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1. Introduction  

Enzymes are natural substances that catalyze the reactions in living organisms, enabling the substitution of 

various hazardous chemicals reactions with environmentally friendly and sustainable biological methods (Patel 

et al., 2023). Thus, enzymes that are obtained from microbial sources are considered as a great source of 

enzymes because of their features as pH stability, thermostability, lower cost, high production rate, and 

availability (Banerjee and Ray, 2017; Thapa et al., 2019). Therefore, microbial enzymes play a crucial role 

because of their application. They have been widely utilized across various industries such as pulp and paper, 

leather processing, detergents, textiles, pharmaceuticals, food and beverages, chemical, animal feed and 

biofuels Figure 1(Adrio and Demain, 2014). Their applications also include extending the self-life of food and 
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beverage products. Microbial enzymes are highly valuable in industrial applications due to several advantages. 

These enzymes are used in large-scale industrial fermenters, independent of seasonal or climatic variations. 

Additionally, they offer consistent quality across production batches, and advances in protein expression 

technologies have enabled high yields of active enzymes (Guerrand, 2018). The use of enzymes for such 

purpose dates to ancient times, but recent advancements have significantly enhanced their industrial relevance 

and efficiency (Singh et al., 2016; Kumar et al., 2024). In addition, microbial enzymes play an important role in 

antimicrobial resistance. As a result of the excessive and improper utilization of antibiotics, a menace of 

resistance has increased in pathogenic microbes (Aggarwal et al., 2024). Currently, the interest of using 

biological strategies gets attention to use rather than using chemical materials. Egorov et al., 2018 reported that 

microbial enzymes have an important effect in antibiotic resistance by inactivating antibiotics, modifying drug 

targets, transforming antibiotic molecules, or enabling metabolic bypasses. "Microbial enzymes represent 

approximately 90% of the global enzymes market, with their producers primarily concentrated located in 

Europe and Asia (Guerrand, 2018)". Thus, due to the global importance of microbial enzymes, extensive 

research has been carried out globally.  

 

Figure 1 summary of Microbial Enzymes Application (Adrio & Demain, 2014). 

2. Microbial Enzymes: Sources and Environmental significance  

Previous studies have reported that a bunch of microbial enzymes were discovered, for example, cellulase, 

laccase, amylase, lipase, and protease enzymes (Nigam, 2013). Moreover, these enzymes were obtained from 

various types of bacteria such as Bacillus subtilis (Sun et al., 2023), Pseudomonas, Clostridium, and Bacillus 

(Nigam, 2013). Besides, microbial enzymes are also isolated from fungi like Pleurotus (Devi et al., 2020), 

Trametes (Liu et al., 2014), Aspergillus oryzae (sun et al., 2024), Rhizopus oryzae (López-Fernández et al., 2020), 

Acremonium sclerotigenum and Candida (Safdar et al., 2023). Clearly, microorganisms tend to thrive in 
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environments that are rich in essential nutrients such as protein, lipid, and carbohydrates. To utilize these 

macromolecules, microbe's secret specific enzymes that break them down into smaller, absorbable units (Conlon 

and Bird, 2014; Banerjee and Ray, 2017). Several studies have pointed out that microbial enzymes have received 

global recognition due to their extensive applications across diverse industries, including food, agriculture, 

chemicals, medicine, and energy (Singh et al., 2016). Microbial enzymes are considered one of the most important 

tools in the industry field, which is their capability to synthesize biodegradable polymers. Additionally, this 

method will be safe for the environment because of synthesizing "from renewable carbon sources via biological 

processes, degrade biologically after use and then return to the natural environment as renewable resources, such 

as carbon dioxide (CO₂) and biomass" (Singh et al., 2016). This eco-friendly process has significant implications 

for biofuel production and waste management, and sustainable industrial applications. According to Singh et al. 

(2016) there are several studies reported that there are a group of enzymes that are used for waste treatment as 

amidases, amylases, amyl glucosidases, cellulases, glucoamylases, lipases, nitrile hydratases, pectinases and 

proteases. Microbial enzymes are considered as a great source of biodegradation of poisonous natural toxic 

compounds. Moreover, fungal enzymes are deemed as one of the significant enzymes in environmental 

sustainability due to their application in agricultural, medicinal requests, and industrial processing (El-Gendi et 

al, 2022)."El-Gendi et al. (2022), reported that fungi contribute to the production of over 50% of the required 

enzymes, due to species like Aspergillus, Trichoderma, Rhizopus, and penicillium. " Additionally, Gonzalo et al. 

(2016) reported that the role of bacterial enzymes in breaking down lignin, a major component of plant biomass. 

Bacterial species such as Pseudomonas, Bacillus, and Rhodococcus produce key oxidative enzymes like laccases 

and peroxidases, enabling the conversion of lignin into simpler aromatic compounds (Lee et al., 2019). Also, 

there is a lactic acid bacterium, this type of bacteria used to degrade complex compounds polysaccharides into 

simpler compounds monosaccharides (Ludfiani et al., 2024). Numerous study research were isolated bacteria 

from waste and soil for detection of protease enzyme (Boominadhan et al., 2009; Das and Prasad, 2010). 

According to Contesini et al. (2018) Bacillus species is considered as one of the most important sources of 

protease enzymes. Moreover, Bacillus species can produce high yields of neutral and alkaline proteolytic enzymes 

with remarkable properties (Contesini et al. 2018). There is some species of bacillus strains are listed on the Food 

and Drug Administration's GRAS as safe (Schallmey et al., 2004). Hence, these gram-positive bacteria can 

produce various types of industrial enzymes such as amaylases, xylanases, lipases, cellulases, phytases, laccases, 

and proteases. Furthermore, Bacillus genomes are considered as a powerful tool of the development of new 

biotechnologies due to the characteristics of bacillus strains including high stability across a broad range of 

temperatures and pH, high specificity, substrate specificity and the ability to biodegrade various complex 

compounds and the high potential of sequenced (Danilova and Sharipova, 2020). Boominadhan et al., (2009) 

reported that several isolates of Bacteria such as Bacillus subtilis, Bacillus amyloliquefaciens, Bacillus 

megaterium and Bacillus licheniformi produced protease enzyme. According to Das and Prasad, (2010), Bacillus 

species are specific producers of extracellular proteases. 

3.  Key Enzymes and Their Industrial Applications 
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3.1 Cellulases 

Microbial celluloses are linear polysaccharides that are synthesized and secreted by microorganisms such as 

bacteria, fungi and algae (Shahaban et al., 2024). Bacteria are considered an excellent source of microbial 

cellulose (Sarvananda, and Premarathna, 2022). However, cellulases are one of the most popular microbial 

enzymes that have several applications in various commercials including "agriculture, food industry, brewing, 

laundry, pulp and paper and textile industry" (Ejaz et al., 2021).  

3.2 laccases  

Besides cellulase applications, laccases have numerous applications such as textiles, pulp and paper, and the 

food industry (Singh& Gupta, 2020). Additionally, laccase has been applied in biosensors designing, biofuel 

cells, also; it used as a medical diagnostics tool and bioremediation agent to clean up herbicides, and pesticides 

(Shraddha et al., 2011). 

3.3 α- Amylases 

α-Amylases enzymes are obtained from a wide range of microorganisms such as bacteria, fungi, and yeast (Sahu 

et al., 2024). Subsequently, the α-Amylases enzymes are used in various fields of industries such as food, 

fermentation, textile, paper, detergent, and pharmaceutical industries (de Souza and de Oliveira Magalhães, 

2010).  Furthermore, Gopinath et al. (2017) reported that the level of amylase production varies from one microbe 

to another-even within the same genus, species, or strain. Between diverse microorganisms, bacteria are 

considered the most efficient producers because of their rapid enzyme synthesis and cost-effectiveness. Moreover, 

bacteria are commonly used in genetic engineering due to their simplicity and compatibility, which makes them 

perfect for producing recombinant enzymes.  

3.4 Proteases 

Protease enzymes are used as a wide range of applications such as leather industry, food processing and food 

industry and pharmaceuticals (Jabalia et al., 2014). According to Ojo-Omoniyi et al. (2024), proteases make up 

about 60% of the global industrial enzyme market. There is a gap in understanding the biological role of most 

protease's enzymes, also, the limitation of conventional protease is rendered by chemical and thermostable 

protease (Jabalia et al., 2014).  Multiple previous studies have reported that bacteria and fungi are a great source 

of different types of proteases such "as alkaline protease, cysteine protease, aspartate protease, and metallo 

protease" (Banerjee and Ray, 2017).   

3.5 Lipases 

Lipases are hydrolase enzymes that are utilized in several applications such as food industry, industrial cleaners, 

leather processing, polymers, biomedical applications and pesticides. (Godoy et al., 2022). lipases are considered 

among the preferred enzymes in industrial applications because they work without the expensive and hard to 

replace cofactors required by some other enzymes, such as dehydrogenases or ligases (Javed et al., 2018; Godoy 
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et al., 2022). Several studies have reported that lipases enzymes have been extracted from numerous microbial 

sources such as fungi, bacteria and yeast. The microbes that were isolated from sources that have environmental 

conditions such as contaminated soils, hot springs, and glaciers are sources of lipases that are characterized to 

have a unique characteristic (Ali et al., 2023). 

4. Challenges and Future Prospects  

Microbial enzymes offer great potential for industrial use; their widespread application is still limited. This is 

mainly due to the high cost of procedures required for their extraction and purification (Khan, 2025). There are 

also other challenges in the application of microbial enzymes industry. For example, alkaline proteases are widely 

used enzymes due to their ability to break down collagen and proteins found in hair follicles. However, as noted 

by Niu et al. (2025), their use in the leather industry—particularly during the hair removal stage—can sometimes 

damage the surface of the hide, which limits their effectiveness in this application. As a result, the use of alkaline 

proteases for leather dehairing remains somewhat restricted. According to Ejaz et al., (2021) cellulases have 

challenge which is the cost production impedes their exploitation, particularly for cellulosic ethanol. one of the 

major environmental challenges is plastic pollution.  Microbial enzymes have shown great potential in addressing 

this issue. Despite this potential, their efficiency remains limited, especially with tough polymers such as PE 

(Polyethylene), PET (Polyethylene terephthalate), and PS (Polystyrene) (Choi et al., 2024). In addition, Chow et 

al. (2023) points out that a major challenge in applying microbial enzymes lies in identifying enzymes that can 

actively degrade fossil-fuel-based polymers. This limitation continues to hinder broader industrial adoption of 

enzymatic plastic degradation methods. According to Abdelaziz et al., (2025). In addition, lipase enzymes have 

force obstacles to understand the molecular mechanisms influencing lipase stability. Focusing on the use of 

advanced techniques, especially genetic engineering, can help improve the production of highly efficient 

microbial enzymes. Future research should focus on microbial enzyme mechanisms to improve advance their 

biotechnology applications. Moreover, focusing on the discovery of new microbial species can lead to the 

identification of novel enzyme types that may be even more effective. 

5. Conclusion 

Overall, microbial enzymes are considered as eco- friendly catalysts enzymes. They have the ability of 

remediation of several toxic compounds. They play a critical role in solving and helping to reduce the toxic 

pollutants in the environment. Previous methods such as physical and chemical have a lot of challenges, 

consequently researchers focused on finding alternative methods such as bioremediation (Ayilara and Babalola, 

2023). Moreover, microbes are one of the best sources that are used to solve this challenge by using their enzymes 

because of their rapid growth and ability to be easily manipulated (Ayilara and Babalola, 2023). They have many 

features for instance their easier to produce in large amounts, at low cost, within short time, and exhibit stability 

under various extreme conditions( Gopinath et al., 2017). To increase enzymes production and reduce their costs, 

various methods have been used such as microbial cultures and industrial waste and statistical methods (Abdella 
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and Ahmed., 2025). Additionally, microbial enzymes have a long shelf life, allowing these enzymes to be stored 

for extended periods after isolation while maintaining their activity and stability (Abdella and Ahmed., 2025).  

Consequently, many enzymes with optimal features have been developed (Zheng et al., 2024). Lastly, microbial 

enzymes, such as Cellulases, laccases, α- Amylases, Proteases, and Lipases have demonstrated significant 

importance in various industrial and environmental applications.  
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