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ABSTRACT 
Enzymes have a wide range of applications that can improve human live with dramatic effect on the 

global economy and society. With the development of biotechnology, micro organisms are used to 

produce many commercially useful products such as antibiotics, enzymes, food additives, chemicals 

etc. The enzymes produced by these techniques perform action in many industrial processes that no 

one has imagined in today’s pharmaceutical, agricultural, paper, baking, detergents & textile industry 

among others. The use of Enzymes in textile industry is one of the most important points of interest 

being discussed today. Enzymes such as Amylase, pectinase, peroxidase, cellulose, Catalase and  

Laccase have been used in textile industry in different unit of  operations for successful preparatory 

processes such as Desizing, Scouring, Bleaching, Dyeing, Finishing, Denim finishing and Bio 

polishing, the results turned out to be successful. Therefore enzymes serve as a substitute that replace 

the conventional chemical method, their introduction as a catalyst functioning under mild temperature 

& pH makes their  action more interesting because significant amount Energy, water & time has been 

saved, their work also led to high quality product, low health risk to workers and environmental 

pollution. This work aim to review the use of enzymes in textile industry 
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INTRODUCTION 
The use of Enzymes in textile industry is one of the most important points of interest being discussed 

today. Enzymes are biological catalyst that accelerates chemical reactions without them being 

changed. The presence of enzyme in a reaction makes the reaction proceed very fast compared to the 

reaction were enzymes are absent.  Depending on the reaction the enzyme catalysed, enzymes are 

divided into six classes namely; oxidoreductases, transferees, isomerases, lyses, hydrolyses and 

ligases, Bonner and Trevor (2007). Enzymes are extracted on a large scale mainly from microbial 

sources which are mostly the source of their diversity. Most industrial processes depend on enzymes 

produced by microorganisms Ole et al. (2002). 

In today’s global carbon cycle enzymes plays a major important role (Marcia et al., 2010). As a result 

of the evolution of modern biotechnology, Recombinant gene technology has led to the rapid 

development in manufacturing processes and commercialization of enzymes. The enzymes are used in 

many industrial and biotechnological processes which include Textile industry among others, this 

achievement was seen in enzyme industry (Ole et al., 2002) 

Enzymes have many characteristics which allow them to function in different ways; their high ability 

to carry different function makes them suitable for ranges of application in Textiles industry. Enzymes 

can perform action at certain pH, temperature and pressure, in industry their specific action provide us 

with high products and small number of undesired by products, during their industrial processes they  

have the ability of saving a lot of energy, investing of equipment that is resistance to heat, corrosion or 

pressure, they work on renewable raw materials and the products they produced are non toxic and the 

unwanted by product will be biodegraded, as a result of their action they make waste water to be 

managed easily and economically. Enzymes are more efficient and effective and can now replace 

those chemicals being used before to carry some reactions in industrial processes. They are safe to use 
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by removing chemical treatment at production processes and are easy to control, as a cause they 

produce good material of high quality (Marcia et al., 2010; Ole et al., 2002). 

Majority of the enzymes used in textile industry are hydrolytic enzymes, these enzymes function by 

degrading natural substances. Enzymes such as amylases & cellulases are found as the most important 

in the manufacturing process (Ole et al., 2002). Lignolytic enzymes of the basidiomycetes fungi; 

Laccases and peroxidase are also of major use in the textile industry, primarily they function in the 

production of extracellular hydrogen peroxide (Yaropolov et al., 1994; Marcia et al., 2010). Lignin 

peroxidase are found to be of high value, it has the ability to decolorize wide range of synthetic dyes. 

Manganese peroxidases are found to degrade dyes as well decolorizes different range of synthetic dyes 

(Marcia et al., 2010). Laccases are members of multicopper oxidase family (Call and Mucke 1997; 

Alcalde, 2007). These enzymes catalysed the oxidation of different substrate which led to the 

reduction of oxygen to water (Ruize and Martinez, 2009). Laccase is found in the market for 

commercial textile uses because of their properties of being specific and biodegradable. In commercial 

textile application laccase function in bleaching of cotton, they function by adding whiteness to the 

cotton the process save a lot of chemicals, water and energy consumption. Laccase also play great role 

in cleansing of cloth by removal of odour on fabrics Adinarayana et al., (2008). Laccase mediator 

system finds important application in enzyme modification of dye bleaching in the textile industry. 

Laccase mediator system are also found in function by making wool to  more resist shrinking, 

therefore serve as anti- shrink treatment of wool (Elias et al., 2000; Ole et al., 2002; Marcia et al., 

2010). Presence of Laccase bring about great improvement and solution in the processes which seems 

hard and expensive (Hou et al., 2004; Rodriguez and Toca, 2006).  

In the process of Enzyme remediation Laccases play a major role by reducing water consumption and 

the toxic liquid waste, in the process of treating dye waste water they have the ability to degrade dyes 

of several chemical structure, which substitute the use of traditional method in textile production 

processes that produce high toxic substance, and high percentage of the reactive dyes will be passed to 

river without being treated efficiently. In some cases some of the dyes being used are non-degradable 

and some of the degrading product brings more toxicity causing more harm. There are also processes 

where by some dyes cannot be removed  by physical or chemical processes but the development of 

new technology of reusing treated dye helps by reducing water consumption Elias et al. (2000). 
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Textile Production Processes and the Application of enzyme 

Below are the steps and Enzymes used in Textile manufacturing processes.  

 

 

  

From the diagram Enzymes has been acting in major steps of the manufacturing processes, their roles 

and participation has benefitted the current opinion of biotechnology (Ole et al., 2002) 

 

Desizing 

In the industrial process of resizing a material a hydrolytic enzyme amylase is used to remove the  

sized (substance that coat and strengthens the fabric)  used for sizing the fabric  which will have 

impact on the uniformity of wet processing (Rodriguez and Toca, 2006). These enzymes catalyse the 

breakdown of starch to sugars, dextrin and maltose. These enzymes helped by removing strengthening 

adhesive material that is coated to the fibre to make it regain size so that weaving process would be 

carried out without  causing harm to the material. The adhesive material used for desizing is made up 

of starch or starch material. Most of the textile industries widely use starch for desizing which can be 

gotten from maize rice or potatoes.  In the traditional method  different types of substances such as 

acid, alkali or oxidizing agents  are used  to remove the size from fabric before its proceed to 

bleaching and dyeing,  but the methods used causes damage  effect to the material in the process of 

removal, and the methods are not easy to control. The enzyme Amylase has an advantage of desizing 

the material causing no harm to the material because they are specific for starch,   the desizing 

processes take place at low temperature between 30
0
c – 60

0
c and pH between  5.5 – 6.5. (Rodriguez 

and Toca, 2006) 

 

Scouring or Bioscouring: Enzymes perform a significant function in the scouring process, the 

process involves the removal of any contaminants or impurities such as fats, wax, dirt  and many 

others  from cotton fibre, after which the cotton will regain cellulose structure with low weight and 

strength loss. In the process the fabric can be bleached and dyed without any harmful effect. However, 
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alkaline chemicals; caustic soda and sodium hydro oxide are used for the scouring process, the 

chemicals remove the non cellulosic contaminants but brings harmful effect to the fabric weight 

(weight loss), as well as negative effect to the environment. (Rodriguez and Toca, 2006; Ole et al., 

2002).  

Pectinase is the enzyme used in this scouring processes, it assist by breaking down the pectin in the 

Cotton and removing the non cellulosic impurities and contaminants without causing harm to the 

material and the environment. In this process the workers are at low health risk, free from destructive 

chemicals. Scouring processes take place at optimum temperature between 50-65
0
c and pH between 

7.5-9.0 (Ole et al., 2002). 

 

Bleaching or Souring (Bleach removal) 

In this method cellulose fibers are bleached using hydrogen peroxide at optimum temperature of 80-

100
0
c and pH 5-11, (p5). When the process is complete some hydrogen peroxide will remain in the 

bath which needs to be cleaned up before dying process take place and the fabric need to be rinse 

thoroughly to remove the remains of hydrogen peroxide from the bleach fabric. Inability to remove the 

residues causes a reaction between bleach and dye which result in poor dyeing, patchy and change of 

colour on the fabric. In the traditional method a mild reducing substance will be used to neutralize the 

bleach, therefore the process require a lot of chemicals, energy and high volumes of water will be used 

for rinsing processes which will give high amount of waste water. (Rodriguez and Toca, 2006; Ole et 

al., 2002). 

“The Huntsman Company has adopted a method that developed a wetter/stabilizer that maximizes the 

wetting and detergency of the bleaching processes and a one bath caustic neutralizer and peroxide 

remover in other to shorten the bleaching cycle reduce energy and water required as well delivers 

more consistent results”(Ole et al., 2002). Enzymes are another alternative for this process of bleach 

cleaned up; they carry out a reaction which minimizes the amount of water used and energy 

consumption. Catalase will be used in small amount to break hydrogen peroxide into water and 

oxygen (Rodriguez and Toca, 2006; Ole et al., 2002). 

 

Catalase reaction 

2H2O2---- O2 + 2H2O (5) 

The use of enzyme breaks the bleaching agent. Terminox ultra - commercial name of the novo 

enzymes ensures that the excess hydrogen peroxide is removed, the process exceed the rinsing step as 

a result minimum amount of water and energy will be consume. (Elias et al., 2000) 

Combined Scouring and Bleaching 

This process uses two types of enzymes namely Amyloglucosidase and Glucose oxidase as single bath 

two step processes. (Elias et al., 2000; Marcia et al., 2010) 

Steps 1 – Scouring using Amyloglucosidase 

Amyloglucosidase is one of the hydrolytic enzymes that hydrolyse starch, the enzyme is also known as 

glucoamylase. Glucoamylases are sentive to temperature which makes them inactive if rised above 

60
0
c, the pH at which they function is between 4 - 4.5, the enzymes hydrolyses hydrogen bonds and 

removes glucose residues from the starch polymer. The glucoamylases that were used for commercial 

purposes are gotten from Aspergillus nige strain. (p5) 

Step 2- Bleaching using Glucose Oxidase 

In this process the enzyme Glucose Oxidase will be added to the Amyloglucosidase scoured bath. 

Below is the reaction catalysed by the enzyme glucooxidase (Marcia et al., 2010). 

 

                                         Glucose oxidase 

 β – D –Glucose + O2 ---------------------------- > D – Gluconic Acid + H2O2   

                                                 (GOD) 

From the reaction Glucose is catalysed by the enzyme Glucose oxidase in the presence of oxygen to 

produce gluconic acid and hydrogen peroxide. To get the required quantity of hydrogen preroxide in 
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the bath for the bleaching processes there is need to add more glucooxidase to the scouring bath and 

more glucose will be obtained. In the process” D – Gluconic acid serve as the sequestering agent.” 

(p5). 

According to (Hoegger et al., 2006) Life cycle assessment was carried out in 2010; the assessment was 

carried out to compare the primaGreen enzymatic bleaching to traditional textile bleaching methods. 

As shown  from the report that if enzymatic system could be adopted there would be potential saving 

in fresh water consumption which could be up to 10 trillion litres of water annually, and greenhouse 

gas reduction could range from 10 – 30 million metric tons (Hoegger et al., 2006; Kalmis et al., 2008). 

 

Biofinishing or biopolishing 
This is another important process used in textile industry, in the process the enzyme act by removing 

unwanted substances such as pills, frizzy hairs among others from the surface of the fabric material. 

The enzymatic removal makes the fabric feel soft, provide an attractive shiny look and the surface of 

the fabric will be clean and neat. (Kalmis et al., 2008) 

 

Denim finishing 

In Denim finishing the enzyme Cellulose act in a process called Bio- Stonewashing. In the non-

enzymatic stonewashing method pumice stones were used to fade denim, in the process the work of 

pumice stone on the fabric faded the blue denim causing damage. But in the enzymatic method little 

amount of Catalase will be used instead of high quality of pumice stone, the enzyme acts by loosening 

the dye on the denim causing no harm to the garment (Kalmis et al., 2008). “European scientist 

announced a new environmentally friendly way to produce textile dyes using enzyme extracted from 

fungi”(Kiro, 2011). Enzymes will be extracted from fungi and then mix with minute sized silica 

particles this will stabilize the enzyme and remove proteins from the final dye product, the new made 

colorant stick to the fibre. The advantage of the new eco dye is that it can be use to dye cloth such as 

underwears, the process minimize the use of chemicals causes contamination to water and make the 

environment not conducible. (Kalmis et al., 2008; Kiro, 2011).   

Textile manufacturing process becomes more environmentally friendly and conducive, as a result of 

the properties of enzyme below; (Hoegger et al., 2006; Kalmis et al., 2008; Kiro, 2011). 

 Enzymes are biodegradable i .e thy can be degraded fully by biological method. 

 They are more consistent and compatible for dyes. 

 They function under mild conditions which result in low energy costs when compared to the 

chemicals used in the traditional processes. 

 They contribute by providing a friendly environment and safe working condition, by removing the 

use of chemical in the production process. 

 They are can be control easily; as a result good quality product will be obtained. 

 They save energy, water, and serve as a substitute for toxic chemicals. 

 

CONCLUSION 
Enzymes are found to be used in several textile manufacturing processes, and this has been achieved 

as a result of tremendous development found in Biotechnology and Recombinant DNA technology. 

These have improved the manufacturing processes as well provided important tools for the 

development of new enzymes. Enzymes of high quality and value have been produced; they perform 

action in many industrial processes that no one has imagined. Enzymes; Amylase, pectinase, 

peroxidase, cellulose, Catalase and Laccase have been used in textile industry in different unit of  

operations for successful preparatory processes such as Desizing, Scouring, Bleaching, Dyeing, 

Finishing, Denim finishing & Bio polishing, the results turned out to be successful. Therefore enzymes 

serve as a substitute that replace the conventional chemical method, their introduction as a catalyst 

functioning under mild temperature & pH makes their  action more interesting because significant 

amount Energy, water & time has been saved, their work also led to high quality product, low health 

risk to workers and environmental pollution. In textile industries the work of scientist and 

development of modern biotechnology is really progressing as new ways and methods are always 

introduced, efforts are still on ground to achieve cheap overproduction of active and less expensive 
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enzymes. But to achieve these many efforts, people needs to be more aware of the opportunities of 

modern biotechnology, and there is need for participation in research to come with new applications in 

the near future.  Also there is need for new and efficient way of commercialization of enzymes that 

could not be produced.  Regarding the environment there is need for  further investigation to be carried 

out to know the nature of the degrading products and other several polluting mediators and derive an  

alternative methods that will be used to protect the environment by the reduction of carbon emission, 

energy and water saving.  

“In a world with a rapidly increasing population and approaching exhaustion of many natural 

resources, enzyme technology offers a great potential for many industries to help meet the challenges 

they will face in years to come”.  
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