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Abstract

The leaves of Calathea lutea (C. lutea), traditionally used in food packaging, represent an untapped source for
natural antioxidants, although scientific studies on their functional properties are limited. This study evaluates
the phenolic content, antioxidant activity, and chemical composition of ethanolic and essential oil extracts of C.
lutea leaves. Leaves were subjected to extraction via cold maceration, Soxhlet extraction, and steam distillation.
Among the tested fractions, the dichloromethane fraction demonstrated the highest phenolic content (58.47 mg
gallic acid equivalent [GAE]/g extract) and the strongest antioxidant activity, as assessed by ABTS™* (ABTS radi-
cal cation) and 2,2-diphenyl-1-picrylhydrazyl (DPPH¥) radical scavenging assays. An advanced analytical method
based on liquid chromatography coupled with mass spectrometry was used, allowing the precise identification
and quantification of the compounds present in the extracts revealing a diverse polyphenolic profile, while the
study of volatiles identified compounds, such as fatty acids, terpenes, phenols, hydrocarbons, esters, and hetero-
cyclic compounds, some of which may contribute to the leaf’s characteristic aroma. These findings highlight the
dichloromethane fraction’s potential as a natural alternative to synthetic antioxidants in food applications, with
efficacy comparable to standard references. This research provides the first comprehensive chemical characteriza-
tion of C. lutea leaves in Colombia.
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Introduction

Antioxidants are widely used in the food industry
(Abeyrathne et al., 2022). For years, chemically synthe-
sized preservatives have been the protagonists. However,
health organizations are urging consumers to be cautious
with the use of synthetic antioxidants (Ejeh et al., 2023;
Mitterer-Daltoé et al., 2021) because of the potential
health risks. One major challenge in food preservation
is lipid oxidation, which compromises food quality and
shelf life (Shehata et al., 2021) by generating off-flavors,
color and texture changes, and potentially toxic oxidized
compounds (Keykhosravy et al., 2022; Serra et al., 2020).
Such is the case of synthetic antioxidants widely used
in the food industry such as butylated hydroxytoluene
(BHT) and butylated hydroxyanisole (BHA), which are
associated with harmful and dangerous health effects
because of their carcinogenic potential and toxicity
(Bensid et al., 2022; Inanli et al., 2020).

This has led to a growing interest in natural antioxidants,
valued for their safety profile, efficacy, and environmental
sustainability (Bensid et al., 2022). Natural extracts and
oils derived from plant leaves, stems, roots, peels, and
seeds, rich in bioactive compounds, have shown prom-
ising antioxidant potential in food products, positioning
them as possible substitutes for synthetic antioxidants
(Bensid et al., 2022; Gulcin, 2020; Pateiro et al., 2021).
Among these natural sources, Calathea lutea (C. lutea),
traditionally known as bijao, is widely distributed in the
Colombian rainforest (Higuera Mora et al., 2020) and has
gained attention for its use in wrapping and preserving
traditional foods.

While plant-derived antioxidants, such as green tea
(Camellia sinensis) (Ahwan et al., 2024; Hasan et al.,
2024), rosemary (Rosmarinus officinalis) (Athanasiadis
et al., 2024; Hoelscher et al, 2024; Villanueva-
Bermejo et al., 2024) and turmeric (Curcuma longa)
(Ballester et al., 2023; Visakh et al., 2023), are widely
studied and recognized for their bioactive properties, C.
lutea stands out as a lesser-known yet promising source
of natural antioxidants. Unlike these well-researched
plants, C. lutea, despite its traditional use in food pres-
ervation and its potential as an antioxidant, remains an
underexplored source (Aguirre et al., 2010; Chandran,
2020; Tomas et al., 2010). There are significant gaps in
the knowledge of the specific bioactive compounds of
C. lutea and their functionalities. However, its unique
chemical profile, traditional use as a packaging for food
preservation, and distinctive aroma highlight it as a
novel and sustainable alternative to conventional natu-
ral antioxidants. These characteristics not only under-
score its potential in the food industry but also open
new opportunities to develop safe and environment-
friendly solutions.

Studies indicate that C. lutea contains phenolic com-
pounds with antioxidant and antimicrobial properties
(Aguirre et al. 2010; Apagiieno Arévalo and Tamani
Guerra, 2020; Chandran, 2020; Robalino Pinedo and
Torres Carrién, 2021; Tomds et al. 2010). Phenolic com-
pounds, such as chlorogenic acid and rutin, previously
identified in this plant, are associated with anti-in-
flammatory, anticancer, and cardioprotective effects
(Gupta et al., 2022; Satari et al., 2021; Singh et al., 2023).
However, these studies remain limited in scope, often
focused on general assessments of antioxidant proper-
ties without addressing specific applications or employ-
ing advanced analytical techniques that allow for a more
comprehensive bioactive profile.

The aforementioned leads on the importance of consider-
ing that extracts of C. lutea can be regarded as a valuable
natural source for practical applications in food preser-
vation, proving useful in meat products, edible oils, and
processed foods, where lipid oxidation poses a critical
challenge affecting quality and shelf life. Moreover, its
volatile chemical profile, associated with its aroma and
antimicrobial properties, suggests its applications in edi-
ble coatings or biodegradable packaging, which could
enhance food stability while reducing plastic waste and
promoting sustainable strategies in the food industry.

This study aims to expand this knowledge through a
detailed characterization of the phenolic and vola-
tile compounds of C. lutea using advanced analytical
techniques such as high-precision liquid chromatog-
raphy coupled with quadrupole time-of-flight tandem
mass spectrometry (HPLC-QTOF-MS/MS) in order to
explore its potential as a natural agent in food preserva-
tion. This is the first study to identify several new com-
pounds in C. [utea that are not reported before within
the Marantaceae family, thereby expanding knowledge of
its chemical profile. Given that C. lutea leaves are known
for their distinctive aroma and flavor, commonly used in
Colombian cuisine to impart a unique sensory profile to
food (Calderén Morales and Mancera, 2020), exploring
its volatile profile is essential to understand its dual role
as a natural flavoring and preservative.

In this way, understanding the chemical composition
and biological properties of natural extracts is essential
to evaluate their efficacy and safety in food applications;
therefore, a detailed characterization is essential for
their optimal utilization in the industry (da Silva et al,
2021; Gonfa et al., 2020). In this context, the aim of this
research was to evaluate the total phenol content, antiox-
idant activity, and active compounds of ethanolic extracts
and essential oils of C. lutea leaves. By addressing these
knowledge gaps, this study provides a scientific basis
for the potential use of C. lutea as a natural additive to
enhance food safety.
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Properties of ethanolic extract and essential oil of Calathea lutea leaves

Materials and Methods
Selection and conditioning of vegetal material

The leaves of C. lutea were acquired from commercial
establishments located in Bazurto market in the city
of Cartagena, Bolivar. The leaves were disinfected by
immersing in 100-ppm sodium hypochlorite for 2 min
(Chaves et al., 2020). The size of leaves was reduced
to approximately 10 cm; these were weighed, freeze-
dried (Biobase freeze-dryer model BK-FD10P), and the
plant material was crunched (Hamilton Beach grinder,
80350/R). Cold maceration and Soxhlet extraction were
the two methods used to obtain total extract. The essen-
tial oil was obtained by steam distillation. All reagents
used were of analytical grade.

Obtaining total ethanolic extract (EtOH) of C. lutea leaves
by cold maceration

The crunched vegetal material was extracted by cold mac-
eration with ethanol (96% v/v), using a leaf: ethanol ratio
of 1:10, with intermittent shaking, at 25+3°C for 3 days
in the dark (Karim et al., 2020). Successive extractions
(solid-liquid) and filtration (Whatman No. 1) were per-
formed until the material was exhausted. The filtrate was
concentrated (Heidolph Hei-VAP Silver 3) to constitute
total EtOH extract (Lv et al., 2022; Rivera et al., 2019) and
stored in a refrigerator for further analysis and fractional
process (Figure 1).

Total ethanolic extract (EtOH) of C. lutea leaves obtained
by Soxhlet extraction

The methodology used was that of Alara et al. (2018,
2019) and Hirondart et al. (2020), with modifications.
Crunched C. lutea leaves, 30 g, were placed inside a
cellulose thimble and transferred to Soxhlet appara-
tus. According to a feed—solvent ratio of 1:20, 600 mL

Bijao leaves
(Calatea lutea)

Freeze drying
(-66°C)

Figure 1.

Cold maceration with
ethanol (96%)

of ethanol were utilized using a heating mantle to sub-
ject the mixture to reflux during an extraction period
of 2—3 h until exhaustion of the plant material. A rotary
evaporator was used to concentrate the extract. It was
stored under refrigeration for further analysis and frac-
tional process (Figure 2).

Fractionation of EtOH of C. lutea leaves

Both total EtOH extracts obtained by maceration and
Soxhlet extraction were subjected to fractional process
(liquid-liquid separation) using equal volumes of hexane,
dichloromethane (CH,CL), and ethyl acetate (EtOAc),
in increasing order of solvent polarity, according to the
methodology used by Asuquo and Udobi (2016) and
Rivera et al. (2019), with adjustments. The fractions were
collected separately and concentrated to dryness; the
last layer, termed as the residual ethanol/water fraction
(EtOH/H,0O), was also collected and freeze-dried.

Obtaining essential oil from C. lutea leaves by steam
distillation

Calathea lutea leaves were subjected to steam distillation
for approximately 3 h to obtain a leaves—CH,Cl, ratio of
1:10 (Azmir et al., 2013; Peng et al., 2004).

Determination of Total Phenol Content (TPC)

The Folin—Ciocalteu method was used to determine total
phenol content (Del-Toro-Sanchez et al., 2014; Singleton
et al., 1999), with some modifications. In all, 30 uL of the
sample (60-500 pug/mL) and 150 pL of Folin—Ciocalteu
reagent (0.1 M) were added to each well of a micro-
plate, and a negative control and a blank were included
to each sample (Table S1). After 10 min, NA,CO, (7.5%
w/v) was added. After incubating the plate for 2 h at
25+3°C, the optical density (DO) was determined at 620
nm using a Multiskan EX microplate reader (Thermo
Fisher Scientific, MA, USA). The results were reported as

Ethanol extract of
Calathea lutea

Rotaevaporation
(40°C)

Total ethanolic extract (EtOH) of C. lutea leaves by cold maceration. (Author’s elaboration).
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Figure 3. Essential oil from C. lutea leaves by steam distillation. (Author’s elaboration).

mg gallic acid equivalent (GAE)/g extract (Rivera et al.,
2019). All analyses were performed in triplicate.

Determination of antioxidant activity of C. lutea leaf
extracts, fractions, and essential oil

Free radical scavenging method ABTS*

For this analysis, the method described by Re et al. (1999)
was followed, with some modifications. The 2,2'-azi-
no-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical
cation (ABTS**) was produced by the reaction ABTS
(3.5 mM) with K,S,O, (1.25 mM) incubated at 25+3°C,
protected from light, for 16 h. With the radical formed,
we sought to obtain an absorbance value of 0.75-0.8 at
620 nm, for which the radical was diluted with ethanol.
In each well of the microplate, 20 pL of the extracts, frac-
tions, and essential oil to be evaluated (200-500 pg/mL)
and 180 pL of ABTS™ solution were added; a negative
control and a blank were also included for each sam-
ple (Table S2). The microplate was incubated, protected

from light, at 25+3°C, for 30 min, after which absorbance
was measured at 620 nm in a Multiskan EX (Thermo
Scientific). The percentage scavenging of ABTS™* radical
was calculated using Equation (1):

% of radical uptake ABTS*" =
_ - (1)
Ab ABTS—(Ab M — Ab B) <100
Ab ABTS

where:
Ab ABTS: negative control,
Ab M: sample absorbance,
Ab B: absorbance of the sample blank.

Free radical scavenging method DPPH*

This analysis was performed according to the method
described by Castro et al. (2019) and the standard
described by Brand-Williams et al. (1995), with some
modifications. In a microplate, 75 pL of the sample to
be evaluated (200-500 pg/mL) and 150 pL of 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH*) solution were added to
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each well, and a negative control and blank were included
to each sample (Table S3). The microplate was incubated
and protected from light at 25 + 3°C for 30 min; then
absorbance was measured at 515 nm in a Multiskan EX
microplate reader (Thermo Scientific). The percentage
scavenging of DPPH* radical was calculated according to
Equation (2):

% of uptake of the radical DPPH* =
_ — 2
Ab DPPH - (Ab M — Ab B)Xloo (2)
Ab DPPH

where:
Ab DPPH: negative control,
Ab M: sample absorbance,
Ab B: absorbance of the sample blank.

The extract, fraction, or essential oil with the highest per-
centage of radical scavenging was determined by deter-
mining its half-maximal inhibitory concentration (IC_).

Identification of compounds present in C. lutea leaf
extract and their active fractions by HPLC-QTOF-MS/MS

To identify the compounds present in C. lutea extracts,
HPLC-QTOF-MS/MS was used as an analytical tech-
nique for the identification and quantification of complex
compositions. This advanced method enables the separa-
tion, identification, and precise quantification of bioac-
tive compounds in complex samples. This approach was
essential for characterizing the phenolic profile of the
extracts and fractions of C. lutea leaves.

Extracts and fractions were coded as follows:

E1: total EtOH extract, cold maceration,
E2: hexane fraction of E1),

E3: CH,CI, fraction of E1,

E4: EtOAc fraction of E1,

E5: (EtOH/H,O residual fraction of E1,
E6: total EtOH extract, Soxhlet extraction,
E7: hexane fraction of E6,

E8: CH,Cl, fraction of E6,

E9: EtOH/H, O residual fraction of E6, and
E10: essential oil, steam distillation.

Of the total EtOH extract of C. [utea leaf (obtained by
cold maceration [E1] and by Soxhlet extraction [E6])
and its active fractions (CH,Cl, fraction [E3 and ES8]),
1 mg of the sample was diluted in 1 mL of 50:50 water—
acetonitrile mixture. The diluted sample was shaken until
homogenized, followed by centrifugation at 16.000xg for
8 min; the supernatant was filtered through a 0.20-pm
pore size membrane and transferred to an autosampler
vial. A 1260 Infinity HPLC system (Agilent Technologies),

coupled to a 6530-quadrupole time-of-flight (q-TOF)
mass spectrometry detector, with electrospray ioniza-
tion, operating in positive ionization mode, was used
(Duran-Izquierdo et al., 2022).

An EC-C18 column, particle size 2.7 pm, was used for
separation, and a temperature of 40°C was maintained.
Water (H,0) with (A) 0.1% CH,O, and (B) C,H,N with
0.1% CH,O, was used as a mobile phase. The analysis
was carried out with modifications based on a previous
method (Duran-Izquierdo et al., 2022) with an (A)—(B)
ratio of 95:5, held for 1 min, then changed to 5:95 in
9 min, and maintained stable for 4 min; then changed to
100% C,H,N in 1 min and maintained stable for 3 min.
Re-equilibration of the column was carried out by switch-
ing back to (A)—(B) ratio of 95:5 for 23 min and remained
stable until 26 min. The flow rate was 0.3 mL/min and the
injection volume was 5 pL.

The following mass detector conditions were established
according to the methodology described and validated
by Duran-Izquierdo et al. (2022): capillary voltage: +3.5
kV, nitrogen gas temperature: 320°C, drying gas flow rate:
8.0 L/min, nebulizer gas pressure: 35 psig, fragmenter
voltage: 135 V, skimmer: 65 V, and optical coherence
tomography radio frequency (OCT RF): 750 V. Tandem
mass spectrometry (MS/MS) data acquisition mode was
used to aid compound identification. The mass range in
MS and MS/MS experiments was set at m/z 100-1,200
and 50-1,200 at 3 spectra/s, respectively. MS and MS/
MS data were collected using the Agilent MassHunter
Acquisition software (version 10.1). The obtained data
were processed with Agilent MassHunter Qualitative
Analysis 10.0. Peak annotations were performed using
the METLIN, a database to characterize known metabo-
lites with a mass error <10 ppm (metlin.scripps.edu) and
the Global Natural Product Social Molecular Networking
(GNPS) spectral library as described by Duran-Izquierdo
et al. (2022) and Tamburini (2019).

Identification of volatile compounds of C. lutea leaf oil by
gas chromatography-mass spectroscopy (GC-MS)

For the identification of volatile compounds, the meth-
odology described and validated by Islam et al. (2020)
and Padmini et al. (2020) was followed, with some
modifications. A GC brand Agilent Technologies 6890
plus coupled to a MS brand Agilent Technologies 5973,
with a DB-5MS column (60-m length x 0.25-mm diam-
eter x 0.25-ym film thickness), stationary phase of
5%-phenyl-poly(methylsiloxane).

Pure helium as carrier gas (1 mL/min). 1 pL of the sample
was injected in a split mode. Ionization was set at 70 eV.
Temperatures of 250°C and 300°C were used for the
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injector and ion source, respectively. The injector and ion
source temperatures were 250°C and 300°C, respectively.
The temperature ramp operated was as follows: 60°C sus-
tained for 1 min and then increasing to 260°C at a rate of
15°C/min, with a run time 30 min.

The mass spectra of each component were analyzed by
the team's database for comparison with the collection of
spectra from the Wiley 7n.1 online library provided by
the system. Those with a degree of correspondence >90%
were selected for analysis. In addition, this tentative iden-
tification of compounds was also carried out by compar-
ing the mass spectra with those recorded in the database
of the National Institute of Standards and Technology
(NIST2017) database (Harke et al., 2021). For each com-
ponent, the relative percentage was calculated according
to the procedure described by Padmini et al. (2020) and
Peng et al. (2004).

Statistical analysis

Results were reported as meantstandard deviation (SD).
The statistical program IBM SPSS Statistics 25 was used;
a one-way analysis was used for data analysis to estab-
lish significant differences followed by Tukey’s test. For
measurements, P < 0.05 was considered statistically
significant.

Results and Discussion
Total phenolic content

The TPC of C. lutea extracts and fractions demonstrated
significant variation depending on the solvent used, rang-
ing from 17.27 mg GAE/g in the hexane fraction to 58.47
mg GAE/g in the CH,CI, fraction. This high TPC in the
CH,Cl, fraction suggested that phenolic compounds in C.
lutea were extracted more efficiently with a moderately
polar solvent, which aligned with the findings by Matrose
et al. (2021), who reported enhanced solubility of lipo-
philic phenolic compounds in CH,Cl, extracts of other
plant species. This selective extraction ability of CH,CI,
could explain the high concentration of phenols in this
fraction, as it efficiently dissolves bioactive liposoluble
phenolics, potentially enhancing antioxidant properties.
In this regard, it is worth highlighting the study con-
ducted by Li et al. (2023), who reported a high content
of liposoluble diterpenoid phenols in CH,Cl, extracts of
Callicarpa longissima leaves. In addition, no significant
differences in phenol content were found between cold
maceration and Soxhlet maceration.

A study conducted by Oboh et al. (2016) on acetone
extracts of Thaumatococcus daniellii and Megaphrynium

macrostachyum leaves, belonging to the same leaf family
of C. lutea, reported lower TPC values of 12.5 mg GAE/g
and 49.54 mg GAE/g, respectively. These differences
suggested that C. lutea could possess a richer phenolic
profile, particularly when extracted using CH,Cl,. This
finding was further supported by Bhuyan et al. (2015),
who observed similar TPC levels (58.4 mg GAE/g) in
Eucalyptus robusta extracts using microwave-assisted
extraction, which is known for effectively preserving phe-
nolic compounds. It is worth mentioning that Eucalyptus
robusta leaves have been recognized for having an
important antioxidant activity, and their usefulness as
a natural antioxidant food additive has been confirmed
(Gullén et al., 2019).

However, the TPC of C. lutea leaves observed in this
study was lower than the values reported by other stud-
ies on ethanolic extracts of C. [utea (Chandran, 2020;
Robalino Pinedo and Torres Carrion, 2021), where TPC
reached up to 976.71 mg GAE/g. This discrepancy could
result from variations in factors such as geographic
origin, environmental conditions, plant maturity, and
extraction methodologies, all of which influence the
biosynthesis and accumulation of phenolic compounds,
as well as drying and extraction methods (Biniari et al.,
2020; Dhibi et al., 2022; Simonetti et al., 2020). The
essential oil obtained by steam distillation (SD) had the
lowest TPC (24.77 mg GAE/g), which could be related to
its limited antioxidant capacity, compared to phenol-rich
extracts and fractions.

It is worth mentioning that the presence of phenolic
compounds in C. [utea leaf extracts represents an addi-
tional benefit in terms of food safety. Previous studies
have shown that these compounds exhibit antimicrobial
and antifungal properties (Beya et al., 2021; Kalogianni
et al., 2020; Zamuz et al., 2021) by altering bacterial
membrane integrity and inhibiting adhesion to surfaces,
suggesting that these compounds could improve food
safety and shelf life (Zamuz et al., 2021). Overall, these
findings highlight C. lutea as a promising source of phe-
nolic antioxidants, which may serve as natural alterna-
tives to synthetic preservatives in food products. Future
research may further investigate the stability and efficacy
of these phenolic compounds in real food matrices to
confirm their practical application in food preservation.

Antioxidant activity of extracts, fractions, and essential
oil of C. lutea leaves

The antioxidant activity of the extracts, fractions, and
essential oil of C. lutea leaves was evaluated using the
DPPH* and ABTS** assays, two widely accepted meth-
ods for measuring free radical scavenging capacity. The
results showed a significant variation in antioxidant
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Values with different superscript capital letters within the same row indicate significant differences (P < 0.05) between extract/fraction concentrations.

Properties of ethanolic extract and essential oil of Calathea lutea leaves

Values with different superscript lowercase letters within the same column indicate significant differences (P < 0.05) between extraction methods and solvents.

capacity among the fractions (see Table 1, and Figure
S1 and S2), which is attributed to the diversity of bioac-
tive compounds present and different polarities of the
extraction solvents used (Monteiro et al., 2020; Muzolf-
Panek and Stuper-Szablewska, 2021).

Among the fractions analyzed, CH,Cl, fraction exhib-
ited the highest antioxidant activity in both assays, which
aligned with its high TPC. This result suggested a positive
correlation between TPC and the antioxidant capacity of
the fraction, supporting the hypothesis that phenolics
play a fundamental role in neutralizing free radicals. The
superior antioxidant activity of the CH,Cl, fraction may
be due to its ability to extract lipophilic phenolic com-
pounds, which typically have high antioxidant power
(Erenler et al., 2019; Li et al., 2023; Matrose et al., 2021).

However, higher percentage of radical scavenging was
evidenced in the extracts, fractions, and essential oil by
DPPH* assay. These discrepancies observed between
the values obtained with DPPH* and ABTS** assays can
be explained by differences in the reaction mechanisms
involved and the affinity of each method for specific types
of antioxidant compounds (Rumpf et al., 2023; Wotosiak
et al., 2021). In this regard, previous studies, such as those
done by Chaves et al. (2020), highlighted that the meth-
ods do not always exhibit the same sensitivity or capac-
ity to discriminate the antioxidant activity of extracts
from different plant species. The authors reported that
the antioxidant activity values quantified through DPPH
and reducing power (RP) assays were higher than those
obtained by ABTS and Ferric Reducing Antioxidant
Power (FRAP), and these values varied between species.
Therefore, the ranking or categorization of these species
was different depending on the method used. According
to the study, the DPPH method yielded antioxidant activ-
ity values that were between 1.5 and 18.4 times higher
than those obtained with the ABTS method, depending
on the plant extract evaluated. In this context, the higher
values obtained with DPPH, compared to ABTS, in the
present study are attributed to its greater affinity for lipo-
philic compounds. This is particularly relevant, given that
the extract studied contains a significant proportion of
lipophilic antioxidants, such as terpenoids and certain
antioxidant fatty acids, which appear to have reacted
more efficiently with DPPH* radical compared to the
ABTS" cation. It is worth emphasizing that these find-
ings reinforce the importance of using multiple methods
for a comprehensive evaluation of antioxidant activity.

It is observed in Table 1 that both total ethanolic extract
and residual EtOH/H, O fraction showed moderate anti-
oxidant activity, compared to the CH,Cl, and EtOAc
fractions, which was consistent with the ability of ethanol
to extract a mixture of phenolic and non-phenolic com-
pounds. The lower antioxidant activity of hexane fraction
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could be attributed to its low content of total phenols,
since compounds extracted with hexane tended to be
less polar and, in many cases, lacked antioxidant activity.
The above was consistent with Ayodeji et al. (2016) and
Hamid et al. (2017), who identified lower phenol content
and antioxidant activity in hexane-derived extracts of
Thaumatococcus daniellii leaves. These findings highlight
the limited ability of hexane to extract antioxidant phe-
nolic compounds because of its non-polar nature.

In this sense, as reported by Farahmandfar et al. (2017),
who indicated that at 200-pg/mL BHA, commonly used
as a synthetic antioxidant in food, scavenged approx-
imately 76.83%, a few points above the CH,Cl, fraction
obtained in the present investigation (70.8%) at the same
concentration. Thus, this fraction could be considered as
a possible natural source of antioxidants for potential use
in the food industry. This approach highlights the practi-
cal relevance of the findings by exploring natural sources
as alternatives to synthetic antioxidants.

On the other hand, the essential oil of C. lutea, obtained
by steam distillation, showed the lowest antioxidant
activity among all samples. This result is consistent with
the volatile nature of compounds present in natural
essential oils from leaves, which usually include mono-
terpenes and sesquiterpenes (Kokilananthan et al., 2022),
which possess lower antioxidant power compared to phe-
nols (Gutiérrez-del-Rio et al., 2021; Souza et al., 2022).
Although some essential oils show moderate antioxidant
properties, the low concentration of phenols and other
high molecular weight compounds in C. [utea essential
oil could explain its limited antioxidant activity, which
restricts its use in applications where significant antiox-
idant protection is required. No research on C. lutea leaf
essential oil was discovered.

Overall, the results suggest that the extracts, fractions,
and essential oil, especially the CH,Cl, fraction, are good
free radical scavengers and probably can inhibit lipid per-
oxidation, of utmost importance, in the food industry. It
should be noted that lipid oxidation is considered one of
the main causes of quality deterioration in food (Bayram
and Decker, 2023; Wu et al., 2022), as it is responsible
for the rancidity or unpleasant taste and odor of foods,
in addition to decreasing their nutritional value and
reducing their shelf life (Geng et al., 2023; Wang et al.,
2023), which ultimately makes the product unacceptable
for human consumption (Ramanathan et al., 2020; Wang
etal., 2023).

On the other hand, it is important to mention that the
antioxidant activity of the extracts, fractions, and essen-
tial oil increased proportionally to the concentration.
In this regard, at the highest concentration tested for
the extract and its fractions (500 pg/mL), significant

differences were evident between extraction methods,
particularly in the total EtOH extract and the CH,CI,
fraction, whose best results were observed with the cold
maceration method, which may be because a prolonged
increase in extraction temperature, affecting the loss of
polyphenols. This is reinforced by Alara et al. (2019), who
investigated the in vitro antioxidant activity of ethano-
lic extracts of Vernonia cinerea leaves, highlighting that
ascorbic acid had a higher antioxidant activity than the
extract, possibly because Soxhlet extraction has a local-
ized heating effect, which could have degraded some
compounds responsible for this activity in the extract
(Daud et al., 2022; Osorio-Tob6n, 2020). However, it was
evident that these extracts also possessed antioxidant
activity, and therefore V. cinerea leaf extract can poten-
tially be used as a natural antioxidant.

Now, considering the fact that lower IC,  values indi-
cate a stronger free radical scavenging activity, the IC_;
of CH,CI, fraction was calculated by the DPPH* radi-
cal scavenging method (Figure S3), showing a nonlin-
ear response to concentration, with an IC_; of 60. 8 pg/
mL (95% CI: 42.68-86.63 ug/mL), which was lower than
that exhibited by the water-soluble vitamin E analogue,
Trolox (IC, = 35.6 pg/mL), although it was within the
same order of magnitude (Figure S4), indicating good
antioxidant activity of CH,Cl, fraction.

It is worth noting that CH,Cl, fraction showed antioxidant
capacity comparable to that reported by Chandran (2020)
in his study on the ethanolic extract of C. lutea, with an
ICs, of 46.9 ppm. Although this value is slightly higher
than that of ascorbic acid (ICs, of 37.1 ppm), the author
emphasized that C. [utea possesses significant antioxi-
dant properties and potential for further research. On the
other hand, synthetic antioxidants used in the food indus-
try, such as BHA (36.1 mg/L), BHT (35.9 mg/L), ascorbic
acid (36.8 mg/L), and a-tocopherol (41.7 mg/L) (Ojekale,
2013), exhibit a higher radical scavenging capacity than
the CH,Cl, fraction, although within a similar range.

It is essential to highlight that excessive or inappropriate
use of synthetic antioxidants, such as BHT (E No. 321)
and BHA (E No. 320), common phenolic additives in the
food industry, is linked to adverse effects, including car-
cinogenicity, cytotoxicity, oxidative stress induction, and
endocrine disruptions (Xu et al., 2021). In this context,
several studies emphasized the importance of seeking
safer, nontoxic, and environment-friendly alternatives
(Esazadeh et al., in press; Zhang et al., 2023), with the aim
of using these compounds rationally or, ideally, reducing
their presence in the diet (Esazadeh et al., in press).

Relationship between TPC and antioxidant capacity
A clear correlation was observed between TPC and anti-
oxidant capacity (percentage scavenging of the ABTS™
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and DPPH* radicals) in C. lutea extracts and fractions
(Figure 4, especially in CH,Cl, fraction, which showed
both the highest TPC and the highest antioxidant activ-
ity in DPPH and ABTS assays. These findings support
the role of phenolic compounds as major contributors
to antioxidant activity, probably because of their ability
to donate hydrogen atoms or electrons, thus neutralizing
free radicals (Dehimat et al., 2021; Hajlaoui et al., 2022;
Mejia et al., 2020).

However, some variations were observed; for exam-
ple, the EtOH/H,O residual fraction showed moderate
antioxidant activity despite its relatively low TPC, so
it was not possible to establish a linear correlation for
both assays (R%: 0.65 for DPPH, and R* 0.76 for ABTS).
Although several studies have reported a strong posi-
tive correlation between TPC and antioxidant activity
(Dehimat et al., 2021; Hajlaoui et al., 2022), this trend
does not always hold and may be related to the presence
of non-phenolic antioxidants, such as carotenoids and
ascorbic acid, among others (Quintana et al., 2019).

It should also be considered that the antioxidant capacity
of a compound or extract depends not only on the total
phenol content but also on the composition and chemical
structure of the phenols present in the sample, the num-
ber of hydroxyl groups attached to the aromatic ring and
their location and orientation therein (Chen et al., 2020;
Mejia et al., 2020; Parcheta et al., 2021).

Essential oil obtained by steam distillation showed the
lowest TPC and antioxidant capacity, probably because
of the predominance of volatile compounds, such as
monoterpenes and sesquiterpenes, which generally
exhibit lower antioxidant activity than phenolic com-
pounds. This agreed with the results of other studies on
essential oils, where the limited presence of phenols was
associated with lower antioxidant capacity (Molnar et al.,
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2017). These results reinforce the idea that, while pheno-
lic content is a significant factor in antioxidant activity,
the total antioxidant profile also depends on the type
and abundance of other bioactive compounds within the
extract. As explained by Jerénimo et al. (2021), Kamal
et al. (2022), and Masyita et al. (2022), the antioxidant
activity of essential oil could be attributed to terpenes
(such as terpinen-4-ol, thymol, and phytol, among oth-
ers, detected by GC-MS); even, it has been reported that
esters (also detected by GC-MS, hexadecanoate methyl
ester) present in essential oils could act as antioxidants
(Leblebici et al., 2012).

Nonetheless, it is suggested to highlight the alternative
uses of essential oil, such as its application as a flavoring
agent in the food, cosmetic, or pharmaceutical industries.
This proposal is supported by the presence of volatile
compounds with unique aromatic and bioactive prop-
erties, which could provide added value even with a low
phenolic content. These considerations not only broaden
the practical implications of the findings but also empha-
size the multifunctional potential of the essential oil for
industrial applications and future research.

On the other hand, the positive relationship between TPC
and antioxidant activity observed in C. lutea extracts and
fractions underscores the potential of phenol-rich frac-
tions, such as CH,Cl,, as natural antioxidants. The results
highlight that maximizing the antioxidant potential of
plant extracts involves not only the extraction of phe-
nols but also understanding how different compounds,
extraction solvents, and methods interact to enhance
antioxidant properties. Future studies could explore the
synergistic effects between phenols and other bioactive
compounds to better elucidate their collective role in
antioxidant capacity, which could broaden the applica-
bility of C. lutea extracts in the food and pharmaceutical
industries.

-+ DPPH
-= ABTS

10 20 30 40

1 T \
50 60 70
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Figure 4. ABTS (m) and DPPH () free radical scavenging percentage evaluated at 500 pg/mL vs TPC of C. lutea extracts and

their fractions.
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Compounds tentatively identified in the extracts of C.
lutea leaf and their active fractions by HPLC-QTOF-MS/MS

In this study, total EtOH extracts (E1 and E6) and CH,Cl,
fractions (E3 and E8) were used for analysis because of
their representative antioxidant activity.

HPLC-QTOF-MS/MS analysis of C. lutea extracts
revealed a wide diversity of compounds with potential
bioactive properties, highlighting the complexity and
richness of the chemical profile of this plant. Notably,
several phenolic compounds, flavonoids, fatty acids, and
terpenes were tentatively identified, with some fractions
exhibiting a higher abundance of these compounds, cor-
relating with their elevated antioxidant activities. This
suggests that specific extraction solvents not only influ-
ence the yield of phenolic compounds but also selectively
enrich bioactive compounds that contribute to the over-
all functionality of the extract.

As seen in Table 2, 23 compounds in C. [utea were anno-
tated: alkaloid (1), terpenoids (4), phenolic acids (6), and
flavonoids (12); their biological properties are widely com-
mented on, which may justify the use of C. lutea in the
food industry (see Table 3). The extracted ion chromato-
grams (EIC) for extracts and fractions obtained in positive
ion mode are presented in Figures S5-S8. The results of
the fragment spectra (MS/MS) are presented in Figure S9.

The results indicate that the main components of C.
lutea leaf extract and its fractions are polyphenolic com-
pounds, which corroborate previous findings obtained
in the preliminary phytochemical analysis performed,
which were also reported by Aguirre et al. (2010) and
Tomads et al. (2010). It is worth mentioning that these
investigations focused only on the qualitative determina-
tion of minerals and the main secondary metabolites of
C. lutea leaf, the latter by the Cain—Bohmann method,
with modifications (Tomds et al., 2010). Similarly, in
Peru, Aguirre et al. (2010) based their research only on
the separation, identification, and quantification of tan-
nins from C. lutea leaf.

Among the phenolic compounds identified, chlorogenic
acid, rutin, and luteolin stand out. Chlorogenic acid,
known for its potent antioxidant and anti-inflammatory
properties, has been documented in related species
within the Marantaceae family (Abdullah et al., 2008).
Rutin and luteolin, widely known for their radical scav-
enging and anti-inflammatory properties, further
enhance the value of C. lutea extracts, indicating poten-
tial applications in the prevention of oxidative stress. The
presence of these bioactive phenols is consistent with the
strong antioxidant activity observed in DPPH and ABTS
assays, especially in CH,CI, fraction, which may have
selectively concentrated these hydrophobic phenols.

It is important to note that, of the 23 compounds iden-
tified in the present study, five were reported in the
literature of Calathea and/or Marantaceae: chloro-
genic acid and rutin (Abdullah et al., 2008), cyanidin-3-
glucoside (Mizuno et al., 2022; Rozali et al., 2016), vitexin
(apigenin-8-C-glucoside), and luteolin (Saldafia, 2019;
Williams and Harborne, 1977). Other compounds were
not identified in the previous studies on Calathea and/
or Marantaceae. Therefore, this was the first time that
these are reported; however, further studies are required
to confirm their presence.

It should be noted that flavonoids, luteolin, tricin, and
chrysoeriol, three major peaks in the CH,Cl, fraction
obtained from E1 (see Figure S6) characterized by their
high and recognized antioxidant activity, could be related
to the outstanding radical scavenging capacity of this
fraction; however, the influence of other compounds and
possible synergistic mechanisms are not ruled out.

The chemical profile of C. [utea leaf extract, rich in anti-
oxidant compounds, such as quinic acid, chlorogenic
acid, isoschaftoside, rutin, cyanidin-3-glucoside, vitexin,
narcisine, synaptic acid, ferulate, syringaldehyde, luteolin,
tricin, chrysoeriol, coumarate, and syringetin-3-o-gluco-
side, reveals a high added value of this extract in the food
industry for the development of natural antioxidants.
Therefore, in addition to contributing to improve the
sensory quality of the products, by retarding lipid oxida-
tion, the leaf extract of C. [utea could also act as a natural
preservative, prolonging the shelf life of foods and reduc-
ing the need for synthetic additives. Furthermore, in vitro
studies suggest that several of these compounds could
inhibit bacterial growth as reported in Table 3, contribut-
ing to improve the microbiological safety of foods.

Volatile compounds identified in C. lutea leaf essential oil
by GC-MS

To date, the characterization of volatile compounds pres-
ent in the leaf of C. lutea, possibly related to its aroma,
has not yet been reported in literature. Consequently,
the present report appears to be the first scientific study.
Figure 5 and Table 4 summarize the compounds identi-
fied in the oil. The total ion chromatogram in Figure 5
details the retention time and the signals corresponding
to the active compounds present.

GC-MS analysis of C. lutea leaf essential oil revealed a
complex profile of volatile compounds, predominantly
comprising monoterpenes, sesquiterpenes, and fatty
acids. These volatile compounds not only contribute to
the characteristic aroma of C. lutea but also enhance its
applications in food preservation because of their diverse
bioactivities.
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Table 3. Characteristics of secondary metabolites of total extracts of C. lutea and CH,CI, fractions tentatively identified by HPLC-QTOF-MS/

MS.
No.  Tentative notation Associated activity Plants in which these are identified
1. Quinic acid Antioxidant (Aree, 2019; Karaman etal.  leaves of Zanthoxylum bungeanum Maxim (Yang
2021) antibacterial, antiviral, anticancer, et al., 2013). Leaves of Cupressus macrocarpa
cytotoxic anti-inflammatory, anti- (Attallah et al., 2021)
inflammatory (Aree, 2019)
2. Chlorogenic acid Antioxidant (Abdullah et al., 2008; Leaves of Thaumatococcus danielli (Marantaceae)
Gupta et al., 2019) (Abdullah et al., 2008), leaves of Moringa oleifera
(Alam et al., 2020), leaves of Zanthoxylum
bungeanum Maxim (Yang et al., 2013)
&, Isoschaftoside Antioxidant (Quispe et al., 2014) and Sugarcane (Quispe et al., 2014). Hojas de Achillea
antimicrobial (Li et al., 2021; Serino Wilhelmsii (Serino et al., 2021). Fig leaves (Ficus
etal., 2021) carica L.) TR 13.2 (Li et al., 2021)

4. (2R)-4-[(1S)-1-hydroxy-2,6,6-trimethyl- - Leaves of Vanda spp. and Cattleya spp. (Lima et al.,
4-oxo0-2-cyclohexen-1-il]-2-butyl 2022)
beta-D-glucopyranoside

5. Routine Antioxidant (Wei et al., 2022), Leaves of Calathea (Abdullah et al., 2008),

inflammatory, anticancer, Thaumatococcus daniellii (Marantaceae) (Fadahunsi
neuroprotective, antiproliferative, and et al., 2021), Moringa oleifera (Alam et al., 2020),
antimetastatic (Abdullah et al., 2008; leaves of Zanthoxylum bungeanum Maxim (Yang
Wadher et al., 2022) et al., 2013), leaves of Hippophae rhamnoides y
H. tibetana (Wei et al., 2022), leaves of eucalipto
(Gullén et al., 2019)
6. 2-(3,4-dihydroxyphenyl)-5-hydroxy-7- Related to antioxidant activity (Pires Flowers of the species Impatiens (Pires et al., 2021)
[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6- et al., 2021)
[(3,4,5-trihydroxy-oxan-2-il) oxymethyl]
oxan-2-il] oxy-chromen-4-ona
7. Cyanidin-3-glycoside Antioxidant (Mahnashi et al., 2022, Leaves of Calathea (Mizuno et al., 2022; Rozali
Paunovic et al., 2017) et al., 2016), leaves of Zea mays, leaves of black
currant (Ribes nigrum L.) (Paunovic et al., 2017)
8. Vitexin Antioxidant (Mahnashi et al., 2022; Banana leaves (Musa paradisiaca) (Shodehinde
Paunovic et al., 2017; Shodehinde and and Oboh, 2013), leaves of Cupressus macrocarpa
Oboh, 2013), and antibacterial (Attallah  (Attallah et al., 2021)
etal., 2021)
9. Narcisine Antioxidant (Liu et al., 2023; Wei et al., Leaves of Hippophae rhamnoides y H. tibetana (Wei
2022) et al., 2022), cassava leaves (Manihot escylenta
Crantz), flowers of Flos sophorae Immaturus, leaves
of Gynura divaricata (Liu et al., 2023)

10.  5-[6-[[3,4-dihydroxy-4-(hydroxymethyl) - Leaves of Hintonia standleyana and Hintonia
oxolan-2-il] oxymethyl]-3,4,5-trihydroxy latiflora (Cristians et al., 2013; National Center for
-oxan-2-ilJoxy-4-(3,4-dihydroxyphenyl)- Biotechnology Information [NCBI], 2023)
7-methoxychromen-2-ona

11.  4-(3-hydroxybutyl)-3,5,5- - -
trimethylcyclohex-3-in-1-ol

12. (2R,3S,4S,5R 6R)-2-(hydroxymethyl)- - Leaves of Vanda spp. and Cattleya spp. (Lima et al.,
6-[4-(4-hydroxy-2,6,6- 2022)
trimethylcyclohexen-1-il) butan-2-iloxi]
oxane-3,4,5-triol

13.  4-(2,6,6-Trimethyl-4-oxo-2-cyclohexen-  Antioxidant (Prasniewski et al., 2021) Leaves of Syzygium malaccense (Prasniewski et al.,
1-il)-2-butyl beta-D-glucopyranoside 2021)

14.  Synaptic acid Antioxidant (Pateiro et al., 2023; Pico Kale leaves (Pateiro et al., 2023), blueberry (Pico

etal., 2022) et al., 2022), leaves of Anacardium occidentale
(Sassi et al., 2022), mint (Lin et al., 2022), Moringa
oleifera (Mumtaz et al., 2021.) and strawberry
(Lin et al., 2020)
(continues)
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No.  Tentative notation Associated activity Plants in which these are identified
15. Ferulate Antioxidant (Chen et., 2022; Zhang Leaves of Rubus corchorifolius (Chen et al., 2022),
et al., 2022) and antimicrobial (Chen Suaeda (Wu et al., 2013)
et al., 2022)
16. Syringaldehyde Antioxidant, antibacterial (Yancheva Leaves of Manihot esculenta and Magnolia officinalis
et al., 2016), antifungal, and (Shahzad et al., 2020)
antiparasitic (Yancheva et al., 2016)
17. Luteolin Antioxidant (Chau et al., 2023; Leaves of C. lutea (Saldafa, 2019; Williams and
Malacaria et al., 2022; Shimul et al., Harborne, 1977). Banana leaves (Musa paradisiaca)
2022.) and antimicrobial (Shimul et al., (Shodehinde and Oboh, 2013) oregano and thyme
2022) (Shimul et al., 2022)
18.  Tricin Antioxidant and antimicrobial activity Wheat leaves (Triticum dicoccum L.) (Zheng et al.,
(Bouzayani et al., 2022), anticancer, and ~ 2021), bamboo leaves (Jiao et al., 2007)
cardioprotective agents (Li et al., 2022)
19. Chrysoeriol Antioxidant (Kim et al., 2021) Coronopus didymus (Muzammil et al., 2022), leaves
of Capsicum chinense (Herrera-Pool et al., 2021;
Oney-Montalvo et al., 2020)
20. Ethyl beta-carboline-3-carboxylate Anticancer, inhibition of adenosine Leaves of Picrasma quassioides (Xie et al., 2022)
scavenging (Xie et al., 2022)
21. 7-hydroxy-2-(4-hydroxy-3,5- - -
dimethoxyphenyl)-5-[(2S,3R,4S,5S,6R)-
3,4,5-trihydroxy-6-(hydroxymethyl)
oxan-2-il] oxy-chromen-4-ona
22.  4-Coumarate Antioxidant (Shaheen, 2011) Leaves of Genus salvia (Shaheen, 2011)
23. Syringetin-3-O-glycoside Antioxidant, anticarcinogenic, Leaves of Cedrus atlantica (Belkacem et al., 2021;

antidiabetic, antimicrobial, and anti-
inflammatory (Chmiel and Stompor-

Chmiel and Stompor-Goracy, 2022), and leaves of
Cupressus macrocarpa (Attallah et al., 2021)

Goracy, 2022).

The volatile compounds of C. lutea leaf oil were tenta-
tively identified by comparison of molecular weight and
mass spectra (Supplementary Figure S10) with those
recorded in the literature, Wiley 7n.1 online library, and
NIST2017. Sixteen compounds were tentatively observed
(Table 4), corresponding to six fatty acids (37%), three
terpenes (19%), three phenols (19%), two aliphatic hydro-
carbons (13%), one ester (6%), and one heterocyclic
compound (6%).

The main compounds tentatively identified were hene-
icosane (36.734%), n-hexadecanoic acid (19.607%), octa-
decanoic acid (8.021%), 9,12-octadecadienoic acid (Z,Z)
(7.125%), and phytol (6.035%), while phenol, 2-meth-
yl-5-(1-methylethyl)- (0.489%) was noted as a minority
component. Their known applications as potential anti-
oxidants, and anti-inflammatories, among others, as well
as their possible contributions to sensory characteristics,
such as odor/aroma or taste, are detailed in Table 5.

To ensure reliability of the identifications, a criterion of
spectral similarity (often denoted as QUAL) = 90% was

established by comparing the data with Wiley 7n.1 and
NIST2017 reference libraries. Only those identifica-
tions that met this criterion were considered positive.
Experimental mass spectra are presented in detail in
Figure S10.

While the results clearly indicate a higher presence of
saturated and unsaturated fatty acids in the essential oil
of C. lutea, contributing significantly to its characteris-
tic aroma, interactions with minor compounds may also
play a role. As noted by Starowicz (2021), the aroma of
most plants arises from a complex synergy among vari-
ous volatile compounds from different chemical classes.
Therefore, further studies are warranted to pinpoint the
specific compounds responsible for the distinctive aroma
of C. lutea.

In this regard, although alcohols, acids, esters, terpenes,
and furans identified in this study are among the pri-
mary chemical groups that contribute to the aroma of
C. lutea leaves, interactions between these compounds
and factors, such as the food matrix and processing
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Figure 5.

Extracted ion chromatogram (EIC) obtained by GC-MS of the essential oil of C. lutea leaves.

Table 4. Volatile compounds identified in C. lutea leaf essential oil by GC-MS.

No. TR (min) Tentative notation Molecular Molecular weight Relative ~ Chemical class
formula (g/mol) area (%)

il 7.699 Terpinen-4-ol C,H:s0 154.2493 0.37 Terpene (Monoterpene alcohol)
2, 7.895 Terpineol C,H:s0 154.2493 0.46 Terpene (Monoterpene alcohol)
3. 8.445 Benzofuran,2,3-dihydro- CgH,0 120.1485 0.97 Heterocyclic (benzofuran)
4, 9.372 Thymol C,H..0 150.2176 0.52 Phenol (Monoterpene phenol)
8, 9.507 Phenol,2-methyl-5-(1-methylethyl) C,H..0 150.2176 0.34 Phenol (Monoterpene phenol)
6. 9.628 2-Methoxy-4-vinylphenol CgH,,0, 150.1745 2.54 Phenol
7. 10.382 Decanoic acid C,H,0, 172.2646 1.14 Saturated fatty acid
8. 12.808 Dodecanoic acid C,H,0, 200.3178 3.14 Saturated fatty acid
9, 15.008 Tetradecanoic acid C,H,0, 228.3709 3.06 Saturated fatty acid
10. 16.651 Methy! ester, hexadecanoic acid C,;H,,0, 270.4507 1.35 Ester
11. 17.065 Hexadecanoic acid C,H,,0, 256.4241 14.08 Fatty acid (saturated fatty acid)
12. 18.452 Fitol C,H,0 296.531 511 Terpene (diterpene alcohol)
13. 18.670 Acid 9,12-octadecadienoic (Z,2) C,,H320, 280.4455 5.76 Unsaturated fatty acid
14. 18.911 Octadecanoic acid C,H,:0, 2844772 223 Saturated fatty acid
15. 19.198 Octadecane CeH3, 254.4943 4.33 Hydrocarbon
16. 23.192 Heneicosane Gl 296.5741 26.37 Hydrocarbon

Total identified 71.77%

RT: Retention time (min)

conditions, will ultimately shape the final sensory profile.
This study underscored the importance of evaluating vol-
atiles within food matrices, a key area of interest in food
production that provided valuable insights into product
quality (Starowicz, 2021).

It must be noted that none of the research reported
in literature to date has addressed the relationship
between phenol content and antioxidant activity of
C. lutea leaf extract. The identification of main com-
pounds using more precise analytical techniques, such
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Table 5.

Properties of ethanolic extract and essential oil of Calathea lutea leaves

Reported characteristics of volatile compounds identified in C. lutea leaf essential oil by GC-MS.

No. Tentative notation Associated activity Associated odor/scent
1. Terpinen-4-ol Antioxidant (Badr et al., 2022), anti-inflammatory, Camphor, herbal (Schmidt et al., 2012)
antifungal, antiviral, and anticarcinogenic (Yadav and
Rao, 2016).
2. Terpineol Antioxidant and anti-inflammatory (Sales et al., 2020) Flowers (Nakamura and Miyazawa, 2013)
3. Benzofuran,2,3-dihydro Antimicrobial and anti-inflammatory (Al-Tameme et al., Sweet odor (Gao et al., 2021)
2015)
4, Thymol Antioxidant, anti-inflammatory, and antimicrobial Herbaceous, warm, and slightly spicy (Diaz-
(Escobar et al., 2020) Maroto et al., 2005)
& Phenol,2-methyl-5-(1- Antioxidant, antibacterial, anti-inflammatory, antifungal, Herbaceous, warm, and slightly spicy (Diaz-
methylethyl) and anticancer (Suntres et al., 2015). Maroto et al., 2005)
6. 2-Methoxy -4-vinylphenol Antimicrobial antioxidant, anti-inflammatory, and Earthy and fresh, similar to dried herbs (Choi,
analgesic (Rubab et al., 2020) 2005)
7. Decanoic acid Antibacterial, insulin stimulator, and anti-inflammatory Slightly rancid (Qian and Wang, 2005)
(Vellapandian, 2022)
8. Dodecanoic acid Antimicrobial and anti-inflammatory (Kumar and Slightly sweet, flowery, and waxy (Zhang
Rajakumar, 2016). et al., 2020).
9. Tetradecanoic acid Antioxidant (Henry et al., 2002) and antibacterial (Patra Slightly sweet, flowery, and waxy (Zhang
etal., 2017) et al., 2020)
10. Methyl ester, hexadecanoic Antioxidant (Bhalla et al., 2021), anti-inflammatory Flowers with fresh herbal notes have a mild
acid (Abdel-Hady et al., 2018; Bhalla et al., 2021), and odor with fatty notes (Tao et al., 2014)
antifungal (Abubacker and Deepalakshmi, 2013)
1. Hexadecanoic acid Antioxidant and anticarcinogenic (Abdel-Hady Slight greasy, sour, rancid, and pungent odor
et al., 2018), anti-inflammatory (Bhalla et al., 2021), (Tao et al., 2014)
antibacterial (Chelliah et al., 2017)
12. Fitol Antioxidant, anticarcinogenic, antidiarrheal, anti- Fresh herbs (Zhu et al., 2016)
inflammatory, and antimicrobial (Abdel-Hady et al.,
2018; Bhalla et al., 2021)
13. Acid 9,12-octadecadienoic Anti-inflammatory, anticancer, anticoronary (Adeoye- Slight acaeitoso-rancio odor
(Z,2) Isijola et al., 2018) (Rezende and Fraga, 2003)
14, Octadecanoic acid Anti-inflammatory, anticancer, insecticide, and Slightly greasy odor (Da Farmacopeia, 2019)
anticoronary (Rao et al., 2016)
15. Octadecane NA NA
16. Heneicosane Antimicrobial (Vanitha et al., 2020) NA

NA: Not available.

as HPLC-ESI-QTOEF-MS, identifying 23 compounds,
of which 18 were not reported in previous studies on
Calathea and/or Marantaceae, significantly elaborate
knowledge on the chemical composition and biological
potential of this plant. In addition, we characterized vol-
atile compounds, providing knowledge on the aromatic
profile of this plant. Therefore, this study provides new
useful information on the extracts of C. [utea leaves. The
findings of this research are essential to better under-
stand the biological properties of this leaf and its implica-
tions for the development of food products.

This study highlights the potential of C. lutea leaf as
a natural source of antioxidants and other functional
compounds, which could offer alternatives to synthetic
preservatives in the food industry, an aspect of great

relevance, because nowadays, consumers and health reg-
ulations are increasingly looking for natural ingredients
(Ali and Ali, 2020; Mesias et al., 2021). The results of this
study suggested that C. lutea could play an important
role in improving food stability and safety, especially in
products susceptible to oxidation, such as oils, meat, and
dairy products.

Thus, the possible future applications of these com-
pounds include their incorporation in food formulations
where the use of antioxidants is necessary to extend
products’ shelf life. Likewise, the volatile compounds of
C. lutea responsible for its characteristic aroma could be
used in products where sensory properties play a funda-
mental role, contributing to an enriched and distinctive
sensory experience.
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It is noteworthy that this research establishes a basis for
developing future studies on the behavior of C. lutea
compounds in real food matrices, allowing a more spe-
cific evaluation of their efficacy and stability under prac-
tical conditions. Finally, it is worth mentioning that, one
of the limitations of this study was the dependence on
the extraction methods available in the laboratory, which
restricts the choices of solvents and extraction tech-
niques. This could influence the profile of compounds
obtained, as some of them could be extracted more effi-
ciently by advanced techniques that were not available in
this research. In the future, the use of alternative tech-
niques, such as supercritical extraction or ultrasound-
assisted extraction, would provide a more complete
profile of the bioactive compounds of C. lutea and opti-
mize their applicability in food. Another limitation was
that, given that some of the identified compounds con-
tribute to the aromatic profile of the essential oil, not
having the necessary equipment to perform a sensory
analysis limited the contribution of more information
on its applicability in food. Future research could focus
on how the volatile profile of C. lutea can enrich sensory
experience in food products.

Conclusions

This study provides a pioneering characterization of
phenolic and volatile compounds in C. lutea, high-
lighting its potential as a natural source of antioxidants
with applications in the food industry. In this study, the
extraction efficiency of phenolic compounds from the
samples varied significantly according to the solvent
used. The dichloromethane fraction, with a high content
of total phenols and an antioxidant capacity comparable
to synthetic antioxidants, such as BHA and a-tocoph-
erol, demonstrates that C. lutea can offer a viable and
safe alternative in the formulation of food products that
aim to improve the quality and extend the shelf life of
foods.

This ability of C. lutea to eliminate free radicals is of great
interest in the field of food quality and safety, because
antioxidants can help prevent lipid oxidation, vitamin
degradation, and formation of potentially toxic com-
pounds. In addition, this work represents advancement
in the valorization of a traditional Caribbean plant, open-
ing opportunities for its industrial utilization at both
regional and global levels.

From a practical perspective, C. lutea could be a scalable
and cost-effective option for the food industry, espe-
cially in regions where this plant is abundant. Its use in
food products as a natural preservative would enhance
product quality and promote sustainability by reducing
dependence on synthetic antioxidants.

The originality of this study lies in the use of advanced
HPLC-QTOEF-MS/MS techniques to identify new bioac-
tive compounds in C. lutea, many of them documented
for the first time in this species and in the Marantaceae
family. This lays the foundation for future research that
can explore their applications in food and cosmetic prod-
ucts and in the development of natural and sustainable
additives. In this regard, for future research, it is recom-
mended to evaluate the extracts in real food matrices,
such as oils, sauces, or meat products, to explore their
potential role as a preservative (antioxidant and antimi-
crobial). Studying the economic and technical feasibil-
ity of implementing the extracts in large-scale industrial
processes is also suggested.

Although this study focused on the Caribbean region, the
tropical climatic conditions and soil types characteristic
of this region are similar to those of other tropical areas,
such as Southeast Asia and Central America. Previous
studies in these regions, such as those of Chandran (2020)
and Robalino Pinedo and Torres Carrién (2021), have
reported the presence of phenolic compounds with anti-
oxidant properties in C. lutea, suggesting that our find-
ings could be extrapolable to a broader level. However, it
is critical to recognize that the chemical composition of
C. lutea may vary due to factors such as genetic variabil-
ity, soil type, altitude, and local climatic conditions.
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Supplementary
Table S1. Preparation of negative control, blank, and C. lutea Table S2. Preparation of negative control, blank, and sample
leaf extract sample and fractions in the microplate for TPC extracts of C. lutea in microplate for ABTS™ assay.
determination. Negative Positive control Sample
Negative Positive Sample control (uL)  sample blank (pL) (uL)
control (uL)  control sample (L)
blank (kL) Sample solvent 20
Sample 30 30 ABTS +squti?n 180 180
Sample solvent 30 Sample solution 20 20
Folin C solution 150 150 Rl 1Y
Distilled water 150
NA,CO, solution 120 120 120

Table S3. Preparation of negative control, blank, and sample
extracts of C. lutea in the microplate for DPPH* assay.

Negative Positive control Sample
control (uL)  sample blank (pL) (uL)

Sample solvent 75

DPPH* solution 150 150
Sample solution 75 75
Ethanol 150

Comparison of scavenging of radical DPPH*

Total extract EtOH  Fraction of Hexane  Fraction of CH,Cl, ~ Fraction of EtOAc Residual frac. EtOH/H,0  Essential oil

90
Concentration
=200 (ug/mL)
80 | | =350 (pg/mL)
=500 (ug/mL)

707 I

()]
£
2 60 - ] |
g B T
g i ;
n 501 7 é 4 é é_; |
R 1 1
= @ @ I |
401
30 £
201 . . ‘ .
\b \él\ \6 \Q} \b \Q‘}' \b \Q} \b \Q\' N
oS S SHFS & oK F
) ) 9 ) )

Method of extraction

Figure $1. Percentage of DPPH* of the extracts, fractions, and essential oil of C. lutea leaf.
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Comparison of scavenging of radical ABTS**
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Figure 3. DPPH* radical scavenging dependent on the concentration of CH,CI, fraction of C. lutea leaf: value of IC,,
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Figure S4. DPPH* free radical scavenging activity represented by the Trolox standard.
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Figure S6. Extracted ion chromatogram (EIC) obtained by HPLC-ESI-QTOF in positive ion mode of CH,CI, fraction (E3).

x10° | Compound 308 + EIC(595.16626) Scan E6-r002.d

0.5 1 1.5 2 25 3 3.5 4 4.5 5 55 6 6.5 7 7.5 8 8.5 9

Counts vs. acquistion time (min)

Figure S7. Extracted ion chromatogram (EIC) obtained by HPLC-ESI-QTOF in positive ion mode of the total EtOH Soxhlet
extraction (E6).
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Figure 88. Extracted ion chromatogram (EIC) obtained by HPLC-ESI-QTOF in positive ion mode of CH,CI, fraction (E8).

Compound 1

Retention time (min): 3.535

m/z [M+H]: 193.070

Molecular formula: C,H,,O,
Tentative annotation: Quinic acid
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Figure $9. Compound fragment spectrum results (MS/MS).
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Compound 2

Retention time (min): 9.5

m/z [M+H]: 355.10209

Molecular formula: C,;H,,Og

Tentative annotation: Chlorogenic acid
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Class of compound: Phenolic acid (cinnamic acids and their derivatives)
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Compound 3

Retention time (min): 9.752

m/z [M+H]: 565.15609

Molecular formula: C,H,,O,,

Tentative notation: Isoschaftoside

Class of compound: Flavonoid (flavones)
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Compound 4

Retention time (min): 10.014
m/z [M+H]: 389.21813
Molecular formula: C,;H,,0O,

Tentative notation: (2R)-4-[(1S)-1-Hydroxy-2,6,6-trimethyl-4-oxo-2-cyclohexen-1-il]-2-butyl beta-D-glucopyranoside

Class of compound: Terpenoids
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Compound 5

Retention time (min): 10.230
m/z [M+H]: 611.16211
Molecular formula: C,,H, O,
Tentative notation: Routine

Class of compound: Flavonoid (flavonols)
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Counts vs. Mass-to-Charge (m/z)

180

x10% Compound 283: (M+H)+: +ESI Product lon (t: 10.230 min) Frag=135.0 CID@40.0 (611.16211[z=1] -> **) E6-r002.d

1.15
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0.9
0.85-

85.02389
[C4 H5 02]+
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il

LLd
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228.55043
1l ..|.||| ‘ |.J||| .L u ul.il il

303.04318
[C15H11 07+

[C12Hz004]*

280 400

365.06516

[C20H13 O7]+ 528.93534

| 43128038 [C24 HO15]+
dow LI Lol bl F1 et

[ X P

§13.26298
[C27 H31 D16]+
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Figure S9. Continued
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Properties of ethanolic extract and essential oil of Calathea lutea leaves

Compound 6
Retention time (min): 10.258
m/z [M+H]: 581.15007

Molecular formula: C,.H

26" 28

015

Tentative notation: trihydroxy-6-[(3,4,5-trihydroxy-oxan-2-il)oxymethylJoxan-2-ilJoxi-chromen-4-ona

Class of compound: Flavonoid (flavonols)

x10 3 Compound 285: (M+H)+: +ESI Produet lon (rt: 10.258 min) Frag=135.0V CID@10.0 (581.15007[z=1] -> =) E6-r002.d

1.054
14
(.85
0.5+
.85
0.8+
0.75
0.74
.65
0.6+
(.55
0.5
(.45
0.4+
(.35
0.34
.25
024
.15+
014
0.054

257.05141
[C22 HT O+

194.11147
118.08030 [C15 H14]+

[C8 Hi0}+

337.00101
[C10 HO 013+

401.13194
[C14 H25 013+

44310872

431.19877

581.15007
[C26 H28 D15}«

54723770

61.11745

24771658

od__widinnn |.i:|u.|..|.... .|I|.u| 0 | A H..u...n A AR ‘I.. |.I..|..IJ.|1.J .h ] il

50 75 100 125 150 175 200 225 250 275
Counts vs. Mass-wo-Charge (m/z)

Compound 7

Retention time (min): 10.604

m/z [M+H]: 449.10791

Molecular formula: C,,H,,CIO,,
Tentative notation: Cyanidin-3-glycoside
Class of compound: Flavonoid

x103 Compound 142: (M+H)+: +ESI Product lon (rt: 10.604. 10.820 min. 2 scans) Frag=135.0V CID@10.0 (449.10791[z=1] - **) E1-r001.d

95
g
85
8
75
74
6.5
5
55
5
45
4
354
34
25
2
151
14
05
o4 Lt m il e e e R

287.05451
[C15 H11 06]=

449.10844
[C21 H22 ClO11]+
)
[CsHy; CIOs T

300 325 350 375 400 425 450 475 500 525 550 575 600 625

OH

300 400 500 600 700
Counts vs. Mass-to-Charge (m/z)

100 200

Figure S9. Continued
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Compound 8

Retention time (min): 10.340
m/z [M+H]: 433.11343
Molecular formula: C,,H,,0,,
Tentative annotation: Vitexin
Compound class: Flavonoid

x1032 o o
234
2.2 283.05989 313.07039
21 [C16H11 05+ [C17 H13 0]+

24
194 o) OH
184 337.06811

OH
174 [C19 H13 OB+ HO 0
1.6

1.5+ HO OH
1.4

| OH
13 397.09103

1.29 [C21 H17 O8]+

1.1
1_

0.9- 179.07814 41510145

0.8 [C,H,0] €21 H15 07k [C21 H13 O3]+

07 - [H,0F 43311291

06 Je——u| [C21H21 010

H,Of <
05, (o1 [H,OF
0.4 -
gj [CaHs O]
2{ 24303026 Celd1O,
0.14 [C13H7 O5)+ [ stoOs]
04, L., L |l ||| s _,._ I ||I|| W-Jﬂ,._ il ]1|.I |||” |1 vt M M
240 25[] 250 2_."0 280 2‘30 30{) 310 321} 330 34[) 350 360 3?0 330 390 4ﬂU 410 420 430 440 45[:' 45[] 4?{) 430 49{)
Counts vs. Mass-to-Charge (m/z)

l 431, ‘39938
b, . .

Compound 9
Retention time (min):
m/z [M+H]: 625.17657

Tentative annotation: C,;H,,0,,

Compound class: Narcisine
Compound class: Flavonoid

x10°?

3.44
317.06402
329 [C16 H13 O7]+

1
2.8
2.6
2.4+
2.2

1.8
1.6
144
12

14
0.3 o [C1zHz00d]"
0.5

04] 8502079 §25.42783
[C4 H5 02)+ 480.11291 (C28 H33 016}

0.2 L [C18 H24 015+ 79692751
od_ i duddl Ll

b i N VOO PPR v it POTRRRUTITN

100 200 300 400 S0 edo 750 300 300 1000 1100 1200
Counts vs. Mass-to-Charge (m/z)
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11|.|.l]ul.|. lI;u-..I bt

Figure S9. Continued
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Properties of ethanolic extract and essential oil of Calathea lutea leaves

Compound 10

Retention time (min): 10.667

m/z [M+H]: 595.16567

Molecular formula: C,,H, O,

Tentative annotation: 5-[6-[[3,4-dihydroxy-4-(hydroxymethyl)oxolan-2-ilJoxymethyl]-3,4,5-trihydroxy-oxan-2-il]
oxi-4-(3,4-dihydroxyphenyl)-7-methoxychromen-2-ona

Compound class: Flavonoid 4-phenylcoumarin

=102

&y 301.08924 |
8.5 [C16 H13 O8]+ O 0 0

81 HO
75
7 0 =
£.51 OHjo 0 0

E-
5.5

91 HO OH OH
431 OH OH

4_
3.5

3_
2.5
2 [C11H1809]*
1.51

11 233.08177 41715228 597.24337

0.5 11509395 167.06725  [C13H12 04)+ l 34716933 [C22 H25 Q&)+ [C27 H31 015+

o) e SO 1o O3 v Lt L SSTBRETOS b 00 g

75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600
Counts vs. Mass-to-Charge (nuz)

-~

Compound 11

Retention time (min): 10.6:43

m/z [M+H]: 10.643

Molecular formula: C,,H,,0,

Tentative notation: 4-(3-hydroxybutyl)-3,5,5-trimethylcyclohex-3-en-1-ol
Class of compound: Terpenoids

X102

2.6+ 177.16353
[C13 H21]+
2.4

2.2

0.8 195.17526

ilé;:'[?lg]if [C13H23 O]+

0.6+ 107.08653
[C8 H11J+ [H20]* 213.18484
041 137.13428 [C13 H25 02]+

67.05384 81.06931 [C10 H17]+ 186.10540 [H20) <

02 [CoHT-  [CBHI ‘ ‘ ‘ '{013 H14 0+ [* —f

od e b ||l|| LU Ll bl o o T N ]| S

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210
Counts vs. Mass-to-Charge (m/z)

Figure S9. Continued
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Compound 12
Retention time (min): 10.684
m/z [M+H]: 375.23592

Molecular formula: C,;H,,0,

Tentative notation: (2R,3S,4S,5R,6R)-2-(hydroxymethyl)-6-[4-(4-hydroxy-2,6,6-trimethylcyclohexen-1-il)butan-2-iloxiJoxano-3,4,5-triol

Class of compounds: Terpenoids
x103
124
1.15
114
1.05
14
0.95
0.9
0.85
0.8
0.75
0.7
0.65
06
0.55
05
0.45
0.4
0.35
0.3
0.25
0.2

0.15
01 81.06775

0.054 56.05684 [C6 I-lIQJ]"+
|

04 ..L||]. woi ik

121.09829
[C4 H13 N2 02+

‘J || J‘IH

. L

177.16247 !
[C13 H21]= (

[C6H1407]

195.17359
[C13H23 O]+
24562100

B ._|..|,L\._ " L T

376.20181
[C19 H35 07]+

o
e

161.13265
31212200 343 73514
PR ] T N

60

Compound 13
Retention time (min): 11.056
m/z [M+H]: 373.22174

Molecular formula: C,;H,,0,

W0 20 20 20 20 20 300 30 30 3% 30

Counts vs. Mass-to-Charge (m/z)

Tentative notation: 4-(2,6,6-Trimethyl-4-oxo-2-cyclohexen-1-il)-2-butyl beta-D-glucopyranoside

Class of compound: Terpenoid
=103
36]
34
32
3
28
26
24
22
2
18

1.6 137.09534
1 [C3 H13 O]+

1.2

1
0.8
0.6
0.4

115.08671

ssozerz oo

[C4 H5 021+

1 175714655
[C13 H19]+

211.16833
[C13 H3 021+

[2H207*

-

[CEH1005]*

380.01535
[C19H33 O7)+
J37.28089 #

261.07638
[C14 H13 03]+

Figure S9. Continued
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Properties of ethanolic extract and essential oil of Calathea lutea leaves

Compound 14

Retention time (min): 11.112

m/z [M+H]: 225.07587

Molecular formula: C,H,,0,

Tentative notation: Synapic acid

Compound type: Phenolic acid (cinnamic acids and their derivatives)

x10%

HO O—CH,

&1 119.04603

75 [C8 H7 O+ H,C

74 91.05472
[C7 HT]=
6.5

6 /
5.54 147.04288

5. [C9 H7 02+

175.03887 HO
4.5 [C10 H7 O3]+

4
354
34
2.5
2

207.06858

159 £9.05131 110.97231 164.04535
14 [C3 H7 O]+ [C9 H8 03]+ 225.10851

[C11 H13 05}
o) Lo ol ||...‘

. . . . . ln.. |.I| ‘ Lullll .“ N |‘||I a1 L .;....j) I

40 S0 60 70 80 S0 100 110 120 130 140 150 160 170 180 190 200 210 220 230
Counts vs. Mass-to-Charge (m/z)

0.5+

I |?B.035?2
Al

Compound 15

Retention time (min): 11.147

m/z [M+H]: 195.06583

Molecular formula: C, H, O,

Tentative notation: Ferulato

Compound type: Phenolic acid (cinnamic acids and their derivatives)

xio®
1.64

177.06377

151 [C10 H9 03]+

1.44
1.34
12 HO 0—CHj

1.14
1 0 \ OH

0.5
0.8
0.7

0.6

054 145.02691
: [CY H5 02]+
0.4

[CH4O]*
0.3

0.2 135.06336

117.03258 [C10H11 04«
0.1 89.03709 CB H5 O+ .
[C7 HE- [ l I | [H20]" o
g4 o f o PR P T B P YT BT Seek w0 ambad 9 P Y L] . e o

40 50 &0 70 B0 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230
Counts vs. Mass-to-Charge (mfz)

Figure S9. Continued
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Compound 16

Retention time (min): 11.324
m/z [M+H]: 183.06596
Molecular formula: CjH, O,

Tentative notation: Syringaldehyde

Compound type: Phenolic acid (cinnamic acids and their derivatives)

x10°

2.34
2.24
2.14

24
1.9
1.8
1.7
1.6+
1.5
1.44
1.3
1.2
1.14

1_
0.91
0.8+
0.7
0.6+
0.5

123.04308
[CT HT 02+

95.04864
[C6 H7 O]+

[cor

HO 0—CHj

HaC

Ox

140.04727
[C7 H8 03]+

155.06842

18306636

[CaHaOq]* [CSHT1 04]+

0.4+
0.3
0.2
0.1

04

77.03775

51.02344 [C6 H5-

e,

114.09533
. .J|. .

[CzHa O

— |

165.08656

193.18041
G bk N

' ' |
40 50 60 70 20 50 100 110 120

130

Counts vs. Mass-to-Charge {m/z)

Compound 17

Retention time (min): 11.930
m/z [M+H]: 287.05571
Molecular formula: C,.H,,O,
Tentative notation: Luteolin

Class of compound: Flavonoid (flavonols)

x10*

14
0.554
0.3
0.854
0.84
0.759
0.7
0.654
0.6
0.554
0.5
0.454
0.44
0.35+
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[C7 H5 04]=

135.04380
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Figure S9. Continued
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Properties of ethanolic extract and essential oil of Calathea lutea leaves

Compound 18

Retention time (min): 12.621
m/z [M+H]: 331.08115
Molecular formula: C,,H,,0,
Tentative notation: Tricina

Class of compound: Flavonoid (flavones)

104 0 OH
1.254

1.2
1.15- CH

111 |2
1.054 0

1 o) OH

0.854

0.9
0.854 HO

0.24 o
0.754

07 HyC™
0.654

0.6+
0.554

0.5
0.454

0.4
0.354

0.3 270.05210
0.254 [C15 H10 05+

0.2+ 153.01787
0.15- [C7 H5 D4+

00615: 117.06788
' [CO Hepe

Ode s i mwm o . b el

213.05071

PRI e L )

YIS I

315.04594
[C16 H11 07+

331.08553
[C17 H15 O7]+

] 20 100 120 140 160 180 200 220
Counts vs. Mass-to-Charge [m'z)

Compound 19
Retention time (min): 12.701
m/z [M+H]: 301.07152

Molecular formula: C,H,,0O,

Tentative notation: Chrysoeriol
Class of compound: Flavonoid (flavones)

x10 4
32
3 -
281

267 0 OH
2.4

224 HO
24

15 HyC
1.6
1.4
1.24

N

0.8+

229.04871

044 [C7 H5 0d}+
203.03253
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0.2 108.04027
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T I VAR Tt

04 L

bl i oo il

il .IL. A |L| "‘ L,
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320 340

258.05124
[C14 H10 OS]+
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Counts vs. Mass-to-Charge (m/z)

Figure S9. Continued
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Compound 20

Retention time (min): 11.947

m/z [M+H]: 241.09689

Molecular formula: C,,H,,N,O,

Tentative notation: Ethyl beta-carboline-3-carboxylate

Compound class: Alkaloids
=103

#57 167.06021 NT T NH

59 [C11 HT N2J+ [

3.5+ 0 /

34 195.05458
[C12 HT N2 O)+

1.54 213.08631

N [C12 H9 M2 O02)+ 341 09837

054 [é:gg:s&:]'{ [CSHE‘O?]‘* [C14 H$3 N2 02]+
| [ I

100 110 120 130 140 150 180 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340
Counts vs. Mass-to-Charge (m'z)

Compound 21

Retention time (min): 10.819

m/z [M+H]: 493.13417

Molecular formula: C,,H,,0,,

Tentative notation: 7-hydroxy-2-(4-hydroxy-3,5-dimethoxyphenyl)-5-[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-il]
oxi-chromen-4-ona

Class of compound: Flavonoid

0% oH

244 HO OH
2.34

2.24 331.08037
214 [C17 H12 07+
2-
1.54
1.8
1.71
1.6
1.5
1.4

1.34 ,,
1] HyC 493.13360

1.17 [C23H25 012)+
1 <

0.9 +
0c B [CeH1004]

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0w TR, T | TR Ly

200 220 240 260 230 300 320 340 360 380 400 420 440 450 480 500 520 540
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OH

Figure $9. Continued
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Compound 22

Retention time (min): 10.960
m/z [M+H]: 165.05469
Molecular formula: C;H,O,
Tentative score: 4-Coumarate

Properties of ethanolic extract and essential oil of Calathea lutea leaves

Class of compound: Phenolic acid (cinnamic acids and their derivatives)

x104

1.05
14
095
0.9
0.854
0.8
075
0.7
0.654
0.6
(.55
0.54
0.45
0.4+
0.35
0.3
025

91.05433
[CTHT]+

115.04852
[CBHT7 O]+

[cor

0.2
0.154
014
0.05
o4

65.03891

[CEH81+ 97 papig

[CE Hs]+

OH

147.04342

[C3 H7 02]+ OH

165.05469

[H01" [c9 Hg 03+
Sl —

B <

40 50 €0 70 80 50
Compound 23

Retention time (min): 10.726

m/z [M+H]: 509.1299

Molecular formula: C,,H,,0,,

Tentative notation: Syringetin-3-O-glucoside

Class of compound: Flavonoid (flavonols)
x103
3.4

3.2
14

347.07603
[C17 H15 O8]+

281
261
241
221

2
181
161
141
1.2

14
0.8
0.6-
041
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o4

85.02561
[C4 H5 02+

Ll Il.i.l s
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Counts vs. Mass-to-Charge (m/z)

[CeH10s]"
——

510 2306R
[C23H25 013}

*
[ B

140

150 160 170 180 190

OH
OH

OH

OH

N TR
1] 1
100 200

100 400

Figure S9. Continued
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Compound 1

Compound name: Terpinen-4-ol HO
Retention time (min): 7.699

Molecular formula: C, H,,O

Exact mass: 154.2493

Compound class: Monoterpene alcohol

Abundance #27505: Terpinen-4-ol
71.0
43.0 93.0 111.0
55.0
AR 1'5,3‘,111.|1\1.,_|,|1|,|,“‘|!,|“3c33,c.- 1, 1210

L :
ey e

5000

m/z--> 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

Compound 2

Compound name: Terpineol
Retention time (min): 7.895
Molecular formula: C, H,,O
Exact mass: 154.2493

Compound class: Alcohol monoterpene OH

Abundance #27454: Terpineol

93.0
67.0 1210 4360
g0 i1° g \

5000 43.0

> 51'?I. ||| ||‘ My, 1970 . N 154.0
UL T | ' D DAL TR WL SR I

: : e
m/z--> 10 20 30 0 100 110 120 130 140 150 160

Compound 3 0
Compound name: Benzofuran,2,3-dihydro-

Retention time (min): 8.445

Molecular formula: C,H,O

Exact mass: 120.1485

Compound class: Heterocycle, benzofuran

Abundance #9568: Benzofuran, 2,3-dihydro-
120.0
91.0

5000

39.0 65.0

180 270 510 59.0 11 7.0 850 | 10501110 I}
| R ! ! t TR ! et st

m/z--> 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130
Figure $10. Compound fragment spectrum results (MS).
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Properties of ethanolic extract and essential oil of Calathea lutea leaves

Compound 4

Compound name: Thymol
Retention time (min): 9.372
Molecular formula: C, H,,0

Exact mass: 150.2176
Compound class: Monoterpene phenol OH

Abundance #24339: Thymol

m/z--> 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Compound 5 OH
Compound name: Phenol,2-methyl-5-(1-methylethyl)

Retention time (min): 9.507

Molecular formula: C, H,,O

Exact mass: 150.2176

Compound class: Monoterpene phenol

Abundance #24486: Phenol, 2-methyl-5-(1-methylethyl)-
1356.0

5000
150.0

91.0
1 1 I ol i L -

ELUARE AR f i N A SRR DA A D DS DA SRR DR DR SRR SRS B
m/z--> 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210
Compound 6 /

Compound name: 2-Methoxy-4-vinylphenol HO

Retention time (min): 9.628

Molecular formula: C;H, 0,

Exact mass: 150.1745 o

Compound class: Phenol \

Abundance #25129: 2-Methoxy-4-vinylphenol

107.0

77.0
5000

nz--= 10 20 30 40 50 &0 70 80 90 100 110 120 130 140 150 160 170

Figure $10. Conitnued.
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Compound 7 o
Compound name: Decanoic acid

Retention time (min): 10,382

Molecular formula: C, H,,0,

10" 20
Exact mass: 172.2646 OH
Compound class: Saturated fatty acid
abundance #41224: n-Uecanoic acid
6Q.0 73.0
129.0
5000
43.0
87.0 115.0
) 143.0
..l....,....,....l.‘...‘.-=‘!.,l...=||‘.L..,.=|!.|.|...u1=°,|1.'9..;!.|..|....‘u....,.l...l‘.ﬁf?‘?,....‘f?:o..l.
n/z--> 10 20 30 40 50 60 70 80 9 100 110 120 130 140 150 160 170 180
Compound 8 0
Compound name: Dodecanoic acid
Retention time (min): 12.808
Molecular formula: C,,H,,0, OH
Exact mass: 200.3178
Compound class: Saturated fatty acid
Abundance #64985: Uodecanoic acid
74.0
60.0
5000 43.0 129.0
85.0 157.0
1010 1150 ‘ 143.0 ‘ 171.0
. . 200.0
..|....|....|....|!.|..|.':‘!|.||...':I‘.!..p:'!‘.‘:,..:ll',l....l':.|..|....i...:,.l...,...:|....||....1|B.E."P.|....|....|

m/z--> 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Compound 9 o} AMAA/
Compound name: Tetradecanoic acid \[/\
Retention time (min): 15.008
Molecular formula: C,,H,,0, OH
Exact mass: 228.3709
Compound class: Saturated fatty acid
Abundance #91419: Tetradecanoic acid

5000

185.0
1430 ., 171.0 228.0

n/z--> 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230

Figure S10. Conitnued.
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Properties of ethanolic extract and essential oil of Calathea lutea leaves

Compound 10 /u
Compound name: Methyl ester, hexadecanoic acid YW\NWN

Retention time (min): 16.651 o
Molecular formula: C,,H,,0,

Exact mass: 270.4507
Compound class: Ester

Abundance #130820: Hexadecanoic acid, methyl ester

143.0

101.0 115.0 129.0 157.0171.0 185.0 199.0 513 9 2270,

niz--> 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280

Compound 11 o

Compound name: Hexadecanoic acid Y\N\/\/\/\/v
Retention time (min): 17.065 OH

Molecular formula: C,H,,0,

Exact mass: 256.4241

Compound class: Saturated fatty acid

Abundance #117419: n-Hexadecanoic acid

129.0
5000

97.0 1150

157.0171.0 185.0

143.0 199.0

n/z--> 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280

Compound 12 1 '
Compound name:Phytol
Retention time (min): 18.452 OH

Molecular formula: C,,H,,O
Exact mass: 296.5310

Compound class: Diterpenic alcohol

Abundance #15HHE51: l"hytol
71.0
5000 43.0
” H | eso 1280
Ao A e L 1400 179.0 196.0 278.0
n/z--» 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

Figure $10. Conitnued.
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Paternina-Sierra K et al.

Compound 13 =
Compound name: 9,12-octadecadienoic acid (Z,Z)

Retention time (min): 18.670 °Y\/\/\ P
Molecular formula: C,,H,,0, o

Exact mass: 280.4455

Compound class: Unsaturated fatty acid

Abundance #140139: 9,12-Octadecadienoic acid (Z,2)-
67.0 81.0

95.0

5000
280.0
15001540 182.0196.0210.0 263.0
EERRNRRRRN LERRE LN LA LN LN L |
n/z--> 10 20 30 40 50 60 70 80 90 10011012013014 < 110 220 230 240 250 260 270 280
Compound 14

Compound name: Octadecanoic acid
Retention time (min): 18.911
Molecular formula: C,,H,.0,

Exact mass: 284.4772

Compound class: Fatty acid
Abundance #144272: Octadecanoic acid

129.0 584.0
97.0 185.0 241.0

115.0
143 0 171.0 199.0 2270
A A I W Gl Sl Wl T

m/z--> 20 40 60 80 100 120 140 1 BD 180 200 220 240 260 280

PN N P D g N\

5000 28.0

Compound 15

Compound name: Octadecane
Retention time (min): 19.198
Molecular formula: C,H,,
Exact mass: 254.4943

Compound class: Aliphatic hydrocarbon

Abundance #115546: Octadecane
54.0

5000

26J0, JJ | 1410 183.0 221.0254.0

m/z--> 5[! 1 UD 1 50 2[! 0 250 300 350 400 45[! 500 55[! 600 650
P N S T Pl PN

Compound 16

Compound name: Heneicosane
Retention time (min): 23.192
Molecular formula: C,,H,,
Exact mass: 296.5741

Compound class: Aliphatic hydrocarbon

Abundance #155887: Heneicosane

5000 85.0

\ h. Lo 1130 1410 1690 197.0 2250 2530 296.0

miz-> 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

Figure $10. Conitnued.
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