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Abstract

Fungal contamination of the male inflorescences of palmyra palm (Borassus flabellifer Linn.) is a serious
problem during their storage prior to being used as the raw material for making the local One-Tambon-
One-Product, a cloth holder known as “Nguang Taan Hom” made by the Phutaan Entrepreneurship, Takua
Thung District Phangnga Province, Thailand. Morphological and molecular techniques were used to identify
the isolated fungi from male palmyra palm inflorescences. Three major fungal strains Aspergillus niger,
Aspergillus fumigatus and Aspergillus sclerotiorum were studied for antifungal activities and the minimum
inhibitory concentration (MIC) of silver nanoparticles (AgNPs) was found to range from 13.5-27 mg mL™".
Then, the efficiency of the AgNPs and silver nanoparticles stabilizing by Polyvinylpyrrolidone (AgNPs-PVP)
on the male palmyra palm inflorescences was studied by constructing a chamber model over a period of
9 weeks. The results showed that the group inoculated with Aspergillus niger, Aspergillus fumigatus and
Aspergillus sclerotiorum spores developed fungal growth after 4 weeks whereas no fungal growth was
observed in the group treated with AgNPs and AgNPs-PVP at 27 pg/mL until week 7, indicating that dipping
with either AgNPs or AgNPs-PVP is able to inhibit the growth of the fungi which cause damage to raw
materials and also threaten human health. Therefore, it can effectively extend the storage time of male palmyra
inflorescences.
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1 Introduction

The palmyra palm (Borassus flabellifer Linn.) is
widely distributed and cultivated in tropical Asian
countries such as Thailand, Bangladesh, India,
Myanmar, Sri Lanka, and Malaysia. In Thailand, the
male inflorescence of the palmyra palm is the part
that is stimulated to produce a sap flow. After the sap
is collected by cutting the outer end at the head of the
inflorescences, the used inflorescences have been
applied in the manufacture of the One Tambon One

Product (OTOP) product as a cloth holder called
“Nguang Taan Hom” by the Phutaan Entrepreneurship,
Takua Thung District Phangnga Province, Thailand.

However, the main problem that the entrepreneurship
suffers is the contamination by fungal growth on the
Nguang Taan used as a raw material to produce the
cloth holder. The damage caused by the fungi is a
serious problem both in the product and also to human
health.

Agricultural production is broadly affected by
various kinds of diseases including natural disasters
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caused by pathogenic organisms which lead to huge
economic loss and a tendency to produce toxicity in
the environment [1]-[6]. Over the past few decades,
nanotechnology has been considered as an emerging
technology that has become an interdisciplinary field
of research that is growing rapidly with amalgamation
into other areas of science and technology. The unique
electronic, optical, mechanical, magnetic and chemical
properties of nanoparticles are a wide range of applications
in medicine, pharmacy, cosmetology, electronics and
agriculture [7]-[9]. Among other things, many studies
point to their antiviral, antibacterial and antifungal
properties [10]-[14]. Recently, silver nanoparticles
(AgNPs) have been reported in many antifungal
applications as both a preservative and treatment in
the area of agricultural research to be highly effective
due to their unique properties [15]-[21]. The effective
antimicrobial properties and low toxicity of AgNPs
toward mammalian cells have made them to be easily
utilized in many consumer-based products [14].
Therefore, this research work aimed to investigate
AgNPs used as an antifungal agent for the growth inhibition
of isolated fungus from the male inflorescences of
palmyra palm.

The objectives of this research are to isolate,
identify and quantify the fungal microorganisms on
the male palmyra palm inflorescences (MPPIs). The
application is to determine the effective concentration
dose of AgNPs necessary to treat the most prevalent
fungi isolated from MPPIs. In addition, preventive
and post-infection treatments were performed in situ
on MPPIs to control fungal contamination.

2 Materials and Methods
2.1 Materials

The MPPIs were provided by Phutaan, 40/1 Village
No.5, Khok Kloi Sub-district, Takua Thung District,
Phangnga Thailand. An ITS primer with sequences
of ITSF 5' TCC GTA GGT GAA CCT GCG G 3'and
ITSR 5' TCC TCC GCT TAT TGA TAT GC 3' was
purchased from Integrated DNA Technologies, Singapore.
Potato dextrose agar (PDA) medium was used to
grow and maintain the cultures. Sodium borohydride
(NaBH,), Silver nitrate and Polyvinylpyrrolidone
(PVP) were purchased from Sigma-Aldrich (St. Louis,
Missouri, USA).

2.2 Identification of fungi on the male inflorescences
of palmyra palm

The fungi on the MPPIs were inoculated and grown
on Potato Dextrose Agar (PDA) with the addition
of antibiotics. The incubation plates were maintained at
room temperature for 2 weeks and observed every day.
Pure cultures were isolated from the PDA plates by the
hyphal tip isolation method under a stereo microscope
in order to identify the morphology of the fungi. Further,
the extraction of genomic DNA was conducted using
the CTAB method and the genomic DNA was amplified
using the ITS gene as a molecular marker to find
homologues for identification. The purified PCR
product was directly used for DNA sequencing and
the sequence was run on the BLASTN program for
comparison with the GenBank database (http://www.
ncbi nlm.nih.gov). The sequences of the selected
fungi and other sequences obtained from the GenBank
database were aligned by ClustalW and MEGA®6.

2.3 Synthesis and characterization of silver nanoparticles

AgNPs were prepared by the reduction of silver nitrate
using NaBH, as a reducing agent. A 10 mL of 1.0 mM
silver nitrate was gently added at about 1 drop/second
into 30 mL of 2.0 mM sodium borohydride solution
chilled in an ice bath. The reaction mixture was stirred
vigorously on a magnetic stir plate with a stirring rate
of 1,400 revolutions min™'. The solution turned light
yellow after the addition of 10 mL of silver nitrate
and thereafter became bright yellow. Nanoparticles in
colloidal solutions can be stabilized by adsorbed PVP
and 4 mL of 0.3% (w/v) PVP was added to the yellow
silver to prevent aggregation (AgNPs-PVP). The
size of the AgNPs was measured using transmission
electron microscopy (TEM).

2.4 Antifungal test

To examine the antifungal effect of the AgNPs, the
isolated fungi from the MPPIs were cultured in PDA
liquid medium at 37 °C for 3-5 days. Then 1 x 10°
CFU mL™ cells were plated on fresh PDA solid media
containing 27 pg mL™ of AgNPs and AgNPs-PVP
and incubated for 7 days at 30 + 2 °C. Fungal cultures
treated with deionized water (silver-free PDA plates) and
the commercial fungicide (Mancozeb) were cultured
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under the same conditions and used as negative and
positive controls. The assays were performed in triplicate
and the mycelial radial growth was measured. The
Percentage Inhibition of Diameter Growth (PIDG)
was calculated using the following formula: PIDG
= (DT-D)/DT % 100 where DT is the mean diameter
of mycelial growth in the control and D is the mean
diameter of mycelial growth in the treatment [9].

2.4.1 Measurement of minimum inhibitory concentrations

The antimicrobial activity of the AgNPs and AgNPs-
PVP was determined using the microbroth dilution
method described by the Clinical and Laboratory
Standards Institute (CLSI) guidelines, document
M27-S4. The minimum inhibitory concentration
(MIC) of the AgNPs and AgNPs-PVP were determined
by monitoring the growth of fungi in a microplate
reader (Multiskan FC, Thermo Scientific) at 600 nm
(OD600). Serial two-fold dilutions of AgNPs and
AgNPs-PVP were prepared in sterile 96-well plates
over a range of 0.42-27 ug mL™". The wells were then
inoculated with 100 pL of the diluted broth culture
to give a cell density of 10° CFU mL™" and incubated
at 37 °C for a period of 18 to 24 h. The experimental
procedure involved treating samples inoculated with
fungi with a cell density of 10° CFU mL™ with the
silver nanoparticle solutions prepared, and samples
inoculated with fungi and with the commercial
Mancozeb were used as positive and negative controls,
respectively. All the experiments were conducted in
triplicate and the results were expressed as the mean
values from three replicates. In the experiments,
differences in the effect of variables whose p-values
were lower than 0.05 were considered to be significant.
Bacterial growth was detected as an increase in
absorbance at 600 nm and the comparative analysis of
differences was conducted by one-way ANOVA (SPSS
version 15). The MIC of the antimicrobial activity of
the silver nanoparticles was evaluated according to the
National Committee for Clinical Laboratory Standards
with fungal growth being completely inhibited under
the MIC.

2.4.2 Preservation assay for the male inflorescences
of Palmyra palm

MPPIs were obtained from the target site in Phangnga

and samples of moderate size, consistent maturity
and without bruises were selected. The samples were
chopped into 5 cm lengths for use in the experiment.
They were sterilized using ethylene oxide gas at
55 °C for 16 h and stored at a constant temperature
in a humidity chamber (20 X 25 X 5 c¢cm) at room
temperature with a relative humidity of 74.5 + 0.8%
(consistent with the real conditions used for storage
at the target site).

The experiment was conducted on four groups as
follows: the first group consisted of negative control
in which the samples, were soaked in deionized water.
The second group, in which the sterilized MPPI
samples with no treatment were used as controls. In the
third group, the sterilized samples after treatment with
AgNPs and AgNPs-PVP solutions at the determined
MIC (27 and 24.5 ug mL™") were challenged by inoculation
with a fungal concentration of 5 x 10* spores mL™".
In the last group (positive control), sterilized samples
with no treatment were inoculated with a fungal
concentration of 5 x 10* spores mL™. The treatments
were administered to the MPPIs by soaking for 15 min
following, which the samples were dried at room
temperature for 15-20 min. The inhibition of fungal
growth by the various treatments was then determined.

The samples were examined by Electron
Microscope (EM) and images were collected every
day. The experiment was performed in triplicate, and
the data were statistically analyzed by the mean +
standard deviation (SD).

3 Results

3.1 Identification of fungi on the male Palmyra
palm inflorescences

Preliminary identification of isolated fungi from
the MPPIs was conducted using the morphological
characteristics of the mycelium and spores. There were
224 isolates, which were divided into nine groups
as shown in Figure 1. Molecular identification was
conducted using the ITS gene, which is a standard
molecular marker for 500-800 bp sequences used
to identify species from the fungal kingdom using
primers that are applicable for the broadest possible
taxonomic group.

A 544 bp ITS-containing region was amplified
from each of nine pure cultured isolates (spl—sp9).
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Figure 1: Identification of fungi on Ngang Taan showing
Aspergillus niger (a), Aspergillus fumigatus (b),
Sebipora aquosa (c), sp4: unknown (d), Aspergillus
sclerotiorum (e), Penicillium funiculosum (f),
Talaromyces sp. (g), Gelatoporia subvermispora (h)
and Sympoventuriaceae sp. (1).

All nine amplicons were sequenced and all were
found to contain a complete 495 bp ITS region
(ITS1/5.8SrRNA/ITS-2) flanked by short 18S and
28S rRNA sequences. NCBI BLAST searches of
the ITS regions for the fungal isolates showed that
they were 99—100% identical to nine species of fungi
(Table 1).

Table 1: Comparison of Nucleotide sequences of fungi
isolated from the MPPIs from the NCBI database

Identified Number GenBa‘nk %
Code Species of Isolated | Accession Identi
P Fungi No. ty
spl | Aspergillus niger 73 MW413309 | 100%
sp2 | Aspergillus 75 MW413310 | 100%
fumigatus
sp3 | Sebipora aquosa 7 MW413311 99%
sp4 | unknown 3 - -
sps | Aspergilius 44 | MWA413312 | 100%
sclerotiorum
spe | Penicillium 10 | MW413313 | 100%
Sfuniculosum
sp7 | Talaromyces sp. 6 MW413314 | 100%
spg | Gelatoporia 4 | MW413315 | 99%
subvermispora
sp9 fg mpoventuriacede) MW413316 | 100%

=p2
MG552677.1_Aspergillu;
=1

MGS76107 1_Aspol
MHO50790.1_A:

Clade A

KJ572145.1_Ta
0988819, 1_Per

Clade B

]‘ Clade C

w - CladeD

KUBBGEES 1_Tal
24l 39| KUBG6GSE. 1_Tal
KY809059.1_Tal

KU7§1868.1_Tal
KX406021 1_Po
JF727886.1_Pe

KJ654615 1_Sebipo
|AYE98626.2_Pythium_inflatum

oy aaere s oy et ]' Out group

o1

Figure 2: Neighbour-joining phylogenetic tree of
fungi 9 isolates.

Nucleotide sequences obtained from the NCBI
database and the MEGA 6 program were studied to
create a phylogenetic tree calculated with neighbor-
joining and bootstrap values calculated over 1,000
replicates using Pythium catenulatum (AY598675.2)
with Pythium inflatum (AY 598626.2) as the out-group.
Nine isolates in this study were classified into 4 Clade
(A-D) (Figure 2). Clade A consisted of the Aspergillus
genus including spl, sp2 and sp5 isolates closely
related to Aspergillus niger, Aspergillus fumigatus
and Aspergillus sclerotiorum, respectively. However,
Clade D including sp3 and sp8 showed the farthest
relationship with other clades. For sp3 is grouped
together with genus Sebipora and sp8.

3.2 Sampling and conditions for in situ experiment

The MPPIs were cut into pieces about 10 in length
and kept at the storage house at the Phu Tan Palm
Processing Group, Village No. 5, Khok Kloi Sub-district,
Takua Thung District, Phangnga Province, which is
12 x 15 x 3.5 m in size. Since the storage house is
open, so the growth of fungi is aided by ready access
to nutrients, oxygen and water and without any control
of the temperature, humidity or light conditions.
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Figure 3: Distribution of fungi (224 isolates) isolated
from contaminated MPPIs and microscopic observation
of the most frequently found fungi in male inflorescences,
Aspergillus niger (a), Aspergillus fumigatus (b) and
Aspergillus sclerotiorum (c).

Water content is one of the factors that affect the
growth of fungi. The amount of water in a sample can
be measured by the moisture content and water activity.
Fungi usually require less water for growth than
other microorganisms, yeast, and bacteria, and can
grow in a sample with both low moisture and water
activity, such as paper, wood, etc. The relative humidity
at the storage house was measured during March and
April and it was found that the mean relative humidity
was in the range of 74.53 + 0.80%, which would be
sufficient to promote the growth of fungi on the MPPIs.
This was in agreement with previous work indicating
the amount of water that is suitable for the growth of the
group of fungi that causes contamination in agricultural
products and it has been found that most of these fungi
tend to thrive with a water activity of below 0.85 [22].
The average temperature in the storage house was 30.9
+ 2.2 °C and such a temperature can also promote the
growth of fungi.

Based on the identification of the fungal species
from their morphology and molecular characteristics, it
was found that sp1 (Aspergillus niger), sp2 (Aspergillus
Sfumigatus) and sp5 (Aspergillus sclerotiorum) were
the most common and they are the major cause of
the contamination shown in Figure 3. Therefore, the
researcher chose to use these three types of fungi to

study the effects of AgNPs and AgNPs-PVP on the
preliminary growth of fungi and their effectiveness in
inhibiting those fungi on MPPIs.

3.3 Synthesis and characterization of AgNPs

The AgNPs were synthesized according to the method
described in the previous section, and their characteristic
size was investigated using TEM (JEOL JEM-2010).
The average particle sizes of AgNPs and the AgNPs-
PVP are 20 £ 2.8 nm and 36.7 £+ 1.3 nm, respectively.

3.4 Preliminary antimicrobial assay

The antimicrobial effects of the synthesized AgNPs
and AgNPs-PVP were estimated by the agar dilution
technique against three fungi: Aspergillus niger, Aspergillus
fumigatus, and Aspergillus sclerotiorum isolated
from the MPPIs. A fresh culture of isolated fungi was
suspended in 1 mL of sterile distilled water and 100 L
of the suspension was spread-plated on solidified PDA.
Five millimeter diameter plugs of actively growing
mycelia from the fungi isolates were placed at equal
distances on the inoculated PDA plates. All the fungi
isolates were analyzed in triplicate. The plates were
incubated aerobically at 30 °C for 2448 h with AgNPs
and AgNPs-PVP at 27 and 24.5 pg mL™". The effect
of the AgNPs and AgNPs-PVP on Aspergillus niger,
Aspergillus fumigatus and Aspergillus sclerotiorum
are shown separately in Figure 4. It was found that
the PIDGs for the AgNPs were 52, 74, and 71%,
respectively, while for the AgNPs-PVP, the PIDGs
were 40, 59, and 58%, respectively.

3.5 MIC determination

The antifungal effect of both the AgNPs and AgNPs-
PVP against various fungi isolated from the MPPIs
were estimated with Mancozeb 80% WP as a positive
control based on the agar dilution technique. The
inhibition in the growth of the fungi was determined
based on the MIC, that is, the lowest concentration that
completely inhibited growth. The results are shown
in Table 2. The concentrations of AgNPs and AgNPs-
PVP required to achieve the MIC were observed to be
in the range of 12.25-27 ug mL™. At concentrations
as low as 13.5 and 12.25 ug mL'for both the AgNPs
and the AgNPs-PVP, substantial inhibition of fungal
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(a)

(b)

(©)

Figure 4: Effects of antifungal agents on the growth
of Aspergillus niger (a), Aspergillus fumigatus (b) and
Aspergillus sclerotiorum (¢) on PDA only (control),
PDA with Mancozeb 200 pg mL™, AgNPs 27 ug mL™
and AgNPs-PVP 24.5 ng mL™, respectively.

growth was noted. These results also suggest different
forms of silver nanoparticles have an equivalent
antifungal effect.

Table 2: The Minimum inhibitory concentration (MIC)
of agents against various fungi

MIC (ug mL™)

Fungi Species Mancozeb | AgNPs Alg)l:lfll’)s-
Aspergillus niger 3.13 27.0 24.5
Aspergillus fumigatus 1.56 13.5 12.25
Sebipora aquosa 0.78 13.5 12.25
Aspergillus sclerotiorum 1.56 13.5 12.25
Penicillium funiculosum 1.56 13.5 12.25
Talaromyces sp. 0.78 13.5 12.25
Gelatoporia subvermispora 0.78 13.5 12.25
Sympoventuriaceae sp. 0.78 13.5 12.25

3.6 The antifungal activity of AgNPs and AgNPs-
PVPin male palmyra palm inflorescences: the model
system

The sterilized 5 cm-long pieces of MPPIs were treated
in AgNP solution at the MIC (ug mL™) for 15 min,
then dried at room temperature for 15-20 min and
transferred to a constant temperature and humidity

(e) Treated with AgNPs
& inoculating with fungus

() Treated with AgNPs

(f) Treated with AgNPs-PVP
& inoculating with fi

Figure 5: The growths of fungi on MPPIs observed
by stereo microscope after incubation for 60 days.
Control (a), The sterilized MPPIs inoculated with
fungal spores (b), MPPIs treated with AgNPs (c),
MPPIs treated with AgNPs-PVP (d), MPPIs treated
with AgNPs then inoculated with fungal spores (¢) and
MPPIs treated with AgNPs-PVP then inoculated with
fungal spores (f).

chamber (20 x 25 x 5 cm). Sterilized MPPI samples
with no treatment were used as controls. A spore
suspension of Aspergillus niger, Aspergillus fumigatus,
and Aspergillus sclerotiorum, the three most common
species of fungi traced in the MPPIs were prepared (5 x
10 spores mL™") and approximately 10 uL of the spore
suspension was spread on the samples. The inoculated
samples were incubated at room temperature in 74.5
+ 0.8% RH (The conditions used in previous studies)
and the fungal growth were examined every day for
7 weeks. White mycelia were observed in the untreated
samples 4 weeks after inoculation [Figure 5(b)] and
after 7 weeks for the treated samples as shown in
Figure 5(e) and (f). The growth of only Aspergillus
niger species was observed in the experiment.
Furthermore, Aspergillus fumigatus and Aspergillus
sclerotiorum did not germinate in the samples treated
at the MIC concentration of AgNPs and AgNPs-PVP
before 7 weeks. Therefore the storage time which
AgNPs and AgNPs-PVP are able to prevent the growth
of fungi is around 7 weeks compared with the control
sample without treatment in which germination
occurred after only 4 weeks. Moreover, a concentration
of 13.5 ug mL™" of the silver-nano solution was able
to inhibit the germination of Aspergillus fumigatus,
Sebipora aquosa, Aspergillus sclerotiorum, Penicillium
funiculosum, Talaromyces sp., Gelatoporia
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subvermispora and Sympoventuriaceae sp. whereas
the higher concentration of 27 ug mL™" was necessary
only to inhibit the development of Aspergillus niger.

4 Discussion and Conclusions

According to morphological and molecular techniques,
Aspergillus niger, Aspergillus fumigatus and Aspergillus
sclerotiorum were identified from MPPIs. All three
fungi are closely related and belong to the same genus,
which causes the spoilage of food and agricultural
products and is also found in the environment [23]. Clade
B consisted of sp6 and sp7 (Penicillium funiculosum
and Talaromyces sp.) which are also closely related
according to a previous study [24]. Clade C contained
the fungus sample sp9, Sympoventuriaceae sp., which
is a filamentous fungus from the Ochroconics genus
which is found in the soil [25]. The last group, Clade D,
consisted of sp3 and sp8 (Sympoventuriaceae sp. and
Gelatoporia subvermispora), which are closely related
and are Polyporals found in rotten wood [26]. Those
3 major strains of fungi were studied for antifungal
activities using two antifungal agents; Silver nanoparticles
(AgNPs) and Silver nanoparticles stabilizing by
Polyvinylpyrrolidone (AgNPs-PVP). From these
results it can be seen that, the AgNPs were smaller
than the AgNPs-PVP.

Moreover the AgNPs-PVP solution was more
stable and could be kept for 12 months, while the
AgNPs solution could only be kept for 3 months.
PVP is a polymer that can be used to maintain the
stability of the AgNPs. In general, polymers or organic
materials with long chains or functional clusters can be
used to attach to the surface of particles, which helps
to prevent them from making direct contact with each
other or aggregating when solution conditions change
[27]. Unlike the work of other authors, our studies
point to selective antifungal activity in both AgNPs
and AgNPs-PVP where similar concentrations (MIC of
3 fungi species; Table 2) were concerned. These MIC
results were found to be consistent with other studies
[18], [20], [28] which is in the range of 1-100 ug mL™".
Further study, we investigated the efficiency of antifungal
effect on MPPIs in a real situation. The conditions of a
moist chamber are closed to the storehouse in Phangnga
Province. The treatment was then conducted and
challenged with AgNPs whereas the Mancozeb was
used as an agricultural fungicide. When compared with

Mancozeb, both types of nano-silver solution showed
effective in inhibiting the growth of fungi. Therefore,
it is suggested that treating with a silver-nano solution
can be used to alternatively prevent fungal growth
for storage periods of up to 7 weeks. However, the
storage periods exceeding 7 weeks, a repeated coating
is necessary.

Further, storage under vacuum conditions would
improve the preservation time. The AgNPs-PVP
is recommended as the optimum treatment agent
for the MPPIs because they have a longer shelf life
(12 months). Since the experiments for the anti-
fungal effect of both AgNPs and AgNPs-PVP were
studied after 12 months and its results still remained
the same antifungal activities (unpublished data).
Moreover, their abilities to prevent the growth of fungi
on stored products would be of major significance
to the health of humans and animals, and to the agricultural
economy.
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