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Cellulases are important enzymes not only for their potential applications in different industries
agricultural, laundry & detergent, textile, paper&pulp, wine
&brewery, food processing, olive oil extraction. Carotenoid extraction, pharmaceutical & medical
sciences, analytical applications, protoplast production, genetic engineering and pollution
treatment, but also for the significant role in bio conversion of agriculture wastes into sugar and
bio ethanol. This review paper simply assesses about: Enzymes, Cellulose, Cellulases& its
types, Cellulase production and detailed study on Applications of cellulases.
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INTRODUCTION
Enzymes are biological catalysts which are the
most remarkable, highly specialized and

energized protein molecules found in every cell
and are necessary for life. There are over 2000
known enzymes, each of which is involved with
one specific chemical reaction. These proteins
and their functions are determined by their
shape. They have extraordinary catalytic power,
often for greater than that of synthetic or
inorganic catalysts.

Enzymes are vital to every biochemical process.
They have a high degree of specificity for their
substrates. They accelerate chemical reactions
tremendously and they function in aqueous
solutions under mild conditions and of normal
temperatures.

Enzymes like other proteins have molecular
weights ranging from about 12,000 to more than
1 million. Some enzymes require no chemical
groups for activity, but many require non-
protein co-enzymes or co-factors for their
catalytic function.

According to International Union of Biochemists
1979, Six classes of enzymes have been
designated. They are: 1. Oxido - reductases, 2.
Transferases, 3.Hydrolases, 4.Lyases,
5.Isomerases, 6.Ligases. Major sources of
industrial enzymes reveal that about 85% are
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hydrolases, the remaining 15% are divided
among oxidoreductases and isomerases.
Enzymes are widely used in food, detergents,
analytical applications, medical sciences,
production of chemicals & waste treatment.

Cellulose

Cellulose is found in plants as micro fibrils (2 -
20nm diameter and 100 - 40,000nm long).
These form the structurally strong frame work
in the cell walls. Cellulose is mostly prepared
from wood pulp.

Cellulose is a linear glucose polymer composed
of anhydro glucose units coupled to each other
by beta - 1,4 - glucosidic bonds and its most
abundant biological compound on terrestrial
earth.

Cellulose is an insoluble molecule consisting of
residues between 2,000 - 14,000 with some of
their properties being somewhat shorter. It
forms crystals (Cellulose [.) where, intra
molecular and intra strand hydrogen bonds hold
the network flat allowing the more hydrophobic
ribbon faces to the stack. Each residue is
oriented 180°o the next with the chain
synthesized two residues at a time. The natural
crystal is made up from meta stable“Cellulose 1”
with all the cellulose strands parallel and no
inter sheet hydrogen bonding.
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Cellulose has many uses as an anticake agent,
emulsifier, stabilizer, dispersing agent, thickener
and gelling agent, but these are generally
subsidiary to its most important use of holding
on to water. Water cannot penetrate crystalline
cellulose, but dry amorphous cellulose absorbs
water becoming soft and flexible.

The degradation of cellulosic materials has
gained increasing attention due to its world
wide availability and immense potential for
transforming them into sugars, fuels and
chemical feed stocks.

Enzymatic hydrolysis hold tremendous promise
due to the high specificity and production of
high yields of glucose without generation of
degradation products, unlike acid hydrolysis,
utility cost are also low as hydrolysis occurs
under mild reaction conditions. Microorganisms
that degrade cellulose are both abundant and
ubiquitous in nature. The enzymatic hydrolysis
of cellulose requires the use of cellulase.

Cellulase

Cellulase is a class of enzyme that catalyzes the
cellulolysis i.e.,, hydrolysis of cellulose. Celulase
is a multiple enzyme system consisting of endo -
1, 4 -B-D - glucanases and exo - 1, 4 -B- D -
glucanases along with cellobiase (- D -
glucosideglucano hydrolase).

Types of Cellulases

Fractionation studies on culture filtrate have
demonstrated that, there are ‘three’ major types
of enzymes involved in the hydrolysis of native
cellulose to glucose, namely:

1.Endo - glucanase

2. exo - glucanase

3. B- glucosidase / cellobiase.

1. Endo - glucanase

Endo - glucanase (endo -B- 1, 4 - glucanase,
endo -B- 1, 4 - D - glucan - 4 -
glucanohydrolase, E.C.3.2.1.4) ofen called CMC
ase, hydrolysis carboxyl methyl cellulose or
swollen cellulose, due to which there is a rapid
decrease in chain length along with a slow
increase in reducing groups.Endoglucanse also
acts on cellodextrins, the intermediate products
of cellulose hydrolysis and converts them to
cellobiase and glucose.

2. Exo - glucanase

Exoglucanase (Exo-B- 1, 4 - D - glucan - 4 -
cellobiohydrolase, E.C. 3.2.1.91) degrades
cellulose by splitting off the cellobiost units from

the non- reducing end of the chain.
Cellobiohydrolase does not degrade cotton
rapidly, but can effect considerable

saccharification of micro crystalline celluloses.
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3. B - glucosidase / Cellobiase

B- glucosidase ( E.C.3.2.1.21) completes the
process of cellulose hydrolysis by cleaving
cellobiose and removing glucose from the non -
reducing ends of oligosaccharides.

Complete degradation of cellulose to glucose
requires the synergistic action of all the three
components.

Cellulase production

Successful utilization of cellulosic materials as
renewable carbon sources is dependent on the
development of economically feasible process
technologies for cellulase production.It has been
calculated that cellulase production accounts for
~27 - 20% of the cost of ethanol production
fromlignocellulosic materials. So, to keep the
costs down, it is therefore very important to use
a substrate that is inexpensive, such as wheat
straw, rice bran, green gram husk etc.Large no.
of microorganisms are capable of degrading
cellulose, fungi, bacteria are the main cellulase
producing microorganisms.

Major steps involved in cellulase production

» Selection of potent strain as cellulose
source.

» Selection of waste as substrate,
Lignocellulosic agricultural waste.

» Enrichment of lignocellulosic waste in

eg.

carbon content by process of pre-
treatment.

» Fermentation growth of selected strain
utilizing the pre-treated lignocellulosic
waste.

» Harvesting the biomass -cultivated after
fermentation.

» Downstream processing of extra cellular
enzymes and recovery of cellulase.

From the above steps, it can be observed that,
there are three main stages for the production of
cellulase. They are ‘pre - fermentative stage’,
where the pre - treatment of substrate and
medium preparationis done, followed by
‘fermentative stage’ for cultivation of organism
and finally ‘post - fermentative stage’ involving
downstream processing and product recovery.

Cellulases Applications

Recent development on bio - chemistry,
genetics and protein as well as on the structure
function relationships of cellulases including
cellulosomes and related enzymes from bacteria
and fungi has led to speculation and anticipation
of their enormous commercial potential in bio -
technology and research.Cellulases have been a
potential candidate for research by both
academic and industrial research
groups.Biotechnological conversion of cellulosic
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biomasses potentially sustainable approach to
develop novel bioprocesses and
products.Cellulase have become the focal
biocatalysts due to their complex nature and
wide spread industrial applications.

Cellulases were initially investigated several
decades back for the bio conversion of the
biomass which gave way to research in the
industrial applications of the enzyme in Waste
management, Bio - ethanol industry, Animal
feed industry, Agricultural industry,
Laundry&detergent industry, Textile industry,
Paper& pulp industry, Wine& Breweryindustry,
Food processing industry, Olive oil extraction,
Carotenoid extraction, Pharmaceutical &
medical sciences, Analytical applications,
Protoplast production, Genetic engineering and
Pollution treatment.

Waste Management

Lignocellulose is the most abundant plant cell
wall component of the biosphere and the most
voluminous waste produced by our society.
Biomass is the only domestic, sustainable and
renewable primary energy resource that can
provide liquid transportation fuels. The
conversion of cellulosic waste to useful by -
products has long been recognized as a
desirable endeavour. Disposal of cellulosic
municipal solid waste through processes that
would also desire energy production are ofthe
particular interest. The benefits would be ‘“Two
fold: Firstly, the amount of cellulose waste
would be diminished and its effects on our
environment will be reduced and Secondly, the
pollutant would be converted to an alternative
source of energy to help displace our growing
dependence on fossil fuels.

The biological decomposition of organic matter
principally to methane and carbon dioxide by
‘Anaerobic’ digestion is a natural process that
occurs readily in solid waste landfills. In natural
anaerobic digestion processes some members of
the microbial consortia collectively produce
fermentable sugars from polysaccharides and

others specialize in converting sugars to
methane and carbon dioxide.Such mixed
fermentations are notoriously difficult to

establish and maintain at large scale. The
anaerobic biological conversion of the major
polymerize components of solid waste requires
appropriate microorganisms and hydrolytic
enzyme systems. Extra cellular hydrolytic
enzymes such as cellulase and lipases have been
shown to be effective in the post hydrolysis of
anaerobic digester effluent solids.

In conventional technologies for the ‘Aerobic’
degradation of lignocellulose, lignocellulosic
sugars are typically released by thermal
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chemical pre- treatment by aerobic enzymatic
hydrolysis of chopped or milled biomass.

Bio-Ethanol Industry

Enzymatic saccharification of lignocellulosic
materials such as rice bran, sugarcane bagasse,
corncob, rice straw, green gram husk, saw dust,
and forest residues by cellulases for bioethanol
production is perhaps the most popular
application currently being investigated.
Bioconversion of lignocellulosic materials into
useful and higher value products normally
requires multistep processes. These processes
include; pretreatment (mechanical, chemical, or
biological), hydrolysis of the polymers to
produce readily metabolizable molecules (e.g.,
hexose and pentose sugars), bioconversion of
these smaller molecules to support microbial
growth and/or produce chemical products, and
the separation and purification of the desired
products. The utility cost of enzymatic
hydrolysis may be low compared with acid or
alkaline hydrolysis because enzyme hydrolysis
is usually conducted at mild conditions (pH 4-6
and temperature 45-50°C) and does not have
corrosion issues.

Technologies are currently available for all steps
in the bioconversion of lignocellulosics to
ethanol and other chemical products. However,
some of these technologies must be improved to
produce renewable Dbiofuel and other
byproducts at prices, which can compete with
more conventional production systems. Not only
the recalcitrance of the substrate, but also
several other factors that also limit cellulase
efficiency during the hydrolysis process
including end product inhibition, thermal
deactivation of the native protein, nonspecific
binding to lignin, and irreversible adsorption of
the enzymes to the heterogeneous substrate .

To reduce the enzyme cost in the production of
fuel ethanol from lignocellulosic biomass, two
aspects are widely addressed: optimization of
the cellulase production and development of a
more efficient cellulase-based catalysis system.
Protein engineering and directed evolution are
powerful tools that can facilitate the
development of more efficient
thermophiliccellulases . Strategies for recycling
and re-usage of the enzymes may also be used to
reduce enzymatic hydrolysis costs. The recovery
of enzymes is largely influenced by adsorption
of the enzymes onto the substrate, especially to
lignin and enzyme inactivation. There are
several reports where the nonspecific and
irreversible adsorption of cellulase to lignin has
been observed. Besides, there are also reports
where the compounds that mimic cellulose or
the compounds have high affinity towards lignin
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have been used to prevent the adsorption of
cellulases to lignin. Moreover, recently Scott and
coworkers have filed a US patent
(20100221778) on novel lignin-resistant
cellulase enzyme, in which linker peptides have
been modified to prevent their adsorption onto
lignin and enhance the enzyme activity. Among
different strategies to recover and reuse the
cellulasesis concentration of the cellulose
fraction by ultrafiltration to remove sugars and
other small compounds that may inhibit the
action of the enzymes and recycling of
immobilized enzymes, which enables separation
of the enzymes from the process flow. However,
the recycling techniques are mostly tested at
laboratory scale. Therefore, the ability to scale
up the techniques, the robustness, and
feasibility still needs to be demonstrated.

Animal feed Industry

Applications of cellulases and hemicellulases in
the animal feed industry have received
considerable attention because of their potential
to improve feed value and performance of
animals. Pretreatment of agricultural silage and
grain feed by cellulases or xylanases can
improve its nutritional value. The enzymes can
also eliminate antinutritional factors present in
the feed grains, degrade certain feed
constituents to improve the nutritional value,
and provide supplementary digestive enzymes
such as proteases, amylases, and glucanases. For
instance, the dietary fiber consists of nonstarch
polysaccharides such as  arabinoxylans,
cellulose, and many other plant components

including resistant dextrins, inulin, lignin,
waxes, chitins, pectins, B-glucan, and
oligosaccharides, which can act as anti-

nutritional factor for several animals such as
swine In this case, the cellulases effectively
hydrolyse the anti-nutritional factor, cellulose,
in the feed materials into easily absorbent
ingredient thus improve animal health and
performance.

B-Glucanases and xylanases have been used in
the feed of monogastric animals to hydrolyze
nonstarch polysaccharides such as f-glucans
and arabinoxylans. Cellulases, used as feed
additives alone or with proteases, can
significantly improve the quality of pork meat.
Glucanases and xylanases reduce viscosity of
high fibre rye- and barley-based feeds in poultry
and pig. These enzymes can also cause weight
gain in chickens and piglets by improving
digestion and absorption of feed materials.

Most low-quality feedstuffs contain higher
concentrations of cellulose, small amounts of
protein and fat and relatively high ash contents
when compared with high-quality feedstuffs.
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Cellulases can be wused to improve silage
production for cattle feeding, which involves
enhancement of the digestibility of grasses
containing large amounts of potentially total
digestible nutrients and energy values together
with only small amounts of water-soluble
carbohydrates. The forage diet of ruminants,
which contains cellulose, hemicellulose, pectin,
and lignin, is more complex than the cereal-
based diet of poultry and pigs. Enzyme
preparations containing high levels of cellulase,
hemicellulase, and pectinase have been used to
improve the nutritive quality of forages.
Nevertheless, the results with the addition of
enzyme preparations containing cellulase,
hemicellulase and pectinase to ruminant diet
are somewhat inconsistent.

Animal feedstock  production processes
generally include heat treatments that inactivate
potential viral and microbial contaminants.
Application  of  thermophiliccellulase  in
feedstock production has the potential to reduce
pathogens as well as to enhance digestibility and
nutrition of the feed, thereby facilitating a
combination of heat treatment and feed
transformation in a single step. The cellulases
and hemicellulases are responsible for partial
hydrolysis of lignocellulosic materials, dehulling
of cereal grains, hydrolysis of 3-glucans, and
better emulsification and flexibility of feed
materials, which results in the improvement in
the nutritional quality of animal feed. Moreover,
these enzymes can cause partial hydrolysis of
plant cell wall during silage and fodder
preservation.

The use of enzymes in animal nutrition became
more important after the prohibition of using
some nutritive ionophore antibiotics, which
were previously used in the EU countries. There
is a large variation in the digestibility of starch
origins. The low digestibility of some starches
promotes the appearance of some digestive
tract diseases because the non-digested and
non-absorbed starch reaching the large intestine
can act as a substrate for bacterial fermentation
supporting the proliferation of some potentially
hazardous pathogenic bacteria. Cellulases have a
positive effect on the caecal fermentation
processes by increasing the production of
propionic acid, which act as a bacteriostatic
material and thus can decrease the colonization
of pathogenic bacteria.

Agricultural Industry
Various enzyme preparations consisting of
different combinations of cellulases,

hemicellulases, and pectinases have potential
applications in agriculture for enhancing growth
of crops and controlling plant diseases. Plant or
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fungal protoplasts produced using microbial
hydrolases can be used to produce hybrid
strains with desirable properties. Cellulases and
related enzymes from certain fungi are capable
of degrading the cell wall of plant pathogens in
controlling the plant disease. Fungal -
glucanases are capable of controlling diseases
by degrading cell walls of plant pathogens. Many
cellulolytic fungi
including Trichoderma sp., Geocladium sp.,Chaet
omium sp., and Penicillium sp. are known to
play a key role in agriculture by facilitating
enhanced seed germination, rapid plant growth
and flowering, improved root system and
increased crop yields. Although these fungi have
both direct (probably through growth-
promoting diffusible factor) and indirect (by
controlling the plant disease and pathogens)
effects on plants, it is not yet clear how these
fungi facilitate the improved plant performance.
It has been reported that 3-1,3-glucanase and N-
acetyl-glucosaminidase from T.
harzianum strain P1 synergistically inhibited
the spore germination and germ tube elongation
of B. cinerea. Moreover, the exoglucanase
promoters of Trichoderma are used for the
expression of the different proteins, enzymes,
and antibodies in large amount. The
exoglucanase promoters of Trichodermahave
been used for the expression of chymosin and
other proteins: glucoamylase, lignin peroxidase,
and laccase.

Cellulases have also been wused for the
improvement of the soil quality. Traditionally
straw incorporation is considered an important
strategy to improve soil quality and reduce
dependence on mineral fertilizers. Many studies
have attempted to hasten straw decomposition
via microbial routes. Cellulolytic fungi
applications such as Aspergillus, Chaetomium,
and Trichoderma, and actinomycetes have
shown promising results. Exogenouscellulase
supplementation accelerated decomposition of
cellulose in soil. Therefore, using exogenous
cellulase may be a potential means to accelerate
straw decomposition and increase soil fertility.

Laundry and Detergent Industry

Use of cellulases along with protease and lipase
in the detergents is a more recent innovation in
this industry. Cellulase preparations capable of
modifying cellulose fibrils can improve color
brightness, feel, and dirt removal from the
cotton blend garments. The industrial
application of alkaline cellulases as a potential
detergent additive is being actively pursued
with a view to selectively contact the cellulose
within the interior of fibers and remove soil in
the interfibril spaces in the presence of the more

428

conventional detergent ingredients. Nowadays,
liquid laundry detergent containing anionic or
nonionic surfactant, citric acid or a water-
soluble salt, protease, cellulose, and a mixture of
propanediol and boric acid or its derivative has
been used to improve the stability of cellulases.
As most of the cellulose fibers in the modern
textile industry enzymes are used increasingly
in the finishing of fabrics and clothes are
arranged as long, straight chains of some small
fibers can protrude from the yarn or fabric. The
cellulases are applied to remove these rough
protuberances for a smoother, glossier, and
brighter-colored fabric.

Textile Industry

Cellulases are the most successful enzymes used
in textile wet processing, especially finishing of
cellulose-based textiles, with the goal of
improved hand and appearance. Traditional
stonewashing of jeans involves amylase-
mediated removal of starch coating (desizing)
and treatment (abrasion) of jeans with pumice
stone (1-2kg/pair of jeans) in large washing
machines. Cellulases have been successfully
used for the biostoning of jeans and biopolishing
of cotton and other cellulosic fabrics. During the
biostoning process, cellulases act on the cotton
fabric and break off the small fiber ends on the
yarn surface, thereby loosening the dye, which is
easily removed by mechanical abrasion in the
wash cycle. The advantages in the replacement
of pumice stones by a cellulose-based treatment
include less damage of fibers, increased
productivity of the machines, and less work-
intensive and environment benign.

While the bio-polishing is usually carried out
during the wet processing stages, which include
desizing, scouring, bleaching, dyeing, and
finishing. The acidic cellulases improve softness
and water absorbance property of fibres,
strongly reduce the tendency for pill formation,
and provide a cleaner surface structure with less
fuzz. Cellulase  preparations rich in
endoglucanases are best suited for biopolishing
enhancing fabric look, feel, and color without
needing any chemical coating of fibers. The
action of cellulases removes short fibers, surface
fuzziness, creates a smooth and glossy
appearance, and improves color brightness,
hydrophilicity and moisture absorbance, and
environmentally friendly process.

Similarly, endoglucanase activity-rich cellulase
is also proved better for biofinishing. Most
cotton or cotton-blended garments, during
repeated washing, tend to become fluffy and
dull, which is mainly due to the presence of
partially detached microfibrils on the surface of
garments. The use of cellulases can remove
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these microfibrils and restore a smooth surface
and original color to the garments. The use of
cellulase also helps in softening the garments
and in removal of dirt particles trapped within
the microfibril network.

Interestingly, there are several reports where
the performance of the whole cellulase
preparations was quite different from the
enzyme rich in endoglucanase activity, and that
the latter offered better performance in
applications where losses in fabric strength and
weight were minimum. Depilling/cleaning
and/or ageing effects are the result of the
synergistic action of cellulases and mechanical
action, simultaneously or sequentially. Attempts
have also been made via cellulases treatment to
improve the dimensional stability of cellulosic
fabrics and to upgrade the surface and dyeing
properties of bleached cotton, mercerized
cotton, and cotton/polyester blend fabric
(50/50), using the pad-wet batch technique,
followed by subsequent washing under
mechanical action.

Paper & Pulp Industry

Interest in the application of cellulases in the
pulp and paper industry has increased
considerably during the last decade. The
mechanical pulping processes such as refining
and grinding of the woody raw material lead to
pulps with high content of fines, bulk, and
stiffness. While in contrast, biomechanical
pulping using cellulases resulted in substantial
energy savings (20-40%) during refining and
improvements in  hand-sheet  strength
properties.

Mixtures of cellulases (endoglucanases I and II)
and hemicellulases have also been used for
biomodification of fiber properties with the aim
of improving drainage and beatability in the
paper mills before or after beating of pulp.
Mansfield et al. studied the action of a
commercial cellulase preparation on different
fractions of Douglas fir kraft pulp and observed
that the cellulase treatment decreased the
defibrillation reducing the fibre coarseness.
While endoglucanases have the ability to
decrease the pulp viscosity with a lower degree
of hydrolysis, cellulases have also been reported
to enhance the bleachability of softwood kraft
pulp producing a final brightness score
comparable to that of xylanase treatment.
Cellulases alone, or used in combination with
xylanases, are beneficial for deinking of different
types of paper wastes. Most applications
proposed so far use cellulases and
hemicellulases for the release of ink from the
fiber surface by partial hydrolysis of
carbohydrate molecules. It has been postulated

429

that improvements in dewatering and deinking
of various pulps result in the peeling of the
individual fibrils and bundles, which have high
affinity for the surrounding water and ink
particles. The main advantages of enzymatic
deinking are reduced or eliminated alkali usage,
improved fiber brightness, enhanced strength
properties, higher pulp freeness and cleanliness,
and reduced fine particles in the pulp. Moreover,
deinking using enzymes at acidic pH also
prevents the alkaline yellowing, simplifies the
deinking process, changes the ink particle size
distribution, and reduces the environmental
pollution. Although enzymatic deinking can
lower the need for deinking chemicals and
reduce the adverse environmental impacts of
the paper industry, the excessive use of enzymes
must be avoided, because significant hydrolysis
of the fines could reduce the bondability of the
fibers.

Interestingly, the use of cellulases in improving
the drainage has also been pursued by several
mills with the objective to increase the
production rate. Enzyme treatments remove
some of the fines or peel off fibrils on the fiber
surface and dissolved and colloidal substances,
which often cause severe drainage problems in
paper mills. In this aspect, cellulases have shown

considerable improvement in the overall
performance of paper mills. Enzymatic
treatment also destabilizes the lipophilic

extractives in the filtrates and facilitates their
attachment to thermo-mechanical pulping
fibers. These enzymes are also used in
preparation of easily biodegradable cardboard,
manufacturing of soft paper including paper
towels and sanitary paper and removal of
adhered paper.

Wine and Brewery Industry

Microbial glucanases and related
polysaccharides play important roles in
fermentation processes to produce alcoholic
beverages including beers and wines. These
enzymes can improve both quality and yields of
the fermented products .Glucanases are added
either during mashing or primary fermentation
to hydrolyze glucan, reduce the viscosity of
wort, and improve the filterability.

In wine production, enzymes such as pectinases,
glucanases, and hemicellulases play an
important role by improving color extraction,
skin maceration, must clarification, filtration,
and finally the wine quality and stability. 3-
Glucosidases can improve the aroma of wines by
modifying glycosylated precursors. Macerating
enzymes also improve pressability, settling, and
juice yields of grapes wused for wine
fermentation. A number of commercial enzyme
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preparations are now available to the wine
industry. The main benefits of using these
enzymes during wine making include better
maceration, improved color extraction, easy
clarification, easy filtration, improved wine
quality, and improved stability.

Beer brewing is based on the action of enzymes
activated during malting and fermentation.
Malting of barley depends on seed germination,
which initiates the biosynthesis and activation
of a- and B-amylases, carboxypeptidase, and (3-
glucanase that hydrolyze the seed reserves. In
an earlier study, researchers observed that
endoglucanase II and exoglucanase II of
the Trichoderma cellulase system were
responsible for a maximum reduction in the
degree of polymerization and wort viscosity.
Significant and reproducible improvements in
grape pressability, settling rate, and total juice
yield were achieved using a combination of
macerating enzymes. Such improvements were
noticeable only with a correct balance of
pectinases, cellulases, and hemicellulases. Using
three varieties (Soave, Chardonnay, and
Sauvignon) of white grapes,reports show that,
the performance of Cytolase 219 (mixture of
cellulase, pectinase, and xylanase) in wine
making and 10-35% increase in the extraction
of the first wine must, a 70-80% increase in the
must filtration rate, 50-120 minutes decrease in
pressing time, 30-70% decrease in must
viscosity, 20-40% saving of energy during
cooling of fermenter, and a significant
improvement in wine stability. A range of
improved enzymes like cellulase and pectinase
that would be exogenously added to the process
are expected to enhance the productivity of
existing brewing processes in future.

Food processing industry

Cellulases have a wide range of potential
applications in food biotechnology as well. The
production of fruit and vegetable juices requires
improved methods for extraction, clarification,
and stabilization. Cellulases also have an
important application as a part of macerating
enzymes complex (cellulases, xylanases, and
pectinases) used for extraction and clarification
of fruit and vegetable juices to increase the yield
of juices. The use of macerating enzymes
increases both yield and process performance
without additional capital investment. The
macerating enzymes are used to improve cloud
stability and texture and decrease viscosity of
the nectars and purees from tropical fruits such
as mango, peach, papaya, plum, apricot, and
pear. Texture, flavor, and aroma properties of
fruits and vegetables can be improved by
reducing excessive bitterness of citrus fruits by
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infusion of enzymes such as pectinases and (-
glucosidases. Enzyme mixtures containing
pectinases, cellulases, and hemicellulases are
also used for improved extraction of olive oil.
Use of macerating enzymes not only improves
the cloud stability and texture of nectars and
purees, but also decreases their viscosity
rapidly. Thus, the macerating enzymes,
composed of mainly cellulase and pectinase,
play a key role in food biotechnology, and their
demand will likely increase for extraction of
juice from a wide range of fruits and vegetables.
Furthermore, infusion of pectinases and f-
glucosidases has also shown to alter the texture,
flavor, and other sensory properties such as
aroma and volatile characteristics of fruits and
vegetables.

Olive Oil extraction

In recent years, extraction of olive oil has
attracted the interest of international market
because of its numerous health claims.
Extraction of olive oil involves (1) crushing and
grinding of olives in a stone or hammer mill; (2)
passing the minced olive paste through a series
of malaxeurs and horizontal decanters; (3) high-
speed centrifugation to recover the oil. To
produce high-quality olive oil, freshly picked,
clean, and slightly immature fruits have been
used under cold pressing conditions. However,
high yields have been obtained with fully
ripened fruit, when processed at higher than
ambient temperatures, but this resulted in oil
with high acidity, rancidity, and poor aroma.
Hence, an improved method for the extraction of
high-quality olive oil was needed to meet the
growing consumer demand. The commercial
enzyme preparation, Olivex (a pectinase
preparation with cellulase and hemicellulase
from Aspergillusaculeatus), was the first
enzyme mixture used to improve the extraction
of olive oil. Furthermore, the use of macerating
enzymes increased the antioxidants in
extravirgin olive oil and reduced the induction
of rancidity. The main advantages of using
macerating enzymes during olive oil extraction
are (1) increased extraction (up to 2 kg oil per
100 kg olives) under cold processing conditions;
(2) better centrifugal fractionation of the oily
must; (3) oil with high levels of antioxidants and
vitamin E; (4) slow induction of rancidity; (5)
overall improvement in plant efficiency; (6) low
oil content in the waste water. Likewise, the
macerating enzymes could play a prominent
role in the extraction of oils from other
agricultural oilseed crops.

These enzymes can also be used during olive
paste malaxation. The presence of collateral
activities of a cellulase and hemicellulase nature
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of the enzymatic formulation guarantees a rapid
and intense disintegration of the cell walls and
membranes of the olive fruits, thereby favoring
the passage of noble substances (particularly
the polyphenols and aromatic precursors) into
the final product. It is also used to decrease olive
paste viscosity in olive oil production and to
intensify the process of extracting the
polyphenolic substances contained in the olive
fruit. It is necessary to underline that the
selected enzymes are naturally present inside
the olive fruit, but they are strongly deactivated
during the critical pressing step, probably
because of oxidation phenomena. So, the
replacement of these enzymes is expected to be
appropriate in relation with the role they play in
determining the final product quality.

Carotenoid Extraction

Carotenoids are the main group of coloring
substances in nature being responsible for many
plant colors from red to yellow. There is a
continuously growing market for carotenoids as
food colorants due to their desirable properties,
such as their natural origin, null toxicity, and
high versatility, providing both lipo- and
hydrosoluble colorants with colors ranging from
yellow to red. In addition, provitaminA activity,
a role in lipid oxidation, and anticarcinogenic
properties are very important biological
functions of these pigments.

Usually a combination of -cellulolytic and
pectinolytic enzymes accelerates the rate of
hydrolysis for achieving complete liquefaction.
Cellulase randomly splits cellulose chains into
glucose  whereas  commercial  pectinase
preparations from Aspergillusniger have
pectinesterase (PE), polygalacturonase (PG),
and pectin lyase (PL) activity. The use of
pectinase and cellulase enzymes disrupts the
cell wall of orange peel, sweet potato and carrot,
and releases the carotenoids in the chloroplasts
and in cell fluids. These pigments remain in their
natural state still bound with proteins. This
bonded structure prevents pigment oxidation
and also affects color stability, whereas solvent
extraction dissociates the pigments from the
proteins and causes water insolubility and ease
of oxidation.

Pharmaceutical& Medical Sciences

Considerable research in this area is being done
and newer applications are being discovered,
such as the treatment of enzyme defiencies.
Enzymes are also used as anti- tumor or anti -
microbial agents, treatment of blood cloth and
herniated discs. Effect of enzyme cellulaseis as
digestive aid i.e. celulase digests fiber. It helps in
the remedy of digestive problems such as
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‘malabsorption’.Since, humans poorly digest
cellulose fiber, taking a digestive enzyme
product, like Digestin, that contains cellulase
enzymes is not only necessary, but also vital for
healthy cells.

Analytical Applications

Use of cellulases in various aspects of chemical
analysis has been a growing interest. The
principal analytical application of enzymes in
the diagnostics and food analysis.

Protoplast Production

For overcoming interspecific, incompatibility,
protoplast combination method is a proper
procedure for making a new plant with desired
triats. For this purpose, protoplast preparation
is a first and important step. Hence,
experimental results show that protoplast yield
was significantly affected to the maximum
extent by the enzyme cellulase along with
pectinase.

Genetic Engineering

Combining different types of enzymes and
genetically engineering new enzymes that work
together to release both hemicellulosic sugars
and cellulosic sugars. Biotechnological advances,
especially in  genetic  engineering  of
commercially useful enzyme producing strains
are playing an important role in solving some of
the bottlenecks that occur in production and will
be vital in securing cellulosic ethanol as a
competive liquid fuel for the future by using
cellulase.

Pollution Treatment

Environmental pollution is growing more &
more due to the indiscriminate and frequently
deliberate release of hazardous, harmful
substances. Research efforts have been devoted
to develop new, low cost, low technology, eco-
friendly treatments capable of reducing and
even eliminating pollution in the atmosphere,
the hydrosphere and soil environments.Among
biological agents, enzymes have a great
potentiality to effectively transform and detoxify
polluting substances because they have been
recognized to be able to transform pollutants a
detectable rate are potentially suitable to
restore polluted environments. Enzymes are
capable of transforming some classes of
pollutants into innocuous products.

Several substances with high polluting potential
are present in the environment & affect soil,
sediments, water, air, microbial organisms,
plants, animals & humans. The origins and
sources of pollution are different, industrial
activities such as mining and metal processing,
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petrochemical and industrial complexes,
industry effluent, chemical weapons production,
pulp &paper industries, dye industries,
anthropogenic activities such as traffic,
agricultural practices and others. Pollutants may
affect the health of humans, animals and
environments for several causes.

Therefore, a growing interest is being devoted
to the search of effective remediation
technologies for partial or total recovery of
polluted sites. Several methodologies have been
applied for remediation of polluted systems, of
which ‘two’ basic strategies have been utilized:
engineering and biological ones. Bioremediation
appear now as appealing technologies being
based on their enzymatic set.

The use of enzymatic proteins may represent a

good alternative for overcoming most
disadvantages related to the use of
microorganisms. The most representative

enzymatic classes in the remediation of polluted
environments are oxidoreductases, hydrolases
i.e,, Cellulases and amylases.

CONCLUSION

It was estimated that, the world sale of
industrial enzymes have already reached a
market value of 1.6 billion US of which cellulase
and allied enzymes occupy a significant position.
Microbes are an attractive topic of interest for
the production of cellulases and hemicellulases
due to their immense potential for cellulase
production, enzyme complexity and extreme
habitat variability. Microbial cellulases are
preferred for their vast industrial applicability
and relatively lower cost of production. In fact
the craze for these cellulaseenzymes is
increasing day to day worldwide for their use in
waste management, food processing,
pharmaceuticals,pulp&paper and other
industries. More and more research works are
resulting into improved scientific knowledge
along with the success of meeting the growing
demands of the cellulase and related enzymes
for generation of environment friendly textiles,
detergents, bio-pulping and bio-alcohols.
Moreover, it is opening new avenues for
utilization of various agro-wastes and organic
pollutants as a source of renewable
energyinstead of dumping them to cause
environmental degradation. In near future
newer knowledge of excellent cellulolytic and
hemi-cellulolytic systems and adoption of
different  biotechnological strategies  will
certainlybringsgreat prospect in the field of
industrial greenchemistry.
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