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ABSTRACT  
 

Innovative technology of using enzymes and yeast as ful or partial substitute of hazard reducing agents in 
discharge printing of knitted cotton fabrics coloured with dischargeable reactive dyes has been done 
successfully on an industrial scale. From lab experiments the optimum conditions and the best suitable 
techniques for utilization of Laccase, Valumax A828 and Valumax A356 enzymes as well as brewer's yeast as 
discharging agents were obtained. The latter were applied on industrial scale at Egyptian Knitted Service 
Company in comparative with the traditional reducing agents namely rongalite C. Laccase enzyme is able to be 
used as discharging agent since it could remove 94.8, 95.0, and 96.8% of the colour on using sunzol yellow and 
sunzol blue dischargeable reactive dyes. The activity of the used bio- materials as dischargeable agents follows 
the order laccaze enzyme > brewer's yeast > Valumax A828 > Valumax A356. All the aforementioned bio- 
materials could be used either alone or in admixture with rongalite C. Samples of different attractive coloured 
half tones could be obtained via changing the nature of the bio – material and / or its ratio with rongalite C in the 
mixture. 
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Introduction 
 

The theory of discharge printing involves the degradation by chemical reagents of the chromophore system 
of the dyestuffs applied to the textile materials (Hardalov, 1992). There are mainly two types of discharging 
agents, namely oxidizing agents, and reducing agents. The most important discharging agents in textile printing 
today are reducing agents. The latter comprise sulphoxylic acid derivatives and tin salts, in particular stannous 
chloride. The reaction takes place during the steaming fixation etep and the quality of the product depends to 
great extent, on the temperature and moisture content of the fixation room; any error will cause destruction of 
the cellulose material (Hardalov, 1992). 

Recently, the environmental and industrial safety conditions increased the potential for use of enzymes in 
textile processing to ensure eco friendly production (Klarhorst,et al.,1994; Pratt, 1994; Chattopadhyay and 
Sanyal, 2001; Heine and Hoecker, 2001; Liu, et al., 2000; Jin and Maekawa, 2001; Waddell, 2002; Patra, 2003; 
Peter et al., 2002; Phillips  et al., 2003). The use of enzymes in textile processing is wellknown and for some 
technologies is well established, e.g. in denim bleaching (Heine and Hoecker, 2001). Unicellular organisms such 
as yeasts, e.g. brewer's yeast, bacteria and algae because of their high protein content and less complex 
structures have proved to be excellent sources of enzymes and they can be grown under controlled conditions in 
a relatively short period of time and thus provide uniform and inexpensive raw material for manufacturing 
enzymes (Shukla et al., 2000). The locally available brewer’s yeast is composed of living cells of aerobically 
grown saccaromces cerevisiae. Various strains of species are used by the commercial producers. Brewer’s yeast 
is produced aerobically on a medium based on molasses, ammonium salts, phosphates, additional salts, 
vitamins, and antifoam. For commercial production, however, most of these components are furnished by the 
molass and water (Clark and Switzer, 2000).  

Laccase is the newest enzyme class to be introduced into the denim finishing area. The first commercial 
product was introduced in 1996 (Kierulff, 1964; Vollmond, 1997). The ability of Laccase to catalyze the 
oxidation of phenolic and non- phenolic compounds has gained much attention over the years in many industrial 
and environmental files: particular commercial interest id the potential use of these enzymes to decolorize a 
wide range of synthetics dyes (Abadulla et al., 2002). The range of dyes, which can be decolorized by using 
Laccase, may be expanded by additionally applying defined mediators. Mediators are low molecular weight 
compounds that are easily oxidized by Laccase producing very reactive radicals which attack more complex 
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subtrates before return to its original state (Judd  and Wyszecki, 1975; Guebitz  et al., 2004; Almansa et al., 
2004; Zille  et al., 2004) 

 The present work aims at using an ecofriendly enzymes and brewer's yeast instead of the harmful reducing 
agents to obtain discharge prints on knitted cotton fabrics coloured with different reactive dyes on industrial 
scale at Egyptian Knitted Service Company. 
 
Experimental:  
 
Materials: 
 
Knitted cotton fabric: 
 
Weight of the fabric was 175 g/m2, the fabric structure:-   
No. of Courses / Cm / 13 
No. of Wales / Cm / 13  
 
1.2 Dyestuff: 
 

Four different Dischargeable reactive dyes, Namely Sunzol brill. Orange, Sunzol yellow 2R, Sunzol Red, 
and Sunzol Blue were kindly supplied from Egypt colours, Heliopolis, Cairo, Egypt. Their active center is 
vinylsulphone.  
 
1.3-Enzymes and yeast: 

 
The following three different commercial enzymes and a brewer’s yeast were used: 
(1) Denilite IIS which is a commercial product based on Laccase enzyme, supplied by NovoNordisk 

Company, Denmark. 
(2) Valumax® A828 from Aspergillus Oryzae, was supplied by Novozymes, Denmark, of declared activity 

2000 ECU/g; Cellulase Unit per gram. 
(3) Valumax® A356 was purchased from Novozymes, Denmark: its declared activity 120 CVU/g; Combi 

Cellulase Units per gram. It is produced by submerged fermentation of genetically modified microorganisms. 
(4) Locally available brewer's yeast was also used 

 
Methods: 
 
Preparation of brewer's yeast suspension: 

 
The suspension of active yeast was prepared as follows: 
450 g. dry weight of Brewer's yeast was pasted with 150 g. sugar, and then one liter warm water (at 40C) 

was added to the paste of yeast while stirring for a period of time until the yeast was brewed. Finally the 
solution was filtrated and frozen. 

for a period of time until the yeast was brewed. Finally the solution was filtrated and frozen. 
 
 Bioprinting of cotton fabrics: 

 
The knitted cotton fabrics were printed with a printing paste containing the thickening agent and the 

enzyme (white paste) using the recipe shown below: 
  Enzyme    X 
  Sodium alginate   30 

  Water      y 
Total   1000     g 

 
Sodium alginate was soaked in a small amount of water overnight at room temperature before preparing the 

colourless printing paste. The enzyme was then added onto the thickener suspension and the whole paste was 
completed to one kilogram by water. The printed cotton fabrics were allowed to dry at ambient conditions. 
 
Overprinting with coloured paste: 

 
The bioprinted cotton samples were then overprinted with printing paste containing the aforementioned dye 

using the following recipe: 
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Reactive dye                                 30 g 
Urea      100g 
Resist salt                   10g 
Sodium alginate                  30g 
Sodium Carbonate                       30g 
Water       y g 
Total   1000 g 
The printed fabrics were batched in an oven for different   
Times at 50C. Finally the printed samples were steamed at 102C to fix the reactive dye for different 

periods of Times, followed by washing according to the standard method for washing of the reactive dye-printed 
goods as follows: 

- Washing with cold water 
- Washing with hot water, 
- Soaping using 2 g/l nonionic detergent and 5 g/l sodium carbonate at 90-95C for 15 min, 
- Washing with hot water, 
- Rinsing with cold water, and finally dried. 

 
Dyeing: 

Dyeing of the fabric was carried out either via one- or two stages dyeing steps technique as follows: 
 
1. One – stage technique: 

The fabric was first padded in a solution containing: 
- dye 3% (O.W.F,) 
- Wetting agent 2g/l 
- Sodium carbonate 35g/l 
- L. R. 1:30 
To pick up 70% at room temperature 

 
2- Two – stages technique: 

 
In this technique the fabric was first padded in a solution containing only the dye (30g/l) and urea (50g/l) 

i.e. – without adding alkali at pick up of  70% at room temperature. In the second step the fabric was padded in a 
solution containing sodium hydroxide and sodum chloride solutions. 
 
Analysis: 
 
Colour strength: 

 
The colour strength (K/S) of the printed Samples was evaluated by light reflectance technique using 

Shimadzu UV/ Visible Spectrophotometer (78) 
 
Results and Dissuasion  

 
Several experiments have been dene at NRC laboratories to obtain the optimum cardtions and the best 

suitable techniques for utilization of Laccase, Valumax A828 and Valumax A356 enzymes as well as brewer’s 
yeast as resist/ discharge printing instead of the harmful reducing agents. Table I Summarise the suitable 
techniques and the optimum conditions obtained on using the aforementioned bio- materials as color 
discharging materials.  
 
Table I: The optimum conditions of using different bio-materials as colour resist / discharge materials.  

Nature of bio –material Suitable technique Conc. g/kg paste 
Treatment or storing time 

and temp. 
Fixation time and 

temperature 

Laccase enzyme 
Printing with a white paste 

followed by over printing 
200 

60 min. at  
50 oC 

10 min. at 102 oC 

Cellulase Valumax A828 
Dyeing followed by discharge 

printing 
200 

60 min. at  
40 oC 

10 min. at 102 oC 

Cellulase Valumax A356 
Dyeing followed by discharge 

printing 
200 

60 min. at  
40 oC 

10 min. at 102 oC 

Brewer's yeast 
Printing with a white paste 

followed by over printing 
405* 

75 min. at  
50 oC  

10 min. at 102 oC 

*900 g filtrate which containing 405 brewer’s yeast 
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A trial was made to transfer the optimum conditions obtained from lab scale to industrial scale at the 
Egyptian knitted Service Company. Giver below the results obtained from the industrial scale applications for 
each of the investigated bio- materials:  
 
On using Laccase enzyme: 

 
As previously mentioned from the experiments which have been done on  the NRC laboratories, it was 

found that the best conditions to obtain resist / discharge effect using Laccase enzyme was as follows: 
Printing the knitted fabric with a white paste containing 200 g. Laccase enzyme, 30g sodium alginate and 

770g water. After drying the printed fabric was over printed using open screen with the coloured paste 
containing: 

Dischargeable Reactive dye        30 g 
Urea          100g 
Resist salt                        10g 
Sodium alginate                       30g 
Sodium Carbonate                            30g 
Water           x g 
Total          1000 g 
 
Hence, the same technique was applied on cotton knitted fabrics on the industrial scale at Egyptian Knitted 

Service Company. After over printing the printed fabrics were kept in an oven at 40 oC for 1 hour (since 
the industrial oven is different than the laboratory one, trials were conducted to obtain the optimum treated 

temperature. The results indicate that the maximum decrease in K/S % was achieved for the sample treated at 40 

oC). After which the printed goods were subjected to steaming at 102 oC for 10 min. followed by washing 
according to the procedure mentioned in the experimental section. After washing and drying the K/S was 
measured and the percent decrease in K/S was calculated. The results obtained are given in Table II. 
 
Table II: Effect of Laccase enzyme on colour resist /discharge of printed knitted fabrics. 

Sunzol Blue Sunzol Red Sunzol yellow 2 R Fabric  
measured %Decrease in  K/S K/S %Decrease in  K/S K/S %Decrease in K/S K/S 

 
- 
 
96.8 

 
15.37 
 
0.49 

 
- 
 
95 

 
8.52 
 
0.43 

 
- 
 
94.8 

 
11.95 
 
0.62 

 
untreated 
Laccase treated 

 
It is clear from the data of Table II that Laccase enzyme is able to be used as discharging agent on industrial 

scale since it could remove a colour up to 94.8%, 95.0% and 96.8 % on using Sunzol yellow 2 R ,Sunzol Red 
and Sunzol Blue dischargeable reactive dyes respectively. 

Since the reducing agents (especially Rongalite C) is still the only chemical used, all over the world, in 
discharge printing, it is of great interest to compare between the conventional discharge printing using the 
harmful reducing agent (Rongalite C) and Laccase enzyme as a bio- 

Ecofriendly colour discharging agent. Hence, printing paste containing commercial Rongalite C was 
prepared on an industrial scale, and another paste containing the same ingredients except the reducing agent 
substituted by laccase was also prepared. Beside that, two other printing pastes were prepared via mixing 50:50 
and 75:25 Laccase: Rongalite paste mixtures. The four printing pastes were applied on industrial scale according 
to the technique and conditions mentioned above. The results of the investigation are represented in Table III. 
 
Table III: Comparison between Laccase and Rongalite C and their mixtures as discharging agent. 

Sunzol Blue Sunzol Red Sunzol yellow 2 R Laccase : Rongalite  
ratio 
 

%Decrease in  K/S K/S %Decrease in  K/S K/S %Decrease in K/S K/S 

96.80 
99.00 
98.80 
98.80 

0.49 
0.14 
0.17 
0.17 

95.00 
98.82 
98.12 
98.80 

0.43 
0.10 
0.16 
0.16 

94.80 
99.00 
98.90 
99.00 

0.62 
0.12 
0.13 
0.131 

100:0 
50/50 
75/25 
0 : 100 

 * The K/S of the untreated fabrics were 11.95, 8.52 and 15.37on using Sunzol yellow 2 R, 
Sunzol Red and Sunzol Blue respectively. 

 
On using brewer's yeast: 

 
From the experiments which have been done at NRC laboratories, it is obvious that the best conditions to 

obtain resist / discharge effect using brewer's yeast filtrate was to print the knitted fabric with a white paste 
containing 900 g of brewer's yeast filtrate( containing 405g brewer's yeast) and 30g high viscosity sodium 
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alginate completed with water till 1kg. The paste were adjusted at pH 4 and printed on knitted fabric via screen 
printing technique. The printed fabric was over printed with ordinary printing paste containing dischargeable 
reactive dye. 

The aforementioned  two printing pastes i.e. the white paste containing brewer's yeast and the reactive dye 
printing paste containing the dischargeable reactive dye namely Sunzol  Brilliant orange 3R were prepared on 
industrial scale at  Egyptian Knitted Service Company and applied by the same technique mentioned above. 

Furthermore, for the sake of comparison , another white paste containing the ordinary reducing agent 
namely Rongalite C 200g/kg paste along with the thickening agent was also prepared on  industrial scale and 
used to print knitted cotton fabric followed by over printing using the aforementioned  coloured paste beside that 
three mixed white printing pastes containing both brewer's yeast and Rongalite C at a ratio of 25:75,50:50 and 
75:25 were also prepared and applied followed by overprinting with the coloured printing paste containing 
Sunzol  Brilliant orange 3R. 

All the overprinted samples were kept in an oven at 40 oC for 75 min. after which the samples were 
subjected to steaming at 102 oC for 10min. followed by washing according to the method mentioned in the 
experimental section. After washing and drying, the samples were assessed for measuring the K/S. The results 
of this investigation are represented in Table IV. 

 
Table IV: Effect of brewer's yeast filtrate paste and its mixture with Rongalite C on the colour discharge of printed knitted fabric 

Sunzol  Brilliant orange 3R Mixture ratio 
Of Brewer's yeast paste  :  Rongalite C %Decrease in K/S K/S 

- 
 
91.00 
97.03 
97.13 
97.42 
97.42 

10.45 
 
0.94 
0.31 
0.30 
0.27 
0.27 

untreated  
Fabric 
100 : 0 
25:75 
50:50 
75:25 
0:100 

  
It is obvious from the data of Table IV that the brewer's yeast can't remove the entire colour only 91% 

which make it more convenient in half tone printing. Mixing brewer’s yeast with Rongalite improve the 
decrease in K/S percentage, where 97.03, 97. 13 and 97.42% could be achieved on using brewer's yeast: 
Rongalite C at a ratio of 25:75, 50:50 and 75:25 respectively. 

Finally, it is worthy to mention that different colour tones could be achieved via changing the concentration 
of brewer's yeast in white paste. 
 
III .On using cellulase enzyme (Valumax A828 and A356): 

 
From the experiments which have been conducted at NRC laboratories, it is clear that, the best conditions to 

obtain resist/discharge effect on using the aforementioned two enzymes was to subject the 
knitted fabric to dyeing either via one – or  two - steps dyeing technique followed by printing with a white 

printing paste containing either one of the mentioned enzyme along with the thickening agent. After printing the 
goods were subjected to incubation at 40 oC for 60 minutes. At this end the fabrics either (a) Subjected to 
steaming at 102 oC for 10 minutes or (b) Subjected to padding in an alkaline solution followed by batching 
overnight. 

Hence, two knitted fabric samples were subjected to dyeing on an industrial scale at the Egyptian knitted 
services Co. via either one or two steps dyeing technique, followed by printing, incubation and fixation .At this 
end, the sample were assessed for K/S measurements and the results obtained were  given in Table V . 
 
Table V: Utilization of cellulase enzyme as a bio-discharging agent at industrial scale. 

Dyeing method Enzyme used 
%Decrease in K/S on using : 
Sunzol Yellow 2R Sunzol  Brilliant Orange 3R 

One step 
Valumax A 828 82.09 90.73 
Valumax A 356 71.52 86.76 

Two steps 
Valumax A 828 87.16 62.98 
Valumax A 356 84.63 33.91 

 
- Enzyme concentration 200g/Kg printing paste 
- Temperature of treatment 40°C. 
- Time of treatment 60 min. 
- * pH of printing paste is 10, Fixation via steaming at 102°C. for 10 min. 
- pH of printing past is 5, Fixation via batching overnight. 
-  
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It is clear from the data of Table V that the % decrease on colour strength depends on: (a) The kind of 
cellulase enzyme, (b)The nature of the dye used, and (c) on the dying technique; i.e. conducted via one step or 
two steps. 

Generally speaking, it is clear from the data of Table V that Valumax A828 is more active than Valumax 
A356. This phenomenon holds true regardless of the nature of the reactive dye used or the technique adopted on 
dyeing of the knitted fabric, and can be attributed to the active matter. Where, it is mentioned on the data sheet 
that the active matter in Valumax A828 is higher than that in Valumax A356 while higher colour removal could 
be obtained on using sunzol brilliant orange3R for the knitted fabric dyed using one step technique. The 
opposite holds true on using sunzol yellow 2R where the higher colour removal achieved on using two steps 
dyeing technique. 

However, the highest percent colour removal was 90.73% on using Valumax A828 for the sample subjected 
to dyeing via one – step technique using sunzol brilliant orange3R and 86.76% on using Valumax A356 for the 
sample subjected to dyeing via one – step technique using sunzol brilliant orange3R. It is worthy to mention that 
in the experiments which have been done on laboratory scale the highest % colour removal was obtained on 
using two – steps dyeing methods. 

Since the main aim of the present work is to evaluate cellulase enzyme formulations as bio – discharging 
agent in an industrial scale. It is of great interest to compare between this enzyme and the (traditional) 
commercial reducing agent which are still used allover the world to achieved white colour discharge. Hence 
three different discharging pastes were prepared containing either Valumax A828, Valumax A356 or Rongalite 
C. Furthermore different discharging pastes containing mixture of each cellulase enzyme and Rongalite C at a 
ratio of 75: 25, 50: 50 and 25:75 were prepared. 

All the prepared nine discharged pastes were applied to coloured knitted cotton fabrics dyed either via one 
or two steps dyeing technique After printing, incubation, fixation, washing and dying, the fabrics were assessed 
for K/S measurements. The data obtained are given in Tables VI and VII. 
 
Table VI: Comparison between cellulase enzymes and Rongalite C on colour discharge printing of fabric dyed via one step dyeing method 

%Decrease in K/S on using: Discharging Mixture Used 
(Enzyme: Rongalite) 

Enzyme Used 
Sunzol  Brilliant Orange 3R Sunzol Yellow 2R 
90.73 82.09 100: 0 

Valumax A828 
92.72 80.61 75:25 
92.72 96.97 50:50 
93.38 96.36 25:75 
97.35 96.97 0:100 
86.76 71.52 100: 0 

Valumax A 356 
86.03 96.97 75:25 
86.76 97.58 50:50 
86.76 97.58 25:75 
97.35 96.97 0:100 

 
- Enzyme concentration 200g/Kg printing paste 
- pH of printing past is 5. 
- Temperature of treatment 40°C. 
- Time of treatment 60 min. 
- Fixation via steaming at 102°C. for 10 min. 
 
Table VII: Comparison between cellulase enzymes and Rongalite C as well as their mixture on colour discharge printing of fabric dyed via  
                 two steps dyeing method 

%Decrease in K/S on using: Discharging Mixture Used 
(Enzyme: Rongalite) 

Enzyme Used 
Sunzol  Brilliant Orange 3R Sunzol Yellow 2R 
62.98 87.16 100: 0 

Valumax A828 
72.15 93.51 75:25 
97.58 98.41 50:50 
97.58 99.57 25:75 
98.27 99.64 0:100 
33.91 84.63 100: 0 

Valumax A 356 
45.50 95.17 75:25 
96.19 96.25 50:50 
96.71 96.18 25:75 
98.27 99.64 0:100 

- Enzyme concentration 200g/Kg printing paste. 
- pH of printing past is 5. 
- Temperature of treatment 40°C. 
- Time of treatment 60 min. 
- Fixation via batching overnight 

 
It is clear from the data of Tables VI and VII that the samples printed with a white pastes containing 

Rongalite C acquire higher % decrease in K/S than that of both the cellulase enzymes. Mixing the pastes of 
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cellulase enzymes with the paste of Rongalite C improve its action as discharging agent. A mixture of either 
Valumax A828 or Valumax A356 with Rongalite at ratio 75:25 could be used as white discharging agents where 
the results are nearly equal to that obtained in case of using Rongalite C. 

Finally, it can be concluded that cellulase enzymes could be used to obtain half tone colours. While white 
discharge effect could be obtained on using a mixture of cellulase enzyme with Rongalite C at a ratio of 
75:25%. 
 
Conclusion: 

 
The Percent colour removal depends on the nature of the used bio- material and / on the technique applied; 
- Bio- materials couled be used either alone or in admixture with rongalite C as dischargeable agent.  
- The % decrease on K/S depends on the nature of the used bio- material and fallows the order: Laccasze 

enzyme > brewer’s yeast > Valumax A828 > Valumax A356. 
- Laccaze enzyme could be used alone as dischargeable agent where it able to remove 96.8% of the 

colour in case of using sunzol blue. 
- Brewer’s yeast cannot remove the entire colour, only 91% of the colour cold be removed on using 

sunsol oraenge, which make it more convenient in half tone printing.   
- Mixing brewer’s yeast with rongalite C. at a ratio of 3:1 improves its dischargabilty. 
- Enzymes based on cellulase, i.e. Valumax A828 and A356 could be used to obtain half tone colours. 

While with discharge effect could be obtained on using a mixture of them with rongalite C.    
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