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Resumen. Los problemas ambientales generados
por el control quimico de hongos fitopatéogenos, re-
quiere de la busqueda de alternativas amigables con
el medio ambiente para su control, como el aceite
esencial de ajo (A/lium sativum L.) para el control
de Alternaria tenuissima. El objetivo del estudio
fue caracterizar los volatiles del aceite esencial de
ajo por cromatografia de gases acoplado a masas
y evaluar el crecimiento radial y biomasa in vitro
de A. tenuissima en presencia del aceite esencial.
Se identificaron el dialil disulfuro y dialil sulfuro
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Abstract. Due to the environmental problems
generatedbythechemical controlofphytopathogenic
fungi, it is necessary to look for alternatives for their
control. The essential oil of garlic may be a viable
alternative for the control of A. tenuissima. In this
study, the volatile compounds of garlic essential
oil were analyzed by Gas Chromatography-Mass
Spectrometry. Radial growth in vitro and biomass
of A. tenuissima in presence of the garlic essential
oil. Diallyl disulphide and diallyl sulphide were
identified in 23.64 and 20.33%, respectively,
among other compounds in a smaller proportion.
At a concentration of 1000 ppm, the radial growth
and biomass production were inhibited 100 and
86.20%, respectively, it compared with control
PDA-Tween® 80 without oil. The medium and
minimum inhibitory concentrations obtained for 4.
tenuissima were 229 and 1, 023 ppm, respectively.
The spore germination of the fungus was inhibited
88.89% with medium minimum concentration and
94.17% with minimum inhibitory concentration.
Garlic essential oil showed antifungal capacity
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en un 23.64 y 20.33%, respectivamente, entre otros
compuestos en menor proporcion. Con la concen-
tracion de 1,000 ppm se inhibid el crecimiento ra-
dial y produccion de biomasa en 100 y 86.20%,
respectivamente, comparado con el testigo PDA-
Tween® 80 sin aceite. Las concentraciones media
y minima inhibitorias obtenidas para A. tenuissima
fueron 229 y 1,023 ppm, respectivamente. Se inhi-
bid la germinacion de esporas del hongo en 88.89
y 94.17% con las concentraciones media y minima
inhibitorias, respectivamente. El aceite esencial de
ajo mostré capacidad antifungica contra 4. fenuis-
sima inhibiendo la germinacion de esporas, creci-
miento radial y la produccién de biomasa.

Palabras clave: control, germinacién de esporas,
biomasa flingica.

Alternaria tenuissima (Nees & T. Nees: Fr.)
Wilshire es un hongo que causa pérdidas en la
produccion de cultivos como en manzano (Malus
x domestica Borkh.), peral (Pyrus communis L.),
brocoli (Brassica oleracea var. italica), entre otros,
agudizandose el problema por la produccion de
toxinas (Jones y Aldwinckle, 2002; Fraire-Cordero
et al., 2010; Agamy et al., 2013). Alternaria es un
género ampliamente distribuido en zonas agricolas
y cuenta con especies saprofitas, endofiticas y fito-
patogenas. Asimismo, como producto de su activi-
dad, se han identificado alrededor de 70 metaboli-
tos secundarios toxicos para las plantas y algunos
pueden afectar la salud humana relacionandose en
casos de alergias y cancer de esofago (Pavon-Mo-
reno et al., 2012; Woudenberg et al., 2015).

Tradicionalmente, para prevenir y controlar la
invasion de los hongos fitopatégenos en la agricul-
tura se han utilizado fungicidas sintéticos (Cam-
pbell y Lépez-Ortiz, 2014). Los mas utilizados con-
tra Alternaria son el azoxystrobin, difenoconazol,
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against 4. tenuissima, inhibiting spore germination,
radial growth and biomass production.

Key words: control, spore germination, fungal
biomass.

Alternaria tenuissima (Nees & T. Nees:
Fr.) Wilshire is a fungus that causes losses in
the production of crops such as apple (Malus x
domestica Borkh.) and pear trees (Pyrus communis
L.), broccoli (Brassica oleracea var. italica), and
others. The problem becomes more important due
to the production of toxins (Jones and Aldwinckle,
2002; Fraire-Cordero et al., 2010; Agamy et al.,
2013). Alternaria is a widely distributed genus in
agricultural areas and it has saprophytic, endophytic,
and phytopathogenic species. Likewise, as a product
of its activity, about 70 secondary metabolites have
been identified, all toxic to plants, and some may
affect human health, relating to cases of allergies
and esophagus cancer (Pavon-Moreno ef al., 2012;
Woudenberg et al., 2015).

Traditionally, to prevent and control of the
invasion of phytopathogenic fungi in agriculture,
synthetic fungicides have been used (Campbell and
Lopez-Ortiz, 2014). The most widely used against
Alternaria are azoxystrobin, difenoconazole,
mancozeb, tebuconazole, and others (Malandrakis
et al, 2015; Savitha and Ajithkumar, 2016).
However, these fungicides have adverse effects on
the environment and human health. It is therefore
necessary to search for environmentally friendly
alternatives for the control of phytopathogenic
fungi (Blair et al., 2015).

Some compounds from botanical sources
have the potential to be used for the control of
plant pathogens in crops of agricultural interest.
Considering that about 374,000 plant species
have been described, there is a wide window of
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mancozeb, tebuconazole, entre otros (Malandrakis
et al., 2015; Savitha y Ajithkumar, 2016). Sin em-
bargo, estos fungicidas causan efectos adversos al
ambiente y a la salud humana. Por lo que es ne-
cesario la busqueda de alternativas amigables con
el entorno para el control de hongos fitopatégenos
(Blair et al., 2015).

Algunos compuestos de fuentes botanicas tienen
potencial de ser usados para el control de fitopatd-
genos en cultivos de interés agricola. Considerando
que se han descrito alrededor de 374,000 especies
de plantas, existe un amplio campo de oportunidad
para el desarrollo de antifingicos a partir de extrac-
tos de estas plantas (Cowan, 1999; Christenhusz y
Byng, 2016). Entre los compuestos de las plantas
con capacidad antifingica destacan los aceites
esenciales (Isman et al., 2011). Algunos de los cua-
les han mostrado capacidad antifungica tales como
los extractos a base de té de limén (Cymbopogon
citratus (D.S.) Stapf.), eucalipto (Eucalyptus spp.),
canela (Cinnamomum verum L.), clavo (Syzygium
aromaticum L.), entre otros (Calo ef al., 2015). El
ajo (Allium sativum L.) contiene aceite esencial
compuesto por aromaticos como el dialil disulfu-
ro, dialil trisulfuro y otros compuestos azufrados
con actividad antimicrobiana con potencial para ser
utilizados en el control de hongos (Casella et al.,
2013; Koci¢-Tanackov et al., 2012). El objetivo del
estudio fue evaluar la actividad antifungica in vitro
del aceite esencial de ajo contra de 4. tenuissima.

El estudio se realizo6 en los laboratorios del Cen-
tro de Investigacion en Alimentacion y Desarrollo,
AC unidad Culiacan. La cepa de A4. tenuissima fue
proporcionada por el Departamento de Investiga-
cion y Posgrado en Alimentos de la Universidad
de Sonora, previamente identificada por Quintana-
Obregon et al. (2013), se reactivo y crecid en medio
papa dextrosa agar (PDA) a 25 °C con fotoperiodos
de 12 h luz-oscuridad por siete dias. Posteriormen-
te, suspensiones de esporas con una solucion de
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opportunity for the development of antifungal
substances from the extracts of these plants (Cowan,
1999; Christenhusz and Byng, 2016). Among the
compounds of plants with antifungal capabilities,
a few that stand out are essential oils (Isman et
al., 2011), some of which have proven antifungal
capabilities, such as those based on Ilemon
(Cymbopogon citratus (D.S.) Stapf.), eucaliptus
(Eucalyptus spp.), cinnamon (Cinnamomum verum
L.), clove teas (Syzygium aromaticum L.), and
others (Calo et al., 2015). Garlic (Allium sativum
L.) contains an essential oil composed of aromatics
such as diallyl disulfide, diallyl trisulfate and other
sulfurous compounds with antimicrobial activity
with a potential to be used in fungal control (Casella
et al.,2013; Koci¢-Tanackov et al., 2012). The aim
of this study was to evaluate the antifungal activity
in vitro of garlic essential oil against A. tenuissima.

The study was conducted in the laboratories
of the Centro de Investigacion en Alimentacion y
Desarrollo, AC (Food and Development Research
Center), Culiacan unit. The A. tenuissima strain was
provided by the Department of Food Research and
Postgraduate Studies of the University of Sonora,
previously identified by Quintana-Obregén et al.
(2013). It was reactivated and grown in a potato-
dextrose-agar (PDA) medium at 25 °C with light
periods of 12 h light-darkness for seven days. Later,
spore suspensions were prepared with a Tween®
20 at 0.1% (v/v), and finally, the concentration
was determined using a hematometer (Neubauer
camera, BRAND ® Germany).

The garlic essential oil used was of an analytical
grade (Sigma-Aldrich® lot MKBB8390V). Oil
volatiles were identified using a GC-7890B
(Agilent Technology®, USA) gas chromatographer
linked to an Agilent 240 (CG-MS) selective mass
detector with an electric ionization system of 70 eV.
The capillary column used was DB-5 (50 m*0.25
mm) (J&C Scientific, Agilent Technologies®,
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Tween® 20 al 0.1% (v/v) fueron preparadas y final-
mente se determiné la concentracion mediante un
hematocitometro (camara de Neubauer, BRAND ®
Alemania).

El aceite esencial de ajo utilizado fue grado
analitico (Sigma-Aldrich® lote MKBB8390V). La
identificacion de volatiles del aceite se realizdo me-
diante un cromatodgrafo de gases GC-7890B (Agi-
lent Technology®, EUA), acoplado a un detector se-
lectivo de masas Agilent 240 (CG-MS) con un sis-
tema de ionizacion eléctrico de 70 eV. La columna
capilar utilizada fue DB-5 (50 m*0.25 mm) (J&C
Scientific, Agilent Technologies®, Pennsylvania,
EUA)y se acondicion6 a 60 °C por 10 min. La tem-
peratura se incrementd (20 °C/min) hasta 180 °C
por 2 min y finalmente (4 °C/min) hasta 250 °C por
4.5 min. Gas acarreador helio fue utilizado a un flu-
jo de 2 mL min™'. Las temperaturas de la camara de
ionizaciéon y de la linea de transferencia fueron de
220 y 280 °C, respectivamente. Los constituyentes
se identificaron por comparacion de indices de re-
tencion lineales con base a una mezcla de n-alcanos
y tiempos de retencidén de los espectros obtenidos
con la base de datos NIST 98 (National Institute of
Standard and Technology, Maryland, EUA).

Crecimiento Radial. El PDA con Tween® 80
(1% v/v) se esterilizo por 15 min a 15 psi, se en-
frio a 45 °C y se mezclo con aceite esencial de
ajo a diferentes concentraciones (0, 10, 100, 500,
1,000 y 10,000 ppm). Adicionalmente, se preparo
PDA sin Tween® 80 bajo las mismas condiciones,
pero sin mezclarlo con aceite esencial de ajo, cada
mezcla se depositd a razén de 15 mL en cajas de
Petri de 50 mm de diametro. Posteriormente, con
una pipeta Pasteur de vidrio esterilizada se realizd
una perforacion de 6 mm en el centro del medio
de cultivo solidificado y se inocul6 con 25 pl de la
suspension de esporas (10° esporas) de A4. tenuissi-
ma. Finalmente, los cultivos se incubaron a 25 °C
con fotoperiodos de 12 h luz-oscuridad y se midio
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Pennsylvania, USA) and it was conditioned at 60
°C for 10 min. The temperature was raised (20 °C/
min) up to 180 °C for 2 min and finally (4 °C/min)
up to 250 °C for 4.5 min. Helium carrier gas was
used at a flow of 2 mL min'. The temperatures
of the ionization chamber and of the line of
transfer were 220 and 280 °C, respectively. The
constituents were identified by comparing linear
retention indices based on a mixture of n-alkanes
and times of retention of the spectra obtained using
database NIST 98 (National Institute of Standard
and Technology, Maryland, EUA).

Radial Growth. The PDA with Tween® 80
(1% v/v) was sterilized for 15 min at 15 psi, then
cooled at 45 °C and mixed with garlic essential oil
at different concentrations (0, 10, 100, 500, 1,000
and 10,000 ppm). In addition, PDA was prepared
without Tween® 80 under the same conditions, and
without mixing it with garlic essential oil, each
mixture was placed, 15 mL at a time, in Petri dishes
with diameter of 50 mm. Later, using a sterilized
glass Pasteur pipette, a 6 mm perforation was made
in the center of the solidified culture medium and
it was inoculated with 25 pL of the A. fenuissima
spore solution (10° spores). Finally, the cultures
were incubated at 25 °C with photoperiods of 12 h
light-darkness and the radius of the fungal colony
was measured every 24 h until it covered 95%
of the control (PDA without Tween® 80) taken
as a reference. The minimum inhibiting (CMI)
and average inhibiting (CI,) conditions were
determined at 120 h post-inoculation of the fungus
with a Probit analysis with the statistical program
NCSS 2000 (Number Cruncher Statistical Systems,
Utah, USA).

Production of Biomass. The Petri dishes with
oil concentrations described above were inoculated
with 25 uL of the 4. tenuissima spore suspension
(10° spores) in the central section, spreading
them by surface diffusion and kept in the same
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el radio de la colonia fungica cada 24 h hasta que
cubrio el 95% del testigo (PDA sin Tween® 80)
tomado como referencia. Las concentraciones mi-
nimas inhibitoria (CMI) y media inhibitoria (CI, )
se determinaron a las 120 h post-inoculacion del
hongo mediante analisis Probit con el programa es-
tadistico NCSS 2000 (Number Cruncher Statistical
Systems, Utah, EUA).

Produccion de biomasa. Las cajas de Petri con
las concentraciones de aceite previamente descri-
tas se inocularon con 25 pL de la suspension de
esporas (10° esporas) de A. tenuissima en la parte
central distribuyéndolas por medio de la técnica de
difusion en superficie y se mantuvieron bajo las
mismas condiciones descritas anteriormente. A las
120 h se cuantifico el peso seco de las colonias que
crecieron en el medio de cultivo para lo cual el mi-
celio se separo de la caja de Petri y se trasfirio a un
vaso de precipitado con 50 mL de agua destilada,
se esterilizo y se separ6 el micelio con papel filtro
Whatman® # 2. El papel filtro junto con el micelio
se secO en una estufa de conveccion de aire a
105 °C por 2 h'y se enfri6 en un desecador. El peso
seco se expreso en mg caja’’ (Larralde-Corona et
al., 1997; Lépez-Insunza et al., 1997).

Germinacion de esporas. Se evaluo el efecto
de la CI, )y CMI del aceite esencial obtenidas por
analisis Probit contra las esporas de 4. tenuissima.
Para ello, se distribuyeron 25 uL de la suspension
de esporas (10° esporas) sobre la superficie del
medio de cultivo en la caja de Petri en testigos y
tratamientos con aceite esencial. Las cajas de Pe-
tri se incubaron a 25 °C con fotoperiodo de 12 h
luz-oscuridad hasta un tiempo maximo de 24 h. Se
tomaron muestras aleatorias cada 4 h y se conto6 el
numero de esporas germinadas y no germinadas de
un total de 200 esporas bajo un microscopio optico.
Se consideré como una espora germinada cuando
la longitud del tubo germinativo fue de al menos el
50% de la longitud de la espora sin germinar (Dan-
tigny et al., 2006).
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conditions as described above. After 120 h, the dry
weight was taken of the cultures that grew in the
culture medium, and for this, the mycelium was
separated from the Petri dish and transferred to a
precipitate beaker with 50 mL of distilled water;
it was sterilized and the mycelium was separated
with Whatman® # 2 filter paper. The filter paper,
along with the mycelium, was dried in an air
convection over at 105 °C for 2 h and collected in
a desiccator. The dry weight was expressed in mg
dish! (Larralde-Corona et al., 1997; Lopez-Insunza
etal., 1997).

Spore Germination. An evaluation was carried
out on the effect of the CI, and CMI of the essential
oil obtained with a Probit analysis against the 4.
tenuissima spores. For this, 25 pL of the spore
suspension (10° spores) were distributed on the
surface of the culture medium in the Petri dish
in controls and treatments with essential oils.
The Petri dishes were incubated at 25 °C with a
photoperiod of 12 h light-darkness for up to 24
h. Random samples of each were taken every 4 h
and the number of germinated and not germinated
spores were counted, out of a total 200 spores,
under a light microscope. The spore was considered
germinated when the length of the germinative
tube was at least 50% as long as the not germinated
spore (Dantigny et al., 2006).

Experimental Design and Statistical Analysis.
A randomized design was used in the experiment,
in which the treatments were: PDA, PDA-Tween®
80 (controls) and concentrations of garlic essential
oils in PDA-Tween® 80 (10, 100, 250, 500 and
1,000 ppm). The seven treatments were evaluated
against A. tenuissima, where the experimental unit
was a Petri dish. The response variables were radial
growth and production of biomass. CI, and CMI
were evaluated in the spore germination stage. All
experiments were carried out three times. Data
were analyzed using the statistical program JMP
version 5.0 (SAS, 2002) for the analysis of variance
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Diseno experimental y analisis estadistico. En
el experimento se utiliz6 un disefio completamente
al azar donde los tratamientos fueron: PDA, PDA-
Tween® 80 (testigos) y concentraciones de aceite
esencial de ajo en PDA-Tween® 80 (10, 100, 250,
500 y 1,000 ppm). Los siete tratamientos se eva-
luaron contra A. tenuissima donde la unidad expe-
rimental fue una caja de Petri. Las variables res-
puesta fueron crecimiento radial y produccion de
biomasa. Las CL; y CMI se evaluaron en la etapa
de germinacion de esporas. Todos los experimen-
tos se realizaron por triplicado. Los datos fueron
analizados utilizando el programa estadistico JMP
version 5.0 (SAS, 2002) para el analisis de varianza
(ANVA) y las medias de los tratamientos se separa-
ron por la prueba de Tukey (p<0.05).

En el Cuadro 1 se muestran los principales com-
ponentes volatiles tentativos del extracto de ajo
obtenidos por CG-MS con proporciones relativas
>1%. Predominan compuestos con azufre en su es-
tructura, entre los que destacan el dialil sulfuro y
dialil disulfuro, los cuales son derivados de la acti-
vidad de la enzima alinasa al ser liberada por rom-
pimiento del tejido durante la extraccion de aceite
(Koci¢-Tanackov et al., 2012).

(ANOVA) and the averages of the treatments were
separated using a Tukey test (p<0.05).

Table 1 shows the tentative main volatile
components of the garlic extracts obtained by
CG-MS with relative proportions >1%. There is a
predominance of compounds with sulfur in their
structures, some of the most important of which are
diallyl sulfate and diallyl disulfate, which derive
from the activity of the enzyme allinase when
released by rupture from the tissue during the oil
extraction (Koci¢-Tanackov et al., 2012).

The radial growth of A. tenuissima in the
treatment with PDA medium only covered 95% of
the Petri dish after 120 h, reaching aradius of 22 mm.
There were no significant differences in the radial
growth in treatments PDA and PDA-Tween® 80
after 120 h. The essential oil achieved a significant
reduction of the radial growth of 4. tenuissima with
concentrations equal to or greater than 250 ppm,
achieving, at 1,000 ppm, an inhibition of 100% in
regard to the control PDA-Tween® 80 (Table 2).

In the production of biomass, medium PDA-
Tween® 80 with 10 ppm of essential oil showed
a significant increase in regard to the PDA alone.
However, when increasing the concentration of

Cuadro 1. Principales compuestos del aceite esencial de ajo identificados por reconocimiento estruc-

tural mediante CG-MS*.

Table 1. Main components of essential garlic oil identified by structural recognition using CG-MS*.

Tiempo de Retencion (min) Identificacion Cantidad Relativa (%)

6.867 Dialil sulfuro 20.33
8.885 1,3-Ditiano 6.1

11.205 Ciclopentano, 1-acetil-1,2-epoxi 2.51

12.144 [1,3] Ditiano-2-ona 1.15

13.784 Dialil disulfuro 23.64

14.038 2-etileden [1,3] ditiano 3.54

14.6893 Hidroxiperoxido, 1,4-dioxan-2-il 6.89

15.314 3-Vinil-1, 2-dithiacyclohex-4-ene 2.02

19.526 Cyclopenteno, 3-metil-3-(trimethylsily) acetil- 1.94

*Con proporciones relativas > 1%. /*With relative proportions > 1%.
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El crecimiento radial de 4. fenuissima en el tra-
tamiento con medio PDA solo cubrié el 95% de
la caja de Petri a las 120 h alcanzando un radio
de 22 mm. Entre los tratamientos PDA y PDA-
Tween® 80 no hubo diferencias significativas en su
crecimiento radial a las 120 h. El aceite esencial
logrd una disminucion significativa del crecimiento
radial de 4. tenuissima con concentraciones iguales
o superiores a 250 ppm logrando a 1,000 ppm una
inhibicion del 100% con respecto al testigo PDA-
Tween® 80 (Cuadro 2).

En la produccion de biomasa, el medio PDA-
Tween® 80 con 10 ppm de aceite esencial mostr6 un
incremento significativo con respecto al PDA solo.
Sin embargo, al incrementar la concentracion de
aceite esencial a 500 y 1,000 ppm hubo diferencias
significativas con respecto a los testigos, eviden-
ciandose inhibicion sobre el crecimiento de A. fe-
nuissima a estas concentraciones, siendo la inhibi-
cion de produccion de biomasa de 86.20% a 1,000
ppm de aceite con respecto al testigo PDA-Tween®
80 (Cuadro 2). El incremento en biomasa en medio
de cultivo con Tween® 80 a 10 ppm pudo deberse a
la interaccion entre el Tween® 80 y el aceite esen-
cial. Se ha reportado que el Tween® 80 puede in-
crementar la permeabilidad celular favoreciendo la

essential oil to 500 and 1,000 ppm, there were
significant differences with the controls, presenting
inhibition on the growth of 4. fenuissima at these
concentrations, with the inhibition of biomass
production being of 86.20% at 1,000 ppm of oil
in regard to the control PDA-Tween® 80 (Table 2).
The increase in biomass in a culture medium with
Tween® 80 at 10 ppm could be due to the interaction
between Tween® 80 and the essential oil. Reportedly,
Tween® 80 can increase cell permeability, favoring
nutrient absorption; in Aspergillus fumigatus it
has been suggested that the compound is used as
a source of carbon (Inouye et al., 2001; Taoka et
al., 2011). Since the concentration of Tween® 80 is
greater than the essential oil (10 ppm) the surface
of mycelial contact is competed for by Tween®
80, reducing the antifungal activity of the oil on
its own (Inouye et al., 2001). When increasing the
concentration of essential oil (500 and 1,000 ppm)
the oil-mycelium interaction increases, favoring
its bioactivity, shown by the significant reduction
of biomass at 500 and 1,000 ppm in regard to the
PDA-Tween® 80 control (Table 2).

The CI,; and CMI of 229 ppm and 1,023 ppm,
respectively, were obtained from the radial growth.
The kinetics of the germination of A4. tenuissima

Cuadro 2. Efecto antifingico de aceite esencial de ajo a diferentes concentraciones sobre la produccion de biomasa de Alter-

naria tenuissima a las 120 h.

Table 2. Anti-fungal effect of essential garlic oil at different concentrations on the production of biomass of Alternaria

tenuissima after 120 h.

Aceite esencial de ajo (ppm)

Crecimiento radial (mm) £DE

Biomasa (mg caja’') £DE

0 (PDA) 2240.0a" 161.1311.60c*
0 (PDA-Tween® 80) 22+0.0a 522.60+83.01b
10 22+0.0a 692.35+16.47a
100 20+2.17a 148.10+19.74cd
250 9.67+0.76b 101.00+1.13cde
500 2.83+0.56¢ 68.03+1.86e

1000 0+0.0d 72.10+7.23de

*Letras distintas entre columnas indican diferencias estadisticas de acuerdo con la prueba de Tukey (p<0.05). Valores promedio de al
menos tres replicas / *Different letters between columns indicate statistical differences according to the Tukey test (p<0.05). Average

values of at least three replicas.
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absorcion de nutrientes, en Aspergillus fumigatus
se ha sugerido que el compuesto es utilizado como
fuente de carbono (Inouye et al., 2001; Taoka et al.,
2011). Al ser mayor la concentracion de Tween®™ 80
con respecto al aceite esencial (10 ppm) la super-
ficie de contacto del micelio es competida por el
Tween® 80 disminuyendo la actividad antifingica
del aceite solo (Inouye et al., 2001). Al incremen-
tar la concentracion de aceite esencial (500 y 1,000
ppm) la interaccion de aceite-micelio se incremen-
ta favoreciendo su bioactividad, evidenciado por la
disminucion significativa de biomasa a las 500 y
1,000 ppm con respecto al testigo PDA-Tween® 80
(Cuadro 2).

A partir del crecimiento radial se obtuvo la Cl |y
CMI de 229 ppm y 1,023 ppm, respectivamente. La
cinética de germinacion de esporas de A. tenussima
expuestas a las CI,; y CMI de aceite esencial de
ajo (Figura 1) mostré diferencias significativas con
respecto a los medios testigo (PDA y PDA-Tween®
80) con inhibiciones de germinacion de esporas del
88.89 y 94.17% para CI, y CMI, respectivamente.

spores exposed to the CI, and CMI of garlic essential
oil (Figure 1) showed significant differences with
those of the control averages (PDA and PDA-
Tween® 80) with spore germination inhibitors of
88.89 and 94.17% for CI, y CMI, respectively.
According to Inouye ef al. (2001), the inhibiting
capacity of the volatile compounds of essential
oils stands out for having three stages of fungal
development: spore germination,
mycelia, and reproductive mycelia. This effect of
garlic essential oil has been reported in growth

vegetative

stages of Aspergillus versicolor and Penicillium
funiculosum (Koci¢-Tanackov et al. 2012; Li et al.,
2014). When evaluating the CMI of the essential
oil versus A. tenuissima, a fungistatic effect was
observed. It is possible that garlic essential oil
interacts with the cell membrane, and when its
concentration is reduced in time by the volatility
of its components, the interaction diminishes and
the fungus normalizes its metabolism. Tian et al.
(2012) found alterations in the cell membrane

of Aspergillus flavus, particularly ergosterol,
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Figura 1. Cinética de germinacion de esporas de A. tenuissima a 25 °C y fotoperiodos de 12 h en PDA, PDA-Tween® 80, CI

y CMI de aceite esencial de ajo.

Figure 1. Kinetics of the germination of A. tenuissima spores at 25 °C and photoperiods of 12 h in PDA, PDA-Tween® 80,

CI,, and CMI of essential garlic oil.
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De acuerdo con Inouye et al. (2001) la capacidad
inhibitoria de los compuestos volatiles de aceites
esenciales se destaca por afectar tres etapas del de-
sarrollo fingico, la germinacion de esporas, mice-
lio vegetativo y micelio reproductor. Este efecto del
aceite esencial de ajo ha sido reportado en etapas de
crecimiento de Aspergillus versicolory Penicillium
funiculosum (Koci¢-Tanackov et al. 2012; Li et al.,
2014). Al evaluar la CMI del aceite esencial contra
A. tenuissima se observo un efecto fungistatico. Es
posible que el aceite esencial del ajo interactie con
la membrana celular y al disminuir su concentra-
cion a través del tiempo por la volatilidad de sus
componentes la interaccion disminuye y el hongo
regulariza su metabolismo. Tian et al. (2012) en-
contraron alteraciones en la membrana celular de
Aspergillus flavus, particularmente ergosterol al
ser tratadas con eneldo (Anethum graveolens). El
mecanismo de accion antimicrobiana de los com-
puestos azufrados se ha asociado la interaccion
con proteinas con grupos sulfhidricos de la célula
y a los enlaces disulfuro que puedan formarse (El-
Sayed et al., 2017), es posible que la inhibicion en
A. tenuissima se deba a este tipo de interacciones
quimicas. No obstante, son necesarios estudios adi-
cionales para elucidar mecanismos de interaccion
del aceite esencial de ajo sobre el crecimiento in
vitro de A. tenuissima.

CONCLUSION

Los aceites esenciales de ajo contienen prin-
cipalmente dialil sulfuro y dialil disulfuro, com-
puestos con capacidad antifingica in vitro contra
A. tenuissima. La CI, de 229 ppm y CMI de 1,023
ppm pueden ser consideradas para evaluar su perti-
nencia en el control del hongo.
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when treated with dill (Anethum graveolens).
The antimicrobial action mechanism of sulfured
compounds has been related the interaction with
hydrogen sulfide groups of the cell and the disulfide
bonds that may form (El-Sayed et al., 2017); it is
possible that the inhibition in A4. tenuissima is due
to this type of chemical interactions. However,
additional studies are necessary to elucidate
mechanisms of interaction of the garlic essential oil
on the in vitro growth of A. tenuissima.

CONCLUSIONS

Essential garlic oils contain mostly diallyl
sulfide and diallyl disulfide, compounds with anti-
fungal capacities in vitro against A. tenuissima.
The CI; if 229 ppm and CMI of 1,023 ppm can
be considered to evaluate their pertinence in the
control of the fungus.

End of the English version ~—~—~——~—~—
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