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Abstract: The Verbesina gender represents the second most diverse group from the Asteraceae family
in Mexico; Verbesina sphaerocephala is one of the most distributed species along the Mexican territory.
This species has been poorly studied, reporting the presence of some bioactive compounds with
antioxidant and antibacterial activity. In this study, phenolic and flavonoid contents and composition,
antioxidant and antifungal activities of aqueous extracts of the stem of V. sphaerocephala and its
fractions were determined. The results showed that the highest antifungal activity against Botrytis
cinerea was shown by the aqueous extract (ICs5p: 0.10 mg/mL) and the ethyl acetate fraction (ICs:
14.8 mg/mL). In addition, the aqueous extract and the ethyl acetate fraction exhibited the highest
phenolic (21.40 and 21.26 mg gallic acid equivalents per gram of dry extract, respectively) and
flavonoid contents (11.53 and 3.71 mg rutin equivalents, respectively) and high antioxidant activity
determined by the Total Antioxidant Capacity (20.62 and 40.21 mg ascorbic acid equivalents per
gram of dry extract, respectively), Ferric Reducing Power (74.76 and 129.57 mg gallic acid equivalents
per gram of dry extract, respectively), DPPH (ICs5y: 12.38 and 7.36 mg/mL, respectively), and ABTS
(ICs50: 5.60 and 7.76 mg/mL, respectively) methods. Twelve phenolic compounds were detected in
the aqueous extract using UPLC-MS analysis, of which the major ones were protocatechuic, vanillic,
and hydroxybenzoic acid, while in the ethyl acetate fraction, the presence of 18 phenolic compounds
were identified, of which the majority were vanillin, rutin, and hydroxybenzoic acid. The results of
this research demonstrate that the aqueous extract of V. sphaerocephala stems has phenolic compounds
with antifungal and antioxidant activity.

Keywords: antifungal activity; antioxidant activity; Botrytis cinerea; phenolics; Verbesina sphaerocephala

1. Introduction

Fungi are one of the phytopathogens that mostly attack plants and cause diseases, both
in the pre- and post-harvest stages [1]. It is reported that there are more than 19,000 fungi
that cause disease in plants in the world [2]. Botrytis cinerea is a necrotrophic fungus that
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causes serious economic and agronomic losses worldwide [3]. This fungus affects nearly
500 crops worldwide, the main ones being grapes, berries (strawberries, blackberries,
blueberries, raspberries), Solanaceae (tomatoes, potatoes), and pumpkins, among others [4].
The fight against B. cinerea and other phytopathogenic fungi has driven research into new
control strategies, with a growing focus on the use of natural compounds as sustainable
alternatives to conventional chemical treatments.

Phenolic compounds, known for their antioxidant and antimicrobial properties, have
a high potential to be used in the inhibition of the growth of phytopathogenic fungi.
In addition, they are considered low toxicity since they have a short persistence in the
environment. These plant metabolites are potentially considered to be integrated as one of
the alternative methods for the control of phytopathogenic fungi [5-7].

Verbesina sphaerocephala is an endemic plant species of Mexico [8], belonging to the
Asteraceae family, known for its medicinal properties and its wide distribution in tropical
and subtropical regions. In recent years, this plant has attracted the attention of researchers
due to its therapeutic potential, particularly with regard to its antioxidant, antibacterial,
and antifungal properties and its phenolic composition. The antioxidant activity of V. sphae-
rocephala has been documented in several studies, which highlight its ability to neutralize
free radicals and reduce oxidative stress. This property is attributed in part to its rich phe-
nolic composition, which includes compounds such as flavonoids, phenols, and phenolic
acids, known for their ability to protect cells against oxidative damage and premature
aging [9-11]. In addition to its antioxidant activity, V. sphaerocephala has shown promising
antibacterial properties. Recent research has shown its effectiveness against pathogenic
bacteria such as Staphylococcus aureus and Escherichia coli, suggesting its potential use in the
treatment of bacterial infections [11]. Regarding its antifungal activity, the plant has been
shown to be effective against various pathogenic fungi, including Colletotrichum gloeospori-
oides, Fusarium oxysporum, and Botrytis cinerea species, which opens the possibility of its
use in the treatment of fungal infections [12]. These findings underline the importance
of V. sphaerocephala as a potential source of bioactive compounds that can be used in the
development of new agents for the management of B. cinerea.

Therefore, the aim of the present study was to determine the phenolic and flavonoid
contents, phenolic composition, and in vitro antioxidant and antifungal activities against B.
cinerea of aqueous extracts and its fractions from V. sphaerocephala stem.

2. Results and Discussion
2.1. Total Phenolic and Flavonoid Content

In this research, the phenolic and total flavonoid content of the aqueous extract and
its fractions from the stem tissue of V. sphaerocephala were evaluated. Table 1 shows these
results. The range of phenolic content was from 21.40 to 13.54 milligrams equivalent of
gallic acid per gram of dry extract (mg GAE/g DE), with the aqueous extract having the
highest content (Table 1). In previous research on this plant, a total phenolic content of
10.50 mg GAE per gram of dry tissue (DT) was reported in methanolic extracts of the leaf
tissue [11], two times lower than what was obtained in this study.

In the case of the aqueous extract fractions obtained by liquid-liquid phase separation,
the ethyl acetate fraction was the one that showed the highest content (21.26 mg GAE/g
DE), while the methanolic fraction obtained the lowest content (13.54 mg GAE/g DE), as
can be seen in Table 1. There are no previous studies on the fractionation of extracts in this
plant, so it is proposed to carry out more work in this area.

On the other hand, in the total flavonoid content of the extracts and fractions, a similar
behavior to that of the phenolic content results was observed since the highest flavonoid
content was presented in the aqueous extract with 11.53 milligrams of rutin equivalents per
gram of dry extract (mg RE/g DE). The flavonoid content of the aqueous extract analyzed
in this study was higher compared to that obtained in the hydro-methanolic extract of
leaves of this plant previously reported [11], which was 9.85 mg equivalents of catechin per
gram of dry tissue (mg CE/g DT), being 1.17 times higher than that obtained in the aqueous
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extract of stems reported here. Meanwhile, the ethyl acetate fraction of the aqueous extract
showed the highest flavonoid content with 3.71 mg RE/g DE, while the methanolic fraction
showed a content of 2.12 mg RE/g DE, which was the lowest flavonoid content.

Table 1. Total phenolic and flavonoid contents, free radical scavenging activity, total antioxidant capacity,
ferric reducing power of aqueous extract, and fractions from the stem of Verbesina sphaerocephala.

Extract TPC TFC DPPH ABTS TAC FRP
(mg GAE/g DE) (mgRE/gDE) ICs (mg/mL) ICsy (mg/mL) (mgAAE/gDE) (mgGAE/gDE)
Aqueous stem extract ~ 21.40 +0.36 2 11.53 £0.072 1236 £0.07 € 56040112 20.62 +0.09 € 74.76 + 1.48°
Ethyl acetate fraction 21.26 +0.38 2 3.714+0.03P 7.36 £0.012 7.76 £ 0.09 P 4021 £041°2 129.57 £2.082
Methanolic fraction 13.54 4+ 043P 212 4+0.07 € 8.48 +0.02b 10.26 £0.04 ¢ 31.46 £ 0.6 61.48 +1.04°¢

Abbreviations: TPC, total phenolic content; TFC, total flavonoid content; GAE, gallic acid equivalents; RE, rutin
equivalents; DE, dry extract; DPPH, 2,2-diphenyl-1-picrylhydrazyl; ICsp, median inhibitory concentration; TAC,
total antioxidant capacity; FRP, ferric reducing power. Values are expressed as mean =+ standard deviation of three
repetitions. Values with different letters indicate significant differences (Tukey, p < 0.05).

2.2. Identification and Quantification of Phenolic Compounds by Ultra-High-Performance Liquid
Chromatography Coupled to Mass Spectrometry (UPLC-MS)

According to the UPLC-MS analysis carried out on the aqueous stem extract from
V. sphaerocephala and its fractions (ethyl acetate and methanol), the presence of 12 phenolic
compounds was found in the aqueous extract, 18 compounds in the ethyl acetate fraction
and 13 compounds in the methanolic fraction (Table 2). In the aqueous extract, 84.61% of
these compounds correspond to the group of phenolic acids, while the remaining (15.38%)
were flavonoids. The major compounds in this extract were protocatechuic acid (96.06 pug/g
DE), vanillic acid (66.86 pug/g DE), and hydroxybenzoic acid (65.59 pg/g DE).

Table 2. Phenolic compounds identified by Ultra-High-Performance Liquid Chromatography Cou-
pled to Mass Spectrometry (UPLC-MS) in aqueous extract and fractions from the stem of Verbesina

sphaerocephala.
Rq ug/g DE
. Compound

(min) Aqueous Extract Ethyl Acetate Fraction Methanolic Fraction

14 Gallic acid ND ND 498 £0.042

2.5 Protocatechuic acid 93.06 + 2.56 ° 250.54 £1.042 16.14 £ 045 ©
3.76 Hydroxybenzoic acid 65.69 +1.14° 135.61 £0.89 2 3.82+012°¢
5.12 Vanillic acid 66.86 + 0.13P 24694 £ 3.46° 599+ 0.26¢
5.34 Chlorogenic acid 2251 4+0.34°¢ 114.66 £3.16 2 64.05 +1.17°
5.38 Caffeic acid ND 18.36 £1.162 486 +0.11°
6.52 Vanillin 10.09 + 0.06 ® 289.27 £2922 0.75 £ 0.09 €
7.21 p-coumaric acid 2113 +045P 139.72 £2.712 3.51+0.10°¢

8.4 Scopoletin ND 3.03+0.342 ND

8.6 Ferulic acid 2.99 +£0.15° 26.05+0.31° 0.17 £ 0.04°€
9.15 Salicylic acid 10.97 +0.25° 40.19+£035% 1.38 £0.06 ¢
9.16 Sinapic acid 137 £021° 5.74 +0.69 2 1.23 £0.07°
10.35 Rutin 20.56 +0.73 P 250.52 £8.21% 10.28 +0.18®

Isoquercitrin a
10.57 (quzrce fin-3-O-glucoside) ND 69.16 £ 2.19 ND
11.91 Astragaline (kaempferol ND 41.61 + 1512 ND
3-O-glucoside)

13.02 Secoisolariciresinol ND 4779 £1.09° ND
14.08 trans-Cinnamic acid 11.46 +0.06 ® 59.45+1.43% ND
15.18 Quercetin ND 21.254+0.49% 6.45 4+ 0.10°
15.28 Luteolin 1.07 £0.122 ND ND
17.81 Kaempferol ND 6.94 £0.09 2 ND

Abbreviations: R;, retention time; DE, dry extract; ND, not determined. Values are expressed as mean =+ standard
deviation of three repetitions. Values with different letters indicate significant differences (Tukey, p < 0.05).
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On the other hand, in the case of the ethyl acetate fraction, the proportion of its
phenolic compounds was the following: phenolic acids (63.15%), flavonoids (26.31%),
coumarins (5.26%) and lignans (5.26%). Vanillin (289.27 ug/g DE), rutin (250.52 ug/g
DE), and protocatechuic acid (250.54 ng/g DE) were the compounds with the greatest
presence. The presence of phenolic compounds with high antioxidant activity, such as
isoquercitrin (quercetin-3-O-glucoside) [13], astragaline (kaempferol 3-O-glucoside) [14],
secoisolariciresinol [15] and kaempferol [16] were detected by chromatographic analysis
only in the ethyl acetate fraction.

Similarly, in the methanolic fraction, 76.92% of the identified phenolics are phenolic
acids, and 23.07% are flavonoids. In this fraction, the majority of compounds were chloro-
genic acid (64.05 ug/g DE), protocatechuic acid (16.14 ug/g DE), and rutin (10.28 ug/g
DE). Rodriguez-Valdovinos et al. [11] previously detected the compound rutin in V. sphaero-
cephala leaf tissue (13.97 mg/g DT) using High-Performance Thin Layer Chromatography
(HPTLC), suggesting that this compound is stored in greater quantities in the leaves and
flowers of this plant. Nevertheless, in Verbesina encelioides, the presence of p-coumaric
acid, vanillic acid, gallic acid, caffeic acid, ferulic acid, and chlorogenic acid has been
reported [17], which makes them compounds in common between these two species of
the genus.

2.3. Antioxidant Activity
2.3.1. DPPH Antioxidant Assay

Table 1 shows the antioxidant activity presented by the aqueous extract and its fractions
from the stem tissue of V. sphaerocephala. As can be seen in Table 1, the ethyl acetate fraction
of the aqueous stem extract was the one that presented the highest scavenging activity of
the DPPH radical since a concentration of 7.36 mg/mL of extract was required to inhibit
the radical, followed by the methanolic fraction and the aqueous stem extract, with ICsg
values of 8.48 and 12.36 mg/mL, respectively. In previous studies, it has been reported that
the methanolic extract of V. sphaerocephala leaves showed an ICsj value of 5.83 mg/mL [11].

Based on correlation analysis, no clear relationship was observed between the total
phenolic and flavonoid contents of the extracts and the scavenging activity of radical DPPH
since the extract and fractions that showed the highest total phenolic and flavonoid contents
did not obtain the highest DPPH radical scavenging effect.

2.3.2. ABTS Antioxidant Assay

Regarding the scavenging activity of the ABTS radical, the aqueous extract showed the
strongest ABTS radical scavenging effect with an ICsg value of 5.60 mg/mL. Both the ethyl
acetate fraction and the methanolic fraction showed lower scavenging activity of radical
ABTS (IC5p = 7.76 and 10.26 mg/mL, respectively). These values, however, are lower than
those previously reported for methanolic leaf extracts of V. sphaerocephala [11].

Based on Pearson’s correlation coefficient, a clear relationship was observed between
the ABTS scavenging activity and the phenolic and flavonoid contents (R = —0.891, p < 0.01
and R = —0.918, p < 0.01, respectively) of the V. sphaerocephala extracts and fractions, which
indicates that by increasing the content of phenolics in the extracts and fractions, the
scavenging activity increased.

2.3.3. Total Antioxidant Capacity

According to the results of the Total Antioxidant Capacity (TAC) in which the capacity
of the extracts to reduce molybdenum (VI) to molybdenum (V) was evaluated, the antiox-
idant capacity ranged from 20.62 to 40.21 mg AAE/g DE. Similarly, as with the DPPH
radical, the ethyl acetate fraction exhibited the highest antioxidant capacity, while the aque-
ous extract obtained the lowest antioxidant capacity (Table 1). These values are lower than
those obtained in methanolic extracts of V. sphaerocephala leaves (51.05 £ 0.36 mg AAE/g
DT) [11].
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2.3.4. Ferric Reducing Power (FRP)

The ferric-reducing power analysis determines the ability of metabolites to reduce
the ferric ion (Fe3*) to ferrous (Fe?*) due to the donation of an electron by measuring the
antioxidant activity in equivalents of gallic acid per gram of dry extract. In this work, the
ethyl acetate fraction exhibited the highest value of antioxidant activity to reduce ferric
ions (129.57 mg GAE/g DE), while the methanolic fraction obtained the lowest value
(61.48 mg GAE/g DE). To the best of our knowledge, no reports of this assay have been
found for this plant species.

The antioxidant activity of the extract and the fractions showed significant differences
(Table 1), as did their phenolic composition (Table 2). Something important to highlight is
the increase in the antioxidant activity of the ethyl acetate fraction in all the tests evaluated
(DPPH, ABTS, TAC, and FRP) compared to the results with the aqueous stem extract, as
shown in Table 1. This event could be due to behavior that occurs in the fractions since the
active compounds present in the fractions are less linked to other compounds compared to
the extract, in which an antagonism phenomenon could exist, which is why its antioxidant
effect could be compromised [18]. A more detailed analysis between the individual phenolic
compounds and the DPPH radical scavenging activity showed that chlorogenic acid, which
was identified in the aqueous extract and both fractions (Table 2), was one of the compounds
that contributed most to the scavenging activity of DPPH radical (R = —0.933, p < 0.01). In
the specific case of quercetin, which was identified only in the ethyl acetate and methanol
fractions (Table 2), it could have been responsible for the DPPH radical scavenging activity
observed, according to Pearson’s correlation coefficient (R = —0.861, p < 0.01). The above
could explain that both fractions showed higher scavenging activity than the aqueous
extract, as can be seen in Table 1. Luteolin, a compound present in the aqueous extract
and absent in the fractions (Table 2), may have contributed to the ABTS radical scavenging
activity, according to the correlation analysis (R = —0.839, p < 0.01). Likewise, a positive
correlation was observed between 17 of the compounds identified in this research with the
ferric reducing power, with trans-cinnamic acid (R = 0.999, p < 0.01), salicylic acid (R = 0.998,
p < 0.01), vanillic acid (R = 0.997, p < 0.01), p-coumaric acid (R = 0.996, p < 0.01), ferulic acid
(R =0.995, p < 0.01), protocatechuic acid (R = 0.989, p < 0.01), rutin (R = 0.987, p < 0.01),
vanillin (R = 0.986, p < 0.01), having the highest correlation values.

With these results in the four antioxidant tests evaluated, we can determine that the
aqueous stem extract of V. sphaerocephala and its ethyl acetate fraction have a potential
antioxidant effect, so it is necessary to carry out more research to explore new biologi-
cal properties.

2.4. Antifungal Activity

Figure 1 shows the results of antifungal activity as the median inhibitory concentration
(ICsp), which represents the concentration of aqueous extract or fraction needed to reduce
by 50% (ICsp) the mycelial growth of B. cinerea. Interestingly, the methanolic fraction
did not show inhibition against B. cinerea. The aqueous stem extract showed the highest
antifungal activity compared to its ethyl acetate fraction, as their ICsy and lethal inhibitory
concentration (IC;(g) values were 0.10 £ 0.00 and 0.24 £ 0.00 mg/mL (10 and 24 pg/mL),
respectively (Figure 1A). In the case of the ethyl acetate fraction, its antifungal activity was
low, showing ICsp and ICygg values of 14.51 4 0.06 and 21.49 + 0.09 mg/mL, respectively
(Figure 1B). Interestingly, both the aqueous stem extract and its ethyl acetate fraction
showed a fungicidal effect, as there was no mycelial growth after the five days of the
assay evaluation.

In a previous study by our working group, we reported the antifungal activity of
hydrolates of leaves and stems from V. sphaerocephala against the fungi C. gloeosporioides,
F. oxysporum, and B. cinerea [12]. In that work, B. cinerea was determined to be more
sensitive against stem hydrolate with ICsy and IC1 values of 1.3 and 2.7 mg/mL (130 and
270 ug/mL), respectively. It should be noted that the hydrolates were not as effective as the
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aqueous extract reported here since up to 13 times more hydrosol was required to inhibit
the growth of the fungi B. cinerea by 50%.
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Figure 1. Antifungal activity of stem aqueous extract and ethyl acetate fraction from Verbesina
sphaerocephala against Botrytis cinerea. (A) Percentage of inhibition of mycelial growth of aqueous stem
extract at different concentrations; (B) Percentage of inhibition of mycelial growth of ethyl acetate
fraction at different concentrations. Abbreviations: Control (+), Benomyl 10 mg/mL. Values are
expressed as mean =+ standard deviation of three repetitions. Values with different letters indicate
significant differences (Tukey, p < 0.05).
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On the other hand, other species of the genus Verbesina have reported antifungal
activity against other phytopathogenic fungi, such as the case of Verbesina lanata, whose
ethyl acetate extract showed an ICsy value of 35 ug/mL against the fungus Plasmopara
viticola [19]. Similarly, other authors report the antifungal activity of V. encelioides extracts
against Sclerotium rolfsii, Aspergillus flavus, Aspergillus niger, and Rhizoctonia solani [20].

As previously indicated, the phenolic composition of the stem extract and fractions
of V. sphaerocephala varied significantly (Table 2). Different antifungal modes of action
have been reported for some of the phenolic compounds identified in both the aqueous
extract and its fractions (ethyl acetate and methanolic) of V. sphaerocephala stems. Proto-
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catechuic acid acts by affecting membrane permeability as well as cell wall degradation
in B. cinerea [21]. Likewise, vanillic acid decreases membrane permeability [22] as well as
inhibits ergosterol synthesis [23]. Vanillin has different antifungal modes of action, such as
increased membrane permeability, leakage of intracellular contents, and inhibition of cell
wall enzymes such as polygalacturonase, pectin lyase, and endo-1,4-3-D-glucanase [24].
p-coumaric acid alters oxidative phosphorylation, causing uncoupling in mitochondria [25].
Scopoletin acts by inhibiting conidial germination, affecting the high osmolarity glycerol
pathway, as well as altering the cell membrane and cell wall [26]. Ferulic acid promotes
destabilization of the internal fungal cell structure as well as cell surface morphology,
induces leakage of intracellular contents, and inhibition of spore germination [27]. Salicylic
acid causes leakage of protein content from the cell interior, intracellular disorganization,
and lipid damage [28]. Rutin intervenes by affecting the enzymes sterol 14-« demethylase,
a key enzyme in the biosynthesis of various sterols, and nucleoside diphosphate kinase,
essential in the phosphorylation process of nucleoside triphosphate and diphosphate (NTP
and NDDP, respectively) [29]. trans-Cinnamic acid promotes damage to plasma membrane
integrity and also stimulates the increase in intracellular reactive oxygen species, and
activities of peroxidase and polyphenol oxidase enzymes [30]. Quercetin has demonstrated
a synergistic effect in conjunction with other phenolics, altering the composition of the cell
membrane through the induction of oxidative stress [31]. Kaempferol alters the synthesis
of nucleic acids and proteins and decreases the function of mitochondria as well as causing
disruption of the cell membrane [32].

There are many modes of action through which the phenolic compounds present in the
aqueous extract of V. sphaerocephala and its fractions could be acting on the phytopathogen
B. cinerea; however, the authors recommend carrying out a subsequent targeted study to
determine their specific mechanisms of action.

It is possible that the antifungal activity observed in this research is due to a synergistic
effect of the phenolic compounds present in both the aqueous extract and its ethyl acetate
fraction from the stem of V. sphaerocephala since no clear relationship was observed between
the antifungal activity and the phenolic and flavonoid contents or between the antifungal
activity and the individual phenolic compounds identified by UPLC-MS analysis in the
aqueous extract and its ethyl acetate fraction.

3. Materials and Methods
3.1. Chemicals and Reagents

Sodium carbonate (NayCO3) (99%, J.T. Baker®, Mexico City, Mexico), aluminum chloride
(AICl3) (99%, Meyer®, Mexico) potassium persulfate (K;S,Og) (99.8%, ].T. Baker®, Phillips-
burg, NJ, USA), phosphate dibasic sodium (99.9%, Fermont®, Monterrey, Mexico), ammo-
nium molybdate (99%, Merck®, Mexico City, Mexico), 2,2/ -azino-bis-3-ethylbenzothiazolin-
6-sulfonic acid (ABTS) (99%, Roche®, Mannheim, Germany), potassium ferrocyanide
(K3Fe(CN)g), trichloroacetic acid (CoHCl305), ferric chloride (FeCl3) were used. Folin—
Ciocalteu reagent (99%) and standard gallic acid (>99%), 2,2-diphenyl-1-picrylhydrazyl
(DPPH), ascorbic acid (>99%), and rutin hydrate (>95%) (HPLC grade) were provided by
Sigma-Aldrich® (St. Louis, MO, USA).

Potato dextrose agar (PDA) medium (provided by Bioxon®, Mexico City, Mexico)
and Benomyl® 50 WP (Taicang Pesticide Factory, Jiangsu, China) were used. Water, ace-
tonitrile, and formic acid (LC-MS grade) were purchased from Sigma-Aldrich® (St. Louis,
MO, USA). The reference standards used in the UPLC analysis were as follows: shikimic
acid, gallic acid, L-phenylalanine, protocatechuic acid, 4-hydroxybenzoic acid, gentisic
acid, 4-hydroxyphenylacetic acid, (-)-epigallocatechin, (+)-catechin, vanillic acid, scopolin,
chlorogenic acid, caffeic acid, malvin, kuromanin, procyanidin B2, vanillin, keracyanin,
(-)-epicatechin, 4-coumaric acid, mangiferin, umbelliferone, (-)-gallocatechin gallate, scopo-
letin, ferulic acid, quercetin 3,4-di-O-glucoside, 3-coumaric acid, salicylic acid, sinapic acid,
epicatechin gallate, ellagic acid, myricitrin, pelargonidin, quercetin 3-D-galactoside, rutin,
p-anisic acid, quercetin 3-glucoside, luteolin 7-O-glucoside, malvidin, 2,4-dimethoxy-6-
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methylbenzoic acid, penta-O-galloyl-B-D-glucose, kaemperol 3-O-glucoside, quercitrin,
naringin, myricetin, hesperidin, trans-resveratrol, rosmarinic acid, secoisolariciresinol, phlo-
ridzin, trans-cinnamic acid, psoralen, quercetin, luteolin, angelicin, naringenin, apigenin,
matairesinol, kaempferol, hesperetin, podophyllotoxin, methyl cinnamate, nordihydrogua-
iaretic acid, chrysin, kaempferide, emodin, chrysophanol.

3.2. Fungal Strain

The fungi B. cinerea was previously isolated and identified by Robles-Yerena et al.,
2021 [33]. Briefly, B. cinerea was isolated from decaying strawberry fruits and was molec-
ularly identified for confirmation of genus and species (accession number: MW698862).
This strain belonged to the strain collection of the Molecular Biology Laboratory of the
Universidad de La Ciénega del Estado de Michoacan de Ocampo and was donated by Dr.
Pedro Damian Loeza-Lara.

3.3. Plant Material

V. sphaerocephala specimens were collected in October 2020 at Pajacuaran (20°05'54.8" N,
102°33/19.2” W) in the Mexican state of Michoacan. The specimens were authenticated
by Biol. Rosa Isabel Fuentes Chavez. Voucher herbarium specimens were deposited at
the herbarium of the Faculty of Biology of the Universidad Michoacana de San Nicolas de
Hidalgo, with herbarium number 31383.

3.4. Drying Process

V. sphaerocephala plants were dried at room temperature (20 °C) for 5 days in the
absence of light. Stems were removed from the plants, and afterward, the tissues were
ground in a blender to obtain a fine powder. Milled tissues were stored in dark conditions
at room temperature until they were used.

3.5. Preparation of the Extracts

The extract was obtained by maceration in a proportion of 100 g of ground dry tissue
(stem) per 500 mL of water at 90 °C, with vigorous shaking every 24 h, in the absence of
light for five days [34]. The extract was filtered at room temperature using a Buchner funnel
and Whatman No. 1 filter paper (Whatman International Ltd., Maidstone, UK). Then, the
extract was evaporated to dryness using a vacuum rotary evaporator (Biichi Waterbath
B-480, Flawil, Switzerland) at 50 °C with a rotational speed of 120 rpm for 25 h. Finally,
dry extract was suspended in methanol to obtain a final concentration of 100 mg/mL. The
extract was stored in amber bottles at 4 °C for later use.

3.6. Liquid-Liquid Phase Separation

A liquid-liquid phase separation was carried out on the extract to obtain the frac-
tions [35]. The phases were separated using a separatory funnel, placing 150 mL of extract
and 150 mL of solvent (ethyl acetate or methanol). The funnel was shaken well, and phase
separation was allowed to occur. The upper organic layer was collected in a beaker. The
procedure was repeated two more times. Subsequently, fractions were dried in a rotary
evaporator (Biichi Waterbath B-480, Flawil, Switzerland) at 50 °C with a rotational speed
of 120 rpm for 8 min and suspended in methanol at a concentration of 100 mg/mL. The
fractions were stored at —4 °C.

3.7. Determination of Total Phenolic and Flavonoid Content
3.7.1. Total Phenolic Content

Total phenolic content was determined using the Folin—Ciocalteu method, according
to Singleton et al. [36], with modifications. Next, 50 uL of each extract and fraction solution
was taken, and 500 uL of deionized water was added and mixed. Subsequently, 25 pL
of 1 N Folin-Ciocalteu reagent was added and shaken for 5 min. Finally, 75 puL of a 20%
(w/v) NayCOs solution was added and left to rest in the absence of light for 2 h at room
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temperature. The absorbances of the samples were read in a Multiskan FC microplate
reader (Thermo Fisher Scientific, Waltham, MA, USA) at 760 nm. To determine the phenolic
compounds in the aqueous extract and fractions of V. sphaerocephala, 200 pL of the sample
was taken and evaluated using a gallic acid standard curve (Azg = 0.0017 [gallic acid] —
0.0246, r = 0.9908), obtained using 10 known concentrations (30-300 pg/mL) of the com-
pound. The total phenolic content was expressed in milligrams of gallic acid equivalents
per gram of dry extract (mg GAE/g DE).

3.7.2. Total Flavonoid Content

To determine the total flavonoid content, the technique described by Lamaison and
Carnart [37] was used. To achieve this, 250 uL of aqueous extracts and fractions were added
with 250 mL of 5% aluminum chloride (w/v) solution. The absorbance value was evaluated
after 10 min at a wavelength of 430 nm in a Multiskan FC microplate reader (Thermo Fisher
Scientific, Waltham, MA, USA). The total flavonoid content was determined using a rutin
curve (Agzg = 0.005 [rutin]-0.0062, r = 0.9983) obtained using ten concentrations of rutin
(0.01-0.1 mg/mL). Total flavonoids were expressed in milligrams of rutin equivalents per
gram of dry extract (mg RE/g DE).

3.8. Identification and Quantification of Total Phenolic Compounds by Ultra-High-Performance
Liquid Chromatography Coupled to Mass Spectrometry

The identification and quantification of phenolic compounds was carried out by the
method previously reported [38,39]. The extracts were prepared with the solvent methanol
with 0.1% formic acid (v/v) at 50 mg/mL, then filtered with 0.2 um polytetrafluoroethylene
(PTFE) membranes and finally placed in 2 mL UPLC vials. All samples were analyzed on a
1290 Infinity Agilent ultra-high resolution liquid chromatograph coupled to a 6460 Agilent
triple quadrupole-mass spectrometer (Agilent Technologies, Santa Clara, CA, USA). Chro-
matography was performed on an Agilent Eclipse Plus C18 column (1.8 pm, 2.1 x 50 mm)
with a column temperature of 40 °C. The mobile phase consisted of (A) water (MS grade)
and (B) acetonitrile (MS grade), both with 0.1% formic acid (v/v). The gradient conditions
of the mobile phases were 0-30 min a linear gradient 1-50% B, 30-35 min a linear gradi-
ent 50-99% B, 35-39 min an isocratic step at 99% B, 3940 min linear gradient 99-1% B,
40-45 min an isocratic step at 1% B. The flow rate was 0.3 mL/min, and 2 uL of extract was
injected. The mass spectrometric analysis was performed with an electrospray ionization
source in negative and positive mode with a capillary and nozzle voltages of 3500 and
500 V, respectively. The gas and sheath gas temperatures were 300 and 250 °C, respec-
tively. The gas and sheath gas flows were 5 and 11 L/min, respectively, and the nebulizer
pressure was 45 Psi. Data were acquired and processed with the MassHunter workstation
software, version B.06.00 (Agilent Technologies, Santa Clara, CA, USA). For identification
and quantification, 67 authentic standards were purchased or in-house purified, including
two phenolic precursors (shikimic acid and phenylalanine) and 65 phenolic compounds
belonging to several subcategories (Supplementary Table S1). The identification of each
compound was performed by a dynamic multiple-reaction monitoring method (see de-
tailed information in Supplementary Table S1). The compound quantification was carried
out by constructing calibration curves with 12 concentration points from 0.25 to 19 uM,
obtaining determination coefficient values higher than 0.96 (Supplementary Table S1). The
concentration of each phenolic compound was expressed as micrograms per gram of dry
extract (ug/g DE).

3.9. Analysis of Antioxidant Activity
3.9.1. DPPH Antioxidant Assay

The DPPH technique was used to determine the antioxidant activity [40]. A DPPH
solution was prepared (98 pug/mL in methanol). Then, 900 uL of DPPH reagent was taken
to mix with 100 pL of extracts and fractions (5-50 mg/mL), and they were incubated at
room temperature for 10 min. The absorbance was read at 523 nm in a Multiskan FC
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microplate reader (Thermo Fisher Scientific, Waltham, MA, USA). Methanol was used as a
blank. The scavenging effect of DPPH was measured using the following formula:

DPPH scavenging effect (%) = [Acontrol — Asample /Acontrol] % 100 (1)

where Acontrol is the absorbance of the control (DPPH solution), and Agample is the ab-
sorbance of the sample (DPPH plus 100 uL of extract). The median inhibitory concentration
(IC50) was determined using linear regression. The scavenging activity was expressed as
the ICsg that represents the V. sphaerocephala aqueous extract or fractions concentration
(mg/mL) needed to reduce by 50% the initial DPPH absorbance.

3.9.2. ABTS Antioxidant Assay

The ABTS technique was performed using the procedure described by [41]. The ABTS
radical was obtained through the oxidation reaction using 1 mL of the ABTS reagent at a
concentration of 7 mmol/L and 17.6 uL of potassium persulfate solution (140 mmol/L).
The solution was placed in the absence of light for a period of 12 h at room temperature.
The ABTS solution was diluted with water to have an absorbance value of 0.700 £ 0.01
at a wavelength of 734 nm in a Multiskan FC microplate reader (Thermo Fisher Scientific,
Waltham, MA, USA). Once the radical was formed, a mixture was made by taking 250 uL
of the extracts with 250 uL. of ABTS solution. The absorbance value was measured at
734 nm after 6 min. The test was performed with 10 concentrations of extract and fractions
(1-50 mg/mL). The blank was prepared under the conditions described above, replac-
ing the aqueous extract with methanol and a fraction with ethyl acetate or methanol as
applicable. The percentage of scavenging effect was measured using the following formula:

ABTS scavenging effect (%) = [Aplank — Asample/ Acontrol] % 100 (2)

where Apjank represents the absorbance of the blank (ABTS solution plus methanol), Asample
means the absorbance of the test sample (ABTS solution plus extract), and A opiro is the
absorbance of the control (ABTS solution). The median inhibitory concentration (ICsp) was
determined using linear regression by making a graph with the percentage of inhibition
against the concentration of the extract. The scavenging activity was expressed as the ICs
that represents the aqueous extract or fractions concentration (mg/mL) needed to reduce
by 50% the initial ABTS absorbance.

3.9.3. Total Antioxidant Capacity

The total antioxidant capacity was carried out according to the reported by [42].
The working solution was prepared with 0.6 M sulfuric acid, 28 mM sodium phosphate,
and 4 mM ammonium molybdate. Then, 50 uL of each V. sphaerocephala extract and
fraction was combined with 500 uL of a working solution. Subsequently, samples were
incubated in a dry bath/block heater from Thermo Fisher Scientific (Waltham, MA, USA)
at a temperature of 95 °C for 90 min. The samples were then placed at room temperature,
and the absorbance was measured at 695 nm in a Multiskan FC microplate reader (Thermo
Fisher Scientific, Waltham, MA, USA). A standard curve of ascorbic acid was generated
(Agos = 0.0014 [ascorbic acid] + 0.0368, r = 0.9981, with ten concentrations of ascorbic acid
(0.04-0.4 mg/mL). The total values of antioxidant capacity were expressed in milligrams of
equivalents of ascorbic acid per gram of dry extract (mg AAE/g DE).

3.9.4. Ferric Reducing Potential

To determine the ferric-reducing power of V. sphaerocephala extracts and fractions, the
methodology proposed by [43] was used with some modifications. To achieve this, 100 uL of
extracts and fractions of V. sphaerocephala were mixed with 100 uL of phosphate buffer (0.2 M,
pH 6.6) and 100 puL of 1% potassium ferrocyanide (w/v). The mixture was incubated at
50 °C for 20 min in a digital dry bath/block heater (Thermo Scientific brand, Massachusetts,
USA). Then, 100 pL of 10% trichloroacetic acid (w/v) and 200 uL of deionized water were
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added. Finally, 40 pL of 0.1% ferric chloride (w/v) was placed, and the absorbance at
700 nm was recorded in a Multiskan FC microplate reader (Thermo Scientific, Waltham,
MA, USA). The ferric reducing power was calculated from the following calibration curve
Azgo = 0.00006 [gallic acid] + 0.00008, r = 0.9962, constructed with six concentrations of
gallic acid (0.45-2.7 mg/mL). The results were expressed in mg equivalents of gallic acid
per gram of dry extract (mg GAE/g ES).

3.10. Antifungal Assay

Antifungal activity was determined with the well diffusion method [44], using Petri
dishes with 3.9% PDA medium (w/v) in which 2.5 mm perforations were made. In each
well, 100 pL of the extract at six different concentrations (0.01-0.25 mg/mL) or 100 uL of
the fraction at eight different concentrations (5-20 mg/mL) were poured. Subsequently, a
fragment of B. cinerea mycelium was inoculated into each well and incubated for 5 days at
25 £ 2 °C. The commercial fungicide Benomyl® (10 mg/mL) was used as a positive control
and methanol as a negative control. The percentage of inhibition (%) was calculated with
the formula outlined by Rutiaga [45]:

Inhibition (%) = [Growth ontrol — Growthgample / Growtheontrol] x 100 3)

where Growth oo represents the average diameter of fungal growth of the control (fungi),
Growthgample means the average diameter of fungal growth of the test sample (fungi plus
extract or fraction). The median inhibitory concentration (ICsp) and the lethal inhibitory
concentration (ICjp9) were determined using linear regression by making a graph with
the percentage of fungi inhibition against the concentration of the extract or fraction.
Antifungal activity was expressed as the ICs( that represents the aqueous extract or fractions
concentration (mg/mL) needed to reduce by 50% the fungal growth, and as the lethal
inhibitory concentration (IC1gg), which represents the concentration of aqueous extract or
fractions (mg/mL) needed to completely inhibit fungal growth.

3.11. Statistical Analysis

Results were reported as mean =+ standard deviation of three independent replicates.
An analysis of variance (ANOVA) was used to assess statistical significance. Differences
between values with a p < 0.05 were considered statistically significant. Tukey’s test was
performed for the comparison of means for the corresponding results. Relationships
between all determinations were tested using Pearson’s correlation. These analyses were
performed with the SPSS software version 29.0 (IBM, Armonk, NY, USA).

4. Conclusions

In the present study, the phenolic composition, antioxidant and antifungal activities of
the aqueous stem extract, and its fractions (ethyl acetate and methanol) of V. sphaerocephala
were analyzed. In this study, new phenolic compounds were identified for this species,
contributing to its knowledge of phytochemical composition. Our results indicate that the
antioxidant activity shown by the aqueous extract and its fractions could be attributed to
the phenolic compounds present in them. Also, the antifungal activity exhibited by the
aqueous extract of V. sphaerocephala stem and its ethyl acetate fraction was highly dependent
on the phenolic composition. The results of this research support the idea that the aqueous
extract of V. sphaerocephala stems possess great potential for B. cinerea management. The
modes of action are yet to be elucidated. Therefore, future investigations into the specific
mechanisms of action of the phenolics detected in the extracts of the fungus B. cinerea
are recommended.



Plants 2024, 13, 2791 12 of 14

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/plants13192791/s1, Figure S1. Representative chromatograms
of standards, aqueous extract, ethyl acetate and methanolic fractions from stem of Verbesina sphae-
rocephala compounds identified by Ultra-High Performance Liquid Chromatography Coupled to
Mass Spectrometry (UPLC-MS); Table S1. Conditions for identification and quantification of phenolic
compounds by UPLC-MS.

Author Contributions: Conceptualization, R.S.-G.; methodology, K.Y.R.-V,; software, ].R.M.-M.
and K.Y.R.-V,; validation, A.H.-G.; formal analysis, ].L.M.-V. and J.A.G.-A.; investigation, A.S.-M.;
resources, R.S.-G.; data curation, J.LE.L.-M. and R.E.N.d.R.-T.; writing—original draft preparation,
K.Y.R.-V,; writing—review and editing, ] R.M.-M.; visualization, R.E.N.d.R.-T.; supervision, A.S.-M.
and J.E.L.-M.; project administration, A.H.-G. and R.S.-G.; funding acquisition, R.S.-G. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The authors declare that the data supporting the findings of this study
are available within the article.

Acknowledgments: K.Y.R.-V. gives thanks to the Consejo Nacional de Humanidades, Ciencias y
Tecnologias (CONAHCYT) for a scholarship awarded (no. 775428). R.S.G. is grateful to CIC-UMSNH.
J.RM.-M. gratefully acknowledges Universidad de La Ciénega del Estado de Michoacan de Ocampo.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Sharma, I. Phytopathogenic Fungi and Their Biocontrol Applications. In Fungi Bio-Prospects in Sustainable Agriculture, Environment
and Nano-Technology: Volume 3: Fungal metabolites and Nano-Technology, 1st ed.; Kumar Sharma, V., Shah, M.P,, Parmar, S., Kumar,
A., Eds.; Academic Press: Cambridge, MA, USA, 2020; Volume 3, pp. 1-21.

Jain, A.; Sarsaiya, S.; Wu, Q.; Lu, Y.; Shi, ]. A Review of Plant Leaf Fungal Diseases and Its Environment Speciation. Bioengineered
2019, 10, 409-424. [CrossRef] [PubMed]

Roca-Couso, R.; Flores-Félix, ].D.; Rivas, R. Mechanisms of Action of Microbial Biocontrol Agents against Botrytis cinerea. ]. Fungi
2021, 7, 45. [CrossRef] [PubMed]

Williamson, B.; Tudzynski, B.; Tudzynski, P; Van Kan, J.A.L. Botrytis Cinerea: The Cause of Grey Mould Disease. Mol. Plant Pathol.
2007, 8, 561-580. [CrossRef]

Rafiniska, K.; Pomastowski, P.; Wrona, O.; Gérecki, R.; Buszewski, B. Medicago sativa as a Source of Secondary Metabolites for
Agriculture and Pharmaceutical Industry. Phytochem. Lett. 2017, 20, 520-539. [CrossRef]

Zaynab, M.; Fatima, M.; Abbas, S.; Sharif, Y.; Umair, M.; Zafar, M.H.; Bahadar, K. Role of Secondary Metabolites in Plant Defense
against Pathogens. Microb. Pathog. 2018, 124, 198-202. [CrossRef]

Xue, H.; Jiang, Y.; Zhao, H.; Kollner, T.G.; Chen, S.; Chen, E; Chen, F. Characterization of Composition and Antifungal Properties
of Leaf Secondary Metabolites from Thirteen Cultivars of Chrysanthemum morifolium Ramat. Molecules 2019, 24, 4202. [CrossRef]
Rzedowski, J.; Calderén de Rzedowski, G. Compositae: Tribu Heliantheae II. Flora Bajio Reg. Adyac. 2011, 172, 1-409.
Véazquez-Sanchez, M.; Medina-Medrano, J.R.; Cortez-Madrigal, H.; Angoa-Pérez, M.V.,; Mufioz-Ruiz, C.V.; Villar-Luna, E.
Nematicidal Activity of Wild Plant Extracts against Second-Stage Juveniles of Nacobbus aberrans. Nematropica 2018, 48, 136-144.
Arciniegas, A.; Pérez-Castorena, A.L.; Villasefior, J.L.; Romo de Vivar, A. Cadinenes and Other Metabolites from Verbesina
sphaerocephala A. Gray. Biochem. Syst. Ecol. 2020, 93, 104183. [CrossRef]

Rodriguez-Valdovinos, K.Y.; Salgado-Garciglia, R.; Vazquez-Sanchez, M.; Alvarez-Bernal, D.; Oregel-Zamudio, E.; Ceja-Torres,
L.E; Medina-Medrano, J.R. Quantitative Analysis of Rutin by HPTLC and in Vitro Antioxidant and Antibacterial Activities of
Phenolic-Rich Extracts from Verbesina sphaerocephala. Plants 2021, 10, 475. [CrossRef]

Aguilar-Mejia, Y. Efecto Antioxidante y Antifiingico de los Compuestos Voldtiles del Hidrolato de Tallos y Hojas de Verbesina sphaerocephala
(Asteraceae); Universidad Michoacana de San Nicolds de Hidalgo: Morelia, Mexico, 2023.

Gongalves, A.C.; Falcao, A.; Alves, G; Silva, L.R.; Flores-Félix, ].D. Antioxidant Activity of the Main Phenolics Found in Red
Fruits: An in Vitro and in Silico Study. Food Chem. 2024, 452, 139459. [CrossRef] [PubMed]

Razola-Diaz, M.D.C.; Aznar-Ramos, M.J.; Benitez, G.; Gomez-Caravaca, A.M.; Verardo, V. Exploring the Potential of Phenolic and
Antioxidant Compounds in New Rosaceae Fruits. J. Sci. Food Agric. 2024, 104, 3705-3718. [CrossRef]

Vek, V.; Kerzi¢, E.; Poljansek, I; Eklund, P.; Humar, M.; Oven, P. Wood Extractives of Silver Fir and Their Antioxidant and
Antifungal Properties. Molecules 2021, 26, 6412. [CrossRef]

Lal, M.; Sutradhar, D. Extraction of Kaempferol Derivatives from Zygophyllum paulayanum and Its Diverse Biological Activities.
Nat. Prod. Res. 2024, 0, 1-5. [CrossRef]

Mehal, K.K.; Kaur, A.; Singh, H.P,; Batish, D.R. Investigating the Phytotoxic Potential of Verbesina encelioides: Effect on Growth
and Performance of Co-Occurring Weed Species. Protoplasma 2023, 260, 77-87. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/plants13192791/s1
https://www.mdpi.com/article/10.3390/plants13192791/s1
https://doi.org/10.1080/21655979.2019.1649520
https://www.ncbi.nlm.nih.gov/pubmed/31502497
https://doi.org/10.3390/jof7121045
https://www.ncbi.nlm.nih.gov/pubmed/34947027
https://doi.org/10.1111/j.1364-3703.2007.00417.x
https://doi.org/10.1016/j.phytol.2016.12.006
https://doi.org/10.1016/j.micpath.2018.08.034
https://doi.org/10.3390/molecules24234202
https://doi.org/10.1016/j.bse.2020.104183
https://doi.org/10.3390/plants10030475
https://doi.org/10.1016/j.foodchem.2024.139459
https://www.ncbi.nlm.nih.gov/pubmed/38705121
https://doi.org/10.1002/jsfa.13255
https://doi.org/10.3390/molecules26216412
https://doi.org/10.1080/14786419.2024.2375310
https://doi.org/10.1007/s00709-022-01761-2
https://www.ncbi.nlm.nih.gov/pubmed/35441891

Plants 2024, 13, 2791 13 of 14

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Cardona Galeano, C.W.; Robledo Restrepo, C.5.M.; Rojano, C.B.A.; Alzate Guarin, C.F,; Mufioz Herrera, D.L.; Saez Vega, C.J.
Actividad Leishmanicida y Antioxidante de Extractos de Piper daniel-gonzalezii Trel. (Piperaceae). Rev. Cuba. Plantas Med. 2013, 18,
268-277.

Ramseyer, J.; Thuerig, B.; De Mieri, M.; Schérer, H.J.; Oberhénsli, T.; Gupta, M.P.; Tamm, L.; Hamburger, M.; Potterat, O.
Eudesmane Sesquiterpenes from Verbesina lanata with Inhibitory Activity against Grapevine Downy Mildew. J. Nat. Prod. 2017,
80, 3296-3304. [CrossRef]

Divya Ramakrishnan, C.K.; Doss, D.; Vijayabharathi, A. Biochemical and Antimicrobial Characterization of an Underexploited
Medicinal Plant-Verbesina encelioides. Int. |. Curr. Microbiol. Appl. Sci. 2017, 6, 3407-3416. [CrossRef]

Nguyen, X.H.; Naing, K.W.; Lee, Y.S.; Moon, ].H.; Lee, ] H.; Kim, K.Y. Isolation and Characteristics of Protocatechuic Acid from
Paenibacillus elgii HOA73 against Botrytis cinerea on Strawberry Fruits. J. Basic Microbiol. 2015, 55, 625-634. [CrossRef]

Alnuaimi, A.D.; O’Brien-Simpson, N.M.; Reynolds, E.C.; Mccullough, M.]. Clinical Isolates and Laboratory Reference Candida
Species and Strains Have Varying Abilities to Form Biofilms. FEMS Yeast Res. 2013, 13, 689-699. [CrossRef]

Raut, J.S.; Rajput, S.B.; Shinde, R.B.; Surwase, B.S.; Karuppayil, S.M. Vanillin Inhibits Growth, Morphogenesis and Biofilm
Formation by Candida albicans. J. Biol. Act. Prod. from Nat. 2013, 3, 130-138. [CrossRef]

Yang, J.; Chen, Y.Z.; Yu-Xuan, W,; Tao, L.; Zhang, Y.D.; Wang, S.R.; Zhang, G.C.; Zhang, J. Inhibitory Effects and Mechanisms of
Vanillin on Gray Mold and Black Rot of Cherry Tomatoes. Pestic. Biochem. Physiol. 2021, 175, 104859. [CrossRef] [PubMed]
Morales, J.; Mendoza, L.; Cotoras, M. Alteration of Oxidative Phosphorylation as a Possible Mechanism of the Antifungal Action
of P-Coumaric Acid against Botrytis cinerea. J. Appl. Microbiol. 2017, 123, 969-976. [CrossRef]

Yuan, X.; Yang, F.; Wang, Y.; Li, S.; Zhang, D.; Liang, W.; Yang, Q. Scopoletin Negatively Regulates the HOG Pathway and Exerts
Antifungal Activity against Botrytis cinerea by Interfering with Infection Structures, Cell Wall, and Cell Membrane Formation.
Phytopathol. Res. 2024, 6, 1-14. [CrossRef]

Yan, H.; Meng, X.; Lin, X.; Duan, N.; Wang, Z.; Wu, S. Antifungal Activity and Inhibitory Mechanisms of Ferulic Acid against the
Growth of Fusarium graminearum. Food Biosci. 2023, 52, 102414. [CrossRef]

da Rocha Neto, A.C.; Maraschin, M.; Di Piero, R-M. Antifungal Activity of Salicylic Acid against Penicillium expansum and Its
Possible Mechanisms of Action. Int. . Food Microbiol. 2015, 215, 64-70. [CrossRef]

Khanzada, B.; Akhtar, N.; Okla, M.K.; Alamri, S.A.; Al-Hashimi, A.; Baig, M.W.; Rubnawaz, S.; Abdelgawad, H.; Hirad, A.H.;
Hagq, I.U,; et al. Profiling of Antifungal Activities and in Silico Studies of Natural Polyphenols from Some Plants. Molecules 2021,
26,7164. [CrossRef]

Zhang, Z.; Qin, G.; Li, B.; Tian, S. Effect of Cinnamic Acid for Controlling Gray Mold on Table Grape and Its Possible Mechanisms
of Action. Curr. Microbiol. 2015, 71, 396—402. [CrossRef] [PubMed]

Aghababaei, F.; Hadidi, M. Recent Advances in Potential Health Benefits of Quercetin. Pharmaceuticals 2023, 16, 1-31. [CrossRef]
Abody, S.M.; Mickymaray, S. Antibiotics Anti-Fungal E Ffi Cacy and Mechanisms of Flavonoids. Antibiotics 2020, 9, 1-42.
Robles-Yerena, L.; Rodriguez-Mendoza, J.; Santoyo, G.; Ochoa-Alvarado, X.I.; Medina-Estrada, R.I.; Jiménez-Mejia, R.; Loeza-Lara,
P.D. Phylogenetic Identification of Fungi Isolated from Strawberry and Papaya Fruits and Their Susceptibility to Fatty Acids. Can.
J. Plant Pathol. 2022, 44, 828-835. [CrossRef]

Abah, S.E.; Egwari, L.O. Methods of Extraction and Antimicrobial Susceptibility Testing of Plant Extracts. Afr. Jownal Basic Appl.
Sci. 2011, 3, 205-209.

Danmusa, U.M.; Nasir, L A.; Abdullahi, M.I.; Ahmad, A.A.; Abdulkadir, I.S. Phytochemical Analysis and Antimicrobial Activities
of Methanolic Stem Extracts of Ochna schweinfurthiana F. Hoffm. . Pharm. Pharmacogn. Res. 2015, 3, 171-182. [CrossRef]
Singleton, V.L.; Orthofer, R.; Lamuela-Raventés, R.M. Analysis of Total Phenols and Other Oxidation Substrates and Antioxidants
by Means of Folin-Ciocalteu Reagent. Methods Enzymol. 1999, 299, 152-178. [CrossRef]

Lamaison, J.L.; Carnart, A. Teneurs En Principaux Flavonoides Des Fleurs et Des Feuilles de Crataegus monogyna Jacq. et de
Crataegus laevigata (Poiret) Dc. En Fonction de La Periode de Vegetation. Plantes Med. Phyther. 1991, 25, 12-16.

Juarez-Trujillo, N.; Monribot-Villanueva, J.L.; Jiménez-Fernandez, V.M.; Sudrez-Montano, R.; Aguilar-Colorado, A.S.; Guerrero-
Analco, J.A,; Jiménez, M. Phytochemical Characterization of Izote (Yucca elephantipes) Flowers. |. Appl. Bot. Food Qual. 2018, 91,
202-210. [CrossRef]

Monribot-Villanueva, J.L.; Elizalde-Contreras, ]. M.; Aluja, M.; Segura-Cabrera, A.; Birke, A.; Guerrero-Analco, ]J.A.; Ruiz-May, E.
Endorsing and Extending the Repertory of Nutraceutical and Antioxidant Sources in Mangoes during Postharvest Shelf Life.
Food Chem. 2019, 285, 119-129. [CrossRef]

Barriada-Bernal, L.G.; Almaraz-Abarca, N.; Delgado-Alvarado, E.A.; Gallardo-Velazquez, T.; Avila—Reyes, J.A.; Torres-Moran,
M.L; Gonzalez-Elizondo, M.D.S.; Herrera-Arrieta, Y. Flavonoid Composition and Antioxidant Capacity of the Edible Flowers of
Agave durangensis (Agavaceae). CYTA-]. Food 2014, 12, 105-114. [CrossRef]

Lee, KJ.; Oh, Y.C.; Cho, WK,; Ma, ].Y. Antioxidant and Anti-Inflammatory Activity Determination of One Hundred Kinds of Pure
Chemical Compounds Using Offline and Online Screening HPLC Assay. Evid.-Based Complement. Altern. Med. 2015, 1, 165457.
[CrossRef]

Prieto, P.; Pineda, M.; Aguilar, M. Spectrophotometric Quantitation of Antioxidant Capacity through the Formation of a
Phosphomolybdenum Complex: Specific Application to the Determination of Vitamin E. Anal. Biochem. 1999, 269, 337-341.
[CrossRef]


https://doi.org/10.1021/acs.jnatprod.7b00868
https://doi.org/10.20546/ijcmas.2017.612.396
https://doi.org/10.1002/jobm.201400041
https://doi.org/10.1111/1567-1364.12068
https://doi.org/10.1080/22311866.2013.817749
https://doi.org/10.1016/j.pestbp.2021.104859
https://www.ncbi.nlm.nih.gov/pubmed/33993955
https://doi.org/10.1111/jam.13540
https://doi.org/10.1186/s42483-023-00219-4
https://doi.org/10.1016/j.fbio.2023.102414
https://doi.org/10.1016/j.ijfoodmicro.2015.08.018
https://doi.org/10.3390/molecules26237164
https://doi.org/10.1007/s00284-015-0863-1
https://www.ncbi.nlm.nih.gov/pubmed/26143055
https://doi.org/10.3390/ph16071020
https://doi.org/10.1080/07060661.2022.2084457
https://doi.org/10.56499/jppres15.093_3.6.171
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.5073/JABFQ.2018.091.027
https://doi.org/10.1016/j.foodchem.2019.01.136
https://doi.org/10.1080/19476337.2013.801037
https://doi.org/10.1155/2015/165457
https://doi.org/10.1006/abio.1999.4019

Plants 2024, 13, 2791 14 of 14

43. Mokrani, A.; Krisa, S.; Cluzet, S.; Da Costa, G.; Temsamani, H.; Renouf, E.; Mérillon, ].M.; Madani, K.; Mesnil, M.; Monvoisin, A.;
et al. Phenolic Contents and Bioactive Potential of Peach Fruit Extracts. Food Chem. 2016, 202, 212-220. [CrossRef] [PubMed]

44. Magaldi, S.; Mata-Essayag, S.; Hartung De Capriles, C.; Perez, C.; Colella, M.T.; Olaizola, C.; Ontiveros, Y. Well Diffusion for
Antifungal Susceptibility Testing. Int. ]. Infect. Dis. 2004, 8, 39-45. [CrossRef]

45. Rutiaga-Quinones, J.G. Chemische und Biologische Untersuchungen zum Verhalten Dauerhafter Holzarten und Ihrer Extrakte Gegeniiber
Holzabbauenden Pilzen; Buchverl: Miinchen, Germany, 2001.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.foodchem.2015.12.026
https://www.ncbi.nlm.nih.gov/pubmed/26920287
https://doi.org/10.1016/j.ijid.2003.03.002

	Introduction 
	Results and Discussion 
	Total Phenolic and Flavonoid Content 
	Identification and Quantification of Phenolic Compounds by Ultra-High-Performance Liquid Chromatography Coupled to Mass Spectrometry (UPLC–MS) 
	Antioxidant Activity 
	DPPH Antioxidant Assay 
	ABTS Antioxidant Assay 
	Total Antioxidant Capacity 
	Ferric Reducing Power (FRP) 

	Antifungal Activity 

	Materials and Methods 
	Chemicals and Reagents 
	Fungal Strain 
	Plant Material 
	Drying Process 
	Preparation of the Extracts 
	Liquid-Liquid Phase Separation 
	Determination of Total Phenolic and Flavonoid Content 
	Total Phenolic Content 
	Total Flavonoid Content 

	Identification and Quantification of Total Phenolic Compounds by Ultra-High-Performance Liquid Chromatography Coupled to Mass Spectrometry 
	Analysis of Antioxidant Activity 
	DPPH Antioxidant Assay 
	ABTS Antioxidant Assay 
	Total Antioxidant Capacity 
	Ferric Reducing Potential 

	Antifungal Assay 
	Statistical Analysis 

	Conclusions 
	References

