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Resumen. En el control de microorganismos
fitopatogenos, existen nuevas propuestas de na-
nomateriales que incluyen aquellas con quitosano
y aceites esenciales, los cuales puedes aplicarse
solo o en nanoformulaciones. Seis aislamientos
fingicos se sometieron a diferentes tratamientos
para evaluar su efecto en el crecimiento micelial
y germinacion de las esporas. Se observd una in-
hibicién total (100%) en la mayoria de los hongos
cuando se incubaron en medio nutritivo adicionado
con nanoparticulas de quitosano con aceite esen-
cial de tomillo al 5%; solamente o en cubiertas
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Abstract. For controlling phytopathogenic mi-
croorganisms, there exist new proposals of nano-
materials including those from chitosan and essen-
tial oils, which may be applied alone or in coating
nanoformulations. Six fungal isolates were sub-
jected to different nanoparticles treatments in or-
der to evaluate their effect on mycelial growth and
spore germination. It was observed a total growth
inhibition (100%) in most fungi when they were
incubated on nutrient media amended with nano-
particles of chitosan loaded with thyme essential
oil at 5%, applied either alone or in nanostructured
coatings. As for the spore germination tests, a no-
table inhibition (50 % and 100%) was observed at
1% concentration of thyme essential oil depending
on the isolate. When fungi were grown on indivi-
dually treatments, germination was delayed by 6 h
but completely stopped when incubated on coated
nanoformulations. Compared to the lime essential
oil, it was the thyme essential oil which provided a
remarkable control of the tested fungi.
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nanoestructuradas. Dependiendo del aislamiento,
hubo una inhibicion notable (50% y 100%) en la
germinacion con el aceite esencial de tomillo 1%.
Cuando los hongos crecieron en los tratamientos
individuales, la germinacion se retraso 6 h pero se
inhibi6 completamente cuando se incubaron en las
nanoformulaciones. Comparado con el aceite esen-
cial de limon, fue el aceite esencial de tomillo el
que proporciond un control remarcable en los hon-
gos evaluados.

Palabras clave: nanomateriales, quitosano, aceites
esenciales.

Como agentes antimicrobiales, actuando de
manera individual o combinada, el quitosano y los
aceites esenciales (AE) han demostrado su capa-
cidad fungicida contra varios hongos poscosecha
(Sivakumar y Bautista-Bafios, 2014). Como otra
medida de control alternativa, la nanotecnologia
ha abierto nuevos caminos por medio del uso de
nanoparticulas, ya que debido a su gran area su-
perficial relativa a la masa, pueden ser altamente
reactivas. Segun Foladori (2009), la fuerza de la
nanotecnologia reside principalmente en hacer
productos mas eficientes y multifuncionales, aho-
rrando asi materias primas. Las nanoparticulas de
quitosano, ya sea de forma individual o en com-
binacion con otros compuestos, pueden integrarse
en cubiertas que pueden contener compuestos anti-
microbiales tales como los AE (Sotelo et al., 2015;
Sotelo-Boyas et al., 2017). En estudios anteriores,
Saharan et al. (2013) reportaron un mejor efecto
inhibitorio al aplicar nanoparticulas de quitosano a
una concentracion de 0.1% en Alternaria alterna-
ta, Macrophomina phaseolina y Rhizoctonia sola-
ni. Yien et al. (2012) también reportaron un efecto
inhibitorio en Fusarium solani, con las nanoparti-
culas de quitosano de peso molecular bajo y alto en
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As antimicrobial agents, acting individually or
combined, chitosan and essential oils (EO) have
demonstrated their fungicidal performance against
various postharvest fungi (Sivakumar and Bau-
tista-Bafios, 2014). As another alternative control
measure, nanotechnology has opened new avenues
through the use of nanoparticles that due to their
large surface area relative to the mass, they can be
highly reactive. According to Foladori (2009) the
strength of nanotechnology lies mainly in making
more efficient and multifunctional products, the-
reby saving raw materials. Chitosan nanoparticles
individually or in combinations with other com-
pounds, eventually can be integrated into coating
formulations that may contain antimicrobial com-
pounds such as EO (Sotelo et al., 2015; Sotelo-
Boyas et al., 2017). In previous studies, Saharan
et al. (2013) reported a better inhibitory effect by
applying the chitosan nanoparticles at concentra-
tion of 0.1%, on Alternaria alternata, Macropho-
mina phaseolina and Rhizoctonia solani. Yien et al.
(2012) also reported an inhibitory effect for the low
and high molecular weight chitosan nanoparticles
in a range of minimum concentrations from 0.86-
1.2 mg mL"'and 0.5-1.2 mg mL"!, respectively on
Fusarium solani, while Beyki et al. (2014) con-
ducted a study on the effect against Aspergillus
flavus using an 800 ppm concentration of pepper-
mint (Mentha piperita) essential oil encapsulated
in chitosan nanogels with cinnamic acid. The aim
of this research was to evaluate the fungal growth
of various pathogenic fungi treated with chitosan
nanoparticles, based chitosan-essential oil nano-
particles and chitosan-essential oil coating nano-
formulations.

The studied isolates were A. alternata obtained
from infected figs, Colletotrichum gloeosporioides
and C. fragariae from fruit of papaya and soursop
and custard apple, respectively, and Rhizopus sto-
lonifer from papaya and strawberry. The lime and

458



FuLLy BILINGUAL

REVISTA MEXICANA DE FITOPATOLOGIA
MEXICAN JOURNAL OF PHYTOPATHOLOGY

un rango de concentraciones minimas de 0.86-1.2
mg mL"'y 0.5-1.2 mg mL", respectivamente, mien-
tras que, Beyki ef al. (2014) estudiaron el efecto
contra Aspergillus flavus mediante la aplicacion de
una concentracién de 800 ppm de aceite esencial
de menta piperita (Mentha piperita) encapsulado
en nanogeles de quitosano con acido cinamico. El
objetivo de este estudio fue evaluar el crecimiento
fungico de varios hongos patégenos tratados con
nanoparticulas de quitosano, nanoparticulas de qui-
tosano-aceite esencial y cubiertas nanoformuladas
de quitosano-aceite esencial.

Los aislados evaluados fueron: A. alternata, que
se obtuvo de de higos infectados, Colletotrichum
gloeosporioides de papaya y guanabana, C. fraga-
riae de chirimoya y Rhizopus stolonifer de papaya
y fresa. Los aceites esenciales de limén y tomillo
se obtuvieron de Essential Oils-Essencefleur (gra-
do terapéutico) y el aceite de canola, de una marca
registrada. El quitosano (peso molecular medio,
desacetilacion = 89%) se obtuvo de Sigma-Aldrich.
Las nanoparticulas de quitosano y de limén y to-
millo se sintetizaron de la siguiente manera: solu-
ciones de quitosano a concentraciones de 0.05%
(w/v) se disolvieron en 4cido acético glacial (1%
v/v) (Fermont Chemicals Inc.) y agua destilada. Se
agregaron 2.5 mL de la solucidon de quitosano al li-
moén y tomillo en concentraciones de 1, 3, 5% (w/v)
previamente disueltos en etanol (40 mL) (Fermont
Chemicals Inc.) usando una bomba peristaltica
(Bio-Rad, EP-1 Econo Pump) y revolviendo de
manera moderada. La soluciéon obtenida se colo-
c6 en un evaporador giratorio (Rotary Evaporator
RE 300, BM 500 Water Bath, Yamato CF 300)
a 40 °C y 50 rpm. El volumen final de nanoparti-
culas fue de 2 mL. Los tratamientos independien-
tes fueron: nanoparticulas de quitosano al 0.05%
(ChNp 0.05%), nanoparticulas de quitosano y acei-
te esencial de limon al 1%, (Ch-LEO-Np 1%), 3%
(Ch-LEO-Np 3%) y 5% Ch-LEO-Np 5%), nano-
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white thyme essential oils were supplied by Es-
sential Oils-Essencefleur (therapeutic degree) and
canola oil from a trademark. Chitosan (Medium
molecular weight, deacetylation = 89%) was ob-
tained from Sigma-Aldrich. Chitosan and lime and
thyme essential oils nanoparticles, were syntheti-
zed as follows: chitosan solutions at concentrations
of 0.05% (w/v) were dissolved in glacial acetic
acid (1% v/v) (Fermont Chemicals Inc.) and disti-
lled water. 2.5 mL of chitosan solution was added
to lime and thyme at concentrations of 1, 3, 5 %
(w/v) previously dissolved in methanol (40 mL)
(Fermont Chemicals Inc.) by using a peristaltic
pump (Bio-Rad, EP-1 Econo Pump) under mode-
rate stirring. The obtained solution was placed in a
rotary evaporator (Rotary Evaporator RE 300, BM
500 Water Bath, Yamato CF 300) at 40 °C and 50
rpm. The final volume of nanoparticles was 2 mL.
The independent treatments were: chitosan nano-
particles at 0.05% (ChNp 0.05%), chitosan-lime
essential oil nanoparticles at 1%, (Ch-LEO-Np
1%), 3% (Ch-LEO-Np 3%) and 5% Ch-LEO-Np
5%), chitosan-thyme essential oil nanoparticles at
1% (Ch-TEO-Np 1%), 3% (Ch-LEO-Np 3%) and
5% (Ch-TEO-Np 5%), and controls [control-Potato
Dextrose Agar (C-PDA) and methanol (Meth) and
canolaoil at 0.1 % (CO 0.1 %)]. The nanostructured
coatings were: 98.6% chitosan + 1% Ch-TEO-Np
5% (COATT1), 89.6% chitosan + 10% Ch-TEO-Np
5% (COAT?2), 49.6% chitosan + 50% Ch-TEO-Np
5% (COAT3), 46.6% chitosan + 53% Ch-TEO-Np
5% (COAT4), 44.6% chitosan + 55% Ch-TEO-Np
5% (COATS) and control-PDA (COAT6) (Correa-
Pacheco et al., 2017). All formulations contained
glycerol at 0.3% (J.T.Baker®) and canola oil at
0.1%. Treatments (0.5 ml) were uniformly disper-
sed in the PDA culture medium. Disks of 5 mm
in diameter of each strain (4-14 days old) were
placed separately in the center of the Petri dishes
containing the treatment and incubated at 20-25 °C
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particulas de quitosano y aceite esencial de tomillo
al 1% (Ch-TEO-Np 1%), 3% (Ch-LEO-Np 3%) y
5% (Ch-TEO-Np 5%), y controles [control-Papa
Dextrosa Agar (C-PDA) y metanol (Meth) y aceite
de canola al 0.1 % (CO 0.1 %)]. Las cubiertas na-
noestructuradas consistieron en: 98.6% quitosano
+ 1% Ch-TEO-Np 5% (COAT1), 89.6% quitosano
+ 10% Ch-TEO-Np 5% (COAT2), 49.6% quitosa-
no + 50% Ch-TEO-Np 5% (COAT3), 46.6% qui-
tosano + 53% Ch-TEO-Np 5% (COAT4), 44.6%
quitosano + 55% Ch-TEO-Np 5% (COATS) y con-
trol-PDA (COAT®6) (Correa-Pacheco et al., 2017).
Todas las formulaciones contenian glicerol al 0.3%
(J.T.Baker®) y aceite de canola al 0.1%. Los trata-
mientos (0.5 ml) se esparcieron de manera unifor-
me en el medio de cultivo PDA. Discos de 5 mm
de diametro de cada aislado (4-14 dias de edad) se
colocaron por separado en el centro de las placas
de Petri con el tratamiento y se incubaron a 20-25
°C, hasta que los hongos alcanzaron su desarrollo
maximo (4-14 dias). El crecimiento micelial radial
de los hongos se midi6 (cm) en 5 placas Petri (8 cm
de diametro) por tratamiento al final del periodo de
incubacion, con un calibrador vernier Truper, que
fue de 14 dias para A. alternata, 10 para las espe-
cies de Colletotrichum y cuatro para R. stolonifer.
Los resultados se expresaron como porcentaje de
inhibicion del crecimiento micelial. Se llevo a cabo
un experimento adicional para evaluar el proceso
de germinacion durante periodos de incubacion de
0, 6, 8 y 10 h. Para esto se colocaron alicuotas de
esporas de 30 ml de una concentracion de 10° en 6
discos de PDA con el tratamiento individual o con
las formulacion de las cubiertas. La germinacion
se detuvo cuando se adiciond lactofenol-safranina.
Las observaciones se llevaron a cabo con el uso
de un microscopio 6ptico Nikon ALPHAPHOT-
2YS2-H con un lente 40X. Los datos para cada
periodo de incubacion se expresaron como porcen-
taje de germinacion. Los tratamientos se arreglaron
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until fungi reached its maximum development (4-
14 days). Radial mycelial growth of the fungi was
measured (cm) in 5 Petri dishes (8 cm of diameter)
per treatment at the end of incubation period, with a
Truper vernier caliper, which was 14 days for 4. al-
ternata, 10 for all Colletotrichum species and four
days for R. stolonifer. The results were expressed
as percentage inhibition of mycelial growth. An
additional experiment was carried out to evaluate
the germination process during a given 0, 6, 8 and
10 h incubation periods. For this, spore aliquots of
30 ml of a 10° concentration were placed onto 6
PDA discs containing the individual treatment or
the coating formulation. Germination was stopped
by adding lactophenol-safranin. Observations were
carried out using a Nikon ALPHAPHOT-2YS2-H
optical microscope with a 40X objective. Data for
each incubation period was expressed as percen-
tage germination. Treatments were arranged in a
completely randomized design. Mean and standard
deviations were also calculated. Data of the final
mycelial growth and germination were subjected to
ANOVA and means comparison by Tukey test at
p < 0.05 at the end of the incubation period. For
both variables, the square root transformation was
carried out to fulfil the ANOVA assumptions of ho-
mogeneity and data normal distribution. The statis-
tical software used was Sigmaplot v.13.

The final mycelial inhibition and germination
showed significant differences (p<0.05) among
individual treatments and nanoformulations. Ove-
rall, the isolates response, showed growth differen-
ces and spore survival according to the treatment
applied and isolate. In this study, in all tested fun-
gi, mycelial growth was considerably affected by
the application of chitosan-thyme essential oil na-
noparticles at 1, 3 and 5 % (Ch-TEO-Np 1%, Ch-
TEO-Np 3% and Ch-TEO-Np 5%). In addition, at
the last two concentrations; 3% and 5%, inhibition
reached 100% and therefore, there were no spore
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en un disefio completamente aleatorio. También se
calcularon los promedios y las desviaciones estan-
dar. Los datos del crecimiento micelial y germina-
cion finales se sometieron a un ANOVA 'y la prueba
Tukey de comparacion de medias a p <0.05, al final
del periodo de incubacion. Para ambas variables, se
realiz6 una transformacion de la raiz cuadrada para
cumplir las suposiciones del ANOVA de homoge-
neidad y distribucion normal de los datos. El soft-
ware estadistico que se utilizé fue Sigmaplot v.13.

La inhibicién micelial final y la germinacion
presentaron diferencias significativas (p<0.05)
entre los tratamientos individuales y las nanofor-
mulaciones. En general, la respuesta de los aisla-
dos presentaron diferencias en el crecimiento y la
sobrevivencia de las esporas, segln el tratamiento
aplicado y el aislado. En este estudio, en todos los
hongos estudiados, el crecimiento micelial se afec-
t6 de forma considerable por la aplicacion de nano-
particulas de quitosano-aceite esencial de tomillo
al 1,3y 5 % (Ch-TEO-Np 1%, Ch-TEO-Np 3%
and Ch-TEO-Np 5%). Ademas, en las tltimas dos
concentraciones, 3% y 5%, la inhibicion alcanz6 el
100% y por lo tanto, no hubo formacion de esporas
(Cuadro 1). En cuanto a las cubiertas nanoestruc-
turadas, la inhibicion del crecimiento micelial en
todos los aislados fue evidente en aquellos trata-
mientos en los que el porcentaje de nanoparticulas
de quitosano-aceite esencial 5%, aumento6 en 50, 53
y 55% (COAT3, COAT4 y COATS). En general, a
medida que el aceite esencial de tomillo aumento,
la inhibicion fingica se incrementd, siendo mas
sensibles aquellos tratados con COAT3 en C. fra-
gariae, seguido por ambos aislados de R. stolonifer
(Cuadro 2). Para todos los aislados, se observéo que
el niimero de esporas germinadas aument6 con el
tiempo de incubacion. Con respecto a los aislados
no tratados, no existio un patréon definido con los
tratamientos restantes. Sin embargo, en C. fraga-
riae el proceso de germinacion se retrasé hasta la
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formation (Table 1). As for the tested nanostructu-
red coatings, mycelial growth inhibition in all iso-
lates was evident in those where the percentage of
nanoparticles of chitosan-thyme essential oil 5%,
increased by 50, 53 and 55% (COAT3, COAT4 and
COATS). Overall as the thyme essential oil increa-
sed, the fungal inhibition increased, being the most
sensitive those treated with COAT3 on C. fragariae,
followed by both isolates of R. stolonifer. (Table 2).
For all isolates, it was observed that the number of
germinated spores increased as the incubation time
increased. With respect to the untreated isolates,
there was not a defined pattern with the remaining
treatments. However, in C. fragariae the process
of germination was able to be delayed until the 6
h of incubation in most treatments (Figure 1). For
C. gloeosporioides (soursop) and R. stolonifer (pa-
paya) most treatments promoted their germination
after 6 h of incubation. As for the nanostructured
coatings, at the highest percentage of nanoparticles
(55%), a total inhibition was obtained in the iso-
lates A. alternata, both C. gloeosporioides and R.
stolonifer and C. fragariae during the whole 10 h
incubation period (Figure 2).

In general, the results of our research coincide
with those previously published by Zahid et al.
(2013) and Correa-Pacheco et al. (2017) in which
the effective control of C. gloeosporioides isolated
from dragon fruit (Hylocereus undatus) and avoca-
do (Persea americana) and treated with chitosan
nanoemulsions resulted from the low molecular
weight chitosan 1%, and nanostructured formula-
tions chitosan-thyme essential oil 1-5 %, respecti-
vely, in terms of inhibition of mycelia and conidial
germination of the fungus compared to the untrea-
ted control. In other research carried out by Khalili
et al. (2015) it was demonstrated a better efficacy
of thyme EO when encapsulated in chitosan and
benzoic acid — made nanogels, in comparison with
free thyme EO, against 4. flavus. In those studies,
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Cuadro 1. Resumen del efecto de nanoparticulas de quitosano y nanoparticulas de aceites esenciales sobre la inhibicién
micelial al final del periodo de incubacién.
Table 1. Summary of the effect of chitosan nanoparticles and chitosan-essential oils nanoparticles on mycelial inhibition at
the end of the incubation period.

Mycelial inhibition (%)

igilt‘;ii?; A. alternata C. gloeosporioides C. gloeosporioides  C. fragariae  R. stolonifer  R. stolonifer
(fig) (papaya) (soursop) (custard apple)  (papaya) (strawberry)
ChNp 0.05% 0+ 0~ 0* 1.6+ 0~ 0
Ch-LEO-Np 1% 0° 24.5¢ 0° 1.6° 0° 0
Ch-LEO-Np 3% (0 28.1° 0° 3.4° 0° 0
Ch-LEO-Np 5% 2.4 50.0¢ 10.8° 6.5° 33.5° 2.42
Ch-TEO-Np 1% 40.3° 4534 54.4¢ 52.7¢ 74.0° 71.7°
Ch-TEO-Np 3% 100° 100° 100¢ 100¢ 100¢ 100¢
Ch-TEO-Np 5% 100° 100¢ 1004 1004 1004 1004
C-PDA (0 0° 0° 0° 0° (0
Meth 0° 5.2 1.7 0° 0° 0
CO 0.1% 0 35.64 0° 4.7° 0° 0

*Promedios seguidos de la misma letra no representan diferencias significativas (p < 0.05) determinadas por la prueba multiple de
Tukey. Valores p después de la transformacion raiz cuadrada / *Means followed by the same letter are not significant different (p
<0.05) determined by Tukey’s multiple test. p values after square root transformation.

Etiquetas de los tratamientos: Nanoparticulas de quitosano 0.05% (ChNp 0.05%); nanoparticulas de quitosano y aceite esencial de
limoén 1%, (Ch-LEO-Np 1%); 3 % (Ch-LEO-Np 3%), 5% (Ch-LEO-Np 5%); nanoparticulas de quitosano y aceite esencial de tomi-
llo 1 % (Ch-TEO-Np 1 %), 3% (Ch-TEO-Np 3 %), 5 % (Ch-TEO-Np 5%); Control-Papa-Dextrosa-Agar (C-PDA); metanol (Meth)
y aceite de canola 0.1% (CO 0.1%) / Treatment labels: Chitosan nanoparticles 0.05% (ChNp 0.05%); Chitosan-lime essential oil
nanoparticles 1%, (Ch-LEO-Np 1%); 3 % (Ch-LEO-Np 3%), 5% (Ch-LEO-Np 5%); Chitosan-thyme essential oil nanoparticles 1%
(Ch-TEO-Np 1 %), 3% (Ch-TEO-Np 3 %), 5 % (Ch-TEO-Np 5%); Control-Potato-Dextrose-Agar (C-PDA); methanol (Meth) and
canola oil 0.1% (CO 0.1%).

Cuadro 2. Resumen del efecto de las cubiertas nanoestructuradas a base de quitosano-aceites esenciales, sobre la inhibicién
micelial al final del periodo de incubacién.
Table 2. Summary of the effect of coating nanoformulations based on chitosan-essential oils on mycelial inhibition at the end
of the incubation period

Mycelial inhibition (%)

Treatments  A. alternata  C. gloeosporioides  C. gloeosporioides C. fragariae R. stolonifer R .
(fig) (papaya) (soursop) (custard apple) (papaya) stolonifer
(strawberry)

COAT1 0 0 0 0+ 0+ 0
COAT2 0 0 0° 0° 0° 0°
COAT3 19.2° 17.7° 30.0° 85.0° 72.5° 62.0°
COAT4 70.2¢ 65.0° 92.0° 100° 100¢ 62.4°
COATS 100¢ 1004 100¢ 100° 100° 100¢
COAT6 0 0 0° 0° 0° 0°

* Promedios seguidos de la misma letra no representan diferencias significativas (p < 0.05) determinadas por la prueba multiple de
Tukey. Valores p después de la transformacion raiz cuadrada / *Means followed by the same letter are not significant different (p
<0.05) determined by Tukey’s multiple test. p values after square root transform.

Etiquetas de los tratamientos: 98.6% quitosano + 1% Ch-TEO-Np 5% (COAT1); 89.6% quitosano + 10% Ch-TEO-Np 5% (COAT?2);
49.6% quitosano + 50% Ch-TEO-Np 5% (COAT3); 46.6% quitosano + 53% Ch-TEO-Np 5% (COAT4); 44.6% quitosano + 55%
Ch-TEO-Np 5% (COATS) y control (COAT6) / Treatment labels: 98.6% chitosan + 1% Ch-TEO-Np 5% (COAT1); 89.6% chito-
san + 10% Ch-TEO-Np 5% (COAT2); 49.6% chitosan + 50% Ch-TEO-Np 5% (COAT3); 46.6% chitosan + 53% Ch-TEO-Np 5%
(COAT4); 44.6% chitosan + 55% Ch-TEO-Np 5% (COATS) and control (COATO6).
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6° hora de incubacién en la mayoria de los trata-
mientos (Figura 1). Para C. gloeosporioides (gua-
nabana) y R. stolonifer (papaya) la mayoria de los
tratamientos promovieron su germinacion después
de 6 h de incubacién. Con respecto a las cubiertas
nanoestructuradas, en el mas alto porcentaje de na-
noparticulas (55%), se obtuvo una inhibicion total
en los aislados de A4. alternata, en ambos aislados
de C. gloeosporioides, asi como en R. stolonifer'y
C. fragariae durante las 10 h de incubacion (Figura
2).

En general, los resultados de nuestra investiga-
cion coinciden con lo que anteriormente publicd
Zahid et al. (2013) y Correa-Pacheco et al. (2017),
donde el control efectivo de C. gloeosporioides ais-
lado de la pitahaya (Hylocereus undatus) y aguaca-
te (Persea americana), tratado con nanoemulsio-
nes de quitosano, preparadas con quitosano de bajo
peso molecular al 1%, y formulaciones nanoestruc-
turadas de quitosano-aceite esencial de tomillo al
1-5%, respectivamente, en términos de inhibicion
micelial y germinacion conidial del hongo, en com-
paracion con el control sin tratamiento. En otra in-
vestigacion llevada a cabo por Khalili ef al. (2015),
se demostr6 una mayor eficacia del AE de tomillo
encapsulado en quitosano y acido benzoico con-
vertido en nanogeles, en comparacion con el AE
de tomillo contra 4. flavus. En dichos estudios, la
mejor concentracion fungicida de 300 mg L' bajo
condiciones herméticas, fue suficiente para inhibir
de forma significativa el nimero de colonias fungi-
cas, mientras que a 700 mg L', la vida de anaquel
de los jitomates tratados se prolong6 hasta un mes.
En esta investigacion, el principal efecto fungicida
provino en su mayoria del AE de tomillo y su con-
centracion. Estos resultados concuerdan con los de
otros investigadores. Por ejemplo, Barrera-Necha
et al. (2009) y Sellamuthu et al. (2013) expusieron
la actividad antifungica del AE de tomillo in vitro y
en la fruta del aguacate contra C. gloeosporioides. En
otros reportes, también se reportd un notable efecto
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the best fungicidal concentration of 300 mg L' un-
der sealed conditions was enough to inhibit signifi-
cantly the number of fungal colonies, while at 700
mg L, the shelf life of the treated tomatoes was ex-
tended up to one month. In this research, the major
fungicidal effect seems to be mostly from the thy-
me essential oil and its concentration, results that
agree with various other researchers. For example,
Barrera-Necha et al. (2009) and Sellamuthu et al.
(2013) stated the antifungal activity of thyme EO
in vitro and on avocado fruit against C. gloeospo-
rioides. In other reports, a noticeable fungicidal
effect was also reported on A. flavus, A. alternata
and F. oxyspsorum with low concentrations (1.0-8-
0 ug mL") from two different species of the genus
Thymus: T. kotschyanus and T. daenensis (Moham-
madi et al., 2014) while the minimal concentration
of 62.5 ng mL! was exhibited on A. flavus to avoid
spore germination with this same EO species (Pe-
kmezovik et al., 2015). The above finding results
clearly state the traditional results of the thyme EO
either alone or incorporated with other substances;
however, a problem for most EO and their respec-
tive major compounds is their high volatility when
applied alone. As stated by Correa-Pacheco et al.
(2017) ‘to overcome the volatility aspect of EO, the
incorporation of nanomaterials and antimicrobials,
including EO into edible coatings will give new
properties to the nanostructured coating, in addi-
tion, their synergistic effects can improve’.

The development of new fungi-control
treatments with environmentally friendly com-
pounds by employing nanotechnology can offer
effective and more reliable means for controlling
microorganism. In this research chitosan-thyme
EO nanoparticles at the highest concentrations
(5%), tested either independently or integrated in
a formulation (50, 53 and 55 %) gave a notable in
vitro growth control on the evaluated fungi, but it
is necessary to study their effects of in situ control
assessments.
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Figura 1.

Figure 1.

Incubation time (h)

Proceso de germinacién conidial durante un periodo de incubacién de 10 h en:
a) A. alternata (higo), b) C. gloeosporioides (papaya), ¢) C. gloeosporioides (gua-
nabana), d) C. fragariae (chirimoya), e) R. stolonifer (papaya) y f) R. stoloni-
fer (fresa) y sujeto a los siguientes tratamientos: nanoparticulas de quitosano a
0.05% (Ch-NPs 0.05%), nanoparticulas de quitosano y aceite esencial de limén
al 1% (Ch-LEO-NPs 1%), 3% (Ch-LEO-NPs 3%) y 5% (Ch-LEO-NPs 5%),
nanoparticulas de quitosano y aceite esencial de tomillo al 1% (Ch-TEO-NPs
1%), 3% (Ch-TEO-NPs 3%) and 5% (Ch-TEO-NPs 5%), PDA, metanol (Meth)
y aceite de canola al 0.1% (CO 0.1%).

Germination process of conidial fungi during a 10 h incubation period of a) A.
alternata (fig), b) C. gloeosporioides (papaya), ¢) C. gloeosporioides (soursop),
d) C. fragariae (custard apple), e) R. stolonifer (papaya) and f) R. stolonifer
(strawberry) and subjected to the following treatments: chitosan nanoparticles
at 0.05% (Ch-NPs 0.05%), chitosan-lime essential oil nanoparticles at 1% (Ch-
LEO-NPs 1%), 3% (Ch-LEO-NPs 3%) and 5% (Ch-LEO-NPs 5%), chitosan-
thyme essential oil nanoparticles at 1% (Ch-TEO-NPs 1%), 3% (Ch-TEO-NPs
3%) and 5% (Ch-TEO-NPs 5%), PDA, methanol (Meth) and canola oil at 0.1%
(CO 0.1%).
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Figura 2. Proceso de germinacion de los conidos de los hongos a) A. alternata (fig), b) C. gloeos-
porioides (papaya), ¢) C. gloeosporioides (guanabana), d) C. fiagariae (chirimoya), e) R.
stolonifer (papaya) y f) R. stolonifer (fresa) durante un periodo de incubacién de 10 h y
sujetos a diferentes cubiertas nanoformuladas. Barras verticales indican la desviacién

Figure 2. Germination process of conidial fungi during a 10 h incubation period of a) 4. alternata
(fig), b) C. gloeosporioides (papaya), ¢) C. gloeosporioides (soursop), d) C. fragariae (cus-
tard apple), e) R. stolonifer (papaya) and f) R. stolonifer (strawberry) and subjected to

different coating nanoformulations. Vertical bars indicate mean standard deviations.

antifungico en 4. flavus, A. alternata y F. oxyspso-
rum con bajas concentraciones (1.0-8-0 pg mL")de
dos diferentes especies del género Thymus: T. kots-
chyanus y T. daenensis (Mohammadi et al., 2014)
mientras que, la concentracion minima de 62.5 pg
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mL"' se presentd en A4. flavus para evitar la germi-
nacion de esporas con estas mismas especies de AE
(Pekmezovik et al., 2015). Los resultados de las in-
vestigaciones anteriores demuestran con claridad
los resultados tradicionales del AE de tomillo, ya
sea solo o incorporado en otras sustancias; sin em-
bargo, un problema para la mayoria de los AE y
sus principales componentes respectivos, es su alta
volatilidad al ser aplicados solos. Como expusie-
ron Correa-Pacheco et al. (2017) ‘para superar el
aspecto de volatilidad de los AE, la incorporacion
de nanomateriales y antimicrobiales incluyendo los
AE en cubiertas comestibles, dard nuevas propie-
dades a la cubierta nanoestructurada, ademas, de
que sus efectos sinérgicos pueden mejorar’.

El desarrollo de nuevos tratamientos para el
control de hongos con compuestos amigables con
el ambiente mediante el uso de la nanotecnologia
puede ofrecer medios efectivos y mas confiables
para el control de microorganismos. En esta in-
vestigacion, las nanoparticulas de quitosano-AE
de tomillo en las mas altas concentraciones (5%),
probadas, individualmente o integradas en una for-
mulacion (50, 53 o 55 %), presentaron un control
notable en el crecimiento in vitro sobre los hongos
evaluados, aunque aun es necesario estudiar sus
efectos in situ.
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