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ABSTRACT 

Laccases are multicopper oxidase enzymes with significant industrial and 

environmental applications, including bioremediation, textile dye degradation, and 

biosensor development. This study aimed to optimise laccase production under solid-

state fermentation using Response Surface Methodology (RSM) and to utilise the 

produced laccase for dye decolourisation. The laccase-producing fungus was 

molecularly identified. Parameters, including incubation period, pH, substrate 

concentration, inoculum size, and carbon sources, were optimised using RSM. The 

model equation was generated using Design Expert, and the model's statistical 

significance was evaluated using analysis of variance (ANOVA). Laccase was 

quantified using 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) as a substrate. 

The effect of environmental conditions on laccase activity was determined, and the 

enzyme was used to decolourise dyes. The laccase-producing fungus was identified 

as Curvularia verruculosa UDY (accession number PV669996). The optimum laccase 

yield (735 µU/L) was observed with sugarcane bagasse as the substrate on a basal 

medium containing a glucose carbon source, at an initial pH of 3, with an inoculum 

size of 2 fungal plugs, over a fermentation period of 10.5 days. All cations tested 

enhanced laccase activity, with Mn²⁺ producing the greatest stimulation (1056 

µU/mL). At various pH levels, the highest laccase activity (898 µU/mL) of C. 

verruculosa UDY was observed at pH 9.5, while activity at different temperatures 

peaked (943 µU/mL) at 60°C after 40 min. Laccase decolourised Congo red by 22% 

within 2 hours. The production of laccase by C. verruculosa UDY through solid-state 

fermentation was optimised. Cations, pH, temperature, and time affected laccase 

activity, and the produced laccase decolourised dyes, which could promote the 

utilisation of agrowastes for industrial enzyme production as well as laccase 

decolourisation application in the textile industry. 
 

Keywords: Dye decolourisation, Fungi, Lignin-degrading enzyme, Microbial 

fermentation, Sugarcane bagasse 
 

1. INTRODUCTION 

Laccases belong to a group of multicopper polyphenol oxidases, a broad class of 
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enzymes that oxidise primarily phenolic compounds via one-electron transfer (Fasiku et al., 2023a). They contain copper atoms in their 

catalytic centre and simultaneously reduce oxygen to water. Laccases oxidise aromatic and aliphatic amines as well as phenols, 

provided these substrates are small enough to fit into their active centre and have a lower redox potential than the enzyme itself 

(Rodriguez-Couto, 2018). Laccases are categorised into two groups based on their redox potential: low- and high-potential enzymes. 

Enzymes with low redox potential are found in bacteria, plants, and insects, whereas fungi contain laccases with high redox potential, 

which are responsible for the breakdown of lignin and humus in laccase-catalysed catabolic reactions. Without the need for extra 

chemicals, the redox potential of plant, bacterial, and insect laccases enables thermodynamic radical coupling reactions in anabolic 

processes (Janusz et al., 2020).  

Laccases are produced by several fungi belonging to Deuteromycetes, Ascomycetes, and Basidiomycetes. Some of the white-rot 

fungi are extensively explored and are involved in lignin metabolism, and they are particularly rich in laccase, that is, they exhibit the 

highest laccase activity (Ansari et al., 2021). It has also been shown that laccase activity is present in prokaryotes, including the 

following species: Bacillus subtilis, B. pumilus, Haloferax volcanii, B. licheniformis, S. lavendulae, S. griseus, Oscillatoria boryana, Escherichia 

coli, P. syringae, Thermus thermophilus, and Marinomonas mediterranea (Janusz et al., 2020). Laccase production has been identified in some 

insects; different genera of insects that produce laccase include Bombyx, Drosophila, Lucilia, Diploptera, Oryctes, Papilio, Manduca, Musca, 

Phormia, Rhodnius, Sarcophaga, Calliphora, and Schistocerca (Singh and Gupta, 2020). 

Laccases can use molecular oxygen for the oxidation of a broad range of organic compounds, such as lignin, aromatic amines, 

phenols, and polyphenols. They are also applicable in sectors like bioremediation, pulp and paper, textiles, food, and pharmaceuticals 

(Wadhwa et al., 2023). They are useful in lignin modification, food industries, textile treatment, paper and pulp wastewater, and 

petrochemical effluents and can also be used as a bioremediation agent for pesticides and herbicides. They are useful in removing toxic 

compounds from both aquatic and terrestrial systems. They are used in beverage production, biotransformations of specific regions, 

aerobic oxidation of benzyl alcohols, biosensors and analytical tools. Laccases are involved in the industrial polymerisation of 

lignosulfates for additional uses as dispersants, surfactants, and plasticisers within the cement and concrete industry. It is also a 

promising enzyme for decontaminating and biotechnological applications in phenol-polluted systems (Kyomuhimbo and Brink, 2023; 

Fasiku et al., 2026). This work aimed to optimise laccase production through response surface methodology and utilised the produced 

laccase for the decolourisation of dyes. 

 

2. MATERIALS AND METHODS 

Collection and maintenance of the microbe  

The laccase-producing fungus used for this research was obtained from the Department of Microbiology and Biotechnology at Ajayi 

Crowther University, Oyo Town, Nigeria, and grown on potato dextrose agar. 

 

Molecular identification of the fungus 

After DNA extraction, the PCR cocktail mix includes 2.5 µL of 10x PCR buffer, 1 µL of 25 mM MgCl₂, 1 µL of forward and reverse 

primers, 1 µL of DMSO, 2 µL of 2.5 mM dNTPs, 0.1 µL of 5 u/µL Taq DNA polymerase, and 3 µL of 10 ng/µL DNA. The total reaction 

volume was increased to 25 µl by adding 13.4 µL of nuclease-free water. The primers used are ITS 1: TCCGTAGGTGAACCTGCGG 

and ITS 4: TCCTCCGCTTATTGATATGS. Initial denaturation at 94°C for 5 minutes, then 36 cycles of denaturation at 94°C for 30 secs, 

annealing at 54°C for 30 secs, and elongation at 72°C for 45 secs. The final elongation phase is at 72°C for 7 minutes, with a holding 

temperature of 10°C. The amplified fragments were visualised on 1.5% agarose electrophoresis gels stained with SafeView. The ABI 

3500 equipment was used for the sequencing process. The cycle sequencing phase was performed using 25 ng of the PCR result. The 

phylogenetic tree was created with the Mega 11 software (Kumar et al., 2018). 

 

Experimental Design  

Design Expert® 11, file version 11.1.2.0, was employed in the design of the experiment. The design type was D-Optimal with the point 

exchange algorithm, the model was quadratic, the study type was response surface, and the sub-type was split plot. Five factors: 

substrate concentration, pH, inoculum size, incubation period, and carbon source moisture content were investigated for their effects 

on laccase production yield. While other factors were numeric, the carbon sources used were specified as a categorical variable, as 

shown in Table 1, and the total experimental runs generated was 40, as shown in Table 2.     
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Statistical analysis and optimisation  

The experimental data generated were statistically analysed in the Design Expert software using REML (Restricted Maximum 

Likelihood) to determine the optimal fermentation conditions for maximising laccase production yield. As shown in Table 1, the effect 

of five factors was investigated. These factors are substrate concentration, pH, inoculum size, incubation period, and carbon source 

moisture content. Table 2 shows the experimental runs for the optimisation of laccase production using Design Expert with the 

independent variables in Table 2.  

The basal medium was prepared by weighing the following: 10 g of carbon source (glucose, sucrose, fructose, galactose, maltose or 

mannitol), 1 g of (NH₄)₂SO₄, 0.5 g of MgSO₄.7H₂O, 0.5 g of KCl, 0.01 g of FeSO₄ and 0.01 g of MnSO₄ per litre. Four to six grams (4-6 g) 

of sugarcane bagasse was weighed into polythene bags, mixed with 15 mL of the basal medium, sterilised and allowed to cool. Two to 

ten (2-10) circular plugs (7 mm) of the laccase-producing fungus were inoculated into each bag and incubated at room temperature 

(28±2℃) for 7 to 14 days. Different buffers of pH 3 to 10 were used to prepare the basal medium. The variation in carbon source, 

sugarcane bagasse concentration, initial pH, inoculum size and incubation period depends on the experimental runs as shown in Table 

2. After the incubation period, 40 mL of sterile distilled water was added to each bag, mixed and filtered using No. 1 Whatman filter 

paper. The filtrates were used as crude enzymes. 

 

Determination of enzyme activity 

Laccase activity was determined using 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) [ABTS] as a substrate. The reaction mixture 

contained 0.5 mL of the crude enzyme, 1.5 mL sodium acetate buffer (0.1 M, pH 5.0) and 60 µL of 1 mM ABTS. The reaction mixture 

was incubated for 10 minutes. The reaction was terminated by adding 20 µL of trichloroacetic acid. A blank was prepared with 0.5 mL 

of sterile distilled water instead of the crude enzyme. Optical density was measured at 420 nm using a spectrophotometer and 

expressed in U/mL. One unit of enzyme activity is the amount of enzyme required for oxidising one micromole of ABTS 

(Mongkolthanaruk et al., 2012). 

 

Table 1: Independent factors and coding 

Factor Name Units Change Type Minimum Maximum 
Coded 

Low 

Coded 

High 
Mean 

Std. 

Dev. 

A 
Substrate 

concentration 
g/L Easy Numeric 4.00 6.00 

-1 ↔ 

4.00 

+1 ↔ 

6.00 
5.05 0.9594 

B pH  Hard Numeric 3.00 10.00 
-1 ↔ 

3.00 

+1 ↔ 

10.00 
6.59 2.91 

C 
Inoculum 

size 
plugs Easy Numeric 2.00 10.00 

-1 ↔ 

2.00 

+1 ↔ 

10.00 
6.25 3.85 

D 
Incubation 

Period 
days Easy Numeric 7.00 14.00 

-1 ↔ 

7.00 

+1 ↔ 

14.00 
10.50 3.36 

E 
Carbon 

Source 
g/L Easy Categoric Glucose Galactose   Levels: 6 

 

 

Table 2: Experimental design of independent variables for optimization  

  Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Group Run A: Substrate concentration b: pH C: Inoculum size D: Incubation Period E: Carbon Source 

  (g/L)  (plugs) (Days) (g/L) 

1 1 6 6.5 2 14 Mannitol 

1 2 5 6.5 8 10.5 Sucrose 

1 3 4 6.5 10 14 Galactose 

1 4 4 6.5 2 14 Sucrose 

1 5 4 6.5 2 7 Fructose 

1 6 6 6.5 2 14 Galactose 
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1 7 4 6.5 2 7 Glucose 

1 8 6 6.5 2 14 Glucose 

1 9 6 6.5 2 14 Maltose 

1 10 6 6.5 10 7 Glucose 

1 11 4 6.5 10 14 Glucose 

1 12 4 6.5 6 10.5 Mannitol 

1 13 4 6.5 2 7 Maltose 

2 14 4 3 10 14 Maltose 

2 15 4 3 10 7 Galactose 

2 16 6 3 6 7 Maltose 

2 17 6 3 2 14 Fructose 

2 18 4 3 10 7 Sucrose 

2 19 5 3 10 7 Mannitol 

2 20 4 3 10 14 Fructose 

2 21 6 3 10 14 Sucrose 

2 22 4 3 2 14 Galactose 

2 23 6 3 10 7 Fructose 

2 24 6 3 2 7 Galactose 

2 25 6 3 2 10.5 Glucose 

2 26 6 3 10 14 Galactose 

3 27 6 10 2 7 Fructose 

3 28 6 10 10 10.5 Glucose 

3 29 5 10 2 7 Mannitol 

3 30 4 10 10 14 Sucrose 

3 31 6 10 2 7 Sucrose 

3 32 6 10 10 7 Galactose 

3 33 6 10 10 7 Maltose 

3 34 6 10 10 14 Fructose 

3 35 4 10 2 14 Fructose 

3 36 4 10 2 7 Galactose 

3 37 4 10 6 14 Maltose 

3 38 4 10 10 7 Fructose 

3 39 6 10 10 7 Mannitol 

3 40 5 10 10 14 Mannitol 

 

Characterisation of laccase 

Laccase was produced using optimised conditions, and the effects of pH, metal ions, temperature and time on the enzyme were 

determined. 

 

Effect of pH  

The effect of pH on the activity of laccase was examined using 1.5 mL of different buffers with varying pH (0.1 M acetate buffer: 3.6, 5.0; 

0.1 M phosphate buffer: 6.5, 8.0; 0.1 M carbonate-bicarbonate buffer: 9.5) in the reaction mixture for the laccase assay. Laccase activity 

was determined as earlier explained in the laccase assay. 

 

Effect of temperature 

To examine the effect of temperature and time on laccase activity, the reaction mixture in the laccase assay was incubated at different 

temperatures (25, 37, 50 and 60°C) for 50 minutes at 10-minute intervals. Each reaction was terminated after the specified time, and 

laccase activity was determined as earlier explained in the laccase assay. 
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Effect of metal ions 

Metal ions (K⁺, Mg²⁺, Fe²⁺, Ca²⁺, Na⁺ and Mn²⁺) in 5 mM were incubated with crude laccase to determine the effects of cations on laccase 

activity. Laccase activity was determined as earlier explained in the laccase assay. 

 

Decolourisation experiment 

A decolourisation experiment was carried out by adding 0.5 mL of crude laccase to 2 mL of dyes (crystal violet and Congo red, 100 

mg/L). They were incubated at 28±2 ℃ for 3 hours. Absorbance was read at 590 nm for crystal violet and 520 nm for Congo red. The 

percentage of decolourisation was calculated according to Forootanfar et al., (2012).  

 

𝐷𝑒𝑐𝑜𝑙𝑜𝑢𝑟𝑖𝑠𝑎𝑡𝑖𝑜𝑛 (%) =  
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑦𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 𝑖𝑛𝑐𝑢𝑏𝑎𝑡𝑖𝑜𝑛 − 𝐹𝑖𝑛𝑎𝑙 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑦𝑒 𝑎𝑓𝑡𝑒𝑟 𝑖𝑛𝑐𝑢𝑏𝑎𝑡𝑖𝑜𝑛

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑦𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 𝑖𝑛𝑐𝑢𝑏𝑎𝑡𝑖𝑜𝑛
× 100 

 

3. RESULTS  

Molecular identification of C. verruculosa UDY 

Laccase-producing fungus was identified as Curvularia verruculosa UDY and accession No. PV669996 was assigned to it at the National 

Center for Biotechnology Information (NCBI) with a link https://www.ncbi.nlm.nih.gov/nuccore/PV669996. The phylogenetic tree of 

Curvularia verrucolosa UDY is shown in Figure 1. Curvularia verruculosa UDY is more closely related to Curvularia CVP2 than to 

Curvularia lunata AAL1. It is, however, distantly associated with Pleurotus ostreatus PGGP2599. 

 
Figure 1: Phylogenetic analysis of Curvularia verruculosa UDY 

https://www.ncbi.nlm.nih.gov/nuccore/PV669996
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Laccase Production  

Figure 2 shows the laccase yield for different experimental runs. Experimental run 40 had the highest laccase yield (1597.78 µU/mL) 

while the lowest yield (331.11 µU/mL) was recorded at experimental run 22. The highest yield was achieved with mannitol as the 

carbon source, 5 g of sugarcane bagasse, an initial pH of 10, an inoculum size of 10 plugs (7 mm), and an incubation period of 14 days, 

as shown in the experimental design (Table 2).  

 

 
Figure 2. Laccase yield at different experimental runs 

 

 
Figure 3. Optimum factors for the production of laccase. 
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Figure 3 shows the optimal conditions to maximise the yield of laccase. Design Expert predicted a sugarcane bagasse concentration 

of 6 g in 15 mL of basal medium with glucose as a carbon source at an initial pH of 3 and inoculum size of 2 plugs, with an incubation 

period of 10.5 days. The predicted maximal yield was 908.06 µU/mL, while the experimental highest yield was 735 µU/mL. The 

prediction was validated using 6 g of sugarcane bagasse in 15 mL of basal medium containing glucose as the carbon source, with an 

initial pH of 6.5, an inoculum size of 6 plugs of Curvularia verruculosa, and an incubation period of 10.5 days as suggested by response 

surface methodology. 

As shown in Table 3, the REML analysis based on D-optimal design and Kenward-Roger p-values identified the subplot as 

significant and substrate concentration as the only statistically significant term in the model equation within a 95% confidence level. 

This is because REML focuses on calculating the precise contribution of the most relevant factors.  The other variables have been 

eliminated because they have p-values too high (higher than 0.05) to be considered statistically significant or not properly testable with 

the current power of the experiment.  The coded model equation is as displayed in Equation 1. The fit statistics showed that the 

coefficient of estimate R² is 0.841, and it implies the model can explain 84.1% of the data. The adjusted R² value of 0.8282 is also 

sufficiently high to validate the high significance of the model. 

 

𝑅1 =  0.0008 + 0.0001𝐴        (1) 

 

Where R1 is the response and A is the substrate concentration 

 

Table 3. REML (Restricted Maximum Likelihood) analysis and Kenward-Roger p-values 

Source Term df Error df F-value p-value  

Subplot 1 36.02 8.78 0.0054 Significant 

A-Substrate concentration 1 36.02 8.78 0.0054  

 

Characterisation of the produced laccase  

Effect of temperature and incubation time 

The effects of temperature and time on laccase activity are shown in Table 4. At 25 ℃, there was an increase in laccase activity in the 

first 30 minutes from 735 µU/mL to 833 µU/mL, and thereafter a decrease in activity was observed with an increase in time. At 37 ℃, 

laccase activities ranged from 595 µU/mL (20 minutes) to 800 µU/mL (10 minutes). At 50 ℃, there was an increase in laccase activity 

from 10 minutes (613 µU/mL) to 30 minutes (672 µU/mL) before a decline in laccase activity with an increase in time was observed at 40 

minutes. At 60 ℃, there was an increase in laccase activity with time, from 526 µU/mL to 943 µU/mL within the first 40 minutes.  

 

Effect of pH 

Figure 4 shows the effect of pH on the laccase activity of C. verruculosa UDY. Laccase activity of C. verruculosa UDY showed an increase 

in its activity from pH 3.6 (595.5 µU/mL) to pH 6.5 (688 µU/mL), then a slight decrease to 683.5 µU/mL was recorded at pH 8.0 before 

reaching its peak (897.5 µU/mL) at pH 9.5. This shows that an increase in pH is directly proportional to an increase in laccase activity. 

 

Effect of metal ions 

The addition of metal ions enhanced the enzymatic activity of laccase produced by C. verruculosa UDY, as shown in Figure 5. The 

highest enzyme activity (1056 µU/mL) of C. verruculosa UDY laccase was recorded with the addition of Mn²⁺. The metal ion with the 

lowest enhancement was Na+, with an activity of 791.5 µU/mL, which was higher than the activity (735 µU/mL) recorded without any 

metal ion (control). 

 

Dye Decolourisation 

As shown in Figure 6, the laccase of C. verruculosa UDY decolourised Congo red by 22% and crystal violet by 5% after 2 hours of 

treatment. 
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Table 4. Effect of temperature and time on laccase activity (µU/ml) of Curvularia verruculosa UDY 

Temperature (℃) Time (minutes) 

 10 20 30 40 50 

25 735 787 833 724 569 

37 800 595 737 732 649 

50 613 649 672 611 620 

60 526 602 676 943 808 

 

 

 
Figure 4. Effect of pH on laccase activity of Curvularia verruculosa UDY. 

 

 
Figure 5. Effect of metal ions on laccase activity of Curvularia verruculosa UDY 
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Figure 6. Decolourisation of dyes by laccase of Curvularia verruculosa UDY 

 

4. DISCUSSION 

Curvularia species have been known to produce lignocellulose-degrading enzymes that help break down agricultural wastes (Bello and 

Hussaini 2022; Mehta et al., 2022). Enzyme production using sugarcane bagasse, a waste, in this study is a means of generating wealth 

from waste. Numerous researchers have produced value-added products from the conversion of wastes to enzymes (Fasiku et al., 

2023b; Odjoji et al., 2026), ethanol (Mohammad et al., 2021; Prasertsan et al., 2021; Fasiku and Wakil, 2021; 2022), and others. Different 

agrowastes (sugarcane bagasse, rice bran, reed grass, wheat straw, wheat bran, corn cobs, guava leaves and peanut husk) were used by 

Hasan et al. (2023) for laccase production. Waste utilisation in the environment to produce value-added products will create a better 

and safer environment and improve the state of the economy.  Previous studies showed that the Curvularia species can generate laccase 

from sugarcane bagasse (Vazquez et al., 2024) during solid-state fermentation. 

As substrates can affect laccase yield, substrate concentration is another factor that can have a significant impact on laccase yield. 

Substrate concentration has a significant effect on laccase production in this work. The source of carbon is another factor that can 

influence laccase production. There is a required carbon-to-nitrogen ratio that supports the production of metabolites, which can be 

influenced by the genetic makeup of the organisms used, the metabolite of interest, and other environmental factors (Fasiku and Wakil, 

2022). 

Acidity/alkalinity (pH) affects laccase production (Oloye et al., 2025). The optimum pH for laccase production in this work was 3. 

Hamed et al. (2024) and Bello et al. (2020) confirmed that pH affected the laccase yield of a Curvularia spp., with their optimal 

production at pH 5. The difference in optimum pH recorded in this work from theirs could be as a result of different substrates and 

different species of Curvularia. Hamed et al. (2024) and Bello et al. (2020) made use of Curvularia lunata, whereas Curvularia verruculosa 

was used in this work. 

Inoculum sizes affected laccase yield in this work. Oloye et al. (2025) reported that inoculum size had a significant effect on laccase 

production. Bello et al. (2020) recorded that inoculum size affected the laccase yield of Curvularia lunata. Fasiku and Wakil (2022) 

reported that inoculum sizes affect metabolite yield. The incubation period is another factor that has an effect on laccase production 

(Oloye et al., 2025). The optimum incubation period in this work was 10.5 days. Hamed et al. (2024) recorded optimal production of 

laccase by a Curvularia sp. on the fifth day of incubation. Bello et al. (2020) reported 6 days as the optimum period for laccase 

production by a Curvularia sp. The optimal laccase production on both sugarcane bagasse and wheat bran was recorded after 168 hours 

of fermentation (Vazquez et al., 2024). Differences in substrates used and organisms for laccase production could be responsible for the 

different optimal production periods recorded by different researchers.  
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The highest laccase activity of C. verruculosa UDY recorded at 60°C in this study is similar to the work of Othman and Flaifil (2025), 

who reported the optimal laccase activity being produced by Agaricus bisporus CU13 fungal strain at 60 °C. Nadaroglu and Tasgin 

(2013) and Tišma et al. (2020) recorded the highest laccase activity for their microorganisms at 50 °C and 55 °C, respectively. 

Alshammary et al. (2025) recorded the highest laccase activity at 50 °C, while Bello and Hussaini (2022) recorded the highest laccase 

activity at 35 °C. This served as an indication of the thermostable properties of the laccase produced. Generally, the optimal 

temperature for laccase activity depends on the organism producing it, and laccase activity is sensitive to temperature. 

Laccase activity is significantly influenced by pH due to the enzyme’s structure and stability, substrate ionisation and redox 

behaviour (Oloye et al., 2025; Othman and Flaifil, 2025). It was reported that acidic pH (3.0–5.5) favoured the activities of laccase-

producing fungi (Yin et al., 2019). Umar and Ahmed (2022) reported an optimal pH level for laccase activity to be at pH 3.0, Nadaroglu 

and Tasgin (2013) reported theirs to be at an optimum pH level of pH 4.0. Although recently laccases have been discovered to be active 

at higher, alkaline pH values, this happens due to direct evolution of the enzyme, as reported by Yin et al. (2019). The optimal pH for 

the laccase activity of C. verruculosa UDY was recorded at pH 9.5. The results of this study indicate that an increase in pH levels is 

directly proportional to an increase in enzymatic activity. Alshammary et al. (2025) recorded their highest laccase activity at pH 6. 

All metal ions used in this work had positive influence on laccase activity, with Mn²⁺ having the most impact. Hamed et al. (2024) 

also reported Mn²⁺ as the most effective in stimulating activity of laccase produced by Curvularia lunata MY3. Nadaroglu and Tasgin 

(2013) reported a high inhibitory effect of Mn2+. The disparity between this study and theirs could be due to factors such as the fungal 

species, substrate used and Mn2+ concentrations. However, some metal ions such as Na⁺, Ca²⁺ and K⁺ that stimulated activity of laccase 

of Curvularia verruculosa UDY in this work retarded activity of Curvularia lunata MY3 laccase in the work of Hamed et al. (2024). This 

might be as a result of the genetic makeup of these organisms; they are of different species, or the concentration of metal ions used. 

Concentration affects the stimulatory effect of metal ions on enzymes (Alshammary et al., 2025). 

Laccase has shown potential for decolourising and degrading crystal violet and other synthetic dyes (Zhang et al., 2020). In this 

study, the laccase produced by C. verruculosa UDY was able to decolourise Congo red, which is in accordance with what Forootanfar et 

al. (2012) reported. Curvularia clavata has been utilised in the decolourisation of palm oil mill effluent (Neoh et al., 2014) and recalcitrant 

dye (Neoh et al., 2015; Bello and Hussaini, 2022). 

 

5. CONCLUSION 

Optimum production of laccase (735 µU/mL) by Curvularia verruculosa UDY was achieved with sugarcane bagasse as an agro-waste 

substrate at a concentration of 6 g per 15 mL of basal medium, which contained a source of carbon (glucose), at an initial pH of 3 with 

an inoculum size of 2 plugs of 7 mm during 10.5 days of fermentation period. Environmental factors such as pH, temperature, and 

metal ions affected the activities of laccase produced by Curvularia verruculosa UDY. The laccase produced exhibited dye 

decolourisation capabilities, indicating its applicability in the treatment of dye-laden industrial effluents, and future studies should 

evaluate the dye decolourisation efficiency of the laccase enzyme in real textile and industrial effluents to assess its practical 

applicability under realistic conditions. Industrial-scale studies should be undertaken to assess the feasibility of large-scale laccase 

production and its economic viability for industrial applications. 
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