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SUMMARY

Biomolecules that accelerate or enhanced the rate of chemical reactions are known as enzymes. These enzymes are required for breakdown as well as syntheses reactions by living organisms. Enzymes just like chemical catalyst increases the rate of reaction by lowering the activation energy (Ea), thus, products are formed at a faster rate likewise the reaction reaching its equilibrium more rapidly. The importance of enzymes cannot be over emphasized. There has been a drastic increase in the global production of enzyme with over 53,000 tons produced per year, most of which (75%) are hydrolytic causing the breakdown of linkages in polypeptides, lipids and polysaccharides. These enzymes (i.e. lipase, peptidase, amylase) have profound applications in various industries such as food, chemical, agriculture, leather, textile, cosmetics, medicine among others, which function differently from biotransformation of raw materials to use as therapeutic agents. Enzymes can be obtained from varying sources (i.e. plants, animals and microorganisms), however, microorganisms are the most preferred choice for enzyme production. Over the past decades, microbial production of enzymes for industrial purposes and use in medicine has proven to be of high industrial value; since they are stable, efficient, cost effective and can be genetically upregulated for high yield production. Microorganisms from extreme environments (i.e. polar regions, volcanoes) are however, yet to be explored fully for enzyme production. As such advanced techniques involving genomics and metagenomics together with some classical techniques can be used to isolate and screen microorganisms from such environment with potentials to produces industrially important enzymes.
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1. INTRODUCTION

Biomolecules that accelerate or enhanced the rate of chemical reactions are known as enzymes (Das and Goyal 2014; Al-Manhel 2018). These enzymes are required for breakdown as well as syntheses reactions by living organisms (Patel et al. 2017). Most processes that occur in a biological system at certain locations requires the action of one or more enzymes (Das and Goyal 2014). Enzymes are highly specific to a particular substrate; factors such as temperature, pH and substrate concentration regulates the activities of enzymes (Vermelho et al. 2016). All enzymes are protein in nature with the exception of ribozymes (i.e. RNA catalytic molecules) (Singh et al. 2016, Vandenberghe et al. 2016, Patel et al. 2017) and their activity is ascertained by the amount of product formed or substrate transformed per unit of time (Das and Goyal 2014). Metabolic activities in all living things involve one or more enzymes, these enzymes help in maintaining the proper function of all living things (Vermelho et al. 2016). As a result, enzymes are termed biological catalysts since they possess the ability to convert specific substrates into desired products at a high reaction rate (Singh et al. 2016, Patel et al. 2017). Enzymes just like chemical catalyst increases the rate of reaction by lowering the activation energy (Ea) (Singh et al. 2016), thus, products are formed at a faster rate likewise the reaction reaching its equilibrium more rapidly. Reactions catalyzed by enzymes occur million times faster than those without enzyme as catalyst. With enzymes as catalyst, reactions that were supposed to take weeks, months, or even hundreds of years to occur can take minutes or even seconds when catalyzed by enzymes (Patel et al. 2017).

The importance of enzymes cannot be over emphasized. There has been a drastic increase in the global production of enzyme with over 53,000 tons produced per year, most of which (75%) are hydrolytic with profound use in various industries (Al-Manhel 2018). So far, Denmark is leading the global production of enzyme with Danisco and Novozymes leading the way with a massive production of 70% of the total global enzyme production with an estimated sale of $625 - 700 million from 1989 - 1990 (Al-Manhel 2018). Currently, there are over 4000 known different enzymes (Liu and Kokare 2017). However, only 5% of it are used industrially for the production of over 500 commercial products (Sanchez and Demain 2017). The total global market value of enzymes is dependent on the time and sources consulted. In one case, the market reached $5.1 billion in 2009 (Sanchez and Demain 2017), $4.2 billion in 2014 (Sigh et al. 2016), $5-5.5 billion in 2016 (Al-Manhel 2018) and is predicted to rise $6.45 billion per annum (Sanchez and Demain 2017) with expectations to reach or exceed $7.6 billion by 2022 at a compound annual growth rate (CAGR) of 7% (Sigh et al. 2016, Al-Manhel 2018). The market reports on different sectors or industries through which enzymes are applicable include food and animal feed (34%), followed by cleaners and detergents (29%), leather and textile industries (17%) while paper and pulp shares 11% market value (Liu and Kokare 2017).

Almost all living things (i.e. animals, plants and microorganisms) contain one form of enzyme to another, which are mostly used for metabolic activities (Singh et al. 2019). In animals and plants, enzymes are found present in minute quantities, as such, cannot be exploited if one wants to produce them in large quantity for industrial usage. In contrast, microorganisms are best sources for enzyme production; prokaryotic (archaea and bacteria), yeast and fungi have all been demonstrated to be important sources for industrial enzyme production (Vermelho et al. 2016). Microbial production of enzymes are of great importance to the industrial world since they offer numerous advantages over other sources such as being easy to handle, are cost effective, utilizes cheap substrates, can be produced in large quantity, production conditions can be optimized for high and quality produce, can be genetically upregulated to meet the high demand placed on a particular enzyme of focus among many other benefits (Vermelho et al. 2016, Singh et al. 2019, Mishra et al. 2020). Moreover, enzymes obtained from microbial sources for industrial purposes high specificity, catalytic potential, stability, and are nontoxic and friendly to the environment (Singh et al. 2016, Singh et al. 2019).

Although there are over 4000 known enzymes, approximately, 200 of microbial enzymes are used currently for commercial purposes with approximately 20 of it truly produced on an industrial scale (Liu and Kokare 2017). In recent years, industrial production and use of enzymes has grown immensely. This can be seen by the estimated market value of industrial microbial enzyme being $1 billion, $3 billion and 3.74 billion for the year 2012, 2013, and 2015 respectively (Liu and Kokare 2017). The major bulk of these technical enzymes (i.e. lipase, amylase, cellulase and many more) are used for the manufacture of biofuels, paper, pulp, leather, textiles, and detergents reached a revenue of $1.2 billion in 2011 with an expected rise above that as time goes on (Sanchez and Demain 2017). Other enzyme applications include fine chemicals, animal feed, food products, household care, pharmaceutical and medicine. Microbial enzyme exhibits unique properties such as ability to operate under extreme conditions, high yields, as well as low generation of waste materials. These among other properties ensures flexibility in terms of operating conditions employed in the reactor (Sanchez and Demain 2017). 

The next section elucidates microbial production of enzymes; the types of fermentation techniques used, the groups of microorganisms involved and the types of enzyme produced. 
2. MICROBIAL PRODUCTION OF ENZYMES 

Over the past decades, microbial production of enzymes for industrial purposes has proven to be of high industrial value; they are stable, efficient, cost effective and can be genetically upregulated for high yield production (Niyonzima et al. 2020, Naureen et al. 2021). Microorganisms produces enzymes either intracellularly (i.e. yeast and bacteria) or extracellularly (i.e. mold) (Al-Manhel 2018), through fermentation technology with the latter reducing production cost (Liu and Kokare 2017). Fermentation technologies simply involves the utilization of microorganisms in the bioconversion of complex substrates into enzymes and other simple valuable substances under controlled conditions (Liu and Kokare 2017, Patel et al. 2017). Due to the ease of handling and robust yield, microorganisms used for this production are Generally Recognized as Safe (GRAS) since some of them are directly involved in production of both human and animal consumables (Patel et al. 2017). The processes involved in fermentation cut across various disciplines such as microbial physiology and chemical engineering among others for a successful scale up (Patel et al. 2017). Two major methods exist in fermentation technology in terms of enzyme production. They include solid-state fermentation (SSF) and submerged fermentation (SmF) (Das and Goyal 2014, Liu and Kokare 2017, Al-Manhel 2018).

2.1 Submerged Fermentation

As the name implies, submerged fermentation is a type of fermentation technique whereby the substrates and microbial strains are submerged in excess of water (SmF) (Patel et al. 2017, Naureen et al. 2021). SmF have been used in the industrial production of varying enzymes through careful selection of microorganisms (fungi and/bacteria) in an enclosed vessel containing broth rich in nutrients and high oxygen concentration required for the fermentation period (Thakur et al. 2020, Naureen et al. 2021). As the microorganisms grow, they break down nutrients present in the fermentation medium in the process releases into the solution the desired enzyme (Naureen et al. 2021). Bacteria that demand high water activity (aw) are best suited for SmF (Al-Manhel 2018), however, fungi such as Kluyveromyces marxianus and A. niger have all been reported to be used SmF of industrial enzymes (Al-Manhel 2018).  Industrial production of enzymes often utilizes SmF technology due to the ease of handling on a large scale basis than the solid state fermentation (SSF) (Patel et al. 2017). Fermenters used for large scale SmF processes are usually large, with different carrying capacity ranging from thousands up to hundreds of thousands litters. These fermenters are well developed with an online control system, which are used to monitor and control numerous operational parameters such as foam formation, dissolved oxygen (DO), temperature and pH. Furthermore, there is little or no problem when it comes to mass transfer and the removal of heat from the fermentation system. Due to some of these benefits, SmF technology is highly regarded and generally accepted for industrial production of metabolites such as enzymes (Patel et al. 2017). 

Due to high cost of obtaining define/chemical media for large scale production of enzyme via SmF, crude media is often utilized since it is cheap, easily obtainable as well as provide a robust nutrient source for microbial activities. Examples of such crude media is whey and corn-steep liquor to mention but a few (Thakur et al. 2020). Since the fermentation medium in SmF is always in a liquid state, the microorganisms are always in contact with nutrients; oxygen supply, which is essential in SmF is provided by the actions of the sparger. The continuous mixing of nutrients, gas, suspended particles and biomass is ensured by the impellers and stirrers (Patel et al. 2017). Although bacteria work perfectly in SmF, however, molds can also be utilized in the production of enzymes (Thakur et al. 2020). The online provision to monitor and control the fermentation conditions makes SmF adopted in various enzyme producing industries. Enzymes such as lipase (from Bacillus licheniformis), protease (from Aspergillus niger) and β-galactosidase (from Kluyveromyces marxianus and A. niger) among others have been reported to be produced through SmF method (Al-Manhel 2018). After down streaming, what follows is enzyme purification. This can be achieved using varying chromatographic techniques such as UFPLC, HPLC, column chromatography (i.e. affinity, ion exchange, gel exclusion). For analyzing enzyme homogeneity and purity, gel electrophoresis is often carried out (Thakur et al. 2020).

There are two major running conditions involved in SmF are batch and continuous fermentation (Liu and Kokare 2017, Al-Manhel 2018, Thakur et al. 2020).

2.1.1 Batch fermentation

In this type of SmF, all the nutrients required for the fermentation period are supplied at the beginning of cultivation as such, no nutrient is added subsequently (Patel et al. 2017; Naureen et al. 2021). However, control elements like bases, acids, and gasses are added during the fermentation process since it is a closed system; the nutrients are exhausted at the end. This particular batch SmF technique is best suited for rapid experiments such as those involving characterization of strains or nutrient medium optimization. However, the disadvantage of this method is in the limitation of product and biomass yield. Due to the fact that oxygen and/or carbon transfer are most times the limiting factor, as such, there is no long exponential phase for the fermentation microorganisms (Naureen et al. 2021).

2.1.2 Continuous fermentation

Unlike the batch fermentation technique, a continuous culture experience the addition of fresh nutrient into the batch system when the microorganisms are in the exponential growth phase with a corresponding removal medium containing the yielded products (Patel et al. 2017; Naureen et al. 2021). Although there is little fluctuation of metabolites, nutrients, biomass, and cell numbers. However, there is a near balanced cultivation conditions like the batch own (Patel et al. 2017, Naureen et al. 2021). 

2.2 Solid State Fermentation

An advanced technology employed in fermentation process is known as solid state fermentation (SSF). SSF has an edge over SmF from an economic point of view and serve as an ideal alternative to SmF during enzyme production (Al-Manhel 2018). Unlike SmF, which requires abundant availability of water, SSF does not. SSF simply refers to a process of microbial growth on a solid substrate with presence of moisture in the solid matrix only in the adsorbed form. This solid matrix either serve as nutrient source or as inert material acting as a support for microbial growth. This inert material is usually impregnated with growth solution in the absence of liquid phase (Fernandes and Carvalho 2017, Thakur et al. 2020). Most microbial enzymes are produced via SSF process owing to the fact that enzymes produced through this route are usually stable, concentrated with high yield products, which are above (5.5 times more) SmF. Since SSF requires low water content, this often help in reducing or minimizing the cost of extracting the enzymes in their pure forms with an added high enzyme activity. There is also easy aeration within the medium due to low substrate weight per unit of medium's volume. Furthermore, the extracellular nature of the enzymes makes it more stable across wide range of temperature and pH during application (Al-Manhel 2018).

Owing to the peculiar nature of SSF technique (i.e. requires little water content), yeast and fungal cells are best suited in such environment due to the large low water tolerance capacity they possess (Thakur et al. 2020). The substrate best suited for SSF are mostly residues of agro-industrial origin. A great number of such substrate has been employed in the past for microbial production of enzymes. These substrates include cassava and tea waste, banana peel, coconut coir pith, corncobs, saw dust, grapevine trimmings dust, sago hampas, soy hull, rice husk, rice straw, wheat straw, gram bran, maize bran, rice bran, wheat bran, sugar cane bagasse, starch, peanut meal, apple pomace, sweet sorghum pulp, sugar beet pulp, aspen pulp, oil palm mill waste, mustard oil cake, coconut oil cake, rapeseed cake, steam pretreated willow, steamed rice, corn flour, wheat flour among many others (Patel et al. 2017, Al-Manhel 2018). However, wheat band holds the key and has been commonly used in various fermentation processes (Patel et al. 2017). 

Enzymes produced by SSF techniques are mostly extracellular, which makes the downstream processing and extraction easy and simple with water or suitable buffer, followed by centrifugation to separate the solid (i.e. removal of fungal mycelium) (Fernandes and Carvalho 2017). The last decade has experienced increased recognition of enzyme production using SSF process partly as a result of genetically modified organisms (GMO) being able to produce enzymes more effectively through SSF (Liu and Kokare 2017). 

There are three major advantages attached to SSF. They are (a) requires simple fermentation equipment with less generation of effluent, (b) products are relatively higher in concentration and (c) higher volumetric productivity (Liu and Kokare 2017; Patel et al. 2017). Unlike SmF, which is greatly affected by end product repression of fermentation medium, as such SSF is of economic importance since they are not affected by end product repression. Liu and Kokare (2017) documented that SSF had amenability potentials to us substrate up to 20 - 30% unlike the 5% amenability demonstrated by SmF. Enzymes such as pectinase (Aspergillus niger), cellulase (Trichoderma viride), lactase (A. oryzae), protease (Lactococcus lactis), and α-amylase (Bacillus sp.), have all been reported to be produced via SSF in an industrial scale (Thakur et al. 2020).  

2.3 Microbial enzymes; enzymatic action and type of producer microorganisms

Enzymes produced by microorganisms are essential commodities, which have found important applications as metabolic catalysts in numerous industries. These enzymes are gradually taken over the use of chemical catalysts. Industries nowadays employ microbial enzyme in the production of good quality products. Microbial sources of enzymes can be categorized on the basis on individual production to be 20%, 35% and 50% by bacteria, yeast and fungi respectively (Sonali and Arora 2020). Some of the enzymes, their actions and producer microorganisms are discussed in the following sections:
2.3.1 Proteases

Proteases, also termed as proteinases, peptidases, or proteolytic enzymes (Singh et al. 2019; Mishra et al. 2020), are members of the family of hydrolases whose function catalytically in the hydrolysis of protein's peptide bonds (Liu and Kokare 2017, Pandey et al. 2017, Sindhu et al. 2018, Bhandari et al. 2021). There are two types of proteases based on their evolutionary relationship, type of reaction they catalyze, and the chemical nature of their active sites. They are (1) endopeptidases (responsible for cleaving the internal amino acid bonds) and (2) exopeptidases (responsible for the removal of amino acids from either carboxy-terminal or amino-terminal (Liu and Kokare 2017, Viera and Delerue-Matos 2020). A further subdivision of exopeptidases exists as (a) carboxypeptidases (i.e. act on carboxy-terminal) and (b) aminopeptidases (i.e. act on amino-terminal by removing amino acid) (Mishra et al. 2020).

Various investigations have been carried out on proteases in protein engineering and protein chemistry. Proteases have also been investigated and used in practical applications such as in dehairing of animal hair, as food additives and cleaning agents (Pandey et al. 2017). Processes of traditional proteolytic fermentation is dependent on microorganisms that exist naturally in the raw materials. Some of the commonly isolated proteolytic producing microbes include Bacillus pumilus, B. amyloliquefaciens, B. stearothermophilus, B. cereus, B. lincheniformis, B. subtilis, Streptococcus sp., Clostridium sp., Caldicoprobacter guelmensis, Yarrowia lipolytica, Streptomyces sp., Rhizopus oligosporus, R. oryzae, Mucor racemosus, Penicillium roqueforti, Aspergillus egyptiacus, A. flavus, and A. oryzae (Vermelho et al. 2016, Sonali and Arora 2020).

2.3.2 Xylanases

Xylanases (E.C. 3.2.1.8), also known as endo-β-1,4-xylan-xylanohydrolase, which belong to the family of glycoside hydrolases (GH10), which are responsible for catalyzing xylan hydrolysis into D-xylose, xylobiose, and xylooligosaccharides (Sindhu et al. 2018, Singh et al. 2019). Microorganisms produce this group of enzymes to cleave xylan, which is a major components of hemicellulose (Singh et al. 2019). Among bacteria, B. amyloliquefaciens, B. subtilis, B. polymyxa, B. circulans, and B. stearothermophilus are predominantly utilized for producing xylanases. Other genera of bacteria such as Rhodococcus, Pseudoxanthomonas, Microbacterium, Thermotoga, Arthrobacter, Staphylococcus, Paenibacillus, Micrococcus, and Cellulomonas have all been reported to produce xylanases in considerable amount (Sindhu et al. 2018, Singh et al. 2019). Among the fungal strains to be well known producers of xylanases include Trichoderma, Cephalosporium, Paecilomyces, Geotrichum, Penicillium, Fusarium, and Aspergillus. Thermoactinomycetes, Thermomonosoora, and Streptomyces have all been reported to produce reasonable amount of xylanases (Sindhu et al. 2018, Singh et al. 2019). Vyas and Yakubu (2020) reported xylanases produced by Streptomyces L2001 at pH 5.3 and temperature of 70°C to possess bioleaching capability.

2.3.3 Laccases

Laccases (E.C. 1.10.3.2) belong to group of phenol oxidases. They are phenol oxidizing enzymes that oxidizes aromatic and phenolic compounds including some esters, ethers and amines through the mechanism of one-electron (Pandey et al. 2017, Sindhu et al. 2018, Singh et al. 2019). Electron transfers are being coupled by this oxidase blue multicopper enzyme, which causes water molecules oxidation (Sindhu et al. 2018, Singh et al. 2019, Preethi et al. 2020). Laccases specificity of substrate is wide, as such, the final electron acceptor is oxygen as a result, peroxide or cofactor is not required for any catalytic activity. As a result, investigations has been done for their possible application in numerous biotechnological processes (Singh et al. 2019). 

A lot of microorganisms produces extra and intracellular laccases. These laccases are capable of facilitating the oxidation of aryl diamonds, lignins, polyamines, polyphenols, aminophenols, para and orthodiphenols likewise some inorganic ions (Pandey et al. 2017). Most laccase producing microorganisms have been reported among filamentous fungi basidiomycetes and ascomycetes. Among these, the white-rot fungi are mostly found to be efficient in the breakdown of lignin using their enzymatic system rich in peroxidases, manganese-dependent peroxidases, and laccases (Preethi et al. 2020, Vyas and Yakubu 2020). White-rot fungi with high capacity to produce laccases include Pleurotus tailandia, P. pulmonarius, P. ostreatus and P. florida. Other laccase producing strains of fungi include Lentinula sp., Grifola sp., Coriolopsis sp., Trametes sp. among many others (Singh et al. 2019).  

2.3.4 Lipases

Lipases (E.C 3.1.1.3) catalyzes numerous reactions including aminolysis, alcoholysis, and esterification (Pandey et al. 2017, Vishnoi et al. 2020). Lipases enhances the hydrolysis of bonds of carboxyl esters in triglycerides into glycerol and fatty acids (Liu and Kokare 2017; Viera and Delerue-Matos 2020). Lipases from microorganisms are one of the most widely utilized class of enzymes in biotechnological process and organic chemistry (Vermelho et al. 2016; Chandra et al. 2020). Yeast, fungi and bacteria are good microbial sources of Lipases. Approximately, 90% of the global production of lipase comes from microbial sources (Sindhu et al. 2018).

Lipase-producing fungi that are important for commercial production of lipase mostly belong to the genera of Rhizomucor, Mucor, Geotrichum, Penicillium, Aspergillus, and Rhizopus sp. Yeast species of terrestrial origin that have been frequently associated with lipase production include but not limited to Candida curvata, C. deformans, C. parapsilopsis, C. cylindracea, C. Antarctica, C. tropicalis, and C. rugosa among many others (Viera and Delerue-Matos 2020). B. alcalophilus, B. stearothermophilus, B. coagulans, B. licheniformis, B. pumilus, and B. subtilis are majorly used for lipase production. Other bacteria such as Staphylococcus caseolyticus, Burkholderia cepacia, Burkholderia multivorans, Pseudomonas sp. have all been utilized for the production of lipase (Vermelho et al. 2016, Viera and Delerue-Matos 2020, Vyas and Yakubu 2020). 

2.3.5 Chitinases
Chitinases (E.C 3.2.1.14) catalyzes the hydrolyzation of monomer of chitin, N-acetyl-D-glucosamine. In nature, cellulose, is the most abundant polysaccharides, next to it is chitin. Chitin is important for various physiological functions with potential applications such as in the degradation and treatment of biowaste, chitooligosaccharide production and phytopathogens control (Mishra et al. 2020, Viera and Delerue-Matos 2020). On the basis of function, chitinases are divided into two major types; the exochitinases and endochitinases. Endochitinases (E.C 3.2.1.14) randomly catalyzes the cleavage of internal points across the entire length to produce N-acetyl glucosamine multimeter (i.e. chitotetraose and chitotriose) and dimer diacetyl-chitobiose. There are two types of endochitinases: the chitobiosidases (EC 3.2.1.29) responsible for the cleavage of non-reducing ends as a result produces diacetylchitobiose stepwisely. The second type is β-l,4-glucosaminidases (E.C 3.2.1.30). These group of enzymes are responsible for the cleavage of oligomers obtained through monomers of N-acetyl glucosamine (Mishra et al. 2020).

Microorganisms with potentials of chitinase production include: P. cepacia, Serratia marcescens, Micromonospora carbonacea, Paenibacillus ehimensis, Streptomyces viridodiasticus, Pseudomonas fluorescens, Bacillus aerius, B. subtilis, Pseudomonas fluorescens, P. putida, Geobacillus thermodenitrificans, Trichoderma asperellum, Aeromonas caviae, and Enterobacter agglomerans (Mishra et al. 2020). 

2.3.6 Inulinases

Inulinase (E.C 3.2.1.7) catalyzes the hydrolysis of β-2,1 linkage of inulin into fructooligosaccharides or fructose (Viera and Delerue-Matos 2020). Inulinase belong to the family of glycoside hydrolases (GH) 32 and 91. The GH32 family consist mainly of endoinulinase (E.C 3.2.1.7), exoinulinase (EC 3.2.1.80), 1-exohydrolase (E.C 3.2.1.153), 1,2-β-fructan 1F-fructosyltransferase (E.C 2.4.1.100), and sucrose 1F-fructosyltransferase (E.C. 2.4.1.99). Production of inulinases using microorganisms has become a major industrial choice due to the advantages it provides such as genetic manipulation, easy handling, high yield and rapid production, genetic manipulation, as well as considerable variability in biochemical and biophysical characteristics (Singh et al. 2019).

Microbial production of inulinases is prominent among Streptomyces sp., Pseudomonas sp., Bacillus sp., Kluyveromyces sp., Penicillium sp., and Aspergillus sp. However, fungal inulinases are preferred over other sources since they have the capacity to withstand high temperature and low pH conditions. Furthermore, fungal strains require low substrate concentration for optimal growth and high product yield (Singh et al. 2019). Among the Aspergilli, A. tubingensis, A. terreus, A. tamari, A. ficuum, A. niveus, A. tritici and A. niger. While Penicillium trzebinski, P. rugulosum, P. purpurogenum, P. subrubescens, P. ocalicum and P. expansum are prominent Penicilli that produces inulinase. Bacterial strain such as Xanthomonas sp., Streptomyces sp., and Clostridium sp. among many others have been demonstrated to produce inulinases due to their capacity to tolerate high salinity, alkalinity, acidity, and temperature (Singh et al. 2019). Yeast strains such as Zygosaccharomyces cerevisiae, Cryptococcus aureus, and Meyerozyma guilliermondii have also been demonstrated to be efficient producers of inulinase (Singh et al. 2019).
2.3.7 Amylases

Amylases belong to a class of enzymes, facilitates the hydrolysis of starch into sugars like maltose and glucose (Bhatt et al. 2020). There are three sub classes of amylases. They are: - α-β-γ-amylase on the basis of the type of link/bond they cleave (Liu and Kokare 2017; Bhatt et al. 2020). α-Amylases (E.C 3.2.1.1) catalyzes the hydrolysis of internal bonds of α-1,4-O-glycosidic in a polysaccharide; β-amylases (E.C 3.2.1.2) on the other hand enhances the hydrolysis of bonds of α-1, 4-glucan to give rise to successive units of maltose; and γ-amylases (E.C 3.2.1.3) are responsible for the cleavage of α-(1–4) glycosidic bonds likewise α-(1–6) glycosidic bonds of amylopectin and amylose nonreducing ends (Viera and Delerue-Matos 2020). Amylases are of great importance to the present day biotechnology with varying applications ranging from fermentation in brewery to food, likewise paper and textile industries. 

There are different sources through which amylases are obtainable, however, microbial sources generally satisfy industrial demands. They have been derived from actinomycetes, yeast, bacteria and fungi (Vermelho et al. 2016). Among the aforementioned microbial sources, bacterial and fungal sources are mostly employed in the industries. Amylases have been reported in Thermomonospora fusca, Streptomyces sp., B. flavothermus, B. amyloliquefaciens, B. subtilis, Lactobacillus plantarum, Saccharomyces cerevisiae, Lipmyces kononenkoae, Fusarium oxysporum, Thermomyces lanuginosus. Clavatia gigantea. Aspergillus oryzae, and A. awamori (Vermelho et al. 2016, Vyas and Yakubu 2020). 

2.3.8 Tannases

Tannase (E.C 3.1.1.20) also known as tannin acyl hydrolase (Singh et al. 2019; Viera and Delerue-Matos 2020), is a known hydrolytic enzyme that enhances the hydrolysis of depside bonds and esters present in esters of Gallic acid, complex tannins, ellagatannins, and gallotannins with a resultant release of alcohols/glucose, ellagic acid, and Gaelic acids (Viera and Delerue-Matos 2020).

The enzyme tannase is ubiquitous, that is, it can be derived from various living this including animals, plants and microbes. Microbial tannase however, is preferred over other sources due to ease in their genetic manipulation, enzyme stability as well as higher yield of enzymes. Microbial strains from yeast bacteria and fungi can produce tannase efficiently. Filamentous fungi particularly those belonging to Aspergilli such as A. awamori, A. gallonyces, A. japonicus, A. oryzae and A. niger have all been used efficiently in tannase production. Whereas bacteria such belonging to Bacillus strains such as B. polymyxa and B. pumilus have all been reported to be potent in tannase production. Similarly, other microbial strains such as S. cerevisiae, Selenomonas ruminantium, Streptococcus bovis, Klebsiella pneumonia and Corynevacterium sp. have all been reported in tannase production (Singh et al. 2019).

2.3.9 β-galactosidases 

β-galactosidases (E.C 3.2.1.23) is a hydrolase enzyme responsible for the hydrolysis of lactose to galactose and glucose (Vermelho et al. 2016, Sindhu et al. 2018). These enzymes also catalyze transglycosylation reactions permitting the transfer of groups of hydroxyl galactose to disaccharide lactose (Vermelho et al. 2016). As a result of these enzyme activities, β-galactosidases is of utmost important in industries particularly the agro-food industry where they are added in food products to help individuals who are lactose intolerance as a result of lactase deficiency (Vermelho et al. 2016).  

Microbial production of β-galactosidase is always a preferred choice over other sources (i.e. plants) high yield with low cost of production. The choice of source of beta-galactosidase is sometimes influenced by its use or application. For example, β-galactosidase obtained from yeast with an optima pH of 6.5 - 7.0 are mostly used for hydrolyzation of lactose in whey or milk (Sindhu et al. 2018). β-galactosidases used for commercial purposes are produced from yeast such as Kluyveromyces marxianus and Kluyveromyces lactis, moulds include A. oryzae and A. niger. B. licheniformis, Enterobacter agglomerans, Sulfolobus solfataricus, Lactobacillus acidophilus, Thermotoga maritima, Lactococcus lactis, and Arthrobacter psychrolactophilus are all bacteria strains that have been demonstrated to produce β-Galactosidases (Vermelho et al. 2016).

2.3.10 Cellulase

The liberation of glucose units through hydrolyzation of polymeric cellulose and β -1, 4 linkages are catalyzed by cellulase (Vermelho et al. 2016). Cellulases are grouped into three major classes: exo-(1,4)-beta-D-glucanase (E.C 3.2.1.4), endo-(1,4)-β-D-glucanase (E.C 3.2.1.4), and β-glucosidases (E.C 3.3.1.21) (Liu and Kokare 2017, Sindhu et al. 2018, Mishra et al. 2020; Viera and Delerue-Matos 2020). Cellulases catalytic modules belong to GH family and have been further classified into varying groups on the basis of different sequences of amino acids as well as the 3D structural features (Sindhu et al. 2018). Family of GH enzymes mainly utilizes the mechanism of acidbase catalysis for the cleavage of glycoside linkages in cellulose. Two residues, a nucleoplile and a proton donor in the enzyme active site are utilized in achieving cellulase catalysis. Depending on the spatial positions of the aforementioned catalytic residues, the cellulase catalyzed reaction occurs through the inversion and retention mechanism (Sindhu et al. 2018).

Several microorganisms such as fungi, actinomycetes, and bacteria have been reported to produce cellulase. However, strains of fungi are preferred choices for cellulase production owing to the fact that they are produced extracellularly. The most prominent producer of exo- and endoglucanases is Trichoderma reesei, however, it does not produce enough quantity of β-glucosidase. However, strains of Aspergillus such as A. awamori, A. terreus, A. oryzae, A. nidulans are to be great producers of beta-glucosidase (Bansal et al. 2012). Other microorganisms that produces cellulase include Streptomyces lividans, S. drozdowiczii, S. veridobrunneus, B. licheniformis, B. amyloliquefaciens, B. pumilus, B. subtilis, Pleurotus ostreatus, Phanerochaete chrysosporium, Paecilomyces inflatus, Thermoascus aurantiacus, Mucor circinelloides, Trichoderma atroviride, T. longibrachiatum, T. harzianum, Penicillium echinulatum, Melanocarpus albomyces and Humicola grisea (Vermelho et al. 2016). 

2.3.11 Peroxidases

Peroxidases (E.C 1.11.1.7) are group of oxido-reductases proteins containing a prosthetic group known as iron (III) protoporphyrin IX (Sindhu et al. 2018). The oxidation of wide range of organic and inorganic compounds as well as peroxides reduction is catalyzed by peroxidases (Pandey et al. 2017; Sindhu et al. 2018). Peroxidases have the capacity to degrade highly potential toxic substances that occur in nature. As a result, manganese-dependent peroxidase (MnP) and lignin peroxidase (LiP) have been widely studied (Pandey et al. 2017). Animals, plants and microorganisms experience peroxide activities. In plants, peroxidases are involved in a number of lignification processes as well as a form of defense against infectious and damaged tissues (Sindhu et al. 2018). 

Phanerochaete chrysosporium is the microorganism with the highest capacity to produce peroxidases. Fungal peroxidases sometimes encounter challenges when it comes to industrial applications such as those associated with protein post-translational modifications. On the contrary, peroxidases produced by bacteria are have little challenges in production, they are stable and suitable for industrial use (Sindhu et al. 2018). 

2.3.12 Pectinases

Pectinases (E.C 3.2.1.15) contain a group of enzyme, which are responsible for the degradative catalysis of pectic substances through deesterification (esterases) and depolymerization (lyases and hydrolases) reactions (Liu and Kokare 2017). In terms of functionality, pectinases grouped as polygalacturonases (i.e. they hydrolyze bonds of glycosidic α-(1- 4)), pectin esterases (responsible for the removal of methoxyl and acetyl groups from pectin), pectate and pectin lyases (Sindhu et al. 2018). Pectin has properties of hydrocolloid, which is hydrophilic and form gel easily with water under certain conditions. As a result, the addition of pectinase improves the pressability of pectin gel as well as reduces the viscosity (Viera and Delerue-Matos 2020). Pectinase are commonly used in processes that involves degradation of materials of plants such as improving or enhancing the extraction rate of fruit juice from fruits such as sapota and apples. Since 1960s, pectinase has been employed in wine production for juice clarification (Vermelho et al. 2016). Varying microorganisms have been reported to produce pectinase in the past, they include filamentous fungi, yeast, actinobacteria, and bacteria. Example of microbial strains that produces pectinase are Lactobacillus lactis, Pseudomonas solanacearum, Erwinia chrysanthemi, Penicillium occtanis, A. niger, S. cerevisiae and Rhodotorula sp. In the commercial preparations of pectinases, more than one pectinolytic microorganism is used although it depends on the final application of the enzyme such as amylases, peptidases, hemicellulases, and cellulases (Vermelho et al. 2016).

2.3.13 Catalases

Catalases (E.C 1.11.1.6) are enzymes that are component of the aerobic microorganisms. Catalases are proteins that are tetrameric in nature (Sindhu et al. 2018); they catalyze the reaction to cause the conversion of hydrogen peroxide (H2O2) to molecule of water and oxygen (H2O + O) (Liu and Kokare 2017, Viera and Delerue-Matos 2020). Catalases helps in protecting cellular proteins against any form of reacting oxygen species (ROS) by protecting the oxidative inactivation of glucose-6-phosphate dehydrogenase (Viera and Delerue-Matos 2020). 

Catalase production is carried out the most by Micrococcus luteus and A. niger (Sindhu et al. 2018). Others include Comamonas terrigena, C. testosteroni, Oceanobacillus oncorhynchi, B. halodurans LBK, B. marocanus, Pyrobaculum calidifontis, Enterococcus faecalis, Bacteroides fragilis, Rhizobium radiobacter, Psychrobacter piscatorii T-3, and Metarhizium anisopliae (Sindhu et al. 2018).

2.3.14 Glucose isomerase

Glucose isomerase (E.C 5.3.1.9), is used to catalyze aldehyde sugar glucose conversion to their respective ketone sugar fructose that is twice sweet. This particular feature is the major reason why glucose isomerase is used in the production of high-fructose syrup (HFS) containing approximately 53 - 54% glucose and 42% fructose (Vermelho et al. 2016). 

Glucose isomerase production can be obtained industrially using microorganisms such as Anoxybacillus gonensis, Clostridium thermosulphurogenes, Thermus thermophilus, B. subtilis, B. thermoantarcticus, Actinoplanes missouriensis, Streptomyces rubiginosus, and Streptomyces murinus (Vermelho et al. 2016). 

2.3.15 Invertases

Invertase (E.C 3.2.1.26), also known as saccharase, invertin, sucrase, β- fructofuranosidase, and β-D-fructofuranosidase fructohydrolase, all catalyzes the formation of two monosaccharides (i.e. fructose and glucose) by hydrolyzing terminal nonreducing β-fructofuranoside (Singh et al. 2019; Viera and Delerue-Matos 2020). Invertase like glucose isomerase is used in HFS preparation by sucrose inversion (Vermelho et al. 2016). 

Penicillium sp. and Aspergillus sp. are among the fungal strains with high potentials of producing invertase. They include P. purpurogenum, P. pinophilum, P. citrinum, P. chrysogenum among the Penicilli while A. flavus, A. ochraceus, A. japonicas, A. caespitosus, A. oryzae, A. casiellus, A. fumigatus, A. parasiticus, and A. niger. Other strains of fungi that are invertase producers include Thermomyces lanuginosus, Rhodotorula glutinis, Cladosporium cladosporiodes, Sclerotinia sclerotiorum. Strains of bacteria with capacity to produce invertase include Bifidobacterium breve, B. cereus, and Arthrobacter globiformis. Whereas strains of yeasts with high invertase yield include Hansenula polymorpha, Leucosporidium antarcticum, and Kluyveromyces marxianus (Vermelho et al. 2016, Singh et al. 2019).

2.3.16 Keratinases
Keratinases (E.C 3.4.21) are a group of enzymes that belong to the metallo/serine peptidases, which are responsible for the hydrolysis of keratins (Vermelho et al. 2016, Singh et al. 2019). Keratinases have specificities towards wide range of protein substrates that are proteinase K-resistant indicating their differences from the conventional proteases. The structure of keratin is highly resistant to natural degradation as well as degradation enhanced by proteases. As such, requires keratinases, which are a specific class of enzymes that are proteolytic in action (Singh et al. 2019).

Keratinases are being produced by several bacteria as their extracellular material. Majority of these bacteria belong to the Bacillus genus such as B. liqueniformis and B. subtilis whereas Aspergillus fumigates, a fungus has been demonstrated in the past to utilize flour of chicken feathers as a source of nitrogen and carbon (Vermelho et al. 2016).

2.3.17 Transglutaminase

Transglutaminase (TGase) (E.C 2.3.2.13) is an enzyme that catalyzes the reaction involving the transfer of acyl between groups of primary amines and peptide-bound carboxyamide (Vermelho et al. 2016). As a result of the aforementioned reaction, there is isopeptide linkage formation in the matured protein (Sonali and Arora 2020). 

Three approaches exist for TGases industrial production. They are (1) extraction and purification of the enzyme from animals such as swine, cattle or fish; (2) use of microorganisms such as Streptoverticilium sp., Aspergillus sp., Bacillus sp., and E. coli for the enzyme production, the quantity produced can be upregulated through microbial genetic manipulation and; (3) the discovery of new microbial strains with high potentials to produce TGase. TGase is currently produced commercially using Streptoverticilium sp. Several research work has been put in place to increase the availability of TGase with the use of DNA recombinant technology to induce TGase production in E. coli (Vermelho et al. 2016). 

3. MICROBIAL ENZYMES APPLICATION IN INDUSTRY

Global production of industrial enzymes is dominated majorly by enzymes from microbial origin, since 15% are obtained from plants, whereas bacteria alone holds a record 35% share of total industrial enzymes with yeast and fungi having a combined 50% (Kapoor et al. 2020). The importance of microbial enzyme in industrial processes cannot be overemphasized. They are more stable, efficient and can be used across extreme conditions (i.e. temperature and pH). The use of microbial enzymes in various industries helps in eliminating the use of harsh chemicals, organic solvents, extreme temperature and pH, in the process provides high quality products with low production cost and risk, products are often of high purity (Kapoor et al. 2020). The waste generated has low toxicity, thus reducing environmental impact and other risks associated with chemical catalyst (Sanchez and Demain 2017). Furthermore, production of enzymes using microorganisms provides an added advantage since the microorganisms can be upregulated and cultured in large amount within a short fermentation period to produce large quantities of the enzyme (Kapoor et al. 2020). Microbial enzymes are essential and needed in various bioprocesses at the industrial level including but not limited to biofuels, animal feed, chemical, beverages, food, pharmaceuticals, textiles, detergents, leather, cosmetics, paper and pulp industries among many others (Avendaño et al. 2016, Singh et al. 2016, Singh et al. 2019). Below are some of the application of enzymes in various industries.

3.1 Food industry 

For centuries, humans have relied on enzymes and microorganisms for the production of various food products (Fernandes and Carvalho 2017). Currently, there is a surge in the world's population, in order to meet the increase in demand for quality food, man has sort out enzymes that can be used in the biotransformation of raw food materials into good, nutritive food products. These enzymes also known as biomolecules help in enhancing the shelf life, texture, color, aroma, flavor as well as the nutritive value of the food (Avendaño et al. 2016). However, there is safety issues raised concerning the involvement of enzymes in food and ingredients productions. A typical example is seen in sweetener technology as well as fat alteration, which has increased enzyme proliferation in the respective applications. The food industry enzyme application is bifurcated into various sectors such as breweries, juice, baking, and dairy (Sonali and Arora 2020). 
3.1.1 Fruit juice production 
Enzymes has been employed to play important roles processing and preparing various vegetables and fruits juice such as lemon, carrot, pineapple, grapefruit, orange, apple among many others (Liu and Kokare 2017). Some of these enzymes used in fruit juice preparation help in aiding the operation efficiency such as clarification, juicing, extraction, peeling, extraction, as well as improving the stability and quality of the final product (Singh et al. 2016). Involvement of enzymes in vegetables and fruit juice production helps in digesting starch, pectin, cellulose, and proteins they contain. Thus, the processing time is reduced with an improved yield as well as enhanced sensory properties (Singh et al. 2016).

Pectin is a hydrocolloid that has high affinity for water, which is capable of forming gel easily under some certain conditions. Pectin is abundant in vegetables and fruits. The addition of polygalacturonases, pectin esterase, pectin or pectinase helps in collapsing pectin gel often formed in fruit juice thereby reducing the viscosity, in the process improves pressability (Liu and Kokare 2017). The juice present in pulp of fruits can be liberated through the addition of cellulase, xylanase and pectinase (Patel et al. 2017). For an enhanced process yield and performances, cellulase in synergy with other enzymes (i.e. amylase) that enhances maceration are used. Cellulase also play important function in fruit juice extraction as well as stabilization and clarification of fruit juice (Singh et al. 2016). Sindhu et al. (2018) reported the use of cellulase in flavonoids extraction from seeds and flowers of fruits. Why cellulase is preferred over conventional method for extraction purposes are due to the low processing time required as well as the use of low heat, which prevents damages usually encountered with conventional methods. In addition, cellulase promotes high yield products (Sindhu et al. 2018). Cellulases are also used for extracting phenolic compounds present in grape pomace (Sindhu et al. 2018). 

Cellulases and amylases are utilized to reduce the viscosity of purees and nectars in fruits such as peach, pear, papaya, plum, mango and apricot among others (Singh et al. 2016, Sindhu et al. 2018). Cellulase has been reported to be used in reducing citrus fruit bitterness as well as enhancing its taste and aroma (Sindhu et al. 2018). Similarly, limoninase and naringinase (E.C 3.2.1.40) are employed as debittering enzymes to hydrolyze the bitter components of citrus juice (Singh et al. 2016). The combine action of pectinase and β-glucosidases causes alteration of the aroma, flavor and structure of vegetables and fruits. The scavenging of oxygen present in fruit juice is carried out by glucose oxidase flavoprotein in order to prevent unwanted changes in taste and color that usually occur during storage (Liu and Kokare 2017). Liquefaction of vegetables and fruits is completely carried out by actions of amylases and hemicellulases together with pectinases (Singh et al. 2016). 

3.1.2 Dairy products
Dairy products occupy a vast area in the food industry today. Dairy products include yogurt, ice cream, butter, cheese, cream, milk among many others. Microbial enzymes major functions in the aforementioned dairy products is to improve the processes involved or enhances the features of the final products, including structure, texture, appearance, composition, consistency, aroma, color and flavor (Avendaño et al. 2016, Singh et al. 2016).  

In the digestion of fat, lipases are the major enzymes employed to catalyze triacylglycerol reactions to di- or monoglycerides, glycerol and fatty acids (Avendaño et al. 2016, Al-Manhel 2018). Most researches has indicated the application of lipases in dairy industry especially in accelerating the ripening of cheese and the hydrolysis of fat present in milk. Lipase is also used in enhancing flavors in cheese (Chandra et al. 2020). Varieties of products can be produced via biochemical pathways, which could either be primary or secondary with different characteristics of the end products (Al-Manhel 2018). The type of lipase source determines its application in cheese production (Avendaño et al. 2016; Sindhu et al. 2018). For instance, Romano cheese is produced with pre-gastric lipases obtained from lamb/kid. Camembert cheese however, is produced with lipases obtained from Penicillium camemberti; lipases from A. oryzae or A. niger are use in Cheddar cheese production (Sindhu et al. 2018). The texture and softness of dairy products can be enhanced via lipase catalysation. In margarine and butter, lipases are used to enhance the flavor (Sindhu et al. 2018).  

β-galactosidase or lactase is another essential enzyme within the confinement of dairy industry (Fernandes and Carvalho 2017). The hydrolysis of galactose and glucose from lactose is made possible through the catalytic actions of lactase. Lactase act as a digestive enzyme, which improve the sweetness and solubility of dairy products. People who are lactose intolerance can now consume dairy products that has been hydrolyzed with lactose without having any negative reactions to their bowel (Liu and Kokare 2017). Lactose intolerance often occur as a result of individual's inability to produce the lactase digestive enzyme (Fernandes and Carvalho 2017). The lactose content of milk and other milk products need to be removed or minimized through the actions of lactase in order to prevent diarrhea, severe dehydration of tissues, and other fatal consequences in lactose intolerance individuals (Singh et al. 2016). Dairy waste can also be treated using lactase before disposal; moreover, the waste can be transformed into other useful substances (Liu and Kokare 2017). Lactase can also be used to enhance sweetness in milk and its byproducts through the hydrolysis of lactose to glucose and galactose. As such, addition of sugar is minimized or completely eliminated in milk drinks. 

Whey known as the liquid/watery part of milk that is generated during processing of milk to curd is treated using lactase. Traditionally, the large amount of whey generated after curd production was used as animal feed or fertilizers, sometimes they are simply dumped in watercourses or sewers, which is of course a serious concern to environmental experts owing to the deleterious effects it has on the ecosystem (Fernandes and Carvalho 2017). On the contrary, whey can be used in the formation of sweet syrup by treating it with lactase to hydrolyze the lactose in it. This sweet syrup eventually formed have been employed as a source of sugar in feedstuff, ice creams. dairy desserts and other confectionery (Fernandes and Carvalho 2017). 

About 20 - 30% coagulant used across the globe in milk production is represented by chymosin. Like chymosin, enzymes such as proteases, proteinases, and peptidases are utilized as coagulants in the production of cheese (Singh et al. 2016). Cheese ripening is being favored by proteinases; they accelerate the hydrolysis of protein, which is one of the most vital biochemical event encountered in this stage with a resultant impact on the flavor and texture of the final product (Liu and Kokare 2017). Peptidases on the other hand causes the removal of bitterness usually produced during ripening by proteinases (Singh et al. 2016). Dairy products functional properties are usually improved as a result of polymerization reaction catalyzed by transglutaminase (Singh et al. 2016).

3.1.3 Baking 

Microbial enzymes applied in baking industry provides dough stability, flour enhancement, prolong softness of crumb and freshness, increase volume, improve color and texture, as well as maintaining uniform structure of crumb (Avendaño et al. 2016, Singh et al. 2016). 

Traditionally, bread and baked food products have been produced with the aid of proteases. The proteolytic properties of proteases have been exploited advantageously on dough and gluten. As a result, the time required for mixing is reduced with and improved uniformity throughout the dough (Fernandes and Carvalho 2017; Patel et al. 2017). Aside that, presence of proteases in dough help in regulating the strength of gluten thereby making kneading and pulling easier. The use of endopeptidases is however, more pronounced as their actions affects positively the dough rheology and network of gluten formed (Fernandes and Carvalho 2017). Exopeptidases on the other hand impact the color and flavor of dough due to Maillard reactions they catalyzed with a resultant release of sugars and amino acids present. Owing to the environmental friendliness of proteases, they are now used in substituting sodium metabisulfite in the conditioning of dough (Fernandes and Carvalho 2017). 

Amylases (α-amylase and β-amylases) could be used singly or synergistically in the baking industry (Fernandes and Carvalho 2017). The hydrolysis of starch to dextrin is being catalyzed by α-amylases (releasing dextrins that are low in molecular chain), a further hydrolysis to maltose is being catalyzed by β-amylases, which can be utilized by yeast as a fermentable sugar (Fernandes and Carvalho 2017). The actions of these amylases greatly enhances the shelf life, bread volume, freshness, softness, and reduce the viscosity of dough (Singh et al. 2016; Sonali and Arora 2020). Furthermore, the formation of reducing sugars promotes Maillard reactions evidenced by browning of crust intensified pleasant flavor.  The synergistic actions of glucoamylases and maltogenic amylases prevents or minimizes stalling during storage. Staling is a physical and chemical processes that decreases the palatability of baked food products (Sonali and Arora 2020). Staling result in noticeable increase in crumb elasticity, leathery and tough crust appearance (Fernandes and Carvalho 2017, Sonali and Arora 2020).

Other enzymes such as xylanases, transglutaminase, and laccases enhances the quality and elasticity of dough by forming a fine and homogenous structure (Singh et al. 2016). The enzymes also add to the freshness, softness, color, increases volume, while decreasing the off-flavor at the end of production (Avendaño et al. 2016, Sonali and Arora 2020). During production, the flour is whitened by actions of lipoxygenases, likewise the viscoelastic properties of the dough is also improved (Avendaño et al. 2016). The flavors of bakery products are also improved by lipases by releasing short chains fatty acids, which aid in preserving as well as increasing the shelf life of baked products. The use of lipases in synergy with emulsifiers (i.e. insulin) provides some effects that are beneficiary in terms of rheological modifications such as modification of cake crumb with high cell structures that are homogeneous (Singh et al. 2016, Chandra et al. 2020, Sonali and Arora 2020). During baking, the formation of acrylamide is being inhibited by asparaginase through free-asparagine hydrolysis to aspartic acid. The concentration of acrylamide was reported to be reduced by 95% with no effects on the sensory properties of the final products (Avendaño et al. 2016). The evaluation of asoaraginase was made by Food and Agriculture Organization (FAO); in their observations, they found out that asparaginase activity depends of some factors such as the type of ingredients used, dose and reaction conditions utilized during processing (Avendaño et al. 2016). 
3.1.4 Beverages
Fermented beverages like beer and wine, the primary focus is in improvement of yield, optimization of processes, enhancing or maintaining flavors and colors. By involving enzymes in beverage production, the aforementioned objectives are achieved. Aside that, the levels of sulphur and beer calories are reduced in the process clarify the wine (Avendaño et al. 2016).

Pectinases are essential in beer and wine production; they facilitate the extraction processes, filtration as well as improving the yield of juice, odor, flavor and clarity (Avendaño et al. 2016, Fernandes and Carvalho 2017). Despite grapes used for wine production contains pectinases, however these pectinases have low activity. As such, pectinases from microbial enzymes are used due to their stability and can withstand high fermentation conditions. Producers of flavored beverages, vegetables and fruit juice are more interested in tackling problems related to viscosity, clarification, quality, stability, and yield, which are important features/conditions that influence consumer acceptance of the particular products (Avendaño et al. 2016).

One of the problems encountered in brewing industry is the formation of haze on products. However, this can be avoided through the use of laccases as it has been demonstrated in the past in the oxidation of polyphenol compounds.  In addition, laccase improves the lifespan of beer through the removal of oxygen at the last step involved in the production of beer (Sindhu et al. 2018). Off-flavor encountered in beverages as a result of the presence of phenolic compounds can be reduced if not removed completely through the actions of laccases (Avendaño et al. 2016). Polyphenols traditionally removed from white wines through the application of sulfur at a high dose or the use of polyvinylpolypyrrolidone, which usually affects the organoleptic properties of the wine. However, the use of laccases can effectively remove these polyphenolic compounds without interfering with the taste since it selectively removes the polyphenolic compounds (Avendaño et al. 2016, Fernandes and Carvalho 2017). Flavourstar is a commercial laccases produced by Novozymes, and have been employed industrially for the removal of compounds that causes off-flavor in the brewing industry (Sindhu et al. 2018).

In the distillation of alcoholic beverages, microbial amylases are utilized in the hydrolysis of starch into fermentable sugar prior to the fermentation proper, at the end turbidity is minimized giving the beverage a pleasant look (Fernandes and Carvalho 2017, Patel et al. 2017). The usage of enzymes in the hydrolysis of starch adjuncts and other unmalted barley facilitates production in the long run reduces the entire production cost (Singh et al. 2016). Proteases are used in controlling chill-haze in beer production (Singh et al. 2016, Patel et al. 2017). Glucanases are another group of enzymes that are very important in the brewing industry; they are essential in breaking the cell walls of cereal and grains. For example, cell wall of barley is made up of glucans (70%), which are not easily degraded. However, the use of glucanase will help hasten the whole production process thereby reducing processing time as well as cost. Similarly, xylanases contributes greatly in the degradation of plant cell walls, since they have been demonstrated to be effective in the breakdown of nonstarchy polysaccharides such as arabinoxylans, which are also present in significant amount (Liu and Kokare 2017). Proteases (exo- and endopeptidases) on the other hand hydrolyzes the large chain protein molecules present in cell walls of cereals, thereby facilitating the accessibility of amylolytic enzymes to starch, in the process amino acids and other small peptides are made available in the fermentation medium with an ultimate influence on the final flavor (Fernandes and Carvalho 2017, Liu and Kokare 2017). It is important to state that excess proteolysis has negative effect on the foam stability of beers, whereas deficiency in proteolysis also affects the stability of colloids in beer. As such, proteolysis needs to be controlled in other to avoid its negative impacts on beer (Fernandes and Carvalho 2017). Other enzymes such as α-glucosidases, pullulanases, amylglucosidases, α- and β-amylases are also required in processes involved in the hydrolysis of starch to units of glucose (Fernandes and Carvalho 2017). 

3.2 Textile Industry 

A lot of waste is being generated from the textile industries due to some activities such as fabrics desizing and bleaching, which involves the use of dyes and chemicals often resulting in environmental pollution (Singh et al. 2020). Sequel to that, technologies that are friendly to the environment with a relative production of quality products are preferred (Singh et al. 2016). One of the technologies greatly exploited is in the use of enzymes in processing fibers (Singh et al. 2016). Oxidoreductase and hydrolase are the group of enzymes utilized in the pre-treatment as well as finishing of cotton materials (Singh et al. 2016). Hydrolases such as esterase/ lipase, pectinase, protease, cutinase, cellulase, and amylases are all involved in wool finishing, desizing, denim finishing, cotton softening, wool anti-felting, synthetic fibers modification, bioscouring and polishing of fabrics (Patel et al. 2017). Oxidoreductase as well as other groups of enzymes such as ligninase, peroxidase, laccase, and catalase are all involved in wool finishing, dye decolorization, bleach termination, bio-bleaching among others (Singh et al. 2016, Patel et al. 2017). 

3.3 Detergent Industries

The contribution of enzymes in the growth and development of detergent industries cannot be over emphasized, since they are practically involved in the efficiency and satisfaction we derived today from their usage. The use of detergents is vast such as laundering, dishwashing, institutional, industrial and domestic cleaning (Sonali and Arora 2020). Enzymes present in detergents function in the removal of stains such as starch, proteins, fats and oils from materials (Singh et al. 2016). Proteolytic enzymes mostly produced by Bacillus sp., such as B. brevis, and B. cereus are used by detergent companies in the making of detergents (Sonali and Arora 2020).

3.4 Paper and Pulp Industry 

The past two decades has witnessed intensive studies on the applications of varying enzymes in paper and pulp industry. The use of microbial enzymes in this industry has been able to alleviate sustainability issues exhibited towards the safety of the ecosystem. As a result, utilization of efficient enzymes has been able to reduce the usage of harsh chemicals and energy, as well as processing time through improved bleaching and deinking (Sonali and Arora 2020). The waste generated from this industry are also treated using enzymes thereby increasing the chemical oxygen demand (COD) likewise biological oxygen demand (BOD) (Singh et al. 2016). Kraft pulp pre-bleaching is currently the major applications of enzymes. The increment in water preservation and pulp fibrillation in virgin pulps reduces the processing time and cost of paper production (Singh et al. 2016). 

In the production of paper, lignin needs to be degraded and separated from wood pulp. Before now, lignin was traditionally removed by reagents containing chlorine, which are potential pollutants to the environment. However, this could be overcome using laccases. Laccases are also important in the decolorization and degradation of chlorophenol, chlorolignin, as well as waste effluents generated from paper and pulp mill (Sonali and Arora 2020). Paper and pulp mill effluents usually contain pigments from elementary mixtures together with extracts of plant containing high presence cellulose other substances such as heavy metals (Sonali and Arora 2020). Lignin is the major component of phenolic compounds that is being solubilized and eradicated during the pulping process (Sonali and Arora 2020). Filamentous fungi can be used in production of various class of laccases, which can be utilized in the deterioration of waste water. Other areas of interest in the use of laccases is in biopulping (Singh et al. 2016, Sonali and Arora 2020).

Another group of important enzymes used paper and pulp industry is xylanases. Xylanases are applied in pulp bleaching with a resultant liberation of fragments of lignin through hydrolysis of xylan. As such, the need for chemicals that are chlorine-based with bleaching potentials is greatly reduced (Patel et al. 2017). Pretreatment of wood with xylanases improves sodium hydroxide distribution, which enhances the traditional processes involved in pulping both soft and hardwoods. For bioleaching processes, the enzyme needs to function at higher temperature (i.e. thermostable), alkalophilic and free from cellulases (Singh et al. 2016). Aside the use of xylanases in bleaching, they are also useful in increasing the fibrillation of pulp by reducing the time required for thrashing of pulps thereby prolonging the freeness of reused fibers (Sonali and Arora 2020).

Other enzymes such as lipases have been employed in enhancing deinking as well as pitch control whereas cellulases are utilized in developing bioprocesses, which can be utilized in recycling printed papers that has been used (Singh et al. 2016). In addition, the aforementioned enzymes play important roles in the manufacture of cardboard that can be recycled, separating/removing papers that are adhered together, as well as in the production of soft paper such as sanitary and towel papers (Sonali and Arora 2020).

3.5 Leather Industry 

Leather industry generates lots of waste at varying stages of processing; most of these wastes generated have deleterious effect on the environment. This event can however, be alleviated with the application of enzymes in some of the processes involved in the conversion of hides and skin to leather. The enzyme does not only enhance the conversion rate of hides and skin; it also improves the quality of leather produced as well as shrinking the amount of wasted that was supposed to be generated without the application of enzymes (Singh et al. 2016). Some of the stages employed in processing of leather include tanning, degreasing, picking, bating, dehairing, liming, soaking, and curing (Singh et al. 2016).

Enzymes utilized in various processes in leather industry are lipolytic and proteolytic in nature; examples are lipases, neutral and alkaline proteases (Singh et al. 2016). These enzymes are important and widely used as a result of the structure of the substrate (i.e. animal skin) as unwanted parts are easily removed (Patel et al. 2017). For example, alkaline proteases are normally added to the animal skin in the soaking stage. By so doing, the dry animal skin takes up water quickly, which promotes the degradation and removal of fats, dirt, and protein with an ultimate reduction in the processing time (Patel et al. 2017). The availability of microbial alkaline proteases makes it a better option than the use of pancreatic trypsin in the soaking phase (Patel et al. 2017). Proteases are also used in dewooling and dehairing the animal skin thereby, producing quality leathers (i.e. fewer spots, softer leather, cleaner and stronger surface) at the end. Lipases are however used in the bating phase specifically in the removal of grease (Patel et al. 2017). In liming, some of the advantages of using microbial enzymes against chemicals includes production of stainless pelt, improved recovery of hair, reduced odor, low COD and BOD (Singh et al. 2016).  

3.6 Animal Feed Industry
There is a continuous increase in global population with a proportional increase in the demand of quality food products such as milk and meat. In order to meet this global demand, animal feeds are being incorporated with enzymes to aid digestibility and optimum feed utilization to provide necessary nutrients for animals’ growth and reproduction (Patel et al. 2017). Although the addition of enzymes in animal feeds exploded in 1990s however, it was first initiated back in the 1980s. Currently, this practice is known across the globe since it is sustainable and ensures availability of food (Singh et al. 2016, Patel et al. 2017). 

Among the numerous enzymes used in animal feeds, phytase is the largest and most common enzymes utilized in animal feed industry. This is because, in a cereal-based meal, phytase helps in utilizing phosphorous that is found naturally bonded with phytic acid (Singh et al. 2016). As a result, the supplementation of animal feed with phosphorous is unnecessary since it is made available by phytase. Aspergillus sp., are potent producers of phytase, which are commercially used in animal feed formulations (Patel et al. 2017).

Monogastric animals finds it difficult to digest feeds that are plant based with abundant hemicellulose and cellulose content. However, the addition of enzymes such as β-glucanase and xylanase aids in completely digesting such plant material into simple monosaccharides (Singh et al. 2016). Increase in animal weight and growth has been demonstrated as a net effect of the actions of enzymes; increase in feed conversion rate has also been demonstrated by animals feed with meals augmented with enzymes. Patel et al. (2017) documented an increase (7–10%) in the availability of metabolized energy in wheat-based broiler feed augmented with xylanases. Proteases is added to animal feeds in order to make proteins available for animal absorption through the degradation of peptide bonds into the amino acid constituents. As a result, anti-nutritional factors are limited. Aside that, enzymes in feeds helps in reducing the cost of producing animal feeds while maintaining quality animal products (Singh et al. 2016). 

3.7 Cosmetics Industry
The utilization of enzymes in cosmetic industry has drastically increased in recent times. Enzymes have been used as eliminator of free radicals as well as some other functions in commercially available products such as toothpastes, hair dyeing, hair spray, mouthwashes, and creams (Singh et al. 2016). 

Lipase have great roles to play in cosmetics especially in surfactants and in the manufacturing of perfumes. Through glycerol esterification, two surfactants namely: diacylglycerols and monoacylglycerols are yielded and used as in the production of perfume as well as other cosmetics (Sonali and Arora 2020). The major lipase producing microorganisms used by cosmetic industries are Rhizomucor miehei and Candida cylindracea (Sonali and Arora 2020). 

Levansucrase (E.C 2.4.1.10) produced by Zymomonas mobilis have been employed in the production of levan compounds with great applications as cosmeceuticals (Srikanth et al. 2015, Tezgel et al. 2020). Polymers of levan possesses transepidermal water loss (TEWL) properties and can be used as perfect moisturizing agents in place of hyaluronic acid (Tezgel et al. 2020). Biopolymers of levan has great applications in other beauty products such as in hair sprays, shampoos, and in moisturizers (Tezgel et al. 2020).

In mouth wash toothpaste, papain and endoglycosidase (E.C 3.2.1.96) are the major enzymes used, since their actions causes the teeth whitening as well as the removal of patches, gum tissues, odor and teeth deposits. These enzymes also have the potentials in removing fatty alcohol, precursors of vitamins and few enzymes, which are sometimes attached to polymeric molecules (Singh et al. 2016). In addition to the aforementioned uses of papain and endoglycosidase, they are also used in cleaners utilized in cleaning protein films from eye contact lenses (Sonali and Arora 2020). Microorganisms such as Rhodococcus sp., and Mucor hiemalis are responsible for endoglycosidases production (Sonali and Arora 2020). 

Another enzyme utilized specifically for scavenging free radicals in cosmetic products is superoxide dismutase (SOD) (E.C 1.15.1.1). SOD function in preventing skin damage, which usually occur as a result of toxic waste, environmental pollution, pathogenic bacteria and some other factors that are deleterious to the human skin. The combination of peroxidase and SOD as eradicators of free radicals helps in reducing the erythema induced by UV radiation such as skin redness in sunscreen cream (Sonali and Arora 2020). Many microorganisms are SOD producers; examples are Thermomyces lanuginosus, Anoxybacillus gonensis and Thermoascus aurantiacus (Singh et al. 2016, Sonali and Arora 2020).
4. ENZYMES IN MEDICINE 

In modern day medicine, microbial enzymes are either used as prodrugs, supplements, biomarkers or in the synthesis of drugs (metabolic or digestive) (Das and Goyal 2014). Enzymes mostly used in medicine have these two unique features: (a) they are highly specific to a particular substrate as such, binds and acts with high affinity; (b) they can convert numerous targeted molecules to a particular desired products owing to their catalytic properties (Das and Goyal 2014, Mane and Tale 2015). The aforementioned features are now exploited in making potent drugs for treating numerous health disorder in man (Mane and Tale 2015). For example, lipases produced using Candida rugosa is used in the production of lovastatin. Lovastatin is a common drug that aids in reducing cholesterol intensity in serum (Sonali and Arora 2020). Lipase from Serratia marcescens is used in diltiazem hydrochloride production, for asymmetric hydrolysis of some key intermediates such as esters of 3 phenylglycidic acid. Lipases have also been utilized in producing numerous enantiopure molecules such as esters, amides, alcohols, and carboxylic acids, which have been utilized in formulations of antiviral, anticancer, anticholesterol, antihypertensive as well as drugs against Alzheimer disease (Sonali and Arora 2020). 

Enzyme in medicine is used in treating enzyme related deficiencies as well as some health disorders in a process known as enzyme therapy. In humans, enzymes assist in body detoxification, muscle contraction, food digestion, immune system fortification, reduces stress on some vital organs such as pancreas among others (Meghwanshi et al. 2020). In this aspect (i.e. therapeutic usage), there are numerous applications of enzyme therapy in medicine such as treatment of cystic fibrosis (CF) and pancreatic insufficiency, lactose intolerance, removal of dead tissues, metabolic disorders, cancers, treatment of genetic diseases such as Gaucher, Fabry, and PKU among many others (Figure 1) (Gurung et al. 2013). This enzyme therapy could be nonsystematic or systemic, and the administration routes are multiple such as topical, intravenous, or oral (Mane and Tale 2015). 

4.1 Enzymes in treatment of damaged tissues 
Proteolytic enzymes from microbial source has been investigated for its use in debridement of burnt and damaged skin. At first, it seems impossible with lots of inconsistent results. However, advancement in DNA recombinant technology has made possible for the formulation of this enzymes known as debrase gel dressing (Mane and Tale 2015). Although it was first formulated with enzymes extracted from stem of pineapples and got approval by the United States Food and Drug (FDA) in 2002 and has since undergone various clinical trials in patients with full thickness of varying thermal burns in United States and across Europe (Meghwanshi et al. 2020). Another enzyme completely produced by Vibrio proteolyticus was reported by Ramesh (2019) to be effective as debridement agent mostly used in treating severe secondary burns. It is currently in circulation with Vibrilase TM as the trade name. Another enzyme used in treatment of damaged skin as a result of skin ulcer of burns is known as collagenase (Mane and Tale 2015). Collagenase aid in breaking and removing dead skin in a form of repair mechanism. Chondroitinases is another important enzyme that has been utilized in the regeneration of spinal cord that has been injured. Chondroitinases function in the removal of glial scars with a resultant accumulation of chondroitin sulfate, which stops the growth of axon (Gurung et al. 2013). Likewise, hyaluronidase has been reported to possess hydrolytic activity that is similar to that of chondroitinases on chondroitin sulphate, which aids damaged nerve tissues regeneration (Gurung et al. 2013). 

4.2 Enzymes for the treatment of infectious diseases 

Lysozyme is a bactericidal that is naturally produced in the body of humans is now being added in numerous food products (Gurung et al. 2013). Research has shown that this enzyme has antiviral activity against Human Immune Virus (HIV), which is similar to the activity of RNase U and RNase A. As such, can be formulated for treating viral infections such as HIV (Gurung et al. 2013, Meghwanshi et al. 2020). Interestingly, lytic enzymes can be obtained from bacteriophage as it has been demonstrated in killing varying bacteria such as Bacillus anthracis, Clostridium perfringens, and Streptococcus pneumonia (Gurung et al. 2013, Meghwanshi et al. 2020). Another example of enzymes used as antimicrobial is chitinase, which is responsible for hydrolyzing chitin. Most antimicrobials target chitin, this is due to its abundant presence in cell wall of varying pathogens like protozoa, helminths, and fungi (Meghwanshi et al. 2020). Examples of microorganisms reported to produce chitinase are P. cepacia, Serratia marcescens, Micromonospora carbonacea, Paenibacillus ehimensis, Streptomyces viridodiasticus, Pseudomonas fluorescens, and Bacillus aerius among many others (Mishra et al. 2020).

4.3 Enzymes for the treatment of cancer

Cancer is one of the leading cause of mortality across the globe. As a result, lots of effort have been put in place to tackle this menace. In the process, enzyme technology was exploited as a possible means of cancer treatment. Recent reports by Meghwanshi et al. (2020), documented the use of arginine-degrading enzyme known as polyethylene glycol (PEG)/PEGylated arginine deaminase in the inhibition of hepatocellular carcinomas and melanoma in humans. Pegaspargase is another PEGylated enzyme in circulation with the name ‘Oncaspar1’. These enzyme has also been demonstrated in treating children diagnosed with acute lymphoblastic leukemia and is currently available for clinical use (Meghwanshi et al. 2020). PEGylated enzymes are efficient in treating cancerous cells since the normal cells have the capacity to synthesize asparagine, which is not the case with cancerous cells, as such dies in the presence of the enzyme (Reshma 2019). PEGasparaginase and Asparaginase are among the adjuncts used for an effective standard chemotherapy (Gurung et al. 2013, Meghwanshi et al. 2020). A very essential property of oncogenesis is the ability to proliferate. 

Chondroitin sulfate proteoglycans removal by chondroitinases AC and chondroitinase B (to a lesser extent) prevents the growth of tumors, neovascularization and metastasis. Another application of enzymes in cancer therapy is described by antibody-directed enzyme prodrug therapy (ADEPT). ADEPT is peculiar and effective in cancer therapy. It involves the movement of monoclonal antibodies carrying specific enzymes targeted at cancerous cells. Once this enzyme come in contact with cancerous cells, it activates the prodrug, which goes on to destroy the cancerous cells without touching healthy cells (Gurung et al. 2013). This particular approach is now utilized for discovering and developing therapeutics drugs, which are targeted on enzymes associated with tumor cells and are responsible for activation of prodrugs. This method is known as targeted enzyme prodrug therapy (TEPT), it is a platform that involves enzymes with targeting domains that are antibody-like (Gurung et al. 2013). Another enzyme with potentials to be used for treating malignant tumors is lipase; lipase causes the activation of tumor necrosis factor (Mane and Tale 2015).

4.4 Treatment of exocrine pancreatic insufficiency
Exocrine pancreatic insufficiency is a severe disease condition that occurs alongside other diseases such as pancreatic cancer, post pancreatic surgery, cystic fibrosis, as well as chronic pancreatitis. Pancreatic enzymes are important for digesting food substances in the gut facilitating the absorption of nutrient (Das and Goyal 2014). In situations of pancreatic cancer or chronic pancreatitis, the pancreas usually lacks the ability to secrete enough enzyme to digest completely the food particles ingested. Due to this, the food won’t be completely absorbed from the intestine, which leads to the phenomenon known as malabsorption (Das and Goyal 2014). The major problem in malabsorption comes from incomplete digestion of fat. However, this disorder can be treated utilizing enzyme replacement therapy with enzymes such as pancreatic or pancrelipase (a mixture of amylase, protease, and lipase). The amylase is responsible for digesting starch/carbohydrate, protease for protein while lipase to digest fat (Das and Goyal 2014). While using exogenous pancrelipase, the dosage needs to be taken into concentration as over can cause stomach upset or diarrhea. Pancrelipase drugs are currently in circulation with brand names such as Pancrex, Pancrease HL, Nutrizym, and Creon (Das and Goyal 2014). 

4.5 Treatment of Dupuytren’s disease

A fibroproliferative disorder that affects the palmar fascia limiting the functions of the hand is known as Dupuytren’s disease. This disorder disables the hands’ functions with an ultimate reduction in the victims’ quality of living (Reshma 2019). If it is not arrested on time, Dupuytren’s disease can progress into a permanent symptomatic flexion contracture affecting the digits (Reshma 2019). However, microbial enzymes such as collagenase (E.C 3.4.24.3) from Clostridium can be utilized in treating Dupuytren’s disease. Although effective, however, injecting collagenase from C. histolyticum usually give rise to some side effects such as pain in the site of injection, bruising, hemorrhage, edema, skin lacerations, less frequently pulley and tendon rupture. Collagenases have been proven to be effective in numerous in vivo studies recording over 60% reduction in contracture of infected individuals, which have been injected with clostridial collagenases (Reshma 2019).

4.6 Treatment of inflammation and pains and 

For a decade now, serratiopeptidase or serrapeptase (E.C 3.4.24.40) has been available for use by clinicians (Reshma 2019). There is alpha-2-macroglobulin binding with serratiopeptidase in blood, in a ratio of 1:1 thereby helping in masking its antigenicity while retaining its enzymatic functions during its slow transfer to the inflammation site (Reshma 2019). Once it gets there, serrapeptase break down the byproducts formed as a result of blood coagulation at the injury site where the inflammation if formed; these byproducts are insoluble proteins known as fibrin. This enzyme also enhances the drainage of the pus formed with a resultant increase in the speed at which damaged tissues are repaired (Mane and Tale 2015). Serratiopeptidase causes the hydrolyses of serotonin, histamine, and bradykinin, which are responsible for oedematic status. Among the many other functions of serratiopeptidase include facilitating microcirculation, reduces swelling, and causes sputum expectoration. Among serratiopeptidase producing microorganisms, Serratia marcescens have been reported to be used efficient in the commercial production of serratiopeptidase, which are now employed as antiinflammatory agent against fibrocystic as well as carpel tunnel syndrome (Reshma 2019). 

4.7 Prevents blood clotting

Nattokinase (E.C 3.4.21.62) is most times isolated from B. subtilis. It is a serine proteinase that is often employed in reducing some factors present in blood, which are responsible for blood clotting as well as lipids that participate greatly in causing/increasing the risk of cardiovascular diseases (CVD) (Mane and Tale 2015). Nattokinases are sometimes formulated into drugs taken orally known as CVD neutraceutical. CVD prevents/decreases the levels fibrinogen in plasma, as well as factor VII and VIII (Mane and Tale 2015). Nattokinase also have potentials of prolonging the actions of blood clotting factors, thereby preventing blood coagulation as well as dissolving thrombus (Mane and Tale 2015). Aside nattokinase, staphylokinase (E.C 3.4.99.22) also helps in preventing the clotting of blood through its fibrolytic actions. Staphylokinase causes the conversion of plasminogen, a proteolytic enzyme that is inactive to its active state known as plasmin. Plasmin is often employed in the treating infarction of the myocardial. Plasmin can also stimulate lysis of platelet rich and erythrocytes rich clots (Reshma 2019).

4.8 Genetic correction of Gaucher disease

β-glucocerebrosidase (E.C 3.2.1.45) also known as d-glucosyl-N-acylsphingosinegluco hydrolase, is an enzyme exhibiting glucosylceramidase activity (Meghwanshi et al. 2020). β-glucocerebrosidase possess the capability to hydrolyze linkages and bonds present in chemical glucocerebroside, which is an intermediate in the metabolisms of glycolipid. Gaucher’s disease arises as a result of glucocerebrosidase gene mutation affecting lysosomal storage function, which is characterized by glucocerebrosides accumulation (Meghwanshi et al. 2020). Parkinson’s disease is also associated with mutations in genes expressing glucocerebrosidase production. β-glucocerebrosidase is currently employed in treating Gaucher’s disease through enzyme replacement therapy. In this treatment methods, modified exogenous placental glucocerebrosidase is being targeted within the human body to its correct position or compartment. Commercially, the enzyme is available in clinics as alglucerase injection with Ceredase as its brand name (Meghwanshi et al. 2020). 

4.9 Enzymes used as digestive aids 

A lot of enzymes today are employed in treating some problems associated with the inability of the body to digest sugars. For example, the enzyme α-galactosidase is administered to people having problem with digestion such as diarrhea, gas, and bloating whenever they ingest food like Brassica vegetables (i.e. Brussels, broccoli, and cabbage) and proteins (Meghwanshi et al. 2020). The sugar terminal hydrolysis of α-galactosidic residues present in the aforementioned food is being catalyzed by α-galactosidase, which causes discomfort if remained undigested since the sugars can be fermented in the gut of the consumer causing the undesirable events. These days, lactase and α-galactosidase are very much available in the form of supplements, which are ready to be used. Lactose intolerance as mentioned earlier, is a condition whereby affected individuals are unable to utilize sugar present in food substances as a result of inefficient production of the enzyme lactase. For example, milk contain varying nutrients including the sugar lactose, lactose if not digested completely can cause various forms of stomach problems (Fernandes and Carvalho 2017, Liu and Kokare 2017). However, this condition can be overcome through supplementing milk products with lactase to facilitate complete digestion of lactose present in milk. 

The addition of lactase aid in breaking down lactose into its corresponding monomers, which are galactose and glucose. By so doing, effects of lactose intolerance such as diarrhea, gas and bloating is alleviated (Singh et al. 2016). Microorganisms commonly involved in lactase productions are K. lactis and A. niger (Fernandes and Carvalho 2017). Lipase is also used to facilitate digestion; it is used in treating disorders such as cutaneous manifestations as a result of digestive allergies, treatment of disturbance of the gastrointestinal system as well as dyspepsia (Mane and Tale 2015).

Strict compliance of a particular diet is encountered by individuals with phenylketonuria (PKU). PKU is a genetic disorder transferable between generations; this disorder occurs as a result of absence or insufficient presence of the enzyme phenylalanine hydroxylase enzyme (Meghwanshi et al. 2020). The aforementioned enzyme enhances the formation of tyrosine through the conversion of phenylalanine, as a result maintains tyrosine level in the body. Oral treatment for PUK has been developed with the help of phenylalanine ammonia lyase (PAL) from plant, which is overexpressed by a recombinant yeast. PAL is currently in circulation in the market with PhenylaseTM as the trade name (Meghwanshi et al. 2020). Hydrolysis of phenylalanine by PAL in the gastrointestinal tract has been demonstrated. Individuals with weak immune system such as those infected with HIV usually encounter malabsorption of fat. However, this can be overcome by supplementing their diet with pancreatic enzyme cocktail containing enzymes such as lipases, proteases and amylases (Meghwanshi et al. 2020). Pancreatic insufficiency usually encountered by individuals with cystic fibrosis can be overcome with the help of pancreatic enzyme cocktail such as "TheraCLEC TotalTM", which is commercially available (Meghwanshi et al. 2020).


CONCLUSION AND FUTURE PERSPECTIVE
Microorganisms are efficient in the provision of enzymes for various industrial processes in industries such as food, leather, chemical, textile, animal feed, agriculture, medicine among many others. Their ability as well as versatility in the conversion of cheap substrate into valuable enzymes, makes microorganisms an important tool and sources of wide array of enzyme production. Enzymes obtained from microbial sources are efficient, cheap, stable with high activities even when used under extreme conditions such as pH or temperature, they still yield quality products and can be recovered at the end of their applications. Furthermore, microbial enzymes reduce processing time, as such, reduces the overall production cost. Microbial enzymes are preferred alternative to chemical catalyst, owing to the fact that they have low activation energy and do not pose any threat to environmental safety. Enzymes from microbial sources provides an excellent avenue for enzyme improvement as well as upregulation through genetic editing and manipulation of microbial genome. Since microorganisms are ubiquitous, their presence in extreme environments such as polar regions, volcanoes, very arid deserts, deep oceanic floors and trenches among others have been reported by various scientists across the globe. Some of these microbes possesses great potentials that could be used in the production and use of enzymes under extremely high or low temperature, pH, or pressure. The major challenges however, is the difficulty in isolating and culturing microbes from extreme environments in their pure form. As such, new approaches such as those utilizing genomics and metagenomics should be developed together with some classical techniques in the screening and isolation of microorganisms with potentials of producing enzymes with advanced catalytic properties. 
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Fig.1 Therapeutic enzymes applications in various diseases and disorders (Gurung et al. 2013).









