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ABSTRACT

Enzyme technology is an interdisciplinary field because its application
varies from industrial purposes to pharmaceutical development, and its use is
recognized as good sustainable development practice. Enzymes use in industry
is preferred over other chemicals because of their selectivity, efficiency, mild
conditions, renewable and sustainable practice and cost effectiveness in
industry use. Enzyme use requires understanding of the structure of treated
material, in this case - lignocellulosic biomass. Lignocellulosic biomass is
renewable resource composed of cellulose, hemicellulose, and lignin with a
diverse possibility of exploitation. These three components influence
characteristics, strength, and stiffness of lignocellulosic biomas. Enzymes for
cellulose degradation are: cellulases, hemicellulases, xylanases and
pectinases. Enzymes for hemicellulose degradation are hemicellulases that can
be xylanases or arabinofuranosidases. Enzymes for lignin degradation are
lignin peroxidases, manganese peroxidases, and laccases. All these enzymes
work by principle of breaking down the bonds between structural composition
or other cell wall components. Use of enzymes is cost saving and an
environmentally friendly alternative.

Keywords: enzymes, lignocelulosic biomass, degradation, sustainable
development

INTRODUCTION

Plant biomass is an excellent source of energy, fibre and bio-chemicals. The use of
biomass can significantly reduce dependence on fossil sources and represents a key resource
for achieving sustainable development that replaces the oil-based production system and
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reduces greenhouse gas emissions (Xu et al., 2013; Gonzalo et al., 2016; Kaminura et al.,
2019). The structure of biomass consists mostly of lignin, cellulose and hemicellulose and is
called lignocellulosic biomass (de Gonzalo et al., 2016). Lignocellulose is a macromolecular
complex consisting of cellulose, hemicellulose, and lignin (Feng et al., 2011). In order to
extract fibers and residues for biofuel production, there are various pretreatment methods used
for biomass processing. Pretreatments are divided into physical, chemical, physico-chemical
and biological. Physical pretreatment includes grinding, microwaving, extrusion, and
ultrasonication. Chemical pretreatments include alkaline and acid hydrolysis, liquid ion
process, and deep eutectic solvents. Physico-chemical pretreatment processes rely on steam
explosion, fiber explosion with ammonia, CO2 explosion, and liquid hot treatment. Biological
pretreatments include the processing of whole cells and the most interesting is enzyme
pretreatment (Baruah et al., 2018). The use of enzyme technologies is becoming more and
more attractive for the processing of natural fibers. The main reason for the acceptance and
use of enzyme technology is the fact that the application of enzymes is environmentally
friendly and has a focused performance (Bledzki et al., 2010; Hanana et al., 2015). Enzymes
were first used in the production of animal feed in the 1920s. In the 1970s and 1980s,
researchers began to develop enzymes specifically for use in agriculture, and these enzymes
were used to improve the efficiency of various agricultural processes, such as silage
fermentation, the production of biofuels, and the breakdown of plant fibers (Hartmann, 2007;
Pariza et al., 2010). The aim of the paper is to review the literature on the influence of enzymes
on the degradation of lignocellulosic biomass and their application.

STRUCTURAL COMPOSITION OF LIGNOCELLULOSIC BIOMASS

Lignocellulosic biomass is an attractive feedstock because of its variety. Biomass is widely
available and can be collected from a variety of sources, including agricultural residues,
forestry residues, and energy crops (Easterly and Burnham, 1996). Lignocellulosic biomass
is a renewable resource that can be replenished through sustainable land management
practices, and because it is composed of cellulose, hemicellulose, and lignin, which are all
rich in energy and can be converted into a variety of products (Banu et al., 2021). Therefore,
biomass has high energy content and can be used to produce biofuels such as ethanol,
biodiesel, and biogas. In addition to being used for biofuels, biomass can also be used for
production of chemicals, fibres and all kind of different materials. With a diverse possibility
of exploitation of lignocellulosic biomass can help to reduce greenhouse gas emissions and
promote the transition to a more sustainable, low-carbon economy (Fatma et al., 2018;
Mussatto et al., 2021; Zhu et al., 2022).

The use of enzymes requires knowledge of the structure of lignocellulosic biomass. The
main component is the plant cell wall, which serves as protection against external influences
and enables the establishment of turgor pressure. Plant cell wall consists of cellulose,
hemicellulose and lignin. Cellulose and hemicellulose are polysaccharides, while lignin is a
complex phenolic polymer. These three components form the structural matrix of
lignocelluloses biomass, and influence its characteristics, strength and stiffness (Giddings et
al., 1980; Hernandez-Blanco et al., 2007; Xu et al., 2013).

Cellulose is one of the most important components of the plant cell and its most common
applications are in the textile and paper industry. The molecular formula of cellulose is
CsH100s, and it consists of hundreds of glucose molecules connected by covalent bonds,
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hydrogen bonds and van der Waals forces. It is the most abundant organic polymer on Earth
and major source of energy for many organisms. Four different types of cellulose I, 11, III and
IV can be distinguished (Kraessig, 1993; Gutiérrez et al., 2009; Xu et al., 2013; Grubor, 2021).

Hemicellulose is also a polysaccharide with a more complex structure and bonds, its
molecular formula is CsHi0Os. Hemicellulose is connected by cellulose microfibrils without
covalent bonds and consists of several monosaccharides (Somerville et al., 2004; Xu et al.,
2013). Depending on the type of biomass, it may contain pentoses (xylose, arabinose),
hexoses (mannose, glucose, galactose) and acetyl sugars (Saha, 2003; Agbor et al., 2011). The
share of hemicellulose in most plant species is 25%. Its main role is to provide a link between
cellulose and lignin (Thomsen et al., 2005; Jurisi¢, 2012; Grubor, 2021).

Lignin is a stiffening material (like a glue) usually found between cellulose microfibrils.
Because lignin is a complex polymer the exact composition of lignin can vary depending on
the source. It is a complex mixture of monomers that are chemically linked together in various
ways, therefore molecular formula of lignin is not a single fixed formula (Dashtban et al.,
2010; Chung and Washburn, 2013). Lignin is insoluble in most solvents due to its high
molecular weight and therefore represents an obstacle in the use of lignocellulosic biomass
(Agbor et al., 2011; Kaminura et al., 2019; Grubor, 2021). It is responsible for providing
structural support and protection, and because it is difficult to break down it can interfere with
the breakdown of cellulose and hemicellulose that are the main sources of sugar for biofuel
production (Weng and Chapple, 2010).

ENZYMES

Enzymes are proteins that serve as catalysts for chemical reactions (van Beilen et al.,
2002). Enzyme technology is an interdisciplinary field, recognized as an integral part of
sustainable industrial development. Its applications span from straightforward industrial
processes to pharmaceutical discovery and development, offering cost-effective, clean,
enzymatic, or biological alternatives to traditional chemical procedures which can promote
technological advancements (Godfrey and West, 1996; Kirst et al., 2001). With the potential
to transform agricultural waste biomass into a valuable resource to produce chemicals and
fuels, biobased renewables offer many advantages, such as reduced CO2 production,
flexibility, and self-reliance. The Royal Dutch/Shell group predicted that by the year 2050,
renewable resources could potentially supply up to 30% of the global chemical and fuel needs,
resulting in a biomass market of $150 billion. This information is vital to scientists and other
professionals in the field of enzyme technology, as it provides insight into the potential of
biobased renewables and the possibilities for sustainable industrial development (OECD,
1998; Novozymes, 2002; van Beilen et al., 2002).

Enzymes for cellulose degradation

There are several types of enzymes that can be used to break down cellulose for different
production purposes, including cellulases and hemicellulases. Cellulases are enzymes that
break down cellulose into glucose, while hemicellulases are enzymes that break down
hemicellulose, a type of polysaccharide found in plant cell walls (Horn et al., 2012). The use
of the enzyme hemicellulase increases the availability of cellulase to cellulose and enables
better enzymatic hydrolysis (Zhao et al., 2018). Both types of enzymes are produced by
microorganisms and can be used to hydrolyze cellulose and hemicellulose into simpler sugars
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that can be fermented. Other enzymes that are used in the production of biofuels from
cellulose include xylanases, which break down xylan (another type of polysaccharide found
in plant cell walls), and pectinases, which break down pectin (a polysaccharide found in plant
cell walls and fruit) (Dodd and Cann, 2009). These enzymes can also be used to improve the
efficiency of cellulose conversion by breaking down the other plant cell wall components that
may interfere with cellulose accessibility to the cellulases (Arantes and Saddler, 2010;
Houfani et al., 2020).

Enzymes for hemicellulose degradation

Hemicellulose can be broken down into these simpler sugars which can then be fermented
and converted into biofuels such as ethanol (Houfani et al., 2020). There are several types of
hemicellulases that can be used to break down hemicellulose, including xylanases and
arabinofuranosidases (which break down arabinose, sugar found in hemicellulose) (Perez et
al., 2002; Saha, 2003). These enzymes work by breaking the bonds between the sugar
monomers that make up hemicellulose, releasing the individual sugars and making them
available for fermentation (Saha, 2003). Hemicellulases are produced by a variety of
microorganisms, including bacteria and fungi, and can be used to improve the efficiency of
biofuel production from plant feedstocks. In addition to their use in biofuel production,
hemicellulases are also used in other industrial processes, such as the production of paper,
food, and animal feed (Viikari et al., 1993; Saha 2003).

Enzymes for lignin degradation

There are several enzymes that have been identified as having the potential to break down
lignin, including peroxidases (lignin peroxidases and manganese peroxidases), laccases, and
proteases (Perez et al., 2002). These enzymes are produced by certain types of fungi and
bacteria and are able to break down lignin by oxidizing it. Some proteases have been shown
to be able to hydrolyse lignin, particularly in the presence of other enzymes such as laccases
or peroxidases, but mainly protease is used to remove any residual cellulose and hemicellulose
after treating lignin with other enzymes (Nakagame et al., 2011). These enzymes work
together to break down the lignin polymer into smaller, more easily degradable fragments. It
is important to note that the best enzymes for lignin degradation are peroxidases and laccases,
and they are produced by a white rot fungi. These enzymes work by catalysing the oxidation
of lignin molecules, which causes the polymer to break down into smaller, more manageable
fragments (Perez et al., 2002). To make these enzymes more efficient for industrial application
it is important to note that addition of activators, catalysts and optimal conditions are
beneficiary to get the most out of enzymes.

THE INDUSTRIAL ADVANTAGE OF USING ENZYMES

Enzymes use in industry is preferred over other chemicals because enzymes are highly
specific in their catalytic activity, meaning they can perform very specific chemical reactions
without affecting other molecules (Bilal et al., 2019). This allows to produce very pure and
high-quality products. Enzymes can perform reactions much faster than chemical catalysts,
and they often require less energy to do so. Enzymes often work under mild conditions, such
as at low temperatures and neutral pH (Zhao et al., 2017). This can be especially beneficial
for sensitive compounds that can be damaged by harsher conditions. Enzymes are
biocatalysts, meaning that they are derived from living organisms, usually microorganisms
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that can be grown and replenished (Robinson, 2015). They are not a finite resource like many
chemical catalysts, making it a more sustainable option. Enzymes are often less expensive to
produce than chemical catalysts, and they can be used in high concentrations. This can lead
to significant cost savings for industrial processes (Perez et al., 2002).

CONCLUSION

Enzymes are a relatively new technology with diverse applications. The influence of
enzymes in the utilization of lignocellulosic biomass has a positive effect on the concept of
sustainability and circular economy. It is important to know which enzymes can be used
depending on the structure for which they will be used, distinguishing between the use for
cellulose, hemicellulose, and lignin degradation. Overall enzymes are valuable tools for many
industrial processes as they can be very effective and environmentally friendly alternative to
traditional chemical catalysts.
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