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Abstract: Essential oils oregano (Origanum vulgare), rosemary (Salvia rosmarinus), clove (Syzygium
aromaticum), thyme (Thymus), cinnamon (Cinnamomum verum), basil (Ocimum basilicum), have
antifungal properties. This study evaluated its ability to inhibit growth of isolated fungi and purified
obtained from the rot of the banana peel, for the purpose of combating or inhibiting fungal growth
in bananas (Musa paradisiaca). The methodology consists in preparing the dilutions to inoculate on
PDA medium (Potato Dextrose Agar) amended with chloramphenicol to re-inoculate until
obtaining the isolated and purified fungi of Trichoderma spp., Aspergillus spp., Penicillium spp. and
Fusarium spp., which are characterized macroscopically and microscopically, subsequently, the
growth is analyzed in vivo and the inhibition percentage in vitro. The results of the analysis in vivo
report that the fungi in order of severity from greatest to least, was Penicillium spp., Trichoderma spp,
Fusarium spp. y Aspergillus spp., while that the analysis in vivo reports that the rosemary and the
basil does not inhibit fungal growth, while that the clove inhibit a 800 ppm, the cinnamon to 400
ppm and the oregano to 200 ppm to the four fungi.

Keywords: oregano; origanum; rosemary; Salvia rosmarinus; clove; syzygium aromaticum; thyme;
Thymus; basil; ocimum basilicum; cinnamon Cinnamomum

1. Introduction

Banana (Musa paradisiaca), a food of great importance in tropical regions and in many developing
countries, plays an essential role in serving as a pillar for economic growth and social development
of local communities, for its ability to maintain consistent production throughout the year [1]. Over
the past decade, countries such as Ecuador, the Philippines and Costa Rica have excelled in their
significant banana export activity, while the European Union, the United States and Russia position
as the main importers, followed by markets such as the Middle East, Eastern Europe, Africa and
Asia.[2].

Ecuador’s banana production is essential to its economy and food security [3]. It contributes
significantly to employment and represents approximately 2% of total PIB and 35% of agricultural
PIB. The main producing provinces are Guayas, El Oro and Los Rios, highlighting El Oro for its
quality, while Guayas and Los Rios for the major producers [2,4]. In production, various factors, both
external and internal, affect the quality of the fruit during the post-harvest phase. External factors
include environmental conditions such as relative humidity and temperature and among internal
factors, metabolic changes and the presence of fungal pathogens are highlighted [3].

It is important to emphasize that fungal pathogens, in particular diseases associated with
Fusarium spp., Penicillium spp., Trichoderma spp., y Aspergillus spp., represent the main causes of banana
wilt [5]. These diseases manifest as a reduction in the firmness of the superficial tissues in the areas
of the rachis and the banana crown, accompanied by changes in leaf coloration and cracks at the base
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of the pseudo stem [6]. This causes internal rot in the fingers of the banana, eventually resulting in
the crown rot and, in more severe cases, the death of the fruit.

Today, there is a growing preference for organically produced fruits, free of toxic residues.
Therefore, the search for new alternatives to combat fungal pathogen rot is of vital importance [7].
One of the most promising and natural solutions are essential oils that have demonstrated their
ability to prolong the life of the fruit, provide fungitoxic effects and increase resistance to post-harvest
diseases.

Essential oils of oregano and thyme share similar volatile compounds [8], such as the carvacrol,
thymol and p-cymene, the rosemary contains alpha-pinene, 1.8 cineol, camphor and verbenone [9,10].
Clove oil, is characterized by its content of eugenol, acetyl eugenol and a and {3 caryophyllenes and
the basil contains estragole, linalool, eugenol and methyl cinnamate [9], while cinnamon has cinnamic
aldehyde and eugenol and is used as a bioactive compound in coatings [11].

The main objective of this study was to investigate the potential of essential oils oregano, thyme,
clove, basil, rosemary and cinnamon as antifungal agents [12], for the control of Fusarium spp.,
Penicillium spp., Trichoderma spp., y Aspergillus spp. Effectiveness in antifungal activity with low
environmental impact, their use can be a notable alternative to replace synthetic fungicides in the
postharvest disease control [13], keeping intact the physico-chemical and organoleptic properties of
the treated products.

Fusarium is a genus known as sabrophite, filamentous fungus, has a variety of species and ability
to adapt to different environmental conditions, affects the banana causing vascular wilt, infecting the
conducting vessels of the bananas by blocking the transport of water and nutrients in the plant as a
result decreases the quality and quantity of fruits produced [14]. In Ecuador is generally found the
species oxysporum, verticillioides and solani that are studied to innovate management and control
strategies to avoid damage to the banana [15].

This genus grows at a temperature of approximately 37°C and is known as opportunistic because
it can cause diseases [16]. Fusarium have mycelium that are networks of filaments (hyphae), conidia
(asexual and sexual spores or ascospores), because of their variety of species, the morphological
characterization can have multiple differences. In the microscope, the phialide is generally thin, with
a bottle — shaped that can be simple or branched; short or long, they can have different characteristics
depending on their species. Therefore, DNA sequencing is required to identify the species [17].

Penicillium is a common fungus that can survive in different habitats and some species have
antagonistic activity against pathogens that can cause deterioration of the fruit in post-harvest [18].
On the surface of the banana are commonly species such as citrinum, expansum and digitatum,
mandarin essential oil was used to prevent the growth of Penicillium by the presence of Carvacrol on
the P. digitatum [19].

The presence of citrinum can cause stains and discoloration on the peel of the banana, affecting
its appearance and quality, expansum can affect the bananas during storage, causing rotting and loss
of firmness, while digitatum is more common in citrus fruits but can affect bananas if are stored in
wet and warm storage conditions, causing rotting and stains on the peel [20]. To prevent the presence
of this fungus should be handled properly during the storage and transport of the fruit.

Trichoderma is a genus of filamentous, cosmopolitan fungi commonly found in soil, in
decomposing organic matter and in other environments [21,22]. It has the capacity of adaptation and
production of metabolites, enzymes and compounds that by its mechanism of action of antibiotics,
microparasitism, production of secondary metabolites, competition for space and nutrients, it is
classified as a biocontrol agent against phytopathogenic fungi [23]. India distributes certified species
of T. asperellum, T. atroviride, T. gamsii, T. hamatum, T. harzianum, T. polysporum, T. virens, and T. viride
and with genetic engineering made significant improvements to apply in industrial processes [21].

Some macroscopic characteristics are that their colony grows rapidly and can be white, green,
yellow or even orange, the texture can vary from cottony to velvety or granular, depending on the
medium, the species, the age of the colony and the growth conditions. They can produce branched
conidiophores with verticils, the conidia are small and can form in chains or clusters, being oval or
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cylindrical shape and may be unicellular or multicellular, usually have a characteristic odor, which
is not considered a easily distinguishable macroscopic feature [24].

Aspergillus is another genus that affects bananas during storage and transportation, they are
found in diverse environments and among the morphological characteristics, the conidiophores, are
long and slender structures that emerge from the substrate surface of the substrate to produce asexual
spores called conidia, which are asexual spores that are produced at the tip of the conidiophores and
are generally spherical or oval and are grouped in a structure called sporangiophores [25].

Colonies of Aspergillus are usually green, gray, white or black, depending on the species and the
medium of growth, have a cottony or velvety appearance, the hyphae are septate (divided by cross-
walls) and branched, these structures form the network of the mycelium that grows on the substrate.
In some species, conidiophores may be branched and have a brush-like or pencil - like appearance,
in some cases, conidiophores may end up in a spherical or vesicle — shaped structure that produces
conidia on its surface [25].

Species such as A. niger are known for their ability to produce enzymes that decompose cellulose
and other plant components that can contribute to the decomposition of fruit tissues, A. flavus can
produce toxins called aflatoxins, which are dangerous to human health and can contaminate
agricultural products if storage conditions are not adequate, while A. parasiticus is similar to A. fravus,
this species can also produce aflatoxin and affect the quality and safety of bananas [26].

2. Materials and Methods

In this research it was used Musa Paradisiaca, harvested Ecuadorian banana, treaties and
considerations for export. A sample of bananas was taken and exposed to ambient conditions of
approximately 25°C temperature and 95% relative humidity until signs of rot were observed. Bananas
showed at least 50% of the typical symptoms of dirt and the presence of fungi in the banana peel [27].

2.1. Isolation and Purification of Microorganisms

To the isolation and purification of microorganisms, 39 grams of PDA (Potato Dextrose Agar)
were dissolved in one liter of distilled water, to sterilize the medium and amend it with 0.5 g/L of
chloramphenicol to prevent the growth of bacteria [28]. The medium is poured into sterilized Petri
dishes to wait for it to solidify, seal and store.

A sample of 30 diseased bananas was considered to take approximately 20 grams of visibly
affected peel, then it is submerged in distilled water and manually agitated for 2 minutes to remove
epiphytes microorganisms. Subsequently, the tissue was rinsed twice with sterile water which was
then removed [29].

The contaminated tissues of each fruit were distributed into 10 Erlenmeyer flasks, each
containing 200 mL of aqueous solution at 0.05% (v/v) of Tween 80 [27], considering as the solution
used for serial dilutions. Four dilution series are obtained at 0.1% of the initial solution to shake in
the vortex for approximately 1 minute [30].

Was taken 0.1 mL of each dilution was inoculated onto Petri dishes with PDA medium and
incubated at a temperature of 25 °C for periodic observation of the growth of the inoculated fungi
[31].

For the isolation of the fungi, a colony was selected with a sterile loop, and weekly subcultures
are performed on solid medium PDA until a purified fungus is obtained [31], stored at 25°C in the
incubator and finally, it was carried macroscopic and microscopic characterization.

2.2. Macroscopic Identification

For the identification of the causative agents affecting the banana, the upper and lower surfaces
of the Petri dishes were observed macroscopically, considering the morphological similarity obtained
through direct comparisons. The pure cultures were examined in triplicate over a period of two
weeks after inoculation with the isolated pathogens [32]. Their macroscopic characteristics were
recorded and compared with bibliographic information from books and descriptive guides of fungal
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morphology to identify the genus of the pathogen [29,33]. Aspects such as colony shape, elevation,
edges and appearance of pure fungi were considered.

2.3. Microscopic Identification

To visualize the microscopic and specialized structures, a piece of adhesive tape was used to
collect the aerial mycelium of the fungus and it was mounted on a microscope slide [29]. The plate
was examined using a compound microscope with a 40X and 60X objective lens, this analysis was
performed in triplicate [13]. The evaluation was based on the observation of hyphae, mycelium,
spores and other microscopic structures present.

2.4. In Vivo Fungal Activity In Vivo

After the macroscopic and microscopic characterization, the in vivo antifungal activity of the
pathogens was assessed of pathogens isolate and purified of the banana peel; Trichoderma spp.,
Aspergillus spp., Penicillium spp. and Fusarium spp., that had between 7 — 10 storage days [34]. The
inhibition index was analyzed in 20 samples using concentration inoculum 10¢ conidia/mL, based on
measurement of fungal growth diameter in the fruit to determine the severity of described pathogens
[14].

The fungal growth diameter was measured weekly for up to 5 weeks after inoculation. To
classify the severity, all purified pathogens were considered [34].

2.5. In Vitro Antifungal Activity with Essential Oils

Antifungal activity evaluated in vitro using essential oils of oregano (Origanum wvulgare),
rosemary (Salvia rosmarinus), clove (Syzygium aromaticum), thyme (Thymus), cinnamon (Cinnamomum
verum) and basil (Ocimum basilicum), obtained by steam-drawn distillation, available in a store [34].
Solutions were prepared with 100 mL of PDA containing concentrations of 200, 400, 600, 800 y 1000
ppm of each essential oil, including an essential oil-free control [34,35]. The solutions were solidified
to inoculate the pathogens and incubated to 25°C, to identify the most effective concentration that
inhibits growth.

The visualization of the cultures in Petri dishes was performed in quadruplicate and evaluated
every 48 hours to determine the percentage of inhibition and the effectiveness of the essential oils
used [35]. The experimental design was 6 x 5 mixed factor, where the study variable consisted of the
6 types of essential oil and the concentration of the essential oil with five different levels. The response
variable was the inhibition percentage, which allowed to identify the most effective oil to inhibit the
growth of the pathogen.

3. Results

Isolation and purification of microorganisms are crucial for macroscopic and microscopic
characterization, allowing for accurate identification and classification of their physical
characteristics and detailed microscopic features, facilitating understanding of their potential
applications.

3.2. Macroscopic Identification

The Table 1 presents a macroscopic comparison of the fungi isolated from the banana peels,
considering appearance, the shape of the colony, elevation, edge, texture, surface, color of the front
and back.
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Table 1. Macroscopic characterization of (a) Trichoderma spp, (b) Penicillium spp. (c) Aspergillus spp. and (d) Fusarium spp. considering appearance of upper side and lower side.

Fungus

Macroscopic characteristics
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Cerebriform Cottony Flat Irregular ~ Smooth Orange Orange

3.3. Microscopic identification

Table 2 describes the hyphae, mycelium, spores and appearance of microorganisms.

Table 2. Microscopic characterization of (a) Trichoderma spp., (b) Penicillium spp., (c) Aspergillus spp. and (d) Fusarium spp. observed under the microscope.

Fungus Microscopic characteristics
40 X Hyphae Mycelium Spores Appearance
Dense mycelium, Conidium Conidium scattered
Septate . (asexual), of an
often branching .. around of the hypha
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Microscopic characteristics

Hyphae Mycelium Spores Appearance
. Structure with
Mycelium .
numerous conidia e
profusely Cluster of conidia with
Septate, . (asexual) that
X branching, often . hyphae
branching dense appear like a
plumose structure
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3.4. In Vivo Fungal Activity

The growth of the fungi is shown in the Figure 1.

1.20
1.00
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—@— Trichode
rma

—0— Aspergill
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0.40

Fungal growth (cm)

0.20

0.00

Week

Figure 1. Fungal growth (cm) for 6 weeks in 20 banana samples inoculated with Trichoderma spp.,
Penicillium spp., Aspergillus spp., and Fusarium spp., stored at 13°C and 95% relative humidity.

3.5. In Vitro Antifungal Activity with Essential Oils

Figures 2-5 show the growths in vitro de Fusarium spp., Penicillium spp. Trichoderma spp. and
Aspergillus spp. in medium PDA with 200 ppm, 400 ppm, 600 ppm, 800 ppm and 1000 ppm of oregano,
basil, cinnamon rosemary, thyme and clove.

200 ppm 400 ppm 600 ppm 800 ppm 1000 ppm Control 200 ppm 400 ppm 600 ppm 800 ppm 1000 ppm Control

Figure 2. In vitro growth analysis of Trichoderma spp. on PDA medium with basil, cinnamon, clove,
oregano, rosemary, and thyme essential oils at 200, 400, 600, 800, and 1000 ppm, stored at 25°C (n=4).
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Figure 3. In vitro growth analysis of Penicillium spp. on PDA medium with basil, cinnamon, clove,
oregano, rosemary, and thyme essential oils at 200, 400, 600, 800, and 1000 ppm, stored at 25°C (n=4).

Figure 4. In vitro growth analysis of Aspergillus spp. on PDA medium with basil, cinnamon, clove,
oregano, rosemary, and thyme essential oils at 200, 400, 600, 800, and 1000 ppm, stored at 25°C (n=4).

200 ppm 400 ppm 600 ppm 800 ppm 1000 ppm

200 ppm 400 ppm 600 ppm 800 ppm 1000 ppm Control

Figure 5. In vitro growth analysis of Fusarium spp. on PDA medium with basil, cinnamon, clove,
oregano, rosemary, and thyme essential oils at 200, 400, 600, 800, and 1000 ppm, stored at 25°C (n=4).
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4. Discussion
4.1. Macroscopic Identification

The fungi isolated and purified initially on selective medium with chloramphenicol to prevent
bacterial growth are observed in Figure 6. These fungi were obtained from visibly affected banana
peel and were stored on PDA medium at approximately 25°C.

a I b I

d

C

Figure 6. Fungi isolated and purified from banana peel rot, inoculated on selective medium (PDA
with chloramphenicol), and stored on PDA at a temperature of 25°C approx. in the incubator, (a)
strain of Trichoderma spp., (b) Penicillium spp., (c) Aspergillus spp. and (d) Fusarium spp.

When studying the species of Trichoderma spp. it is observed that they have features such as the
green, its shape is circular with rough surface, regular edges and slightly elevated [36], Penicillium
spp. has green colonies with white edge, flat surface, powdery with a smooth edge [18], Aspergillus
spp. has a yellow — green coloring, rugged surface with wavy edges, with cratiform elevation [26] and
Fusarium spp. has an orange color, flat surface, cottony with regular edge [16].

4.2. Microscopic Identification

Table 3 presents the analysis of the aerial mycelium of Trichoderma spp., Aspergillus spp.,
Penicillium spp., and Fusarium spp. using an optical microscope. The evaluation focused on the
characteristics of hyphae, mycelium, spores, and overall structure. The results are consistent with the
conidium in an ellipsoidal shape for species T. asperellum, T. harzianum, T. koningii [37], with septate
and thin hyphae with ellipsoid conidium that are grouped. Penicillium spp. features septate hyphae
of variable length that form a structure resembling a plume. Aspergillus spp. also has septate hyphae
but is distinguished by conidiophores bearing long, ellipsoid conidia and a characteristic plumose
structure. Fusarium spp. is noted for its fusiform conidia, cylindrical shape, and arrangement in chains
or clusters.
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Table 3. Evaluation of antifungal activity in vitro of Trichoderma spp, Penicillium spp. Aspergillus spp.

and Fusarium spp. use essential oil of oregano, rosemary, clove, thyme, cinnamon and basil.

Essential
oil

Cinnamon

Rosemary Oregano Basil Clove

Thyme

Fungus

Trichoderma spp.

Penicillium spp.
Aspergillus spp.

Fusarium spp.

Trichoderma spp.

Penicillium spp.
Aspergillus spp.

Fusarium spp.

Trichoderma spp.

Penicillium spp.
Aspergillus spp.

Fusarium spp.

Trichoderma spp.

Penicillium spp.
Aspergillus spp.

Fusarium spp.

Trichoderma spp.

Penicillium spp.
Aspergillus spp.

Fusarium spp.

Trichoderma spp.

Penicillium spp.
Aspergillus spp.

Fusarium spp.

Concentration [ppm]

+ -
+ +
+ +
+ +
+ +
+ +
+ +
+ +
+ +

Trichoderma spp. has conidia clustered on simple conidiophores. Penicillium spp. features
conidiophores that terminate in a characteristic plumose structure, with conidia arranged in short
chains. Aspergillus spp. is distinguished by a prominent columella and more organized, plumose
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structures, with conidia emerging from the columella. In contrast, Fusarium spp. presents fusiform
conidia in simpler and less organized chains.

The colonies of the Trichoderma spp. are usually green and fast-growing, with fuzzy or cottony
texture, regular and slightly elevated edges, while the genus Penicillium spp. have colonies from white
to green or blue, velvety surface and structure resembles a ‘brush’, with defined edges. Aspergillus
spp. has colonies with a range of colors, which are typically rough with a texture that may resemble
a tuft, with regular or slightly wavy edges, whereas the colonies of Fusarium spp. are pink, red or
orange, with cottony or velvety texture, diffuse edges and flat or slightly elevated.

4.3. In Vivo Fungal Activity

The inhibition rate was evaluated by measuring fungal growth from 20 inoculations of each
fungus to assess the severity of the pathogens. Figure 7 shows the analysis of means, considering the
95% Tukey HSD, with the result of the severity of the fungi on Musa Paradisiaca, from highest to
lowest, are: Penicillium spp., Trichoderma spp., Fusarium spp. and Aspergillus spp.

Means and 95% Tukey HSD intervals

o
=
i

1

—

Mean of fungal growth (cm)
(=] [=]
LT -
i i

1
T

B
i

Trichoderma  Aspergillius Fusarium Penicillium

Figure 7. Mean diameter (cm) of fungal decay circles in banana samples inoculated with Trichoderma
spp., Penicillium spp., Aspergillus spp., and Fusarium spp. for 6 weeks, stored at 13°C and 95% HR (n=20).

4.4. In Vitro Antifungal Activity with Essential Oils

In the evaluation of antifungal activity in vitro considering the use essential oils of oregano
(Origanum vulgare), rosemary (Salvia rosmarinus), clove (Syzygium aromaticum), thyme (Thymus),
cinnamon (Cinnamomum verum), basil (Ocimum basilicum), with concentration of 200, 400, 600, 800,
1000 ppm is report in the Table 3.

5. Conclusions

The characterization of the strains by order of severity identified Penicillium spp., Trichoderma
spp., Fusarium spp., and Aspergillus spp. In the in vitro analysis of essential oil effectiveness, oregano
and thyme were effective at 400 ppm, cinnamon at 600 ppm, and clove at 1000 ppm. Basil and
rosemary did not inhibit the growth of the analyzed pathogens. Specifically, Penicillium spp. was
controlled with 400 ppm of cinnamon, oregano, thyme, and 1000 ppm of clove.

Trichoderma spp. was inhibited by 200 ppm of oregano, 400 ppm of clove and thyme, and 600
ppm of cinnamon. Fusarium spp. was effectively managed with 200 ppm of cinnamon and thyme, and
400 ppm of oregano. Aspergillus spp. was controlled by 200 ppm of oregano, and 400 ppm of
cinnamon, clove, and thyme.

At 400 ppm of oregano and thyme essential oils, 600 ppm of cinnamon, and 1000 ppm of clove,
the growth of all four analyzed fungi was inhibited.
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