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Bitter orange (Citrus aurantium) is an important source of essential oils with high antimicrobial activities,
however the composition and antifungal potential of the decoction peels is little explored. This study assessed the
peel decoction’s chemical profile at the secondary metabolism level and its antifungal activity against the melon
phytopathogen Fusarium jinanense. The decoction’s antifungal potential was investigated using a bioassay-guided
fractionation approach based on Solid-Phase Extraction (SPE) and LC-HRMS/MS analysis. Coumarins and fla-
vones were the most abundant classes of compounds in the high-value fractions responsible for up to 61% of the

mycelial inhibition of F. jinanense. Overall, this study has presented for the first time the chemical composition,
the antifungal potential of the decoction of C. aurantium peels and the compounds associated with these results.
This strategy can guide the exploration of under-explored food sources and add value to compounds or fractions
enriched with bioactive compounds.

1. Introduction

The citrus industry is essential to Brazil’s fruit industry, with 137.5
million tonnes of citrus exported in 2019, including lemons, limes, or-
anges, pomelos, and tangerines (FAO-Food and Agriculture Organiza-
tion, 2020). In 2021, Brazil exported 3.5 thousand t of fresh oranges and
22.5 million t of orange juice, produced mainly by Sao Paulo, Minas
Gerais, and Parand states. These numbers figures position the country as
the world’s leading producer of fresh oranges and the world’s largest
exporter of orange juice, ahead of countries such as the United States
and China (Kist, Carvalho, & Beling, 2022).

Among the varieties of orange species, Citrus aurantium L., typically
known as bitter orange or sour orange, is a Southeast Asia native species
that belongs to the Geraniales order and the Rutaceae family (Degir-
menci & Erkurt, 2020). Although the fruit has a bitter pulp and is not
commonly used for juices, it has a variety of applications, including
obtaining essential oils, and food supplements (Deterre, Rega, Delarue,
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Teillet, & Giampaoli, 2014; Onakpoya, Davies, & Ernst, 2011; Oulebsir,
Mefti-Korteby, Djazouli, Zebib, & Merah, 2022).

Literature reports the antimicrobial action of C. aurantium essential
oil against different microorganisms, including phytopathogenic fungi
of important crops, such as Aspergillus flavus, Aspergillus niger, Aspergillus
terreus, and Fusarium culmorum (Abo Elgat et al., 2020). In addition,
Perczak et al. (2019) and Okwu, Awurum, & Okoronkwo, 2007 verified
the antifungal potential of C. aurantium essential oil against strains of the
Fusarium genus (Fusarium graminearum, Fusarium culmorum, and Fusa-
rium oxysporum).

Fungi of the Fusarium genus are associated with plant diseases of
various tropical fruit crops such as avocado, banana, mango, pineapple,
and yellow melon (Zakaria, 2023). The yellow melon (Cucumis melo) is
one of the most economically important crops worldwide. According to
the FAO, in 2021, Brazil produced 607,000 t of melons and exported
257,000 t of fruit, which corresponded to 165,000 dollars. The primary
melon production in Brazil is concentrated in the Northeast region,
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which accounts for around 95% of the Brazilian production, with the
State of Rio Grande do Norte as the leading producer (Kist et al., 2022;
IBGE-Brazilian Institute of Geography and Statistics, 2023; Medeiros
Aratijo et al., 2021). However, in Brazil, pathogens of the Fusarium genus
are responsible for significant losses in melon production. New fungal
species from the Fusarium incarnatum-equiseti species complex (FIESC)
have now been discovered, such as Fusarium jinanense Han, Wang & Cai,
capable of causing fruit rot that can compromise production in the post-
harvest stage (Han et al., 2023; Lima et al., 2021).

Despite the variety of applications of C. aurantium as a source of
bioactive compounds against fungi of the Fusarium genus, to date, no
studies have been focused on the chemical composition and the anti-
fungal potential of the decoction obtained from the peel of the fruit
against phytopathogens of this genus. Thus, here we integrated a bio-
guided fractionation strategy based on solid-phase extraction with high-
performance platforms such as liquid chromatography coupled with
mass spectrometry and analysis by Feature-Based Molecular Networking
(FBMN) to add value to this little-exploited by-product and, above all, to
identify, using a Global Natural Product Social Molecular Networking
(GNPS) repository and SIRIUS software, which compounds are involved
in the antifungal potential against Fusarium jinanense, the causal agent of
yellow melon rot.

2. Materials and methods
2.1. Reagents and materials

Ethyl acetate (EtOAc) and methanol (MeOH) were purchased from
Synth (Diadema, Brazil), while acetone (HPLC-grade) was obtained from
Tedia Company (Fairfield, USA). HPLC-MS-grades solvents (methanol
and acetonitrile (ACN)) and formic acid were used while ultrapure water
(18 MQ cm at 23 °C) was prepared using a Milli-Q purification system
(Merck Millipore; Burlington, MA, USA). Potato dextrose agar (PDA)
was purchased from KASVI™ (Sao José do Pinhais, Brazil). Antifungal
Cercobin® 875 WG was purchased from Iharabras S.A. (Indistrias
Quimicas, Sorocaba, Brazil). PTFE (0.22 pm) membrane syringe filters
(Millipore) were bought from Merck Millipore Co., Ltd. (Cork, Ireland).
The chromatography column (C18) was obtained from Bruker Daltonics
(Bruker, Bremen, Germany). The standards naringin, hesperidin, and
hesperitin were purchased from Sigma Aldrich (St. Louis, MO, USA).

2.2. Citrus sample and preparation of the crude extract

Specimens of C. aurantium fruits were collected at the Department of
Plant Sciences of the Federal University of Ceara (UFC), with the
following coordinates (3.7406° S, 38.5764° W), Campus do Pici in
Fortaleza, Ceara, Brazil on the 26th September 2019 at 3:45 pm. The
exsiccates are deposited in the Prisco Bezerra Herbarium under number
50434.

Twelve oranges were collected and properly rinsed with deionized
water. The orange peels were separated into flavedo and albedo frac-
tions using a vegetable peeler. This resulted in 398 g of flavedo, which
was decocted with 3 L of distilled water and refluxed for 3 h. Subse-
quently, a simple filtration was carried out, and the decoction obtained
was partitioned with ethyl acetate, where for every 100 mL of the
aqueous fraction, 100 mL of solvent was used three times. The partitions
were concentrated under reduced pressure in a rotary evaporator with a
bath temperature of 40 °C.

2.3. Fractionation-based SPE

The crude decoction extract (CDE) was fractionated through the solid
phase extraction process using a cartridge (Strata™ C18, 20 g/60 mL,
55 pm, 70 A supplied by Phenomenex (Torrance, CA, U.S.A). The car-
tridge was previously activated using 10 mL of MeOH and adjusted with
10 mL of H,0/MeOH (80:20, v/v) as already described in the literature
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(Nair & Clarke, 2016). Then, 100 mg of the extract was subjected to
chromatography, using 150 mL of eluent per fraction HyO/MeOH
(80:20; 50:50; 20:80; 0:100) and CH3COCHj3 (100), resulting in five
fractions that they were named FR1, FR2, FR3, FR4, and FR5, respec-
tively. The CDE and fractions samples were subjected to antifungal assay
against the phytopathogen F. jinanense (UFCM-0611).

2.4. Fungal isolate

The isolate UFCM-0611 of F. jinanense (isolate 41 or LPPC072 in
Lima et al., 2021) was obtained in the 2015’s growing season from
yellow melon fruit showing typical symptoms of fusarium rot in Mar-
acanad city in Ceard State, Brazil. Species identification and pathoge-
nicity assay were carried out according to the methodology described by
Lima et al. (2021) and Han et al. (2023). The isolate (UFCM-0611) is
maintained at the Federal University of Cearda Mycological Collection
(UFCM), Department of Plant Sciences, Fortaleza, Ceara, Brazil.

2.5. Antifungal assays of the extract and fractions

The in vitro antifungal assay of the CDE and fractions FR1-FR5
against F. jinanense (UFCM-0611) was performed using a potato
dextrose agar (PDA) culture medium. The PDA was sterilized in an
autoclave at 101 KPa (120 °C) for 15 min. Subsequently, the extract and
fractions were solubilized separately in methanol (100 pL) and added to
molten (45 °C) PDA medium at three concentrations: 50, 100, and 150
ppm. The commercial fungicide Cercobin (active ingredient: methyl
thiophanate) was used as a positive control. For this, the fungicide was
dissolved in sterilized distilled water. Then, serial dilutions were per-
formed to obtain thiophanate methyl solutions at three concentrations
(50, 100, and 150 ppm). Mycelial plugs (3 mm in diameter) were
removed from the margins of a four-day-old culture of UFCM-0611 and
transferred to the center of the wells in the plates amended with the
different concentrations of the crude extract, fractions and fungicide
used as positive control. Wells on the plates containing only PDA and
mycelial plugs (3 mm in diameter) were used as a negative control.

All treatments were performed using technical replicates in tripli-
cate. Tests were also conducted using only methanol as negative control.
After a 25 h incubation period at 25 °C and under a 12 h photoperiod,
the diameter of the colonies was measured, and the mean of two
perpendicular mycelial-growth diameters for each replicate was calcu-
lated. The original diameter of the mycelial plug (3 mm) was subtracted
from this measurement. The percentage of inhibition of radial mycelial
growth (% IR) related to the negative control was calculated for all the
tested concentrations. The rate of radial growth (IR) was determined
according to Simionato et al. (2017) using the formula below.

Dc — Dt

%IR =
> Dc

x 100

where Dc = average diameter of the fungal mycelial of the negative
control (methanol), Dt = average diameter of the fungal mycelial treated
with the extracts or the positive control. Only the fractions that showed
promising results in the antifungal tests and the CDE were analyzed by
LC-MS/MS.

2.6. UHPLC-MS/MS analysis and data processing

Samples of the CDE and fractions FR3 and FR4 were weighed (1.0
mg), solubilized in 1.0 mL of MeOH (HPLC grade), and filtered through a
PTFE 0.22 pm filter. UHPLC-MS/MS data were obtained using a Thermo
Fisher RSLCnano U3000 UHPLC instrument coupled with a Q-Exactive
Orbitrap-MS spectrometer (Thermo Fisher Scientific, Waltham, MA,
USA) equipped with a heated electrospray ionization (HESI) source. The
chromatographic elution was performed using a Intensity Solo C18
column (Bruker Daltonics, Bremen, Germany) with the following spec-
ifications: 100 mm x 2.1 mm, 2.2 mm particle size. The mobile phase
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flow was maintained at 250 pL/min at 40 °C. A mixture of HyO (A) and
MeCN (B), both acidified with 0.1% formic acid, was used as a mobile
phase. The elution gradient for the positive and negative modes con-
sisted of 5% B (0-5 min), 5-40% B (5-10 min), 40-45% B (10-12 min),
45-98% B (12-18 min), 98% B (18-20 min), 98-5% B (20-22 min) and
5% B (22-24 min).

The samples were analyzed in Full-scan mode and DDA (data-
dependent acquisition) mode with a range of m/z 100-1500 Da. Ioni-
zation was carried out in positive and negative ionization modes, with
the following parameters: auxiliary gas flow, 10 (arbitrary unit); spray
voltage +3.5 kV (positive mode) and — 3.2 kV (negative mode); capil-
lary temperature of 300 °C, equipment resolution of 70,000 (200 m/z).
MS/MS data were acquired by selecting five precursors per cycle and
normalized collision energy (NCE) of 30 eV. The Q-Exactive Orbitrap-
MS was operated using the Xcalibur 3.0 software (Thermo Fisher Sci-
entific, Waltham, MA, USA).

Next to the positive mode ionization analysis, the raw data files (.
raw) were converted to .mzXML format using MSConvert (ProteoWi-
zard, Palo Alto, CA, USA) (Adusumilli & Mallick, 2017). After that, the
files (.mzXML) were submitted for processing by MZmine (version 2.53)
(Pluskal, Castillo, Villar-Briones, & Oresic, 2010) using feature detec-
tion, chromatogram builder, chromatogram deconvolution, isotope
grouping, alignment, and filtering. The values for these parameters can
be consulted in the supplementary material (Supplementary Table 1).
After processing, files containing a quantification table of the detected
features (.csv) were exported, as well as a file (.mgf) containing the MS/
MS data information associated with the precursor ions (MS). The files
were submitted for analysis on the Global Natural Products Social Mo-
lecular Networking (GNPS) platform (https://gnps.ucsd.edu) to anno-
tate the features belonging to the samples and obtain molecular
networks based on the similarity of the fragmentation profile of the
features.

2.7. Feature-based molecular networking analysis and metabolite
annotation

To evaluate the chemical composition of the crude extract and
fraction samples, the processed UHPLC-MS/MS data (.csv and .mgf)
from MZmine 2.53, together with a metadata table containing the main
characteristics of the samples (.tsv), were processed for molecular
networking creation based on Feature-Based Molecular Networking
(FBMN) workflow on the GNPS platform (Nothias et al., 2020). The
parameters are present in (Supplementary Table 2). The FBMN job on
GNPS can be found at https://gnps.ucsd.edu/ProteoSAFe/status.jsp?tas
k=f336f310b7314351bdacdfc7a2288al1l.

The molecular network obtained was visualized using the Cytoscape
software (version 3.7.2, Cytoscape Consortium, San Diego, CA, United
States) (Shannon et al., 2003), where each node corresponds to ion
features of specific m/z ratio and retention time. The edges represent the
similarity cosine scores calculated between the nodes based on the
fragmentation spectra (MS/MS). The node size was scaled proportion-
ally to the relative sum of the peak areas obtained in the samples where
the feature was detected. The edge width was adjusted proportionally to
the cosine of the similarity between the nodes, which ranged from 0.7 to
1.0. The nodes were represented in the network as a pie chart, where the
colors were associated with sample groups: crude decoction extract
(CDE), fraction 3 (FR3), and fraction (FR4).

The annotation of the compounds was performed according to the
annotation levels reported by Metabolomics Standards Initiative (MSI)
(Fiehn et al., 2007; Sumner et al., 2007), using the GNPS library and a
manual curation from the comparison of the mass accuracy with a mass
tolerance of 5 ppm for MS1 and characteristic fragments (MS/MS).
Manual dereplication was performed using reference spectral data of
substances produced in C. aurantium species and already reported in the
ACS publication, Google Scholar, SciELO, Science Direct, Springer, Web
of Science, Massbank, and Pubchem. The data obtained were compared
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with precursor mass ions (MS1) and the mass fragments ions (MS/MS)
contained in the CDE, FR3, and FR4 samples. The molecular formula of
the ion fragments was predicted using the “elementary composition”
provided by the Xcalibur 3.0 software (Thermo Fisher Scientific, Wal-
tham, MA, USA), considering an error of +5 ppm for positive and
negative modes.

The SIRIUS software (version 4.0.1) (Diihrkop et al., 2019) was used
to explore possible chemical structures of substances corresponding to
the obtained features and the prediction of molecular formulas associ-
ated with these features. The structure propagation of the compounds
occurred from comparing the isotopic distribution of the precursor ions
and in silico prediction of the molecular formulas and fragments ac-
quired in the LC-MS/MS analysis with a library of experimental and in
silico data. The molecular formula prediction by ZODIAC, molecular
structure prediction based on CSI:FingerID, and, finally, chemical class
evaluation by CANOPUS were used for this data set. The parameters
used to predict the formula took into account the possible adducts
associated with the feature ([M + H]™, [M + H-H,0]™, [M + Na]™, and
[M + K1), the analyzer used (Orbitrap), the maximum error in ppm (5
ppm), and the association of features with molecular formulas present in
databases (Bio database).

3. Results and discussion

3.1. SPE fractionation of Citrus aurantium peels decoction revealed a
potent inhibition of Fusarium jinanense

After obtaining 1.4270 g of crude decoction extract (CDE) (yield
0.36%, w/w), 100 mg of the CDE was subjected to the SPE fractionation
method where five fractions were obtained: FR1 (19.6 mg), FR2 (49.8
mg), FR3 (15.5 mg), FR4 (5.3 mg) and FR5 (3.2 mg). In order to select
the fractions with the highest antifungal activity against F. jinanense
(UFCM-0611), the mycelial inhibition potential of each fraction was
compared with the positive control containing the active ingredient
methyl thiophanate. Methyl thiophanate is currently used as a synthetic
fungicide (Cercobin®) to control fungal diseases in yellow melon.

The antifungal microdilution plate assay showed potent inhibition of
the mycelial growth of the pathogenic fungus for fractions 3 and 4
compared to the positive control in a concentration range of 100-150
ppm. Compared to the inhibition values obtained for the crude extract in
the same concentration range tested, it was possible to observe an
increased antifungal effect after fractionation. Tests performed at 100
ppm showed inhibition of 51% (FR3) and 46% (FR4) compared to 42%
for crude extract under the same conditions. At a concentration of 150
ppm, the activity of fraction 3 (MeOH:H5O fraction (80:20)) and fraction
4 (MeOH fraction) was higher than that of crude extract, reaching 61%
(FR3) and 57% (FR4), respectively, in comparison with 50% for crude
extract. Compared to the inhibition values obtained for the positive
control at 100 ppm (35%) and 150 ppm (48%), fractions 3 and 4 showed
higher results of 51% and 46% (100 ppm), and 61% and 57% (150 ppm),
respectively. Fig. 1 illustrates the results presented and outlines the clear
statistically significant difference in antifungal activity between the
extract and the active fractions at different concentrations compared to
the positive control under the same conditions. Graphs showing the
inhibition percentage of all fractions tested are provided in the supple-
mentary material (Supplementary Fig. 1). Based on these results,
samples of the crude extract and fractions 3 and 4 were then selected for
analysis by UHPLC-MS/MS to verify the variation in chemical compo-
sition after fractionation and thus be able to associate the bioactivity
observed with the active compounds present in each fraction.

3.2. Active fractions and crude extract chemical profiles
From the UHPLC-MS/MS analyses of the active fractions and the

CDE, it was possible to observe the separation capacity, pre-
concentration, differentiation of the chemical profile, and composition
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Fig. 1. Crude decoction extract (CDE) and fractions of Citrus aurantium peels showed potent dose-dependent inhibition of mycelial growth of Fusarium jinanense. A.
Antifungal microdilution plate assay at concentrations of 50, 100, and 150 ppm for the CDE, fraction 3 (FR3), fraction 4 (FR4), and the positive control (PC) methyl
thiophanate. The dashed black line emphasizes the level of mycelial growth inhibition for positive control. B. Inhibition potential of mycelial growth of F. jinanense
using the most active fractions (FR3 and FR4) compared to the positive control at different concentrations (50, 100, and 150 ppm). Statistical analysis: ANOVA was
performed with post-hoc Tukey’s multiple comparisons tests. *, ** and ns = statistically significant differences with p < 0.05, p < 0.005, and no significant,

respectively. C and D. Photos of the microdilution plate assay after 72 h.

of the samples after fractionation by SPE from 100 mg of the crude
extract. The chromatograms in positive ionization mode presented in
Fig. 2 show the success of the fractionation based on the evident dif-
ferentiation of the relative abundances associated with the secondary
metabolites present at different retention times.

This pattern is highlighted in the base peak chromatograms (BPC) of
FR3, where it was possible to see a decrease in the abundance of the
metabolites present in the 10-12 min range compared to the crude
extract. For fraction 4, eluted with 100% methanol, there was a decrease
in the relative abundance of the secondary metabolites between 13 and
14.5 min in FR3. The variation in relative abundances throughout the
fractionation shows important physicochemical characteristics about
the nature of the compounds involved in the antifungal activity observed
for these fractions, such as intermediate polarity, which is directly
related to the molecular structure of the secondary metabolites
analyzed, and affinity with the long carbon chains contained in the
stationary phase of the SPE cartridge (C18).

To summarize, the increase in antifungal activity against F. jinanense
observed in fractions 3 and 4 is directly related to the contribution of the
SPE fractionation, which reduces the complexity of the chemical
composition of the starting samples and the consequent preconcentra-
tion of compounds with intermediate polarity, compared to the

distribution of these compounds in the crude extract.

The molecular networks obtained from the FBMN workflow for the
positive ionization mode were analyzed to better understand the
composition of the crude extract and the active fractions and to point out
which compounds may be involved in the antifungal activity based on
the distribution of these metabolites after fractionation. The molecular
network was generated with 605 precursor ions and their respective
fragmentation spectra, responsible for forming 48 spectral families
(clusters) and 348 self-loops nodes (Supplementary Fig. 2). Compari-
son of the MS/MS spectra of these nodes with the GNPS spectral library
generated 50 spectral matches for the positive mode, corresponding to
8.26% of the total nodes that comprise the entire molecular network. All
fragmentation spectra associated with a spectral match to the GNPS li-
brary were evaluated for annotation at confidence level 2 (Schymanski
et al., 2014), and manual curation of the spectra was performed ac-
cording to previous literature for this citrus cultivar. The GNPS library’s
annotations of features with secondary metabolite matches that still
need to be reported for the species were considered level 3 annotations
(Schymanski et al., 2014). The annotated metabolites are listed in
Table 1, and their spectral matches are in the Supplemental Material.
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Fig. 2. Chemical profile through base peak chromatograms (BPCs) obtained from crude decoction extract (CDE) and active fractions (FR3 and FR4) from Citrus
aurantium L. in positive ionization mode. BPCs from the ethyl acetate CDE are shown on the top (green), and those of the active fractions 3 and 4 obtained from
proportions MeOH:H,0 (80:20) and MeOH (100%) are shown in orange and blue, respectively. (For interpretation of the references to colour in this figure legend,

the reader is referred to the web version of this article.)

3.3. Putative annotation and identification of compounds by UHPLC-MS/
MS from Citrus aurantium peels with potential antifungal activity

LC-MS/MS analysis of the ethyl acetate extract of the decoction and
active fractions allowed the annotation of 57 compounds in the positive
ionization mode and eight in the negative mode with confidence levels
1, 2, and 3 (Supplementary Table 3). The annotation matches of the
compounds from the GNPS library indicated the presence of different
classes of substances including flavonoids, limonoids, coumarins, ter-
penes, aromatic compounds, and nitrogen-containing compounds.
Among the annotated compounds, 36 are flavonoids belonging to the
flavone, flavanone, and flavonol subclasses; 17 were classified as cou-
marins, and the remaining 12 compounds are distributed among other
classes, as shown in Table 1 and Supplementary Table 3. In addition to
the annotation based on the similarity of fragmentation patterns ob-
tained by tandem mass spectrometry (MS/MS) analysis using the GNPS
library, the chemical structures of 23 compounds from the flavonoid
(12) and coumarin (11) classes were proposed from the annotation
propagation based on GNPS annotations, the construction of the mo-
lecular network and the construction of fragmentation trees using the
CSI:Finger ID module of the SIRIUS software (Supplementary Table 4
and 5). This tool uses a pipeline based on constructing fragmentation
trees from MS/MS spectra of a training dataset to construct fingerprints
(molecular properties), as well as constructing fragmentation trees and
fingerprints from the experimental dataset. Finally, the similarity of the
fingerprints of the compounds to be identified (experimental) is
searched against fingerprints from databases such as PubChem, with the
aim of predicting different structures with a high similarity index

through the confidence score (Diihrkop et al., 2019). All the structural
proposals provided by the SIRIUS software were based only on nodes
present in molecular networks containing level 2 annotations obtained
from the GNPS spectral library. This strategy allowed to gain insights
concerning the chemical composition of the active fractions based on the
fragmentation trees proposed for each compound.

3.3.1. Flavones, flavanones, and flavonols

Several molecular families and self-loops related to the flavonoid
class were obtained, including flavonoids O-glycosylated of the flava-
nones, flavones, and flavonols subclasses, which can be observed by the
several green coloring nodes in the molecular network (Fig. 3).

From the analysis of the molecular network and manual curation, it
was possible to observe the presence of a greater abundance of O-gly-
cosylated flavonoids (compounds 3, 6, 8, 10, 11, 12, 13, 16, 17, 19, 21
and 22 (Table 1)), and compounds 3N, 4N, 5N and 6N (Supplementary
Table 3) in nodes corresponding to the CDE sample, indicating that after
fractionation by SPE these compounds remained in the initial fractions
containing more aqueous character (FR1 and FR2) than when compared
to the final fractions with more organic character (FR3 and FR4).

Glycosylated flavonoids are highly polar compounds containing
mono- or disaccharides modified or not by other substituents, which do
not favor interaction with the C-18 stationary phase used in SPE, thus
facilitating rapid elution with a predominantly aqueous mobile phase
gradient.

The typical fragmentation of these protonated molecules involves
the sugar moiety loss, as shown in the tandem mass spectra (MS/MS)
(Supplementary Fig. 6, 9, 13, 17, 19, 21, 22, 25, 28, 29, 31, 33, 34,
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Table 1

Annotation of secondary metabolites in the Citrus aurantium L. peel decoction extract and its fractions by manual dereplication and based on spectral matches within
the GNPS platform.

Feature R [M + HI*; 2[M + H-H;01 *; °[M + NHq] *; *[M +
(min) Na] *
Theoretical Measured MS/MS Error Molecular Annotation FR3 FR4 Node Ref.
mass (m/z) mass (m/z) (ppm) formula®
183,138,
1 9,96 211.1446 211.1442 114, 98, —1.894 C11H1802N> ’Dipeptidec - - 8230 CCMSLIB00005739084
86
2 9.97 289.0707 289.0708 fzg’ 153, 0.346 Cy5H1206 Eriodictyolb - - - Yu et al., 2020
289, 195, .
3 10.0 597.1819 597.1818 153. 399 —0.167 Ca7H32015 Eriocitrin - - 8029 CCMSLIB00010124324
155, 140, : c
4 10.09 183.0657 183.0655 123. 95 —1.093 CoH1004 Syringaldehyde - - 8269 CCMSLIB00003136460
178, 165,
5 10.21 193.0500 193.0498 149, 137, —1.036 C10HgO4 Isoscopoletin © - - 8072 CCMSLIB00006417685
133
435, 383,
6 10.27 581.1865 581.1869 273,153, 0.688 Co7H32014 Naringinb X X - Wang et al., 2021
121
178, 165,
7 10.35 193.0500 193.0498 161, 149, —1.036 C10HgO4 Scopoletin® - - 8153 CCMSLIB00005778023
133
8 10.35 579.1708 579.1713 ‘1‘:’ 271, 0.863 Co7H30014 Rhoifolin® - - - Kim et al., 2023
9 10.39 273.0757 273.0759 i;g’ 1‘1‘;’ 0.732 C15H1205 Naringenin® X X - Kim et al., 2023
431, 287, Luteolin 7-O-
10 10.41 595.1657 595.1654 263, 161, —0.504 Co7H30015 . a1 b - - - Mencherini et al., 2013
153 neohesperidoside
273,153, . : :3ad
11 10.41 435.1286 435.1288 145 0.460 C21H22010 Naringenin-O-glucoside X - 6534 CCMSLIB00010113073
273,171,
12 10.42 598.2135° 598.2133° 153, 147, —0.334 Cy7H35014 *Flavanone® X - 6905 CCMSLIB00000845824
85
317, 302,
13 10.46 479.1189 479.1187 285, 145, —0.417 Co2H20012 *Flavonol® - - 8479 CCMSLIB00004718647
127
4 4 147,119, e
14 10.55 175.0371 175.0393 o1 5.666 CgHgO3 Vanillin - - 8516 CCMSLIB00006357163
247, 229, - e
15 10.55 409.1498 409.1496 187. 175 —0.488 C20H2409 Furocoumarin' X X 3959 CCMSLIB00000846145
303, 195, .
16 10.62 611.1970 611.1971 153, 85 0.163 CogH34015 Hesperidin X X - Yu et al., 2020
303, Hesperetin-O- .
17 10.64 449.1442 449.1443 153,129 0.223 CooH24010 thamnoside X - - Yu et al., 2020
445, 427, Diosmetin-8-C-
18 10.71 463.1235 463.1238 397, 367, 0.648 C22H25011 b X - 5444 Wen et al., 2021
glucoside
343
301, 145,
19 10.86 753.2242 753.2240 127,103, -0.265 C34H40019 *Flavonol® - - 8368 CCMSLIB00004718799
85
177, 163, *Cinnamic acids
20 10.95 531.1502 531.1502 149, 145, 0.000 Ca6H26012 e s - - 8796 CCMSLIB00000848797
derivatives
135
345, 303,
21 10.99  772.2664° 772.2660° 171, 127, —0.518 C34H42010 *Flavanone® - - 8621  CCMSLIB00000848270
85
317, 302, . .
22 11.18 479.1189 479.1186 153 —0.626 CooH22012 Flavonol' - - 8355 CCMSLIB00000221170
201, 189, Auraptenol® or
23 11.24 243.10212 243.1016 173, 159, —2.057 C15H1604 CHEMBL3590439°, or - - 8010 CCMSLIB00005722959
131 Micromarin F®
243,217, Meranzin Hydrate or
24 11.24 261.1126 261.1125% 201, 189, -0.383 C15H1805 Y ds - - 8007 CCMSLIB00005722913
Ulopterol
131
25 11.29 261.1126 261.1124 fgf’ 133’ -0.766 C15H1604 Meranzin® X be - Wang et al., 2021
171, 153,
26 11.54 257.0813 257.0810 131,103, -1.167 Cy5H1204 Pinocembrine® X - 6603 CCMSLIB00010116989
67
175, 147, b
27 11.78 203.0339 203.0341 119 0.985 C11HgO4 Xanthotoxol X X - Yu et al., 2020
28 12.35 271.0601 271.0605 fz;’ 3?3’ 1.476 C15H1005 Apigeninb - - - Horai et al., 2010
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Feature Rq [M + H] 5 2[M + H-H,0] 75 3[M + NH41 *; “[M +
(min) Na] *

Theoretical Measured MS/MS Error Molecular Annotation FR3 FR4 Node Ref.
mass (m/z) mass (m/z) (ppm) formula®

163,
145,
135,
117, 89
201,
189, Auraptenol® or
30 12.55 243.10212 243.10172 173, —1.645 Ci15H1604 CHEMBL3590439%, or - X 1259 CCMSLIB00005722959

159, Micromarin F*

131

261,

243,
31 12.64 310.1654° 310.1650° 201, —1.290 Ci16H2005 *Coumarin® X - 5130 CCMSLIB00004700679

189,

131

374,

359,
32 12.65 389.1231 389.1233 356, 0.514 CooHo00g 5-Demethylnobiletinb X X - Kim et al., 2023

341,

328

285,

177,
33 12.69 303.0868 303.0864 171, —1.320 Ci16H1406 Homoeriodictyol® X - 4951 CCMSLIB00003139732

163,

153

285,

179, s b : .
34 12.71 303.0863 303.0865 177, 0.660 C16H1406 Hesperitin X - - Kim et al., 2023
153
159,
143,
131,
115
36 12.88 133.10172 133.10142 1(1):’ o1 —2.254 Ci0H140 Cumic Alcohol® X - 5086 CCMSLIB00005435949

173,

159,
37 13.02 201.16432 201.1640> 145, —1.491 C15H200 Nootkatone® X X 4184 CCMSLIB00010118710

131,

119

345,
38 10.66 345.0969 345.0969 330, 0.000 C18H1607

315, 84

202,

174,
39 13.66 217.0495 217.0497 161, 0.921 C12HgO4 Bergaptenb X X - Yu et al., 2020
131,
115
207,
192,
179,
151
419,
404, 7-Hydroxy-3,5,6,8,3,4'-
389, 0.477 Ca1H 2200 hexamethoxyflavone®
371
359,
329, 5-Hydroxy-6,7,8,4"-
311, 0278 Caoth1g07 tetrame'{hoxyﬂavoneb
197
358,
343,
328,
312
328,
44 14.14 343.1176 343.1177 313, 0.291 C19H1806
285
107,
105,
93,91,
79
175,
46 14.46 231.1016 231.1018 147, 0.865 C14H1403 Osthenol® X X - Xu et al., 2018

119, 91

29 12.40 177.0551% 177.05482 —1.694 C10H1004 Ferulic acid® X - 5157  CCMSLIB00010111580

35 12.81 187.0395 187.0392 -1.603 C11HeO03 *Furocoumarin® X - 4933 CCMSLIB00006423586

5,3-Dihydroxy-3,7,4-

_ _ - Xu et al., 2018
trimethoxyﬂavoneb nerd

40 13.75 207.0652 207.0650 —0.966 C11H1004 Scoparoneb X - - Kim et al., 2023

41 13.82 419.1337 419.1339 X X - Xu et al., 2018

42 13.93 359.1125 359.1126 X - - Xu et al., 2018

43 13.99 373.1287 373.1284 —0.804 CaoH2007 Sinensetin® X X 1165 CCMSLIB00010104830

4,5,6,7-

- - - Yu et al., 2020
Tetramethoxyflavone® ¢

45 14.29 135.11732 135.1170° —2.220 C10H160 Carveol® X X 1947 CCMSLIB00010125872

(continued on next page)
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Table 1 (continued)
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Feature Rq [M + H] 5 2[M + H-H,0] 75 3[M + NH41 ¥; “[M +
(min) Na] ™

Measured MS/MS Error
mass (m/z) (ppm)

Theoretical
mass (m/z)

Molecular
formula®

Annotation FR3 FR4 Node Ref.

427,
473.2174 279, 0.845
161
388,
373,
403.1391 355, 0.992
327,
301
403,
388,
433.1493 385,
360,
165
418,
403,
433.1497 385,
373,
211
189,
161,
131,
103
243,
189,
279.1231 175,
149,
131
219,
191,
237.1123 165,
149,
135
203,
189,
245.1173 161,
131,
103
201,
189,
243.1016> 173,
159,
131
269,
199,
315.1956 187,
171,
131
358,
343,
373.1284 225, 0.536
312

47 14.61 473.2170

48 14.71 403.1387

49 15.22 433.1497 —0.923

50 15.23 433.1498 —0.231

51 15.67 245.1177 245.1173 —1.632

52 15.67 279.1232 —0.358

53 16.24 237.1126 —1.265

54 16.60 245.1177 —1.632

55 17.04  243.10212 —2.057

56 17.10 315.1960 —1.269

57 18.47 373.1282

Ca6H3208

C21H220g

Ca22H2409

Ca2H2409

Ci15H1603

C15HgOs

C13H1604

Ci15H1603

Ci15H1604

C20H2603

C20H2007

Deacetylnomilinb - - - Pessoa et al., 2021

Nobiletin® X Xu et al., 2018

3,45,3,5,6,7-

Wa et al., 2021
Heptamethoxyflavone® ng et al.,

3,45,3,5,7,8-

1160
Heptamethoxyflavone® X X

CCMSLIB00000847330

Osthole® or Suberosin® X - 4910 CCMSLIB00010107493

Meranzin Hydrate? or

Ulopterol® - x 1312

CCMSLIB00004696513

*Coumaran X X 1872 CCMSLIB00000851098

Osthole® or Suberosin® X X 1168  CCMSLIB00010107493

Auraptenol® or
CHEMBL3590439%, or - X 1175
Micromarin F*

CCMSLIB00005722959

*Diterpenoid® X X 1729 CCMSLIB00004699027

Tangeritinb X X — Xu et al., 2018

2 The molecular formulas described here refer to neutral monoisotopic masses. ® Compound annotated only by manual dereplication. ¢ Compound annotated only by
the GNPS library. ¢ Compound annotated by manual dereplication and the GNPS library. * Compound annotated by SIRIUS. P Pubchem code. *Chemical class

(annotation level 3).

75, 76, 77, 78, 79 and 80).

In O-glycosylated flavonoids, there is the presence of a C—O bond
connected to different sugars, which appears in the MS/MS spectra on
electrospray ionization as characteristic neutral losses, such as 146 Da
for a rhamnoside, m/z 162 for a glucoside and m/z 308 for a neo-
hesperidoside losses (see Supplementary Material). The aglycone
structure of flavonoids showed characteristic fragments (Fig. 4), such as
L3 A+ (153 Da) and 1’3B+, whose mechanism is retro-Diels-Alder type. It
can be observed in flavones, flavanones, and flavonols. Other fragments
present in the spectra were %2 A™, %2B*, %3B* and BT formed from
cleavages in the aglycone skeleton (Ma, Li, Van den Heuvel, & Claeys,
1997).

The C-glycosylated flavonoids joined by a C—C bond, such as com-
pounds 18, 1N, and 2N (Table 1 and Supplementary Table 3), showed

the base peak referring to the %2X* fragment at m/z 120. The presence of
90 Da fragments corresponding to the %X ion is also notable; these are
fragments of part of the glycone, whose mechanism is cross-cleavage
(Cuyckens & Claeys, 2004), as shown in Fig. 4.

All the flavonoids annotated by the GNPS library showed excellent
spectral match, and two of them were annotated as gold annotation by
the GNPS library (flavonoids 12 and 21). This classification brings
greater robustness to the annotation since a gold annotation is under-
stood to present a higher level of spectral quality within the database, as
it matches experimental spectra with spectra of pure substances of
synthetic or isolated origins with complete structural characterization.
In addition to the annotations classified as gold, some compounds pre-
sent in the fractions were identified as level 1 by comparison with
analytical standards, such as naringin (6), hesperidin (16), and
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Fig. 3. Molecular families of flavonoids from the Feature-Based Molecular Networking workflow and annotation based on spectral matches in the public spectral
libraries on the GNPS (black arrow) and SIRIUS (blue arrow). The pie chart legend shows that the different nodes’ colors represent the sample groups (CDE, FR3, and
FR4). Each node represents a mass spectrometry spectrum (MS/MS), and width edges represent MS/MS fragmentation similarity as a cosine score range between 0.7
(less thick) and 1.0 (thicker). The black diamond shape of some nodes represents the hits obtained by the GNPS spectral library, and the node size is proportional to a
sum precursor intensity of features area in MS1 scans. The acronym CI (cluster index), followed by the values of the nodes found in the molecular network, refers to
putative structural proposals based on the SIRIUS software. (For interpretation of the references to colour in this figure legend, the reader is referred to the web

version of this article.)

Flavones Flavanones

OH
Flavonols

Fig. 4. Structure of flavonoid subclasses and the main fragmentations observed in MS/MS spectra.

hesperitin (34), founds in greater abundance in FR3 compared to FR4
(spectra are available in Supplementary Fig. 10, Supplementary
Fig. 26 and Supplementary Fig. 48).

The Fig. 3 also shows the presence of flavonoids containing a
methoxyl and a sugar unit in the same structure, such as compounds 13
and 22, within the more prominent molecular family of flavonoids.
Since these compounds have not yet been reported for the species, even
though they are annotated by the GNPS spectral library, they were
considered as level 3 annotations. From the annotation of these two
compounds, it was possible to perform a structural propagation through
the CSI:Finger ID module contained in SIRIUS. As a result, the putative
structures of polymethoxylated flavonoids CI5165 and CI5020 were
observed in nodes directly linked to compounds 13 and 22, which are
present in greater abundance in fraction 3 when compared to CDE. This
result reinforces that the compounds’ presence in the fractions is due to
their interaction with the mobile phase and stationary phase during SPE
fractionation.

The partial absence of O-glycosylated flavonoids in fractions 3 and 4
(Supplementary Fig. 106) makes it possible to infer that they do not
actively participate in the antifungal activity observed for these fractions

and that other compounds, such as polymethoxyflavones, may be
associated with the bioactivity, as will be discussed below. From this
perspective, the presence of flavones belonging to the polymethoxy-
flavone subclass was also noted, and these were more abundant in the
active fractions. As illustrated in Fig. 3, it is possible to observe a mo-
lecular family containing a node referring to compound 50 and three
other polymethoxyflavones (CI4855, CI1347, and CI6225) employing
structural propagation using the SIRIUS software. The spectral match
obtained for compound 50 and the fragmentation trees for the structures
obtained by structural propagation is in the supplementary material in
Supplementary Fig. 67 and Supplementary Fig. 94, Supplementary
Fig. 93, and Supplementary Fig. 92.

The annotated polymethoxyflavones (32, 38, 41, 42, 43, 44, 48, 49,
50, and 57) showed a similar spectral pattern, with the most intense
peaks corresponding to the protonated molecule [M 4+ H] " and the loss
of the 2CH3 fragments associated with the adduct [M + H- (2CH3)] ™, at
m/z 30. Between the two most abundant signals, this subclass showed a
low-intensity peak equivalent to the loss of CHg (15 Da) expressed in the
fragmentation spectra (Wang et al., 2021). (see Supplementary
Figs. 45, 55, 58, 59, 60, 61, 65, 66, 67, and 74).
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The literature reports the antifungal activity of flavonoids of the
flavanone subclass, such as eriodictiol (2), naringenin (9), and hesper-
itin (34), against fungi of the genus Aspergillus, Candida, and Fusarium
(Aboody & Mickymaray, 2020). In consensus, Forster et al. (2022)
investigated the activity of naringenin (9) and its O-methylated tauto-
mers against two fungal species, Fusarium graminearum, and Fusarium
verticillioides, and ultimately confirmed the antifungal potential of these
phenolic compounds.

Among the 36 flavonoids that were annotated in this work, 10 of
them are polymethoxyflavones (PMFs), which include tangeritin (57),
nobiletin (48), 5-demethylnobiletin (32) and sinensetin (43). These
compounds were previously found to be present in the peel of Citrus
reticulata Blanco and showed inhibition against Aspergillus niger. The
authors reported a minimum inhibitory concentration (MIC) of 1.5 mg/
mL for tangeritin, a value close to that found for the alcoholic extract of
C. reticulata Blanco bark. The explanation for the antifungal effects of
polymethoxyflavones includes altering the permeability of the cyto-
membrane, causing fragility in the cell walls, and inhibiting chitin
synthase, so they are considered natural antifungals that can be widely
applied in the food industry (Wu et al., 2014).

Citrus species are known to have high levels of different classes of
flavonoids in the composition of their peels, and several studies have
reported that the fruit uses these compounds as a defense strategy
against phytopathogenic fungi (Ortuno et al., 2011). Studies have shown
that the fruit uses defense strategies through the accumulation of fla-
vones (hesperidin, 16) and polymethoxyflavones (nobiletin, 48; hepta-
metoxyflavone, 50, and tangeritin, 57) during infection by pathogenic
fungi, such as Penicillium digitatum (Ortuno et al., 2006). This evidence
reiterates that using these compounds, or products enriched with these
compounds, can promote a fungicidal action against pathogens of
different genera and species.

3.3.2. Coumarins
The two largest networks generated (Fig. 5A and B) showed library
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matches predominantly with coumarins. These compounds were also
widely distributed in fractions 3 and 4 (orange and blue nodes) after
fractionation, thus being associated with high values of mycelial inhi-
bition presented for FR3 and FR4, as discussed above about fractionation
efficiency applied.

The samples’ coumarins belong to the lactonic compound class,
derived from O-hydroxycinnamic acid and belonging to two subclasses:
simple coumarins and furanocoumarins (Simoes, 2007). Simple cou-
marins have a 1,2-benzopyrone nucleus containing hydroxyl, methoxyl,
alkyl, and glycoside substituents. Among the 17 coumarins reported at
level 2 in the present work, 13 are simple coumarins, with substances 5,
7, 23, 24, 25, 30, 31, 40, 46, 51, 52, 54, 55 presented in Table 1.
Compounds 15, 31, and 35, which had yet to be reported for the Citrus
aurantium species, were considered a level 3 annotation, with only the
chemical class suggested in the annotation table.

On the other hand, furanocoumarins are characterized by containing
a furan ring attached to the benzene ring (Simoes, 2007; Bruni et al.,
2019) and have been annotated as compounds 15, 27, 35, and 39
(Table 1 and Supplementary Material). In addition, a glycosylated
furanocoumarin (compound 15) was found in the extract and bioactive
fractions, whose base peak is formed by the loss of 162 Da, corre-
sponding to one sugar unit.

In the MS/MS spectra of the simple coumarins and furanocoumarins
present in the extract and the FR3 and FR4 fractions, it was possible to
observe the loss of low molecular weight fragments, such as loss of Hy0,
CHj3, and CO (Yu et al., 2020). In the MS/MS spectra of compounds 46,
51, and 54, the highest intensity signal was formed by the [C4Hg]™
fragment, whose m/z 56 corresponds to the loss of the alkyl group
(prenyl) (Yu et al., 2020). Low abundance peaks were also observed in
substances 27, 39, 40, and 46, corresponding to the formation of the
tropylium cation [C;H7]" with an m/z 91, and the ion with an m/z 65,
corresponding to the cyclopentadienylium cation [CsHs]™ (Yu et al.,
2020). The MS/MS spectra of all the substances listed can be found in the
Supplementary Material.

CI1608 - [M+H]*

N VoH
o_o o
~
N

Compound 30 - (M+H-H,O]*

% comporas
oo oH (ﬂmpoundVS (M4
""\T\J@:o/
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Compound 55 - (M+HH,0l"

FR3 FR4

10 CDE
GNPS Library

Fig. 5. (A) and (B) Molecular families with coumarins as major compounds obtained from the Feature-Based Molecular Networking workflow and annotated based
on spectral matches in the GNPS (black arrow) and SIRIUS (blue arrow) public spectral libraries. The pie chart legend shows that the different nodes’ colors represent
the sample groups (CDE, FR3, and FR4). Each node represents a mass spectrometry spectrum (MS/MS), and width edges represent MS/MS fragmentation similarity as
a cosine score range between 0.7 (less thick) and 1.0 (thicker). The black diamond shape of some nodes represents the hits obtained by the GNPS spectral library, and
the node size is proportional to a sum precursor intensity of features area in MS1 scans. The acronym CI (cluster index), followed by the values of the nodes found in
the molecular network, refers to structural proposals based on the SIRIUS software. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)
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Among the annotations present in the molecular network A (Fig. 5),
matches were obtained corresponding to compounds (24, 51, 52, and
54) that are structurally distinct only in the position of the substituent,
but belong to the same chemical class, have the same exact mass and the
same molecular formula. This limitation in annotation comes up against
the similarity of these isomers in terms of MS/MS fragmentation, given
that the GNPS spectral library is limited and dependent on the deposit of
spectra by other users. This fact explains why most of the nodes that
make up the networks were not annotated; however, even starting from
a few spectral matches, it was possible to propagate the annotation and
provide a greater knowledge of the structures putatively present in the
active fractions.

As observed for the flavonoids, it was also possible to obtain anno-
tations classified as gold for the furanocoumarins in the molecular
network, such as compounds 5, 15, and 35. Specifically for compound
35, which clustered with other nodes in a smaller network, it was
possible to perform structural propagation using the SIRIUS software.
An adjacent node with predominant abundance in FR4 was proposed
(145575, see Supplementary Table 5) as bergaptol, a compound con-
taining one less hydroxyl group and a change in the position of the furan
ring in its structure when compared to compound 35, an analog of
psoralen. All the fragmentation trees obtained for the structural propa-
gation by the SIRIUS software are available in the supplementary
material.

The achievement of structures proposed specified as “Training set”
(TS), as obtained for compound 1455 and other compounds of the fur-
anocoumarin class (1329 and 5049, see Supplementary Table 5),
points above all to the excellent quality of the structure propagation
based on the predictive model trained using a database of experimental
and theoretical data used to build the internal library of the SIRIUS
software. Consequently, it was also possible to infer that the experi-
mental data obtained for the fractions from the LC-MS/MS analyses are
of high quality, allowing for greater reliability of the compound anno-
tation process presented here.

An example of a structural propagation based on the SIRIUS software
is for compound 1329"5, identified as an O-prenylated furanocoumarin
called epoxybergamottin, derived from bergamottin since its only dif-
ference is the presence of an epoxide in the final double bond of the
prenyl group. Furanocoumarins like this and others proposed here by
SIRIUS as being present in the active fractions have already been shown
to be components of various Citrus species, specifically in the fruit peels
(Dugrand et al., 2013).

Coumarins are present in many Citrus species and are one of the most
described classes of compounds with antimicrobial activity. Montagner
et al. (2008) evaluated the antifungal activity of disubstituted structures
such as scopoletin (7) and trisubstituted structures such as osthenol (46)
and bergapten (39) against fungi of the genus Fusarium, Candida and
Aspergillus. Trisubstituted coumarins have shown excellent antifungal
results, especially in terms of prenylated coumarins such as osthenol
(46). This activity is associated with an increase in the molecule’s lip-
ophilicity, which facilitates its permeation through the lipid layer.

As has been reported for flavonoids, several studies point to com-
pounds from the coumarin class in the response to infection by phyto-
pathogenic fungi. An example of this is the study carried out by
Massana-Codina et al. (2020), in which it was possible to observe the
pronounced accumulation of different coumarins during the infection of
potatoes (Solanum tuberosum) by the pathogen Colletotrichum coccodes.
Among the coumarins involved, scopoletin (7) showed antifungal ac-
tivity against the potato pathogen, suggesting that the accumulation of
coumarins is induced during infection by C. coccodes to limit the pro-
liferation of the phytopathogen. This natural strategy used by different
hosts allows us to potentially use the mechanisms existing in nature as
promising control strategies for pests that affect significant commod-
ities, such as yellow melon rot caused by Fusarium jinanense.

11
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4. Conclusion

The application of current methodologies to explore and characterize
different matrices to add value within the food industry allows us to
discover and redirect the use of different unexploited residues. Among
the various possibilities involving the production of waste from the
citrus industry, this work enabled the chemical characterization of an
essential oil residue from Citrus aurantium as well as proving its effi-
ciency in inhibiting the fungus Fusarium jinanense, which causes yellow
melon rot.

Using a robust and efficient workflow based on SPE fractionation,
UHPLC-MS/MS analysis and the use of molecular networking associated
with different databases and softwares (GNPS and SIRIUS), it was
possible to annotate 65 metabolites from different chemical classes
distributed within the crude extract and active fractions from the
C. aurantium decoction. Compounds from the class of polymethoxy-
flavones, coumarins and furanocoumarins were mostly present in the
fractions that were responsible for inhibiting 61% of the mycelial
growth of the fungus F. jinanense, a value higher than that achieved by
the current antifungal Cercobin® (48%) used in the field.

Our results show the potential of the essential oil composition res-
idue and demonstrate the importance of understanding this residue at a
molecular level so that it is possible to plan new studies aimed at
developing new eco-friendly products and understanding the mecha-
nisms of action of the compounds presented here against this harmful
causal agent responsible for significant losses in melon production.
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