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        ABSTRACT
Mycoremediation is classified as an inexpensive, environmentally friendly, and effective 
technique to reduce wastewater. Leiotrametes menziesii BRB 73 was one of the White Rot 
Fungi (WRF) that has the potential to degrade dyes. Suitable environmental conditions can 
optimize dye decolorization results. This study aims to investigate optimal environmental 
conditions such as time incubation, concentration of dyes, pH, CuSO4, and glucose 
concentration against decolorization of a mixture of direct dyes and enzyme activity (laccase 
and MnP). The mixture of commercial direct dyes used contains direct turquoise (DT), 
direct orange (DO), and direct yellow (DY) dyes. Decolorization was measured using a 
spectrophotometer at 400-700 nm. Laccase and MnP assay using ABTS and 2.6 DMP as 
substrate, respectively. The highest decolorization by Leiotrametes menziesii BRB 73 was 
produced at 54.3% at 96 hours and increased to 67% at a dye concentration of 500 mg.L-1. 
Meanwhile, the highest laccase and MnP activities were 215 U.L-1 and 39 U.L-1, respectively. 
pH range was quite wide, ranging from pH 5.5-9, supported by stable MnP activity from pH 
3-7. CuSO4 inducers were not required for the decolorization of these dyes. Decolorization 
was optimal at the addition of 1% glucose, while enzyme activities were 0.5% glucose. 
Decolorization of dyes by Leiotrametes menziesii BRB 73 was indicated through degradation 
pathways involving laccase and MnP enzymes. This isolate has a high tolerance to dye 
concentrations, a wide pH range, and low carbon requirements. Thus, it was recommended 
as a mycoremediation agent.

INTRODUCTION

Synthetic dyes are widely used in the textile industry, with more than 10,000 
different dyes and pigments (Singh et al. 2023). The release of dyes into the 
environment causes a negative impact on water quality because it lowers the 
dissolved oxygen concentration and makes it difficult for light to penetrate the 
water, thus adversely affecting aquatic organisms (Ali et al. 2022). In addition, it 
can cause toxicity, carcinogenetic, and mutagenetic (Asgher et al. 2020).

Many chemicals (Fenton’s reagent, ozonation, oxidation process, etc.) and 
physical methods (coagulation, adsorption, membrane filtration, flocculation, etc.) 
for removing dyes are available (Monga et al. 2022, Sudhaparimala & Usha 2022, 
Vinotha & Leema Rose 2023). However, these methods have their disadvantages 
which are: selective over types of dyes, low efficiency, sludge production, 
sometimes high cost, and generation of toxic by-products  (Monga et al. 2022). 
Biodegradation by fungi is a relatively environmentally friendly, cost-effective, and 
effective method (Akhtar & Mannan 2020). Recently, White Rot Fungi (WRF) has 
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become a concern in handling dyes in the environment. This 
fungus has promising extracellular enzymes for degradation 
due to its wide substrate specificity and mild catalysis 
conditions such as laccase and manganese peroxidase (Dao 
et al. 2021, Ridtibud et al. 2024) (Table 1). The enzymes have 
good prospects in the degradation of dyes generated from 
textile industry waste (Kumar & Chandra 2020). WRF that 
produces these enzymes promises to degrade dyes effectively 
(Zafar et al. 2022), such as Rigidoporus sp. FMD21(Dao et 
al. 2021), Coriolus versicolor, Pleurotus ostreatus (Afiya et 
al. 2019), and Trametes polyzona  (Pérez-Cadena et al. 2020), 
Leiotrametes menziesii (BRB 73) (Apriani et al. 2024).

Laccase and MnP are ligninolytic enzymes which are 
classified into two, namely phenol oxidase (laccase), and 
heme peroxidase (MnP) (Suryadi et al. 2022). Laccase 
(benzenediol: oxygen oxidoreductase; EC1.10.3.2) is a group 
of copper-containing polyphenol oxidases, which utilize 
molecular oxygen as the final electron acceptor (Bittencourt 
et al. 2023). Laccases can mediate coupling reactions that 
form the basis for dye removal (Kyomuhimbo & Brink 2023). 
This enzyme is capable of oxidizing various substrates such 
as ortho and para diphenols, phenolic acids, aromatic amines, 
methoxy-substituted phenols, and several other compounds 
(Herath et al. 2024). Thus, it makes laccase able to decolorize 
synthetic dyes of a wide spectrum of dyes such as RBBR, 
acid orange, direct green, direct blue, reactive red,  malachite 
etc. (Kyomuhimbo & Brink 2023).

Manganese peroxidase (MnP, or Mn (II): H2O2 
oxidoreductase, EC 1.11.1.13) is an extracellular  
glycoprotein containing heme as a prosthetic group (Suryadi 
et al. 2022). It catalyzes the oxidation of Mn2+ to Mn3+ in a 
multistep process (Herath et al. 2024). Furthermore, Mn3+ 

acts as a mediator in the process of oxidation for some 
phenolic and non-phenolic compounds (Kumar & Chandra 
2020). It can catalyze the oxidation of a large spectrum of 

phenolic compounds, including toxic dye pollutants (Bilal 
et al. 2019).

Both laccase and MnP produced by WRF play a major 
role in the degradation of synthetic dyes (Bankole et al. 2018). 
However, fungal growth, extracellular enzyme production, 
and dye decolorization are determined by environmental 
factors such as pH, mediators, dyes, and carbon concentrations 
(Rajhans et al. 2021). Each WRF has different optimal 
environmental conditions, so this study needs to be carried out 
to determine the optimal conditions of Leiotrametes menziesii 
BRB 73 in the decolorization of mixtures of commercial 
direct dyes. In this study, we investigated the effect of 
various environmental conditions, such as time incubation, 
concentration of dyes, pH, CuSO4, and glucose concentration 
for decolorization of mixture direct dyes by BRB 73. In 
addition, the relationship between environmental condition 
and enzymatic activities (Laccase and MnP). 

MATERIALS AND METHODS

Culture Condition and Maintenance 

Leiotrametes menziesii BRB 73 obtained from the culture 
collection of the Research Center for Applied Microbiology, 
BRIN was maintained and grown on a solid medium of 
malt extract agar (MEA). Isolate was cultivated on MEA at 
25±3oC for 7 days before treatment. Three plugs of isolate 
were grown in MGP broth containing, malt (20 g.L-1), 
glucose (20 g.L-1), and peptone (1 g.L-1) at 25±3oC (room 
temperature) for 7 days. A corkborer (diameter 0.5 cm) 
was used to form the plug. Cultures were added a mixture 
of commercial direct dyes (direct turquoise=DT, direct 
orange=DO, and direct yellow=DY) up to a concentration 
of 100 mg.L-1. The supernatant of fungal cultures was 
centrifuged at 10.000 rpm at room temperature for 10 minutes 
within 96 after incubation for decolorization assay (Alam et 

Table 1: Decolorization of direct dyes by White Rot Fungi.

WRF Dyes % decolorization Enzyme Reference
Trametes versicolor

Pleurotus flabellatus

Coriolopsis sp. 
Strain arf5
Trametes hirsuta 
EDN084
Ganoderma 

lucidum EN2

Direct Green 6
Direct Blue 15
Direct Orange 26
Direct black 38
Direct Yellow 12

Direct Blue 14 (DB14)

Direct Blue 71 (C.I. 
34140)
Direct Blue 71

Direct Red 5B (DR5B)

DG6: 76% 
DB15: 98%
DO26: 92%
DB38: 85%
DY12: 70%
(50 mg.L-1 of dyes within 3 days of 
incubation)
90.39% decolorization of 20 mg/L dyes 
for 6 hours incubation
40 to 90% of 200 mg.L-1 DB71 within 
5 days
85%

40.34% to 95.16% of 175 mg.L
-1 DR5B 

within 48 h 

Laccase 

Crude enzyme (MnP and 
Laccase)
Laccase

Laccase

Pazarlioglu et al. 
2010

Singh et al. 2013

Cheng et al. 2016

Chaurasia & 
Bharati 2019
Sun et al. 2023)
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al. 2021). Meanwhile, the supernatant was directly used for 
enzyme activities assay. 

Optimation of Culture Conditions

To investigate cultural conditions, the experiment cultured 
isolates for 96 hours with different dye concentrations (100, 
200, 300, 400 and 500 mg.L-1) (Omar 2016). pH effect was 
monitored in the acidic to alkaline range, including pH 3, 
3.5, 4, 4.5, 6, 6.5, 7, 7.5, 8, 8.5, and 9. Culture conditions 
were regulated using NaCl and NaOH (Colla et al. 2020).
Copper sulfate (CuSO4) (0, 1, 2, 3, 4, 5 mM) was added to 
the medium to determine their impact on decolorization 
and enzyme activities (Afreen et al. 2018, Zhu et al. 2016). 
Concentrations of glucose added in culture were 0, 0.5%, 
1%, 2%, 3%, 4%, 5% and 10% (Alhomaidi et al. 2023). All 
experimental units were repeated 3 times.

Decolorization Assay

Percent decolorization was calculated after 96 hours of 
incubation using a TECAN infinite 200 pro microplate 
reader (Switzerland) (interval 400-700 nm). It was calculated 
according to formula: D = 100 [(A0-A1)/A0], where D is 
decolorization (%). A0 is initial absorbance. A1 is absorbance 
after decolorization (Anita et al. 2021).

Laccase Activity Assay

Laccase activity was measured using a TECAN infinite 
200 pro microplate reader (Switzerland) at 420 nm for  

60 s. ABTS was used as a substrate at room temperature. The 
assay mixture contained 250 µL of ABTS 2 mM, 50 µL of 
culture filtrate, and 200 µL of acetate buffer 0,1 M (pH.4.5).   
Laccase activity (U mL-1) with molar absorptivity (Ɛ) of 
36,000 M-1 cm-1  was calculated according to formula Alam 
et al. (2021):

 Laccase activity  (U. mL−1) = (𝐴𝐴𝐴𝐴𝐴𝐴.(𝑡𝑡)−𝐴𝐴𝐴𝐴𝐴𝐴(0) 𝑥𝑥 𝑉𝑉𝑡𝑡𝑉𝑉𝑡𝑡𝑉𝑉𝑉𝑉 𝑚𝑚𝑚𝑚𝑥𝑥𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 (𝑚𝑚𝑚𝑚) 𝑥𝑥 103

Ɛ𝑥𝑥𝑉𝑉.𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒𝑚𝑚𝑚𝑚 (𝑚𝑚𝑉𝑉) 𝑥𝑥 𝑡𝑡 𝑥𝑥 𝑑𝑑            …(1 

 

MnP activity (U. mL−1) = (𝐴𝐴𝐴𝐴𝐴𝐴.(𝑡𝑡)−𝐴𝐴𝐴𝐴𝐴𝐴(0) × 𝑉𝑉𝑡𝑡𝑉𝑉𝑡𝑡𝑉𝑉𝑉𝑉 𝑚𝑚𝑚𝑚𝑥𝑥𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 (𝑚𝑚𝑚𝑚) × 103

Ɛ × 𝑉𝑉.𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒𝑚𝑚𝑚𝑚 (𝑚𝑚𝑉𝑉) × 𝑡𝑡 × 𝑑𝑑  …(2)   

 

Laccase activity  (U. mL−1) = (𝐴𝐴𝐴𝐴𝐴𝐴.(𝑡𝑡)−𝐴𝐴𝐴𝐴𝐴𝐴(0) 𝑥𝑥 𝑉𝑉𝑡𝑡𝑉𝑉𝑡𝑡𝑉𝑉𝑉𝑉 𝑚𝑚𝑚𝑚𝑥𝑥𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 (𝑚𝑚𝑚𝑚) 𝑥𝑥 103

Ɛ𝑥𝑥𝑉𝑉.𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒𝑚𝑚𝑚𝑚 (𝑚𝑚𝑉𝑉) 𝑥𝑥 𝑡𝑡 𝑥𝑥 𝑑𝑑            …(1 

 

MnP activity (U. mL−1) = (𝐴𝐴𝐴𝐴𝐴𝐴.(𝑡𝑡)−𝐴𝐴𝐴𝐴𝐴𝐴(0) × 𝑉𝑉𝑡𝑡𝑉𝑉𝑡𝑡𝑉𝑉𝑉𝑉 𝑚𝑚𝑚𝑚𝑥𝑥𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 (𝑚𝑚𝑚𝑚) × 103

Ɛ × 𝑉𝑉.𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒𝑚𝑚𝑚𝑚 (𝑚𝑚𝑉𝑉) × 𝑡𝑡 × 𝑑𝑑  …(2)   

 ...(1)

Abs. (0) = the initial absorbance Abs. (t) = the final 
absorbance

103 = correction factor (µmol/mol) d = length of the cell

t = reaction time (1 min)

Manganese Peroxidase Activity Assay

Manganese peroxidase (MnP) activity was measured using 
a TECAN infinite 200 pro microplate reader (Switzerland) 
at 470 nm for 60 s. The assay mixture contained 100 µL 
culture filtrate, 12.5 µL 2,6 DMP 20 mM, 175 µL malonic 
buffer 50 mM (pH 4.5), 12.5 µL MnSO4 20 mM, 30 µL H2O2 
2 mM. MnP activity (U mL-1) was calculated according to 
the formula (Anita et al. 2021):

Laccase activity  (U. mL−1) = (𝐴𝐴𝐴𝐴𝐴𝐴.(𝑡𝑡)−𝐴𝐴𝐴𝐴𝐴𝐴(0) 𝑥𝑥 𝑉𝑉𝑡𝑡𝑉𝑉𝑡𝑡𝑉𝑉𝑉𝑉 𝑚𝑚𝑚𝑚𝑥𝑥𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 (𝑚𝑚𝑚𝑚) 𝑥𝑥 103

Ɛ𝑥𝑥𝑉𝑉.𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒𝑚𝑚𝑚𝑚 (𝑚𝑚𝑉𝑉) 𝑥𝑥 𝑡𝑡 𝑥𝑥 𝑑𝑑            …(1 

 

MnP activity (U. mL−1) = (𝐴𝐴𝐴𝐴𝐴𝐴.(𝑡𝑡)−𝐴𝐴𝐴𝐴𝐴𝐴(0) × 𝑉𝑉𝑡𝑡𝑉𝑉𝑡𝑡𝑉𝑉𝑉𝑉 𝑚𝑚𝑚𝑚𝑥𝑥𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 (𝑚𝑚𝑚𝑚) × 103

Ɛ × 𝑉𝑉.𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒𝑚𝑚𝑚𝑚 (𝑚𝑚𝑉𝑉) × 𝑡𝑡 × 𝑑𝑑  …(2)   

 

Laccase activity  (U. mL−1) = (𝐴𝐴𝐴𝐴𝐴𝐴.(𝑡𝑡)−𝐴𝐴𝐴𝐴𝐴𝐴(0) 𝑥𝑥 𝑉𝑉𝑡𝑡𝑉𝑉𝑡𝑡𝑉𝑉𝑉𝑉 𝑚𝑚𝑚𝑚𝑥𝑥𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 (𝑚𝑚𝑚𝑚) 𝑥𝑥 103

Ɛ𝑥𝑥𝑉𝑉.𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒𝑚𝑚𝑚𝑚 (𝑚𝑚𝑉𝑉) 𝑥𝑥 𝑡𝑡 𝑥𝑥 𝑑𝑑            …(1 

 

MnP activity (U. mL−1) = (𝐴𝐴𝐴𝐴𝐴𝐴.(𝑡𝑡)−𝐴𝐴𝐴𝐴𝐴𝐴(0) × 𝑉𝑉𝑡𝑡𝑉𝑉𝑡𝑡𝑉𝑉𝑉𝑉 𝑚𝑚𝑚𝑚𝑥𝑥𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 (𝑚𝑚𝑚𝑚) × 103

Ɛ × 𝑉𝑉.𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒𝑚𝑚𝑚𝑚 (𝑚𝑚𝑉𝑉) × 𝑡𝑡 × 𝑑𝑑  …(2)    …(2)

Abs. (0)  = the initial absorbance             Abs. (t) = the final absorbance  

103        = correction factor (µmol/mol)  (Ɛ)  = 46,600 M-1 cm-1              

t     = reaction time (1 min)   d  = length of the cell 

 

RESULTS AND DISCUSSION 

Leiotrametes menziesii BRB 73 was a potential White Rot Fungus (WRF) that has not 

been widely reported for the decolorization of a mixture of direct dyes. Leiotrametes 

menziesii can be found in various host plants including Acacia sp, Arthocarpus altilis, 

Cocos nucifera, Horsfieldia sp., Mangifera indica, Morinda citrifolia, Rhizopora sp., and 

other plants (Park et al. 2021). This fungus has white hyphae, a degree of growth rate 

of 11.71 mm/day within 5-7 days on MEA media at 27± 2oC (Fig. 1). It produces 

lignocellulolytic enzymes consisting of laccase and MnP (Alexandropoulou et al. 

2017). Moreover, different fungi have different environmental conditions in the 

decolorization of dyes. The data obtained showed that environmental conditions have 

an impact on the ability of fungi to remove dyes.  

 

 

 

 

 

 

 

 

 

 

 
Fig. 1: Microscopic feature characteristic of Leiotrametes menziesiii BRB 73 after 5 days post inoculation; a) Mycelium of L. menziesii BRB 73 

showed to be white, and flattened, (b) with a yellowish color mycelium on the reverse side, (c) The hyphae were thick-walled, hyaline, with clamp 
connection which width of the hypha varied from 1.77-3.56 µm, (d) and coil hyphae.
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Abs. (0) = the initial absorbance Abs. (t) = the final 
absorbance 

103 = correction factor (µmol/mol) (Ɛ) = 46,600 M-1 cm-1

t = reaction time (1 min)  d = length of the cell

RESULTS AND DISCUSSION

Leiotrametes menziesii BRB 73 was a potential White Rot 
Fungus (WRF) that has not been widely reported for the 
decolorization of a mixture of direct dyes. Leiotrametes 

menziesii can be found in various host plants including 
Acacia sp, Arthocarpus altilis, Cocos nucifera, Horsfieldia 
sp., Mangifera indica, Morinda citrifolia, Rhizopora sp., and 
other plants (Park et al. 2021). This fungus has white hyphae, 
a degree of growth rate of 11.71 mm/day within 5-7 days on 
MEA media at 27± 2oC (Fig. 1). It produces lignocellulolytic 
enzymes consisting of laccase and MnP (Alexandropoulou 
et al. 2017). Moreover, different fungi have different en-
vironmental conditions in the decolorization of dyes. The 
data obtained showed that environmental conditions have 
an impact on the ability of fungi to remove dyes. 

Time Incubation

Incubation time determines the rate of fungi to decolorize the 
dyes shown in Fig. 2 and Table 2. The highest decolorization 
by BRB 73 occurred at the final observations, which 
showed that this fungus had not yet reached the stationary 
phase. So, it was indicated that optimal incubation had 
not been obtained. This occurs in Aspergillus niger where 
decolorization of various synthetic dyes occurs after 96 hours 
(4 days) of incubation (Omar 2016).However, other cases  
showed that decolorization of Congo red by Aspergillus 

quadrilineatus occurred after 72 hours of incubation (Yusuf 
et al. 2023).

Increased decolorization occurs until final incubation 
(96 H), which was followed by increased enzyme activity 
(laccase and MnP) (Table 2). It was proved that laccase and 
MnP play a major role in dye decolorization. Fungi produce 
enzymes that have similar abilities such as P. prosopidis 
(Bankole et al. 2018).  Some White Rot Fungi degrade dyes 
into simple products by involving ligninolytic extracellular 
enzymes such as laccase and MnP to mineralize the dyes 
(Chaturvedi 2019). The mechanism involves the reaction of 
hydroxylation, demethylation, and cleavage ring (Shindhal 
et al. 2021).

Effects Of Environment Conditions on The Percentage 
of Decolorization and Biomass by BRB 73

Dyes concentration in this study ranged from 100- 
500 mg.L-1. Fig. 3 shows that a high dye concentration 
results in increased dye removal, which ranges from 53-
67%. Biomass has increased, although not significantly 
ranging from 0.12-0.13 g. Thus, it was found that BRB 73 
can tolerate the highest concentration of commercial direct 
dyes. The dye concentration of 500 mg.L-1 showed no 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
Fig. 2: Decolorization of commercial mixture dyes (200 mg.L-1) by BRB 73 at various 

incubation times.  
 

Effects Of Environment Conditions on The Percentage of Decolorization and 

Biomass by BRB 73 

Dyes concentration in this study ranged from 100-500 mg.L-1. Fig. 3 shows that a high 

dye concentration results in increased dye removal, which ranges from 53-67%. 

Biomass has increased, although not significantly ranging from 0.12-0.13 g. Thus, it 

was found that BRB 73 can tolerate the highest concentration of commercial direct 

dyes. The dye concentration of 500 mg.L-1 showed no toxic symptoms, which was 

supported by stable biomass (Fig. 3a). Thus, it was indicated that BRB 73 was 

effective in commercial dye removal because it has a high tolerance to commercial 

direct dyes. In contrast to other studies, which showed that increased concentration 

24 6.2 ± 0.3 0.0 ± 0.0 0.8 ± 0.2 

48 13.8 ± 0.9 50.4 ± 2.3 7.4 ± 1.3 

72 23.3 ± 2.8 123.4 ± 4.8 20.5 ± 0.5 

96 54.3 ± 0.6 164.4 ± 2.5 30.2 ± 4.0 

Fig. 2: Decolorization of commercial mixture dyes (200 mg.L-1) by BRB 73 at various incubation times. 

Table 2: Effect time on decolorization of 200 mg.L-1 mixture of commercial 
direct dyes and enzyme production.

Time Decolorization 
(%)

Laccase activity 
(U.mL-1)

MnP activity 
(U.mL-1)

24 6.2 ± 0.3 0.0 ± 0.0 0.8 ± 0.2

48 13.8 ± 0.9 50.4 ± 2.3 7.4 ± 1.3

72 23.3 ± 2.8 123.4 ± 4.8 20.5 ± 0.5

96 54.3 ± 0.6 164.4 ± 2.5 30.2 ± 4.0
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biomass were similar. However, the highest decolorization at 
pH 6 was 60%. The optimum fungus at pH 6 in the absorption 
of Remazol Red RB Textile dyes was Saccharomyces 

cerevisiae (Sukarta et al. 2021). Decolorization decreases 
although not significantly when the alkaline value of the 
solution increases at pH 9 to 52%. In contrast to the research 
of Yusuf et al. (2023),the decrease in the percentage of congo 
red decolorization was drastic by Aspergillus quadrilineatus, 
with optimum decolorization at pH 5 was above 70% but 
drops dramatically at pH 7 to below 50%.

Inducers in dye decolorization were widely studied, 
including the copper sulfate group known to increase the 
production of laccase enzymes in WRF (Jaramillo et al. 
2017) and increase dye degradation (Jiménez et al. 2019).  
Fig. 3C shows the impact of CuSO4 inducers on fungal growth 
and dye decolorization. Increased inducer concentration 
resulted in stunted growth of BRB 73, which was indicated 
by decreased biomass, from 0.2 g to 0.06 g. It showed 
that high concentrations of CuSO4 were toxic to fungi. 
According to Jiménez et al. (2019),the toxicity of heavy 
metals to microorganisms depends on concentration. It was 

toxic symptoms, which was supported by stable biomass  
(Fig. 3a). Thus, it was indicated that BRB 73 was effective 
in commercial dye removal because it has a high tolerance 
to commercial direct dyes. In contrast to other studies, which 
showed that increased concentration leads to a decrease in 
the percentage of decolorization, such as Ceriporia lacerate 

(Wang et al. 2017), Coriolus versicolor and Pleurotus 

ostreatus (Afiya et al. 2019). The increased number of dye 
molecules causes fungal stress that inhibits fungal growth 
because the amount of enzymes produced to degrade dyes 
decreases (He et al. 2018).

Fungal growth is influenced by pH, generally, fungi grow 
at low pH which ranges from pH 4-5 (Sen et al. 2016). Each 
fungal species has a different favorable pH range, as shown 
in a study of seven Lentinus strains by Kalaw et al. (2021).
Fig. 3B shows that mycelium growth increases from pH 3 to 
pH 5.5 Then, it becomes stable from pH 5.5 to pH 9. It can 
be indicated that this fungus has growth in a wide pH range. 
Other fungi that have a wide pH range are G. lucidum (Subedi 
et al. 2021), and Lentinus swartzii (Dulay et al. 2021). The 
graphic profiles of the percentage of decolorization and 
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observed that CuSO4 concentrations between 0.1 and 1 mM 
did not inhibit growth. However, CuSO4 concentrations 
higher than 1 mmol/L inhibit the growth of P. ostreatus 
mycelium (ACCC 52857) (Zhu et al. 2016). Meanwhile, 
the decolorization curve shows an unequal profile. The 
percentage of decolorization, both untreated and treated  
(3 mM), was 71.4% and 71.8%, respectively. It was indicated 
that CuSO4 was not required as an inducer of BRB 73 in 
liquid cultures for the decolorization of these commercial 
dyes.

Glucose was utilized WRF in culture as a carbon source, 
evident from an increase in biomass from 0.132 g to 0.39 g 
(Fig. 3D). However, the addition of 10% of glucose resulted 
in a decrease in biomass to 0.37 g. Dye decolorization was 
optimal at a glucose concentration of 1%, which was 79%. 
Rajhans et al. (2021) recommend 1% glucose as the optimum 
concentration in the decolorization of azo dyes (Fig. 4). The 
decolorization profile curve showed a decrease while the 
glucose concentration increased. Similar study results occur in 
Ganoderma multistipitatum, increased glucose concentration 
can decrease dye decolorization (Alhomaidi et al. 2023). 
Due to high glucose concentrations, WRF mycelium prefers 
glucose degradation rather than complex molecular dyes 
(Senthilkumar et al. 2014). Fungi chose a simple carbon source 
that was utilized first (Hamad et al. 2014).

The Effect of Environmental Conditions on Laccase 
Activity

In this study, laccase plays a role in dye degradation, as seen 
from the increase in the activity of this enzyme according to 
the increase in the percentage of decolorization (Fig. 5A). 
Laccase increased from 154 U.L-1 to 215 U.L-1 indicates the 
presence of high dye concentrations capable of encouraging 
the production of laccase enzymes, as occurs in T. versicolor 

(Vel et al. 2020). Laccases are extracellular oxidoreductase 
enzymes reported by Bittencourt et al. (2023) to play a role 
in the decolorization of synthetic dyes. According to Castillo 
et al. 2023), laccases produced by fungi are more attractive 

for bioremediation applications because these enzymes are 
not specific to the substrate and have a high potential for 
oxidation of a diverse range of pollutants, such as synthetic 
dyes. Degradation by enzymes produced by fungi is better 
than bacteria or algae (Sen et al. 2023). Laccase activity has 
not reached the highest values indicated by an increase in the 
percentage of decolorization. According to Vel et al. (2020) 
enzymes that reach the highest values show decolorization 
in the exponential or early stationary phase.

pH has a significant impact on the levels of laccase 
enzyme produced. The difference in contrast in laccase 
activity between Fig. 5A and 5B, shows that the addition of 
NaOH and HCl has an impact on decreasing laccase activity. 
It suggests that laccase was intolerant to the compound. 
According to  Coria-Oriundo et al. (2021) laccase that 
was not stable in a wide pH range, intolerant to organic 
compounds, and high salts cannot be recommended on an 
industry scale. The highest laccase activity at pH 6 was  
13 U.L-1 (Fig. 5B).  Suryadi et al. (2022) reported that 
excessive laccase production by fungi was between pH 4.5 
and 6. O. canarii shows maximal laccase activity at pH 
4.5–5.5 (Lark et al. 2019).

CuSO4 was presented in the culture medium as a mediator 
to increase laccase production by inducing laccase gene 
transcription (Dur et al. 2022). However, the presence of 
CuSO4 in the culture medium decreases laccase activity by 
BRB 73, so it was indicated that the presence of CuSO4 did 
not contribute to laccase production (Fig. 5C). It happens 
because the type of metal inducer and the concentration used 
are indicated not yet suitable for this WRF, similar facts occur 
in Aspergillus flavus with a concentration of 5 mM-10 mM  
(Liu et al. 2020). Laccase production by Pleurotus ostreatus 
MTCC 142 can be increased by the addition of Cu2+ (Das et 
al. 2016),  while mediators for M. arundinis were HBA and 
HBT (Mendes et al. 2022). The optimum concentration of 
CuSO4 for A.maxima was 0.1-3.0 mM (Kumar & Chandra 
2020), while for T. Versicolor was 0.1 and 1 mM (Jaramillo 
et al. 2017).

concentrations higher than 1 mmol/L inhibit the growth of P. ostreatus mycelium 

(ACCC 52857) (Zhu et al. 2016). Meanwhile, the decolorization curve shows an 
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Fig. 4: Decolorization mixture of commercial direct dyes by BRB 73; a) 500 mg.L-1; b) 
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(MGP medium), KT (before treatment), TD (after treatment). 
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The curve profile between Figs. 5D and 2D have 
similarities. However, a glucose concentration of 0.5% 
stimulated the highest laccase production, which was  
2444 U.L-1. It was verified that a low concentration of 
glucose stimulates high laccase production (Daniel et al. 
2018). The lowest laccase activity was at 10% glucose 
addition, which was 691 U.L-1. High glucose concentrations 
result in both decreased laccase activity and decolorization. 
Suppression of laccase synthesis due to high concentrations 
also occurs in Tramentes pubescens (Alhomaidi et al. 2023).

In this study, the nutrients (nitrogen and glucose) of  
BRB 73 were insufficient so CuSO4 added to the medium 
did not affect laccase activity. According to Duran-Sequeda 
et al. (2022), copper was involved in the induction of laccase 
if the conditions of the nutrient source (nitrogen and glucose) 
were sufficient. This nutrient affects the regulation of the 
laccase gene. In P. ostreatus, this condition can express  
transporter genes (CTRs) to uptake copper from the 

environment, resulting in an increase in laccase activity up 
to 20 times.

The Effect of Environmental Conditions on MnP Activity

Enzyme MnP was produced by BRB 73 during direct 
commercial synthetic dye decolorization. Their activities 
were much lower than laccase. However, this enzyme 
profile also shows improvement (Figs. 6A & 6B). MnP 
Activities at dye concentrations of 100 mg.L-1 and  
500 mg.L-1 were 16 U.L-1 and 39 U.L-1, respectively. It 
indicates that decolorization involves the MnP enzyme as 
well. According to Amaro Bittencourt et al. (2023), MnP 
produced by Tramentes sp. 48424 demonstrates high dye 
decolorization capability. Fungi can produce more than 
one enzyme in the decolorization process, such as laccase 
(Lac), manganese peroxidase (MnP), and lignin peroxidase 
(LiP) (Noman et al. 2020). All three enzymes were detected 
in RB5 decolorization by P. chrysosporium ATCC 24725 

presence of CuSO4 in the culture medium decreases laccase activity by BRB 73, so it 

was indicated that the presence of CuSO4 did not contribute to laccase production 

(Fig. 5C). It happens because the type of metal inducer and the concentration used 
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(Permpornsakul et al. 2016). Trichoderma tomentosum 
was indicated to involve two enzymes, namely manganese 
peroxidase and lignin peroxidase in decolorizing acid red 3 
(He et al. 2018). The combination of various enzymes can 
significantly improve the biodegradation of textile dyes. 
However, the combination of enzymes depends on the type 
of dye, chemical structure, and microbes involved (Das et 
al. 2023).

pH affects enzyme production, as occurs in laccase 
production. MnP activity showed a stable value ranging 
from pH 3 to 7, which was 0.1 U.L-1. Stability of MnP by 
Echinodontium taxodii 2538 at pH range 2-6 (Kong et al. 
2016). The optimum pH of WRF for producing MnP was 
different, for example, Clitopilus scyphoides and Cerrena 

unicolor BBP6, which were 5.2 and 4.5, respectively (Rao 
et al. 2019). However, MnP decreased to 0.03 U.L-1 at pH 9. 
The overall data showed that the production of both enzymes, 
laccase and MnP, were lower than in other treatments 
(Figs. 5 & 6). Nevertheless, however, it was not affected by 
decolorization values ranging from 50-60%.

The impact of increasing CuSO4 concentration causes 
a decrease in MnP activity (Fig. 6C). MnP activity was 
highest in additions of 2 mM, which was 262 U.L-1. Whereas, 
the lowest MnP activity was 35 U.L-1 (5 mM of CuSO4). 
Each WRF species requires a different concentration of 
CuSO4 inducers to obtain optimum enzyme activity and 
decolorization (Laksmi et al. 2021).

MnP production decreases with the addition of glucose 
(Fig. 6D). The lowest glucose concentration (0.5%) was able 
to produce the highest MnP enzymes, which was 296 U.L-1. 
Stress culture conditions can increase the MnP enzyme (Yuan 
et al. 2022).  Meanwhile, the lowest activity was 62 U.L-1 at 
a concentration of 10% glucose. Other research information, 
shows that the type of carbon source affects the activity of 
MnP such as P.ostreatus which produces higher MnP using 
carbon sources from xylan  (Daniel et al. 2018).  Other fungi 
such as Trichoderma harzianum prefer sucrose over other 
carbon sources (Kumar & Arora 2022). Even without the 
addition of glucose, the presence of MnP was detected, which 
was 185 U.L-1. However, the percentage of decolorization 
was 45%. In contrast, M. palmivorus VE111 produces high 
MnP at high glucose concentrations (30 g.L-1), which was 
59 U.L-1  (Daniel et al. 2018).  

CONCLUSIONS

Leiotrametes menziesii BRB 73 has potential as a dye 
decolorization agent. It decolorized 54.3% of commercial 
direct dyes within 96 hours. Whereas, it was tolerance to dyes 
concentration exceeding 500 mg.L-1 which was supported by 
stable mycelium growth, increased laccase, and MnP enzyme 
activity. The decolorization pH range was quite wide, ranging 
from pH 5.5-9, supported by stable MnP activity from pH 
3-7. However, the optimal condition of the laccase enzyme 

was indicated to involve two enzymes, namely manganese peroxidase and lignin 

peroxidase in decolorizing acid red 3 (He et al. 2018). The combination of various 

enzymes can significantly improve the biodegradation of textile dyes. However, the 

combination of enzymes depends on the type of dye, chemical structure, and microbes 

involved (Das et al. 2023). 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

Fig. 6: Impact of environmental conditions on MnP activity by Leotrametes menziesi 
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was at pH 6. CuSO4 inducers were not required by BRB 
73 so it was necessary to study other types of inducers. 
Decolorization was optimal at the addition of 1% glucose, 
while enzyme activity was optimal at the addition of 0.5% 
glucose. This WRF produces extracellular enzymes including 
laccase and MnP during the decolorization process under 
various environmental conditions, which were indicated 
to play a major role in dyes degradation. Thus, it was 
recommended as a mycoremediation agent.
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