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Abstract

Introduction: Mould infection on the human skin is one of important effects of mould on human health. Skin mould infection is normally caused by Aspegillus,
Penicillium and Rhizopus. To date, orange oil has been applied in the present study to inhibit mould infection by adding it into fungal paper. Fungal paper made from
Trametes versicolor was used to absorb and slow down the release of orange oil vapour. Therefore, the objective of this work was to investigate the effect of orange oil
in fungal paper on growth of infected skin mould as a model i vitro test.

Methods: Orange oil and the main component (limonene) was prepared in the Malt Extract Agar (MEA) and added into fungal paper made from 7. versicolor at
concentrations of 0 (control), 20, 40, 60, 80 and 100 pg g™. Each of mycelium and spores of Aspergillus niger, Aspergillus flavus, Penicillium chrysogenum and Rbizopus
spp were placed on the MEA. A spore of mould was sprayed on the fungal paper.

Results: Using 60 pg g™! of orange oil in MEA and 80 pg g™! of orange oil in the fungal paper exhibited complete inhibition of growth of all moulds in this
test. Limonene alone could not inhibit all moulds in this test; therefore, some minor components of orange can play a significant role in mould growth inhibition.
Moreover, fungal paper made from 7. versicolor exhibited slow release of orange oil components with active to inhibit mould at least 30 days.

Conclusions: Thus, this research demonstrated the potential of fungal paper containing orange oil to control the growth of infected moulds and that this combination

could be applied in medicine to control infection of skin in the future.

Practical application

Fungal paper made from T. versicolor containing orange oil has the
potential to be used to control fungal skin infection in the long-term.
This technique is beneficial for avoiding resistant from the chemical
treatment when orange oil vapours are safe for using. This process
requires attentiveness and is simple to apply for large-scale antifungal
paper processing.

Introduction

Aspergillus, Penicillium and Rhizopus are common fungal skin
infectionsinhuman. A. flavus, A. nigerand A. fumigatusare widely known
to cause superficial infection in immunuocompromised individuals
[1]. However, Rhizopus mould infection has been increasingly reported
for soft-tissue infections in the immunocompetent [2]. In addition,
Penicillium chrysogenum has been found to cause an invasive infection
in immunocompromised hosts [3]. Nowadays, many kinds of drugs are
recognised for controlling those of moulds. However, the epidemiology
of mould infections needs to find better and easy application to deliver
drugs in the skin.

Essential oils (Eos) are natural preservatives [4,5] that can be
extracted from parts of natural plants such as root, flower, bud and
leaves. For centuries, EOs have been widely used for food preservation
and flavour to apply with food products that have antimicrobial activity,
which have effects on bacterial and fungal cells. One such essential
oil is orange oil, a natural active compound derived from the orange
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plant, whose antifungal activity depends on its active compounds
such as limonene, linalool and citral. The main active compound
of orange oil is limonene; limonene’s antimicrobial activity has been
widely investigated, and this compound can inhibit growth of fungal
cells, including the spore germination elongation and the mycelium
development process as a component of paper dressing [6-8]. Viuda-
Martos et al. found that orange oil can inhibit mycelium growth of
Aspergillus species [9]. The application of orange oil to food products
is growing in popularity, and it is highly effective against several types
of bacteria and fungi [10-13]. However, the application of EOs in paper
dressing can be releasing and directly to the wound skin and rapidly
dispersed have not been confirmed.

Trametes versicolor is a common white-rot fungus of wood that
can produce extracellular enzymes that degrade agricultural waste and
exopolysaccharides in many cultures of media [14]. T. versicolor could
be used to make a fungi pulp and have been used to produce paper box
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packaging [13]. Fungi mycelium pulp looks like paper pulp. It has a
low cost for producing paper or bio-composite packaging and can be
combined a plant or cellulose fibres of plants to improve some properties
[15,16]. Some researchers use a combination of fungi mycelium with
cellulose of plant for holding the plant substrate pieces together, without
the use of synthetic adhesives [13]. Fungi mycelium can be applied as
a biodegradable alternative for a wide range for application with other
materials in industrial processes, food and medicine. Fungal paper is
friendly to the environment and is easy to biodegrade. However, the use
of fungal paper to adsorb and release EOs is still limited; therefore, was
the objective of this research.

Materials and methods

Orange oil and limonene

Orange oil and limonene were obtained from Thai China Flavors &
Fragrances Co., Ltd of Bangkok, Thailand.

Fungal strains

For fungal paper production, Trametes versicolor (WU 0704) was
isolated from a bamboo tree. The code refers to the strains held in the
culture collection of the Center of Excellence in Wood Science and
Engineering, Walailak University, Nakhon Si Thammarat province,
Thailand. Fungi were grown on a malt extract agar (MEA; Merck Ltd,
Thailand) medium at 30°C for 7 days.

For antifungal testing, the fungal strains of Aspergillus niger,
Aspergillus flavus, Rhizopus spp. and Penicillium chrysogenum were
obtained from the microbiology laboratory of Walailak University,
Nakhon Si Thammarat province of Thailand. Mycelium grown on MEA
(Merck Ltd., Thailand) was prepared for 7 days at 25°C before testing.

Minimum inhibition concentration and minimum fungicidal
concentrations of orange oil and limonene

The study evaluated the effect of orange oil and the main component
of orange oil (limonene) at concentrations of 0 (control) to 100 pg g™
MEA on growth of infection moulds (A. niger, A. flavus, Rhizopus spp.
and P. chrysogenum) were done using the agar dilution method. After
agar preparation, 0.1 mL of suspension of each mould strain was added
on the surface of the agar. In addition, mycelium of the mould (¢ 5 mm)
was placed on an MEA plate and then incubated at 25°C for 3 days.
The lowest concentration of orange oil and limonene that showed no
growth of spore and mycelium on MEA was reported as the MIC. After
3 days of incubation, MEA containing the spore (¢ 5 mm) of mould
that exhibited no growth on the agar and the mycelium of the mould
from the MIC test was then placed on MEA and incubated at 25°C for
3 days again. MFC was reported from the MEA plate with no growth of
spore and mycelium.

Preparation of antifungal paper from Trametes versicolor
containing orange oil

A paper (5 cm long and 2 cm wide) was produced from 10 g of
fungal pulp (T. versicolor). The fungal pulp was sterilised at 121° C for
15 minutes and mixed with the orange oil at concentrations of 20 to 100
ug g'. Next, the fungal pulp was placed into the box and dried in a tray
at 60°C for 5 hours.

Inhibitory effect of fungal paper containing orange oil on the
mould infection test

Aqueous spore suspensions of 1 ml of each mould (A. niger, A.
flavus, Rhizopus spp. and P. chrysogenum) were sprayed on the surface
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of fungal paper containing orange oil. Then, the paper was placed in a
Petri dish and incubated at 25°C and 100%RH until mould grew on the
surface. The papers containing mould were then individually rated for
mould growth on a scale of 0 to 5, with 0 denoting clean specimens and
5 representing heavy mould growth (0=clean, 1=20%, 2=40%, 3=60%,
4=80% and 5=100% of mould growth). The percentage inhibition of
mould growth was next computed by the following equation:

Percentage inhibition of mould growth (based on the control)=(A-
B/A)x100... (Eq. 1)

where A=total score for each mould at control,

B=total score for each mould at each concentration of the essential
oil.

Results

MICs and MFCs of orange oil and limonene

The effect of orange oil on the growth of infection moulds is
illustrated in Table 1. Using concentrations of orange oil of 20 ug g
(MIC) and 60 pg g™* (MFC) to inhibit spores and mycelia of all moulds
exhibited significant inhibition of all infection moulds in this test. By
contrast, higher MIC and MFC of limonene were found to be 60 ug
g and >100 pg g', respectively, for inhibition of spores of all moulds,
although 20 ug g and >100 pg g™ of MIC and MFC were demonstrated
to be highly effective on mycelium growth of all moulds.

Antifungal activity of fungal paper from Trametes versicolor
containing orange oil

The concentration of orange oil (80 pg g™) that inhibits growth of
A. niger, A. flavus, Rhizopus spp. and P. chrysogenum on fungal paper
was found at a storage day of 30 days. All results on the effect of fungal
paper containing orange oil on each mould in this test over 30 days had
the same results. Therefore, only the antifungal activity of the fungal
paper containing orange oil against A. niger for 30 days is illustrated in
Figures 1 and 2. Figure 1 exhibits that the inhibition ability of orange oil
in fungal paper at a concentration of 60 pug g1 as MFC had the lowest
inhibition of A. niger (~70%) in 30 days of storage. Therefore, higher
concentration of orange oil (80 pug g™) in the fungal paper was required
for the paper to inhibit growth of all moulds.

Discussion

From Table 1, complete growth inhibitions of all moulds occurred
at 60 ug g'. Although Veldzquez-Nuiez et al. [17] explained that
the minimum inhibitory concentration for the growth of A. flavus
by direct addition of orange peel oil was 16,000 mg 1! and 8,000

Table 1. MICs and MFCs of orange oil and limonene against mould infection on MEA

Spore germination

Mold Orange oil (ng g™) Limonene (pg g")

MIC MFC MIC MFC
Aspergillus flavus 5 60 60 >100
Aspergillus niger 5 40 60 >100
Penicillium chrysogenum 5 40 60 >100
Rhizopus spp. 20 60 5 >100

Mycelium

Aspergillus flavus 5 60 20 >100
Aspergillus niger 5 40 20 >100
Penicillium chrysogenum 5 40 20 >100
Rhizopus spp. 20 60 5 >100
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Figure 1. Inhibition (%) of orange oil against 4. niger on the surface of fungal paper

Figure 2. Fungal paper containing 4. niger without orange oil (A) and with orange oil (B)
at 30 days of storage

mg of EO 1! of air for vapour contact, it was found that orange peel
oil direct addition was faster. However, orange peel EO vapours were
more effective, since lower concentrations were required to achieve the
same antifungal effect. When orange oil was adsorbed into the agar,
some component of orange oil vapour could be vaporised through the
surface of the agar; then, the spore could not germinate, and mycelium
of the mould was suppressed. In the present study, it was observed that
orange oil had higher antimicrobial potential against Aspergillus and
Penicillium than against Rhizopus. By contrast, regarding the effect of
limonene on growth of mould in this test, results in Table 1 confirmed
that limonene was a stronger inhibitor to mycelia of all moulds than
to spores, especially to mycelium of Rhizopus. Although limonene not
only failed to completely inhibit all moulds with the MFC >100 pg g, it
was more active against Rhizopus than orange oil. The differences were
due to the other main components of the orange oil which accumulated
over the agar medium.

The growth inhibition due to the limonene alone was found to
be incomplete against mycelia and spores of all moulds. The synergic
effect of other components of orange oil was more active against
infected moulds than that of limonene alone. Regarding the different
compositions of a-pinene (2.79% of orange oil), was shown often
resistance on bacteria, yeast and fungi. Moreover, a-pinene can have
diverse synergistic effects with other compounds of essential oil that
exhibited strong inhibition of Aspergillus growth [18]. Furthermore,
Edinardo et al. suggested that Sabinene (3.55% of orange oil) was found
to be a potential component to have a synergistic effect with other
compounds that reduced the MIC of antibiotics tested against bacteria
[19].
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To slow the release of orange oil vapours from fungal paper, the
pore size of the fungal paper and the concentration of orange oil were
both required to design. The inhibition ability of the fungal paper
containing orange oil against mould growth on infected human skin
depended on the controlled release of orange oil vapours. Normally,
fungal paper containing the hydroxyl group made from T. versicolor
contain a large polysaccharide group called chitin. Chitin consists of
a linear biopolymer (p-(1,4)-linked D-N-acetylglucosamine (GIcN)
and N-glucosamine (GIcNAc)) units in various proportions and
sequences [20] that make starch very hydrophilic and sensitive to
moisture or relative humidity [21,22] From this result, it can be seen
that fungal paper could slow down the release of orange oil that proved
highly effective against mould for at least 30 days. The mechanism of
controlling the release could be explained as follows. After the fungal
paper containing orange oil absorbed moisture from the environment,
the hydrophilicity was increased; this can be able barrier to component
in essential oil (hydrophobic). Then, the release of the active orange is
found with antifungal activity (Figure 3) [23,24]. Therefore, these fungal
papers containing orange oil are highly likely to be used to improve the
release of essential oil for medical purposes.

Nevertheless, bio-based packaging produced from fungi mycelia
can also be incorporated with EOs to inhibit microbial on paper
surfaces and extend to shelf-life of food products packed inside biobased
packaging [13]. Normally, cell walls of fungi have the ability to produce
chitin. Chitin is a linear homopolymer of N-acetylglucosamine linked
by B-1,4 glycosidic bonds [25]. Around more than 20 chitin chains
could be composed by intramolecular and intermolecular hydrogen
bonds to perform of microfibrils that have high tensile strength for
producing packaging [26]. The incorporation of EOs in fungi-based
food packaging is an approach to correcting the associated with
biopolymer-based and have been reported by Srikaew et al. [13].

Nevertheless, after EOs have been released the active compound to
cells of microorganisms, components of EOs can be released into the
cell walls of microorganisms. As a result of passing these components
to the cell, the cell membrane, the cytoplasm, enzymes and proteins
of bacteria are interrupted, and they can completely change the
conformation of the microbial cell. Furthermore, a microorganism’s
loss of ions or metabolites due to exposure to EOs can compromise
the microbial metabolism and be damage and undergo cell death
[27,28]. A case study of Srikaew et al. [13] demonstrated paper from
fungi mycelium containing clove oil can inhibit mould growth of A.
flavus. Songsamoe et al. [29] and Suhem et al. [30] also reported that
components of essential oil could delay spore germination of moulds
and inhibition of the mycelium of mould.

Conclusions

The orange oil (80 pg g™) adsorbed by fungal paper can release
active compounds to inhibit fungal growth of isolated mould.
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Figure 3. Scanning electron microscope image at 500 of fungal paper containing orange
oil
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Furthermore, fungal paper that has adsorbed orange oil can develop as
a dressing paper that prevents fungi and bacteria infection and that is
safe for human use; thus, it is a potential candidate to apply the orange
oil adsorbed into paper dressing to for damage infected wounds.

Fungal skin infection (A. niger, A. flavus, Rhizopus spp. and P.
chrysogenum) can be controlled by the application of fungal paper
containing orange oil; such a paper could also be used as a replacement
for the conventional fungicide chemical treatment. Orange oil in
antifungal paper has shown the antifungal activities of biocontrol agents
on fungi skin infection for a long time. Mould infection may occur on
the human skin before it deeply grows, but this takes time. The present
demonstrated one of the major modes of action of antifungal paper
used for 30 days; the fungal paper released higher levels of D-limonene
and could work together with other components in controlling the
growth of moulds during long-term use.
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