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Dramatic climate changes impose the implementation of new non-polluting technologies to ensure a sustainable 

development. The textile industry is very polluting, with high energy and water footprints, as well as discharges of 

toxic emissions and high waste water amounts. Thus, new, less polluting processes have to be brought in to decrease 

the environmental impact of this industry. Cellulosic fibers play an important role among the raw materials of textile 

industry. Classical treatments of natural cellulosic fibers use many chemical reagents and a large quantity of water. The 

progress registered lately in enzymes’ production – regarding their preparation reproducibility and their stability as well 

– offer a good alternative to chemical reagents. The paper discusses the latest achievements in the application of 

enzymes for natural cellulosic fibers processing. The state of the art and recommendations for the future are presented.  
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INTRODUCTION 

The alarming facts in connection with climate 

changes have led to a responsible attitude toward 

pollution. The textile industry is generating a high 

degree of pollution. All along the production, 

starting with the preparation of natural or 

synthetic fibers to their finishing processes, a 

variety of pollutants are generated. The 

production of cellulosic materials leads to 

environmental issues, such as air and water 

pollution, high energy and water consumption, 

land degradation, soil contamination, noise 

pollution, etc.1-4 

There are a number of solutions to introduce 

cleaner production practices,
5,6

 among which, the 

use of enzymes instead of harsh chemicals during 

the processing of fibers and/or materials is 

becoming increasingly prominent.
7,8

 According to 

literature data, the textile sector is one of those 

using enzymes for processing raw materials (8%), 

after drugs (41%), food (17%), paper and leather 

(17%) and detergents (17%) producers.9 

Progress in studying enzymes (synthesis, 

analysis, etc.), as well as in protein engineering by 

genetic modifications of bacterial or fungal 

strains, enlarged the enzyme application area.10 

Another asset was the discovery of 

extremoenzymes that are usually active under 

harsh conditions and can also be adjusted to other 

needed conditions by genetic engineering.
11,12

 

 

ENZYMES FOR PROCESSING 

CELLULOSIC TEXTILES  

The enzymes used in the cellulosic textile 

processing belong to the following classes: 

oxidoreductases (class I), hydrolases (class III) 

and lyases (class IV).13,14  

 

Oxidoreductases 

As oxidoreductases, laccases, glucose-oxidase 

and catalase are often employed.  

Laccases (EC 1.10.3.2) belong to metallo-

enzymes having four copper atoms in the reaction 

center. The enzyme oxidizes different substrates 

using oxygen as oxidation agent, which is turned 

into water by the hydrogen of the substrate (see 

Fig. 1), the copper atoms being the electron 

transporters.
15,16

 Unlike other enzymes, laccases 

are non-specific enzymes, interacting with a 

variety of substrates. 

Glucose-oxidase (EC 1.1.3.4) is specific for β-

glucose, which is oxidized with oxygen to 

glucono-δ-lactone, the secondary product being 

hydrogen peroxide. The active site contains a 

coenzyme, Flavinadenine dinucleotide (FAD), 

transformed into FADH2 by the reaction with the 

substrate. FADH2 transfers hydrogen to oxygen, 

providing hydrogen peroxide (see Fig. 2).17 

Catalase (EC 1.11.1.6) is also a metallo-

enzyme with an iron atom coordinated to a 
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porphyrin ring.
18

 Iron reacts with the oxygen of 

hydrogen peroxide, transforming it finally into 

water and oxygen. The intermediate of the 

process is an oxoferryl porphyrin radical-cation.
19

 

The steps of the transformation are shown in 

Figure 3. 

 

Substrate  + 1/2 O2
Substrate ox+ H2O

Laccase

 
Figure 1: Reaction catalyzed by Laccase 

 

Glucose + FAD Gluconolactone + FADH2

O2 + FADH2 H2O2 + FAD
 

Figure 2: Reaction catalyzed by Glucose oxidase 

 

Enz-(Porphyrin-Fe3+) + H2O + O2 Enz-(Porphyrin.+-Fe4+=O) + H2O2

Enz-(Porphyrin.+-Fe4+=O) + H2OEnz-(Porphyrin-Fe3+) + H2O2

 
Figure 3: Decomposition of H2O2 catalyzed by Catalase 

 

Hydrolases and lyases 

The processing of cellulosic textile materials 

uses a number of hydrolases: amylases, cellulases, 

hemicellulases, pectinases, proteases, lipases etc. 

Amylases are enzymes hydrolyzing starch and 

other related carbohydrates. Starch is formed by 

amylose, a linear 1-4 poly-α-glucose, and 

amylopectin, having beside 1-4 links, 1-6 

branching links.
20

  

Amylases are classified as α- (EC 3.2.1.1), β- 

(EC 3.2.1.2) and γ- (EC 3.2.1.3) amylases, 

according to their source and role in starch 

fragmentation.
21

 α-Amylases break the starch 

[1,4] bonds randomly, producing different 

oligocarbohydrates. β-Amylases break the [1,4] 

bonds from the reducing end of the chain, 

producing maltose, while γ-amylases 

(amiloglicosidases) hydrolyze both [1,4] and [1,6] 

bonds. Pullanases are known as enzymes specific 

for hydrolyzing [1,6] bonds.22 The mechanism for 

α-amylase transformation is presented in Figure 

4.
23,24

 The hydrolysis process is an acid-base 

catalysis, the dicarboxylic aspartic (Asp) and 

glutamic (Glu) aminoacids from the protein chain 

of the enzyme being involved as a push-pull 

driver during the fragmentation steps (see Fig. 4). 

 

Glu-C=O

CH2OH
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Asp-C=O

O
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Figure 4: Acid-base catalysis in starch hydrolysis 

 

Cellulases are enzymes specific for cellulose 

fragmentation. Cellulose is a poly-β-glucose 

having [1-4] links. It is a solid, with crystalline 

and amorphous regions. The strength of cellulosic 

fibers is due to their parallel arrangement, with 

both intra- and inter-molecular hydrogen bonds.25 

An important source of cellulases for industrial 

applications are fungi.
26

 There are different types 

of cellulases based on their way of action.27,28 

Endocellulases (glucanohydrolases) (EC 3.2.1.4) 

hydrolyze randomly the amorphous region of 

cellulose chain, producing oligocarbohydrates. 

Exocellulases (cellobiohydrolases) (EC 3.2.1.91) 

attack the chain ends, producing glucose and 

cellobiose (see Fig. 5). Finally, β-glucosidases 

(EC 3.2.1.21) hydrolyze the obtained cellobiose, 

producing two molecules of glucose.  

The catalytic mechanism of cellulases involves 

the acid-base action of two dicarboxylic 

aminoacids in tandem, similarly to amylases. The 

transformation may be performed with inversion 

or retention of the substrate configuration at the 
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anomeric carbon atom attacked by the 

enzyme.29,30 

Hemicellulases hydrolyze the hemicelluloses, 

polycarbohydrates formed by a variety of 

monomers, such as: manose, galactose, xylose, 

arabinose, glucose, etc., having complex branched 

structures.
31

 Hemicelluloses are usually placed 

between lignin and cellulose or between cellulose 

microfibrils.
32

 Depending on the specific 

substrate, there are different hemicellulases. Some 

examples are: endo-1,4-β-D-xylanases (EC 

3.2.1.8), exo-1,4-β-D-xylosidases (EC 3.2.1.37), 

α-L-arabinofuranosidases (EC 3.2.1.55), α-D-

glucuronidases (EC 3.2.1.139), α- (EC 3.2.1.22) 

and β- (EC 3.2.1.23) galactosidases etc.
33,34

 These 

enzymes act similarly to amylases (see Fig. 4) by 

the ion pair catalytic mechanism.34  

 

HO CHO

Exocellulase   Endocellulase   Exocellulase 

oligomers + cellobiose + glucose  
Figure 5: Action of cellulases on cellulose chain 

 

Pectinases are enzymes hydrolyzing the pectin, 

another polycarbohydrate present in plants. Pectin 

contains as monomers mainly α-D-galacturonic 

acid and its methyl ester, but also small quantities 

of cross-linked L-rhamnose, L-arabinose and D-

xylose.35,36 According to their mode of action, 

pectinases may be endo- and exo-

polygalacturonases (PG), pectinmethylhydrolases 

(PE), as well as pectinlyases (PL).37,38
 PGs 

hydrolyze the pectin chain at the link next to the 

free carboxylic groups, endo-enzymes randomly 

and exo at the non-reducing end of the pectin 

chain, forming monomers or dimers.
37

 PE 

hydrolyze the methyl groups, leading to free 

carboxylic groups. Beside hydrolytic enzymes 

from group 3 (PG and PE), the pectin chain may 

be split by pectinlyases (PL) enzymes from group 

4 (lyases). The PLs act by an elimination reaction, 

generating a smaller saturated pectin chain, 

together with an unsaturated oligomer. PLs also 

break the chain next to a free carboxylic group, 

either randomly inside the pectin chain (endo) or 

at the reducing end (exo).
39,40 

For processing cellulosic materials, small 

quantities of other hydrolytic enzymes, also found 

in detergents, may be added, such as lipases, 

proteases. 

The enzymes may replace chemicals in textile 

material processing due to the following 

advantages: 

• Specificity; 

• Biodegradability; 

• Mild conditions of the reaction, saving 

energy; 

• Reduced water footprint of the process, 

not needing supplementary washings. 

However, the implementation of enzymatic 

treatment in processing natural cellulosic fibers 

depends on a number of factors, such as: 

• The enzyme cost; 

• Needs to increase enzyme activity for 

reducing enzyme consumption; 

• Needs to increase enzyme stability to 

work under reaction conditions. 

A number of recently published papers are 

dedicated to this subject. The cost of an enzymatic 

treatment is the first reason why such a process 

has not been largely embraced by the textile 

industry yet.
41

 The progress registered in the study 

of enzymes has led to solutions for this problem. 

Research has been performed for finding new, 

low cost enzymes, with higher thermal stability 

and increased activity. Thus, bacteria and fungi, 

some of the less expensive sources for enzymes, 

have been studied for their enzymatic activity. So, 

a number of new amylases, pectinases, 

hemicelulases, cellulases, laccases, etc. have been 

evidenced and their activity on textile fibers or 

materials was studied. A number of examples are 

presented below. 

Sharma and Satyanarayana isolated and 

characterized a new thermostable exo-

polygalacturonase, produced by Bacillus pumilus, 

which was successfully applied for degumming 

ramie.42  

A detailed report of laccases production was 

presented by Chauhan and coworkers,
43

 who 

remarked the fact that, by using different wastes 



MICHAELA DINA STANESCU 
 

 4 

as sources of carbon and nitrogen in enzyme 

synthesis, the cost was substantially reduced. 

A new amylase produced by Trichoderma 

pseudokoningii and developed on residual orange 

peel was isolated and characterized.44 Using 

starch effluent from the textile industry, amylases 

with increased activity were produced in higher 

yields and used for cotton desizing.45,46 Also, 

earthworms are a good source for obtaining 

enzymes, a quite thermo-stable amylase being 

isolated and characterized.47 A more reactive α-

amylase was obtained with a good yield, from the 

fungus Aspergillus oryzae, by plasma treatment.
48

 

A recent review presents the preparation of 

amylases using thermophlic bacteria, highlighting 

the advantages of protein engineering, as well as 

of enzyme immobilization.49  

For producing microbial pectinases, 

agricultural and food waste are very good 

substrates.50 The extract from tobacco leaves is 

rich in pectinases. These enzymes are low-cost 

and more stable than the commercial products.
51

  

Studies for increasing the yield of cellulase 

production by Bacillus licheniformis TLW-3 

strain have been performed, giving promising 

results.52 An increase in cellulase production and 

activity by optimizing fermentation methods and 

using textile waste as carbon source was reported 

by Hu and coworkers.
53

  

A cost reduction and activity increase may be 

obtained by the co-expression of multiple 

enzymes, as described by Chen and coworkers, by 

using a strain of Escherichia coli.54
  

Genetically modified enzymes are also 

efficient. New enzymes may be obtained by 

genetic engineering, having higher thermal 

stability and activity and, if possible, a low cost. 

The development of enzymes for industrial use 

requires expertise as well as the application of 

appropriate technologies.
55,56

 Thus, new, 

recombinant bacterial glycohydrolases were 

successfully employed for degumming ramie.57,58 

Two truncated amylases were generated from 

Bacillus subtilis MTCC 121, having higher 

activity and thermostability, and they were 

efficient for cotton desizing.
59 

Different approaches for producing laccase at a 

larger scale by genetic engineering have been 

described in a review paper.
60

  

Another way to stabilize enzymes and to 

reduce the cost by making possible their reuse is 

the immobilization. The progress in 

immobilization techniques made this alternative 

interesting for improving enzymatic 

treatments.
37,61

 The immobilization process may 

be performed by adsorption, entrapment, 

encapsulation, cross-linking and covalent 

bonding.
62

 One of the main advantages of using 

immobilized enzymes consists in the possibility to 

recover and recycle the catalyst. Progress has 

been recorded in synthesizing adequate 

carriers,63,64 co-immobilization,65-67 etc. According 

to literature, the first application of immobilized 

enzymes in the textile field was for the 

biodegradation of dyes from waste waters.68  

A source for more stable enzymes are the 

extremophiles, microorganisms tolerating extreme 

environmental conditions.69 Isolation and 

processing of the enzymes produced by such 

organisms are of great interest, as reflected by 

recent research in this field.70  

 

NATURAL CELLULOSIC FIBRES  
Natural fibers are interesting as raw materials 

for textiles due to their high wearing comfort 

level, as well as their biodegradability. The 

natural fibers used by the textile industry can be 

of vegetal or animal origin. Vegetal fibers are 

based on cellulose, being classified according to 

their source: bast, leaf, fruit or seeds.71 The most 

common cellulosic fibers come from the bast or 

the seeds.  

Bast fibers are plant fibers obtained from the 

bast (phloem) of the plant. The most common are: 

flax, hemp, kenaf, jute, and ramie, especially flax 

and hemp.72  

Cotton is a fluffy material with a protection 

role, found around the seeds. It is the most spread 

of natural fibers, making about 90% of their 

production.73 Cotton has the highest content of 

cellulose, followed by flax and hemp (see Table 

1).
74

 Due to the cellulose content and the easy 

way of separation from the plant, cotton accounts 

for 90% of all natural fibers.
75

 Pectin binds the 

fibers, its removal determines the fineness of the 

fiber and the ease in spinning. Lignin is inlaid in 

the amorphous parts of cellulose and makes the 

fiber hard and rough, which imposes its removal. 

 

Bast fibers 

Bast fibers have been known since ancient 

times. For instance, evidence was found that flax 

was used for textile materials in year 6000 BC.
76

 

Plants producing bast fibers have been cultivated 

before cotton.73 After the discovery of cotton, it 

replaced the bast fibers mainly due to the 

difficulty to extract them from the stem. Lately, 

the interest in bast fibers increased, because of the 
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pollution generated by the cultivation of 

cotton.77,78 This interest is also due to their 

potential to improve the quality of the atmosphere 

(CO2 adsorption) and soil, as well as to their 

potential application in composite materials.79-81 

Besides, the crop waste left on the field is 

biodegraded to nutritious organic compounds, 

reducing the necessary quantity of fertilizers.82  

The cellulose of bast fibers has to be separated 

from lignin and hemicelluloses, which give 

stiffness and hydrophobicity, as well as from 

pectins, which link the fibers in bundles.
83

 

Fortunately, improvements have been recorded 

lately in the techniques used to obtain yarn and 

fabrics from bast plants.
 

The plant is harvested and the fibers extraction 

process starts. Fibers are extracted in bundles, 

being separated at first from other components.84 

Such separation is performed by a fermentation 

process called retting and may be achieved by 

different procedures. The process may be done on 

the field, by exposing the crop to light and water 

(rain and dew).79 Bacteria developed during this 

time help the process. Figure 6 describes the 

stages for obtaining flax fibers, including field 

retting. Instead of field disposal, retting can be 

performed in ponds with water in the presence of 

specific microorganisms.
79 

The retting process may be made also by 

chemical or physical treatments, as well as by 

using enzymes.
77-79,81-85

 Retting, which is a 

polluting process, may be avoided. By mechanical 

decortication, the bast fibers may be separated 

from the woody part. Unfortunately, as the 

resulted bundles of fibers are accompanied by 

many impurities and, consequently, are not 

suitable for producing textile materials, a 

degumming process needs to follow.80  

As mentioned before the enzymatic treatment 

is less polluting, being also rapid, specific and 

needing mild conditions.86,87 Also, the use of the 

resulted reaction residue for enzyme production 

makes the process more economic,
85

 a low cost of 

enzymes supporting their applications.86,87 

Examples of enzymatic treatment for separating 

the bast fibers from the plant stem are presented 

below. 

 

Table 1 

Composition of some cellulosic fibers 

 

Fiber 
Cellulose 

(%) 

Lignin 

(%) 

Pectin and 

hemicelluloses (%) 

Cotton 83-99 6 5 

Flax 64-84 0.6-5 19 

Hemp 67-78 3.5-5.5 17 

Kenaf 44-57 15-19 - 

Jute 51-78 10-15 37 

Ramie 67-99 0.5-1 22 

Sisal 60-80 6-14 13 

 

 
Figure 6: From flax to fibers: a) plant cultivation, b) harvesting, c) retting on field, d) resulted fibers 

 

A review of enzymatic retting has been 

presented by a group of Belgian researchers.
79

 

Taking into account the chemical composition of 

the stem (see Table 1), the enzymes used for flax 

fiber extraction are: pectinases for the pectins, 

xylanases for hemicelluloses and laccases for 

wood degradation. Small quantities of cellulases 

may be added. A correct dosage of the enzyme 

mixture is essential for the resulting fiber quality. 

Due to the content of calcium in the pectin 
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composition,
88

 the addition of chelators helps the 

retting process. Sometimes, pretreatments 

(mechanical, chemical) help the process of fiber 

extraction, facilitating the enzyme access to the 

matrix. The conclusion of the review paper 

mentioned above
79

 underlined the important role 

of pectinases in this process. The same team of 

researchers studied the properties of flax fibers 

after enzymatic retting.
81

 This paper revealed the 

high potential of enzymatic extraction of fibers to 

improve the quality of composite materials based 

on such flax fibers. 

A comparison between different modes of 

retting was carried out by Goudar and 

coworkers.
89

 Three types of flax retting were 

performed: with water, with water and urea, and 

with a microbial consortium. The authors 

concluded that chemical retting with urea gave a 

higher percent of fibers, while the enzymatic 

treatment provided longer fibers. 

A microbial consortium was used by Mao and 

coworkers for retting ramie.
90

 The authors present 

the 4 steps of retting, as follows: i) water 

absorption, ii) formation of calcium oxalate 

crystals, iii) removal of middle lamella and, 

finally, iv) removal of the gum from the fiber 

surface. The microbial consortium plays an 

important role in the degumming steps (iii) and 

(iiii) due to the pectinases produced in the 

process. By valorizing the obtained residue 

(microcrystalline cellulose, pectin, xylan and 

pectinase), the enzymatic ecologic process also 

became more economic. 

Not only the pectinases are important for 

degumming, experiments confirm the importance 

of strains producing xylanases in the degumming 

process.
91

 To the same results arrived another 

group of researchers, who produced an alkaline 

xylanase by the fermentation of Bacillus 

halodurans CM1, which proved its higher 

efficiency in ramie retting, compared to the 

chemical process (with NaOH).92 

The role of different microbial strains in the 

ramie retting process was evidenced by Yang and 

coworkers.93 The enzymatic activity of the strains 

was determined, as well as their synergetic 

compatibility. According to experimental data, the 

co-culture strategy gave good results.93 The ramie 

extraction with a mixture of enzymes (pectinases, 

xylanases, laccase) has also been studied, the 

action of the enzymes being proven by the quality 

of the fibers evidenced with different types of 

microscopy.
94

 

A combination of mild chemical 

(dinitrosalicylic acid and potassium sodium 

tartrate) and enzymatic retting of ramie was 

experimented. The enzymes were produced in situ 

from a mixture of Bacillus subtilis ABDR01 and 

Bacillus thuringiensis MCC2138, resulting in a 

joint activity of the combination of pectinases, 

xylanases, amylases and cellulases. The integrated 

treatments led to fibers of good quality.
95

 A 

similar combination of chemical and enzymatic 

processes has been performed on a previously 

ultrasound pre-treated ramie, resulting in fibers 

with less than 3% residual gum. The enzymes 

were produced by Bacillus subtilis ABDR01 as a 

mixture of pectinases, xylanases and cellulases.
96

  

To improve the pectinases content produced by 

Bacillus sp. Y1, the fermentation was optimized 

so that the PL activity was increased two-fold, 

and for PG – 3.44-fold.
97

 Pectinolytic bacteria 

Acidovorax temperans and Bacillus thuringiensis 

are also efficient in ramie degumming based on 

their pectinase production.
98

 A thermo-alkaline 

PL from Bacillus sp. RN1 was over expressed, 

proving to be efficient for ramie degumming.99 

The thermo-stability of a PL derived from 

Dickeya dadantii DCE-01 was improved by 

modifying its protein chain. Thus, its ability for 

degumming ramie was increased.
100,101

 Similar 

mutations were performed on a PL (EC 4.2.2.2), 

resulting in three variants, with higher activity at 

60 °C, compared with the wild one.
102

 From 

Bacillus paralicheniformis CBS32, a PG was 

isolated, which proved to be efficient for ramie 

treatment.
103

  

Fungi also developed highly active pectinases 

and laccases during flax retting.104 A very 

efficient endo-xylanase for ramie degumming was 

produced by Aspergillus terreus HG 52.
105

 A 

comparison of different modes of hemp retting 

showed better results when using an extract of a 

mutant of Phlebia radiata Cel 26 fungus.
106

  

The reuse of retting water is also efficient for 

flax degumming, due to its high content of 

bacterial enzymes.
107

 This procedure is also eco-

friendly, reducing the water footprint of the 

retting process. 

The extracted bast fibers contained other 

carbohydrates, besides cellulose (pectins, 

hemicelluloses) and lignin. It imposed treatments 

after retting for increasing the cellulose content 

and eliminating the other components. As for the 

retting process, this cleaning could be done by 

different methods, the enzymatic ones being 

ecological.  
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Ramie fibers may be scoured using xylano-

pectinolytic enzymes for removing pectins and 

hemicelluloses. The treatment increased the 

hydrophilicy, whiteness and brightness of the 

ramie fibres.108 Similar results for hemp, obtained 

with a commercial enzyme, were displayed by 

Sahi and coworkers.
109

 Enzymatic scouring was 

efficient for obtaining good quality fibers from 

ramie, flax and jute.
110

 In his review on bast 

fibers, Summerscales
111

 discussed the use of 

fungal enzymes for reducing the hydrophobicity 

by removing lignin and the use of pectinases with 

chelators for pectin elimination. Commercial 

cellulase mixed with silicone softener were used 

for finishing linen terry clothes, a technological 

process being proposed.
112

  

For achieving better results, the process may 

be accompanied by a variety of physical 

treatments. Thus, US assisted enzymatic 

degumming improved the cellulose content of 

ramie fibers.113 A similar procedure was applied 

to jute, when an efficient elimination of impurities 

and improvement of hydrophobicity, without 

reducing the tensile strength, was observed.114 

Microwave (MW) or radiofrequency (RF) 

pretreatments also increased the degree of 

degumming, the MW procedure giving better 

results.
115,116

  

The application of biotechnology for 

processing bast fibers may increase the interest in 

the use of these cellulosic fibers as raw materials 

for different products due to the reduction of 

water and energy footprints. To this, the reduced 

environmental burden for their cultivation, by 

comparison with cotton, has to be added. 

 

Cotton 

As presented above, cotton is the main natural 

fiber used for textile products (around 90%), 

based on the easy harvesting and the high content 

of cellulose.
73

 After being harvested from the 

seeds, cotton is sent to the ginning plant for 

mechanical separation of the fibers from the 

seeds, other plant parts and dirt. Ginning is 

considered a part of the harvesting, being 

performed by the saw or roller.117 After the 

ginning process, the fibers are spun, giving the 

yarn, and then woven to obtain the fabric. During 

the last process, some compounds are added, 

mostly starch. In order to obtain the suitable 

textile material, a number of operations have to be 

carried out on the obtained fabric. The processes 

that can be catalyzed by enzymes are presented in 

Scheme 1. The first stages of cotton processing 

comprise the preparation, consisting in: desizing, 

scouring and bleaching. The preparation is 

followed by the finishing operations.  

 

 
 

Scheme 1: Treatments applied to cotton during processing 

 

Desizing is the process that removes the 

material added during the weaving process, for 

increasing the resistance of cotton fibers. When 

starch is used for this purpose, it may be 

eliminated by chemical or enzymatic treatment. 

Amylases are the enzymes used for desizing, the 

expertise concerning their optimal work 

conditions (pH, temperature) being essential.
118

 

Introduced in 1919, the enzymatic desizing 

process has been subject to improvements. For 

instance, it was observed that the ratio of α- and 

β-amylases is of importance for an efficient 

desizing.119 As mentioned before, research has 

been performed to find more efficient and low 

cost amylases. Commercial enzymes are too 

costly for industrial applications. Thus, a number 

of solutions were studied, such as: the inoculation 

of microorganisms for synthesizing new amylases 

and using waste as carbon source for enzyme 

synthesis, obtaining new enzymes by genetic 

engineering, combination of enzymatic treatment 

with plasma or ultrasounds (US) or even attempts 

to use immobilized enzymes.120  

A new enzyme for starch hydrolysis, extracted 

from Aspergillus tubingensis SY 1, was 

successfully applied for gray-cotton fabric 

desizing.
121

 Progress in enzymatic desizing was 

registered with high-temperature resistant 

amylases that reduce the operation time, facilitate 

the elimination of starch and are suitable for 

continuous processes.
122

 

Combinations of enzymes led to better results. 

The addition of lipases seemed efficient for 

eliminating the hydrophobic part of the size.
123

 

Amylases may be used together with pullulanases, 

which act synergetically on starch, breaking the 1-

4 and 1-6 bonds.
124
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After desizing, the preparation of cotton is 

performed by scouring and bleaching. The 

scouring process consists in the elimination of 

compounds, such as pectins, wax, fats and 

proteins, which make the surface of cotton fibers 

hydrophobic and look dirty. The enzymatic 

treatments seem efficient due to the large number 

of suitable enzymes acting under mild 

conditions.
125

 The use of enzymatic scouring 

reduces the water and energy consumption, 

leading to a reduced cost of the process.126 The 

bioscouring yields a softer cotton and does not 

affect the cellulose. The process is recommended 

also at an industrial level for fabrics dyed in 

medium and dark shades, when no previous 

bleaching is necessary.
127 

The efficiency of the enzymatic treatments 

depends on the material’s thorough washing after 

the desizing procedure.
128

 
 

The preparation of new pectinolytic enzymes 

from Aspergillus tamari using agro-industrial 

waste was beneficial due to the low cost, as well 

as the better quality of the cotton fibers obtained, 

compared with those resulting from classical 

NaOH scouring.
129

 A cutinase produced by 

Acinetobacter baumannii AU10 was successfully 

used for cotton bioscouring, the scoured fabric 

being tested by the absorbency test.
130

 A 

Humicola insolens cutinase was expressed in 

Pichia pastoris, being obtained in good yield and 

giving better cotton scouring results than the 

classical alkali procedure.131 

Chelating agents help the process by extracting 

the calcium ions of the galacturonic acid salts 

from the pectin polymer. The substitution of the 

usual EDTA with citrate is a better solution in 

terms of the toxicity level.
132

 It is worthwhile 

mentioning that the extent of pectin elimination 

after the scouring process is satisfactorily 

achieved by the determination of the Ca content 

of the textile material.
88

  

A more efficient procedure for scouring used a 

recombinant PL from Clostridium thermocellum, 

immobilized on magnetic nanoparticles. The 

catalyst was active for 5 cycles, the time of the 

process was shorter, compared with the free 

enzyme treatment, and the bioscoured coarse 

cotton had good wettability.133  

Improvements of the bioscouring procedure 

may be obtained by using enzymes and high 

frequency US (220 kHz), which also resulted in a 

reduction of the waste water effluents.
134,135

 

The use of an enzyme mixture composed of PL 

from Bacillus licheniformis and a lipase from 

Thermomyces lanuginosus for the removal of 

pectins, wax and other impurities, together with a 

cellulase from Aspergillus oryzae for increasing 

brightness index and surface smoothness, 

improved the bioscouring performance, the 

enzymes acting synergically.
136

 Another enzyme 

mixture composed of PL, lipase, protease and 

xylanase performed an efficient scouring, after the 

application of the Box–Behnken design method 

for finding the optimal working conditions.
137

 A 

synergic effect for cotton scouring was observed 

using cutinase and PL.
138

  

A new direction for making the process more 

efficient was proposed by Colombi and 

coworkers, who have succeeded in recycling the 

bioscouring bath, adding each time small 

quantities of fresh PL.139 

Better results may be achieved by combining 

desizing and scouring in the same bath, reducing 

the time and the water consumption. The enzymes 

employed have optimal activity at similar pH and 

temperature values.
140,141

  

The last step of preparation, the bleaching is 

usually performed with chemical reagents, mainly 

hydrogen peroxide.
142

 

A combination of bleaching and scouring was 

performed on knitted cotton. For bioscouring, a 

mixture of commercial pectin lyase (EC 4.2.2.2), 

protease (EC 3.2.1.4) and lipase (EC 3.1.1.3) was 

used, while for bleaching – glucose oxidase (EC 

1.1.3.4) and glucose for generating hydrogen 

peroxide – were used. The resulted cotton fabric 

had a satisfactory brightness index and 

hydrophilicity.
143 

An ecologic solution was the one-step 

desizing-scouring-bleaching with a mixture of 

amylase, amyloglucosidase generating glucose 

from starch, acid pectinase for bio-scouring and 

glucose oxidase (EC 1.1.3.4) for producing 

hydrogen peroxide.
144,145

 The process was 

optimized in order to obtain enough glucose for 

the synthesis of H2O2 (see Fig. 2). The 

improvement of the thermal stability of the 

glucose oxidase by gene engineering improved 

the process.146 

Cotton preparation is followed by the finishing 

processes. One of the most important steps in 

textile finishing is the dyeing operation. New 

procedures have been developed regarding the use 

of natural dyes, instead of the synthetic ones. In a 

review concerning sustainable finishing 

processes, the use of natural dyes is presented, 

emphasizing the advantage of these dyes based on 

their biodegradability, as well as their low 
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toxicity.
147

 Some recent examples of cotton dyed 

with natural dyes follow. Thus, the dyeing of 

cotton fabrics with an extract of Eucalyptus 

leaves,
148

 roots of madder (Rubia tinctorum) or 

turmeric (Curcuma longa) and fruits of harde 

(Terminalia chebula) (see Fig. 7),
149

 anthocyanins 

from blueberries accompanied by a biomordant 

like tannic acid,
150

 melanoidin from spent coffee 

ground, fixed with chitosan and citric acid,
151

 was 

sucessfully achieved.  

 

 
 

Figure 7: Roots of a) madder, b) turmeric and c) fruits of harde 

 

Another source of natural dyes based on 

anthraquinone (moridone, alizarin, purpurin, etc.) 

are the plants from the Rubiaceae family. 

Mordants are needed for dye fixation, as well as 

pretreatment (US, plasma, oil, enzymes) for 

increasing dye adsorption. Cotton dyed with 

moridone proves to also have antibacterial 

properties.
152

  

A review concerning the application of natural 

dyes, analyzing its advantages and disadvantages 

was published some years ago.
153

 There are a 

number of problems related to the use of natural 

dyes. First of all, the quantity available is not in 

agreement with an industrial, large scale, 

application. Also, it is not so easy to obtain the 

expected shade, and for good fixation, mordants 

(mainly non-ecological metal salts) are needed. 

The reduced fastness to light of natural dyes is 

another inconvenience of their application.154,155 

An improvement of natural dye uptakes was 

achieved by the use of some eco-friendly 

treatments for modifying the material surface, 

including plasma, enzymes, US, UV-radiation.
156

  

Another solution to avoid the usual synthetic 

dyes is to synthesize the dye in situ, on the fabric, 

from less toxic compounds like polyphenols, by 

enzymatic reaction using oxidases as 

catalyst.157,158 The polymer dye obtained directly 

on the textile material presents higher fastness, 

compared with natural dyes. A large number of 

precursors for synthesizing dyes by oxidation 

with laccases as catalyst were tested by Atav and 

coworkers.
159

 The conclusions of their 

experiments confirmed the environmental 

advantages of using precursor and enzyme, in 

comparison with the corresponding synthetic 

reactive dyes, but the authors evidenced the 

higher cost of the enzymatic process in 

comparison with classical dyeing. Also, 2-amino-

3-methoxy-benzoic acid proved to be a good 

precursor for enzymatic dye synthesis using, as 

catalyst, free and immobilized laccase obtained 

from a Pleurotus ostreatus strain. The dye 

obtained was a phenazine derivative and had high 

color fastness.
160

 

A recently published paper emphasized the 

advantages of enzyme utilization in textile 

finishing, including the dyeing process, such as 

improvements of the product quality, as well as 

lower energy and water consumption.161 At the 

same time, the paper highlights the necessity to 

investigate the possibility to reduce the cost of the 

dye biosynthesis, for making the process 

compatible with a large scale application. 

Another process of cotton finishing is the 

polishing – an operation that eliminates the fuzz 

and provides a smooth surface. In the last years, 

the process was performed with enzymes. The 

polishing is mainly recommended for Lyocell, a 

regenerated cellulosic fiber, for gaining a silky 

aspect.
162

 Some new researches in this area are 

presented. Enzymes suitable for this process may 

be cellulases and laccases. A commercial 

Aspergillus niger cellulolytic enzyme was used to 

improve the surface and the hydrophobicity of 

cotton and Lyocell.
163

 It turned out that cellulase 

biopolishing treatment improved the comfort 

properties and the smoothness of cotton fabrics.164  

A successful attempt to bio-polish cotton was 

performed by using an immobilized cellulase. 

Compared with the results obtained when using 

the corresponding free enzyme, the cotton has a 

minimum reduction of weight and tensile 

strength, having also a better whiteness index.165 
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Similar results were reported using an 

immobilized laccase produced by Madurella 

mycetomatis.
166

 The bio-polishing with laccase is 

a better solution, the weight and tensile strength 

losses being lower than in the case of the cellulase 

treatment.  

Another finishing operation of cotton, where 

enzymes may replace classical reagents, is the so-

called bio-stoning. It is used to give a distressed 

appearance to denim, a woven tilt fabric made 

from cotton. The classical procedure for this 

finishing process uses stones, which creates 

problems to the equipment, as well as to the 

environment. Similarly to polishing, laccases and 

cellulases are suitable for replacing stones. A new 

thermostable laccase was isolated from 

Brevibacillus agri and tried on indigo dyed denim 

fabric. The obtained results revealed the 

possibility to use this new enzyme at industrial 

scale.167 Another promising laccase was obtained 

from bacteria Pseudomonas sp. HRJ16 developed 

on mandarin peels.
168

 Recently, a mixture of 

laccase, cellulase and sodium hydrosulfite was 

used with good results for indigo-dyed denim 

discoloration.
169

 A cellulase obtained by genetic 

engineering was successfully used for treating 

denim jeans.170 Other oxidases may also be used 

for bio-stoning. Good results have been obtained 

with a fungal manganese peroxidase from 

Cerrena unicolor BBP6, even better than those 

with laccases.
171

 

Unfortunately, the denim bio-stoning is 

frequently accompanied by back-staining, the re-

deposition of indigo from the bath onto the 

garments. Studies on this subject have shown 

reduced back-staining on treatment with neutral 

cellulases (optimal pH 5-7), but a longer time for 

bio-stoning, compared with acid cellulases.
172

 It 

generated interest in developing new, more 

efficient enzymes, as reported by Agrawal.
173

 The 

progress registered in the identification of new 

cellulolytic enzymes was presented by a group of 

researchers from India.
174

  

The enzymatic treatment for stoning cotton has 

a number of advantages: it is ecological, not 

producing pumice, developed under mild 

conditions, thus preserving the equipment, and 

reproducible.175 

 

CONCLUDING REMARKS 

The application of enzymatic treatment for 

processing cellulosic fibers is a valid solution for 

diminishing the pollution generated by the textile 

industry. 

Newly developed techniques related to genetic 

engineering have led to the discovery of novel 

enzymes, with higher stability and lower cost. The 

progress in obtaining suitable low-cost enzymes 

encourages the application of biotechnological 

solutions at an industrial level. Besides, the 

development of small and medium enterprises 

(SME) in the textile field is an asset for applying 

biotechnological solutions, considering the 

reduced enzymes amount needed and the facility 

of processing smaller quantities of materials.  

One of the advantages of the application of 

enzymes in cellulosic textile processing is the 

possibility of using enzymes prepared “in situ”, 

not needing additional purification and 

consequently, reducing enzyme cost. 

As a result of enzymatic treatments, the water, 

carbon and energy footprints of cellulosic 

materials processing decrease, the 

biodegradability of the enzymes reduces water 

consumption by avoiding extra washings 

necessary in chemical treatments, the enzyme 

specificity reduces the quantity of residue and the 

mild conditions needed reduce the consumption 

of energy for the processes. 

In conclusion, the advantages brought by 

enzymes in processing cellulosic textile materials, 

together with the progress in obtaining stable 

enzymes, recommend bio-treatments for larger 

scale applications. 
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