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Enzymes are proteins consisting of long chains of amino acids
held together by peptide bonds that act as biological catalysts or
agents permitting a reaction to occur at a faster rate. Industrial
enzymes are those catalysts used on large production-oriented
scales to aid the reactions of mass quantities of chemicals.

Why do We Need to use Enzymes as
Catalyst at Commercial Level when
Chemical Catalysts are Available?
Enzymes have few advantages over chemical catalysts
1. The ability to function un-der relatively mild conditions of

temperature, pH and pressure. This results in the
consumption of less energy and there is usually no
requirement for expensive corro-sion-resistant equipment.

2. Enzymes are specific, often stereoselective, catalysts, which
do not produce un-wanted byproducts. Consequently, there
is less need for extensive refining and purification of the
target product.

3. Compared with chemical processes, enzyme-based processes
are ‘environmentally friendly’ as enzymes are biodegradable
and there are fewer associated waste dis-posal problems.

4. Certain enzymes are not restricted to aqueous environments
and can operate in two-phase water-organic solvent systems
and in non-aqueous or-ganic media, particularly
hydrophobic solvents. Opera-tion under such conditions
can often improve enzyme performance, especially where
substrates have limited water solubility.

Drawbacks
However there are certain drawbacks:
• They cannot function indefinitely
• Have limited stability hence used only once in commercial

applications

Microbial Cells and Spores Aact as Biocatalyst, then
why use Enzymes

• cells ‘waste’ energy and resources in growth and/or
maintenance activities

• side reactions may lead to a reduction in the potential yield
of the target product

• conditions for microbial growth, where required, may be
different from those necessary for optimum product
formation

• difficulties may be encountered in the isolation and
purification of the product from the cells or spent fer-
mentation medium.

Classification of Enzyme
Enzyme classification is based on a system originally established
by the Commission on Enzymes of the Inter-national Union
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of Biochemistry (1979). There are six main classes, grouped
according to the type of reaction catalysed:
1. Oxidoreductases (class 1) catalyse oxidationlreduc-tion

reactions, the transfer of H atoms, 0 atoms or electrons;
2. Transferases (class 2) catalyse transfer of  a group from one

molecule to another;
3. Hydrolases (class 3) catalyse hydrolysis, the cleavage of

bonds by addition of a water molecule;
4. Iyases (class 4) catalyse splitting bonds, other than via

hydrolysis or oxidation;
5. Isomerases (class 5) catalyse structural rearrange-ments of

molecules; and
6. Ligases or synthetases (class 6) catalyse the formation of

new bonds, e.g. C-N, C-O, C-C and C-S, with breakdown of
ATP.

Uses of Enzymes in Industry

The Main Areas of use of Enzymes in Industry is for
• The production of bulk products, such as glucose, or

fructose
• Food processing and food analysis
• Laundry and automatic dishwashing detergents
• The textile, pulp and paper and animal feed industries
• Catalysts in synthesis of fine chemicals
• Clinical diagnosis and therapy
• Genetic engineering

Sources and Applications of Industrial Enzymes
A few animal and plant en-zymes are used, but most commer-
cial enzymes are now obtained from microbial sources. Many of
these are ex-tracellular enzymes, with the majority being derived
from various species of Bacillus, Their proteases and amylases
are the most widely used, and there is a par-ticular demand for
the thermostable enzymes that are available from several
members of this genus. The great-est proportion of all
commercial enzymes, some 34%, are ‘used as detergent
enzymes, 14% for dairy-related uses, with 12% for starch
processing and 11% for textile applications. The remaining 29%
are divided among a vast array of  applications (Table .1).
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Enzymes Source or Type Applications 
A. Carbohydrases   Laundry and dishwashing 

detergents, industrial pipe/tank 
cleaners, textiles, pulp and paper, 
fermentation ethanol 

Alpha-amylase Bacterial a-amylase (e.g., Bacillus 
subtilis), Fungal a-amylase (e.g., 
Aspergillus niger), Alkaline a-
amylase 

Textiles, starch syrups, laundry 
and dishwashing detergents, 
paper desizing, fermentation 
ethanol, animal feed 

ß-amylase From a strain of Bacillus Brewing, maltose syrup 
Cellulase   Dishwashing detergents, animal 

feed, textiles, bioenergy 
production 

ß-Glucanase exo-ß-1,4-glucanase, endo-ß-1,4-
glucanase 

Brewing industry 

ß-Glucosidase   Transforms isoflavone 
phytoestrogens in soymilk 

Dextranase Made by various microorganisms 
(e.g., Leuconostoc mesenteriodes) 

Hydrolyzes the polysaccharidse 
dextran 

Dextrinase (almost identical 
to a-glucosidase) 

  Cleaves dextrin into two 
molecules of glucose 

a-Galactosidase (melibiase)   Could increase yield of sucrose; 
potential use in the beet sugar 
industry 

Glucoamylase Aspergillus niger, Rhizopus, 
Endomyces 

Manufacture of dextrose syrup 
and high-fructose syrup 

Hemmicellulase/Pentosanas
e/Xylanase 

Thermomyces lanuginosus, 
Penicillium simplicissimum 

Baking, fruit juice manufacture, 
wood pulp processing 

Invertase   Manufacture of invert syrup 
from cane or beet sugar (use is 
minor) 

Lactase Kluyveromyces lactis, Aspergillus 
oryzae, Bacillus 

Eliminates lactose from dairy 
foods 

Naringinase   Debitter citrus peel 
Pectinase   Fruit processing 
Pullulanase Klebsiella aerogenes, Bacillus 

acidipullulyticus, Bacillus subtilis 
Antistaling agent in baked goods 

B. Proteases   Brewing, baking goods, protein 
processing, distilled spirits, 
laundry and dishwashing 
detergents, lens cleaners, leather 
and fur, chemicals 

Acid proteinase Endothia parasitica, Rhizopus, 
Aspergillus niger, A. oryzae 

Baking, improves dough 
handling 

 

Table 4.1: Industrial Enzymes and their Applications

Alkaline protease Bacillus subtilis, Bacillus 
licheniformis 

Detergents, leather and fur 

Bromelain Pineapple stem Food industry 
Pepsin Porcine or bovine stomach Cheese production 
Peptidases    
Aminopeptidase Lactococcus lactis Food and animal feed 
Endo-peptidase     
Subtilisin Bacillus subtilis var. Carlsberg, 

Bacillus lichenformis 
Chiral resolution of chemical 
compounds or pharmaceuticals 

C. Lipases and Esterases Phospholidases, pregastric 
esterases, phosphatases 

Cleaners, leather and fur, dairy, 
chemicals 

Aminoacylase Porcine kidney, Aspergillus 
melleus 

Optical resolution of amino acids 

Glutaminase Bacillus, Aspergillus Conversion of glutamine to 
glutamate 

Lysozyme Chicken egg white, 
Saccharomyces cerevisiae, Pichia 
pastoris 

Antibacterial (germicidal in dairy 
industry) 

Penicillin acylase Bacillus megaterium, Escherichia 
coli 

Chemical synthesis 

Isomerase   Converts glucose syrup to high-
fructose syrup in food industry 

D. Oxireductases   Chemicals, detergent bleaches, 
pulp bleaching 

Alcohol dehydrogenase Saccharomyces cerevisiae, 
Thermoanarobium brockii 

Chiral synthesis of chemicals 

Amino acid oxidase Porcine kidney, snake venom Chiral resolution of racemic 
amino acid mixtures 

Catalase Aspergillus niger Desugaring of eggs 
Chloroperoxidase Algae, bacteria, fungi, mammalian 

tissues 
Steroid synthesis 

Peroxidase Horseradish Laundry and wood pulp bleaches 
E. Lyases    
Acetolactate decarboxylase   Brewing industry 
Aspartic ß-decarboxylase   Manufacture of L-alanine from 

L-aspartic acid 
Histidase Achromobacter liquidum Cosmetics 
F. Transferases    
Cyclodextrin 
glycosyltransferase 

  Manufacture of cyclodextrins 
from starch 

 

Industry and Speciality Enzymes
The global market for industrial and specialty enzymes is
estimated at $3.6 billion in revenue for 2000. Fewer than 30
enzymes account for more than 90% of the industrial enzymes
currently in use.
• In the biotechnology research market, demand for DNA

polymerases, restriction endonucleases and other workhorse
enzymes will remain steady.

• In the industrial segment, lipases and cellulases are
anticipated to post the best gains. Lipases will benefit from
their versatility and continued penetration into the detergent
and cosmetics markets. Lipases and cellulases, like most
specialty and industrial enzymes, will increasingly be
produced via recombinant DNA technology.

• Corn wet milling enzymes modify the starch found in corn
to produce higher value end products, such as high fructose
corn syrup and ethanol. New enzymes are being developed
to significantly reduce the costs and energy requirements by
eliminating the need for process adjustments and by
eliminating waste.

• Thermostable enzyme breakers have been developed that
improve viscosity control and are designed for use in deep
and high temperature wells. These enzyme breakers allow
for improved extraction of oil and gas from existing wells,
resulting in greater production and increased revenue per
well.

• Enzymes are being developed to aid in pre-bleaching pulp,
thereby reducing the use of dangerous oxidizer chemicals
such as chlorine and sulfite. These improvements could
reduce the cost of pulp processing by both reducing the
amount of oxidizer chemicals required and reducing the
expense associated with treating the harsh chemical waste.

• Enzymes are being developed to create custom products,
such as margarines, cooking oils and lubricants, through the
modification of fats and oils. These enzymes will be
directed to improving product qualities, such as reducing
the saturated fatty acids in margarine and cooking oils and
improving the heat stability of lubricants.

Enzyme as Research Reagents and
Diagnostics
Nucleic acid modifying enzymes have applications in both the
research and diagnostics markets. Research applications include
the enzymes utilized in molecular techniques such as amplifica-
tion of DNA for probe production, DNA genetic insertions,
gene amplification, cloning, and sequencing. Diagnostic
applications include both qualitative probe testing and quantita-
tive analyses such as viral load assays for HIV and Hepatitis B/
C.

Current Status of Industrial use of Enzyme
According to a study from Business Communications Co. Inc.,
the total U.S. consumption of  enzymes was estimated at $514.1
million in 2000. Growing at an average annual rate (AAGR) of
4.1% during the 5-year forecast period, this market is expected
to reach $629.3 million by 2005. Food and animal feed applica-
tions dominated the market, accounting for just under half of
the total value in 2000. Carbohydrases and proteases were the
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principal enzyme types serving those applications. Cleaning
compounds, accounting for 22% of the total, were the second
in rank application wise.
The food and animal feed applications segment will increase
from $705.0 million in 1997 to $833.1 million in 2002, an
AAGR of 3.5%. Leading applications are the manufacture of
starch-derived syrups, alcoholic beverages, dairy products and
animal feed. Lesser applications are baked goods, fruit and
vegetable processing, protein processing and vegetable oil
extraction. While the food market for enzymes is relatively
mature, BCC points out that opportunities exist for new and
improved enzymes in niche uses. Moreover, the animal feed
sector has considerable room for growth.
Detergents are the next most significant market outlet for
industrial enzymes. Enzymes for laundry detergents dominate
this sector, followed by enzymes for dishwashing detergents.
BCC projects that this segment will rise from $475.2 million in
1998 to $600.9 million in 2002.
Textile enzymes are the third most significant segment of this
market. The major enzymes in this category are enzymes for
processing cotton and cellulosic textiles, followed by enzymes
for processing leather and fur. Enzymes for silk and wool are
minor. This segment is projected to increase at an AAGR of
2.0% into 2002.
US demand for enzymes, including industrial and specialty, will
grow seven percent per annum through 2006, driven by
accelerating growth in the biocatalyst sector and continued
strength in the pharmaceutical market.
Stunning progress in the engineering of enzymes using
advanced techniques of biotechnology continues to open new
markets, with enzymes being increasingly tailored for specific
applications.

Review Questions
1. Write an illustrated account of the use of enzymes in the

laundry and clothing industries.
2. Describe the use of enzymes in the starch industry
3. Write an illustrated account of  the use of  enzymes in Either

the leather and clothing industries or the dairy industry.

Notes


