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ABSTRACT 
 

The present work is undertaken with a view to establish a green synthesis for development of antimicrobial 
dyeing textile fabrics. The antimicrobial activity of chitosan-treated wool and cotton fabrics were tested using  
three pathogenic fungi,  Aspergillus flavus, Aspergillus niger and Penicillium  spp .and two bacteria strain, 
Escherichia coli and Pseudomonas aeruginosa. The results obtained indicated that the color strength ( K/S) 
increases with mordant as compared with the dyed fabrics without mordant. K/S increases after treatment with 
chitosan. The color strength (K/S) increases with an increasing concentration of chitosan. Results indicate that 
utilization of medium or high molecular weight chitosan at a concentration of 2% in the treating solution 
inhibits completely the growth of Escherichia coli, while the low molecular weight chitosan is less efficient at 
the same concentration; meanwhile the color strength assumes the highest values with respect to the three 
concentrations used.  
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Introduction 
 

Compared with  synthetic dyes natural dyes are eco-friendly, biodegradable, non-pollutant, less health 
hazard, very brilliant rare colors idea and automatically harmonizing colors, ease of extraction and applications 
due to environmental concerns, natural dyes have been brought back in demand. Due to their non-polluting 
(Shahid Adeel et al., 2011). non-carcinogenic and eco-friendly nature, they have a historically important role in 
Textiles(Bechtold, 2003;Ali and El-Mohamedy,2007;Ali et al., 2010).Synthetic dyes are criticized as they cause 
water pollution and waste disposal problems. Natural dyes demonstrate superior  biodegradability and are 
highly environmentally compatible and hence, they attract the awareness of people around the globe (Teli et al., 
2000; Bechtold,2003). 

It is known that textiles are susceptible to microbial degradation, because they provide the basic 
requirements for microbial growth (Cardamone, 2002)   As a result, product deterioration, offensive odors 
dermal infections, allergic responses and other diseases are often associated (Thiry, 2009). Currently, both 
natural and synthetic fibers have inherent resistance to microorganisms. Textile materials provide an excellent 
environment for microorganisms to grow, because of their large surface area and ability to retain moisture. 
Microbial activity can be detrimental to textiles. It can cause unpleasant odor, lead to weakening of the 
substrate, discoloration, and even contribute to the spread of disease. For this reason, antimicrobials have been 
investigated as a finish for textiles (Purwar and Joshi, 2004; Schindler and Hauser, 2004).  

Antibacterial finishes are applied to textiles for three major reasons: (a) to contain the spread of disease and 
avoid the danger of injury-induced infection, (b) to contain the development of odor from aspiration, stains and 
soil on textile materials, and (c) to contain the deterioration of textiles caused by mildew, particularly fabrics 
made of natural fibres (Gao and nston, 2008).  Disinfecting techniques and various antimicrobial finishes have 
been developed for all types of textiles (Julia and Pascual 2000;Fan et al., 2008). Recently, industrial-scale 
antimicrobial agents that have been used include quaternary ammonium salts, metal salt solutions and 
antibiotics.  Unfortunately, some of these agents are toxic and not very effective. Green chemistry was strongly 
created results of increasing awareness about the environment and welfare. Utilization of nontoxic chemicals 
environmentally benign solvents and renewable materials  are some of the key issues that merit important 
consideration in a green synthesis strategy (Fu, et al., 2003, Hebeish et. al., 2012)   

In order to obtain the greatest benefit, an ideal antimicrobial treatment of textile should satisfy a number of 
requirements (Pavlidou, 2005; Williams, 2005) of these, the antimicrobial agent should be effective against 
broad spectrum of bacterial and fungal species but at the same time exhibits low toxicity to consumers, e.g., not 
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cause toxicity, allergy or irritation to the user. In this context, chitosan comes into focus and is advocated as an 
ideal antimicrobial agent ( Jia et al., 2001 ; Dutta et al., 2002). Chitin, the second most abundant biopolymer in 
nature next to cellulose, is a high molecular weight linear polymer of 2- acetamide-2-deoxy-D-glucopyranose 
units linked together by 1,4-glucosidic bonds (Dutta, et al., 2002). Chitosan is the deacetylated derivative of 
chitin in It is characterized by non toxicity, biodegradability and compatibility with other ingredients. Hussein, 
et al.,1997disclosed that D-glucoseamine hydrochloride (chitosan monomer) dist not slow any growth inhibition 
against several bacteria where as chitosan was effective. The antimicrobial activity of chitosan is, therefore, 
related to not only its cationic nature but also to its chain length. It has been also reported that many plants used 
for dye extraction are classified as medicinal, and some of these have recently been shown to passes remarkable 
antimicrobial activity (Butera et al., 2002).  

In this work we use eco-friendly natural dye for dyeing wool and cotton fabrics as a substitute of synthetic 
dyes, the dye used was extracted from onion peals, cotton and wool fabrics treated with chitosan having 
different molecular weights were dyed with this dye and the antimicrobial activity for the pretreated fabrics was 
studied.  
 
Materials And Methods 
 
Substrates: 

 
Cotton fabric: 
 

Mill desired, Kier boiled and bleached poplin cotton fabric (140 g/m2) produced by Misr/ Helwan for 
Spinning and Weaving Company was used herein.  
 
Wool fabric: 
 

Mill scoured 100% wool fabric was supplied from Misr Co. (El Mehalla El-Kobra, Egypt for spinning and 
weaving) and used for this study. The fabric was washed in a bath that contained 2 g/L nany impurities and then 
thoroughly washed with water and air dried at room temperature. on-ionic detergent (Nonidet) at 40°C to 
remove  
 
Chemicals:  

 
Chitosan : Poly (D-glucosamine) referred to as chitosan HMW (high molecular weight 210,000);  Chitosan 

MMW (medium molecular weight 100,000); chitosan LMW( low molecular weight 1800), were purchased 
from Roth (Germany).  Di-ammonium phosphate, sodium chloride, sodium carbonate, tannic acid and nonionic 
detergent was of technical grade (Egptol PLM). High viscosity sodium alginate manufactured by Fluka 
Chemical Company, was used at a concentration of 5%. 
 
Extraction of Onion Dye: 

 
Onion dye” was extracted from onion peel of onion golden (Fig 1) in soft water for an hour until boiling. 

Subsequently, the reddish extract was cooled, filtered and dried in the rotary evaporator at  
50OC.  The dried extract was used as a source of natural dye for dyeing wool and cotton pretreated with 

chitosan.   
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Fig. 1: Onion dye structure and onion gold fruits  
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Pretreatment: 
 
Chitosan solution was freshly prepared by dissolving different concentrations of chitosan (0.5- 2%) in 

distilled water that contained acetic acid (4 g/L). After oxidation, the wool and cotton fabrics were immersed in 
this solution at a liquor ratio of 20:1. The samples were treated by the exhaustion method. The exhaustion 
procedure was done at 70o C for 1 hour  (Julia et al., 1998)  
 
Optimization of Dyeing Conditions: 

 
For the optimization of dyeing conditions, dyeing was carried out at different temperatures (30-900C), pH 

values (4-9) and time (30-100 min.) in order to select the most suitable temperature, pH and time for dyeing 
(Gurumallesh and  Sudrarajan, 2002).  
 
Mordanting:  

 
Pre and post mordanting were done by using tannic acid at optimized extraction and dyeing conditions 

(Bechtold et al., 2003; Qinguo et al., 2008) 
 
Dyeing Procedure:  

 
The treated and untreated wool and cotton samples were dyed by using a dye bath that contained a 

calculated amount of  dye (2% shade), and a calculated amount of tannic acid (4%) with a liquor ratio of 40:1, 
dyeing was carried out at 60oC for cotton fabric at pH 5 for 60 min and at 90 oC and 40 min for wool fabric. The 
exhaust dyeing method was employed. To obtain better results, an exhausting agent such as Glauber’s salt (1 
g/L) was also added during dyeing into the dye bath.  The dyed samples were rinsed with cold water, washed in 
a bath at a liquor ratio of 40:1 which contained 3 g/L-1 of non ionic detergent (Hostapal CV, Clariant) at 50oC 
for 30 minutes, then rinsed and finally dried at an ambient temperature (Ali et al., 2011).                                                                   
 
Color Measurements:  

 
The Color Strength: 

 
 An Ultra Scan PRO spectrophotometer was used to measure the reflectance of the samples and hence, the 

K/S over a wavelength ranging from 390-700 nm. The K/S of untreated and treated wool and cotton fabrics 
with chitosan was evaluated (Hebeish et al., 2012). 
 
Fastness Testing: 

 
After washing off the dyed samples by using 2 g/L of non-ionic detergent at 45oC for 15 min, they were 

tested in accordance to standard ISO methods. The specific tests are as follows: color fastness to washing, ISO 
105 – CO2 and ISO 105- CO4 (1989), fastness to perspiration, ISO 105- EO4 (1989), and, color fastness to light 
(carbon arc) ISO 105-BO2 (1988). 
 
Antimicrobial Activity: 

 
The antimicrobial activity of chitosan-treated wool and cotton fabrics were tested in accordance to diffusion 

agents (Rajni et al., 2005), as follows: a nutrient agar medium (peptone 5.09 g/L, beef extract 1.5 g/L, yeast 
extract 1.5 g/L, NaCl 5 g/L, agar 20.0 g/L and pH 7.5) and potato dextrose agar (PDA) medium (200 g/L potato 
20 g/L glucose ) was sterilized and poured into sterilized petri plates with an equal thickness of nutrient agar for 
growing bacterial isolates or PDA medium for growing fungal isolates. Test organisms, such as Escherichia coli 
and Pseudomonas aeruginosa, were grown overnight at 32oC, 120 rpm in 10 ml of nutrient broth.  All fungal 
isolates Aspergillus flavus, Aspergillus niger and Penicillium species were grown individually on liquid PDA 
for seven days at 28oC.  Bacterial and/or spore suspension of fungal isolates were used to seed the nutrient agar 
plates. Small disks of chitosan-treated and untreated colored wool fabric were placed at four corners of previous 
prepared plates. After 72 hours of incubation at 30oC, the zones of inhibition of each tested microbe were 
measured and calculated as percent of growth reduction. 
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Results And Discussion 
 
A natural dye extract, obtained from onion peals, was applied with or without mordant to chitosan-treated 

cotton and wool fabrics .Treatment of both fabrics was performed using chitosan having different molecular 
weights.   
 
Effect of dye bath pH: 

 
Dyeing in acidic media give significant results as shown in figure 2 and 3. While in basic media, the color 

strength values decrease. This might be due to degradation of the dye.  
 
Figure 2 and 3 show that the pH values of the dye bath have a considerable effect on the dye ability of wool 

and cotton fabrics using the onion dye. The effect of the dye bath pH can be attributed to the correlation 
between dye structure and the fabric. Since the dye used is soluble in water, containing OH groups  Thus it 
would interact ionically with the protonated terminal amino groups of wool fibres at acidic pH via ion exchange 
reaction due to the acidic character of the OH groups ( Gurumallesh and  Sudrarajan., 2002; Teli et al., 2000). 
The anion of the dye has complex characters, and when it is bound on the fiber, with ionic forces, this ionic 
attraction would increase the dyeability of the fiber (Nagia and El- Mohamedy, 2006).as clearly observed in 
figure 2.  It was noticed from the figure 2 that higher dyeability at pH 5 for the dye used, then the dyeability 
decreases due to decreasing the number of protonated terminal amino groups of wool fabric , therefore the ionic 
interaction decreases. It was also noticed from Figure 3 higher dyeability at pH  6 for the dye used for cotton  
due to the acidic character of the OH groups of the dye (Ali and El-Mohamedy, 2010). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2:  Effect of  dye bath pH on the color strength on   wool fabrics. 
      Dyeing conditions : 2% shade, LR 40:1, at   90 oC  , 40 min. 
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Fig.  3:  Effect of  dye bath pH on the color strength on   cotton fabric. 
      Dyeing conditions : 2% shade, LR 40:1, at   90 oC  , 40 min. 
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Effect of temperature: 
 
The effect of temperature on the dyeability of wool and cotton  fabrics with Onion dye was conducted at 

different temperatures (30- 90 oC). As shown in figure 4 and 5, it is clear that the color strength increases with 
the increasing of dyeing temperature and reach to maximum value at 90 oC  

 

 
Fig. 4: Effect of the dyeing temperature on the color strength dyed wool fabrics. 

     Dyeing  conditions : 2% shade, L.R 40:1, pH 5, 1 hr. 0 gm salt conc. 
 

 
 

Fig. 5: Effect of the dyeing temperature on the color strength dyed cotton fabrics. 
            Dyeing  conditions : 2% shade, L.R 40:1, pH 6, 1 hr. 0 gm salt conc. 

 
Effect of dyeing time:  

 
As shown in figure 6 and 7, the color strength obtained increases as the time increases up to 40  min for 

wool and 60 min for cotton, then it decreases, i.e, K/S displays maximum in 40  min-dyeing time for wool and 
60 min for cotton. 
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Fig. 6: Effect of dyeing time on the color strength of dyed wool  fabrics. 

    Dyeing conditions :  2% shade, L.R 40:1, pH 5 at 90 oC, 0 gm salt conc. 
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Fig. 7: Effect of dyeing time on the color strength of dyed cotton  fabric. 

     Dyeing conditions :  2% shade, L.R 40:1, pH 6 at 60 oC, 0 gm salt conc. 
 

Color strength (K/S):  
 

Cotton and wool fabrics before and after treatment with different concentrations of low, medium and high 
molecular weight chitosan were subjected to dyeing in presence and absence of mordent (tannic acid) using the 
natural dye obtained by onion peals. 

Table 1 shows K/S values obtained with cotton fabrics before and after treatment with chitosan in presence 
and absence of tannic acid.  Clearly, cotton fabric containing chitosan acquire higher K/S values than do those 
without chitosan. This effect of chitosan on K/S could be explained in terms of provision of extra functional 
sites for dye sorption irrespective of molecular weight, concentration or presence absence of mordant(Teli et al., 
2000;Gurunallesh and Sudrarajan ,2002).   

 
Table 1: Effect of treatment with Chitosan on the K/S of cotton fabric dyed in presence and absence of mordant. 

K/S of the fabric pretreated withChitosan Concentration 
(%) Chitosan HMW Chitosan MMWChitosan LMW 

With 
 mordant 

Without 
mordant 

With 
mordant 

Without 
mordant 

With 
mordant 

Without 
mordant 

0.84 0.800.840.800.840.80 0.0 (untreated) 
1.00 0.860.980.850.890.85 0.50 
1.05 0.880.980.890.950.90 0.75 
1.05 0.931.060.940.990.92 1.00 
1.08 0.971.100.971.010.94 1.50 
1.13 1.051.111.051.190.96 2.00 

LMW =low molecular weight  MMW =medium  molecular weight HMW =high molecular weight 
 

Higher concentrations of chitosan are accompanied by higher K/S values. Similarly presence of the mordent 
accentuates the color strength of the dyed fabrics. (Julia, et al., 1998 ; Pavlidon , 2005;Umbreen et al., 2008)   
Table 2 shows the K/S of wool fabric after being dyed as described above using a natural dye in the form of 
onion peals extract. It is seen that treatment of the wool fabric prior to dyeing with chitosan enhances the K/S 
values regardless of the molecular weight of chitosan. But for a given molecular weight the K/S value increases 
by increasing the concentration of chitosan used in the treatment. It is also seen that the K/S values are higher in 
presence than in absence of the mordant by virtue of its non complication with the dye to lead ultimately to 
better dye fixation (Saima et al., 2008, Bechtold et al., 2003).  
 
Table 2: Effect of treatment with chitosan on the K/S of wool fabrics dyed in presence and absence of mordant. 

K/S of fabrics pretreated withChitosan Concentration of   
(%) Chitosan HMW Chitosan MMWChitosan LMW

With 
mordant

Without 
mordant 

With 
mordant

Without 
mordant

With mordantWithout 
mordant 

1.67 1.05 1.671.051.671.05 0.0 (untreated) 
2.13 1.29 2.131.061.821.06 0.50 
2.20 1.30 2.141.071.981.06 0.75 
2.29 0.82 2.141.082.191.09 1.00 
2.31 0.98 2.201.092.201.10 1.50 
2.39 1.01 2.081.162.211.12 2.00 

LMW =low molecular weight  MMW =medium  molecular weight HMW =high molecular weight 

 
The results of K/S values in presence and absence of mordant obtained with cotton and wool fabrics differ 

significantly before and after the two fabrics were treated with chitosan of varying concentrations and having 
different molecular weight. This can be realized by comparing results of Table 1 with those of Table 2 most 
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probably, cotton and natural wool interact differently with both the dye and chitosan owing to outstanding 
differences among the two substrates. Cotton is solely cellulosic with one type of functional groups i.e. the 
cellulose hydroxyls. On the contrary, wool is a proteomic fiber containing several functional groups such as 
amino, hydroxyl, and carbonyl groups. In addition the super moderator structures of cotton along with its 
chemistry brings a cellulosic subtract of completely different nature than these brought about in case of natural 
wool(Deo and Desai, 1999; Thiry 2009). Stated in other words, the chemistry and physics of cotton and wool 
are almost totally different. Their interactions with both chitosan and the dye will, therefore, take different 
routes or mechanisms which would determine the magnitude of color strength of the dyed cotton and wool. 
 
Antimicrobial Activity:  

 
Tables 3,  4 and 5 show the dependence of the antimicrobial activity of dyed cotton and wool fabrics, 

respective on the molecular weight and concentration of chitosan. Five strains of bacteria and fungi were used 
to assess the antimicrobial activity conferred on both fabrics under the combined effect of chitosan and the 
natural dye. As is evident antimicrobial activity is a manifestation of the concentration and molecular weight of 
chitosan. Antimicrobial activity, varies by varying the strains of bacteria. By and large, the bacterial reduction 
rate increases as the molecular weight and concentration of chitosan increases.  The magnitude of such increase 
relies on the strain of bacteria. For instance, 100% growth reduction of E. coli and S. aureus could be achieved 
with dyed cotton or wool fabrics with 2% chitosan of medium or high molecular weight.  Antimicrobial 
activity, expressed as growth reduction of the bacteria, (El-khatib and Ali 2011) could be explained as follows. 
The amino groups in chitosan interfere with the bacterial metabolism by stacking at the cell surface and binding 
with DNA to inhibit m-RNA synthesis, chitosan of higher molecular weight shows more of a tendency to 
deposit on the surface of the fabrics, resulting in amino groups more easily accessible to bacteria. Cotton and 
wool fabrics treated with chitosan and dyed with the natural dye under investigation display high growth 
reduction of microbes because the amino groups of chitosan afford dyeing sites for the dye. Dye adsorption 
increases also by increasing the molecular weight of chitosan which, in turn, increases the amino groups which 
are accessible for the dye molecules (Ali et al., 2011). 

 
Table 3: Antimicrobial activity of cotton pretreated with different concentrations of chitosan having different molecular weight against  
                some microorganisms.  

Chitosan % Growth reduction of the tested microbes 
Molecular weight Conc.% A. flavuas A. niger Penicillium spp E. coli P. aeurgenas 
 
LMW 

0.5 23.0 29.2 25.0 28.4 22.0 
1.0 32.2 38.0 36.8 35.0 29.0 
1.5 44.0 50.0 48.8 48.2 36.0 
2.0 68.0 75.2 71.0 80 71.8 

 
MMW 

0.5 31.4 35.0 30.2 29.4 12.8 
1.0 44.0 49.2 42.0 40.0 33.4 
1.5 62.0 68.0 65.2 62.8 48.4 
2.0 80.0 90.2 88.4 100.0 82.2 

 
HMW 

0.5 40.2 44.0 32.2 35.2 28.0 
1.0 52.0 56.2 48.0 54.0 38.4 
1.5 75.4 82.2 80.8 77.2 60.8 
2.0 90.0 95.8 92.2 100.0 88.0 

Dyed untreated fabric 15.5 22.0 19.4 25.2 18.4 
LMW =low molecular weight  MMW =medium  molecular weight HMW =high molecular weight 
 
Table 4: Antimicrobial activity of   wool pretreated with different concentrations of chitosan having different molecular weight and dyed  
               with onion natural dye against some microorganisms.  

Chitosan % Growth reduction of the tested microbes 
Molecular weight Conc. % A. flavuas A. niger Penicillium spp E. coli P. eurgenas 
 
LMW 

0.5 15.6 22.2 18.9 25.4 17.8 
1.0 16.8 37.0 23.0 33.0 22.3 
1.5 20.0 40.0 28.0 45.2 30.0 
2.0 24.5 44.2 40.0 55.0 40.4 

 
MMW 

0.5 20.4 25.0 24.4 26.4 22.8 
1.0 25.3 40.4 32,8 40.4 35.4 
1.5 35.7 48.0 45.0 50.2 44.0 
2.0 47.4 55.0 50.0 60.2 50.0 

 
HMW 

0.5 33.2 36.0 35.8 40.0 36.0 
1.0 45.0 48.0 44.2 52.0 45,8 
1.5 54.0 60.8 56.0 60.4 57.0 
2.0 60.0 70.0 65.0 75.0 68.0 

Dyed untreated fabric 14.2 20.0 18.2 24.0 16.5 
LMW =low molecular weight  MMW =medium  molecular weight HMW =high molecular weight 
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Table 5: Fastness properties of dyed wool fabrics using chitosan of different molecular weights. 
Types of  Chitosan Washing Rubbing Perspiration light 

fastness a b 
 A C W Rd RW A C W A C W  
Without chitosan 2 2-3 3 3 2 3 3 3 3 3 3 6 
Chitosan LMW 4 4-5 4-5 4 4-5 4 4 4 4 4 4 7 
Chitosan MMW 4 4 4 4 4-5 4 4 4 4-5 4-5 4 7-8 
Chitosan HMW 5 4-5 4-5 5 5 5 4-5 5 4 5 5 8 

A = change in color, C = staining on cotton, W = staining on wool, Rd = dry rubbing, Rw = wet rubbing, a = acidic, b = alkaline.  

 
Table 6. Fastness properties of dyed cotton fabrics using chitosan of different molecular weights. 

Types of  Chitosan Washing Rubbing Perspiration light 
fastness a b 

 A C W Rd RW A C W A C W  
Without chitosan 2 2 3 2 2 2-3 2 2-3 2 2 3 5 
Chitosan LMW 3 3 4 4 4-5 4 4 4 4 4 4 6 
Chitosan MMW 4 4 4 4 4-5 4 4 4 4-5 4 4 6 
Chitosan HMW 5 5 4-5 5 5 4-5 4-5 5 4 5 5 7 

A = change in color, C = staining on cotton, W = staining on wool, Rd = dry rubbing, Rw = wet rubbing, a = acidic, b = alkaline.  
  
Three pathogenic fungi i,e., Aspergillus flavus, Aspergillus niger and Penicillium  spp .and two bacteria 

strain i.e., Escherichia coli and Pseudomonas aeruginosa were used to assess the antimicrobial activity 
conferred on both fabrics under the combined effect of chitosan and the natural dye. Tables 3 and 4 show the 
dependence of the antimicrobial activity of dyed cotton and wool fabrics, respective on the molecular weight 
and concentration of chitosan.. As is evident antimicrobial activity is a manifestation of the concentration and 
molecular weight of chitosan. Antimicrobial activity varies by varying the strains of bacteria. The bacterial 
reduction rate increases as the molecular weight and concentration of chitosan increases. The magnitude of such 
increase relies on the strain of bacteria. For instance, 100% growth reduction of E. coli and S. aureus could be 
achieved with dyed cotton or wool fabric with 2% chitosan of medium or high molecular weight of chitosan . 
Antimicrobial activity, expressed as growth reduction of the bacteria, could be explained as follows, the amino 
groups in chitosan interfere with the bacterial metabolism by stacking at the cell surface and binding with DNA 
to inhibit m-RNA synthesis (Rajni, et al., 2005; Shin, et al., 2010). Chitosan of higher molecular weight has 
higher tendency to deposit on the fabric surface, resulting in amino groups more accessible to bacteria 
(Pavlidou, 2005). The reasons for the antimicrobial character of chitosan remain controversial. Two hypotheses 
are as follows: (1) The polycationic chitosan consumes the electronegative charges on cell surfaces and the cell 
permeability is changed, thus this interaction results in the leakage of intracellular electrolytes and pertinacious  
constituents; (2) chitosan enters fungal cells and then essential nutrients are adsorbed, which inhibit or slow 
down the synthesis of mRNA and protein (Jia, et al., 2001; Rabea et .al., 2003 ;Avadi, et al., 2004). chitosan of 
higher molecular weight shows more of a tendency to deposit on the surface of the fabrics, resulting in amino 
groups more easily accessible to bacteria (Gardamone ,2002 ; Williams et al., 2005;Fan et al., 2008)       

 Cotton and wool fabrics treated with chitosan and dyed with the natural dye under investigation display 
high growth reduction of microbes because the amino groups of chitosan afford dyeing sites for the dye. Dye 
adsorption increases also by increasing the molecular weight of chitosan which, in turn, increases the amino 
groups which are accessible for the dye molecules (Dutta et al., 2002;Rabea et al., 2003) .Results clearly show 
that inhabitation reduction of the growth of A. flavus, A. niger and Penicillium spp is highly correlated with 
molecular weight and concentrations of chitosan ,as the  growth reduction of these pathogens reach up to 70 % 
and  92%  of cotton and wool fabrics pre-treated with chitosan high molecular weight at 2 g /L . In this respect 
El Ghaouth et al., 1992 reports  that the level of inhibition of fungi is highly correlated with chitosan 
concentration, indicating that chitosan performance is related to the application of an appropriate rate. It is 
believed that the polycationic nature of this compound is the key to its antifungal properties and that the length 
of the polymer chain enhances its antifungal activity(Julia and Pascual,2000) . An additional explanation 
includes the possible effect that chitosan might has effect on the synthesis of certain fungal enzymes. Recent 
studies have shown that chitosan is not only effective in halting the growth of the pathogen, but also induces 
marked morphological changes, structural alterations and molecular disorganization of the fungal cells (El-
Ghaouth et al., 1992; Jia et al., 2001;Rabea et al., 2003;Avadi et al., 2004).  Ait Barka et al., 2004 reported that 
chitosan completely inhibited spore germination of P. expansum at 0.5% and B. cinerea at 1%, significantly 
inhibited germ tube elongation of both pathogens when the concentration was higher than 0.01% , and the 
plasma membranes of spores of both pathogens were damaged. 
 
Fastness Properties: 

 
The results in Tables 5 and 6 show the effects of Chitosan on the fastness properties. It is clear that 

treatment with chitosan enhances the fastness properties for both cotton and wool fabrics dyed with the onion 
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natural dye regardless of its molecular weights. It is also noticed that chitosan of  higher molecular weight gave 
higher results of fastness properties. Good fastness properties are obtained.  
 
Conclusion: 

 
Natural dyes are extracted from Onion peals and used for dyeing cotton and wool fabrics that are pretreated 

with chitosan (low, medium and high molecular weight) with tannic acid as mordant  Thus obtained fabrics 
were monitored for, color strength and antimicrobial activity. Results signified that the chitosan concentration 
and its molecular weight determine the magnitudes of both antimicrobial activity and color strength. Higher 
concentrations of chitosan are accompanied by higher K/S values. Similarly presence of the mordent accentuates 
the color strength of the dyed fabrics. Utilization of medium or high molecular weight chitosan at a 
concentration of 2% in the treating solution inhibits completely the growth of  E. coli.  The bacterial reduction 
rate increases as the molecular weight and concentration of chitosan increases. For instance, higher growth 
reduction (100% ) of E. coli and S. aureus could be achieved with dyed cotton or wool fabric with 2% chitosan 
of medium or high molecular weight of chitosan compared to low molecular weight. 

Cotton and wool fabrics treated with chitosan and dyed with the natural dye under investigation display 
high growth reduction of microbes because the amino groups of chitosan afford dyeing sites for the dye. Dye 
adsorption increases also by increasing the molecular weight of chitosan which, in turn, increases the amino 
groups which are accessible for the dye molecules. Results clearly show that inhabitation reduction of the 
growth of A. flavus, A. niger and Penicillium spp is highly correlated with molecular weight and concentrations 
of chitosan, as the growth reduction of these pathogens reach up to 70 % and  92%  of cotton and wool fabrics 
pre-treated with chitosan high molecular weight at 2 g /L. The treatment with chitosan also  enhances the 
fastness properties for both cotton and wool  fabrics dyed with the onion natural dye regardless of its molecular 
weights. It is also noticed that chitosan of higher molecular weight gave higher results of fastness properties. 
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