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ABSTRACT  
 
The quaternary chitosan N-[(-2hydroxy-3-triethyl ammonium) propyl] chitosan chloride (HTCC) was synthesized by reacting chitosan 
with 3-chloro-2-hydroxy propyl triethyl ammonium chloride. The prepared quaternized chitosan nano particle had two characteristic peaks 
of chitosan at 3455 and 1093 cm-1. Characteristics peaks of amine NH vibration deformation appeared at 1595cm-1for chitosan. Note that 
this peak disappears in QCS-PAA in chitosan derivatives caused by formation of quaternary ammonium salt at C-2 at high wave number. 
Cotton fabric treated with QCS-PAA showed highest antifungal activity against F. oxysporum followed by polyester and polyester /cotton 
blend fabrics treated with  QCS-PAA respectively. However, the antifungal activity of QCS-PAA  was shown to be less activity when 
compared to the control fabric (treated with fungicide) samples. Whereas, different fabrics treated with QCS-PAA  showed antibacterial 
activity against B. subtilis  over the control (samples treated with bactericide) and untreated fabrics.       
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INTRODUCTION  
 

Chitosan as polycationic polymer is obtained from crustacean shells by partial and full alkaline 
deacetylation (Rabea, E.I., et al., 2003). Quaternary ammonium chitosan can be prepared by introducing a 
quaternary ammonium group on a dissociative hydroxyl group or amino group (Tan, H., et al., 2013). In 
some studies, quaternized chitosan derivatives exhibited stronger antibacterial activity, a broader spectrum 
and higher killing rates compared to unmodified chitosan [3, 4, and 5]. However, the biocompatibility of the 
quaternized chitosan was affected with the different degree of substitution exhibiting a cytotoxic effect on 
the cell activity.  

The antimicrobial properties of chitosan and its derivatives has been widely explored (Rabea, E.I., et al., 
2003; Lim, S.-H., and S.M. Hudson, 2004). QCS-PAA nanoparticles were synthesized and their fungicidal 
activities against plant fungus were examined. In 2010, Li and Gue (2010) successfully synthesized three 
novel quaternary chitosan derivatives and studied their antifungal activity against some phytopathogenic 
fungi. Also in 2013, Pedro et al. (2013) synthesized two series of chitosan by reaction of deacetylated 
chitosan propyl and pentyl trimethyl ammonium bromies and their antifungal activity on the mycelial 
growth of Aspergillus flavus. They added that the quaternary derivatives inhibited the fungus growth than 
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chitosan. Furthermore, quaternized chitosan derivatives with high molecular weight were shown to have 
stronger antifungal activities than those with low molecular weight (2008).  

Nanoparticles synthesis is currently intensively researched due to its wide variety of potential 
applications. As an alternative to chemical manufactured pesticides, use of nanoparticles as antimicrobial 
agents has become more common as technological advances have made their production more economical 
(Jo, Y.K., et al., 2009). Numerous studies on the antimicrobial activity of chitosan and its derivatives against 
most economic plant pathogens have been investigated (Rabea, E.I., et al., 2003; Badawy, M.E.I., 2010; 
Kaur, P., et al., 2012; El-Mohamedy, R.S., et al., 2014; Sahab, A.F., et al., 2015). Therefore, these 
compounds are considered as useful pesticides in the control of pathogenic microorganisms. The aim of the 
present work is to finish cellulosic fabric having antimicrobial activity through treatment with the prepared 
quaternary chitosan derivative. 

 
MATERIALS AND METHODS 

 
1- Materials: 
1.1- Fabrics: 
1.1.1- Cotton fabric: 

100% prewashed Cotton fabric was received from EL Shorbagy- Egypt (no. of yarn: 40/1; weight of 
fabric: 142 g/m2 and structure of fabrics: woven, plain1/1). 

 
1.1.2- Polyester fabric: 

100% prewashed polyester fabric was used throughout this work, which was received from Golden Tex 
Company- Egypt (no. of yarn : 70/42; weight of fabric : 143 g/m2

 and structure of fabrics : woven, plain 1/1) 
 

1.1.3- Cotton / polyester blend fabric: 
Prewashed cotton / polyester blend fabric was used throughout this work, which was received from EL 

Shorbagy- Egypt (percent of blend: 50% cotton, 50% polyester; type of blend: union blend; weight of fabric: 
88 g/m2 and structure of fabrics: woven, plain 1/1.  

1.2- Chitosan: Chitosan, with initial 85% degree of deacetylation from Sigma (U.S.A), was used 
throughout this study. 

1.3- (Quat.) 3-chloro-2hydroxy propyl triethyl ammonium chloride was laboratory prepared by reaction 
of TEA: HCL with Epichlorohydrine mol/mol. 

 
2- Methods;  
2.1 Preparation of 3-chloro-2hydroxy propyl triethyl ammonium chloride (Quat.): 

3-chloro-2hydroxy propyl triethyl ammonium chloride was synthesized by adding 101gm triethylamine 
(1 mol) over a period of 1hr. at 30°C under slow stirring, adding 92.5gm epichlorohydrine (ECH) (1mol) 
and stirring vigorously the reaction mixture at 40°C for 4hr. After the reaction products were evaporated 
under vacuum at 30°C, and unreacted reagents were removed by five repeated washing with ether (Abo 
Elela, Rasha, Hamouda, 2015).  

 
2.2 Preparation of Quaternary Chitosan acrylic acid nano solution: 

QCS-PAA nano particles was synthesized according to (Khedr, M.A., et al., 2012) as in case of 
obtaining CS-PAA nanoparticles based on an electro static induced interaction between the high positively 
charged prepared QCS and negatively charged acrylic acid (AA), with the ratio of 1 mole QCS and 1 mole 
(AA) next 0.1 g of ammonium persulfate (APS) in 10 ml H2O was added to the QCS-AA solution with 
continuous stirring at 55-57°C for 1hr. Then, 0.05 g  sodium bisulfite (SbS) in 10 ml H2O was added by 
slow addition under continuous stirring for12 hr. leading to the formation of  QCS-PAA as illustrated in the 
following tentative mechanism nanoparticles (pags,5 and 6), due to the ionotropic gelation with polymerized 
AA which were then cooled in an ice bath. The obtained nanoparticles were centrifuged for 30 min at 
4000rpm supernatant was discarded. The particles were re-suspended in water (Abo Elela, Rasha, Hamouda, 
2015).  
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Fig. 1: Size distribution by intensity of QCS-PAA nanoparticles 

 
2.3- Assay of anti-microbial activity for treated fabrics:  

2.3.1- Evaluation of antibacterial activity: The antibacterial test is carried out according to the standard 
methods for determination of antibacterial activity of textiles (AATCC, 1993). 

2.3-2 Evaluation of anti–fungal activity: The anti–fungal test was carried out in accordance with the 
standard methods for determination of anti–fungal activity of textiles (AATCC, 1974). 

Cultures of Fusariam solani and Bacillus subtilis were kindly provided from Plant Pathology 
Department, NRC of Egypt. Cultures were maintained on potato dextrose agar (PDA) medium on 27±2ºC 
for fungi and nutrient agar (NA) on 30±2ºC for bacteria and were subcultured in Petri dishes prior to testing. 

- Streptomycin antibiotic (100mg/ ml) and fungicide (8hydroxy quiolin sulphate100mg/ ml) were 
used as positive control for bacteria and fungi respectively. 

- The diameter of the zone of inhibition was measured in mm. and for each test four replicates were 
performed. 

 
RESULTS AND DISCUSSIONS 

 
1- Preparation and utilization of quaternized chitosan acrylic acid (QCS-PAA) nano solusion:  
The aim of the present work was to synthesis a new quaternized chitosan polyacrylic acid (QCS-PAA) 

nano particle and modifying textile surface using crosslinking agent and QCS-PAA nanoparticle. It was 
suggested that the application of this compound as biocidal agent could be envisioned. Polymeric quaternary 
ammonium compounds have received the most attention of the years as antimicrobial polymer (Russell, E., 
2002). Introducing quaternary ammonium salts onto the chitosan backbone could be one of the best methods 
to increase antimicrobial activity as well as water solubility and increasing dye affinity of chitosan.  

 
Tentative Mechanism: 

The quaternary chitosan N-[(-2hydroxy-3-triethyl ammonium) propyl] chitosan chloride (HTCC) was 
synthesized by reacting chitosan with 3-chloro-2-hydroxy propyl triethyl ammonium chloride, as in the 
following Schemes: 
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Scheme 1: Preparation of QCS 

  
 Where R= CH2-CH-CH 2-N

+(C2H5)3
-Cl 

 OH 
 R1= CH2=CH – COOH         and         X+X1=1 

Scheme 2: Preparation of QCS-PAA 
 
Fig. (2) Show the FTIR Spectra of QCS-PAA and treated blend fabric (CO/PET).   
There are two characteristic peaks of chitosan at 3455 and 1093 cm-1. Characteristics peaks of amine 

NH vibration deformation appeared at 1595cm-1for chitosan. Note that this peak disappears in QCS-PAA in 
chitosan derivatives caused by formation of quaternary ammonium salt at C-2 at high wave number. 
Characteristic peaks of alcohol and second alcohol between 1160 and 1030cm-1 were changed confirming 
the lack of the introduction of alkyl group at C-3 and C-6 in chitosan.  

A new intensive peak at 1688.35 cm-1appeared probably to the ethyl groups of the quaternary triethyl 
ammonium groups of Quat. Furthermore the absorption peak at 1408 cm-1could be assigned to stretching 
vibration of COO-anion groups. These results indicate that the carboxylic groups of PAA are dissociated into 
COO-groups which complex with protonated amino groups of QCS through electrostatic interaction to form 
the electrostatic complex during the polymerization procedure. 
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Fig. 2: FTIR of QCS-PAA Nanoparticles Solution 
 

Antimicrobial effect of nano- quaternized chitosan acrylic acid (QCS-PAA): 
One of the most popular ways of imparting antimicrobial resistance is to use chitosan and chitosan 

derivatives (Rabea, E.I., et al., 2003; Sajomsang, W., et al., 2009; Peng, Z.X., et al., 2010; Xu, T., et al., 
2011; Lim, S.-H., and S.M. Hudson, 2004; Guo, Z.Y., et al., 2008). Chitosan derivatives, being polycationic 
materials bind to the anionic surface of microorganism cell. It is clear from the results tabulated in Table (1) 
and Figs (3, 4) that higher antibacterial and antifungal activities were obtained using QCS-PAA due to the 
above explanation.   
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Table 1: Testing of antimicrobial activity of nano- quaternized chitosan acrylic acid (QCS-PAA) treated fabrics [polyester (PET), 
cotton and polyester /cotton blend] (Zone of inhibition values in mm) 

Treatment 

Antifungal activity against  
F. oxysporum 

Antibacterial activity against  
Bacillus subtilis 

Polyester 
(PET) 

Cotton 
Polyester /Cotton 
blend 

Polyester 
(PET) 

Cotton 
Polyester 
/Cotton 
blend 

1-*Controlled     sample 41.25 46.5 46.5 3.0 4.0 3.0 
2- Untreated   fabrics 0 0 0 - - - 
3-Treated fabrics with  
QCS-PAA 

33.5 38.75 27.75 3.0 4-5 4.0 

*Streptomycin antibiotic (100mg/ ml) and fungicide (8hydroxy quinolin sulphate100mg/ ml) were used as controlled samples. 
 
Data in Table (1) and Fig.(3) showed that cotton fabric treated with  QCS-PAA showed highest 

antifungal activity against F. oxysporum followed by polyester and polyester /cotton  blend. As, the zone of 
inhibition were increased from 0.0mm in untreated fabrics to  38.75, 33.5 and 27.75 mm in cotton, polyester 
and polyester/cotton blend fabrics treated with  QCS-PAA respectively. However, the antifungal activity of 
QCS-PAA was shown to be less activity when compared to the control fabric samples. Quaternized chitosan 
derivatives with high molecular weight were shown to have stronger antifungal activities as reported by 
several investigators (Rabea, E.I., et al., 2003; Lim, S.-H., and S.M. Hudson, 2004; Pedro, R.O., et al., 2013; 
Guo, Z.Y., et al., 2008).   

                                
Fig. 3: antifungal activity of nano QCS-PAA treated fabrics (PET, cotton and PET /cotton blend) 

 
Whereas, different fabrics treated with QCS-PAA showed antibacterial activity against B. subtilis over 

the control and untreated fabrics (Table1 & Fig.4).  As, streptomycin antibiotic (100mg/ ml) of cotton, 
polyester/cotton blend and polyester fabrics  produced about 4.5, 4.0 and 3.0 mm diameter of zone of 
inhibition respectively. Some antibacterial activities have been described with quaternized chitosan 
(Sajomsang, W., et al., 2009; Peng, Z.X., et al., 2010; Xu, T., et al., 2011; Jia, Z., D. Shen and W. Xu, 
2001). The exact mechanisms of the antibacterial activity of quaternized chitosan are still unknown (Tan, H., 
et al., 2013). They added that the polycationic structure of quaternized CS is a perequisite for antibacterial 
activity. Electronic interaction between the polycationic structure and the predominantly anionic 
components of the microorganisms play a fundamental role in antibacterial activity (Tan, H., et al., 2013; 
Sajomsang, W., et al., 2009; Xu, T., et al., 2011). 
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Fig. 4: antibacterial activity of nano QCS-PAA treated fabrics (PET, cotton and PET /cotton blend) 

 
Conclusion: 

In this work quaternized chitosan was synthesized successfully, in which  QCS-PAA  was effective 
antifungal and antibacterial activity and the inhibitory indices against F. oxysporum ranged between 27.75 
and 38.75 mm and between 3.0 and 4.5 mm against B. subtilis  in different tested fabrics treated with  QCS-
PAA.     
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