’BB’ coupling system. Also, two doublets were observed at δ 4.66 (d, 
J = 9.8 Hz, H-1′′) and δ 4.14 (d, J = 8.4 Hz, H-1′ ′′), attached to carbons at 
δ 71.2 and δ 105.4, characteristic of anomeric hydrogens of glucose and 
xylose, respectively. The signal at 4.66 (H-1′′) showed long-range HMBC 
correlation map with the carbons at δ 160.9 (C-5) and δ 107.8 (C-6), 
from isovitexin-2′′-O-xyloside (13) (Figs. 1 and 2, Table 1S) (Gazola 
et al., 2018; Zielińska-Pisklak et al., 2014). 

In addition, the alkaloid trigonelline (14) was identified in all Pas
siflora species by the existence of the singlet at δ 9.21 (s, H-2), two 
doublets at δ 8.76 (d, J = 7.9 Hz, H-4) and δ 8.89 (d, J = 6.0 Hz, H-6), a 
double doublet at δ 8.03 (dd, J = 7.9 and 6.0 Hz, H-5), and a methyl 
group at δ 4.36 (s, CH3-8) (Figs. 1 and 2., Table 1S) (Abd Ghafar et al., 
2020; Farag et al., 2016). The trigonelline (14) was more pronounced in 
P. cincinnata var. BRS Sertão Forte. All the metabolites reported have 
been observed in other Passiflora (Castellanos et al., 2020; Farag et al., 
2016; Patel et al., 2011). An overview of the metabolites found in Pas
siflora extracts are depicted in Table 1. 

3.2. Multivariate data analysis 

The 1H NMR-based metabolic profiles, along with principal compo
nent analysis (PCA), were used to discriminate Passiflora species 
(P. alata, P. cincinnata, P. setacea, P. alata var. BRS Mel do Cerrado, 
P. cincinnata var. BRS Sertão Forte, and P. setacea var. BRS Pérola do 
Cerrado). Scores and loading plots obtained through the PCA analysis 
are displayed in Fig. 3. The two first principal components (PCs) 
explained 69.01% of the maximum variation among the data matrix, in 
which PC1 represented 52.75%, while PC2 demonstrated an additional 
16.26%. According to the scores plot, six groups can be clearly observed, 
where the samples of P. setacea and P. setacea var. BRS Pérola do Cerrado 
were clustered on the negative sides of PC1 and PC2, while P. cincinnata 
and P. cincinnata var. BRS Sertão Forte were distributed in the negative 
region of PC1 and positive region of PC2. On the other hand, samples of 
P. alata and P. alata var. BRS Mel do Cerrado were arranged in the 
positive region of PC1, however, P. alata was distributed on the positive 
side of PC2 and its genetic variety on the negative side of PC2. The 
analysis of the loadings plot allowed to identify metabolites responsible 
for the discrimination of Passiflora species, providing a comparative 
interpretation of samples in the function of the chemical composition 
(Fig. 3). Thus, the metabolites responsible for discriminating the P. alata 
samples and its genetic variety in positive PC1 were associated signals at 
δ 0.30 (d, J = 3.8 Hz, H-19a), δ 0.48 (d, J = 3.8 Hz, H-19b), δ 0.78 (s, H- 
30), δ 0.86 (s, H-18), δ 0.93 (s, H-28), δ 1.70 (s, H-27), δ 3.11 (m, H-3), δ 
5.28 (m, H-24), δ 4.11 (br s, H-26), δ 4.17 (d, J = 7.7 Hz), attributed to 
the saponin quadranguloside (6). Separation of P. alata var. BRS Mel do 
Cerrado samples were influenced by hydrogens at δ 0.71 (s, H-26), δ 0.74 
(s, H-23), δ 0.86 (s, H-25), δ 0.87 (s, H-29 and H-30), δ 1.09 (s, H-27), δ 
3.04 (m, H-3), δ 4.25 (d, J = 7.8 Hz, H-1′′) and δ 4.43 (d, J = 7.8 Hz, H-1′′) 
of the saponin oleanolic acid-3-sophoroside (7) (Fig. 3). Previous 
research showed that metabolite 6 is restricted to a few species (Costa 
et al., 2016). Quadranguloside (6) has been reported as the major 
saponin of P. alata leaves (Reginatto, Gosmann, Schripsema, & Schenkel, 
2004). Along with oleanolic acid-3-sophoroside (7), quadranguloside 
(6) was previously identified in P. quadranqularis (Dhawan et al., 2004; 
Doyama et al., 2005; Reginatto et al., 2001). The anxiolytic activity of 
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P. alata, has been mostly associated to quadranguloside (6), while 
vasoconstrictor effects has been attributed to oleanolic acid-3- 
sophoroside (7) (Bareño, Puebla, Feliciano, & Guerrero, 2020; Braga 
et al., 2013; Smruthi, Divya, Archana, & Ravi, 2020). 

Furthermore, α-glucose (3) (4.90, d, J = 3.6 Hz, H-1) and β–glucose 
(4) (4.26, d, J = 7.7, H-1) also contributed to the distribution of P. alata 
var BRS Mel do Cerrado in the negative PC2 (Fig. 3). Metabolomic 
studies have showed the isomeric forms of the glucose in Passiflora 
species (Daza et al., 2021; Farag et al., 2016). In addition to the signals 
related to quadranguloside (6), vitexin-2-O”-rhamnoside (11) was the 
metabolite responsible for bringing P. alata samples to positive sides of 
PC1 and PC2 due to signals at δ 4.07 (d, J = 7.7 Hz, H-2′′), δ 4.76 (d, J =
9.8, H-1′′), δ 6.31 (s, H-6), and δ 8.04 (d, J = 8.7 Hz, H-2′ and H-6′) of the 
hydrogens in C-2′′, C-1′′, C-6, C-2′, C-6′ of 11 (Fig. 3). This flavone has 
been also identified in other Passiflora species (P. alata, P. foetida, and 
P. biflora) and has exhibited antioxidant activity (Chiavaroli et al., 2020; 
Costa et al., 2016; Doyama et al., 2005; Rosa et al., 2021; Zucolotto 
et al., 2012). 

The loadings plot showed samples of P. setacea and P. setacea var. 
BRS Pérola do Cerrado in the negative regions of PC1 and PC2 as 
consequence of signals at δ 4.66 (d, J = 9.8 Hz, H-1′′), δ 6.57 (s, H-8), δ 
6.77 (s, H-3), δ 6.95 (d, J = 8.6 Hz, H-3′ and H-5′), and δ 7.92 (d, J = 8.6 
Hz, H-2′and H-6′) of the isovitexin-2-O”-xyloside (13). The separation 
was also influenced by signals of the flavone isovitexin (9), such as δ 
4.58 (d, J = 9.8 Hz, H-1′′), δ 6.60 (s, H-8), δ 6.76 (s, H-3), and δ 6.95 (d, J 
= 8.8 Hz, H-3′ and H-5′) (Fig. 3). Flavone 9 has been described in many 
Passiflora species - including P. alata, P. cincinnata, P. edulis, 
P. quadrangulares, P. incarnata, and P. setacea (Doyama et al., 2005; 
Francischini, Lopes, Segatto, Stahl, & Zuin, 2020; Noriega & de Mafud, 
2011; Wosch et al., 2017) - and several biological effects have been 
associated to it, notably as antioxidant, antidepressant, antinociceptive, 
neuroprotective, cardioprotective, and anti-inflammatory activities 
(Azubuike-Osu, Ohanenye, Jacob, Ejike, & Udenigwe, 2020; He et al., 
2016). Moreover, the isovitexin-2-O”-xyloside (13) has been reported in 
P. serratifolia and P. quadrangularis (Farag et al., 2016). The pharmaco
logical action of compound 13 is still unclear. Signals with low in
tensities associated with other aromatic compounds also showed an 
important contribution to the discrimination of P. setacea and P. setacea 

var. BRS Pérola do Cerrado, as well as signals attributed to aliphatic 
compounds, which may be related to the presence of other flavonoids, 
terpenoids, and amino acids; commonly found in species of the genus 
Passiflora (Daza et al., 2021; Farag et al., 2016; Flores et al., 2020). 

In contrast, the P. cincinnata samples and its genetic variety were 
arranged in PC1 negative and PC2 positive due to the hydrogens 
attached to C-1′′, C-6, C-2′ and C-6′ of the vitexin-2-O”-xyloside (12) at δ 
3.88 (d, J = 8.0 Hz, H-1′′), δ 8.01 (d, J = 8.0 Hz, H-2′ and H-6′) and δ 6.30 
(s, H-6), respectively (Fig. 3). The presence of that flavone (12) has been 
reported in P. quadrangularis and P. foetida. Among the biologic activities 
reported to compound 13 includes sedative, antioxidant, and anti
proliferative (Gazola et al., 2018; Nguyen et al., 2015; Ninfali & 
Angelino, 2013; Wen, Zhao, Jiang, Yu, Zeng, Yang, & Yang, 2017). As 
vitexin-2-O”-xyloside (12), isoorientin (8) was relevant for the 
discrimination of P. cincinnata and P. cincinnata var. BRS Sertão Forte 
trough the signals at δ 6.92 (d, J = 8.3 Hz, H-5′), δ 7.40 (dd, J = 8.3 and 
2.3 Hz, H-6′), δ 7.43 (d, J = 2.3 Hz, H-2′), and δ 6.66 (s, H-8) (Fig. 3). The 
isoorientin (8) has been recognized for its promising anti-inflammatory 
(Lee, Ku, & Bae, 2014), antioxidant (da Morrone, 2013), antidiabetic 
and antiplatelet activities (Salles et al., 2019), and has been identified in 
several Passiflora species (Alves et al., 2020; da Morrone, 2013; Patel 
et al., 2011; Salles et al., 2019; Schäfer et al., 2020), including as P. alata, 
P. cincinnata, and P. setacea (de Carvalho, de Oliveira, & de L., & Costa, 
A. M., 2018; Wosch et al., 2017). 

Sucrose (5) also contributed to this discrimination of P. cincinnata 
and P. cincinnata var. BRS Sertão Forte, mainly because of the signal at δ 
5.18 (d, J = 3.7 Hz, H-1) (Fig. 3). In addition to 5, 8 and 12, signals 
associated with saturated fatty acids (1), and olefinic hydrogens of un
saturated fatty acids (2) showed relevant in the differentiation of 
P. cincinnata and P. cincinnata var. BRS Sertão Forte. Likewise, trig
onelline (14) influenced in the differentiation of P. cincinnata due hy
drogens to the pyridine alkaloid at δ 4.36 (s, CH3-8), δ 8.03 (dd, J = 7.9 
and 6.0 Hz, H-5), δ 8.76 (d, J = 7.9 Hz, H-4), δ 8.89 (d, J = 6.0 Hz, H-6), 
and δ 9.21 (s, H-2) (Fig. 3) (Abd Ghafar et al., 2020; Castellanos et al., 
2020; Girelli et al., 2018; da Santos, 2018). 

The flavonoids played an important role in the discrimination of 
Passiflora samples. Those compounds have been strongly correlated with 
the bioactivity of Passiflora species and tracking them is essential to 

Fig. 3. Principal components analysis (PCA) of Passiflora showing PC1 (52.75%) versus PC2 (16.26%). Loadings plot of PC1 versus PC2 are also depicted, 
discriminating the compounds responsible for the separation of groups. 
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evaluate the quality control of these matrix. However, working with 
chemical profiles, as proposed here, can be more effective in such pur
pose since it allows analyzing multiple compounds that synergically can 
be responsible for the final bioactivity. 

4. Conclusion 

A total of 14 compounds – from different chemical classes: carbo
hydrates, fatty acids, saponins, alkaloids, and mainly flavonoids - were 
identified in the 1H NMR metabolic profiles of Passiflora species and 
their genetic varieties. Saturated and unsaturated fatty acids, α-glucose, 
β-glucose, sucrose, and trigonelline were found in all species investi
gated. The discrimination of Passiflora species was achieved with clear 
separation between samples of P. alata, P. setacea, and P. cincinnata and 
flavonoids were mainly responsible for the samples’ grouping. Quad
ranguloside, oleanolic acid-3-sophoroside, α-glucose, β-glucose, and 
vitexin-2-O”-rhamnoside were relevant in the differentiation of P. alata 
and P. alata var. BRS Pérola do Cerrado, while the flavones isovitexin 
and isovitexin-2-O”-xyloside were dominant in the grouping of P. setacea 
and P. setacea var. BRS Pérola do Cerrado, and finally P. cincinnata and 
P. cincinnata var. BRS Sertão Forte were influenced by the fatty acids, 
sucrose, flavones (isoorientin and vitexin-2-O”-xyloside), and alkaloid 
trigonelline. No differences were observed in the chemical profiles of 
P. setacea and P. cincinnata with their respective genetic varieties. 
However, discrimination was clearly saw by observed between P. alata 
and Passiflora alata Curtis var. BRS Mel do Cerrado and oleanolic acid-3- 
sophoroside influenced such separation. 

Passiflora species are often used for the same therapeutic applica
tions, however this study indicated heterogeneous metabolite profiles, 
and this fact can cause therapeutic effectiveness variation. The multiple 
compound approach, as adopted in this paper, can be efficient for 
quality control evaluation, and contribute to the investigation of alter
natives for official Passiflora herbal medicines. 
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