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ABSTRACT

Background/Objective. Pythium aphanidermatum and Rhizoctonia solani are
pathogens that affect agricultural crops. The objective of this study was to evaluate
some Agave striata and Fouquieria splendens methanolic extracts, from the
Chihuahuan Desert, against those fungi, in search for biological control alternatives.

Materials and Methods. Pathogens from chili plants were isolated and identified
using morphological and molecular methods. Methanolic extracts from both plants
were prepared, and the antioxidant capacity (AC), the total polyphenol content
(TPC), and the antifungal compounds via HPLC-MS were assessed. The antifungal
effectiveness was tested at concentrations of 3.9-2000 mg L' using a poisoned
medium assay, where fungi structural damage was observed.

Results. The F. splendens and A. striata extracts exhibited 55% and 68% AC, as
well as 61 mg/g and 112 mg/g TPC, respectively. Both extracts contained caffeic
acid and quercetin, while F. splendens also exhibited eriodyctiol, kaempferol, and
luteolin; A. striata contained pinocembrin and theaflavin B. F. splendens attained
100% inhibition of P. aphanidermatum at 250 mg L', and of R. solani at 500 mg
L', whereas 4. striata achieved 100% inhibition at 1000 mg L! in both cases. The
extracts produced lysis in P. aphanidermatum oogonia and mycelial fragmentation
in R. solani.

Conclusion. The F. splendens and A. striata methanolic extracts demonstrate
promising antifungal activity against P. aphanidermatum and R. solani, suggesting
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that these natural compounds might be useful as a biological alternative for pathogen
control in agricultural crops.

Keywords: plant extracts, biological effectiveness, phytochemicals,
phytopathogenic fungi.

INTRODUCTION

Pythium aphanidermatum and Rhizoctonia solani are widely recognized
pathogens due to their ability to cause devastating diseases in a variety of important
agricultural crops. P. aphanidermatum causes rotting of the root, it affects the
root system and causes the death of preemergent seedlings via aqueous lesions
in the root and stem (Punja and Yip, 2003; Grijalba et al., 2015). On the other
hand, R. solani affects stems from the base, causing soft rots and root damages
that weaken and kill plants prematurely (Medeiros et al., 2015). The persistence
and adaptation of these phytopathogens in the soil complicate their management,
affecting food security and the agricultural economy. Due to this, sustainable
alternatives are currently being sought, such as plant extracts, with plants from the
Chihuahuan Desert standing out as an option for the production of plant extracts
due to their phytochemical composition and their ability to inhibit the development
of phytopathogenic microorganisms (Tucuch-Pérez et al., 2021).

In this sense, Fouquieria splendens and Agave striata coexist and develop
within the Chihuahan Desert. 4. striata or “espadin” agave has a wide distribution
in the south, from the Mexican state of Coahuila down to Hidalgo (Gentry,
1982), whereas F. splendens or “ocotillo” is distributed from southwestern
United States to southern Zacatecas, Querétaro and Hidalgo (Henrickson, 1972).
Investigations indicate that plants of the Chihuahuan Desert can inhibit or eliminate
phytopathogenic microorganisms (Lira-Saldivar, 2003) that cause devastating
diseases in economically important crops (Martinez et al., 2016; Hernandez et al.,
2018).

The control of phytopathogenic microorganisms is attributed to the
environmental factors found in these regions, which stimulate the production of
antimicrobial compounds in wild plants (Larios et al., 2020; Salas et al., 2023).
The Agavaceae and Fouquieriaceae families have stood out for their antimicrobial
properties (Gonzales ef al., 2015; Ramirez et al., 2023). A. striata and F. splendens
are currently known to be used in the treatment of diverse illnesses in traditional
medicine (Pérez et al., 2003; Lopez et al., 2022), and have displayed antimicrobial
properties against Clavibacter michiganensis subsp michiganensis, presenting
phytochemicals such as alkaloids, carbohydrates, flavonoids, saponins, tannins and
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quinones (Ramirez et al., 2023). The aims of this investigation were to identify
phytochemical compounds found in methanolic 4. striata and F. splendens extracts,
to determine their Antioxidative Capacity (AC) and Total Polyphenol Content
(TPC), to evaluate their biological effectiveness in vitro on P. aphanidermatum and
R. solani, and to observe morphological changes in their structures due to the plant
extracts.

MATERIALS AND METHODS

Collecting plants. A. striata leaves and F. splendens stems were gathered in
the municipal area of General Cepeda, Coahuila, Mexico (25°20°27.13’N and
101°27°52.07”W at 1531 m.a.s.l.), in the month of August. They were placed in
black plastic bags and transported to the Mycology and Biotechnology Laboratory
of the Agricultural Parasitology Department of the Universidad Auténoma Agraria
Antonio Narro. The plant material was washed with tap water, then placed in a
drying oven (Arsa AR-130D, Mexico) at 60 °C until its weight became constant.
Finally, they were ground with a mill (Surtek Mogral, Mexico) and sieved with a
0.2 mm sieve for storage in dark and properly labelled containers until use.

Preparation of the extracts. The extracts were prepared following the method
reported by Jasso et al. (2015), with some modifications, using 96% methanol
as a solvent; 42 g of the powder of each plant were deposited in 500 mL flasks
adding 375 mL of the solvent, and they were placed in a stirring hotplate (Thermo
Scientific Cimarec, USA) for 72 h at 60 °C. The solvent was then separated using
rotary evaporation (IKA RV 10 digital V, USA) at 150 rpm at 70 °C. Once the
methanolic fraction was obtained, it was poured into glass containers and placed in
a drying oven (Arsa AR-130D, Mexico) at 50 °C for 72 h. Finally, the extracts were
pulverized and stored in amber colored bottles in refrigeration at 4 °C.

Characterization of phytochemicals found in the Agave striata and Fouquieria
splendens extracts with Reverse-phase liquid chromatography (HPLC-MS).
The reverse-phase High-Performance Liquid Chromatography was carried out
following the method by Ascacio et al. (2016), which consists of using an HPLC
system. It varies in that it includes an automatic injector (Varian ProStar 410,
USA), a three-way pump (Varian ProStar 2310, USA) and a PDA decanter (Varian
ProStar 330, HPLC-MS). A mass spectrometer with a liquid chromatograph ion
trap (Varian 500 — MS IT Mass Spectrometer, USA), equipped with a source of
electrons by electrospraying was also used. Samples (5 pL) were injected into a
Denali C18 column (150 mm x 2.1 mm, 3 um, Grace, USA). The oven temperature
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was maintained at 30 °C. The eluents were formic acid (0.2 %, V/V; solvent A) and
acetonitrile (solvent B). The following gradient was applied: initial, 3% B; 0 — 5
min, 9% B linear; 5 — 15 min, 16% B linear; 15 — 45 min, 50% B linear. After the
column was washed and reconditioned, the flow rate was maintained at 0.2 mL/
min and the elution was monitored at 245, 280, 320 and 550 nm. All the effluent
(0.2 mL/min) was injected into the mass spectrometer source, without splitting. All
MS experiments were conducted in a negative mode [M-H]-1. Nitrogen was used
as a nebulizer gas and helium, as the buffer gas. The ion source parameters were:
spray voltage 5.0 kV and capillary voltage and temperature were 90.0 V and 350
°C, respectively. The data were gathered and processes using the MS Workstation
Software (V 6.9). The samples were first analyzed in full-scan mode, acquired in
the m/z range 50 — 2000. 6,951.6

Antioxidant capacity DPPH in Agave striata and Fouquieria splendens
extracts. This was determined according to descriptions by Brand et al. (1995)
with some modifications and analyzed by spectrophotometry. For this, 50 mg of dry
material was weighed, which was added 1.0 mL of 80% methanol. Subsequently,
the samples were sonicated for 20 min and centrifuged for 15 min at 14000 rpm.
Once the extract was obtained, an aliquot of 10 uL was taken and placed in 96-well
microplates and 290 pL of DPPH reagent prepared with ethanol at 100 uM was
added. The sample was then allowed to react in the dark for 30 min. After this time,
the absorbance was measured at 515 nm. The DDPH percentage of inhibition was
determined using the natural absorbance of methanol at 80% as a control. The AC
DPPH was determined using the following formula:
Inhibition of DPPH (%) = Absorbance of target /Absorbance of extract X 100

Total capacity of polyphenols in Agave striata and Fougquieria splendens
extracts. The TPC was determined using the Folin-Ciocalteu method described
by Singleton and Rossi (1965) with some modifications. In the analysis, a 10 pL
alquot was taken from the methanol extract at 80%, followed by the addition of
790 uL of distilled water, 50 pL of Folin and 150 pL of sodium carbonate at 20%.
Subsequently, the sample was left to rest for 1 h in the dark, after which absorbance
was measured in a microplate reader at 765 nm. The TPC was determined using a
standard curve with gallic acid and expressed as GAE mg/g (equivalent milligrams
of gallic acid per gram).

Isolation and identification of Pythium aphanidermatum and Rhizoctonia
solani. Roots and stems of serrano pepper (Capsicum annuum) plants, Var. Platino,
were gathered in the stage of flowering, with symptoms of wilting, in the municipal
area of Escuinapa, Sinaloa, Mexico, with a randomized sampling taking six plants
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per sample, and five tissue samples were planted for every Petri dish, performing
six repetitions. The samples were disinfected following the methodology by Booth
(1977), they were washed, cut and submerged in 3% chlorine for 3 min, to then
be rinsed and dried. They were planted in a PDA medium and incubated at 28 °C
for seven days. Fungi were purified with the hyphal tip technique, a method that
helps obtain axenic or contaminant-free fungi. Subsequently, the morphological
identification was performed using the taxonomic keys by Diaz et al. (2011) for the
characterization of P. aphanidermatum, and by Watanabe and Matsuda (1966) for
R. solani. The molecular identification was carried out by the National Laboratory
of Agriculrutal, Medical and Environmental Biotechnology (LANBAMA) at the
Instituto Potosino de Investigacion Cientifica y Tecnologica (IPICYT), using the
ITS1 and ITS4 primers, which amplify the ITS region between the 18S ribosomal
subunit, enabling a specific identification of the fungal species.

Antifungal activity of Agave striata and Fougquieria splendens extracts on the
mycelial growth of Pythium aphanidermatum and Rhizoctonia solani. The
antifungal activity was determined by the poisoned medium method proposed by
Jasso et al. (2011). A. striata and F. splendens extracts were used at concentrations
of 3.9 to 2000 mg L', in addition to a negative control, which consisted of only a
PDA culture without extract; four repetitions were used for every concentration.
Discs measuring 0.4 mm in diameter with active P. aphanidermatum and R. solani
mycelia and seven days’ growth were placed in the poisoned medium and incubated
at 28 + 2 °C. The evaluation was carried out measuring the radial growth of the
fungi on a daily basis, and concluded when the control completely covered the Petri
dish; the experiment was held twice. The percentage of inhibition was determined
with the following formula:

Percentage of Inhibition= (DC-DT/DC) *100.

where DC is the diameter of the control treatment and DT is the diameter of the
different concentrations.

Effect of Agave striata and Fouquieria splendens extracts on the structures
and morphology of Pythium aphanidermatum and Rhizoctonia solani. The
methodology by Khaledi ef al. (2015) was used, with modifications, to evaluate the
modifications induced by the extracts in P. aphanidermatum oogonia and R. solani
hyphae, using the results from the 50% inhibitory concentration (Cl, ) of 4. striata
and F. splendens. In order to obtain P. aphanidermatum oogonia, the poisoned
medium was used with the concentrations of 199.17 and 61.22 mg L' with the
A. striata and F. splendens extracts, respectively, in an Agar V8 culture medium
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(20 g agar, 3 g of CaCO3, 160 mL of Campbell’s V8 vegetable juice and 840 mL
of distilled water), while for the growth of the R. solani mycelia, the PDA culture
medium in the poisoned medium was used with the extracts at concentrations of
211.18 and 92.59 mg L'; in both experiments, a negative control without any
extract was used. After seven days of cultivation, the morphological changes were
evaluated under an optic microscope with 40X and 100X lenses. Both experiments
were held using six repetitions and were conducted twice.

Statistical analysis. A Probit analysis was conducted of the in vitro trials to
determine the IC, of each concentration using the SAS program, V9.0., and with the
results, an analysis of variance was carried out with the inhibitory concentrations;
Tukey tests (p<0.05) were also carried out.

RESULTS AND DISCUSSION

Characterization of phytochemicals found in Agave striata and Fougquieria
splendens extracts with Reverse-phase liquid chromatography (HPLC-MS).
The phytochemicals identified in the 4. striata and F. splendens extracts are shown
in Table 1. In the case of A. striata, the presence of two elegitannins (pedunculagin
and terflavin B) was observed, along with a hydroxycinnamic acid (caffeic acid),
a methoxyflavonol (brassidin), a flavonol (quercetin), a flavonone (pinocepmbrin)
and a phenolic terpene (rosmadial). Several bioactive compounds have been
reported in A. striata, including flavanols tderived from quercetiny (Almaraz et
al., 2013), triterpenoid and steroidal saponins, as well as alkaloids, carbohydrates,
flavonoids (flavanones and chalcones), saponins (triterpenoid and steroidal), tannins
(phenol), quinones (anthraquinones and benzoquinones) and coumarins (Ramirez
et al., 2023). In the case of F. splendens, the presence of two flavonols (kaempferol
and quercetin) was found, along with two flavones (roifolin and leutin), two
methoxyflavonols (patuletin and dimethylquercetin), one flavanone (eriodictyol),
one hydroxycinnamic acid (caffeic acid), one dihydroflavonol (dihydroquercetin),
and another polyphenol (Phlorin). In this sense, Nevarez-Prado et al. (2021) mention
that the most characteristic phytochemicals of the Fouguieria genus correspond to
flavonoids (leucocyanidin, kaempferol and quercetin), p-coumaric, caffeic, ferulic
and ellagic acids, as well as coumarin and scopoletin. On the other hand, Rodriguez
(2010) found carbonyl groups, phenolic hydroxyls, sterols, methylsterols,
coumarins, saponins, sesquiterpene lactones and flavonoids in F. splendens. In the
stems and leaves, flavonoids such as kaempferol, ermanine and cetine have been
found, along with flavones such as apigenin, acacetin, luteolin and chrysoeriol.
Among these, apigenin, ermanine, rutin and quercitin-3-O-glucoside were the
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Table 1. Phytochemical compounds identified in methanolic Agave striata and Fouquieria splendens extracts characterized by
reverse-phase liquid chromatography (HPLC-MS).

Specie Phytochemical ESZIE::;E) Mass CAS Family
Caffeic acid 4-O-glucoside 5.554 341.1 166735-99-5 Hydroxycinnamic acids
Pinocembrin 21.192 255.0 480-39-7 Flavanones
Agave Pedunculagin II 30.902 785.1 87687-52-3 Ellagitannins
striata Terflavin B 35.351 784.9 103744-86-1 Ellagitannins
Brasidine 40.341 623.1 17331-71-4 Methoxyflavonols
Quercetin 3-O-glucuronide 43.630 477.2 22688-79-5 Flavonols
Rosmadial 49.237 343.9 85514-31-4 Phenolic terpenes
Caffeic acid 4-O-glucoside 5.525 341.5 166735-99-5 Hydroxycinnamic acids
Patuletin 3-O-glucosyl-(1->6)-fapiosyl(1- 34 539 7¢7 1 101021-30-1 Methoxyflavonols
>2)]-glucoside
Kaempferol 3-O-xylosyl-rutinoside 35.796 739.1 31921-42-3 Flavonols
Kaempferol 3-O-glucosyl-rhamnosyl- 37228 7550  136449-09-7 Flavonols
glucoside
Fougquieria Kaempferol 3-O-rutinoside 37.924 593.1 17650-84-9 Flavonols
splendens 3,7-dimethylquercetin 39.085 329.0 2068-02-2 Methoxyflavonols
Dihydroquercetin 40.224 303.0 480-18-2 Dihydroflavonols
Rhoifolin 4’-O-glucoside 40.506 739 31498-83-6 Flavones
Luteolin 7-O-rutinoside 41.399 593 20633-84-5 Flavones
Quercetin 3-O-glucuronide 43.62 480.2 22688-79-5 Flavonols
Eriodictyol 43.803 287.0 552-58-9 Flavanones
Phlorin 47.363 286.9 28217-60-9 Other polyphenols

main phenolic compounds in the leaves (Wollenweber, 1994; Monreal-Garcia et
al., 2019). Triterpenes, triterpenoids, steroidal saponins and iridoid compounds
have also been discovered have also been discovered (Takhtajan, 2009), along
tieh phytosterols and long- and short-chain alkanes in the flowers; and compounds
such as Dammaran-triterpene, fouquierol and isofouquierol in the stem, as well as
dammarendiol in the roots (Hegnauer, 1989; Waterman 1985). On the other hand,
pyxinol and ocotillol have been isolated, the latter being a triterpenoid saponin with
antimicrobial activities (Bi et al., 2017). Lopez et al. (2022) identified the main
phenols in F. splendens leaves such as gallic acid, ellagic acid and kaempferol-3-p3-
glucoside. Furthermore, Ramirez et al. (2023) reported that the methanolic extract
from F. splendens stems contains alkaloids, carbohydrates, flavonoids (flavanones,
flavones, flavonols and chalcones), reducing sugars, saponins (triterpenoids),
tannins (gallic acid derivatied, catechol derivatives, and phenols), and quinones
(anthraquinones and benzoquinones). Plants, within their metabolisms, produce
compounds with antimicrobial activities that can control diseases caused by
phytopathogenic microorganisms. The extraction of these compounds and their
analysis allow for their application against various phytopathogens, offering an
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alternative for the management of diseases in agriculture (Hernandez-Lauzardo
et al., 2007). In this sens, Ramirez et al. (2023) observed that A. striata and F.
splendens extracts had antimicrobial activities against Clavibacter michiganensis
in vitro and under greenhouse conditions, with the F. splendens extract being the
most effective at reducing the incidence and severity of the disease. The 4. striata
and F. splendens extracts have displayed antifungal activity in further studies
(Sanchez et al., 2005; Wang et al., 2010). However, their specific antifungal effect
on R. solani and P. aphanidermatum has not been studied.

Antioxidant capacity DPPH in Agave striata and Fouquieria splendens
extracts. The results showed that the £ splendens extract displayed a significantly
greater antioxidant activity in comparison with the A. striata extract (Table 2). The
inhibition of the DPPH radical was expressed as a percentage (%), being 68.7 for
F. splendens and 55.9 for A. striata. In this sense, Garza et al. (2012) determined
that the F. splendens methanolic extract had a mean effective concentration (EC,
considered as the sample concentration required to trap 50% of free DPPH radicals)
of 130.2 pg. Lopez et al. (2022) determined the antioxidant activity of F. splendens
using DPPH results (2430.1 umol TE/g), a Trolox Equivalent Antioxidant Capacity
(TEAC) of 60.4 pmol TE/g, an Oxygenated Radical Absorbance Capacity (ORAC)
0f4948.4 umol TE/g and a Ferric Reducing Ability of Plasma (FRAP) of 7803 pmol
Fe(I)/g) (p <0.0001). In Agave there are investigations in the determinations of the
antioxidant capacity. A study conducted by Ahumada et al. (2013) obtained results
that displayed significant variations in the antioxidant activity between different
species of Agave. In Aagave rzedowskiana, it presented the greatest antioxidant
activity with 27.4 uM TE/g p.s., followed by Agave ornithobroma with 19.9 uM
TE/gp.s.

Table 2. Antioxidant Capacity and Capacity of Total Polyphenols of methanolic Agave striata and Fouquieria

splendens extracts.

AC CTP
Specie Percentage of Inhibition (GAE mg/g)
Agave striata 55.90 + 1.63° 61.2+1.17*
Fouquieria splendens 68.71 £1.22° 112.2 £3.69°

*Values with the same letter are statistically similar (Tukey, p<0.05).

Capacity of total polyphenols in Agave striata and Fougquieria splendens
extracts. The results showed that the F. splendens extract displayed significantly
higher total polyphenols in comparison with the 4. striata extract. The TPC was
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expressed in CFT values CFT (GAE mg/g), being 112.2 for F. splendens and 61.2
for A. striata (Table 2). Lopez et al. (2022) analyzed the phenolic compounds of
the methanolic extract taken from F. splendens leaves, using the method by Folin
Ciocalteu and after fractioning, they noticed that the ethyl acetate fraction contained
the greatest number of phenolic compounds, with 479.9 mg GAE/g (p < 0,0001).
In another study, Ahumada et al. (2013) found significant variations in the total
phenol contents between species of Agave. A. ornithobroma had the highest value
with 12.37 mg GAE/g p.s., while Agave angustifolia displayed the lowest value
with 2.06 mg GAE/g p.s., indicating a considerable variability in the antioxidant
and phenolic compounds between the species studied.

Isolation and identification of Pythium aphanidermatum and Rhizoctonia
solani. Out of the Platino variety of serrano peppers with symptoms of wilting, R.
solani and P. aphanidermatum were isolated and identified. In R. solani plae maroon
hyphae were observed, 5-8 pm in width and branched in a 90 ° angle (Watanabe
and Matsuda, 1966), whereas for P aphanidermatum, coenocytic mycelium,
sporangia and oogonia were observed (Diaz et al., 2011), which correspond to
the species R. solani and P. aphanidermatum, respectively. Regarding molecular
identification, the sequences provided by the LANBAMA of the IPICYT for each
species were compared with the BLAST of the National Center for Biotechnology
Information. In the case of R. solani, its sequence obtained a coverage of 100%
and 100% similarity when compared with accession number JX535004.1. On the
other hand, the sequence for P. aphanidermatum obtained a coverage of 100% and
100% similarity when compared with accession number EU245039.1. Finally, both
sequences were deposited in the GenBank, obtaining accession numbers PQ571162
for R. solani, and PQ571194 for P. aphanidermatum.

Antifungal activity of Agave striata and Fouquieria splendens extracts on the
mycelial growth of Pythium aphanidermatum and Rhizoctonia solani. The
results of the plant extracts on the mycelial growth of P. aphanidermatum displayed
a highly significant effect. F. splendens was the most effective, with an inhibition
of 100% from 250 mg L', whereas 4. striata reached 100% inhibition at 1000
mg L' (Figure 1). The IC, values were 61.2 mg L' for Fouguieria splendens and
199.2 mg L! for Agave striata, presenting statistical significance (Table 3). A study
conducted by Milagrosa et al. (2007) reported that wine vinasse at concentrations
of 5% inhibited P. aphanidermathum by 100%. Meanwhile, the results obtained
from the plant extracts on the mycelial growth of R. solani displayed inhibition
in the mycelial development of the pathogen. In turn, F. splendens presented an
inhibition of 100% from 500 mg L', and 4. striata reached an inhibition of 100%
starting at 1000 mg L' (Figure 2). The lowest IC, was 92.6 mg L for F splendens
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Figure 1. Inhibition of Pythium aphanidermatum with methanolic Agave striata and Fouquieria splendens extracts using
the poisoned medium method.

Table 3. Inhibitory concentration at 50% (IC,)) of methanolic Agave striata and

Fouquieria splendens extracts on Pythium aphanidermatum and Rhizoctonia

solani.
Pythium aphanidermatum Rhizoctonia solani
Agave striata 199.17° 211.18°
Fougquieria splendens 61.22° 92.59*

*Values with the same letter are statistically similar (Tukey, p<0.05).
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Figure 2. Inhibition of Rhizoctonia solani using plant Agave striata and Fouquieria splendens extracts using the poisoned
medium method.
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and 211.2 mg L' for A. striata, observing a statistical difference (Table 3). An
investigation by Rodriguez et al. (2020) reported inhibitions of mycelial growth
(IMG, %) in R. solani of 100 and 50% using Larrea tridentata and Rosmarinus
officinalis extracts, respectively.

Caffeic acid, found in the A. striata and F. splendens extracts, has presented
antifungal ability (Freires et al., 2016), as observed in previous studies. An
example of this is the study by Romero ef al. (2009), who investigated the effect
of phenolic compounds such as caffeic acid, rutin and quercetin in the growth of
Aspergillus carbonarius and the production of ochratoxin A. They observed that all
phenolic compounds, at a concentration of 250 mg L', had a significant impact on
the growth rate of A. carbonarius. In addition, Bisogno et al. (2007) reported that
the minimum inhibiting concentration (MIC) of caffeic acid for Aspergillus flavus,
Aspergillus niger and Aspergillus terreus was greater than 250 mg L', On the other
hand, the quercetin found in both extracts (4. striata and F. splendens) has displayed
antifungal activity against five fungal species: Alternaria alternata, Aspergillus
fumigatus, A. niger, Macrophomina phaseolina and Penicillium citrii (Kanwal et
al., 2010). The flavonoid pinocembrin found in 4. striata has anti-inflammatory,
antimicrobial and antioxidant roles (Rasul et al., 2013) and has shown an inhibiting
effect against Candida albicans (Hernandez-Tasco et al., 2018; Tundis et al., 2018).
The ellagitannin terflavin B, found in A4. striata, has shown an inhibiting effect
against C. albicans (Salih et al., 2022). In addition, the tannin pedunculagin, a
phytochemical found in 4. striata, exhibited an inhibiting effect against 4. flavus in
extractos Punica granatum extracts (Mostafaetal.,2011).1lk et al. (2017) developed
lecithin/chitosan nanoparticles loaded with kaempferol, in which they observed
inhibitory activity against Fusarium oxysporum. However, pure kaempferol also
proved to be effective against C. albicans (Yordanov et al., 2008). The flavonoids
eriodyctiol, dihydroquercetin and luteolin, found in F. splendens, have displayed
antifungal activity against Fusarium graminearum and Septoria zeicola in extracts
of Ficus sarmentosa var. henryi after a fractionation process (Wang ef al., 2010).

Effect of Agave striata and Fouquieria splendens extracts on the structures
and morphology of Pythium aphanidermatum and Rhizoctonia solani. Both
extracts displayed activity against P. aphanidermatum oogonia, leading to lysis
at high doses of 2000 to 500 mgL"' and malformation and deformation of hyphae
at concentrations of 199.2 and 61.2 mg L' with the 4. striata and F. splendens
extracts (Figure 3). Lopeza et al. (2022) proved that Bacillus amyleloquefaciens
completely inhibited the germination of Phytophthora capsici zoospores, causing
encystment, malformations in the germinational tube and cell degradation. The use
of plant extracts altered the morphology of the R. solani hyphae, which appeared
distorted and fragmented with concentrations of 211.2 mg L' with the extract of
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Figure 3. Effect of plant extracts on Pythium aphanidermatum oogonia at 100X. A, B and C) Fouquieria

splendens, D, E and F) Agave striata, and G) Negative control.

A. striata and of 92.6 mg L' with the F splendens extract (Figure 4), similar to
descriptions by Khaledi et al. (2015) with Mentha piperita, Bunium persicum and
Thymus vulgaris essential oils.

The results can be attributed to the presence of antifungal compounds in the
A. striata and F. splendens extracts. For example, quercetin found in both extracts
is a flavonoid that has been proven to reduce the content of ergosterol, a crucial
sterol for the fluidity and stability of cell membranes, in Trichophyton rubrum
(Bitencourt et al., 2013). It has also shown the inhibition of the enzyme CYP51,
which is involved in the synthesis of steroids in fungi (Khanzada et al., 2021).
The flavonoid pinocembrin, found in 4. striata, has displayed different action
mechanisms, including interference with energy homeostasis, increases in cell
membrane permeability, reductions in the content of intracellular constituents (e.g.,
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Figure 4. Effect of plant extracts on mycelial Rhizoctonia solani structures at 40X and 100X. A, B, C)
Fouquieria splendens, D, E, F) Agave striata, and G), H) Negative control.

soluble proteins, reducing sugars and total lipids). Additionally, a marked reduction
in chitin and glucanase contents was induced in the mycelia of Penicillium italicum
(Peng et al., 2012; Chen et al., 2020). On the other hand, the flavonoid kaempferol
found in F. splendens has been suggested in studies to cause damage to hyphae
and is likely associated with cell wall alteration, leading to cell leakage and loss of
cell integrity (Ilk et al., 2017). It has also shown synergistic antifungal activities
with histone deacetylase (Rajasekharan et al., 2014), as well as the inhibition
of the enzymes CYP51 and NDK, the latter being an enzyme involved in the
phosphorylation of nucleosides and nucleotides (Khanzada et al., 2021).
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CONCLUSIONS

Phytochemicals with antifungal potential were identified in 4. striata and F.
splendens. Both extracts contained caffeic acid and quercetin. Additionally, 4.
striata displayed the presence of pinocembrin and terflavin B, whereas F. splendens
presented eriodyctiol, kaempferol, dihydroquercetin, luteolin and pedunculagin. On
the other hand, F. splendens was found to display a significantly higher antioxidant
activity and CFT than 4. striata. Both extracts displayed biological efficiency
against P. aphanidermatum and R. solani. Likewise, they also presented alterations
in the morphology of P. aphanidermatum oogina and the R. solani hyphae. These
results indicate that A. striata and F. splendens extracts have promising antifungal
compounds, suggesting its potential in future phytopathogen control studies.

ACKNOWLEDGMENTS

To the Universidad Autonoma Agraria Antonio Narro and the Department of Agricultural
Parasitology (project 2129), as well as to CONACYT (project 2019-000002-01NACF-00360) for
their invaluable support and funds in this study.

LITERATURE CITED

Ahumada-Santos YP, Montes- Avila J, Uribe-Beltran MJ, Diaz-Camacho SP, Lopez-Angulo G, Vega-Avila R, Lopez-Valenzuela
JA, Basilio-Heredia J and Delgado-Vargas F. 2013. Chemical characterization, antioxidant and antibacterial activities of six
Agave species from Sinaloa, Mexico. Industrial Crops and Products 49: 143—149. https://doi.org/10.1016/j.indcrop.2013.04.050

Almaraz-Abarca N, Gonzélez-Elizondo M, Graca-Campos M, Avila-Sevilla ZE, Delgado-Alvarado EA and Avila-Reyes JA.2013.
Variability of the foliar felon profiles of the Agave victoriae-reginae complex (Agavaceae). Botanical Sciences 91(3): 295-306.
https://www.scielo.org.mx/scielo.php?pid=S2007-42982013000300005&script=sci_arttext&tlng=en

Ascacio-Valdés JA, Aguilera-Carbd AF, Buenrostro JJ, Prado-Barragan A, Rodriguez-Herrera R and Aguilar CN. 2016. The complete
biodegradation pathway of ellagitannins by Aspergillus niger in solid-state fermentation. Journal of Basic Microbiology 56(4):
329-336. https://doi.org/10.1002/jobm.201500557

BiY, Liu XX, Zhang HY, Yang X, Liu ZY, Lu J, Lewis PJ, Wang ChZ, Xu JY, Meng QG, Ma K. and Yuan ChS. 2017. Synthesis and
antibacterial evaluation of novel 3-substituted ocotillol-type derivatives as leads. Molecules 22(4):1-10. https://doi.org/10.3390/
molecules22040590

Bisogno F, Mascoti L, Sanchez C, Garibotto F, Giannini F, Kurina SM. and Enriz R. 2007. Structure-antifungal activity relationship
of cinnamic acid derivatives. Journal of Agricultural Food Chemestry 55:10635— 10640. https://doi.org/10.1021/j£0729098

Bitencourt TA, Komoto TT, Massaroto BG, Miranda CES, Beleboni RO, Marins M and Fachin AL. 2013. Trans-chalcone and
quercetin down-regulate fatty acid synthase gene expression and reduce ergosterol content in the pathogenic dermatophyte
Trichophyton rubrum. BMC complementary and alternative medicine 13(1): 1-6. https://doi.org/10.1186/1472-6882-13-229

Booth C. 1977. Fusarium. Laboratory Guide for the Identification of the Major Species. C.M.1. Kew, Surrey, England. 43p. https://
www.cabidigitallibrary.org/doi/full/10.5555/19771334716

Brand-Williams W, Cuvelier Y and Berset C. 1995. Use of a free radical method to evaluate antioxidant activity. LWT — Food
Science Technology 28: 25-30. https://doi.org/10.1016/S0023-6438(95)80008-5

Ramirez-Méndez et al., 2024. Vol. 42(4): 40. 14



Mexican Journal of Phytopathology. Scientific Article. Open access

Chen C, Chen J and Wan C. 2020. Pinocembrin-7-Glucoside (P7G) reduced postharvest blue mold of navel orange by suppressing
Penicillium italicum growth. Microorganisms 8(4): 536. https://doi.org/10.3390/microorganisms8040536

Diaz-Celaya M, Rodriguez-Alvarado G, Silva-Rojas HV, Pedraza-Santos ME, Salgado-Garciglia R y Fernandez-Pavia SP. 2011.
Identificacion de especies de Pythium aisladas de plantas ornamentales. Revista mexicana de ciencias agricolas 2(SPE3): 431-
443. http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S200709342011000900003&Ing=es&tlng=es.

Freires IA, Queiroz VCP, Furletti VF, Tkegaki M, Alencar SM, Duarte MCT and Rosalen PL. 2016. Chemical composition and
antifungal potential of Brazilian propolis against Candida spp. Journal de mycologie medicale 26(2): 122-132. https://doi.
org/10.1016/j.mycmed.2016.01.003

Garza RR, Padréon RG, Cruz NM, Rubio MM, Neavez JT, y Gonzalez MB. 2012. Extractos metandlicos de plantas silvestres
con actividad antirradical. Aprovechamiento biotecnologico de productos agropecuarios III. 91p. https://riuat.uat.edu.mx/
bitstream/123456789/1536/1/1536.pdf#page=88

Gentry HS. 1982. Agaves de América del Norte continental. Prensa de la Universidad de Arizona, Tucson, Arizona, EE.UU.https://
books.google.com.pe/books?id=SCqGyWNpRHwC&printsec=copyright#v=onepage&q&f=false

Gonzalez-Alvarez M, Moreno-Limén S, Salcedo-Martinez SM y Pérez-Rodriguez EC. 2015. Evaluacién in vitro de la actividad
antifungica de extractos de Agave (Agave scabra, Salm Dyck) frente a hongos poscosecha. Phyton 84 (2): 427-434. http://www.
scielo.org.ar/scielo.php?script=sci_arttext&pid=S185156572015000200023 &Ing=es&tlng=en.

Grijalba PE, Zapata RL, Palmucci HE, y Baron Claudio. 2015. Podredumbre basal de plantas adultas de tomate causada por Pythium
aphanidermatum (Oomycota). Boletin de la Sociedad Argentina de Botanica 50 (1): 11-15. doi.org/10.31055/1851.2372.v50.
nl.10843

Henrickson J. 1972. A taxonomic revision of the Fouquieriaceae. Aliso 7:439-537. https://doi.org/10.5642/alis0.19720704.08

Hernandez-Hernandez JE, Hernandez-Rios I, Almaraz-Suarez JJ, Lopez-Lopez A, Torres-Aquino M y Morales-Flores F. 2018.
Caracterizacion in vitro de rizobacterias y su antagonismo con hongos causantes del damping off en chile. Revista mexicana de
ciencias agricolas 9(3): 525- 537. https://doi.org/10.29312/remexca.v9i3.335

Hernandez-Lauzardo, A. N., Bautista-Bafios, S., & Velazquez-del Valle, M. G. (2007). Prospectiva de extractos vegetales para
controlar enfermedades postcosecha hortofruticolas. Revista Fitotecnia Mexicana 30(2): 119-119. https://doi.org/10.35196/
rfm.2007.2.119

Hegnauer R. 1989. Chemotaxonomie Der Pflanzen. In an overview of the distribution and the systematic importance of plant
substances. Birkha™ user-Verlag, Basel 8: 684-689. https://portal.cybertaxonomy.org/flora-de-cuba-en-linea/cdm_dataportal/
reference/b95201eb 149b-482d-910c-7782714e0ccd

Hernandez-Tasco AJ, Ramirez-Rueda RY, Alvarez CJ, Sartori FT, Sacilotto ACB, Ito IY Vichnewski W and Salvador MJ. 2018.
Antibacterial and antifungal properties of crude extracts and isolated compounds from Lychnophora markgravii. Natural
Product Research. 1-5pp. https://doi.org/10.1080/14786419.2018.1503263

Ik S, Saglam N and Ozgen M. 2017. Kaempferol loaded lecithin/chitosan nanoparticles: Preparation, characterization, and their
potential applications as a sustainable antifungal agent. Artificial cells, nanomedicine, and biotechnology 45(5): 907-916.
https://doi.org/10.1080/21691401.2016.1192040

Jasso de Rodriguez DJ, Rodriguez-Garcia R, Hernandez-Castillo FD, Aguilar-Gonzalez CN, Sdenz-Galindo A, Villarreal-Quintanilla
JA and Moreno-Zuccolotto LE. 2011. In Vitro antifungal activity of extracts of Mexican Chihuahuan Desert plants against
postharvest fruit fungi. Industrial Crops and Products 34(1):960-966. https://doi.org/10.1016/j.indcrop.2011.03.001

Jasso de Rodriguez D, Trejo-Gonzales FA, Rodriguez-Garcia R, Diaz-Jiménez MLV, Saenz-Galindo A, Hernandez-Castillo FD,
Villarreal-Quintanilla JA and Pefia-Ramos FM. 2015. Antifungal activity in vitro of Rhus muelleri against Fusarium oxysporum f.
sp. lycopersici. Industrial Crops and Products 75: 150-158. https://doi.org/10.1016/j.indcrop.2015.05.048

Kanwal Q, Hussain I, Latif SH and Javaid A. 2010. Antifungal activity of flavonoids isolated from mango (Mangifera indica L.)
leaves. Natural Product Research 24(20): 1907-1914. https://doi.org/10.1080/14786419.2010.488628

Khaledi N, Taheri P and Tarighi S. 2015. Antifungal activity of various essential oils against Rhizoctonia solani and Macrophomina
phaseolina as major bean pathogens. Journal of applied microbiology 118(3): 704-717. https://doi.org/10.1111/jam.12730

Khanzada B, Akhtar N, Okla MK, Alamri SA, Al HA, Baig MW. and Mirza B. 2021. Profiling of antifungal activities and in silico
studies of natural polyphenols from some plants. Molecules 26(23): 7164. https://doi.org/10.3390/molecules26237164

Ramirez-Méndez et al., 2024. Vol. 42(4): 40. 15



Mexican Journal of Phytopathology. Scientific Article. Open access

Larios-Palacios OE, Lopez-Véazquez EY, Curiel-Rodriguez A, Ruiz-Espinoza FJ, Solano-Vidal R y Serrato-Cruz MA. 2020.
Evaluacion in vitro de métodos contra Botrytis cinerea. Revista mexicana de ciencias agricolas 11(3): 593-606. https://doi.
org/10.29312/remexca.v11i3.2077

Lépez-Romero JC, Torres-Moreno H, Rodriguez-Martinez KL, Ramirez-Audelo V, Vidal-Gutiérrez M, Hernandez J, Robles-
Zepeda RE, Ayala-Zavala JF, Gonzalez-Rios FH, Valenzuela-Melendez M, Villegas-Ochoa MA, Salazar-Lopez MJ and
Gonzalez-Aguilar GA. 2022. Fougquieria splendens: A source of phenolic compounds with antioxidant and antiproliferative
potential. European Journal of Integrative Medicine 49: 102084. https://doi.org/10.1016/j.eujim.2021.102084

Loépeza NL, Heredia JB, Herndndez CSM, Rodrigueza RI, Escalante MAA y Estrada RSG. 2022. Biosintesis inducida de
fengicina y surfactina en una cepa de Bacillus amyloliquefaciens con actividad oomiceticida sobre zoosporas de Phytophthora
capsici. Revista argentina de microbiologia 54 (3): 91-100. http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=S0325
75412022000300091&Ing=es&tlng=.

Marker RE y Lopez J. 1947. Sapogeninas esteroides. N° 162. Kappogenina y Furcogenina. Journal of American Society 69(10):
2380-2383. https://doi: 10.1021/ja01202a041

Martinez-Ruiz FE, Cervantes-Diaz L, Ail-Catzim CE, Hernandez-Montiel LG, Del Toro-Sanchez CL y Rueda-Puente EO. 2016.
Hongos fitopatdgenos asociados al tomate (Solanum Lycopersicum L.) en la zona arida del noroeste de México: la importancia
de su diagnostico. European Scientific Journal, 12(18). https://doi.org/10.19044/esj.2016.v12n18p232

Medeiros AC, Mota DR, Queiroz MM, Glauber SN and Costa JM. 2015. Methods of inoculation of Rhizoctonia solani and
Macrophomina phaseolina in melon (Cucumis melo). Summa Phytopathologica 41(4): 281-286. https://doi.org/10.1590/0100-
5405/2083

Milagrosa VNN, Vicente F, Dianez F, de Cara M y Tello JC. 2007. Vinazas y hongos del suelo. Agroecologia 2: 39-45 https://
revistas.um.es/agroecologia/article/view/12071/11641

Monreal GH, Almaraz AN, Avila RJ, Torres RR, Gonzéalez ES, Herrera AY and Gutiérrez VMV. 2019. Phytochemical variation
among populations of Fouquieria splendens (Fouquieriaceae). Botanical Science 97(3): 398-412. https://doi.org/10.17129/
botsci.2191

Mostafa AA, Al RAN and Abdel-Meeged A. 2011. Evaluation of some plant extracts for their antifungal and antiaflatoxigenic
activities. Journal of Medicinal Plants Research 5(17): 4231-4238. http://www.academicjournals.org/JMPR

Nevarez-Prado L, Rocha-Gutiérrez BA, Neder-Sudrez D, Cordova-Lozoya MT, Ayala-Soto JB, Salazar-Balderrama MI, Ruiz-
Anchondo TJ & Hernandez-Ochoa LR. 2021. El género Fougquieria: descripcion y revision de aspectos etnobotanicos,
fitoquimicos y biotecnoldgicos. Tecnociencia Chihuahua 15: 186-220. https://doi.org/10.54167/tecnociencia.v15i3.840.

Peng L, Yang S, Cheng YJ, Chen F, Pan S. and Fan G. 2012. Antifungal activity and action mode of pinocembrin from propolis
against Penicillium italicum. Food Science and Biotechnology 21: 1533-1539. https://doi.org/10.1007/s10068-012-0204-0
Pérez-Escandon BE, Villavicencio-Nieto MA y Ramirez-Aguirre A. 2003. Lista de las plantas ttiles del estado de Hidalgo.
Universidad Autéonoma del Estado de Hidalgo. Centro de Investigaciones Bioldgicas. México. 21p. https:// books.google.com.

mx/books/about/Lista_de las plantas %C3% BAtiles_del Estado.html?id=m5L3tqHwGn8C&redir _esc=y

Punja ZK and Yip R. 2003. Biological control of damping-off and root rot caused by Pythium aphanidermatum on greenhouse
cucumbers. Canadian Journal of Plant Pathology 25(4): 411-417. https://doi.org/10.1080/07060660309507098

Ramirez-Méndez JE, Hernandez-Castillo FD, Tucuch-Pérez MA, Camacho-Aguilar I, Arredondo-Valdés R y Villarreal-Quintanilla
JA. 2023. Efectividad biologica de extractos de Agave striata y Fouquieria splendens contra Clavibacter michiganensis subsp.
michiganensis. Biotecnia 25(1): 34-42. https://doi.org/10.18633/biotecnia.v25i1.1751

Rajasekharan SK, Ramesh S y Bakkiyaraj D. 2014. Sinergia de flavonoides con inhibidor de HDAC: nuevo enfoque para atacar las
biopeliculas de Candida tropicalis. Revista de quimioterapia 27(4): 246-249. https://doi.org/10.1179/1973947814Y.0000000186

Rasul A, Millimouno FM, Ali EW, Ali M, Li J, and Li X. 2013. Pinocembrin: A Novel Natural Compound with Versatile
Pharmacological and Biological Activities. BioMed Research International. 2013: 379850. https://doi.org/10.1155/2013/379850

Rodriguez-Castro A, Torres-Herrera S, Dominguez-Calleros A, Romero-Garcia A y Silva-Flores M. 2020. Extractos vegetales para
el control de Fusarium oxysporum, Fusarium solani'y Rhizoctonia solani, una alternativa sostenible para la agricultura. Abanico
Agroforestal, 2.3. https://doi.org/10.37114/abaagrof/2020.7

Ramirez-Méndez et al., 2024. Vol. 42(4): 40. 16



Mexican Journal of Phytopathology. Scientific Article. Open access

Rodriguez-Garza RG. 2010. Tamizaje fitoquimico y actividad bioldgica de Fouquieria splendens (Engelmann), Ariocarpus
retusus (Scheidweiler) y Ariocarpus kotschoubeyanus (Lemaire). Tesis Doctoral. Faculta de Ciencias Biologicas. Universidad
Autéonoma De Nuevo Leon. Nuevo Ledn, México. 32-35pp. http:/eprints.uanl.mx/2243/1/1080190946.pdf

Romero, S. M., Alberto, M. R. and Manca NMC. 2009. Inhibition of growth and ochratoxin A biosynthesis in Aspergillus carbonarius
by flavonoid and nonflavonoid compounds. Mycotoxin Research 25: 165-170. https://doi.org/10.1007/s12550-009-0026-y

Salas-Valdez R, Chavez-Gonzales ML, Martinez-Hernandez JL, Torres-Leon C, Aguilar-Gonzales CN, Martinez-Garcia C y
Sepulveda-Torre L. 2023. Plantas del semidesierto de Coahuila: un panorama general. Innovacion tecnoldgica: Aprovechamiento
de plantas del semidesierto. Area de aplicacion industrial: Obtencion de productos y alimentos. No. 66. https:/riiit.com.mx/
apps/site/files_v2450/p._semidesierto_coah. 1 riiit div_ene-feb_2024.pdf

Lira-Saldivar RHL. 2003. Estado actual del conocimiento sobre las propiedades biocidas de la gobernadora [Larrea tridentata (DC)
Coville]. Revista mexicana de fitopatologia, 21(2), 214-222. https://www.redalyc.org/pdf/612/61221217.pdf

Salih EY, Julkunen-Titto R, Luukkanen O and Fyhrqvist P. 2022. Anti-Candida Activity of Extracts Containing Ellagitannins,
Triterpenes and Flavonoids of Terminalia brownii, a Medicinal Plant Growing in Semi-Arid and Savannah Woodland in
Sudan. Pharmaceutics 14(11): 2469. https://doi.org/10.3390/pharmaceutics14112469

Sanchez E, Heredia N and Garcia S. 2005. Inhibition of growth and mycotoxin production of Aspergillus flavus and Aspergillus
parasiticus by extracts of Agave species. International Journal of Food Microbiology 98(3): 271-279. https://doi.org/10.1016/j.
ijfoodmicro.2004.07.009

Singleton, V. and Rossi, J. 1965. Colorimetry of total phenolics with phosphomolybdicphosphotungstic acid reagent. American
Journal of Enology and Viticulture 16: 144—158. https://doi.org/10.5344/ajev.1965.16.3.144

Takhtajan, A. (2009). Class Magnoliopsida (Dicotyledons). In Takhtajan, A. (Ed.), Flowering plants. Amsterdam: Springer Science.
7-588pp. https://books.google.es/books?hl=es&Ir=&id=oumyfO-NHuUC&oi=fnd&pg=PA7&dq=Takhtajan,+A.+(Ed.)+2009.
+Class+Magnoliopsida+(Dicotyledons).+Flowering+Plants.+Springer.+%C3%8 1 msterdam,+Netherlands.+7588.&ots=iP9GQ
Sytw&sig=8t19KwDjKIVKDI1XV XzJX2Tykj8#v=onepage&q&f=false

Tucuch-Pérez MA, Bojorquez-Vega JJ, Arredondo-Vales R, Hernandez-Castillo FD y Anguiano-Cabello JC. 2021. Actividad
biologica de extractos vegetales del semidesierto mexicano para manejo de Fusarium oxysporum de tomate. Ecosistemas y
recursos agropecuarios, 8(2): e2745 https://doi.org/10.19136/era.a8n2.2745

Tundis R, Frattaruolo L, Carullo G, Armentano B, Badolato M, Loizzo MR, Aiello F and Cappello AR. 2018. An ancient remedial
repurposing: synthesis of new pinocembrin fatty acid acyl derivatives as potential antimicrobial/anti-inflammatory agents.
Natural Product Research, 1-7. https://doi.org/10.1080/14786419.2018.1440224

Wang X, Wei X, Tiang Y, Shen L and Xu H. 2010. Antifungal fl avonoids from Ficus sarmentosa var. henryi (King) Corner.
Agricultural Sciences in China 9:690—694. https://doi.org/10.1016/S1671-2927(09)60144-9

Watanabe B and Matsuda A. 1966. Studies on grouping Rhizoctonia solani Kiihn pathogenic to upland crops. Appoint Exp (Plant
Diseases and Insect Pests, in Japanese) Bull 7:1-131 https://www.cabidigitallibrary.org/doi/full/10.5555/19701101297

Waterman PD. 1985. Triterpenes from the stem bark of Commiphora dalzielii. Phytochemistry 23(12): 2925-2928. http://doi.
org/10.1016/s0031-9422(00)80607-x

Wollenweber, E. 1994. External Flavoniods of Ocotillo (Fougquieria splendens). Journal of Biosciences. 49(9-10): 689-690. https://
doi.org/10.1515/znc-1994-9-1022

Yordanov M, Dimitrova P, Patkar S, Saso L and Ivanovska N. 2008. Inhibition of Candida albicans extracellular enzyme activity
by selected natural substances and their application in Candida infection.Poder. Journal of Microbiology 54: 435-440. https://
doi.org/10.1139/w08-029

Ramirez-Méndez et al., 2024. Vol. 42(4): 40. 17



