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Abstract - Chitosan and its derivatives have been proposed as bactericidal and fungicidal agents against a 
large numbers of gram-negative and gram-positive bacteria and fungi. Some antimicrobial mechanisms have 
been proposed for chitosan, with the most widely acceptable being the presence of charged-NH3

+ groups in 
the polymer backbone and its interactions with the bacterial wall constituents. Since this mechanism is based 
on an electrostatic interaction, it suggests that the greater the number of cationic amines, the higher will be the 
antimicrobial activity. So, in the present study, the effectiveness of commercial medium molecular weight 
chitosan and its ionic charged derivative (quaternized N,N,N-trimethylchitosan) were evaluated. Cast films of 
both materials were assessed against Staphylococcus aureus (gram-positive) and Escherichia coli (gram-
negative) as model bacteria by inhibition zone formation. The results show positive activity against the gram-
positive microorganism for both materials. The antibacterial effectiveness of the chitosan derivative was 
dependent on the film polymer concentration. No activity however, was observed against the gram-negative 
species for either material in film form. The results point to the possibility of considering different 
antimicrobial mechanisms acting on each type of bacteria. 
Keywords: Chitosan; N,N,N-trimethylchitosan; Bacterial activity; Biopolymers. 

 
 
 

INTRODUCTION 
 

Due to its ability to form gels and be transformed 
into films with controlled permeability and good me-
chanical properties, chitosan has been considered as 
a material with potential applications in several 
fields such as agriculture, food, medicine, textiles 
and water treatment. Chitosan, a deacetylated form 
of chitin, is a versatile copolymer formed by 2-
acetamido-2-deoxy-D-glucose and 2-amino-2-deoxy-
D-glucose (D-glucosamine) units linked by O-glyco-
sidics β (1-4) bonds. It is soluble in dilute aqueous 
acidic medium (pH<6.5) and has been evaluated in 
membrane form in systems for protein concentration 
(Mello et al., 2006); as a barrier for permeation of 

gases (Ito et al., 1997); for the purification of efflu-
ents from the dairy industry (Wanichpongpan et al., 
2000) and for the improvement of blood compatibil-
ity in the hemodialysis process (Amiji, 1997), among 
other technical applications. 

Chitosan also behaves as a good cation scavenger 
and has been used as an absorbing agent which 
forms chelate compounds, mainly with metals ions. 
In the presence of water the amino groups of chito-
san can be protonated and the sorption of ionic spe-
cies considerably improved (Guibal, 2004). Chitosan 
films have therefore been tested as membranes for 
the removal of heavy metals (Juang and Shiaua, 2000) 
and anionic dyes (Xu et al., 2008) from wastewater. 
The interaction with herbicides and other agricultural 
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chemicals has also been encouraging (Assis and 
Britto, 2008), as well as the use of chitosan in the 
separation of ethanol (Uragami and Takigawa, 1990) 
and ethylene glycol (Nam and Lee, 1999) from water 
via pervaporation.  

Chitosan also possesses many other useful fea-
tures, including biocompatibility, biodegradability 
and remarkable antimicrobial properties (Rabea et 
al., 2003; Goy et al., 2009). Concerning the biocidal 
activity, the interaction between positively charged 
chitosan molecules and negatively charged microbial 
cell membranes is the most acceptable antimicrobial 
mechanism. In this model the interaction is mediated 
by the electrostatic forces between the chitosan pro-
tonated NH3

+
 groups and the negative residues on the 

microorganism surface (Tsai and Su, 1999; Goy et 
al., 2009). 

The salt form of chitosan, such as N,N,N-
trimethylchitosan (TMC), is particularly interesting 
for uses in antimicrobial applications since this de-
rivative is characterized by having a higher density 
of permanent positive charges in the chain and, 
hence, a stronger electrostatic interaction with the 
microorganism's walls (Sadeghi et al., 2008; Silva   
et al., 2010). TMC can be obtained by the covalent 
addition of a substituent containing a quaternary 
ammonium group (Curti et al., 2003), or by an ex-
haustive methylation of the primary amine groups in 
the parent polymer (Britto and Assis, 2007a). TMC 
is soluble in a wide pH range and forms films with 
good mechanical properties (Britto and Assis, 
2007b). 

In this study the effectiveness of films cast from 
commercial chitosan and the derivative TMC against 
model gram-positive (Staphylococcus aureus) and 
gram-negative (Escherichia coli) bacteria, were as-
sessed as a function of the polymer concentration, 
with focus on medical- and environmental-related 
applications. 
 
 

MATERIALS AND METHODS 
 
Chemicals 
 

The starting chitosan was a medium molecular 
weight polymer purchased from Sigma-Aldrich Co. 
(St. Louis, MO, USA). For the methylation reaction, 
the basic sequence consisted of an initial suspension 
in the following proportion: 16 mL of dimethylsul-
fate (Synth, Brazil) and 4 mL of deionized water for 
each 1.0 g of chitosan (0.005 mol). Then 1.2 g of 
NaOH (0.015 mol) and 0.88 g of NaCl (0.015 mol) 
were added and the solution mixed.  

The final product was obtained by precipitation 
with acetone. After rinsing, the derivative was fil-
tered and vacuum dried. The extensive methylation 
of chitosan resulted in the derivative N,N,N-
trimethylchitosan, by grafting methyl functionality 
onto the chitosan amine groups at the C-2 position 
(Figure 1). Methylation details and a full characteri-
zation of the TMC structure can be found elsewhere 
(Britto and Assis, 2007a). Gels were prepared by 
dissolving commercial chitosan in 1% acetic acid in 
deionized water with constant stirring for 2 hours. 
The quaternized salt was directly dissolved in water 
and no plasticizer was used. Concentrations of 0.5, 
1.0, 2.0, 3.0, 4.0 and 5.0 g L-1 were prepared for both 
materials. Films were obtained by solution casting 
onto acrylic plates. Solvents were allowed to evapo-
rate at room temperature (25 °C ± 3) and, after dry-
ing, the films were peeled from the plate. 
 

 
 
Figure 1: Schematic representation of the reaction 
leading to the quaternization of the amine groups of 
chitosan, resulting in N,N,N-trimethylchitosan. 
 
Antimicrobial Test 
 

The antibacterial activity was evaluated according 
to the zone of inhibition in the disc diffusion method 
(Barry et al., 1979). Petri dishes (9 cm in diameter) 
containing TSB (Tryptic Soy Broth) and agar me-
dium were prepared and Escherichia coli (ATCC 
8739) and Staphylococcus aureus (ATCC 25923) 
microorganisms were inoculated after appropriate 
dilution (both provided by Fundação Tropical André 
Tosello, Campinas, Brazil). Circular pieces of films 
approximately 1.5 cm in diameter were cut and 
placed on the surface of previously inoculated cul-
ture medium. The Petri dishes were stored at 32-37 °C 
overnight inside a circulation oven to allow the 
bacteria to grow. Inhibition zones were measured on 
the basis of the average diameter of the clear zone 
directly on the dishes. All experiments were repeated 
four times, counting a total of 12 samples assayed for 
each material.  
 
 

RESULTS AND DISCUSSION 
 

Figure 2 shows as example of the antimicrobial 
activities against S. aureus and E. coli by formation 
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of a zone of inhibition around film samples of chito-
san and TMC, processed at a polymer concentration 
of 2.0 gL-1. Both materials appear to be highly effec-
tive against S. aureus growth (well-defined zone of 
inhibition), but no activity was observed against the 
gram-negative (E. coli) species (no zone responses), 
as seen in Figures 2c and 2d. By comparing the inhi-
bition halos, wider diameters were measured for 
TMC films, resulting in an expected better antim-
icrobial activity of this material. Numerical data 
expressed as a function of polymer concentration is 
graphically shown in Figure 3.  

Concerning the activity against S.aureus, despite 
the higher performance of TMC, both materials be-
haved similarly, whereas the concentration appears 
to have a non-linear effect on the activity. In fact, a 
peak of maximum activity is clearly suggested for 
films processed with small amounts of polymer 
(concentrations around 1.5-2.0 gL-1) followed by 
stabilization or even a tendency to a reduction in the 
diameter of the zone as the polymer concentration 
increases (Figure 3).  

The results imply that a higher concentration 
of chitosan in the film formation does not necessarily 
mean an increase in the antimicrobial efficiency; as 
measured via the zone of inhibition, it otherwise 
resulted in a slight reduction in the overall activity. 
This can be understood in terms of the spatial ar-
rangement of the polymer chains. Low polymer con-
centration results in a relatively small number of 
chains interacting with each other, so the charged 
sites available for external coupling are maximized 
(Palermo and Kuroda, 2010). Gabriel et al., (2009), 
additionally states that less chain-chain bonding re-
sults in an increased flexibility of the active moieties 
positioned on opposite sides of the polymer back-
bone, favoring interfacial interactions. As the con-
centration increases during solvent evaporation, the 
formation of cross-linking, hydrogen and covalent 
bonds amongst the functional groups of the chains is 
favored and the polymer structure tends to assume a 
highly coiled and dense configuration. This in turn 
imposes spatial restrictions to functional group-me-
dium interactions (Solomonidou et al., 2011). Con-
sequently, fewer charged sites will be available to 
bind to bacterial cell walls. At high polymer con-
centration, the solvent plays a fundamental role 
since the formation of clusters by entangled mole-
cules may occur while in solution (Curti et al., 
2003). In particular, for polyelectrolytes such as 
chitosan it is energetically favorable to establish 
electrostatic interactions between chains, leading to 
a stabilized ionic network (interchain coupling). 

Such a configuration can affect interactions within 
the surroundings (Springborg, 1989). 
 

 
Figure 2: Examples of the inhibitory effect of chito-
san and TMC (2.0 gL-1) films against gram-positive 
bacteria S. aureus, (a) and (b), and gram-negative E. 
coli, (c) and (d). 
 

Comparing materials, the antibacterial activity of 
commercial chitosan was inferior to that measured 
for TMC in all tested concentrations, in agreement 
with previous reports in the literature (Sadeghi et al., 
2008; Goy et al., 2009). The main difference be-
tween the parent chitosan and TMC is the density of 
charges and these results reassert the role of the 
electrostatic interaction as a determining mechanism 
in polymer antibacterial activity. Commercial chito-
san has an intrinsic pKa value around 6.5 and only 
approximately 24% of its primary amine groups are 
positively charged in acid medium, whereas all pri-
mary and quaternized amine groups of TMC are 
protonated, even in neutral solution (Mao et al., 
2006). According to the literature, the electrostatic 
interaction between the polysaccharide chains and 
the surface of the microorganism creates a two-fold 
interference. These are: i) to promote changes in the 
membrane cell permeability, thus provoking internal 
osmotic imbalances; this in turn inhibits microor-
ganism growth (Shahidi et al., 1999); ii) a pepti-
doglycan hydrolysis in the microorganism wall, 
leading to the leakage of intracellular electrolytes. 
These may include potassium ions and others low-
molecular weight proteinaceous constituents (e.g. 
proteins, nucleic acids, glucose, and lactate dehydro-
genase). This causes the microorganism to perish 
(Chen et al., 1998; Devlieghere et al., 2004). 
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Figure 3: Inhibition zone as a function of the film 
concentration, as measured against the bacteria S. 
aureus. 
 

Since no activity was observed in the solid state 
(film format) for the gram-negative E. coli, the ef-
fects of chitosan might differ for the two kinds of 
bacteria. Generally, when in solution, the intensity of 
chitosan antimicrobial activity is considered in terms 
of its pKa, pH, concentration, molecular weight and 
degree of deacetylation. Several works have reported 
that chitosan does have good antimicrobial activity 
when dispersed in acidic aqueous solution, against 
both gram-positive than gram-negative bacteria. 
Most of these studies, however, point to a compara-
tively superior activity against the gram-positive spe-
cies (Sudarshan et al., 1992; Tsai et al., 1999; Zhong 
et al., 2008).  

Such susceptibility could be attributed to bacterial 
membrane characteristics: gram-positive microor-
ganisms have an outer cell wall composed of acidic 
polysaccharides (teichoic acids) and peptidoglycan 
with plenty of pores, which promotes foreign mole-
cule adhesion or entry into the cell (Kong et al., 
2010). In gram-negative bacteria, the cell wall is 
made up of a pair of membranes, an outer membrane 
consisting of lipopolysaccharide (LPS), lipids and 
proteins, and an internal peptidoglycan cytoplasmic 
membrane. In such a bilayer structure, the outer 
membrane has high molecular weight and acts as a 
barrier against foreign molecules. Furthermore, ac-
cording to Kong et al. (2010), the composition of the 
gram-negative bacteria outer membrane provides the 
bacterium with a hydrophilic surface, an important 
factor for short-range interactions via hydrophilic 
forces causing strong attachments. 

Conversely, in gram-positive species, surface 
models state that, in the outer wall charges predomi-
nate in the N-terminal ends with dispersed hydro-
phobic domains (Navarre et al., 1999). Such a con-

figuration of hydrophobic domains and charged tails 
results in defined sites suitable for polymer incorpo-
ration onto the surface. This facilitates a proteolytic 
cleavage or entry into the cells, which can inhibit or de-
stroy cellular functions (Schneewind and Mihaylova-
Petkov, 1993). 

Such models shed light on why, when in aqueous 
solution, both chitosan and the charged derivative 
TMC result in good activities against gram positive 
and gram negative bacteria (Zheng and Zhu, 2003; 
Sang-Hoon and Hudson, 2004). When dispersed in 
dilute solution the polymer chains are expected to 
have mobility and flexibility, being free to interact 
either by hydrophilic/hydrophobic forces or by ionic 
attraction, giving a greater antimicrobial activity than 
when measured in film form. 
 
 

CONCLUSION 
 

Commercial medium molecular weight chitosan 
and its quaternized derivative N,N,N-trimethylchito-
san, when processed in film form, both showed ef-
fective antimicrobial activity against gram-positive 
bacteria (S. aureus). The activity of the chitosan 
derivative was found to be superior, according to 
measurements based on the inhibition zone in nutri-
ent medium. The polymer concentration used in film 
processing also had an effect on the activity. No 
antimicrobial activity was found against the gram-
negative bacterium tested (E. coli), suggesting that 
different species behave differently to the chitosan 
contact. This result differs from the literature where 
an acidic solutions of chitosan and its derivatives do 
have activities against both bacteria, though in dif-
ferent intensities. The present study serves to demon-
strate that chitosan in solid form (as film or mem-
brane) can be effectively used as an antimicrobial 
material in food, environmental or medical areas 
especially against gram-positive bacteria. 
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