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ABSTRACT 

Fungi grow simply, inexpensively and act like little factories. Their enzymes are safer and more environmentally friendly 

for everyone to use than dangerous chemicals. This review covers the use of these enzymes by scientists to remediate 

contaminated soil, treat wastewater and even convert waste to valuable products such as biofuels.  

 

For example, fungi are great cleaners. They produce enzymes. These are tiny workers that decompose all sorts of nasty 

environmental stuff. It all boils down to those workhorses of fungal enzymes. We consider different types, e.g. starch 

amylases, wood ligninases and plant cellulases. These enzymes can decontaminate, such as pesticides from land and 

dyes from water. 

This paper critically assesses the potential of fungal enzymes for wastewater treatment, the conversion of organic waste 

into bio-based products and environmental remediation.  

However, there are considerable differences in the efficacy of these enzymes, thus optimisation is a step towards 

improving their catalytic abilities. Genetic engineering or optimisation of environmental parameters for enhanced fungal 

strains for increased enzyme production may contribute to improved enzyme kinetics. Finally, more research is needed 

to scale up and reduce the cost of using fungal enzymes and to make them more widely used to produce environmentally 

friendly remedies for environmental contamination. The key opportunity for advancing green technology for 

environmental remediation is to unlock the full potential of fungal enzymes. 

INTRODUCTION 

Pollution is placing huge stress on ecosystems, creating an urgent need for innovative and sustainable environmental 

management strategies. Natural biological systems, particularly fungi, offer promising alternatives to conventional 

remediation methods that often rely on large quantities of hazardous chemicals. Owing to their exceptional enzymatic 

capabilities, fungi can transform complex pollutants into simpler and less toxic compounds, making them effective 

biological catalysts for environmental cleanup. Fungal-based remediation, commonly known as mycoremediation, has 

emerged as an eco-friendly and cost-effective approach for restoring contaminated ecosystems and promoting 

environmental sustainability. (1-2)  

Fungi secrete a wide range of extracellular enzymes, each specifically adapted to degrade different classes of pollutants. 

For instance, cellulases hydrolyze cellulose, a major component of plant biomass; ligninases break down lignin, a highly 

recalcitrant polymer present in woody materials; and amylases catalyze the degradation of starch. In addition, oxidative 

enzymes such as laccases, manganese peroxidases, and lignin peroxidases play crucial roles in the degradation of 

synthetic dyes, pharmaceuticals, pesticides, hydrocarbons, and other xenobiotic compounds (2-3). 

Bioremediation has gained considerable attention as a green technology that employs living organisms to transform, 

detoxify, or remove contaminants from polluted environments. Among various biological agents, fungi are particularly 

promising because of their remarkable metabolic versatility, extensive mycelial networks, and ability to produce diverse 

extracellular and intracellular enzymes capable of degrading complex pollutants. Recent studies have highlighted the 
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importance of fungal consortia, plant–fungal interactions, and advanced omics technologies in enhancing pollutant 

degradation efficiency and field applicability(1).These enzymes work synergistically to form an effective enzymatic 

toolbox capable of degrading a broad spectrum of environmental contaminants, ranging from synthetic dyes in 

wastewater to persistent pesticides, pharmaceuticals, plastics, petroleum hydrocarbons, and heavy metals in soil and 

aquatic systems(1-4). 

Fungal enzymes offer several advantages over traditional chemical treatment methods. They are biodegradable, 

renewable, environmentally benign, and generally function under mild operational conditions. Furthermore, the 

relatively low cost of fungal cultivation and the scalability of enzyme production make fungal biotechnology suitable 

for large-scale environmental applications. Recent advances in enzyme engineering, immobilization technologies, and 

bioreactor design have further improved the efficiency and practical feasibility of fungal-based remediation systems (3). 

This article provides an overview of fungal enzymes and their applications in waste treatment and bioremediation, 

highlighting their growing importance as sustainable tools for combating environmental pollution and advancing green 

technologies. 

Moreover, it shows the progress and prospects for the production of potent fungal enzymes and their broad use in the 

cleaning of polluted environments, paving the way for more sustainable and environmentally friendly environmental 

solutions.

  

TYPES OF FUNGAL ENZYMES USED IN ENVRONMENTAL MANAGEMENT 

 

 

 

 

Enzyme Source 

Organism 

Workin

g 

Efficien

cy 

Key Feature Environmen

tal 

Application 

Propertie

s 

Additional 

Info 

Referen

ce no. 

Laccase Trametes 

versicolor 

High Oxidizes 

phenolic 

compounds 

Bioremediati

on of 

wastewater 

Optimal 

pH: 4-6, 

temperatu

re 

stability: 

40-60°C 

Used in the 

breakdown 

of lignin 

5,6 

Lignin 

Peroxidase 

Phanerochae

te 

chrysosporiu

m 

High Degrades 

lignin 

polymers 

Wood pulp 

bleaching, 

bioremediati

on 

Optimal 

pH: 3-5, 

temperatu

re 

stability: 

25-40°C 

Breaks 

down 

complex 

lignin 

structures 

7 

Manganese 

Peroxidase 

Phanerochae

te 

chrysosporiu

m 

Moderat

e 

Oxidizes 

lignin-related 

compounds 

Bioremediati

on, waste 

treatment 

Optimal 

pH: 3-5, 

temperatu

re 

stability: 

30-50°C 

Used in the 

degradation 

of organic 

pollutants 

8 

Cellulase Trichoderma 

reesei 

Very 

High 

Breaks down 

cellulose 

Wastepaper 

recycling, 

soil 

management 

Optimal 

pH: 4.5-

5.5, 

temperatu

re 

Important 

for 

biodegradati

on of plant 

waste 

9,10 
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stability: 

50-60°C 

Chitinase Colletotrichu

m 

graminicola 

Moderat

e 

Degrades 

chitin 

(insects, 

fungi) 

Agricultural 

pest control 

Optimal 

pH: 5.5-

7.5, 

temperatu

re 

stability: 

40-50°C 

Involved in 

fungal cell 

wall 

degradation 

11 

Amylase Aspergillus 

niger 

High Breaks down 

starches 

Bioremediati

on, industrial 

use 

Optimal 

pH: 4.5-

5.5, 

temperatu

re 

stability: 

45-60°C 

Used for 

detoxificatio

n of starch 

waste 

12 

Peroxidase Coriolus 

versicolor 

Moderat

e 

Degrades 

organic 

compounds 

Detoxificatio

n of phenols 

Optimal 

pH: 5-6, 

temperatu

re 

stability: 

30-50°C 

Effective in 

treating 

industrial 

effluents 

13 

Xylanase Thermomyce

s lanuginosus 

High Breaks down 

xylans 

(hemicellulos

es) 

Biodegradati

on of plant 

waste 

Optimal 

pH: 5-7, 

temperatu

re 

stability: 

50-80°C 

Important 

for wood 

and paper 

industry 

14 

Lipase Candida 

rugosa 

Moderat

e 

Breaks down 

lipids 

Biodegradati

on of oils and 

fats 

Optimal 

pH: 6-8, 

temperatu

re 

stability: 

35-50°C 

Used in oil 

spill cleanup 

and waste 

treatment 

15 

Protease Aspergillus 

oryzae 

High Breaks down 

proteins 

Wastewater 

treatment 

Optimal 

pH: 5.5-7, 

temperatu

re 

stability: 

45-55°C 

Effective in 

digesting 

protein-rich 

waste 

16 

B-glucosidase Aspergillus 

niger 

Moderat

e 

Hydrolyzes 

glucose 

polymers 

Bioremediati

on, 

bioethanol 

production 

Optimal 

pH: 4.5-

5.5, 

temperatu

re 

stability: 

45-55°C 

Involved in 

breaking 

down 

complex 

carbohydrat

es 

17 

Xyloglucanase Trichoderma 

reesei 

High Breaks down 

xyloglucan 

Bioremediati

on of 

agricultural 

waste 

Optimal 

pH: 4.5-

5.5, 

temperatu

Used in 

wood and 

plant waste 

processing 

18 
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re 

stability: 

50-60°C 

Beta-

mannanase 

Aspergillus 

niger 

High Degrades 

mannan 

polymers 

Biodegradati

on of 

polysacchari

des 

Optimal 

pH: 5-7, 

temperatu

re 

stability: 

40-50°C 

Used for 

improving 

biodegradati

on processes 

19 

Glucuronidase Penicillium 

chrysogenum 

Moderat

e 

Hydrolyzes 

glucuronic 

acid 

Bioremediati

on of 

pharmaceutic

al waste 

Optimal 

pH: 5.5-

7.5, 

temperatu

re 

stability: 

40-50°C 

Plays a role 

in 

detoxifying 

environment

al 

contaminant

s 

20 

Xylanase Bacillus 

subtilis 

High Hydrolyzes 

xylan 

Bioremediati

on of 

agricultural 

residues 

Optimal 

pH: 5-7, 

temperatu

re 

stability: 

50-70°C 

Key for 

cellulose 

degradation 

in recycling 

processes 

21 

Mannosidase Aspergillus 

niger 

Moderat

e 

Hydrolyzes 

mannosidic 

linkages 

Bioremediati

on of 

cellulose-

based wastes 

Optimal 

pH: 4-6, 

temperatu

re 

stability: 

45-50°C 

Reduces 

waste in 

paper and 

textile 

industries 

22 

Cellobiohydrol

ase 

Trichoderma 

viride 

High Hydrolyzes 

cellulose to 

cellobiose 

Bioremediati

on of 

lignocellulosi

c waste 

Optimal 

pH: 4.5-

5.5, 

temperatu

re 

stability: 

50-60°C 

Essential in 

lignocellulo

sic biomass 

processing 

23 

Phenoloxidase Phellinus 

rimosus 

Moderat

e 

Catalyzes 

phenolic 

oxidation 

Biodegradati

on of 

phenolic 

pollutants 

Optimal 

pH: 4-7, 

temperatu

re 

stability: 

35-50°C 

Involved in 

wastewater 

treatment 

24 

Xylose 

Isomerase 

Bacillus sp. High Converts 

xylose to 

xylulose 

Bioethanol 

production 

Optimal 

pH: 6-7, 

temperatu

re 

stability: 

40-55°C 

Important in 

the 

fermentation 

of 

agricultural 

residues 

25 

Tannase Aspergillus 

niger 

High Hydrolyzes 

tannins 

Tannin 

degradation 

in wine 

production 

Optimal 

pH: 4.5-

5.5, 

temperatu

Used in 

tannin-rich 

wastewater 

treatment 

26 
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re 

stability: 

40-60°C 

Glutaminase Aspergillus 

oryzae 

Moderat

e 

Degrades 

glutamine 

residues 

Bioremediati

on of 

nitrogenous 

waste 

Optimal 

pH: 6–7, 

temperatu

re 

stability: 

40–55°C 

Used for 

industrial 

wastewater 

treatment 

27 

Esterase Bacillus 

subtilis 

Moderat

e 

Hydrolyzes 

ester bonds 

Bioremediati

on of 

petroleum-

based 

contaminants 

Optimal 

pH: 6-8, 

temperatu

re 

stability: 

40-50°C 

Plays role in 

oil spill 

cleanup 

28 

Laccase Myceliophth

ora 

thermophila 

High Oxidation of 

phenolic 

compounds 

Industrial 

waste 

treatment 

Optimal 

pH: 5-6, 

temperatu

re 

stability: 

40-60°C 

Effective in 

degrading 

recalcitrant 

compounds 

29 

Tannase Trichoderma 

reesei 

Moderat

e 

Degrades 

tannins 

Wine 

industry, 

industrial 

waste 

Optimal 

pH: 4.5-

5.5, 

temperatu

re 

stability: 

40-55°C 

Tannin 

detoxificatio

n in 

winemaking 

industry 

30 

Ligninase Bjerkandera 

adusta 

Moderat

e 

Degrades 

lignin 

Soil 

bioremediati

on 

Optimal 

pH: 4-6, 

temperatu

re 

stability: 

30-50°C 

Used to 

improve soil 

structure 

and degrade 

pollutants 

31 

Pectinase Aspergillus 

aculeatus 

High Breaks down 

pectin 

Fruit waste 

management 

Optimal 

pH: 4.5-

5.5, 

temperatu

re 

stability: 

50-70°C 

Important in 

fruit juice 

industry and 

plant waste 

degradation 

32 

Nitrate 

Reductase 

Aspergillus 

nidulans 

Moderat

e 

Reduces 

nitrate to 

nitrite 

Nitrogen 

cycle 

regulation 

Optimal 

pH: 5.5-7, 

temperatu

re 

stability: 

30-50°C 

Important in 

agricultural 

runoff 

management 

33 

Xyloglucanase Trichoderma 

harzianum 

High Breaks down 

xylan 

Biodegradati

on of plant 

polymers 

Optimal 

pH: 4.5-

5.5, 

temperatu

Used in 

cellulose 

degradation 

34 
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How fungal enzymes work in bioremediation (39-41) 

Fungi are becoming more and more important in the bioremediation process, which uses living organisms to clean up 

environmental contaminants, because they produce strong enzymes. These enzymes help break down a variety of 

pollutants since they are biological catalysts. This review outlines the function of fungal enzymes and emphasizes their 

value in environmental remediation.  

As highly specialized biological catalysts, enzymes are made to interact with particular molecules called substrates. The 

enzyme attaches itself to a substrate at a particular location known as the active site after identifying it. The following 

are the main enzymatic processes that fungi use in bioremediation: 

 

 

1. Hydrolysis (Breakdown): Big, complicated substrates are broken down into smaller, simpler 

molecules by enzymes including cellulases, lipases, amylases, and proteases using water molecules. For 

example, proteases break down proteins, and cellulases convert cellulose to glucose. Later phases of the 

degradation process are made easier by the smaller molecules that are created since they are less harmful and 

readily ingested by other microbes. 

2.  Oxidation and Reduction (Electron Transfer): Redox processes are used by some fungal enzymes 

to change contaminants. Electrons are delivered to the substrate during reduction and removed during oxidation. 

These kinds of interactions can alter the molecules' chemical makeup, reducing their toxicity. For instance, 

re 

stability: 

50-60°C 

Sulfatase Desulfovibri

o vulgaris 

Moderat

e 

Hydrolyzes 

sulfate esters 

Bioremediati

on of sulfur 

waste 

Optimal 

pH: 6-8, 

temperatu

re 

stability: 

30-40°C 

Plays a role 

in sulfur 

cycle 

regulation 

35 

Mannanase Aspergillus 

niger 

High Hydrolyzes 

mannans 

Bioremediati

on of 

agricultural 

waste 

Optimal 

pH: 5-6, 

temperatu

re 

stability: 

45-60°C 

Degrades 

hemicellulos

e in plant 

biomass 

36 

Galactosidase Trichoderma 

viride 

Moderat

e 

Hydrolyzes 

galactose 

residues 

Food and 

agricultural 

waste 

recycling 

Optimal 

pH: 4.5-

5.5, 

temperatu

re 

stability: 

50-60°C 

Improves 

bioethanol 

production 

37 

Feruloyl 

Esterase 

Fusarium 

oxysporum 

Moderat

e 

Breaks down 

ferulic acid 

esters 

Lignocellulos

ic biomass 

degradation 

Optimal 

pH: 5-7, 

temperatu

re 

stability: 

45-60°C 

Involved in 

the 

breakdown 

of plant cell 

walls 

38 
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ligninases break down lignin and other contaminants with aromatic complexes through oxidation. Additionally, 

harmful contaminants can be changed into less toxic forms by redox reactions. 

3. Polymerization (Assembly of Molecules): Unlike degradation, certain enzymes catalyze the formation of 

large, polymeric forms from smaller molecules. Toxic compounds can be rendered more manageable by 

immobilization by polymerization. Phenolic chemicals, for example, are polymerized by some fungal enzymes, 

which restricts their mobility and stops them from leaking into groundwater.  

4. Transformation (Detoxification): Some enzymes modify pollutants, but they don't completely break them 

down. The pollutant becomes less harmful as a result of this change, which frequently involves the addition or 

removal of chemical groups. To reduce environmental hazard, some enzymes, for example, will change the 

chemical composition of highly toxic pesticides into less harmful counterparts. 

 

Depending on where they function, fungal enzymes can be either intracellular or extracellular. The fungus 

releases extracellular enzymes into the surrounding environment, where they are most effective at breaking 

down massive, heavy contaminants that are unable to permeate inside the cell. Conversely, intracellular enzymes 

operate inside fungal cells and typically interact with substances that are able to pass through the cell membrane.  

The action of fungal enzymes is often quite selective. For example, cellulases only act on cellulose, but 

ligninases act on lignin. Because of their selectivity, the enzymes can efficiently degrade contaminants without 

interfering with other crucial environmental processes. 

 

Fungal enzyme activity, however, is highly dependent on environmental factors. To achieve optimal enzyme function, 

several parameters such as temperature, pH, and moisture must be adjusted. Extreme conditions—too hot, too acidic, or 

too dehydrated—will cause enzymes to perform poorly. Therefore, additional study is focused on developing fungal 

strains that are less susceptible to severe environmental circumstances or figuring out the maximal parameters for 

optimal enzyme performance. (42) 

In conclusion, fungal enzymes are essentially tiny, specialized workers that break down contaminants in a variety of 

ways, reducing their toxicity and helping to clean up our planet. They are a vital tool in the fight against pollution, and 

creating efficient bioremediation techniques requires an understanding of how they operate. 

HOW FUNGAL ENZYMES USED IN ENVIRONMENTAL CLEAN UP (43-44) 

We are aware that fungal enzymes are like ninjas that fight pollution. However, where precisely are they being utilized 

for environmental cleanup. As it happens, in many different locations! Let's look at some instances from the actual 

world.  

 

1. Wastewater Treatment (Cleaning Up the Poo Water):  

Consider all the disgusting things that end up in the drain, including those from industries, farms, and your toilet. 

Before being released back into the environment, all of the wastewater must be cleansed. The fungus Here, 

enzymes are taking the lead. 

 

 Removal of Dye: Textile industries are notorious for contaminating streams with vibrant dyes. These dyes are 

toxic in addition to being ugly. These colors are effectively broken down into innocuous material by fungus 

enzymes, especially laccases. Fungi are being used by scientists to purify and improve the safety of effluent 

from textile companies.  

 

Degradation of Pesticides and Herbicides: To protect crops, agriculture uses a lot of pesticides and herbicides, 

yet some of these substances might wind up in wastewater. These pesticides may be broken down by fungus 

enzymes, keeping lakes and rivers clean.  

 

https://ijsrem.com/
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Pharmaceutical Waste Removal: It may surprise you to learn that some of the medications we use wind up in 

wastewater. A few fungi These medicinal substances can be broken down by enzymes, lessening their negative 

effects on aquatic life.(45) 

2. Bioremediation of Soils  

 

 Cleaning up oil spills: The most damaging environmental catastrophes are oil spills, which can pose a long-

term risk to soils and rivers due to hydrocarbons. Because their enzymes catalyze the degradation of 

hydrocarbons into less hazardous material, certain fungus may use the hydrocarbons as a source of nutrients, 

aiding in the repair of soil.  

Pesticide Degradation: Just as fungal enzymes break down pesticides in wastewater, they can also break down 

pesticide residues in contaminated soils, preventing them from migrating to groundwater and endangering the 

ecosystem.  

Heavy Metal Immobilization: Fungal enzymes can alter the chemical makeup of heavy metals, such as lead 

or mercury, to make them less mobile and prevent them from leaking into water systems, even though they 

cannot directly break them down. Certain enzymes have the ability to change heavy metals into forms that are 

less hazardous to the environment because they are insoluble in water.(46) 

3. Waste Disposal (Turning Rubbish into Gold):  

We create a great deal of garbage in the form of agricultural waste and food waste. This rubbish can be converted 

into something useful using the power of fungus enzymes. 

Composting: Cellulases and ligninases are some of the fungal enzymes used in composting. They generate 

nutrient-rich compost, which can be employed as fertilizer, by decomposing plant material. Biofuel Production: 

Fungus enzymes can hydrolyze agricultural waste, e.g., wheat straw or corn stalks, to yield sugars, which are 

fermented to yield biofuels such as ethanol. This minimizes our dependency on fossil fuels and generates energy 

in an environmentally friendly manner. 

 Feed production for animals: By decomposing complex carbohydrates, fungus enzymes make animal feed 

easier to digest. This minimizes waste by helping animals get more nutrients from food.(47-49) 

 

4. Air Pollution Control (Purifying the Air We Breathe):  

While a novel idea, scientists are considering the use of fungal enzymes to purify the air we breathe. Paint, 

solvents, and other industrial activities emit volatile organic compounds (VOCs), which can be degraded by 

particular enzymes.(50-52) 

 

How fungal enzymes are used in sustainable agriculture, 

All about farming sustainably, huh? Better plants, healthier soil, and fewer chemicals? Guess what, though? In the 

toolbox of sustainable agriculture, fungus enzymes are like secret agents! They could help farmers produce more food 

with less impact on the environment.(53-54)  

 

1. Expanding Access to Nutrients (Open the Treasure Chest):  

For growth, plants need nutrients like potassium, phosphorus, and nitrogen. But occasionally, these nutrients 

become trapped in the soil in forms that are unavailable to plants. Fungal enzymes come into play there! (55) 

 

Phosphate Solubilization: Although phosphorus is essential for plant growth, it often gets stuck in the soil as 

insoluble phosphate. Some fungus release enzymes called phosphatases that can break down these insoluble 

phosphates and liberate the phosphorus for use by plants.  

 

Nitrogen Fixation: Some fungi, especially mycorrhizal fungi, which live in root connections with plants, can 

supply nitrogen to plants. Although they don't directly fix nitrogen, they help other bacteria that do so thrive in 

the soil. Increased soil nitrogen availability lessens reliance on synthetic nitrogen fertilizers, which contaminate 

rivers.  

https://ijsrem.com/
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Potassium Solubilization: Fungal enzymes may help liberate potassium from soil minerals and make it 

available for plant absorption, much like they do with phosphorus.(56-58) 

 

 

2.Promotion of Plant Growth (59-60) 

Besides making nutrients available, fungal enzymes also facilitate plant growth directly through several mechanisms. 

Hormone Production: Some fungi synthesis plant hormones like auxins and gibberellins that induce root and shoot 

growth. This production of hormones can help increase the general growth of a plant, especially in unfavorable 

environments. 

Increased Water Absorption: Mycorrhizal fungi expand the root system to form a mass of hyphae that probe deeper 

into the soil than do the roots themselves. The system of hyphae enhances absorption of water and nutrients, particularly 

under dry soil conditions, to enhance plant vigor and health. 

3. Plant Protection Against Illnesses (61-62) 

Fungal enzymes are in charge of protecting plants from the pathogens that cause plant illnesses. 

The Synthesis of Chitinase: Chitin is found in the cell walls of many plant diseases, such as insects and fungi. The 

enzymes known as chitinases, which are produced by certain fungi, break down chitin and impair the strength of 

pathogen cell walls. As a natural defense mechanism, the enzymatic process helps protect plants from a variety of 

illnesses.  

 

4.Soil Health Improvement (63-64) 

Fungal enzymes play a key role in maintaining the well-being of the soil, a prerequisite for sustainable agriculture. 

Soil Structure Improvement: Fungal hyphae aggregate the particles of the soil, thereby strengthening soil aggregation 

and structure. This is highly advantageous in terms of soil erosion prevention and increasing water retention in sandy or 

clay soils. Degradation of organic matter through the action of fungal enzymes also enhances soil aeration and nutrient 

cycling, resulting in more fertile and resilient soils. 

Fungal Enzyme Applications in Agriculture  

What is the actual method by which farmers use fungal enzymes in the field?  

Biofertilizers: Farmers can buy biofertilizers that contain beneficial fungi. These fungi help plants obtain nutrients and 

develop resistance to disease by establishing colonies on their roots.(65) 

Compost Teas: Compost is steeped in water to make compost teas. Beneficial microorganisms and enzymes found in 

the tea can be applied to plants to promote growth and health. Direct Fungi Application: In some cases, farmers can put 

helpful fungi straight into the soil. (66-67) 

Using fungal enzymes in sustainable agriculture has several benefits. 

 Reduced Reliance on Artificial Fertilizers and Pesticides: Fungal enzymes can help farmers reduce their reliance on 

artificial fertilizers and pesticides, which can pollute the environment. Improved Soil Health: Fungal enzymes contribute 

to more resilient and productive soil. (68) 

Increased Crop Yields: Fungal enzymes can help farmers increase crop yields by improving nutrient content and 

maintaining plant health by preventing illnesses. 
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 More Eco-Friendly Farming Practices: Fungal enzymes play a key role in creating more eco-friendly farming 

practices that protect the environment and ensure future generations have access to food. (69) 

Fungal enzymes are therefore somewhat important in sustainable agriculture. They act as little, unseen assistants to help 

make our food chain more environmentally friendly. They resemble miniature green superheroes. Very cool, isn't it. 

Biotechnology advancements in fungal enzyme production (70) 

We already know that fungus make excellent enzymes that help us with sustainable farming and can clean up spills. 

However, is it possible to produce enough of these enzymes for widespread, efficient use? Biotechnology can help with 

that! It's similar to using science to accelerate the synthesis of enzymes. Let's see how biotechnology is boosting the 

yields of fungal enzymes:  

1. Identifying the Best Enzyme-Makers for Enhancing Strain: 

 It's comparable to recruiting the best players for a team. Simply put, some fungi are more naturally equipped to 

produce particular enzymes than others. We can locate these MVP enzyme-producers thanks to biotechnology.  

 

Screening: To determine which fungi produce the most of the enzyme we are interested in, scientists take 

samples of fungi from every possible location (soil, decaying wood, etc.) and examine them.  

 Mutagenesis: Occasionally, applying mutagens (substances that cause genetic mutation) to fungus can help 

them become even better. New fungal species that release more enzymes than before could result from this. 

Sometimes it pays off handsomely, but it's kind of like a genetic lottery! Genetic engineering is the next big 

technological advancement. Researchers can directly change the genes of fungi to increase their enzyme 

production. Genes that inhibit the synthesis of enzymes can be removed or genes that code for the enzyme can 

be added. It resembles a genetic improvement for the fungi! (71-72) 

 

2. Improving Growth Conditions (Building the Ideal Enzyme Factory):  

Since fungi are living things, they need the right environment in order to develop and make enzymes. 

Biotechnology enables us to choose the best method of cultivating fungi to produce the most enzymes possible. 

 Media Optimization: Food is necessary for fungi to thrive, and the type of food they eat can affect how much 

enzyme they create. To find the best combination of nutrients for enzyme production, researchers experiment 

with various growth media (the food). 

 

Process Optimization: A number of variables can affect the production of enzymes, including temperature, 

pH, oxygen concentrations, and agitation. Researchers employ advanced ways to optimise these parameters and 

create the perfect environment for fungi to produce enzymes.  

Fermentation Technology: The method of cultivating fungi in a controlled environment on a big scale is known 

as fermentation. The advent of sophisticated fermentation technologies, such as bioreactors, made possible by 

biotechnology, enables us to cultivate fungus with remarkable efficiency. (73-74) 

 

3. Increasing the Stability and Effectiveness of Enzymes (Enzyme Engineering): 

 In certain situations, enzymes may not be stable or effective. Biotechnology could help us modify enzymes to 

make them more potent and effective. Protein Engineering: Researchers and biologists can change an enzyme's 

amino acid sequence by using techniques like site-directed mutagenesis. This increases the enzyme's resistance 

to inhibitors, strength at high temperatures, or efficiency in breaking down contaminants. It's similar to adjusting 

the enzyme's function. Enzymes must be bound to a solid support, like a membrane or a bead, in order to become 

immobile. In addition to helping shield the enzymes from deterioration, this may make recovery and reuse easier. 

Enzyme Cocktail Design: For the degradation of complex contaminants, it is often best to use a combination of 

several enzymes. Biotechnology can help us create enzyme combinations that are tailored for particular 

applications. (75-76) 
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4. Reduction in the cost of production 

The cost of producing fungal enzymes is one of the major barriers to their widespread use in agricultural and 

environmental activities. There are several ways that biotechnology can lower production costs:  

Using Low-Cost Substrates: Researchers are looking into using crop waste and industrial wastes as inexpensive, 

alternative substrates for fungal culture. This solves waste disposal issues and lowers the total cost of producing enzymes. 

 

Consolidated Bioprocessing (CBP): CBP is a novel approach that integrates substrate breakdown and enzyme 

production into one step. This single-step approach minimizes complexity and expense, making enzyme production cost-

effective and efficient. 

High-Throughput Screening: By employing high-throughput screening techniques, hundreds of fungal cultures and 

growth media can be rapidly screened, allowing for the identification of the top-performing enzyme producers with the 

least amount of time and money.(77-78) 

 

5. Examples of Biotechnology in Action  

Fungal enzymes may be employed in large-scale processes, according to several biotechnological developments: 

The Production of Biofuel: Cellulases, which are used to hydrolyze plant biomass into sugars for the manufacture of 

biofuels, are produced in large quantities by genetically modified strains of Trichoderma reesei.  

 

The degradation of dye pollutants in wastewater has been made possible by the development of ligninases with improved 

thermal stability through protein engineering.  

 Soil Remediation: Immobilized enzymes in bioreactors are employed to decontaminate contaminated soils by 

decomposing toxic substances and enabling the rehabilitation of polluted land. (79-80) 

Challenges and limitations of using Fungal enzymes for environmental management 

Although fungal enzymes have emerged as promising tools in the fight against environmental contamination, their 

application is fraught with difficulties and restrictions. Despite the enormous potential of these enzymes, a number of 

aspects need to be taken into account in order to optimize their effectiveness in practical applications. (81)  

The significant restrictions and ongoing attempts to eliminate them in the context of environmental bioremediation will 

be covered in this review. 

1. Limited Versatility and Substrate Specificity  

Like a key that works with a certain lock, fungus enzymes are extremely substrate specific, meaning that each enzyme 

only works against a specific kind of contamination. As a result, many enzymes will be required to effectively breakdown 

various pollutants when working with combinations of contaminants. Because of this specialization, individual enzymes 

are less generalizable, necessitating the employment of enzyme cocktails to address a wide range of contaminants, hence 

increasing the complexity of bioremediation.(82-83) 

 

2. Environmental Conditions Sensitivity  

Since enzymes are proteins, they are highly susceptible to changes in temperature, pH, moisture content, and inhibitor 

availability. Enzymes will denature and lose their active structure and efficacy in harsh conditions. For instance, fungal 

enzymes possess an optimum temperature range, and any variations from this can significantly lower their activity. Like 

temperature, enzymes also need special pH levels and proper moisture in order to act optimally. In addition, the existence 

of some chemicals or other microorganisms can hinder the action of an enzyme, which will make such an enzyme fail 

to function as anticipated in the environment (84-85) 

3. Challenges with Enzyme Transportation  

Transporting the enzyme to the pollution site is a logistical challenge, even when the best enzyme for a given operation 

has been identified. The stability and accessibility of enzymes can be impacted by environmental factors such as soil 

type, rainfall, and microbial activity. Enzymes' availability at the target site is reduced because they can be washed away 
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by rain, adhere to soil particles, or be consumed by other microorganisms. Enzymes must be delivered efficiently in 

order to reach and break down environmental contaminants. (86) 

 

4. Expensive Production  

The cost of producing fungal enzymes in large quantities is still high, particularly when considering fungal cultivation, 

enzyme harvesting, and purification. These production costs may render enzyme-based fungal treatments unfeasible for 

the majority of applications. For these bioremediation techniques to be more feasible on a wide scale, the cost of 

producing enzymes must be reduced. (87) 

5. Ecological Factors and Microbial Competition  

 

Fungal enzymes are not alone when they are released into the environment; they are in competition with other 

microorganisms, including bacteria, fungi, and other microbes, which either kill the enzymes or compete with them for 

the same resources. The effectiveness of fungal enzymes in practical applications may be limited by this microbial 

competition, especially when used in complex environments with numerous microbial communities.(82)  

6. Laboratory to Field Scalability  

Fungal enzymes have been extensively studied in laboratory settings, however scaling up these systems for field usage 

can be challenging. It is difficult to duplicate the controlled environment utilized for laboratory research in the field, 

where environmental variables can change. It is therefore challenging to optimize and translate laboratory discoveries 

into useful field applications. (88) 

 

7. Concerns about Public Acceptance and Regulation  

Controlling the use of fungal enzymes due to environmental concerns is not always acceptable. In other situations, there 

are no formal processes in place to authorize and control these technologies. The safety and environmental effects of the 

enzymes made by genetically modified fungi are other issues that the public is worried about. These acceptability and 

regulatory issues must be resolved before fungal enzyme-based bioremediation may be used widely.(89) 

8.Environmental Intricacy  

Numerous environmental factors, such as soil composition, climate, and the presence of different toxins, might affect 

how effective fungal enzymes are. More understanding of how enzymes, fungus, and the environment interact is needed 

to enhance their performance in practical applications. It is difficult to predict how the enzymes would behave in various 

environmental situations. (90) 

Getting Past Obstacles and Increasing Enzyme Efficiency:  

Despite these drawbacks, some cutting-edge methods are being tried to increase the efficiency of fungal enzymes for 

environmental control:  

• Enzyme Engineering: Enzyme engineering has progressed to the point that enzymes can be altered to increase their 

stability and resistance to unfavorable environmental conditions, including high temperatures, pH changes, and 

inhibitors. They are therefore more successful in a range of practical applications. (91) 

• Enzyme immobilization: Enzymes can be immobilized, stabilized, degraded, recovered, and reused by binding them 

to solid matrices like beads or membranes. This increases the sustainability of enzyme-based bioremediation. (92) 

• Consolidated Bioprocessing (CBP): By integrating the manufacturing of enzymes and the degradation of pollutants 

into a single step, this technique lowers production costs and boosts process efficiency. CBP offers a more efficient way 

to use fungal enzymes for environmental remediation. (93) 

• Systems Biology Methods: A systems biology approach includes examining the complex interactions between 

enzymes, fungi, and the environment. This thorough understanding can optimize enzyme performance and increase the 

overall efficacy of bioremediation methods.(94) 

 

 

https://ijsrem.com/


          
         International Journal of Scientific Research in Engineering and Management (IJSREM) 

                       Volume: 10 Issue: 06 | Jun - 2026                            SJIF Rating: 8.659                                       ISSN: 2582-3930                                                                                                                                               

 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM65342                                           |        Page 13 
 

Future applications for applying fungal enzymes to environmental remediation (95) 

Potential uses of fungal enzymes in environmental remediation We have looked at the current capabilities of fungal 

enzymes, but what about their potential going forward? What will happen to the cool stuff next? Fungal enzymes appear 

to have a great deal of promise for even more incredible environmental cleanup uses. Consider it an upgrade for 

enzymes! 

1. Designer Enzymes (Particulates Made to Order): Think about designing enzymes to perform specific functions to 

degrade specific pollutants. Protein engineering can assist with that! Through changing the amino acid sequence of the 

enzymes, For the degradation of particular contaminants, scientists can create "designer enzymes" that are more 

effective, stable, and focused. Enzymes for specific industrial waste streams or polluted locations might be custom-

made. It's similar to getting a custom suit for enzymes. (96) 

2. Synergistic Enzyme Mixtures (SEM) (Enzyme Cocktails on Steroids): Instead of using a single enzyme at a time, 

researchers are investigating the use of synergistic enzyme mixtures. This means employing a range of enzymes that 

cooperate to more efficiently degrade complex pollutants.. It entails assembling a team of experts, each with specific 

knowledge and abilities. The best aspect is developing fungal strains that can independently produce these full 

concoctions. The whole cleaning staff, one fungus. (97-98) 

3. Smarter Delivery Systems (Targeted Enzyme Delivery): Enzymes must be delivered to their destination in order 

for them to function correctly. 

Researchers are developing new delivery methods that can direct enzymes to certain toxins or locations. Enzymes may 

be entrapped by nanoparticles or made accessible to the soil by biosurfactants. It's like giving the enzymes armor and a 

GPS. (99-101) 

 4. Genetically Enriched Fungi (Super-Charged Enzyme Factories): The production of fungi that produce more 

stable and efficient enzymes, or even more enzymes, is made possible by genetic manipulation. Researchers are looking 

at using CRISPR technology to create incredibly powerful enzyme manufacturers and precisely alter fungal genomes. 

Imagine if fungi could produce enzymes day and night, rain or shine!(102-103) 

5. From Lab to Real World (Scale-Up and Commercialization): Transferring fungal enzyme synthesis from the lab 

to the real world is one of the most challenging jobs. In order to produce enzymes on a big scale, researchers are trying 

to create more cost-effective and effective fermentation methods. will necessitate creating stronger bioreactors, utilizing 

less costly substrates, and enhancing growing conditions. That is, ensuring the smooth operation of these enzyme 

factories! (104-105) 

6. Bioremediation Monitoring (BM) (Enzyme Performance Monitoring in Real Time): Real-time monitoring of 

fungal enzyme activity is crucial. To monitor the degradation of contaminants and enzyme activity, scientists are creating 

new biosensors. will enable us to assess the effectiveness of enzyme therapy and optimize them. Its built-in feedback 

system enhances and optimizes the cleanup process.(106) 

7. Integrated Bioremediation Strategies (IBS) (Integrated with Other Technologies): Fungal enzymes are not your 

only option! They can be combined with other bioremediation techniques as phytoremediation (remediation with plants) 

or bioaugmentation (adding beneficial microorganisms to the soil). This can have synergistic effects and increase 

bioremediation's overall efficiency. It's similar to forming alliances between different cleanup teams for the greatest 

possible impact.(107) 

8. Addressing Emerging Pollutants (Stockpiling the Enzyme Arsenal): New enzymes will be required to break down 

emerging contaminants. To eliminate new pollutants including prescription medications, microplastics, and per- and 

polyfluoroalkyl substances (PFAS), researchers are always searching for novel fungal enzymes. It's like always 

expecting threats and preparing countermeasures. (108) 
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 9. Public awareness and Acceptance (Establishing Trust in Bioremediation): To ensure that fungal enzyme 

technologies are widely used, public knowledge and confidence must be raised. This will be accomplished by educating 

the public about the effectiveness and safety of fungal enzymes and allaying any concerns they may have. Everyone 

needs to see that the enzymes are safe, efficient, and essential to a cleaner world. (109-110) 

Conclusion 

Fungal enzymes possess great promise in environmental management as a natural, environmentally friendly solution to 

fighting pollution. Fungi secrete numerous enzymes that are biological catalysts, degrading a broad range of pollutants, 

such as oils, dyes, plant materials, and pesticides. These enzymes are really the "workers" that fungi utilize to break 

down organic matter, and they have analogous functions in environmental remediation, degrading contaminants in the 

soil and water.  

 

Fungal enzymes have a wide range of uses in environmental control. The enzymes are already being used in wastewater 

treatment, trash recycling, and soil bioremediation. Fungal enzymes in soil reclamation decompose harmful pollutants, 

restoring the land to its previous state of health. They eliminate impurities from wastewater treatment, resulting in cleaner 

water systems. Fungal enzymes also make it possible to turn trash into beneficial byproducts, such as compost and 

biofuels, which promote a circular economy by turning toxic waste into items that can be recycled back into the economy. 

However, there are certain drawbacks to fungi enzymes. Their sensitivity to external elements including temperature, 

pH, and humidity—all of which can significantly impact enzyme activity—is one of the primary difficulties. The 

substrate specificity of enzymes is another drawback; as they are likely to work best on particular contaminants, it is 

challenging to use a single enzyme to treat a broad range of contaminants. A potential barrier to the widespread use of 

bioremediation techniques is the ongoing high cost of producing fungal enzymes in sufficient quantities. 

By increasing the efficiency and commercial viability of the fungal enzymes, biotechnology is anticipated to overcome 

these obstacles. Scientists aim to improve the fungal enzymes' efficiency, affordability, and suitability for a range of 

environmental cleanup applications by genetically modifying and refining them. It is now feasible to create "designer 

enzymes" that are especially suited to degrade particular contaminants because to developments in biotechnology. The 

breakdown of complex pollutant mixtures, which is often a feature of real-world environmental pollution scenarios, can 

also be improved by the creation of enzyme "cocktails" that comprise mixes of many enzymes that function 

synergistically together. 

 

Wherein fungal enzymes diverge from chemicals is their minimal environmental footprint. In contrast to toxic and 

deadly chemicals, however, fungal enzymes are biodegradable, free from toxicity, and come from renewable resources. 

They operate typically under gentle conditions—e.g., neutral pH levels and tolerable temperatures—which makes them 

an optimal choice towards sustainable waste handling. Through the use of fungal enzymes, we are able to make a 

tremendous cut in the environmental impact of industrial waste treatment, converting a natural process into a productive 

means of pollution control. The uses of fungal enzymes for environmental management already stretch far. These 

enzymes are utilized in soil bioremediation, wastewater treatment, and waste recycling. Fungal enzymes break down 

contaminants in soil remediation, bringing the land back to a more healthy condition. They clean water in wastewater 

treatment by eliminating harmful substances. Fungal enzymes also facilitate the transformation of waste into valuable 

byproducts, like compost and biofuels, that feed back into the economy in a circular economy by turning toxic waste 

into valuable materials. But it's not without problems. One of the main disadvantages is that they are sensitive to 

environmental conditions like temperature, pH, and humidity, which can influence their activity. The production of 

enzymes also has drawbacks such as substrate specificity—enzymes tend to function optimally with specific 

contaminants, so it is challenging to address a wide variety of contaminants using a single enzyme. Additionally, enzyme 

mass production can be costly, adding to the expense of bioremediation operations. This is where biotechnology 

intervenes. Genetic engineering and enzyme optimization can drive the efficiency of fungal enzymes to make them 

stronger, cost-effective, and appropriate for commercial applications. Scientists are working on methods to optimize the 

production of fungal enzymes, optimize growing conditions for the fungi, and create "designer enzymes" that are adapted 

to degrade particular contaminants. In addition, the assembly of several enzymes into "cocktails" may allow them to act 

synergistically to degrade intricate mixtures of pollutants, as is frequently the case in real-world contamination problems. 
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