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Abstract

Pleurotus florida is an economically important edible mushroom whose growth and development are
governed by complex biochemical processes. This study investigated the activities of selected enzymes,
catalase, laccase, and peroxidase, during mycelial growth and fruiting body development of P. florida. The
experiment was conducted in the research laboratory of the Department of Plant and Ecological Studies,
University of Calabar, Nigeria. Enzyme activities were assayed in mycelial mats at 10, 20, and 30 days of
growth, as well as in mature fruiting bodies. Results revealed significant variations in catalase activity
across developmental stages, with peak activity recorded at the 30-day mycelial stage. Although numerical
differences were observed in laccase and peroxidase activities, they were not statistically significant. The
findings indicate that enzyme activity, particularly catalase, is influenced by the developmental stage of P.
florida. Understanding enzyme dynamics in oyster mushroom cultivation contributes to environmentally
sustainable food production and efficient utilization of agro-waste substrates.
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INTRODUCTION

Mushroom cultivation has become increasingly important in agronomic and environmental research due to
its contributions to food security, income generation, and sustainable waste management (Jarayaman et al.,
2024; Khan et al., 2024). In particular, oyster mushrooms are treasured for their nutritional quality, rapid
growth, and ability to degrade lignocellulosic through enzymatic activities (Bellitini et al., 2019; Raman et
al., 2020). Their cultivation involves an environmentally friendly biotechnology that converts agro-
residues into high-quality protein (Subedi et al., 2023).

Fungal enzymes such as laccase, peroxidase, and catalase have been reported by several studies to play
essential roles in mushroom substrate colonization, lignin degradation, and oxidative stress regulation
during mushroom growth (Viswanath et al., 2014; Patrick et al., 2014; Kim, 2020; Aimable et al., 2025).
In most Pleurotus species, oxidative and hydrolytic enzymes fluctuate with growth phase and substrate
composition, thereby affecting mycelial development and fruiting performance (Mshandete & Kivaisi,
2010; Kaur et al., 2023).

In sub-Saharan Africa, including Nigeria, the abundance of agro-industrial waste, such as sawdust, has
encouraged the cultivation of oyster mushrooms as a sustainable agricultural practice. However, successful
production depends not only on substrate availability but also on understanding the physiological and
biochemical processes key to fungal growth. Previous studies on Pleurotus species have mainly focused on
yield and nutritional quality, with limited attention to enzyme activity pattern across developmental stages
(Molobele et al., 2022; Gautam et al., 2026).
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Recent research has highlighted that enzyme expression in Pleurotus species varies across mycelial growth
and fruiting stages and is closely linked to substrate utilization efficiency and oxidative balance (Aimable
et al., 2025). Despite these advances, data on stage-specific enzyme activity in Pleurotus florida under
controlled cultivation conditions remain limited.

The enzymatic capacity of Pleurotus florida to degrade lignocellulosic materials positions it as an important
organism in environmental biotechnology and sustainable waste recycling. Understanding stage-specific
enzyme dynamics provides insight into how this fungus contributes to natural biomass decomposition and
environmentally friendly agro-waste utilization systems.

This study therefore evaluated the activity of catalase, laccase, and peroxidase during mycelial growth and
fruiting body development of Pleurotus florida, with implications for environmentally sustainable
mushroom cultivation and agro-waste utilization in Nigeria.

MATERIALS AND METHODS

Materials and methods

Materials used

Substrate (sawdust), spawn (oyster mushrooms), wood ash, weighing scale, measuring tape, polyethylene,
polyvinyl chloride (PVC), filter paper, and rubber band.

Collection of materials

The sawdust was obtained from the sawmill located in Calabar, Cross River, Nigeria. The calcium
carbonate (agricultural lime) was bought from the Ministry of Agriculture, Calabar, Cross River State, while
the spawn was gotten from John Collins Agro Allied Farms, Calabar.

Composting of Substrate

Hundred kilograms (100 kg) in dry weight were used for this experiment. Eighty-five percent (85 kg) of
the total sawdust was soaked in water, drained to 70 % moisture, and 13 % of rice bran and 2 % of
agricultural lime were added to the sawdust and composted for 3 days. After 3 days, the sawdust was divided
into portions of 1kg each.

Bagging and sterilization

Polypropylene bags measuring 12 by 8 cm were used to bag the substrates. The substrate-filled bags were
put inside an aluminum drum having a wooden platform to prevent the bag from being fully submerged in
water and constantly heated for a minimum of 3 hours

Inoculation and incubation

After sterilization, the substrate was allowed to cool for 12 hours at room temperature. The mushroom
species, Pleurotus florida, was identified and authenticated by Professor A.A. Markson, an applied
mycologist, and voucher specimens were deposited at the herbarium of the Department of Botany,
University of Calabar, with voucher number BOT/herb/UCC/003. Thereafter, oyster mushroom spawn was
inoculated through a one-inch polyvinyl chloride (PVC) pipe of at least 3 inches in diameter. The opening
was then covered with cotton wool and secured with a rubber band.

Cropping and harvesting

The bags were open for fruiting after the mycelium had fully covered the bags. The opened bags were
stacked on wooden shelves and sprayed with clean water at 2-days intervals. The humidity in the cropping
room was maintained at 85 % to the support proper mushroom growth.

Enzyme Extraction

The activity of polyphenol oxidase, peroxidase, and catalase was assayed using the methods described by
Nkang et al. (2000) and Ngele et al. (2024)

One gram (1g) of sample was macerated, and the enzyme was extracted by agitation for 15 minutes using
5ml of deionized water, 5ml of 20 mM potassium phosphate buffer (pH 7.5) containing 1% of the phenolic
absorbent- polyvinyl pyropolyrrolidone (PVPP). This was centrifuged at 4000 rpm (rotation per minute)
for 5 minutes. The supernatant was stored in an ice chamber and used as a crude enzyme extract.
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Enzyme Assay

The enzyme assay was carried out in a mixed phosphate buffer (20mM monobasic and dibasic potassium
phosphate salts).

The laccase assay was performed using guaiacol as the substrate, and the reaction mixture was prepared as
follows. 1ml of 2 mM guaiacol, 3ml of assay buffer, and 1ml of enzyme extract were added to a test tube;
in a second test tube, water was added instead of enzyme to serve as a blank. The mixture was incubated at
room temperature for 15 minutes, and absorbance was read at 450 nm using a UV-VIS spectrophotometer.
The peroxidase assay was carried out by adding 2 mL of assay buffer to a cuvette, 0.6 mL of enzyme extract,
and 0.1 mL of 10 mM guaiacol. These were mixed, and the reaction was initiated by adding 0.1 mL of 10
mM H202; the absorbance was read at 436nm after 30 seconds.

To assay for catalase, crude enzyme was further purified using ammonium sulphate (NH)z SOs
precipitation at 80% saturation. In a cuvette containing 2 mL of assay buffer, 0.6 mL of purified enzyme
was added, and the reaction was initiated by adding 0.2 mL of 10 mM H,0,. The absorbance was measured
at 240 nm after 10 seconds.

Absorbance readings were used in calculating enzyme activity as:

E.A = A X V/txexv

Where E. A (ug/ mL) = enzyme activity, A = absorbance, V = total mixture volume (mL), v = enzyme
volume (mL), t = incubation time (mins.), e = extinction coefficient: 0.6740 uM/ cm for guaiacol and 43.6
pHM/cm for hydrogen peroxide (Ngele et al., 2024).

Experimental design and data analysis

The Experiment was laid out in a Complete Randomized Design (CRD) with three replications. Data
collected was subjected to analysis of variance (ANOVA) using SPSS version 23.0, and means were
separated using Duncan multiple range test (DMRT).

Data Collection

Mycelial samples were collected at 10, 20, and 30 days of incubation, while fruiting body samples were
collected at maturity prior to spore release.

RESULTS

The enzyme activities (catalase, laccase, and peroxidase) were assessed at various developmental stages of
P. florida. This includes the 10-day, 20-day, and 30-day mycelial mats, as well as mature fruiting bodies.
Results are shown as graphs in Figures 1-3

Catalase activity

There was significant variation in catalase activity across all developmental stages (P < 0.05). The 30-day
mycelial mat (0.24+0.00%) showed the highest activity, significantly higher than at all other stages. There
was no significant difference in the fruit body (0.18 +0.00’ and the 10-day mycelial mat (0.17+0.00);
however, both were significantly higher than the 20-day mycelial mat 0.02 £0.00), which showed the lowest
catalase activity.

Laccase Activity

No significant difference in laccase activity was observed across developmental stages (P < 0.05). Although
there was variation in the numerical values, the 30-day mycelial mat recorded the highest mean value (0.34
+ 0.16), and the 20-day mycelial mat recorded the lowest. The fruiting body (0.12 £+ 0.03) and the 10-day
mycelial mat (0.15 £ 0.04) also showed comparable enzyme activity.

Peroxidase Activity

Similarly, peroxidase activity did not differ significantly across developmental stages. The 20-day (6.41 £
0.45) mycelial mat recorded the highest activity, followed by the 30-day mycelial mat (5.97 + 0.75) and the
10-day mycelial mat (5.57 £ 0.98). The fruiting body had the lowest peroxidase activity (5.20 + 1.77);
however, this difference was not statistically significant.
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Fig 1: Catalase activity (umol product/L/min) of Pleurotus florida during MRR and fruit body formation
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Fig 2: Laccase activity (umol product/L/min) of Pleurotus florida during MRR and fruit body formation
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Fig 3: Peroxidase activity (umol product/L/min) of Pleurotus florida during MRR and fruit body formation

DISCUSSION

The current study investigated the stage-specific enzyme activities (catalase, laccase, and peroxidase)
during mycelial growth and fruit-body formation in P. florida. These enzymes form the key components of
fungal oxidative metabolism, involved in both intracellular detoxification and extracellular substrate
degradation.

Catalase activity and regulation of oxidative stress

The findings of this study indicate that there was stage-dependent variation in catalase activity, with peak
expression during advanced mycelial development. Catalase is a universal antioxidant enzyme that
catalyses the breakdown of hydrogen peroxide (H.0) into water and oxygen, thereby reducing stress in
aerobic organisms. One function of its function is to help maintain cellular redox balance under elevated
metabolic activity, where reactive oxygen species are generated during lignin modification processes
(Anwar et al., 2024; Rasheed,2024; Alhumaydhi et al., 2025). The peak catalase activity observed in the
later mycelial stage reflects increased intracellular oxidative stress associated with extensive biomass
expansion and metabolic activity. This also suggests a physiological adaptation to neutralise reactive
oxygen species (ROS) during vegetative growth (Kiviniemi et al., 2023). Multiple fungal studies report
elevated catalase activity during later or mature mycelial stages, concurrent with increased intracellular
oxidant signals (Deng et al., 2016; Lovtsova et al., 2023; Yan et al., 2023). These stage-specific increases
are consistent with an adaptive ROS-detoxification response during active vegetative growth.

Laccase and peroxidase activity in lignolytic metabolism

Laccase activity remained stable throughout the developmental stages despite numerical differences; it did
not vary significantly. The relatively constant activity observed across stages suggests a sustained need for
lignin modification during both mycelial growth and fruiting body phases. This pattern aligns with that of
other lignocellulose-degrading fungi, where ligninolytic enzymes are maintained rather than limited to a
specific developmental stage (Andlar, 2018; Suryadi et al., 2022; Chen et al., 2025). Laccases facilitate the
biodegradation of complex lignocellulosic substrates by oxidizing phenolic compounds and lignin
components (Jeon et al., 2012; Tiwari et al., 2023). Members of the white-rot fungi are known for degrading
lignin by secreting laccase and peroxidase (Benavides et al., 2024).

Peroxidase activity also demonstrated similar stability throughout different stages, suggesting that
peroxidative reactions involved in lignin degradation and oxidative processes may be constitutively
expressed to support continuous substrate conversion. While specific peroxidase classes, such as
manganese peroxidase (MnP), assist in lignin breakdown, the absence of significant change in overall
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peroxidase activity may indicate a broad role in extracellular oxidative metabolism rather than regulation
tied to specific stages.

Conclusion

The study assessed the activities of lignocellulolytic enzymes (catalase, Lacasse, and peroxidase) during
mycelial growth and fruit-body development of Pleurotus florida. Catalase activity varied across stages,
with the 30-day mycelial stage exhibiting the highest activity, indicating increased activity during advanced
mycelial growth. Lacasse and peroxidase activities, on the other hand, did not differ significantly. These
results showed that enzyme activities in P. florida change with developmental stage, especially for catalase,
and also highlight the importance of these enzymes in the growth and development of the mushroom

References

Aimable, N., Mediatrice, H., Claude, I., Biregeya, J., Hu, Y., Zhou, H., Liu, P., Li, J., Lin, Z., Lu, G., &
Lin, D. (2025). Enzymatic Activity and Nutrient Profile Assessment of Three Pleurotus Species
Under Pasteurized Cenchrus fungigraminus Cultivation. Current Issues in Molecular Biology,
47(3), 143. https://doi.org/10.3390/cimb47030143

Alhumaydhi, F. A, Younus, H., & Khan, M. A. (2025). Catalase Functions and Glycation: Their Central
Roles in Oxidative Stress, Metabolic Disorders, and Neurodegeneration. Catalysts, 15(9), 817.
https://doi.org/10.3390/catal 15090817

Andlar, M., Rezi¢, T., Mardetko, N., Kracher, D., Ludwig, R., & Santek, B. (2018). Lignocellulose
degradation: An overview of fungi and fungal enzymes involved in lignocellulose degradation.
Engineering in Life Sciences, 18(11), 768. https://doi.org/10.1002/elsc.201800039

Anwar, S., Alrumaihi, F., Sarwar, T., Babiker, A. Y., Khan, A. A., Prabhu, S. V., & Rahmani, A. H. (2024).
Exploring Therapeutic Potential of Catalase: Strategies in Disease Prevention and Management.
Biomolecules, 14(6), 697. https://doi.org/10.3390/biom14060697

Bellettini, M. B., Fiorda, F. A., Maieves, H. A., Teixeira, G. L., Avila, S., Hornung, P. S., Jinior, A. M., &
Ribani, R. H. (2019). Factors affecting mushroom Pleurotus spp. Saudi Journal of Biological
Sciences, 26(4), 633-646. https://doi.org/10.1016/j.5jbs.2016.12.005

Benavides, V., Ciudad, G., Pinto-lbieta, F., Robledo, T., Rubilar, O., & Serrano, A. (2024). Enhancing
Laccase and Manganese Peroxidase Activity in White-Rot Fungi: The Role of Copper, Manganese,
and Lignocellulosic Substrates. Agronomy, 14(11), 2562.
https://doi.org/10.3390/agronomy14112562

Chen, M., Li, Q., Liu, C., Meng, E., & Zhang, B. (2025). Microbial Degradation of Lignocellulose for
Sustainable Biomass Utilization and Future Research Perspectives. Sustainability, 17(9), 4223.
https://doi.org/10.3390/su17094223

Deng, H., Jiajun, C., Gao, R., Liao, X., & Cai, Y. (2016). Adaptive Responses to Oxidative Stress in the
Filamentous Fungal Shiraia bambusicola. Molecules, 21(9), 1118.
https://doi.org/10.3390/MOLECULES21091118

Gautam, R. L., Patel, Y., Ram, S., & Naraian, R. (2026). Comparative investigation of the productivity and
enzyme profiles of Pleurotus florida with supplementation of groundnut and neem seed cake.
Journal of Applied Biology & Biotechnology, 14(1), 256-261.
https://doi.org/10.7324/JABB.2025.25052

Jayaraman, S., Yadav, B., Dalal, R. C., Naorem, A., Sinha, N. K., Srinivasa Rao, C., Dang, Y., Patra, A.,
Datta, S., & Subba Rao, A. (2024). Mushroom farming: A review Focusing on soil health,
nutritional security and environmental sustainability. Farming System, 2(3), 100098.
https://doi.org/10.1016/j.farsys.2024.100098

Jeon, R., Baldrian, P., Murugesan, K., & Chang, S. (2012). Laccase-catalysed oxidations of naturally
occurring phenols: From in vivo biosynthetic pathways to green synthetic applications. Microbial
Biotechnology, 5(3), 318. https://doi.org/10.1111/j.1751-7915.2011.00273.x

Global Nexus Journal of Multidisciplinary Research (GNJMR), Vol 1, No. 2, 2026


https://doi.org/10.3390/catal15090817
https://doi.org/10.1002/elsc.201800039
https://doi.org/10.3390/biom14060697
https://doi.org/10.3390/agronomy14112562

145

Khan, A., Murad, W., Ali, S., Shah, S. S., Halim, S. A., Khalid, A., Kashtoh, H., Khan, A., & Al-Harrasi,
A. (2024). Contribution of mushroom farming to mitigating food scarcity: Current status,
challenges and potential future prospects in Pakistan. Heliyon, 10(23), e40362.
https://doi.org/10.1016/j.heliyon.2024.e40362

Kim, S. (2020). Mushroom Ligninolytic Enzymes—Features and Application of Potential Enzymes for
Conversion of Lignin into Bio-Based Chemicals and Materials. Applied Sciences, 11(13), 6161.
https://doi.org/10.3390/app11136161

Kiviniemi, E., Mikkola, A., Mattila, H., Wahlsten, M., & Lundell, T. (2023). Oxidative stress and culture
atmosphere effects on bioactive compounds and laccase activity in the white rot fungus Phlebia
radiata on birch wood substrate. Current Research in Microbial Sciences, 7, 100280.
https://doi.org/10.1016/j.crmicr.2024.100280

Lovtsova, L. G., Zabelina, M. V., Mayorov, A. A., Uskov, K. Yu., Tyurin, I. Yu., & Mavzovin, V. (2023).
Analysis of the activity of oxidative enzymes by multivariate regression in the presence of Mg?*
oyster mushroom mycelium. Cubupckuii Becmnux Cenvckoxossiicmseennou Hayxu, 53(6), 33—42.
https://doi.org/10.26898/0370-8799-2023-6-4

Molobele, I. 1. ., Masalu, R. J. ., Mosha, P. R. ., & Mpinda, C. B. . (2022). Evaluation of Enzymatic Activity
during Growth of Pleurotus HK 37 on Saba comorensis Exocarp. Tanzania Journal of
Science, 48(3), 718-726. https://doi.org/10.4314/tjs.v48i3.18

Ngele, B. A., Agba, R. A., Bassey, M. O., & Egeh, E. A. (2024). Effect of irrigation with household
detergent on germination, activities of oxidative stress enzymes and chlorophyll content of pod
maize. Pakistan Journal of Agricultural Research, 37(3), 290-299.
https://doi.org/10.1016/j.pjar.2024.04.009.

Patrick, F., Mtui, G. Y. S., Mshandete, A. M., & Kivaisi, A. K. (2014). Ligninolytic enzymes activities of
Pleurotus sapidus P969 during vegetative growth and fruit development on sugarcane residues-
based substrates. International Journal of Biotechnology, 3(4), 58-71.

Raman, J., Jang, K. Y., Oh, Y. L., Oh, M., Im, J. H., Lakshmanan, H., & Sabaratnam, V. (2020). Cultivation
and Nutritional Value of Prominent Pleurotus spp.: An Overview. Mycobiology, 49(1), 1.
https://doi.org/10.1080/12298093.2020.1835142

Rasheed, Z. (2024). Therapeutic potentials of catalase: Mechanisms, applications, and future perspectives.
International Journal of Health Sciences, 18(2), 1.
https://pmc.ncbi.nlm.nih.gov/articlessPMC10915913/

Subedi, S., Kunwar, N., Pandey, K. R., & Joshi, Y. R. (2023). Performance of oyster mushroom (Pleurotus
ostreatus) on paddy straw, water hyacinth and their combinations. Heliyon, 9(8), e19051.
https://doi.org/10.1016/j.heliyon.2023.e19051

Suryadi, H., Judono, J. J., Putri, M. R., Eclessia, A. D., Ulhag, J. M., Agustina, D. N., & Sumiati, T. (2022).
Biodelignification of lignocellulose using ligninolytic enzymes from white-rot fungi. Heliyon, 8(2),
e08865. https://doi.org/10.1016/j.heliyon.2022.e08865

Tiwari, A., Chen, C. W., Haldar, D., Patel, A. K., Dong, C. D., & Singhania, R. R. (2023). Laccase in
Biorefinery  of  Lignocellulosic Biomass.  Applied  Sciences, 13(8),  4673.
https://doi.org/10.3390/app13084673

Viswanath, B., Rajesh, B., Janardhan, A., Kumar, A. P., & Narasimha, G. (2014). Fungal Laccases and
Their  Applications  in  Bioremediation. Enzyme  Research, 2014, 163242.
https://doi.org/10.1155/2014/163242

Yan, Y., Huang, X., Zhou, Y., Li, J.,, Liu, F., Wang, J., Liu, R., Takaya, N., & Zhou, S. (2023). Cytosol
Peroxiredoxin and Cell Surface Catalase Differentially Respond to H202 Stress in Aspergillus
nidulans. Antioxidants, 12(7), 1333. https://doi.org/10.3390/antiox12071333

Global Nexus Journal of Multidisciplinary Research (GNJMR), Vol 1, No. 2, 2026


https://doi.org/10.3390/app11136161
https://doi.org/10.1016/j.crmicr.2024.100280
https://doi.org/10.4314/tjs.v48i3.18
https://pmc.ncbi.nlm.nih.gov/articles/PMC10915913/
https://doi.org/10.1016/j.heliyon.2023.e19051
https://doi.org/10.1155/2014/163242

