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ABSTRACT

Background and Objective: Leather has a substantial economic impact because of its numerous uses in
a wide range of industries, including fashion and apparel, footwear, furniture and upholstery, automotive,
accessories (car seat covers), sporting goods, and economic diversification. The aim of the study is to
identify the common fungal pathogens causing leather degeneration. Materials and Methods: Fungal
pathogens were isolated from leather samples from shoes and car seat covers using a standard blotter
method. The most common isolate was coded (RCBBR_P14). The fungal DNA was obtained and analysed
using the Nanodrop 2000c spectrophotometer. The DNA sequence was attained from the IITA
Bioscience Centre Ibadan, Oyo State, Nigeria Ib for amplification and sequencing. Results: The
morphological results indicated that the RCBBR_P 14 isolate was an Aspergillus tamarii. Based on sequence
similarity, the DNA sequence of the isolate was 100% identical to Aspergillus tamarii. Aspergillus tamarii
is identified as a primary fungal species responsible for leather deterioration. Conclusion: Aspergillus
tamarii is the primary fungal species associated with leather deterioration. This study provides valuable
insights into the fungal species responsible for leather degradation, informing strategies for
prevention and control.
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INTRODUCTION

Hides and skins are regarded as a useful byproduct or co-product in animal agriculture’. They are
chemically treated to prevent deterioration. According to Gillan and Murray?, they are used to produce
leather, a robust, pliable, and long-lasting substance. Cattle, sheep, goats, horses, buffalo, pigs, hogs,
ostriches, and aquatic creatures like seals and alligators are the most common sources of leather Based
on reports of Gillan and Murray?, they are used locally for the manufacture of goods including shoes,
clothes, bags, belts, hats, upholstery, interior decorating, horse tack, and harnesses.

Throughout the years, investigations have been carried out to comprehend the elements
influencing the quality and longevity of leather materials. It has been found that fungal attacks on leather
and leather products diminish their qualities, longevity, and value. Various types of finished leather are
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very susceptible to fungal attack. Hence, the biodeterioration of finished leather has become a problem
of interest in recent times. According to Boahin et al?, the harmful impact of moulds on leather has led
to diminished taste among enthusiasts of indigenous leather items, threatening the industry’s future
development.

These fungi pathogens have been identified using several traditional techniques; however, these
techniques can occasionally be laborious, time-consuming, and inaccurate. Since some of these fungal
pathogens can produce mycotoxins that could be ingested and pose major health risks, it is important to
properly identify these fungal pathogens. The molecular characterization technique has been used to
authenticate the identification of the fungal pathogens to accurately identify these pathogens®’. Therefore,
the purpose of this study was to identify the fungal pathogens linked to deteriorated leather and to
validate the identification using a molecular characterization technique.

MATERIALS AND METHODS

Source of leather materials: Leather samples used for this study were obtained in September, 2023
from different shoes and car seat covers. The shoe leather samples were kept in the open air
(under cold conditions) for 2 months (from September to October, 2023) to be exposed to
microorganisms. Car leather samples used were sourced from the Upholstery Shop situated in the
Mechanic Workshop opposite Olobo Comprehensive School, along East-West Road Choba, Port Harcourt
Nigeria.

Isolation of fungi from leathers: The fungi associated with leather were isolated at the
University of Port Harcourt, Nigeria Faculty of Science Pathology/Mycology Laboratory of the Department
of Plant Science and Biotechnology in September 2023, using the modified traditional blotter method®
to examine the most common fungi isolate.

Molecular characterization using the internal transcribed spacer (ITS) marker and identification of
fungi associated with leather: The Biological DNA of the isolate GN-01 was obtained following the
procedure of the Quick-DNATM Fungal/Bacterial Miniprep Kit (Zymo Research Group, California, USA) as
explained by the producer, with changes at the Regional Centre for Biotechnology and Bioresources
(RCBB), University of Port Harcourt, Rivers State, Nigeria’. The GN-01 isolate DNA quantity and
concentration were determined using the Nanodrop 2000c spectrophotometer (Thermo fisher
Scientific Inc. Wilmington, Delaware, USA). The DNA purity was calculated as a ratio of absorbance
at 280 (nm) to that of 260 (nm). The quality of the DNA of the isolate GN-01 was further
evaluated using the Agarose gel electrophoresis executed according to the modified method
of Saghai-Maroof et al.®. The DNA sample of the GN-01 isolate was shipped to the International Institute
of Tropical Agriculture (IITA) Bioscience Centre, Ibadan, Nigeria, for amplification and sequencing. The
primers used to amplify pieces of the nuclear ribosomal DNA (rDNA) of the GN-01 isolate were the
internal transcribed spacer 1 (ITS-1) with the sequence TCCGTAGGTGAACCTGCGG and ITS-4 with the
sequence TCCTCCGCTTATTGATATGC. The amplicons were sequenced employing the ABI 3500 capillary
electrophoresis sequencer. The DNA sequence file was stored in the BioEdit file with an extension. The
sequence was analyzed using the molecular evolutionary genetics analysis (MEGA) version 7.0.26 software
and aligned using the Basic Local Alignment Search Tool for nucleotide (BLASTN) 2.8.0 version of the
National Centre for Biotechnology Information (NCBI) database.

RESULTS

Isolation, morphological, and microscopic identification of fungi associated with leather: The result
of the fungal isolation is presented in Fig. 1. The isolated fungi from sample RCBBR_P14m were found to
be associated with leather. The fungal isolate RCBBR_P14 developed a whitish mass of mycelia which
turned grey with age. From the photomicrograph, the isolates were identified as an Aspergillus species.
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Fig. 1: Pure culture of fungi isolated from leather on Potato Dextrose agar
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Fig. 2: Agarose gel electrophoresis of the ITS gene amplicons from the fungal isolate
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Fig. 3: Alignment scores of 10 aligned sequences

Table 1: NanoDrop spectrometry characteristics of the DNA from the isolates of deteriorating leather RCBBR_P14

A260
Isolate code A260 A280 Purity [w) DNA concentration (ng/pL)

RCBBR_P14 1.087 0.543 2 54.4

Table 2: GenBank closest matches and percentage similarity of the fungal isolate

Strain Organism Closest GenBank match Similarity (100%) Accessionn no.
RCBBR_P14 Aspergillus tamarii Aspergillus tamarii strain XAFAC3 100 0Q568950.1

DNA extraction and concentration determination: The genomic DNA of the isolates RCBBR_P14 of
deteriorated leather was successfully extracted. The NanoDrop results in Table 1 shows the concentration
of the DNA 54.4 ng/uL of the isolates.
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Description Scientific Max Total Query E Per.
- Name Score Score Cover value Ident
- - - - - -

Aspergillus tamarii isolate XAFac3 internal transcribed spacer 1, partial sequence; 585
ribosomal RNA gene and internal transcribed spacer 2, complete sequence; and large Aspergillus tamarii 958 958 100% 0.0 100.00% !

Asperqillus sp. isolate AJQ7 internal transcribed spacer 1, partial sequence; 5 85 ribosomal
RMA gene and internal transcribed spacer 2, complete sequence; and large subunit Aspergillus sp. 958 958 100% 0.0 100.00%
ribesomal RNA gene. partial sequence

Aspergillus tamarii isolate Ata0001 small subunit ribasomal RNA gene, partial sequence:
internal transcribed spacer 1, 58S ribasomal RNA gene, and internal transcribed spacer 2, Aspergillus tamarii 958 958 100% 0.0 100.00% ]
complete sequence; and large subunit ribosomal RNA gene, partial sequence

Aspergillus tamarii isolate ABRLO39 small subunit ribosomal RNA gene, partial sequence;
internal transcribed spacer 1, 58S ribosomal RNA gene, and internal transcribed spacer 2, Aspergillus tamarii 958 958 100% 0.0 100.00%

internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transeribed spacer 2, Aspergillus tamarii 958 958 100% 0.0 100.00% !

Aspergillus tamarii [solate CUMB ASF-03 internal transeribed spacer 1, partial sequence;
583 ribosomal RMA gene and internal transeribed spacer 2 complete sequence: and large  Aspergillus tamarii 958 958 100% 0.0 100.00%
‘subunit ribosomal RNA gene, partial sequence

Aspergillus tamaril strain AUMC 10198 small subunit ribosomal RMA gene, partial
sequence; internal transcribed spacer 1, 5.88 ribosomal RNA gene, and intémal trenseribed  Aspergillus tamarii 956 956 100% 0.0 29.81% ]
‘spacer 2_complete sequence; and large subunit ribosamal RNA gene, partial sequence

585 ribosomal RMA gene and internal transcribed spacer 2 complete sequence; and large  Aspergillustamarii 953 953 100% 0.0 99.62%

Fig. 4: Sequence alignment of RCBBR_P14 Isolate sequence with NCBI database sequence

77 Aspergillus tamarii isolate XAFac3 (0Q568958.1)

53 Aspergillus tamarii strain CUAB-Rhemma01 (ON949950.1)
RCBBR_P14
— Aspergillus tamarii strain AUMC 10198 (0Q976977.1)

sg Aspergillus tamarii isolate Ata0001 (OP526911.1)

Aspergillus tamarii isolate F2P2Re (OL981337.1)

Aspergillus tamarii isolate ABRL039 (OP520723.1)

81 Aspergillus tamarii isolate CUMB ASF-03 (OL636134.1)

—
0.0010

Fig. 5: Phylogenetic tree of sample 1

Polymerase chain reaction and gel electrophoresis: The result of the amplified DNA or PCR band of
the isolates RCBBR_P14 is represented in Fig. 2 and 3. Amplified DNA showed a band on gel when
observed under UV light. From the result, the ladder used indicated that the RCBBR_P14 isolate sequence
had over 600 base pairs.

The alignment results are presented in Fig. 3 displayed in red lines; the scores were greater than 200.

The strain RCBBR_P14 was identified as Aspergillus tamarii, matching Aspergillus tamarii strain XAFAC3
with 100% similarity. Its GenBank accession number is 0Q568950.1, shown in Table 2.

Sequence alignment using BLAST: Figure 4 indicated that the RCBBR_P14 isolate sequence aligned with
100 sequences deposited in the composite biological database of National Center Biotechnology
sequence was 100% identical to Aspergillus tamarii (blue arrow) as shown in Table 2.

The phylogenetic tree constructed showed the relationship between the isolates from this study and other
fungal isolates on GenBank. The phylogenetic analysis showed that Aspergillus tamarii is closely related
to fungi obtained from deteriorating leather, as represented in Fig. 5.
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DISCUSSION

This study was to detect fungus linked to leather deterioration by morphological and molecular means.
Since molecular approaches enable the comparison of DNA sequence information across known and
unknown fungus species, they are more reliable than older methods. Many isolates have been falsified as
a result of the traditional techniques frequently utilized for fungal identification. A fungus isolated from
leather was successfully characterized owing to the molecular approaches used in this study for fungal
identification.

According to a study by Orlita®, leather is a biological product and a very appropriate environment for the
growth of microorganisms due to the presence of protein and lipids in the form of glycerides. Fungi are
common contaminants of leather, making them less useful and dangerous to humans when they come
into contact with it. Leather materials are vulnerable to fungi attack due to heavy microbial infection
during storage and user conditions.

Habib et al.’® also support these trials by showing how seriously the growing moulds harm things. Their
study looked at fungus linked with heavy animal leather (cows and buffalos) and light animal leather
(sheep and goats) at different phases of processing, identifying 10 genera and 25 species, including
Alternaria, Aspergillus, and Penicillium.

This study revealed the identity of the isolated organisms from leather to be Aspergillus tamarii. This result
is supported by research carried out by Rathore et al."" on leather, who recorded different fungi associated
with finished leather, including Aspergillus tamarii.

[ isolated

To bolster the notion that leather materials are susceptible to fungal attack, Amobonye et a
and recorded a range of fungi from deteriorated leather. They discovered that the most prevalent fungi

in leather deterioration were Aspergillus and Penicillium species.

This finding is consistent with that of Linder and Neuber™, who claimed that the primary causes of leather
deterioration include Aspergillus species, Mucor species, Paecilomyces variotii, Penicillium species,
Rhizopus nigricans, and Trichoderma viride. Additionally, Shahazizyan et al." research revealed that
Aspergillus flavus is one of the most common infections that deteriorate leather.

This outcome is comparable to that of Ghosh et al.”®, who demonstrated in their study that A. tamarii is
effective in eliminating color and Cr from dye solutions used to make leather.

This study provides valuable information on the types of micro fungi that can infest leather, causing
deterioration in quality (change in color, texture) and the conditions that promote their growth. This
knowledge can be used to develop preventive measures to protect leather items from fungal infections,
particularly in humid environments.

Aspergillus species can pose a health risk to humans when inhaled. Therefore, it is important to dispose
of leather that has changed color or shows other signs of fungal infection, like peeling, as it may contain
harmful toxins. This study also highlights the need for further research on fungal pathogens of leather and
their potential health risks. In the meantime, users should be aware of the possible dangers of moldy
leather and take appropriate precautions to protect themselves.

Aspergillus moulds, for example, can be toxic, allergic, and infective to humans. Some Aspergillus species
can produce secondary metabolites or mycotoxins. Sick building syndrome is linked to inhaling high
concentrations of mixed organic dusts, which contain mycotoxins, volatile organic compounds (VOCs), and
allergens (glucans).
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Studies have shown that finished leather, which is used to make a variety of everyday items, is highly
susceptible to fungal infection. No type of leather is completely resistant to this infection by
Rathore et al."’, and all leather items are at risk of infestation during storage and use.

In a previous study, Mansour et al."® isolated Aspergillus tamarii among the six fungi isolated from the
deteriorated pieces of leather used in their experiment. It was noted that they caused the breaking of
fibers leather.

Another Experiment carried out by Adhikari et al."’, identified seven visually distinctive fungi colonies as
Mucor and Aspergillus genera based on macroscopic appearances and microscopic morphology.

CONCLUSION

In this study, it was revealed that Aspergillus spp. is one of the causal fungal pathogens that cause
deterioration of leather. The study successfully identified the common fungal pathogen causing leather
degeneration as Aspergillus tamarii. The overall outcome of the study is the identification of
Aspergillus tamarii as the primary fungal species responsible for leather deterioration. Understanding
leather degeneration’s root cause can aid the leather industry in preventing fungal growth, improving
product quality and durability. Identifying Aspergillus tamarii can also aid in conservation and restoration
efforts, addressing environmental and health concerns. Therefore, leather materials should be kept in
good condition to avoid damage. Leather shoes worn harbour several fungi. These fungi affect both the
shoes and the people who wear them. People should always dry and clean their shoes after wearing them
because moisture encourages the growth of the dangerous fungi described in this study.

SIGNIFICANCE STATEMENT

The study reveals that one of the main fungal species causing leather degradation is Aspergillus tamarii.
It advances molecular characterization techniques using ITS-1 markers and Blastn analysis, enhancing
diagnostic tools. By identifying this key fungal species, this research lays the foundation for the
development of targeted treatments and preservation methods, ultimately enhancing the quality,
durability, and longevity of leather products. The research provides insights into leather degradation
mechanisms, promoting prevention and mitigation strategies. It bridges the gap between mycology,
materials science, and environmental studies, paving the way for future research.
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