
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Screening for potential fungi from polluted soil for reactive 
dye remediation 

ABSTRACT 
Industrial dye is one of the main sources of pollution 
to the aquatic and terrestrial environment leading 
to extensive effects on the ecosystem. Common 
methods of dye removal from the industrial waste 
are not efficient and not economical. Mycoremediation 
on the other hand, is a more preferred method due 
to its environment-friendly nature. Therefore, the 
aim of this study is to identify potential fungi that 
are able to withstand as well as degrade Remazol 
Brilliant Blue R (RBBR). Soil samples were 
collected from a textile manufacturing factory in 
Nilai, Malaysia (Récron). The soil fungi were 
identified by using Rose Bengal Agar and were 
later subcultured onto Potato Dextrose Agar. 
Screening for potential fungi was based on their 
tolerance towards RBBR at a range of 200 mg/L - 
1000 mg/L in Potato Dextrose Broth. This was 
carried out by 14 days of specimen incubation 
followed by the study of the tolerance towards 
RBBR. The dry weight of the fungi obtained from 
centrifugation was utilized for RBBR tolerance 
screening while the supernatant was used for 
decolourization of RBBR. Potential fungal species 
for RBBR bioremediation were determined based 
on the highest decolourization activity and the 
highest biomass (g) obtained from the screening. 
The current study showed high tolerance of 
RBBR (up to 1000 mg/L) for Aspergillus nidulans, 
Aspergillus fumigatus and Trichoderma 
longibrachiatum and their decolourization activities 
 

were as high as 98.47%, 87.80%, and 84.53%, 
respectively. The current research supports the 
potential of these fungi species for bioremediation 
purposes. 
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INTRODUCTION 
Despite being an essential source of income in 
developing countries in Southeast Asia, the textile 
industry is also a major contributor of water 
pollution due to its chemical-intensive nature 
[1, 2]. The key chemical used in the industry is 
the reactive dye, to achieve permanent colour on 
fabrics through strong bonding of the dye to fibers 
and cellulose [3]. Besides, 30% of total colorants 
in the printing industry use these dyes which 
further contributes to dye pollution in the water 
[4], due to their stability and recalcitrance towards 
environmental degradations [5].  
During the treatment of textile industry effluents, 
flocculants are used as a neutralizing agent of 
the particulates and for clumping them down as 
sediments [6]. The flocculants consist of metal-
based substances such as aluminium sulphate 
(alum), ferric chloride, ferric chlorosulphate 
ferrous sulphate, and ferrous sulphide [6, 7] that 
are toxic and cause detrimental effects to the 
environment [8]. Mycoremediation is often used 
as the ideal method of removing toxic wastes 
from the environment as it is more sustainable
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as compared to chemical treatments [9]. However, 
most bioremediating agents are unable to absorb 
the reactive dye due to the hydrophobic nature of 
the dye. Therefore, the most ideal bioremediating 
agent for this pollutant would be fungal species. 
Fungi are known for its ability to generate and 
secrete extracellular enzymes such as hydrolyzing 
and oxidizing enzymes that could biodegrade 
pollutants extracellularly, without allowing the 
pollutants to enter fungi cells [10, 11, 12]. The 
poor bioavailability of the dye could also be 
countered by the biosurfactant produced by the 
fungi and the dye can be uptaken by fungi for 
degradation [13, 14]. 
As reported by the Department of Statistics 
Malaysia in 2016, Malaysia’s textile industry has 
garnered a gross output of RM14 billions from 
exports in 2014. This has caused a large amount 
of textile waste including Remazol Brilliant Blue 
R (RBBR) (Reactive Blue 19) to be released into 
the waters of Malaysia. RBBR is one of the 
primary compounds used to produce polymeric 
dyes [15] which are known for their toxicity 
towards aquatic ecosystems [16]. Thus, the aim of 
this study is to determine the potential fungi that 
have the ability to decolourize RBBR from the 
soil samples. 
 
METHODS  

Sample collection 
Collection of fungi samples was carried out at 
three sites located within the textile manufacturing 
factory, Récron Sdn Bhd, located at Nilai, Negeri 
Sembilan, Malaysia, as they used industrial dyes 
in their manufacturing processes. The fungi were 
obtained from the surface of the soil, which is 
about 5 cm deep. The collected soil samples were 
then diluted with sterilized water to 10-3 and 10-5 
(w/v) and mixed with rose bengal agar (RBA) 
provided by OXOID. Young and pure cultures 
were acquired from sub-culturing the colonies on 
potato dextrose agar (PDA). 

Degradation study 
The mycelium of each fungal species were grown 
in a series of different RBBR concentrations 
(0 mg/L (control), 200 mg/L, 400 mg/L, 600 mg/L, 
800 mg/L, and 1000 mg/L) in 20 mL PDB media.
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The experiment was carried out in triplicate. Fast-
growing species were measured for decolourization 
of media while slow-growing species were 
eliminated. 
Incubation was carried out for 14 days before the 
fungi mycelium were removed from the samples 
through filtration; then the filter paper was kept 
for dry weight determination. The filtrate was 
centrifuged (10,000 rpm) for 20 minutes at room 
temperature [17]. The absorbance reading for 
RBBR of the supernatant was determined by 
using a spectrophotometer at 592 nm wavelength. 
The control group for each species was used as 
the blank control for absorbance reading. The 
determination of RBBR decolourization in the 
samples was based upon the absorbance reading. 
The following formula was used to calculate the 
percentage of RBBR decolourization.  

A - Ai f × 100%
Ai

 

Ai – The initial absorbance of RBBR. 
Af – The final absorbance of RBBR. 
The resulting absorbance was multiplied by the 
dilution factor to obtain the estimated absorbance 
reading. 

Statistical analysis 
Statistical analysis was carried out using SPSS 
version 22.0 for the analysis of variance (ANOVA), 
to determine the significant (95% level of 
confidence) growth of fungal biomass and RBBR 
degradation. 
 
RESULTS AND DISCUSSION 
Based on the results, 8 species of fungi were 
isolated in the collected soil samples in which 3 
species were identified as potential species while 
the rest were identified as non-potential species. 
The 3 species that were identified with tolerance 
and high decolourization activities towards RBBR 
are Aspergillus nidulans, Aspergillus fumigatus, 
and Trichoderma longibrachiatum. In this study, 
two main criteria were observed in the identification 
of a good bioremedirating agent, i) High biomass 
in target pollutant indicating rapid growth in the 
pollutant [18]; ii) High growth rate to ensure the 
species will not be outcompeted by native species
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enzymes, could be induced by the presence of 
pollutants such as copper, reactive dyes and 
recalcitrant compounds [21]. A. nidulans was 
reported to carry the laccase gene with a strong 
promoter that effectively produces the enzyme 
that counters the dye [22].  

Aspergillus fumigatus 

Based on Figure 3, the highest biomass (0.21 g) 
was recorded at 0 mg/L RBBR but showed 
no significant difference compared to other 
concentrations, for A. fumigatus. The result 
suggested that A. fumigatus has high tolerance 
towards high concentrations of RBBR. The ability 
of A. fumigatus to produce high biomass at high 
concentrations of RBBR indicated the ability of 
A. fumigatus to grow rapidly and to compete with 
the indigenous microbial species for in situ 
bioremediation. Kaur and Singh [23] has reported 
biofilm formation in A. fumigatus in their study, 
which could be the reason of the high tolerance of 
this species towards RBBR. The biofilm creates 
a barrier between the dye and the fungus and 
prevents it from reaching the center of the cell 
mass and reacting with the chitin cell wall of the 
species. 
For A. fumigatus, the highest decolourization activity 
(76.44%) of RBBR was shown at 200 mg/L 
(Figure 4) but showed no significant difference 
with 400 and 1000 mg/L. This species produces 
 
 

during in situ treatment and shorter remediation 
period are needed.   

Aspergillus nidulans 
In Figure 1, A. nidulans shows the highest dried 
biomass (0.183g) at 600 mg/L of RBBR but 
shows no significant differences with control, 
200, 800 and 1000 mg/L of RBBR. The high 
tolerance towards RBBR of this species was 
reflected by the high amount of biomass obtained 
even at 1000 mg/L of RBBR. A. nidulans has the 
second highest biomass among all 8 species of 
fungi, indicating high tolerance level towards 
RBBR. The tolerance towards the RBBR could be 
attributed to the biofilm formation of A. nidulans 
that forms a protective layer against the dye when 
the cells attach to each other during the formation 
[19]. This was also observed during the culture in 
PDB whereby the fungi formed a layer of paper-
like colony that floats on the surface. Hence, this 
provides protection for A. nidulans from the 
reactive dye RBBR, and thus provides tolerance 
towards RBBR.  
Based on Figure 2, the highest decolourization 
activity was observed in A. nidulans cultured in 
200 mg/L of RBBR, with 96.42% decolourization, 
but showed no significant difference with 400 mg/L. 
This could be attributed to the presence of laccases 
which are known to decolourize RBBR [20]. 
The production of laccases, which are extracellular
 

Figure 1. Dry weight (mean ± standard deviation) for Aspergillus nidulans in the presence of RBBR after 14 days. 
Alphabet(s) (a, b) in each column shows different significant mean values of LSD test (p < 0.05).  
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Figure 2. Percentage of RBBR decolourization (mean ± standard deviation) by Aspergillus nidulans after 14 days of 
culture. Alphabet(s) (a, b c, d) in each column shows different significant mean values of LSD test (p < 0.05).  

Figure 3. Dry weight (mean ± standard deviation) for Aspergillus fumigatus in the presence of RBBR after 14 days. 
Alphabet(s) (a) in each column shows different significant mean values of LSD test (p < 0.05). 

Figure 4. Percentage of RBBR decolourization (mean ± standard deviation) by Aspergillus fumigatus after 14 days 
of culture. Alphabet(s) (a, b, c, d) in each column shows different significant mean values of LSD test (p < 0.05).   
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of the fungi, which mostly consists of chitin, the 
cell wall may rupture due to disruption of the cell 
wall structure. 
Figure 6 shows that T. longibrachiatum has the 
highest (p < 0.05) decolourization activity of 
79.47% at 200 mg/L RBBR. The lowest (p < 
0.05) decolourization activitiy of RBBR was 
found in the control group, which is 0%. It was 
shown that T. longibrachiatum was able to 
decolourize organic dyes and degrade complex 
molecules such as anthracene which are phenolic 
molecules with similar structures as RBBR [30]. 
As laccase, LiP, and MnP are also produced in 
T. longibrachiatum [31], it is safe to assume that 
laccase is involved in the dye decolourization 
mechanism. Based on Gochev & Krastanov [32]’s 
study T. longibrachiatum is able to produce high 
levels of laccase and this characteristic is essential 
for a good bioremediating agent. However, there 
are limited studies on the effect of Trichoderma 
species on dye decolourization; hence studies 
are required to further understand the dye 
decolourizing mechanism of Trichoderma species. 
Hence, although T. longibrachiatum has high 
decolourization ability, it has poor tolerance 
towards high concentrations of RBBR.  
 
CONCLUSION 
Three potential fungi species, namely Aspergillus 
nidulans, Aspergillus fumigatus, and Trichoderma 
longibrachiatum were isolated from the soil samples 
 

extracellular enzymes such as manganese peroxidase 
(MnP), lignin peroxidase (LiP) and laccase [24]. 
In addition to this, A. fumigatus increases laccase 
production during conidation, which is the spore-
producing stage of the fungus life-cycle [25]. 
Albeit having low specificity, laccase is able to 
degrade phenolic molecules such as industrial 
dye, which is analogous to RBBR [20, 26]. 
Enzymes such as LiP and MnP are able to 
decolourize synthetic dyes which share similar 
phenolic structures with RBBR [27, 28]. A. 
fumigatus was used as the bioremediating agent in 
the remediation of the dye effluent and has shown 
excellent results with up to 100% decolourization 
in 72 hours of incubation [29]. This shows the 
potential of A. fumigatus as a good bioremediating 
agent for RBBR. 

Trichoderma longibrachiatum 
Based on Figure 5, the highest biomass for 
T. longibrachiatum was recorded at 1000 mg/L 
(0.127 g) but does not show significant differences 
with 0 mg/L (0.093 g) and 200 mg/L (0.090 g). 
The current results showed low biomass of 
T. longibrachiatum as compared to Aspergillus 
nidulans and A. fumigatus indicating its lower 
tolerance towards high concentrations of RBBR. 
The high resistance of reactive dyes towards UV 
degradation is attributed to the strong covalent 
bond formed between the fibre polymers and the 
reactive group of the dye [15]. However, when the 
bonds are formed with proteins from the cell wall
  
 
 

Figure 5. Dry weight (mean ± standard deviation) of Trichoderma longibrachiatum in the presence of RBBR after 
14 days. Alphabet(s) (a, b) in each column shows different significant mean values of LSD test (p < 0.05).   
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collected from Récron Nilai. These three fungi 
were able to tolerate and decolourize high 
concentrations of Remazol Brilliant Blue R. 
A. nidulans gave the best results as it showed 
higher decolourization and produced a relatively 
high growth of biomass.  
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