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Abstract. Crops are affected by different
pathogens that cause damage to the plant and
production losses. Quarantine restrictions may
also occur due to the presence of a pathogen. In
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Resumen. Los cultivos agricolas se ven afecta-
dos por diferentes patogenos que ocasionan dafios
a la planta, pérdidas en la produccion, ademas se
pueden presentar restricciones cuarentenarias por
la presencia de algiin patogeno. Para el control de
fitopatdgenos en el mayor de los casos, se emplean
productos quimicos sintéticos, sin embargo, algu-
nos de estos productos se han asociado a riegos a
la salud humana o al ambiente. Por lo que es nece-
sario la busqueda de alternativas mas sustentables
de control de estos patogenos. Esta investigacion se
realizo bajo los siguientes objetivos: extraer polife-
noles de hojas de gobernadora, hojasén y guanaba-
na, utilizando: diferentes relaciones masa/volumen
(m/v), diferentes concentraciones de etanol, simul-
taneamente ultrasonido-microondas y determinar
el efecto de estos polifenoles contra Alternaria
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most cases, synthetic chemical products are used
to control phytopathogens. However, some of
these products have been associated with risks
to human health or the environment. Therefore,
it is necessary to search for more sustainable
alternatives to control these pathogens. This
research was carried out under the following
objectives: 1. To extract polyphenols from Creosote
bush, Tarbush and Soursop leaves using: different
mass/volume ratios (m/v), different concentrations
of ethanol, simultaneous ultrasound-microwave
and 2. To determine the effect of these polyphenols
against Fusarium solani and Alternaria alternata.
Polyphenols were obtained from Creosote bush,
Tarbush and Soursop by combining
ultrasound-microwave, and using different mass-
volume ratios and ethanol percentages. The group
of polyphenols (CD) obtained with a mass/volume
(m/v) ratio of 1:8 and 70% ethanol from Creosote
bush leaves and the group of polyphenols (CA)
obtained with a m/v ratio 1:16 and 70% ethanol
from Tarbush leaves were the most effective
against Fusarium solani, inhibiting 90.4 and
60.67%, respectively. For Alternaria alternata, no
differences were found in the mycelial inhibition by
the different groups of evaluated polyphenols, with
inhibition values between 50-60% in comparison
to the negative control (without polyphenols). In
the profile of CD polyphenols group obtained from
Creosote bush, different polyphenolic compounds
reported to have antimicrobial activity were found,
among which the following stand out: epirosmanol,
rosmadiol, apigenin, catechin, and procyanidin
C1. Polyphenolic
Creosote bush, Tarbush, and Soursop leaves using
environmentally friendly methods (ultrasound-
microwave) and solvents (water and ethanol)
showed antifungal activity against £ solani and A.

leaves

compounds isolated from

alternata.
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alternata y Fusarium solani. Se obtuvieron polife-
noles de hojas de gobernadora, hojasén y guanaba-
na mediante combinacion de ultrasonido-microon-
das, y usando diferentes relaciones masa-volumen
y porcentajes de etanol. Ademads, se observo que el
grupo de polifenoles obtenido con la relaciéon masa/
volumen (m/v) 1:8 y etanol al 70% (CD) a partir
de hojas de Gobernadora y el grupo de polifenoles
obtenido con la relacion m/v 1:16 y etanol al 70%
(CA) a partir de hojas de hojasén fueron las mas
efectivos contra Fusarium solani inhibiendo 90.4
y 60.67%, respectivamente. En Alternaria alterna-
ta no se encontraron diferencias en el efecto de la
inhibicion por los diferentes grupos de polifenoles
evaluados, y se mostraron valores de inhibicion en-
tre 50-60% en comparacion con el testigo negativo
(sin polifenoles). En el perfil de grupo de polife-
noles CD obtenido de gobernadora se encontraron
diversos compuestos polifenolicos reportados por
tener actividad antimicrobiana entre los que desta-
can: epirosmanol, rosmadiol apigenina, catequina,
procianidina C1. Los compuestos polifenolicos
aislados de gobernadora, hojasen y guanabana uti-
lizando métodos (ultrasonido-microondas) y disol-
ventes (agua y etanol) amigables con el ambiente
presentan actividad antifungica contra F solani y
A, alternata.

Palabras clave: Inhibicion micelial, microondas-
ultrasonido, etanol, agua, amigables con él ambien-
te.

Alternaria alternata 'y Fusarium solani son
hongos fitopatdogenos que causan grandes pérdidas
econdmicas en la agricultura y reducen la disponi-
bilidad de alimentos (Pérez-Rodriguez ef al., 2019;
Martinez-de la Parte et al., 2021). Alternaria al-
ternata se caracteriza por una infeccion acelerada
(Mata-Santoyo et al., 2018). Cuando la temperatura
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Alternaria alternata and Fusarium solani are
phytopathogenic fungi that cause great economic
losses to agricultural producers and reduce
food availability (Pérez-Rodriguez et al., 2019;
Martinez-de la Parte et al., 2021). Alternaria
alternata is characterized by causing an accelerated
infection (Mata-Santoyo et al., 2018). With a
temperature between 28 and 30 °C and relative
humidity greater than 80%, the infection can begin
or worsen in approximately 4 hours (Castrillo et
al.,2021). The spores of 4. alternata are dispersed
mainly by wind or rain splash, and these spores can
overwinter among crop residues until conditions
are favorable for germination (Abbas et al., 2021).
Fusarium solani mainly attacks plants in the base
of the stem and root areas (Martinez-Martinez
et al., 2020), causing wilting, yellowing of the
leaves and growth delay (Martinez-Solorzano
et al., 2020). Under conditions of high humidity
and temperatures over 20 °C in the soil, a severe
attack of F. solani can make the plants brittle.
This pathogen survives in the soil among crop
debris and live plants, and agricultural machinery
can play an important role in its spread (Reyes-
Tena et al., 2019). These phytopathogenic fungi
are controlled mainly through the use of synthetic
chemical fungicides, which, although effective,
can lead fungi to generate resistance to their active
compounds, which would pose new risks to human
health and the environment (Abdel-Monaim et al.,
2011; Mantecon, 2015). This has driven the search
for more environmentally friendly alternatives such
as antifungal compounds of plant origin.

Plants synthesize phytochemicals, such as
phytoanticipins and phytoalexins, that play an
important role on plant growth and reproduction,
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esta entre 28-30 °C y la humedad relativa mayor a
80%, esta infeccion puede comenzar o agravarse
en un tiempo aproximado de 4 h (Castrillo et al.,
2021). La diseminacion de las esporas de 4. al-
ternata ocurre principalmente por el viento o por
salpicaduras de lluvia, y estas esporas pueden so-
brevivir el invierno en residuos de cultivos, hasta
que las condiciones son favorables para germinar
(Abbas et al., 2021). Por otro lado, Fusarium sola-
ni ataca principalmente a las plantas en la zona de
la base del tallo y raiz (Martinez-Martinez et al.,
2020), lo que ocasiona marchitez y amarillamiento
de las hojas, y hace que se retrase el crecimiento
(Martinez-Solérzano et al., 2020). Bajo condicio-
nes de alta humedad y temperatura de mas de 20
°C en el suelo, las plantas se vuelven quebradizas,
cuando el ataque de F. solani llega a ser severo.
Este patdgeno sobrevive en el suelo en restos del
cultivo y en plantas vivas, y la maquinaria agricola
puede jugar un papel importante en su propagacion
(Reyes-Tena et al., 2019). Para el control de estos
hongos fitopatdogenos se utilizan principalmente
funguicidas quimicos sintéticos, los cuales, aunque
son efectivos, pueden propiciar la generacion de re-
sistencia de los hongos hacia el compuesto activo,
riesgos para la salud humana y para el ambiente
(Abdel-Monaim et al., 2011; Mantecén, 2015). Por
lo tanto, se han buscado alternativas mas amigables
con el ambiente, especialmente compuestos de ori-
gen vegetal.

Las plantas sintetizan fitoquimicos entre ellos
fitoanticipinas o fitoalexinas, las cuales desempe-
flan un papel importante en el crecimiento y repro-
duccion de las plantas, de modo que atraen polini-
zadores y como proteccion frente a depredadores.
Asi mismo, contribuyen a las caracteristicas morfo-
logicas y sensoriales de las plantas y subproductos
(Takshak y Agrawal, 2019; Singh y Chandrawat,
2017). El grupo fitoquimico que mas se ha estudia-
do son los compuestos fenolicos (Andrade-Andrade
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attracting pollinators and protecting against
predators. They also contribute to the morphological
and sensory characteristics of plants and plant by-
products (Takshak and Agrawal, 2019; Singh and
Chandrawat, 2017). The phytochemical group
that has been most studied is that of phenolic
compounds (Andrade-Andrade et al., 2018),
which can inhibit the germination of spores and
the growth of fungi (Rodriguez-Castro et al.,
2020; Joaquin-Ramos et al., 2020; Oufensou et
al., 2020). These compounds are synthesized
through the shikimate, polyketide and mevalonate
pathways, and are characterized by the presence of
one or more hydroxyl groups (-OH) attached to a
6-carbon aromatic ring (Gutiérrez-Grijalva et al.,
2016). Polyphenols derived from phenylalanine
or benzoic acid have one or more phenol groups
(Mutha et al., 2021). One of the characteristics
of these compounds is their antioxidant activity
or ability to counteract free radicals by chelating
metal ions that are involved in their production. In
addition, these compounds have ability to donate a
hydrogen anion (an unpaired electron) and relocate
it within the aromatic structure (Garcia et al.,
2019). Among polyphenols, flavonoids comprise
some of the most important compounds. They are
subdivided into Flavonols, Flavones, Catechins,
Flavanones, Anthocyanidins,
(Mutha et al., 2021).

The biological activity (antimicrobial, antiviral,
anticancer, etc.) attributed to polyphenols has
given rise to a large number of studies focused
on extracting them from various plant sources
(Zhang et al., 2022). However, the biological
potential of polyphenols is limited by their low
solubility and stability against environmental
factors such as light, high temperatures (>50 °C)
and changes in pH (Costa et al., 2021). Generally,
the extraction of these compounds is carried out
through conventional techniques such as Soxhlet,

and Isoflavones

ONLINE PUBLICATION, SEPTEMBER 2022

et al., 2018) que tienen capacidad para inhibir la
germinacion de esporas y el crecimiento de hongos
(Rodriguez-Castro et al., 2020; Joaquin-Ramos ef
al., 2020; Oufensou et al., 2020). Estos compuestos
son sintetizados por las vias shikimato, policétido
y mevalonato, y se caracterizan por la presencia
de uno o varios grupos hidroxilo (-OH) unido a un
anillo aromatico de 6 carbonos (Gutiérrez-Grijalva
et al., 2016). Los polifenoles cuentan con uno o
mas grupos fenoles al derivar de la fenilalanina u
acido benzoico (Mutha et al., 2021). Una de las ca-
racteristicas de estos compuestos es su propiedad
antioxidante o capacidad para contrarrestar radi-
cales libres, mediante quelado de iones de metales
que intervienen en su produccion, y a su capacidad
para donar un anioén de hidrégeno, un electrén no
apareado, y reubicarlo dentro de la estructura aro-
matica (Garcia et al., 2019). Dentro de la clasifica-
cion de los polifenoles, destacan los flavonoides,
los cuales se subdividen en Flavonoles, Flavonas,
Catequinas, Flavanonas, Antocianidinas e Isoflavo-
nas (Mutha et al., 2021).

Las actividades biologicas (antimicrobianos,
antiviral, anticancerigena, etc.,) atribuidas a los
polifenoles, han dado lugar a un gran niimero de
estudios enfocados a su extraccion a partir de di-
versas fuentes vegetales (Zhang et al., 2022). Por
otra parte, el potencial bioldgico de los polifenoles
se encuentra limitado por su baja solubilidad y es-
tabilidad frente a factores ambientales tales como:
luz, temperaturas elevadas (>50 °C) y a cambios
de pH (Costa et al., 2021). Generalmente, la ex-
traccion de estos compuestos se realiza a través de
técnicas convencionales tales como Soxhlet, per-
colacion, maceraciones, infusiones, etc., las cua-
les estan asociadas a un alto consumo de solventes
organicos, algunos de los cuales poco amigables
para el medio ambiente, y cuyos remanentes limi-
tan la aplicacion industrial de los extractos, ademas
estas técnicas convencionales requieren tiempos
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percolation, maceration, infusions, etc. These
techniques are associated with a high consumption
of organic solvents, some of which are unfriendly
to the environment, which limits the industrial
extraction of those compounds. Furthermore,
conventional techniques require long extraction
times, involving high energy consumption (Soto-
Garcia et al., 2016) as well as considerable time
and effort (Chemat et al., 2019). In recent decades,
alternative techniques have been proposed for
the extraction of polyphenols, including the
use of microwaves, by which electromagnetic
radiation is used to heat vegetal material, which
increases the permeability of cell membranes
(Bocker and Silva, 2022). Another alternative
technique is ultrasound which, through cavitation,
increases the mass transfer and speed of chemical
reactions, promoting cell lysis and the separation
of cell debris by the cohesive forces of solvent
molecules (Chemat et al., 2017). The extraction of
polyphenols has been carried out by ultrasound or
microwave (Chemat et al., 2019), either one or the
other (Chemat et al., 2017), or sequentially (Valdés
et al.,2021). However, there are few studies where
these processes have been used simultaneously
for the extraction of polyphenols. The present
study had the following objectives: 1. To extract
polyphenols from the leaves of Creosote bush
(Larrea tridentata), Tarbush (Flourensia cernua)
and Soursop (Annona muricata) through the
simultaneous use of ultrasound and microwaves,
with different m/v ratios and water and ethanol
as solvents, and 2. To determine how much
these polyphenols inhibit the mycelial growth of
Alternaria alternata and Fusarium solani.

MATERIALS AND METHODS

Plant material. Leaves of soursop (Annona
muricata), Creosote bush (Larrea tridentata),
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largos de extraccidon, implicando un alto consumo
energético (Soto-Garcia et al., 2016), y suelen ser
laboriosas (Chemat et al., 2019). En las ultimas dé-
cadas se han propuesto técnicas alternativas para la
extraccion de polifenoles, dentro de las que desta-
can el uso de microondas, donde se emplean radia-
ciones electromagnéticas para generar calor dentro
del material vegetal, haciendo mas permeables las
membranas celulares (Bocker y Silva, 2022) y el
ultrasonido que gracias a la cavitacion, permite el
incremento de transferencia de masa y velocidad de
las reacciones quimicas, lo que genera lisis celular
y separacion de los restos celulares por las fuerzas
de cohesion del liquido (Chemat et al., 2017). La
extraccion de polifenoles se ha realizado por ultra-
sonido o microondas (Chemat et al., 2019), ya sea
utilizando uno u otro proceso (Chemat et al., 2017),
o bien de forma secuencial (Valdés et al., 2021),
sin embargo, son pocos los estudios donde se usan
estos procesos simultaneamente para la extraccion
de polifenoles. Bajo esta perspectiva, el presente
estudio tuvo como objetivos: 1. Extraer polifenoles
de hojas de gobernadora, hojasén y guanabana, uti-
lizando simultaneamente ultrasonido-microondas,
diferentes relaciones m/v y agua y etanol como
disolventes y 2. Determinar la inhibicion de cre-
cimiento micelial de Alternaria alternata y Fusa-
rium solani por estos polifenoles.

MATERIALES Y METODOS

Material vegetal. Hojas de guanabana (Annona
muricata), gobernadora (Larrea tridentata), y ho-
jasén (Flourensia cernua) se usaron para la extrac-
cion de polifenoles. Las hojas de guanabana de la
marca “Frutas Nayarit” se adquirieron en un local
de Saltillo Coahuila, México, mientras que las ho-
jas de gobernadora y hojasén se recolectaron en el
Campo Experimental de la Universidad Autébnoma
Agraria Antonio Narro (UAAAN) en Buenavista,

353



MExiICAN JOURNAL OF PHYTOPATHOLOGY
RevisTA MExicaNa DE FITOPATOLOGIA

FuLLy BILINGUAL

and Tarbush (Flourensia cernua) were used for
the extraction of polyphenols. Soursop leaves
from “Frutas Nayarit” were purchased at a store
in Saltillo, Coahuila, Mexico, while the leaves
of Creosote bush and Tarbush were collected at
the Experimental Station of the Antonio Narro
Autonomous Agrarian University (UAAAN) in
Buenavista, Coahuila, Mexico. Healthy leaves were
then selected, discarding those that had damage or
malformations, likewise, all contaminants found
in the samples were also discarded. The selected
leaves were then dehydrated for 3 days at room
temperature and for 24 h in a desiccator (NWT-5,
Northwest Technology®, Italy). Subsequently, the
dry material was ground into powder in a Biobase
mill (MD-120) and then sieved using an 850 pum
mesh, number 20 (W.S. TAYLER®) (Valdez-
Guerrero et al., 2021).

Preparation of extracts and extraction of
phytochemicals. The extracts were prepared
using distilled water and mixtures of ethanol/
distilled water (70/30 and 30/70). Different ratios
(m/v) between mass (plant material) and volume
((quantity and concentration of the solvent) were
used). Specifically, m/v ratios of 1:8, 1:12 and
1:16 were used, following the method of Valdez-
Guerrero et al. (2021) with minor modifications.
The five (CA, CB, CC, CD and CE) solutions
produced from each plant material under these
conditions (Table 1) were placed in a glass reactor
(1 L) and ultrasound and microwave processes
were simultaneously applied using an Ultrasonic
equipment (Microwave Cooperative Workstation
XO-SM 400) with the following parameters:
Ultrasonic (Power Radio - 20, Ultrasonic on Relay
— 10, Ultrasonic off Relay -3, Amplitude off Relay
— 25 and Set Time - 20) and Microwave (Power
Radio — 800, Display power — 0, Set Temp - 70°C
and Holding Time — 5). Subsequently, the extract
was filtered to remove the bagasse.
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Coahuila, México, posteriormente, se selecciona-
ron las hojas sanas, eliminando aquellas que tenian
danios o malformaciones, asi mismo, se desecha-
ron los contaminantes en las muestras. Después,
las hojas fueron deshidratadas por 3 dias a tempe-
ratura ambiente y 24 h en un desecador (NWT-5,
Northwest Tchnology®, Italy). A continuacion, la
materia prima fue molida en un molino Biobase,
modelo MD-120, y el material vegetal en forma de
polvo se tamizo utilizando mallas de 850 mm, nl-
mero 20 (W.S. TAYLER®) (Valdez-Guerrero et al.,
2021).

Preparacion de extractos y extraccion de fitoqui-
micos. Para la obtencion de los extractos, se empled
agua destilada y mezclas de etanol/agua destilada
(70/30 y 30/70), ademas se emplearon diferentes
relaciones (m/v) masa (material vegetal) volumen
(cantidad y concentracion del solvente), especifi-
camente se usaron las relaciones (m/v), 1:8, 1:12y
1:16 acorde a la metodologia de Valdez-Guerrero et
al. (2021), con modificaciones menores. Las cinco
(CA, CB, CC, CD y CE) soluciones producidas de
cada material vegetal bajo estas condiciones (Cua-
dro 1) se colocaron en un reactor de vidrio (1 L)
y simultineamente se aplicaron los procesos ul-
trasonido y microondas en un equipo Ultrasonic
Microwave Cooperative Workstation XO-SM 400,
bajo los siguientes parametros: Ultrasonic (Power
Radio - 20, Ultrasonic on Relay — 10, Ultrasonic off
Relay -3, Amplitude off Relay — 25 y Set Time - 20)
y Microwave (Power Radio — 800, Display power —
0, Set Temp - 70°C y Holding Time — 5). Posterior-
mente, el extracto se filtro para remover el bagazo.

Purificacion y fraccionado de polifenoles. La
metodologia de Valdez-Guerrero et al. (2021) se
empled para la separacion cromatografica de los
extractos. Primeramente, los extractos se filtraron
usando papel Whatman No. 41, después, se se-
pararon mediante cromatografia en columna de
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Table 1. Mass/volume ratios (m/v) and ethanol gradients. The conditions used to obtain polyphenols

by ultrasound-microwave.

Cuadro 1. Relaciones masa/ volumen (m/v) y gradientes de etanol como condiciones utilizadas para
la obtencion de polifenoles por ultrasonido-microondas.

Extraction condition

Factor CA CB ccC cD CE
Vegetal material 62.5¢ 62.5¢ 125¢ 125¢ 83.33
Solvent EtOH 70% distilled H,O distilled H,O EtOH 70% EtOH 30%
m/v ratio 1:16 1:16 1:8 1:8 1:12

“In the rest of the document these solutions will be referred to as the group of polyphenols. / “En el resto

del documento se referiran como grupo de polifenoles.

Purification and fractionation of polyphenols.
The method of Valdez-Guerrero et al. (2021)
was used for the chromatographic separation of
the extracts. The extracts were first filtered using
Whatman No. 41 paper, then separated by ion
exchange column chromatography, using 200g
of amberlite (Amberlite XAD16N) as stationary
phase and water and 96% ethanol as mobile phase.
The sample was then decanted in the column, with
Amberlite® (XAD 16N) resin (previously activated
with methanol for 10 minutes) as stationary phase,
and water (to remove water-soluble compounds)
and ethanol (to recover the polyphenolic content)
as eluents. The column was protected from light
due to the photosensitivity of the compounds under
study. The aqueous fraction was discarded when
its color became clear. The ethanolic fraction was
collected in an amber container. Once the ethanolic
fraction was obtained, it was distributed into
heat-resistant glass plates, which were left to dry
at room temperature (25-30 °C) in the dark for 3
days. The dry extract was collected from the plates
in an amber-colored bottle for later analysis. The
chemical compounds found in each dry extract
were identified as polyphenols associated with one
of the five (CA, CB, CC, CD and CE) solutions of
each plant material (Table 1).
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intercambio i6nico, usando como fase estacionaria
200g de amberlita (Amberlite XAD16N) y como
fase movil agua y etanol 96%. Luego se decanto la
muestra en la columna empacada con la resina Am-
berlita® XAD 16N (previamente activada con me-
tanol durante 10 minutos) como fase estacionaria
y agua (para eliminar compuestos hidrosolubles)
y etanol (para recuperar el contenido polifenélico)
como eluentes. Cabe mencionar que la columna
fue resguardada de la luz para prevenir la fotosen-
sibilidad de los compuestos de interés. La fraccion
acuosa se desechd una vez que su coloraciéon fue
clara, mientras que la fraccion etanolica se colecto
en un envase ambar. Una vez obtenida la fraccién
etanolica, ésta se repartio en refractarios de vidrio,
los cuales se secaron a temperatura ambiente (25-
30 °C), sin exponer a la luz durante 3 dias. Final-
mente se colect6 el extracto seco de las cajas, en un
frasco ambar para su posterior analisis. A partir de
este paso, los compuestos quimicos de cada extrac-
to seco se identificaran como grupo de polifenoles
obtenido con alguna de las cinco (CA, CB, CC, CD
y CE) soluciones de cada material vegetal (Cuadro

1.

Determinacion de polifenoles hidrolizables.
Los extractos en polvo se diluyeron en agua a un
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Determination of hydrolysable polyphenols.
Powder extracts were diluted in water to a volume
of 400 pL. After adding 400 puL of Folin-Ciocalteu
reagent, the solution was left to stand for 5 min.
Afterward, 400 uL of 0.01 M Na,CO, were added
and the solution was allowed to react for 5 min.
Then, 2.5 mL of distilled water were added and
the solution was read at 790 nm in a UV-Vis
Spectrophotometer ( Biomate) (Gomez-Martinez
etal.,2020).

Determination of condensed polyphenols. 500
puL of sample were added to a tube, followed by
3 mL of 10% HCI-butanol. The resultant solution
was stirred well. Subsequently, 100 pL of the ferric
reagent were added to the solution, stirring the
mixture vigorously. The tubes were transferred to
a water bath and boiled for one hour, making sure
that the tubes were perfectly closed. Afterward, the
samples were allowed to cool to room temperature
(25-30 °C) and were then read at 460 nm in a
UV-Vis Spectrophotometer (Biomate) (Gomez-
Martinez et al., 2020).

Identification of polyphenols. First, 10 mg of
each powder extract were weighed and dissolved
in 1 mL of methanol, sonicated for 5 min at
room temperature and filtered through 0.45 pum
membranes. The samples were then placed in
vials and put in an HPLC equipment (Varian
Prostar 330 with UV-visible diode array detector)
coupled to a mass detector (Varian 500-Ms). The
chromatographic analysis was conducted using a
flow rate of 0.2 mL/min, a Denali C18 reversed-
phase column (150 mm X 2.1 mm, 3um, Grace,
Albany, OR USA), and a mass detection limit of
100 to 2000 m/z. All experiments were performed
in negative-ion mode [M-H]. Nitrogen was used
as nebulizer gas and helium as buffer gas. The
ion source had the following parameters: spray
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volumen de 400 pL. Posteriormente, se le agrega-
ron 400 pL del reactivo Folin-Ciocalteu, dejandose
reposar por 5 min. Después, se le anadieron 400
uL de Na,CO, 0.01 M, dejandose reaccionar por
5 min. Por tltimo, se le agregaron 2.5 mL de agua
destilada y se leyo la solucion a 790 nm en el Es-
pectrofotometro UV-Vis marca Biomate (Gémez-
Martinez et al., 2020).

Determinacion de polifenoles condensados. En
un tubo se anadieron 500 pL de muestra, después
se le agregaron 3 mL de HCl-butanol al 10%, agi-
tando muy bien la solucioén. Posteriormente, se le
incorporaron a la solucion, 100 pL del reactivo
férrico, agitando vigorosamente la mezcla. Los
tubos se traspasaron a un bafio para someterlos a
ebullicién durante una hora, asegurandose que los
tubos estuvieran perfectamente cerrados. Después,
las muestras se dejaron enfriar a temperatura am-
biente (25-30 °C), y finalmente se leyeron a 460 nm
en un Espectrofotometro UV-Vis marca Biomate
(Gémez-Martinez et al., 2020).

Identificacion de polifenoles. Primeramente, se
pesaron 10 mg de cada extracto en polvo y se les
disolvié en 1 mL de metanol, luego se sonicod por
5 min a temperatura ambiente, para posteriormente
filtrar a través de membranas de 0.45 um y deposi-
tar la muestra en viales para luego colocarlas en un
equipo HPLC (marca Varian Prostar, modelo 330
con detector UV-visible de arreglo de diodos), aco-
plado a un detector de masas (marca Varian, mo-
delo 500-Ms). Se emple6 un flujo de 0.2 mL/min,
una columna Denali C18 fase reversa (150 mm x
2.1 mm, 3pum, Grace, Albany, OR USA), asi como
un limite de deteccion de masas de 100 a 2000 m/z.
Todos los experimentos fueron realizados en el
modo negativo y [M-H] se empled nitrogeno como
gas nebulizador y helio como gas amortiguador. La
fuente de iones tuvo los siguientes parametros: vol-
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voltage (5.0 kV), capillary voltage (90.0 V), and
temperature (350 °C). The data was collected and
processed using the M.S. Workstation software
(V.6.9). The samples were first analyzed in full scan
mode at a mass-to-charge ratio (m/z) in the range
of 50-2000. Tandem mass spectrometry analysis
(MS/MS) was performed on a series of selected
precursor ions. The obtained compounds were
compared using a bioactive compound database
(WorkStation database version 2.0, VARIAN, Palo
Alto, CA, USA).

Isolation of phytopathogenic fungi. The
phytopathogenic fungi Fusarium solani and
Alternaria alternata were isolated from diseased
plants (yellowing, curling of the leaves, scabs,
stem and fruit rot). Five-millimeter pieces of plant
material were cut from the diseased plants. The
pieces were disinfected with NaClO (2%) for 1
min, then immersed twice in sterile distilled water
for 1 min and placed in Petri dishes with PDA
medium (DifcoTM), which were incubated at 28+2
°C for 7 days. After the germination of monosporic
cultures, fungi with characteristics of A. alternata
and F. solani were purified by hyphal tip (Morales
et al., 2007). The taxonomic identification of the
species was based on observations of the growth
of the fungal colonies in the culture medium to
determine their pigmentation, shape and growth
speed, as well as the formation of sporodochia,
the number of septa in the conidia, the presence of
chlamydospores, and the shape of conidia (micro
and macroconidia). The specific identification
was done with a compound microscope (10x, 40x
and 100x), observing slides with morphological
structures and taxonomic characteristics typical
of the species, according to the taxonomic keys of
Simmons (2007) for A. alternata, and of Leslie and
Summerell (2006) for Fusarium solani.
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taje de pulverizacion (5,0 kV), voltaje capilar (90,0
V), y temperatura (350 °C). Los datos fueron reco-
lectados y procesados usando el M.S. Workstation
software (V 6.9). Las muestras se analizaron en
primer lugar en modo de exploracién completa ad-
quirida en el rango m/z 50-2000. Los analisis MS/
MS se realizaron en una serie de iones precursores
seleccionados. Por tltimo, los compuestos se com-
pararon utilizando una base de datos de compues-
tos bioactivos (base de datos WorkStation version
2.0, VARIAN, Palo Alto, CA, EE. UU.).

Aislamiento de hongos fitopatéogenos. Los hon-
gos fitopatogenos Fusarium solani y Alternaria
alternata se aislaron de plantas enfermas (amari-
llamiento, encorvamiento de las hojas, rofias, pu-
dricién en tallo y fruto). Del material enfermo, se
cortaron trozos de 5 mm de material vegetal, pos-
teriormente se desinfectd6 con NaClO al 2% por 1
min, después se sumergi6 en agua destilada estéril
por 1 min dos veces, para finalmente colocarlos en
cajas Petri con medio PDA (Difco™), las cuales se
incubaron a 28+2 °C durante 7 dias. Después de la
germinacion de cultivos monosporicos, los hongos
con caracteristicas de A. alternata y F. solani fue-
ron purificados por medio de punta de hifa (Mora-
les et al., 2007). Para la determinacidn taxonémica
de las especies, se realizdé observaciones del cre-
cimiento de las colonias fungicas en el medio de
cultivo para determinar la pigmentacion, la forma
y la velocidad del crecimiento de las colonias, la
formacion de esporodoquios y el niimero de sep-
tos en los conidios; la presencia de clamidosporas
y la forma de conidias (micro y macroconidios). La
identificacion especifica se realizd bajo microsco-
pio compuesto (10x, 40X y 100x) al observar la-
minillas con estructuras morfoldgicas y criterios
taxondmicos propios de la especie, empleando las
claves taxonémicas de Simmons (2007) para A.
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Preliminary determination of the polyphenol
concentration. A preliminary test was carried
out to determine the inhibitory effect of the
concentration (6000, 8000 and 10000 ppm) of
two groups of polyphenols (CD = m/v (1:8) and
EtOH-70%, and CE= m/v (1:12) and EtOH-30%)
from Larrea tridentata on the mycelial growth
of Fusarium solani, compared to the following
three controls: 1) without polyphenols (negative);
2) EtOH 70% (positive); 3) fungicide [Tecto® 60
at 1% ] (positive). The evaluation was carried out
under a completely randomized design with three
replications, using 100 x 20 mm Petri dishes with
PDA agar (DifcoTM). Five hundred microliters of
each concentration of each group of polyphenols
(CD and CE) suspended in 70% ethanol were
added separately to each dish, including the three
control treatments. The polyphenols were spread
over the entire surface of the agar with the help of a
glass rod adapted to the size of the Petri dish. They
were left to stand for 30 min, during which time
the polyphenols were absorbed into the agar. A 0.5
cm diameter disk with £ solani mycelium was then
placed inside each Petri dish (Berlanga-Padilla et
al., 2011). The dishes were sealed and incubated
at 25 °C until the mycelium of the negative control
completely covered the dish. At that time, the
colony diameter of each treatment (9 treatments)
was measured. The arrangement of the Petri
dishes in the incubator allowed for a completely
randomized experimental design. Colony diameter
values were converted into inhibition percentages
(ICM), proportional to control 1, using the
following mathematical expression (Apolonio-
Rodriguez et al., 2017):

ICM (%) = [(dTa —dt)/dTa ] x 100
Where dTa and dt represent the diameter of the

mycelial growth of control 1 and of each of the
other treatments, respectively.
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alternata, y de Leslie y Summerell (2006) para Fu-
sarium solani.

Determinacion preliminar de la concentracion
de polifenoles. Se realiz6 un ensayo preliminar
para determinar el efecto de la concentracion (6000,
8000 y 10000 ppm) de dos grupos de polifenoles
(CD =m/v (1:8) y EtOH-70%, y CE=m/v (1:12) y
EtOH-30%) de Larrea tridentata, sobre la inhibi-
cion micelial de Fusarium solani vs tres testigos,
1) sin polifenoles (negativo), 2) EtOH 70% (posi-
tivo) y 3) fungicida [Tecto® 60 al 1%] (positivo).
La evaluacion se realiz6 bajo un disefio completa-
mente al azar con tres repeticiones, utilizando cajas
Petri de 100 x 20 mm con agar PDA (Difco™). A
cada caja se le agregd por separado, 500 puL de cada
concentracion especificada de cada grupo de poli-
fendles (CD y CE) suspendidos en etanol al 70%,
y se incluyeron los tres tratamientos testigo. Los
polifenoles se extendieron por toda la superficie del
agar con la ayuda de una varilla de vidrio adapta-
da al tamafio de la caja Petri. Se dejo en reposo
durante 30 min, tiempo en el cual los polifenoles
se absorbieron en el agar, y en seguida se colocod
un disco de 0.5 cm de didmetro con micelio de F.
solani (Berlanga-Padilla et al., 2011). Las cajas se
sellaron e incubaron a 25 °C, hasta que el micelio
creciendo con el testigo negativo, cubrid totalmen-
te la caja. En ese momento se midi6 el diametro
de la colonia de cada tratamiento (9 tratamientos).
La disposicion de las cajas de Petri en la incuba-
dora permitié tener un disefio experimental com-
pletamente al azar. Dicho diametro fue convertido
a porcentaje de inhibicion (ICM), en relacion con
el testigo 1 por la siguiente expresion matematica
(Apolonio-Rodriguez et al, 2017):

ICM (%) = [(dTa — dt)/dTa ] x 100
Donde dTa y dt representan el diametro del creci-

miento micelial del testigo 1 y de cada uno del resto
de los tratamientos, respectivamente.
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Based on the results of the preliminary assay,
the concentration of 8000 ppm was selected to
evaluate the groups of polyphenols (CA, CB, CC,
CD and CE) obtained from Tarbush, Creosote bush
and Soursop. Sowing and temperature conditions
were similar to those used in the preliminary
study. All groups of polyphenols were evaluated
against £ solani and A. alternata. The controls for
Fusarium were: 1) without polyphenols (negative);
2) EtOH 70% (positive); 3) fungicide [TectoR 60
at 1%] (positive). The controls for Alternaria were:
1) without polyphenols (negative); 2) EtOH 70%
(positive). The response variable was mycelial
growth, converted to inhibition percentage using
the formula indicated above (ICM).

Statistical analysis. The data resulting from all
the bioassays were analyzed using an analysis of
variance. The significance was determined with a
probability of p<0.05. When necessary, the means
of the treatments were compared using the Tukey
test. All statistical analyses were performed using
SAS software (version 9.0).

RESULTS AND DISCUSSION

Preliminary determination of the polyphenol
concentration. The analysis of variance showed
no differences (P< 0.00001) in mycelial inhibition
between the concentrations of each of the two
groups of polyphenols (CD and CE) obtained
from Creosote bush. However, the inhibition of
mycelial growth did show differences between
the two groups of polyphenols and between
these groups and the negative control (Figure 1)
(P<0.00001). The mycelial inhibition was greater
in Fusarium solani when using the CD polyphenol
group (obtained with a ratio of m/v 1:8 and 70%
ethanol). With the CD polyphenol group, the range
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Después de analizar en el ensayo preliminar el
efecto de concentracion, se selecciond la concen-
tracion de 8000 ppm para evaluar los grupos de
polifenoles (CA, CB, CC, CD y CE) obtenidos de
hojasén, gobernadora y guanabana. Las condicio-
nes de siembra y de temperatura fueron similares
a las empleadas en el estudio preliminar. Todos los
grupos de polifenoles fueron evaluados contra F
solani y A. alternata; y se usaron como testigos
para Fusarium 1) sin polifenoles (negativo), 2)
EtOH 70% (positivo) y 3) fungicida [Tecto® 60 al
1%] (positivo). Mientras que para Alternaria como
testigo se empled: 1) sin polifenoles (negativo) y 2)
EtOH 70% (positivo). La variable de respuesta fue
crecimiento micelial, convertido a porcentaje de
inhibicion de igual manera por la formula sefalada
anteriormente (ICM).

Analisis estadisticos. Los datos resultantes de to-
dos los bioensayos fueron analizados utilizando el
analisis de varianza, y la significancia se determind
con una probabilidad de (p<0.05), cuando fue nece-
sario, las medias de los tratamientos se compararon
utilizando la prueba de Tukey. Todos los analisis
estadisticos se realizaron usando el software SAS
(version 9.0).

RESULTADOS Y DISCUSION

Determinacion preliminar de la concentraciéon
de polifenoles. El analisis de varianza no mostro
diferencias (P< 0.00001) en la inhibiciéon micelial
entre las concentraciones dentro de cada uno de los
dos grupos de polifenoles (CD y CE) obtenidos de
gobernadora. Sin embargo, si se observo que la in-
hibicion del crecimiento micelial fue diferente en-
tre los dos grupos de polifenoles y entre estos gru-
pos y el testigo negativo (Figura 1) (P< 0.00001).
Se apreci6 que la inhibicion micelial de Fusarium
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Figure 1. Growth inhibition percentage against Fusarium solani by different concentrations (ppm) of polyphenols from
Creosote bush (Larrea tridentata) obtained with different m/v ratios and ethanol concentrations and using
ultrasound-microwaves. Groups of CD polyphenols obtained with the m/v ratio of 1:8 and EtOH-70%, and CE
polyphenols obtained with m/v ratio of 1:12 and EtOH-30%. Columns with the same letter are not different

according to Tukey’s multiple range test.

Figura 1. Porcentaje de inhibicion del crecimiento de Fusarium solani por diferente concentraciéon (ppm) de polifenoles de
gobernadora (Larrea tridentata) obtenidos con diferentes relaciones m/v y concentraciones de etanol, y usando
ultrasonido-microondas. Grupos de polifenoles CD obtenido con la relacién m/v (1:8) y EtOH-70% y CE obtenido
con la relacion m/v (1:12) y EtOH-30%. Columnas con la misma letra no son diferentes de acuerdo con la prueba

de rango multiple de Tukey.

of mycelial inhibition varied between 88 and 90%.
In contrast, the group of polyphenols obtained with
an m/v ratio of 1:12 and 30% ethanol only inhibited
between 43 and 50% of mycelial growth, while the
positive control (Tecto 60® (thiabendazole) at 1%
inhibited only 27% of F. solani mycelial growth.
The results show that the polyphenols obtained
from Creosote bush leaves by ultrasound-
microwave have biological activity against the
fungus F. solani. Four groups were formed based
on the percentage of mycelial growth inhibition:
a group formed by the negative control (without
polyphenols), another formed by the positive
control (Tecto 60® (thiabendazole) at 1%, and
another two formed by the polyphenolic groups
CD and CE. This coincides with what was reported
by Pefiuelas-Rubio ef al. (2017), who mention that
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solani fue mayor cuando se uso el grupo de poli-
fenoles CD (obtenido con una relacion de m/v 1:8
y etanol al 70%), el rango de afectacion en la res-
puesta del crecimiento micelial con el grupo de po-
lifenoles CD vari6 entre 88 - 90 %. En contraste el
grupo de polifenoles obtenidos con la relacion m/v
de 1:12 y etanol al 30% solo inhibi6 el crecimiento
micelial entre 43-50%, mientras que el testigo posi-
tivo (Tecto 60® (tiabendazol) al 1%) solo inhibio el
crecimiento micelial de F. solani en 27%.

Los resultados muestran que hay actividad bio-
logica de los polifenoles obtenidos de hojas de
gobernadora por ultrasonido-microondas contra el
hongo F. solani, donde por el porcentaje de inhibi-
cion del crecimiento micelial se formaron 4 grupos:
un grupo formado por el testigo negativo (sin polifeno-
les), otro integrado por el testigo positivo (Tecto 60®
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the inhibitory effect of fungal growth by extracts
of L. tridentata can be attributed to the fact that the
phenolic substances present in the extracts react
with fungal enzymes, rendering them catalytically
inactive. Farag et al. (2011) suggest that extracts
with high amounts of polyphenols prevent the
development of F. oxysporum due to the reduction
of lipid peroxidation levels. In the present study,
fungal growth inhibition was observed to be greater
with the CD polyphenol group than with the CE
group, which could be due to the presence of
different polyphenolic compounds in each extract
(Oufensou et al., 2020).

Inhibition of Fusarium and Alternaria by
polyphenols from Creosote bush, Tarbush and
Soursop. In the case of Fusarium, the analysis of
variance showed differences in mycelial growth
inhibition against F. solani between the two
groups of polyphenols (CD and CE) obtained from
Creosote bush (L. tridentata) and the controls
(negative and positive; tecto-60® and ethanol-
70%) (Figure 2a). It was observed that at 8000
ppm the polyphenols obtained with the 1:8 m/v
ratio and 70% ethanol (CD), inhibited mycelial
growth by 90%, while the polyphenols obtained
with the 1:12 m/v ratio and ethanol 30%, and the
positive control (Tecto 60® (thiabendazole) at 1%)
only inhibited mycelial growth by 50% and 27%,
respectively. The results of this study coincide with
those reported by Pefiuelas-Rubio et al. (2017) who
mention that extracts at 500 ppm and obtained by
the Soxhlet system and 70% ethanol, inhibited F
oxysporum by 98%, however, in the present work
8000 ppm of polyphenols were needed to inhibit
mycelial growth by 90%, when the polyphenols
were extracted with EtOH-70% and 50% when
EtOH-30% was used. In this study, polyphenols
were extracted in 20 minutes using simultaneously
ultrasound-microwave, while extraction using
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(tiabendazol) al 1%), y otro por los grupos polife-
nolicos CD y CE, lo cual coincide con lo reportado
con Pefiuelas-Rubio et al. (2017), quienes mencio-
nan que el efecto inhibitorio del crecimiento fun-
gico por los extractos de L. tridentata, puede atri-
buirse a que las sustancias fenolicas presentes en
los extractos, reaccionan con las enzimas fungicas,
volviéndolas cataliticamente inactivas. Farag et al.
(2011), sugieren que los extractos con altas canti-
dades de polifenoles previenen el desarrollo de F.
oxysporum debido a la reduccion de los niveles de
peroxidacion lipidica. Por otra parte, en el presente
estudio se aprecio la inhibicion en el crecimiento
fingico fue mayor con el grupo de polifenoles CD
que cuando se uso6 el grupo CE, esto pude ser de-
bido a la presencia de diferentes compuestos poli-
fendlicos en cada extracto (Oufensou ef al., 2020).

Inhibicién de Fusarium y Alternaria por po-
lifenoles de gobernadora, hojasén y guanabana.
Para Fusarium, el analisis de varianza mostro dife-
rencias en la inhibicion micelial de F. solani entre
los dos grupos de polifenoles (CD y CE) obtenidos
de gobernadora (L. tridentata) vs testigos (negativo
y positivo (tecto-60® y etanol-70%)) (Figura 2a).
Se aprecié que a 8000 ppm los polifenoles obte-
nidos con la relacion m/v 1:8 y etanol 70% (CD),
inhibieron el crecimiento micelial en 90 %, mien-
tras que los polifenoles obtenidos con la relacion
m/v 1:12 y etanol 30%, y el testigo positivo (Tecto
60" (tiabendazol) al 1%) solo inhibieron el creci-
miento micelial en 50% y 27 %, respectivamente.
Los resultados de este estudio coinciden con los re-
portados por Pefiuelas-Rubio et al. (2017) quienes
mencionan que extractos a 500 ppm y obtenidos
por el sistema Soxhlet y etanol 70%, inhibieron F
oxysporum en un 98%, sin embargo, en el presen-
te trabajo se necesitaron 8000 ppm de polifenoles
para inhibir el crecimiento micelial en 90%, cuan-
do los polifenoles se extrajeron con EtOH-70% y
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Figure 2. Mycelial growth inhibition against Fusarium solani by different groups of polyphenols from a) Creosote bush
(Larrea tridentata), b) Tarbush (Flourensia cernua) and c) Soursop (4Annona muricata) obtained by ultrasound-
microwave, at a concentration of 8000 ppm, compared to controls (negative and positive; tecto- 60° and
ethanol-70%). Polyphenol group CA obtained with m/v ratio of 1:16 and EtOH-70%; polyphenol group CB
obtained with m/v ratio of 1:16 and EtOH-0%; polyphenol group CC obtained with m/v ratio of 1:8 and EtOH-
0%; polyphenol group CD obtained with m/v ratio of 1:8 and EtOH-70%; polyphenol group CE obtained with
m/v ratio of 1:12 and EtOH-30%. Columns with the same letter within the same graph are not different according
to Tukey’s multiple range test.
Figura 2. Inhibicion micelial de Fusarium solani por diferentes grupos de polifenoles de a) gobernadora (Larrea tridentata), b)
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hojasén (Flourensia cernua) y c) guaniabana (Anona muricata) a 8000 ppm obtenidos por ultrasonido-microondas
vs testigos (negativo y positivo (tecto-60® y etanol-70%). Grupos de polifenoles CA obtenido con la relacion m/v
(1:16) y EtOH-70%, CB obtenido con la relaciéon m/v (1:16) y EtOH-0%, CC obtenido con la relacion m/v (1:8) y
EtOH-0%, CD obtenido con la relacién m/v (1:8) y EtOH-70%, CE obtenido con la relacion m/v (1:12) y EtOH-
30%. Columnas con la misma letra dentro de una misma grafica no son diferentes de acuerdo con la prueba de
rango miltiple de Tukey.
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Soxhlet takes at least 36 hours (Septulveda-Rincon
et al.,2016).

In the case of Tarbush (F. cernua), the analysis
of variance showed significant differences in
mycelial growth inhibition against F. solani
between the different groups of polyphenols and
the negative control (Figure 2b). The polyphenol
groups (CA, CC, CD and CE) inhibited a greater
proportion of mycelial growth than the positive
control (tecto-60®). The groups of polyphenols
extracted using ethanol as solvent (CA, CD and
CE) had a greater inhibitory effect on mycelial
growth, followed by the groups of polyphenols
obtained using water (CB and CC). The inhibition
efficiency of the polyphenolic groups extracted
with ethanol was proportional to the m/v ratio,
that is, polyphenols with a higher m/v ratio were
associated with greater fungal growth inhibition.
The inhibition percentage of the groups of
polyphenols extracted with water was similar to
that of the positive control (Tecto-60®). The group
of polyphenols that had a greater inhibitory effect
(60%) was the one obtained with 70% ethanol and
an m/v ratio of 1:16 (CA), followed by the groups
of polyphenols CE and CD, with 46.5 and 42.8%,
respectively. The inhibition percentage of the
polyphenols obtained with water (CC and CB) was
very similar to the inhibition percentage associated
with the positive control (Tecto-60®), 32 and 26%,
respectively.

There are few studies on the effect of extracts of
F. cernua against F. solani. Most studies have used
F. oxysporum. The mycelial inhibition percentage
of the polyphenolic groups of F. cernua studied
here was greater than that reported by Gamboa-
Alvarado et al. (2003), who did not find any
inhibitory effect against £, oxysporum with any of
the extract concentrations that they studied (4000,
8000, 12000, 16000 and 20000 ppm). This can be
explained by the method (Soxhlet extraction) and
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50% cuando se us6 EtOH-30%. En este estudio los
polifenoles se extrajeron en 20 minutos usando si-
multaneamente ultrasonido-microondas, mientras
que la extraccion empleando Soxhlet tarda al me-
nos 36 horas (Sepulveda-Rincon et al., 2016).

Respecto a hojasén (F. cernua), el analisis de
varianza mostr6 diferencias significativas en la in-
hibicion del crecimiento micelial de F solani entre
los diferentes grupos de polifenoles vs el testigo ne-
gativo (Figura 2b). Los grupos de polifenoles (CA,
CC, CD y CE) inhibieron en una mayor proporcion
que el testigo positivo (tecto-60®). Se aprecid que
los grupos de polifenoles extraidos usando etanol
como disolvente (CA, CD y CE) tuvieron mayor
efecto inhibitorio en el crecimiento micelial, segui-
dos por los grupos de polifenoles obtenidos em-
pleando agua (CB y CC). Asi mismo, se observo
que la eficiencia en la inhibicion por los grupos po-
lifendlicos extraidos con etanol, es proporcional a
la relacion m/v, es decir, los polifenoles con mayor
relacion m/v promueven mas la inhibicion fingica.
Mientras que los grupos de polifenoles extraidos
con agua inhibieron de manera similar al testigo
positivo (Tecto-60%). En este sentido el grupo de
polifenoles que mas afect6 la inhibicidon fue el ob-
tenido con etanol al 70% en la relacion m/v 1:16
(CA) con un valor superior a 60% de inhibicion,
seguido de los grupos de polifenoles CE y CD con
46.5 y 42.8%, respectivamente. Los polifenoles
obtenidos empleando agua (CC y CB) presentaron
un porcentaje de inhibicion muy similar al testigo
positivo (Tecto-60%), con valores de 32% y 26 %,
respectivamente.

Son escasos los estudios que involucran los ex-
tractos de F. cernua contra F. solani y en su ma-
yoria se ha trabajado con F. oxysporum. Por otra
parte, el porcentaje de inhibicion en el crecimien-
to micelial observado con los grupos polifendli-
cos de F. cernua en este estudio, son mayores a
lo reportado por Gamboa-Alvarado et al. (2003),
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solvent (methanol) used by Gamboa-Alvarado
et al. (2003). They used a 10-day-long extraction
method that turned out to be less efficient and
effective than ultrasound-microwave technology,
which achieves extraction in 20 minutes and with
a more controlled and efficient mass transfer. There
are reports of complete inhibition of Fusarium
growth using extracts from tarbush, however, these
results were against £ oxysporum (Penuelas et al.,
2017).

Concerning the polyphenolic groups from
soursop (A. muricata), the analysis of variance
showed that, at 8000 ppm, there were significant
differences among treatments (Figure 2c). The
groups of polyphenols CA and CB showed a
greater inhibitory effect against fungal growth,
even greater than the positive controls (Tecto-60®
and 70% ethanol). In addition, the polyphenols
obtained with an m/v ratio of 1:16 had a greater
inhibitory effect against F. solani, regardless of
whether they were obtained with ethanol or water.
The CA group of polyphenolic compounds showed
the greatest inhibitory effect (43.7%) against
the mycelial growth of F. solani. This group of
polyphenols was obtained with an m/v ratio of
1:16 and EtOH-70%. The CA group was followed
by the groups of polyphenolic compounds CB and
CD, with 36 and 27% of inhibition, respectively.
The CE and CC polyphenol groups caused a lower
percentage of inhibition than the positive control
(Tecto-60®), 23 and 21%, respectively. Although
soursop polyphenols showed a higher inhibitory
effect against F. solani than the positive control
(Tecto-60®), the growth of this fungus was not
inhibited by more than 50% at a concentration
of 8000 ppm. Thus, the fungicidal potential of
these polyphenols should be tested at higher
concentrations (Figure 2c). It was not possible
to find reports about the antifungal properties
of polyphenols obtained from soursop against
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quienes no encontraron ningun efecto inhibitorio
del crecimiento de £ oxysporum en ninguna de las
concentraciones de 4,000, 8,000, 12,000, 16,000 y
20,000 ppm del extracto. Esto puede ser explica-
do por el método (extraccion Soxhlet) y disolvente
(metanol) empleados por Gamboa-Alvarado et al.
(2003), quienes utilizaron un sistema de extrac-
cion con una duracion de 10 dias, el cual resulta
ser menos eficiente y efectivo que la tecnologia de
ultrasonido-microondas, que logra la extraccion en
20 minutos y con una transferencia de masa mas
controlada y eficiente. Hay reportes de inhibicion
completa de Fusarium utilizando extractos de hoja-
sén, sin embargo, estos reportes son contra F. oxys-
porum (Petiuelas et al., 2017).

Para los grupos polifendlicos de guanabana (4.
muricata) a 8000 ppm, el analisis de varianza mos-
tré diferencias significativas entre los tratamientos
(Figura 2c¢). Se aprecio6 que los grupos de polifeno-
les CA y CB presentaron una mayor inhibicion del
crecimiento fingico, el cual fue ain mayor que los
testigos positivos (Tecto-60® y etanol 70%). Ade-
mas, se observo una mayor inhibicidon de F. solani
con los polifenoles obtenidos con la relacion m/v
1:16 sin importar si se obtuvo con etanol o agua.
En este sentido, el grupo de compuestos polifendli-
cos CA promovi6 la mayor inhibicion (43.7%) del
crecimiento micelial de F. solani, dicho grupo de
polifenoles fue obtenido por la relacion m/v (1:16)
y EtOH-70%, este efecto fue seguido por los gru-
pos de compuestos polifendlicos CB y CD, con 36
y 27% de inhibicion, respectivamente. Los grupos
de polifenoles CE y CC, causaron un porcentaje de
inhibicion inferior al testigo positivo (Tecto-60%),
23% y 21 %, respectivamente. Aunque, los polife-
noles de guanabana mostraron un efecto inhibitorio
contra F solani superior al testigo positivo (Tec-
t0-60%), no se inhibié mas del 50% el crecimiento
de este hongo a la concentracion de 8000 ppm, por
lo que su potencial fungicida podria determinarse a
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Fusarium solani, so the results obtained in the
present study cannot be compared.

Against Alternaria alternata, the five groups
of polyphenols obtained from Tarbush (£ cernua)
and Soursop (4. muricata) were evaluated. The
analysis of variance showed significant differences
between these groups of polyphenols and the
negative control (Figure 3a and 3b). The groups of
polyphenols obtained from Tarbush and soursop
inhibited between 51 and 58% of the mycelial
growth of 4. alternata, in contrast to the negative
control. The results of this assay were lower
than those reported by Guerrero et al. (2007),
who mentioned that extracts from tarbush leaves
inhibited 81.6-82.0% of the mycelial growth of 4.
alternata. However, these authors used solvents
such as methanol: chloroform (1:1) and hexane,
respectively, the latter being polar and alkaline in
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mayores concentraciones (Figura 2c¢). No fue posi-
ble encontrar reportes acerca de las propiedades an-
tifungicas de polifenoles obtenidos de guanabana
contra Fusarium solani, por lo que los resultados
obtenidos en este trabajo no se pueden comparar.
Para Alternaria alternata se aplicaron los cinco
grupos de polifendles obtenidos de hojasén (£ cer-
nua) y de guanabana (4. muricata). El analisis de
varianza mostr6 diferencias significativas entre es-
tos grupos de polifenoles vs el testigo negativo (Fi-
gura 3 a'y 3b). Es decir, los grupos de polifenoles
obtenidos a partir de hojasén y de guanabana, afec-
taron el crecimiento micelial con valores entre 51 y
58% de inhibicion, en contraste al testigo negativo.
Los resultados de este ensayo fueron inferiores a
los reportados por Guerrero et al. (2007), quienes
mencionaron que los extractos de hojasén causa-
ron un 81.6-82.0% de inhibicidon del crecimiento
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Figure 3. Mycelial inhibition against Alternaria alternata by S groups of polyphenolic compounds obtained by ultrasound-
microwave from a) Tarbush (Flourensia cernua) and b) Soursop at 8000 ppm. Groups of polyphenols CA obtained
with m/v ratio of 1:16 and EtOH-70%; polyphenols CB obtained with m/v ratio of 1:16 and EtOH-0%; polyphenols
CC obtained with m/v ratio of 1:8 and EtOH-0%, polyphenols CD obtained with m/v ratio of 1:8 and EtOH-70%;
polyphenols CE obtained with m/v ratio of 1:12 and EtOH-30%. Columns with the same letter within the same
graph are not different according to Tukey’s multiple range test.

Figura 3. Inhibicion micelial de Alternaria alternata por 5 grupos de compuestos polifenélicos a 8000 ppm de a) hojasén
(Flourensia cernua) y b) guanabana obtenidos por ultrasonido-microondas. Grupos de polifenoles CA obtenido
con la relacién m/v (1:16) y EtOH-70%, CB obtenido con la relacién m/v (1:16) y EtOH-0%, CC obtenido con la
relacion m/v (1:8) y EtOH-0%, CD obtenido con la relacion m/v (1:8) y EtOH-70%, CE obtenido con la relacion
m/v (1:12) y EtOH-30%. Columnas con la misma letra dentro de la misma grafica, no son diferentes de acuerdo

con la prueba de rango multiple de Tukey.
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nature, characteristics that make it a very efficient
solvent but also highly flammable, harmful to the
environment and damaging to the health of those
who breathe or are in direct contact with it (Pan
et al., 2017). The same occurs with chloroform,
whose C-Cl bond is useful for the polarization and
synthesis of organic molecules, and with methanol,
which has the ability to remove water from
solutions, during synthesis or separation processes
(Sridhar et al., 2011; Ashurst and Nappe, 2022).
These three compounds are outstanding alternatives
for extraction, but their harmful effects on human
health and the environment are much greater than
those of ethanol and water, which are used in the
present study. The latter are cheap, efficient in the
extraction of compounds and do not pose a threat
to human or the environment. Moreover, ethanol
can be produced by fermentation, and is highly
volatile (Batimler et al., 2016). Guerrero et al.
(2007) reported an inhibition percentage of 80.3%
at 2000 ppm using ethanol as extraction solvent.
The differences between these results and those
obtained in the present study can be explained by
the method used to obtain the extracts, the number
of molecules with fungicidal activity, the affinity
of the polyphenols with the solvent used, the
polarity and type of solvent used, the temperature
of the extraction process, and the forms of recovery
(Goémez-Martinez et al., 2020).

All the polyphenolic groups of soursop (4.
muricata) obtained by ultrasound-microwave
showed an inhibitory effect between 55 and
61% against the mycelial growth of 4. alternata,
compared to the negative control (Figure 3Db).
To date, no reports have been found about the
antifungal properties of polyphenols obtained from
soursop against A. alternata. The in vitro fungal
inhibition values observed in the present study are
promising (Vitola and Pérez, 2016).

In general terms, it can be said that the
simultaneous use of ultrasound and microwave
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micelial de A. alternata, sin embargo, estos auto-
res utilizaron solventes como metanol: cloroformo
(1:1) y hexano, respectivamente, este ultimo siendo
de naturaleza polar y alcalina, caracteristicas que
lo convierten en un solvente muy eficiente, sin em-
bargo también es altamente inflamable, dafiino para
el ambiente y tiene efectos sobre la salud de quien
respire o esté en contacto directo con este com-
puesto (Pan et al., 2017), esto mismo ocurre con el
cloroformo, siendo 1til su enlace C-Cl para la pola-
rizacion y sintesis de moléculas orgénicas y con el
metanol, gracias a su capacidad de remover agua de
las soluciones en sintesis o en procesos de separa-
cion (Sridhar et al., 2011; Ashurst y Nappe, 2022),
siendo los tres compuestos, opciones destacables
para la extraccion, sin embargo sus inconvenientes
a la salud y el ambiente no son comparables con las
del etanol y agua, usados en este trabajo, debido a
que son baratos, son eficientes en la extraccion de
compuestos, no representa un dafio a las personas o
al ambiente, ademas, el etanol puede ser producido
por fermentacion, y es altamente volatil (Batimler
et al., 2016). Guerrero et al. (2007), también repor-
tan una inhibicion de 80.3% a 2,000 ppm, utilizan-
do etanol como disolvente de extraccion. Las dife-
rencias de estos resultados con los obtenido en el
presente estudio, pueden ser explicadas por la me-
todologia de obtencion de los extractos, cantidad
de moléculas con actividad fungicida, afinidad de
los polifenoles con el disolvente empleado, polari-
dad y tipo de disolvente empleado, temperatura en
el proceso de obtencion, y formas de recuperacion
(Goémez-Martinez et al., 2020).

Con todos los grupos polifenolicos de guanaba-
na (A. muricata) obtenidos mediante ultrasonido-
microondas se aprecid una inhibicion (entre 55 y
61%) del crecimiento micelial de 4. alternata en
comparacion al testigo negativo (Figura 3b). A la
fecha, no se encontraron reportes acerca de las pro-
piedades antifungicas de polifenoles obtenidos de
guanabana contra A. alternata. Los valores de
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was an efficient extraction method to obtain
compounds with antifungal properties, at least
against the pathogens Alternaria alternata and
Fusarium solani. The inhibition percentage of
these compounds against the mycelial growth of
both pathogenic fungi exceeded 50% at 8000 ppm,
compared to the negative control. Sixteen percent
of the groups of polyphenols evaluated had an
inhibitory effect greater than or equal to 50% against
F solani, while 90.9% of the groups of polyphenols
had an inhibitory effect greater than or equal to 50%
against A. alternata (Figure 4). This means that,
at 8000 ppm, only 3 groups of polyphenols (CD,
CE and CA) have polyphenolic compounds with
mycelial inhibition capacity (between 50-90%)
against F. solani, these being those obtained from
L. tridentata and F. cernua with m/v ratio of 1:8
and EtOH-70% as solvent (CD) and 1:12/EtOH-
30% (CE) for the first plant species, and 1:16/
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inhibicion fungica in vitro observados en este estu-
dio son prometedores (Vitola y Pérez, 2016).

En términos generales, se puede mencionar que
la metodologia de extraccion empleando simulta-
neamente ultrasonido-microondas es eficiente para
obtener compuestos con propiedades antifungicas
al menos para los patdogenos Alternaria alternata
y Fusarium solani, ya que la inhibicion del creci-
miento micelial a 8000 ppm super6 el 50% en am-
bos fitopatogenos en contraste al testigo negativo,
en este caso, el 16% de los grupos de polifenoles
evaluados presentaron una tasa de inhibicion supe-
rior o igual a 50% en F solani, y un 90.9% de los
grupos de polifenoles presentaron una tasa de inhi-
bicion superior o igual a 50% en A. alternata (Fi-
gura 4). Lo anterior, significa que solo 3 grupos de
polifenoles (CD, CE y CA) a 8000 ppm tienen com-
puestos polifenolicos con capacidad de inhibicion
micelial (entre 50-90%) en F. solani, siendo estos

Alternaria solani Testigo
Tecto 60 al 1%

m Grupos de gobernadora
Grupos de guanabana

B Grupos de hojasén

Tratamientos

Figure 4. Antifungal activity of various groups of polyphenolic compounds (at 8000 ppm) obtained with different m/v ratios
and proportions of ethanol against Fusarium solani and Alternaria alternata. Group of polyphenols CA obtained
with m/v ratio of 1:16 and EtOH-70%; polyphenols CB obtained with m/v ratio of 1:16 and EtOH-0%; CC
polyphenols obtained with m/v ratio of 1:8 and EtOH-0%; polyphenols CD obtained with m/v ratio of 1:8 and
EtOH-70%, polyphenols CE obtained with m/v ratio of 1:12 and EtOH-30%.

Figura 4. Actividad antifingica de diversos grupos de compuestos polifendlicos a 8000 ppm obtenidos con diferentes
relaciones m/v y porcentaje de etanol contra Fusarium solani y Alternaria alternata. Grupos de polifenoles
CA obtenido con la relaciéon m/v (1:16) y EtOH-70%, CB obtenido con la relacion m/v (1:16) y EtOH-0%, CC
obtenido con la relacién m/v (1:8) y EtOH-0%, CD obtenido con la relacién m/v (1:8) y EtOH-70%, CE obtenido

con la relacién m/v (1:12) y EtOH-30%.
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EtOH-70% (CA) for the latter one. In the three
groups of polyphenols (CA, CD, and CE), ethanol
was used as solvent at 70, 70 and 30% respectively.
The differences in fungal inhibition might be
associated with the amount of plant material used.
In the case of the Creosote bush, the most efficient
polyphenolic groups were those where ethanol was
used at a higher concentration (70%) together with
the largest amount of plant biomass (125 g L!). In
the case of Tarbush, the inhibitory efficiency was
inversely proportional to the plant biomass used;
the lower the biomass (62.5 g L), the higher the
inhibitory effect (Figure 2). The mycelial growth
of A. alternata was inhibited by all the groups of
polyphenols evaluated, regardless of the m/v ratio
and the type of solvent (Figure 4).

The different m/v
concentrations used in the extraction allowed

ratios and solvent
obtaining different amounts of total polyphenols
(condensed and water-soluble), expressed in mg
per gram of plant material. Figure 5 shows that

0 P

70%1:16  0%1:16  0%1:8  70%1:8  30% 1:12

Condiciones de extraccion

los obtenidos de L. tridentata y F. cernua con la
relacion m/v y disolvente de 1:8 / EtOH-70% (CD)
y 1:12 / EtOH-30% (CE) para la primera especie
vegetal, y 1:16 / EtOH-70% (CA) para la segunda.
Se puede observar que en los tres grupos de poli-
fenoles (CA, CD, y CE) fue usado el etanol como
disolvente en 70, 70 y 30 %, respectivamente, sin
embargo, las diferencias en la inhibicion fingica
pudieran estar asociadas a la cantidad de material
vegetal utilizado, ya que en el caso de la goberna-
dora, los grupos polifenolicos mas eficientes fueron
aquellos donde se uso el etanol a mayor concentra-
cion (70%), y la mayor cantidad de biomasa ve-
getal (125 g L), y respecto a hojasén, se observo
que la mayor eficiencia ocurre inversamente a la
biomasa vegetal utilizada, menor biomasa (62.5 g
L"), mayor efecto inhibitorio (Figura 2). Por otro
lado, también se observa que el crecimiento mice-
lial de 4. alternata es inhibido por todos los grupos
de polifenoles evaluados, sin importar la relacion
m/v y el tipo de disolvente (Figura 4).
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Figure 5. Concentration of total polyphenols (condensed and water-soluble) obtained with different m/v ratios and ethanol
proportions; a) Creosote bush polyphenols, b) Tarbush polyphenols.

Figura 5. Concentracion de polifenoles totales (condensados e hidrosolubles) obtenidos con las diferentes relaciones m/v y
porcentaje de etanol; a) Polifenoles de gobernadora, b) Polifenoles de hojasén.
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a m/v ratio of 1:16 and EtOH-70% (CA) made
it possible to recover the highest proportion of
both types of polyphenols in both plant species.
However, the groups of Creosote bush polyphenols
that had the greatest inhibitory effect against the
mycelial growth of F. solani were those obtained
with 1:8/EtOH-70% (CD) and 1:12/EtOH -30%
(CE). When Tarbush was used, the greatest
inhibitory effect coincided with one of the groups
that had the highest amount of polyphenols (CA).
All the polyphenol groups had a similar inhibitory
effect against the mycelial growth of 4. alternata.
Therefore, the m/v ratio and the solvent proportion
did not affect the mycelial inhibition percentage.
The inhibitory activity against mycelial growth
may be caused by the polyphenolic compounds
present in each group rather than by the amount
of hydrolysable or condensed polyphenols. The
differences inthe profile of polyphenolic compounds
of each group (Tables 2 and 3) are given by the
m/v ratio, the affinity of polyphenols for the solvent
used, the polarity and type of solvent used, the
temperature during the production process, and the
forms of recovery (Gémez-Martinez et al., 2020).
A greater number of polyphenolic compounds was
observed in the group of CD polyphenols than
in the CE group obtained from Creosote bush.
Some compounds found in the CD group, such
as epirosmanol, have been reported to have an
antimicrobial or antioxidant effect. Epirosmanol
results from the oxidation of carnosic acid and has
a high antioxidant capacity. The CD group also has
molecules with not only highly antioxidant activity
but also antimicrobial activity such as rosmadiol
(Quintana et al., 2019; Avila ef al., 2011). The CD
polyphenol group includes apigenin, a compound
that has been described as one of the most abundant
flavonoids. There is a positive relationship between
the consumption of this flavonoid and a decrease
in mortality due to stomach cancer. It also has
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Las diferentes relaciones m/v y concentraciones
de los disolventes empleados en la extraccion per-
mitieron obtener cantidad diferentes de polifenoles
totales (condensados e hidrosolubles) en mg por
gramo de material vegetal. En la Figura 5 se obser-
va que con la relacion m/v 1:16 /EtOH-70% (CA)
se logré recuperar la mayor proporcion de ambos
tipos de polifenoles, en ambas especies vegetales.
Sin embargo, los grupos de polifenoles de goberna-
dora que tuvieron el mas alto grado de inhibicion
del crecimiento micelial de F. solani fueron aque-
llos obtenidos con las relaciones m/v 1:8/EtOH-
70% (CD) y 1:12/ EtOH-30% (CE). Mientras que
cuando se uso hojasén, la mas alta inhibicion co-
incide con uno de los grupos que presento mayor
cantidad de polifenoles (CA). Por otro lado, todos
los grupos de polifenoles mostraron similar nivel
de inhibiciéon en el crecimiento micelial de 4. al-
ternata, por lo tanto, no importo la relacion m/v y
disolvente en el grado de inhibicion micelial.

La actividad inhibitoria del crecimiento micelial
pude estar dada mas por los compuestos polifeno-
licos presentes en cada grupo que por las cantida-
des de polifenoles hidrolizables o condensados, la
diferencia en el perfil de compuestos polifendlicos
encontrados en cada grupo (Cuadros 2 y 3) estan
dados por la relacion m/v, afinidad de los polife-
noles con el disolvente empleado, polaridad y tipo
de disolvente empleado, temperatura en el proceso
de obtencion, y formas de recuperacion (Gomez-
Martinez et al., 2020). En el grupo de polifenoles
CD obtenido de gobernadora se observaron ma-
yor numero de compuestos polifendlicos, que en
el grupo CE; algunos compuestos que estan en el
grupo CD se han reportado que tienen efecto an-
timicrobiano o antioxidante como el epirosmanol,
el cual es el resultado de la oxidacion del acido
carndsico y que posee una alta capacidad antioxi-
dante, ademas de la deteccion de moléculas con
actividades no solo altamente antioxidantes sino
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Table 2. Compounds identified in Creosote bush powders according to the mass volume ratio.
Cuadro 2. Compuestos identificados segtin la relacion de masa volumen para polvos de Gobernadora.
Compuestos
(:1':;) zﬁ‘f;)‘ Grupo CD (70% 1:8) Grupo CE (30% 1:12) Familia
39.23 346.9 5- heptadecil resorcinol Alquilfenoles
34.09 504.8  Peonidin 3-O-(6-acetil-glucosido) Antocianinas
27.6 288.8  Catequina Catequina
33.42 304.9 Epigalocatequina Catequina
22.61 304.8  Galocatequina Catequina
25.7 304.9 (+) Galocatequina Catequinas
35.08 302.8 Taxifolina o dihidroquercetia Dihidroflavonol
44.21 268.8  Apigenina Flavones
30.45 592.9 Apigenina 6,8- di glucdsido Flavones
27.97 592.8  Luteolin 7- rutinoside Flavones
22.64 284.9 Luteolina Flavones
242 284.9 Scutellarina Flavones
34.37 608.9 Quercetina 3-O glucésido Flavonoles
7-0 rhamnoside
32.05 60g.g Quercetina 3-O-glucdsido Flavonoles
7-O-rhamnoside
35.82 7707 ~ Quercetina 3-O-glucosyl- Flavonoles
ramnosil-galactosido
32.28 754.9 Quercetina 3-O-ramnosil glucésido Flavonoles
30.17 754, ~Quercetina 3-O-ramnosil- Flavonoles
glucosido
49.52 3009 NDGA Lignanos
51.69 301 NDGA Lignanos
28.05 542.8 Acido 3,4- feruloiquinico Acido metoxicindmico
48.16 298.9 Hispidulina Methoxiflavones
48.46 298.9 Hispidulina Methoxiflavones
40.95 314.8 Nepetin Methoxiflavones
43.03 314.8 Nepetin Methoxiflavones
29.46 370.8  Sinensetina Methoxiflavones
27.59 328.9 3,7- Dimetil quercetina Methoxiflavones
44.96 328.8 3,7- Dimetil quercetina Methoxiflavones
52.48 283 Metil galadin Methoxiflavones
50.31 2829  Metil galadin Methoxiflavones
38.28 330.8 Acido carnésico Diterpeno fendlico
40.39 330.8 Acido carnésico Diterpeno fenolico
42.39 344.7  Epirosmanol Diterpeno fendlico
41.58 344.8 Rosmadial Diterpeno fendlico
2874 8627  Procianidina C1 Trimeros de

protoantocianidinas

En negritas compuestos similares encontrados en cada grupo obtenido con unas condiciones de extraccion diferente. / In bold,
similar compounds found in each group obtained with different extraction conditions.
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Table 3. Compounds identified according to the mass-volume ratio for powdered senna.
Cuadro 3. Compuestos identificados segin la relacion de masa volumen para polvos de hojasén.

Compuestos
T'.R MASA FAMILIA
(min)  (m/z) Grupo CA (70% 1:16) Grupo CB (0% 1:16)
242.8 Dihidroquercetina Dihidroflavonoles

44.19 268.7 Apigenina Flavones
28.19 592.8 Apigenina 6,8 glucésido Flavones
28.06 592.8 Apigenina 6,8 glucésido Flavones
29.9 562.8 Apigenina glucésido- arabinésido Flavones
29.92 562.8 Apigenina glucésido- arabinosido Flavones
40.66 676.7 Metoxiflavona Flavones
44,97 298.7 Quercetina Flavonol

34.74 514.7 Acido 1,3- dicafeoilquinico
35.79 514.7
18.51 352.8 Acido 1-cafeoilquinico

24.16 352.8
24.66 352.7 Acido 3-cafeoilquinico
25 352.8

47.11 358.7 Acido rosmarinico

26.88 310.8 Cafeoil acido tartarico
26.56 310.8

35.74 514.7 Acido 1,5- dicafeoilquinico
39.59 312.7 Cirsimaritina

45.72 314.7 Nepetin

32.01 370.9 Tangeretina

31.8 370.9

42.59 3447 Rosmanol

Acido 1,3- dicafeoilquinico
Acido 1-cafeoilquinico

Acido 3- cafeoilquinico

Cafeoil acido tartarico

Tangeretina

Acido hidroxicinamico
Acido hidroxicinamico
Acido hidroxicinamico
Acido hidroxicinamico
Acido hidroxicindmico
Acido hidroxicinamico
Acido hidroxicinamico
Acido hidroxicinamico
Acido hidroxicinamico
Acido hidroxicinamico
Methoxiflavona
Methoxiflavona
Methoxiflavona
Methoxiflavona
terpenos fendlicos

En negritas compuestos similares encontrados en cada grupo obtenido con diferentes condiciones de extraccion. / In bold, similar
compounds found in each group obtained with different extraction conditions.

antiviral and antibacterial activity (Alvarez and
Orallo, 2003). Catechins have a high antioxidant
potential, with the ability to cross-link many
proteins, which gives them antimicrobial activity,
possibly by damaging microbial cytoplasmic lipids
and proteins (Rahardiyan, 2019). The antifungal
activity of catechin against phytopathogenic fungi
has been mentioned in other studies (Isttriz et al.,
2019). It has also been reported that procyanidin
Cl can inhibit microbial growth through the
inhibition of extracellular enzymes, deprivation of
essential microbial substrates, disintegration of the
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que también antimicrobianas como el rosmadiol
(Quintana et al., 2019; Avila et al., 2011). También
en el grupo de polifenoles CD se encontrd apige-
nina, un compuesto el cual ha sido descrito como
uno de los flavonoides mas abundantes que poseen
una relacion positiva entre su consumo y la baja
en la mortalidad debido al cancer de estomago y
a que tiene ademas una actividad antiviral y anti-
bacterial (Alvarez y Orallo, 2003), mientras que,
catequina presentan un alto potencial antioxidante
y tiene capacidad de entrecruzarse con muchas pro-
teinas, lo que le confiere actividad antimicrobiana,
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bacterial outer membrane and negatively affecting
microbial metabolism (Dasiman et al., 2022). The
CA and CB polyphenol groups obtained from
Tarbush were compared. In addition to containing
apigenin, the CA group also has rosmarinic acid,
which can destroy bacterial cells and proteins and
inhibit the activity of Na+/K+ -ATP-ase in cells
(Zhang et al., 2021). The CA group of polyphenols
also contains nepetin, which can decrease the
virulence of various pathogens by binding to
caseinolytic protein peptidase P (ClpP) and to Ser-
22 and GIn-47 amino acids of the CLpP protein.
(Shisong et al., 2022). Another CA compound
is quercetin, a flavonoid approved by the FDA
with antimicrobial capabilities. It damages cell
membranes, modifies membrane permeability,
inhibits both nucleic acid and protein synthesis,
reduces the expression of virulence factors, induces
mitochondrial dysfunction, and prevents biofilm
formation (Nguyen et al., 2022). The activity of
quercetin against phytopathogenic fungi such as
Penicillium expansum has been reported elsewhere
(Sanzani et al., 2009). The antifungal activity of
polyphenolic compounds has been of interest due
to their low toxicity and ephemeral persistence in
the environment, proving useful applications for
organic agriculture (Lopez et al., 2019).

CONCLUSIONS

In the present study, it was possible to extract
rapidly (20 minutes) polyphenolic compounds
from Creosote bush, Tarbush and soursop leaves
by simultaneously using environmentally friendly
methods (ultrasound-microwave) and solvents
(water and ethanol). Different polyphenolic

ONLINE PUBLICATION, SEPTEMBER 2022

posiblemente dafiando los lipidos y proteinas
citoplasmaticos microbianos (Rahardiyan, 2019).
Ademas, se ha mencionado la actividad antifiingi-
ca de la catequina contra hongos fitopatdgenos (Is-
turiz et al., 2019). Por otra parte, se ha reportado
que procianidina C1 tiene capacidad de inhibir el
crecimiento microbiano a través de la inhibicién
de enzimas extracelulares, privacion de sustratos
microbianos esenciales, desintegracion de la mem-
brana externa bacteriana y afectar negativamente
el metabolismo microbiano (Dasiman et al., 2022).
En la comparacion de los grupos de polifenoles CA
y CB obtenidos de hojasén, el grupo CA ademas
de contener apigenina también cuenta con acido
rosmarinico el cual tiene capacidad de destruir cé-
lulas y proteinas bacterianas e inhibir la actividad
de la Na+/K+ -ATP-asa en las células (Zhang et al.,
2021). El grupo de polifenoles CA también contie-
ne nepetin, el cual puede disminuir la virulencia de
diversos patogenos al unirse a la proteina caseino-
litica peptidasa P (ClpP), mediante la unidn de este
polifenol a los aminoacidos Ser-22 y GIn-47 de la
proteina CLpP (Shisong et al., 2022) y quercetina,
el cual es un flavonoide aprobado por la FDA con
que cuenta con capacidades antimicrobianas al da-
flar la membrana celular, modificar la permeabili-
dad de la membrana, inhibir tanto sintesis de acidos
nucleicos como de proteinas, reducir la expresion
de factores de virulencia, inducir disfuncion mi-
tocondrial y prevenir la formaciéon de biopeliculas
(Nguyen et al., 2022). Se ha reportado la actividad
de la quercetina contra hongos fitopatdogenos como
Penicillium expansum (Sanzani et al., 2009). La
actividad antifingica de compuestos polifendlicos
ha sido de interés gracias a su baja toxicidad y efi-
mera persistencia en el ambiente, siendo de utilidad
en la agricultura organica (Lopez et al., 2019).
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compounds were extracted, depending on the
plant material, the m/v ratio, the solvent and its
concentration. The group of polyphenols CD
extracted from Creosote bush showed levels of
mycelial growth inhibition of F. solani of 90%.
The mycelial growth of Alternaria alternata was
inhibited by 50-60% by the groups of polyphenols
obtained from tarbush and soursop leaves. In the
group profile of CD polyphenols obtained from
Creosote bush, various polyphenolic compounds
reported to have antioxidant and antimicrobial
activity were found, among which the following
stand out: epirosmanol, rosmadiol, Apigenin,
catechin, and procyanidin C1.
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