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v' Five filamentous fungal strains belonging to four genera Penicillium,
Fusarium, Aspergillus, and Nigrospora, were isolated from rubber surfaces
exposed to coastal conditions in Dam Bay, Nha Trang, with surface
coverage ranging from 48.23 + 3.7% to 68.23 + 4.1%.

v All strains exhibited optimal growth on PDA medium and demonstrated salt
tolerance up to 4% NaCl, highlighting their adaptability to marine
environments.

v' Only Nigrospora lacticolonia DB.FO5 showed extracellular laccase
activity, forming a 6 = 0.5 mm lysis zone, indicating its potential role in
rubber biodegradation.

- Abstract: Fungal strains can readily colonize and thrive on the surface of
rubber materials, particularly in tropical coastal or monsoon climates where high
humidity, temperature, and salinity create favorable growth conditions. This study
aimed to isolate and characterize filamentous fungal strains inhabiting the surface of
rubber materials exposed to coastal climatic conditions at the Dam Bay Marine
climatic testing station, Nha Trang, Vietnam. Three rubber samples were collected
and assessed for microbial coverage following ASTM G21-15 (2015). High-
resolution images were analyzed using ImagelJ software, revealing fungal colonization
levels ranging from 48.23 + 3.7% to 68.23 + 4.1%. Based on morphological
characteristics, five isolates were obtained and classified into four genera: Fusarium,
Aspergillus, Penicillium, and Nigrospora. All isolates exhibited optimal growth on
PDA medium and demonstrated salt tolerance up to 4% (w/v) NaCl, indicating
physiological adaptation to saline environments. Screening for extracellular laccase
activity showed that DB.F05 was the only strain producing laccase, with a lysis zone
diameter of 6 £ 0.5 mm. The identity of DB.FO5 was confirmed by combining
morphological observations with /7S region sequencing, showing 100% similarity to
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Nigrospora lacticolonia CGMCC 3.18123 (GenBank accession PV942108). These
findings provide the first record of N. lacticolonia isolated from rubber surfaces in a
tropical marine environment and reveal its potential enzymatic capability relevant to
polymer modification or degradation. These are the results of a preliminary study to
record the presence and biological characteristics of filamentous fungi on rubber
surfaces in tropical coastal environments, providing a foundation for future studies on
biodegradation mechanisms and antifungal preservation strategies.

- Keywords: filamentous fungal strains, rubber materials; Nigrospora
lacticolonia; fungal biodeterioration, isolation.

1. INTRODUCTION

Rubber is a versatile material widely used in industrial manufacturing, including
sealing elements and technical parts. The primary component of natural rubber is cis-
1,4-polyisoprene, but it also contains minor compounds such as carbohydrates,
proteins, fatty acids, and phospholipids. These organic substances provide favorable
substrates for microbial colonization, particularly by filamentous fungi [1].

In coastal environments like the Dam Bay testing station (Nha Trang), where
high humidity, temperature, and salinity prevail, rubber materials are especially
vulnerable to biodeterioration. The growth of filamentous fungi on rubber surfaces
under such conditions can lead to discoloration, texture degradation, and reduced
mechanical integrity. Moreover, salt-tolerant fungi possess specialized mechanisms
to maintain osmotic balance and survive oxidative stress, enabling them to persist and
slowly degrade materials in marine-influenced settings [2].

The composition of filamentous fungi involved in the biodeterioration of natural
rubber surfaces is relatively diverse. In 2008, fungal strains belonging to the genera
Fusarium, Penicillium, Trichoderma, Mucor, and others were isolated from natural
rubber samples at a farm in northern Thailand [3].

The fungal hyphae tend to adhere to the surface and penetrate the material,
producing extracellular polysaccharides (EPS) that aid in adhesion and biofilm
formation. In particular, filamentous fungi capable of producing extracellular
enzymes such as laccase and manganese peroxidase were responsible for the
degradation of natural rubber source [4, 5]. These enzymes participate in
substrate breakdown, particularly cis-1,4-polyisoprene, providing a carbon
source for mold growth.

Although numerous studies have investigated the occurrence of filamentous
fungi on rubber surfaces, knowledge of the biological characteristics and enzymatic
activities of fungal strains colonizing rubber in tropical coastal regions such as the
Dam Bay Marine Climatic Testing Station (Nha Trang) remains limited. This study
aims to isolate filamentous fungi and provide fundamental data on their degradative
effects on rubber surfaces, thereby contributing to the development of effective
antifungal strategies for the preservation of rubber-based equipment in tropical and
coastal environments.
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2. RESEARCH MATERIALS AND METHODOLOGY
2.1. Research materials

03 rubber samples were collected at the Dam Bay Marine Climatic Testing
Station, Nha Trang, Khanh Hoa in the dry, sunny conditions of August 2024. Rubber
sheets were randomly selected, each 20 cm long and 15 cm wide. Samples were
exposed to a uniform period of 3 months in a marine climate. The samples were stored
in a cold box at about 4-10°C and brought to the Microbiology Laboratory -
Department of Biotechnology, Joint Vietnam - Russia Tropical Science and
Technology Research Center.

2.2. Research methodology
2.2.1. Evaluation of microbial coverage on the surface of materials

Rubber material samples infected with fungi were photographed using a Canon
EOS 3000D camera. The fungal infection sites were observed and captured using a
handheld DM WF120 microscope. Images were processed in ImagelJ v.1.51 by
converting to grayscale, adjusting the threshold to distinguish fungal hyphae from the
background, and using the “Analyze particles” function to quantify the area covered
[6]. The fungal coverage was calculated as a percentage of the surface area where
fungal filaments had developed. The level of damage was determined according to
ASTM G21-15 (2015) [7].

2.2.2. Sampling, isolation, and study of the biological characteristics of fungal
strains on the surface of rubber materials

Sterilized cotton swabs were used to wipe the surface of rubber material samples
infected with fungi in Dam Bay. Carefully, the swabs were placed into sterilized
distilled water supplemented with 0.005% Tween 80, shaken at 200 rpm for 30
minutes. Then, 100 pL of the solution was spread evenly onto PDA agar plates
supplemented with an antibiotic mixture (100 mg/L ampicillin; 100 mg/L
tetracycline). Afterward, the agar plates were incubated at 30°C for 3-5 days. The
fungal strains were purified through repeated subculturing on PDA agar medium [6].

The fungal strains were cultured on PDA agar medium with slanted coverslips
at 28-30°C. After 72 hours, the coverslips were removed for the observation of the
morphology of conidiophores and spores using a Zeiss Axiocam 503 Color Camera
Unit optical microscope at 1000x magnification [8].

2.2.3. Evaluation of growth potential on different media

The fungal strains were cultured on three types of media: CZA, MEA, and PDA,
supplemented with 100 mg/L ampicillin at a temperature of 30°C for 3-5 days. Growth
potential was determined based on the colony diameter of each fungal strain [6].

2.2.4. Evaluation of growth potential of filamentous fungal strains at different
salt concentrations

The fungal strains were cultured on PDA medium supplemented with antibiotics
(100 mg/L ampicillin; 100 mg/L tetracycline) at a temperature of 30°C for 7 days
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across various salt concentrations (0, 2, 4, 6, 8, 10%). Similarly, growth potential was
determined based on the colony diameter of each fungal strain [2].

2.2.5. Evaluation of laccase enzyme synthesis ability

Laccase activity was determined using the agar well diffusion method. Briefly,
agar plugs containing fungal strains were placed on substrate agar medium (0.05%
guaiacol) and incubated for 24 h. Finally, enzyme activity was measured by the
difference D - d, where D is the diameter of the clearing zone (mm), and d is the
diameter of the agar plug (mm), using a stereomicroscope Nikon SMZ1270 at 6.3 X
magnification. All measurements were performed in triplicate to ensure
reproducibility [9].

2.2.6. Classification of fungal strains with activity using the ITS gene sequence
amplification method

The total fungal DNA was extracted using the Fungi/Yeast DNA Extraction kit
(Norgen, Canada). The /TS region was chosen due to its high variability among fungal
species and its frequent use in fungal identification studies. The ITS1F/ITS4 primer
pair is a widely accepted standard for amplifying this region. The sequence was
amplified from the total DNA with the primer pair ITS1F (5'- CTT GGT CAT TTA
GAG GAAGTA A-3")and ITS4 (5' - TCC TCC GCT TAT TGA TAT GC - 3"). The
thermal cycling profile for PCR using /7S primers includes an initial denaturation at
95°C for 3 minutes, followed by 30-35 cycles consisting of denaturation at 95°C for
30 seconds, primer annealing at 55°C for 30 seconds, and extension at 72°C for 60
seconds. The reaction ends with a final extension at 72°C for 5-10 minutes, and the
products are then held at 4°C for storage. Besides, the sequences were processed using
BioEdit software (ver. 6.0.7, USA) and phylogenetic trees were constructed using
Mega X software (ver. 11) [6].

2.2.7. Data Processing

The data was processed on one-way ANOVA at a significance level of p <0.05.
The research data were statistically analyzed using Microsoft Excel 2019 (Microsoft
Corporation, Redmond, WA, USA). All experiments were performed in triplicate.

3. RESULTS
3.1. The extent of fungal hyphae coverage on the rubber material surface

The surface of natural rubber sheets collected at the Dam Bay testing station,
Nha Trang, Khanh Hoa, was studied to assess the level of fungal infection by assessing
the coverage of mycelium on the material surface. All three collected samples
exhibited the presence of filamentous fungi. Mycelium growing on the material
surface is quite uniform, mainly dark blue or white, with widespread mycelium. The
images of the material surface are described in Figure 1.
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Figure 1. Surface of fungal-infected material sample: (a) photo of material sample,
(b) fungal hyphae on sample surface taken at 20x magnification, (c) fungal hyphae
analyzed using ImagelJ image processing tool, (d) ratio of fungal hyphae area
covering material surface.

The results of 20x magnification image analysis and evaluation by Imagel
software showed that both the front and back sides of the natural rubber sheet were
observed to have extensive mycelial growth. There were differences in natural factors
such as rainfall, light, and wind direction, leading to the difference between mycelial
density on the front and back sides of the rubber sheet [10]. In which the back of the
rubber sheet recorded a wide growth and development of filamentous fungi, averaging
about 68.23 + 4.1% of the surface area, while the filamentous fungi spread and
covered 48.23 + 3.7% of the front surface. According to ASTM G21-15 (2015), the
front of the rubber sheet was covered by filamentous fungi at the level of damage No.
3 and the backside was at the level of damage No. 4 [7].

3.2. Morphological characteristics of isolated fungal strains

Five fungal strains were isolated from rubber materials and were named from
DB.FO1 to DB.F05. The isolated strains had significantly different colony
morphology in terms of color and size. All strains developed mycelium and produced
spores. The morphological characteristics of colonies on PDA medium, spore stalks,
and spores of the isolated fungal strains under an optical microscope at 1000x
magnification were shown in Figure 2.
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Figure 2. Colony and spore morphology of pure fungal strains isolated from rubber
materials at Dam Bay.

From the results of observing both the characteristics of the colonies and the
sporophytes of the isolated strains, it is possible to classify the fungal strains into the
genus. Based on the published results of the study on the biological morphology of
molds, five mold strains were identified as belonging to 4 different genera:

Penicillium,

Aspergillus,

Fusarium,

and Nigrospora. The

characteristics of the 5 fungal strains were described in Table 1.

morphological

Table 1. Morphological characteristics of colonies and spores of isolated fungal

strains

Strain Colony characteristics Spore characteristics Genus
Colonies are round, gray- The mycelium is branched and
green, dark gray on the back, septate. The sporangia are
evenly rounded and white on branched, with clusters of 3-6
the edges. The surfa'ce is vase bodie§ 'attached to the Penicillium
DB.FO1 smooth and powdery, slightly head, all pointing up parallel to
convex in the center. Do not the shape of a broom. The [11,12]
form transparent secretions or spores are 2-4 pum, naked,
pigments. spherical, and attached in
clusters on each vase body.
Colonies are round, greenish- Mycelium is branched and  pycqrium
DB.FO2 white, with an opaque white septate. Sporangia branched,
) [13, 14]
back; edges are evenly single flask. Spores are
112
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DB.F03

DB.F04

DB.F05

rounded and white. Surface is
cottony, with a raised center
and no pigment.

Colonies are yellow, then
turn green, and dark yellow
on the back. The surface is
filamentous, with a spongy
center, and does not produce
pigment.

Colonies are round, black in
the center, and white on the
edge. Surface is spore-like,
and smooth. No secretion
drops. Does not produce
pigment in the environment.

Colonies are radial, with
white mycelium, gray-black
in the center when old. The
cottony surface produces
pigments in the environment.

elliptical, typically 3-5 pm
long, septate.

A single, unbranched filament,
the terminal part of which is
enlarged to form a spore
vesicle. The spore vesicle
produces spores to form chains
of conidia. The spores are
spherical, 3—4 pm in diameter
and grow in chains.

A single, unbranched filament,
the terminal part of which is
enlarged to form a spore
vesicle. The spore vesicle
produces spores to form chains
of conidia. The spores are
spherical, 3—-5 pm in diameter
and grow in chains.

The system is unbranched,
with black sporangia 6—8 um
in diameter growing directly
from the mycelium. The spore
stalk is short, cylindrical, and
only a few micrometers long.

Aspergillus
[15, 16]

Aspergillus
[15, 16]

Nigrospora
[17, 18]

Among the five fungal strains isolated from the rubber sheet, DB.FO1 exhibited

the highest density on the front surface at 42.86%. The density of fungal strains on the
front surface ranged from 5.71% to 42.86%. In contrast, DB.F0O5 appeared least
frequently on the isolation plates, a trend also observed for strains isolated from the
back surface of the rubber sheet, where densities ranged from 5.71% to
41.38% (Figure 3). In comparison with previous studies on the surface coverage
density of filamentous fungi on composite materials, fungal strains belonging to the
genus Penicillium exhibited the highest coverage, with values of 40.44% (P.
corylophilum ELM.C2) and approximately 42% (Penicillium sp. DB.FOI),
respectively. The coverage density of Penicillium species was also the highest on both
the front and back surfaces of rubber materials, as well as on all four sides of radar
components made from composite materials [19].
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Figure 3. Density of fungal strains isolated on the front and back surfaces of the
rubber materials
3.3. Evaluation of growth ability on different media
After 5 days of culture on CZA, MEA, and PDA medium, the five filamentous
fungal strains exhibited distinct morphology and sizes. The resulting images are
described in Figure 4.

DB.FO1 DB.F02 DB.F03 DB.Fo4 DB.FO05

CZA
(Czapeck Agar)

MEA
(Malt Extract Agar)

PDA
(Potato Dextrose
Agar)

b f_.b

Figure 4. Growth characteristics and macroscopic morphology of fungi derived from
natural rubber. Strains were inoculated in the center position on PDA, MEA and CZA
plates. The inoculated plates were incubated at 30°C for 5 days. Standard scale = 10 mm

The colony size of the five filamentous fungal strains on PDA medium was
significantly larger than on the other two media (p < 0.05, one-way ANOVA). The
mean colony diameters of filamentous fungi on PDA medium was 21 + 2 mm, 48 + 2
mm, 52 £ 2 mm, 71 £ 3 mm, and 68 + 1 mm for strains DB.FO1 to DB.F0S5,
respectively. The diameter of the fungal strains was approximately 1.2 to 2 times the
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diameter on the other media. Thus, PDA is a suitable medium for the growth
conditions of the isolates from rubber sheets.

3.4. Evaluation of growth ability at different salt concentrations

The fungal strains, isolated from materials in a marine environment, exhibited
growth variations on PDA medium due to the influence of NaCl. Different fungal
strains showed different growth and responses to different concentrations of NaCl.
Most of the fungal strains grew very well at concentrations of 0% and 2% (w/v) NaCl.
Especially at 0% (w/v), the colony diameters of strains DB.FO1 to DB.FO5 were
recorded as the largest, approximately 28 +£3 mm, 41 = 1 mm, 48 + 1 mm, 64 + 3 mm,
and 77 £ 2 mm, respectively. The diameter gradually decreased as the NaCl
concentration increased from 0% to 8% in most strains. At a concentration of 10%
(w/v) NaCl, only 3 strains, DB.F02, DB.F03, and DB.F04, grew poorly, while the two
strains, DB.FO1 and DB.F05, did not grow.

DB.FO2

DB.FO3

DB.FO4

DB.FO5

0% 2% 4% 6% 8% 10%

Figure 5. Growth ability of isolates on PDA medium supplemented with 0, 2, 4, 6,
8, 10% (w/v) NaCl for 7 days at 30°C. Standard scale = 10 mm

3.5. The ability to produce extracellular enzymes of isolated fungal strains

Five fungal strains were evaluated for their ability to produce extracellular
enzymes by measuring the diameter of the guaiacol degradation ring, which indicates
laccase production. As shown in Figure 6, only one strain, DB.F05, exhibited laccase
activity, with an enzyme ring diameter of approximately 6 + 0.5 mm.
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Figure 6. The inner circle shows the laccase biosynthesis ability of five filamentous
fungi isolated on the surface of rubber materials.

3.6. Identification of active fungal strains

After DNA extraction and amplification using /7'S primers, the electrophoresis
result showed a clear band of approximately 550 bp. The band was sharp with no signs
of nonspecific amplification or background noise, indicating that the sample is
suitable for subsequent sequencing analysis for fungal identification (Figure 7a). After
sequencing, the data were compared with the gene sequences in the GenBank database
using the BLAST on NCBI (www.ncbi.nlm.nih.gov), from which a phylogenetic tree
was constructed based on the Neighbor-joining method (Figure 7b).

Marker FO05 DB.FO0S5 (PV_942108)
e

Nigrospora lacticoionia CGMCC 3.18123 (NR_1534717T)
N. lacticolonia M1952 (MZ_160967)
N.vesicularis CGMCC 3.18122 (NR_153479T)
I N. aurantiaca CGMCC 3.18130 (NR_153477T)
1000bp |

N. guilii A 1812 534727
500bp guilinensis CGMCC 3.18124 (NR_1534727T)

Apiospora xenocordella CBS 486.86 (NR_120274T)

(a) (b)

Figure 7. (a) Electrophoresis result of the amplification product using /7S primers in
1% agarose, Marker: 500-10000bp (b) Phylogenetic tree showing the relationship
between strain DB.F05 and reference strains in the NCBI database.
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Based on the results of /7S region sequencing, the nucleotide sequence of the
filamentous fungal strain DB.FO05 has 100% similarity to the filamentous fungal strain
Nigrospora lacticolonia CGMCC 3.18123 (NR _153471). Combining the
characteristics of colony morphology, spore stalk and the results of self-amplification
of the ITS gene region, DB.FO5 was identified as Nigrospora lacticolonia DB.F05.
This sequence was submitted to GenBank under accession number PV942108.

Table 3. Matrix showing the similarity of strain Nigrospora lacticolonia DB.F05
with reference strains in the NCBI database

N. N. N. N. N.
lacticolonia lacticolonia vesicularis aurantiaca guilinensis
CcGMCC M1952 CGMCC CGMCC cGMcce
3.18123 3.18130 3.18130 3.18124

Fungal  DB.F05

DB.F05 100 100 100 99.43 98.89 98.16

N.

lacticolonia 100 100 99.8 99.22 98.61 98.06
CGMCC

3.18123

N.
lacticolonia 100 99.8 100 99.4 98.8 97.72
M1952

N.
vesicularis
CGMCC
3.18130

99.43 99.22 99.4 100 98.24 97.95

N.
aurantiaca
CGMCC
3.18130

98.89 98.61 98.8 98.24 100 98.45

N.
guilinensis
CGMCC
3.18124

98.16 98.06 97.72 97.95 98.45 100

4. DISCUSSION

The study highlights the significant fungal colonization on rubber materials in
Dam Bay, with coverage reaching up to 68.23 + 4.1%. The higher fungal density on
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the back side of the rubber sheet may be attributed to environmental factors such as
reduced sunlight exposure and higher moisture retention, creating favorable
conditions for fungal growth. The observed damage levels (No. 3 and No. 4)
underscore the need for antifungal measures to preserve rubber materials in coastal
environments. Besides, the coverage of filamentous fungi on the front side was
equivalent to the composite material at the C35 Radar station in Son La, while the
damage level on the backside was 1 level higher [19]. It is important to acknowledge
that this study examined only three representative rubber samples, which may not
fully capture the diversity and extent of filamentous fungal colonization across all
rubber materials in the area. Nonetheless, the findings provide valuable baseline data
indicating that the rubber surfaces at the Dam Bay testing station have been impacted
by filamentous fungi.The isolation of five fungal strains from four genera
(Penicillium, Fusarium, Aspergillus, and Nigrospora) aligns with previous studies
reporting the prevalence of these genera on synthetic and rubber materials.
Notably, Penicillium sp. (DB.FO1) exhibited the highest coverage density (42.86%),
consistent with findings by Lugauskas (2004) and Bok et al. (2019), who
identified Penicillium as a dominant colonizer in moist conditions [20, 21]. In
addition, researchers from the Joint Vietnam-Russia Tropical Science and Technology
Research Center also isolated six fungal strains on composite materials collected at
radar station C35 in Moc Chau (Son La) [19].

The superior growth of all strains on PDA medium suggests its nutritional
suitability, likely due to the presence of potato-derived compounds that support fungal
metabolism. The adaptability of these fungi to saline environments (up to 4% NaCl)
reflects their ecological niche in coastal regions, where salt stress is a defining factor.
The salt tolerance experiments revealed that while most strains tolerated low salinity,
their growth was inhibited at higher concentrations (>6% NaCl). Compared to
previous studies on the growth ability of filamentous fungi under various NaCl
conditions, the Aspergillus niger H4.7 strain showed the best growth and the highest
phosphate solubilization in media without NaCl (0% w/v) and with 1% NaCl (w/v)
[22]. Under salt conditions above 6% (w/v), the 4. niger H4.7 strain did not grow.
Similarly, the Penicillium funiculosum B1 strain exhibited the best growth in salt
conditions ranging from 0% to 0.5% (w/v) [23]. From the above studies, filamentous
fungal strains generally show the best growth in environments with NaCl
concentrations ranging from 0-2% (w/v). However, for fungal strains isolated from
rubber materials near marine environments, where the climatic conditions differ
from normal, these strains can grow well in environments with NaCl concentrations
up to 4% (w/v).

The laccase activity of Nigrospora lacticolonia DB.F05 is of particular interest,
as this enzyme is implicated in the degradation of polyisoprene, the primary
component of rubber. The observed degradation zone (6 mm) indicates moderate
enzymatic activity, comparable to other rubber-degrading fungi such as Epicoccum
sorghinum ELM.C6 and Camarosporium xanthochromaticum ELM.CS [19].
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This study provides the first evidence implicating N. lacticolonia in rubber
degradation, particularly under marine tropical conditions - an environment
characterized by high salinity, humidity, and temperature. Previous studies have
predominantly focused on genera such as Penicillium, Aspergillus, Fusarium, and
Alternaria as the main fungal agents responsible for rubber biodeterioration [4, 5]. Its
extracellular laccase activity, capable of oxidizing cis-1,4-polyisoprene, suggests
untapped biotechnological potential. Furthermore, recent taxonomic updates have
shown that Nigrospora is an ecologically diverse genus associated mainly with
endophytism or plant pathogenicity, not with polymer degradation [17, 18].
Therefore, this finding broadens the known diversity of rubber-degrading fungi and
highlights Nigrospora as a novel candidate for biodegradation research and material
preservation under extreme environments. These can be considered preliminary
experiments and foundational data for more in-depth studies on microbial diversity in
general, and filamentous fungi in particular, on rubber material surfaces. This also
represents initial research efforts in assessing and managing mold contamination on
such surfaces.

5. CONCLUSION

The study evaluated the coverage density of fungi on the surface of rubber
materials at the Dam Bay testing station, Nha Trang, from 48.23 + 3.7% to 68.23 +
4.1%. Five strains of filamentous fungi with different colony and spore morphology
belonging to the genera Fusarium, Aspergillus, Penicillium and Nigrospora were
isolated. The isolated fungal strains all could grow well on PDA medium with
diameters from 21 £ 2 mm to 71 =+ 3 mm, and the best salt tolerance in the NaCl
concentration range of 0% to 2% (w/v). The filamentous fungal strain DB.F05 was
able to decompose the extracellular enzyme laccase with a decomposition circle
diameter of 6 £ 0.5 mm. This filamentous fungal strain was identified as Nigrospora
lacticolonia DB.FO5 (PV942108) based on morphological analysis and /7S gene
sequence amplification. This study provides initial data on the presence of filamentous
fungi on rubber surfaces and some of their biological characteristics for adaptation
and colonization of material surfaces..
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