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Abstract: Background: Chitosan is a natural polymer which has limited solubility. Chitosan is capable
ol being modified using multiple alternatives for chitosan chemical modifications that provide different
desirable properties.

Method: N-methyl chitosan was successfully prepared and characterized. N-methyl chitosan was char-
acterized by the FTIR, XRD, SEM, TEM, solubility, water content, and specific surface area. Antifun-
gal activity against Candida ufnuns of N-methy! chitosan and gauze conted N-methyl Chitosan were
also determined in this study. The antifungal activity tests were performed using agar diffusion and
broth midiluliun methods. Gauze coating with N-methyl chitosan was performed with a pad-dry-cure
method. The SEM photograph of N-methyl] chitosan clearly showed the mugged nature of particles. The
TEM image shows that N-methyl chitosan produced from synthesis possessed round shape, with an
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Results: The results of solubility in water, water content, and specific surface of N-methyl chitosan
were 2.04 mg/mL, 18.12%, and 0.995 nv/g, respectively.

Conclusion: N-methy] chitosan exhibited antifungal activity against C. albicans with MIC and MFC
0.75% and 1%, respectively. The maximum clear zone produced by gauze coated N-methyl chitosan
oceurred at 1% concentration of N-methy] chitosan, 60 seconds of dipping time, and 10 times of dipping

frequency.

Keywords: Chitosan, N-methyl chitosan, gauzed, antifungal activity, C. albicans, respiratory tract.

L. INTRODUCTION

Chitosan is a non-toxic, biodegradable and biocompatible
material that was reported to have several useful biological
properties [1]. Chitosan is environmentally friendly and this
property is the main reason flhc development of chitosan
applications in industry [2]. Smee chitosan is insoluble in
water, the use of chitosan in a basic environment is limited.
Chemical modification of chitosan can give new functional
properties for a variety of biological and biomedical applica-
tions of chitosan. N-alkylation was performed to change chi-
tosan into a more water-soluble form and to give a better
functional property [3]. Recently, increasing attention has
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been paid on water-soluble derivatives of chitosan and its
applications [4].

@lﬂsan has attractive antimicrobial activity. The posi-
tive charges carried by the protonated amine groups of chito-
san (in acidic conditions) that are the driving force for its
solubiliZElon are also associated with its antimicrobial activ-
ity [5]. Chitosf and quaternary chitosan derivatives are
able to inhibit Botrytis cinerea Pers and Colletotrichum la-
genarium (Pass) Ell et halst [6] and Candida albicans [7, 8].
C. albicans is an opportunist pathogen fungus that can be
found in digestion line, respiratory tract, urinary ftract and
bloodstream [9].

Chitosan is a weak base and soluble only in acidic solu-
tions [10] due to the protonation of -NH: group at C2 posi-
tion [11]. The limitation of chitosan use in various applica-
tions is due to its low solubility [12]. Therefore, its low solu-
bility at physi§bgical pH limits its biological activity [13].
Accordingly, chemical modifications of chitosan are re-
quired to enhance its solubility and broaden the spectrum of
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gs applications, including as biocide. Chitosan amino groups
on C2 can react with aldehydes and ketones, which give a
product of aldimines and ketimines, respectively [11]. Thus,
the addition of methyl on the amino groups resulted in the
increase of the water solubility of the chitosan derivatives
and the cationic polyelectrolyte chitosan derivatives [4].

N-methyl chitosan is one of chitosan derivatives that has
better water solubility compared to chitosan since it pos-
sesses a bigger polycationic charge compared to chitosan,
therefore, it may give better antifungal activity. N-methyl
chitosan can be applied on fabric especially on gauze so that
the fabric has antifungal activity against C. albicans. There-
fore, the aim of this research is focused on the synthesis,
characterization of N-methyl chitosan and its antifungal ac-
tivity against C. albicans and its application on the gauze.

2. ]\W’HDDS
2.1. Synthesis of N-methyl Chito

Chitosan solutions were mm:lcsE,r dissolving 5 grams of
chitosarfgh 1% acetic acid. A total of 3.4 mL of 10% formal-
dehyde was added to the chitosan solution at room tempera-
ture and stirring with a magnetic stirrer at 500 rpm. After one
hour, the pH of the solution is conditioned at 4.5 by adding a
solution of 1 M NaOH. Afterward to this fliJtion, 2.6 mL
NaBHj, of 10% solution in water was added and the solution
mixture was stirred for 1.5 hours. N-methy! chitosan product
was then precipitated by conditioning the pH to 10. The pre-
cipitate was washed with distilled water to remove excess
unreacted formaldehyde. The precipitate was dried at 35°C.

2.2, Characterization of the Product

Characterization was performed by FTIR for the identifi-
cation of its structure, X-RD to test crystallization, SEM, and
TEM for the identification of morphology, analysis by SAA
to determine the specific surface area, solubility test [14],
water content, ash content [15].

2.2.1. Solubility Test

A 500 mg N-methyl chitosan was mserted into a glass
beaker, and 1% acetic acid was added to it slowly to dissolve
N-methy! chitosan completely. The solubility of N-methyl
chitosan is calculated as below:

m
N-methyl chitosan solubility (w/v) = —
v

Description: m = weight of N-methyl chitosan (mg)
v = volume of solvent (mL)
2.2.2. Water Content

500 mg of N-methyl chitosan was weighted and the sam-
ple was then heated in an oven to a temperature of 105°C for
3 hours. The dried sample was put into desiccators, allowed
to cool and reweighed. The heating process was repeated
until a constant weight was obtained.

W2l-Ww3
W2-wl
W1 =Initial weight of empty dish

W2 =Weight of dish + undried sample
W3 = Weight of dish + dried sample

Water content (%) = x100%

Description:

Kurniasih et al.

2.2.3. Ash Content

ﬁeaccuralc}y weighted 500 mg of N-methyl chitosan
was heated in a moisture extraction oven for 3h at 100°C
before being transferred into a muffle furnace at 550°C until
it turned white and free of carbon. The sample was then re-
moved from the furnace, cooled in a desiccator to a room
temperature and reweighed immediately. The weight of the
residual ash was then calculated as ash content.

weight of ash 100%

Ash content (%) =
sh content (%) weight of original of sample

2.3ﬁntifungal Activity

The antifungal activity tests were performed using agar
diffusion and Hfh microdilution methods. The micro agar
dilution assay was used to determine Minimal Inhibitory
Concentrations (MIC) and the Minimal Fungicidal Concen-
tration (MFC). C. albicans was a clinical isolate randomly
selected from a group of clinical isolates of the Candida spe-
cies collected in our laboratory.

2.3.1. Agar Diffusion

The agar diffusion method was used to determine the
inhibition of the antifungal activity of the test samples. The
inoculum was prepared using 24-hour plate cultures of C.
albicans. The colonies were suspended in PDB to produce a
yeast suspension. The antifungal activity was performed us-
ing sterilized of 10 mL PDA. PDA media was poured into
the petri dish and then was cooled to room temperature to
solidify. As much as 200 pl prepared suspension was inocu-
lated on the dried surface of agar plate using spread plate
method over the entire sterile agar surface. The suspension
was spread using sterile rod while rotating petri dish o in
a while so that the spread is homogenous. Furthermore, holes
were I:mr in the center agar plate, and the samples were
added to a final volume of 20 pl. The plates were incubated
at room temperature for 24h and then the inhibition zone
form was observed. Ketoconazole at a concentration of 1%
was used as a reference drug.

2.3ﬁ Minimal Inhibitory Concentrations (MIC)

The broth microdilution was implemented as explained in
M27-A2 (CLSI) [16] with modifications. The medium used
was PDB. N-Methy! chitosan samples were prepared in 0.5%
acetic acid. The correct volume of the compound solution
was placed in the microplate well with PDB medium. The
compound was prepared with 100ul suspension cultures of
C. albicans with each varying concentrations sample of
0.375%: 0.75%: 1.5%; &Bo each well. The cell suspension
was prepared in PDB. This suspension was noculated in
cach well of a microdilution plate previously prepared with
the sample. The plates were incubated at room temperature
for 24 h. The Minimum Inhibitory Concentration (MIC) was
tcnnincd by broth microdilution, The MIC for the sample
was defined as the lowest concentration able to inhibit
visible fungal growth. Results were analyzed visually. The
experiments were performed in triplicate.

2.3.3. The Minimal Fungicidal Concentration (MFC)

The MFC is tested to estimate fungicidal activity. It was
defined as the lowest concentration of antimicrobial agent
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needed to kill 99,9‘3’mlhc initial inoculums after incubation
[17, 18]. The MFC was defined as the lowest concentration
at which no turbidity was visible after 24 h incubation at
m temperature [19]. In this experiment, The MFC was
determined by swabbing onto PDB of broth from each clear
well. It is based on the result of MIC determination. Various
concentration of each sample was prepared in 2%; 1.5%; 1%.
MFC of ketoconazole was performed in the same procedure
as the test compound. The experiments were performed in
triplicate.

2.4. Application on The Gauze
2.4.1. Optimizing Dip Coating Technigues

Optimizing dip coating a technique was performed on
around shaped sterilized gauze with 1.5 cm diameter and
known weight. The optimizing process covers optimizing
concentration, coating time and frequency. Five sheets of
gauze were cut into round shape, then dipped each gauze into
N-methyl chitosan solution with a various concentration of
0.2,0.4,0.6, 0.8 and 1% over 60 seconds for 10 times. After
dipping the gauze, air-dried it until it is completely dry then
placed in an oven at 100°C for 3 minutes and cured 150°C
for 3 minutes.

Continue by dipping four sheets of round shaped gauze
into optimum concentration sample solution with dipping
time variation of 40, 50, 60, and 70 seconds. Dipping fre-
quency is 10 times. After gauze was dipped then air dried
then dried at 100°C for 3 minutes and cured at 150°C for 3
minutes. Store the coated gauze inside desiccators.

Get four sheets of round shaped gauzes and dip it indi-
vidually into optimum N-methyl chitosan with concentration
and time based on the previously optimized result. Dipping
frequency for individual gauze is varied for 8, 9, 10, and 11
times in sequences. After being dipped, air dries the gauze
until dry then dried at 100°C for 3 minutes and cured at
150°C for three minutes.

CHzOH
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2.4.2. Antifungal Activity Against N-Methyl Chitosan-
Coated Gauze

The procedure for activity testing is as follows: Candida
albicans fungus is grown in liquid PDB for 24 hours. 200 pL
liquid C. albicans cultures are distributed evenly on solid
PDA medium. Afterward, the sample coated gauze on opti-
mum condition of 1.5 cm size placed on solid medium. Each
culture was incubated for 24 hours at room temperature, with
triple treatment. The resistor area (clear zone around the
sample coated gauze) was measured from each C. albicans
for every sample solution. The clear zone around the gauze
indicating the sample coated gauze has antifungal activity.

3. RESULTS AND DISCUSSION
3.1. Synthesis of N-methyl Chitosan

Alkyl group can be easily incorporated into amine group
of chitosan using Schiff base intermediates. The first step in
the synthesis of N-methyl chitosan is to dissolve chitosan
into dilute acetic acid so that the reaction proceeds homoge-
neously. Formaldehyde solution was added into the chitosan
solution. Chitosan condensation with aldehyde functional
groups gives a Schiff base intermediate called aldimine [11].
The formation of Schiff base was followed by the reduction
of an amine bond using NaBH, solution to produce N-methyl
chitosan [20]. The choice of the reducing agent is important
in this particular reaction because the reducing reagent must
reduce imme selectively [11].

The reaction proceeds in two steps which are the forma-
tion of Schiff base and the reduction of the Schiff base as
shown in Fig. (1). The product was precipitated and basified
to pH 10 using NaOH. The formed gelatin was washed using
distilled water. To determine the unreacted aldehyde, a quali-
tative test was performed using Fehling A and B reagents.
The product was then dried in an oven to obtain N-methyl
chitosan as a white powder.

CH40H

NaBHy

Fig. (1). The reaction of the formation and reduction of Schiff base in Chitosan.
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Table 1. The assigcnment of the relevant bands of N-methyl chitosan and chitosan.
Wave Number (em’)
Assignments -
Chitosan N-methyl Chitosan
wO-H) overlapped to the vs(N-H) 3448 3425
viC-H) 2885 2877
v(-C=0) 1597 1604
HC-H) 1419, 1381 14271381
v.(-CH3) 1327 1327
Vo[ C-0-C) andv,(C-0-C) 1087, 1033 1072, 1033
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Fig. (2). IR spectra of (A) chitosan (B) N-methyl chitosan.

3.2 Characterization of the Synthesis Product

FTIR has often been used as a useful tool in determining
specific functional groups or chemical bonds that exist in a
material. The presence of a peak at a specific wave number
woffll indicate the presence of a specific chemical bond [21],
IR studies were carried out for N-methyl chitosan and chito-
san, and the spectra are given in Fig. §Ji) Table 1 showed the
assignment of the relevant bands of N-methyl chitosan and
chitosan.

Fig. (3) showed the diffraction patterns of chitosan and
N-methyl chitosan. The diffraction pattern of chitosan
showed characteristic peaks at 10.4" and 20.1° 20. In the
spectrum of chitosan, it is obvious that chitosan is a crystal
polymer to some degree. N-methy! chitosan showed similar
diffraction patterns, where N-methyl chitosan peaks were
displayed with less intensity. The spectrum of N-methy! chi-
tosan showed the characteristic peaks at 8.9° and 19.2°,

wavelength (1/cm)

which suggest the formation of inter- and intra-molecular
hydrogen bonds due to the presence of free amino groups in
N-rﬁlhyl chitosan.

Scanning Electron Microscopy (SEM) was carried out in
order to study surface morphology and texture. The Sn‘l
photograph of N-methyl chitosan which clearly depicts the
rugged nature of particles is depicted in Fig. (4). In this
study, bio functionalized quantum dots were characterized
using TEM for investigating the relevant morphological and
structural features. The characterization of N-methyl chito-
san using TEM is presented in Fig. (5). The TEM image
shows that N-methyl chitosan produced from synthesis are
muE in shape.

Chitosan is a semi-crystalline polymer, a weak base,
which is insoluble in water, alkali or aqueous solution above
pH 7. and common organic solvents due to its stable and
rigid crystalline structure. Chitosan is normally polydisper-
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Fig. (5). TEM spectra of N-methy! chitosan: (A} view in 50 nm (B) view in 20 nm.

E
sed gd has the ability to dissolve in certain organic acids
suchBketic acid at certain pH values after prolonged stirring.
The investigation of chitosan dissolution characteristics re-
vealed that its dissolution rate varies according to the type of
acid used. Various studies were conducted to prepare chito-
san derivatives with higher solubility properties by chemical
modification techniques, such as N-methyl chitosan. The
solubility for N-methyl chitosan was tested. The result shows
that the solubility of N-methyl chitosan is greater than the
solubility of chitosan. The solubility of N-methyl chitosan

and chitosan in water was 2,04 mg/mL and 0.01 mg/mL,
respectively. N-methyl chitosan has a solubility in the acetic
acid is greater than chitosan. This is due to the CH; group
which has positive inductive effect (driving toward N) so
that the nitrogen atom in N-methyl chitosan become more
basic than nitrogen atom on native chitosan, this renders N-
methyl chitosan more soluble in acetic acid than chitosan.

The water content for N-methy! chitosan was measured
and found to be up to 18.12%. This value is higher than the
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water content of the chitosan which is up to 4 45%. The high
water content suggested that N-methyl chitosan had slﬂlgcr
ability to bind with water than chitosan itself. This is due to
the higher formation of hydrogen bonding between N-methyl
chitosan with water molecules. It also can be due to residual
water from the drying process in the synthesis.

N-Methyl chitosan was chamarized using SAA to de-
termine its specific surface area. The antimicrobial activity
of the nanoparticles is known to be a function of the surface
area in contact with the microorganisms [22]. The result
shows that the specific surface area of N-methyl chitosan is
greater than the specific surface area of chitosan. The spe-
cific surface area of N-methyl chitosan am&n chitosan was
0.995 m*/g and 0.2234 m?*/g, respectively. The antibacterial
properties are related to the total surface area of the nanopar-
ticles. Smaller particles with larger surfafEjo volume ratios
have greater antibacterial activity [23]. The small size and
the high surface to volume ratio ie., a large surface area of
the nanoparticles enhance their interaction with the microbes
to carry out a broad range of probable antimicrobial activities
[24].

3.3. Antifungal Activity

First antifungal activity test of N-methyl chitosan as anti-
candidiasis was performed using agar diffusion method.
Anti-candidiasis was also performed and compared 1% keto-
conazole. The inhibition zone diameter of a clear zone was
measured. Antifungal activity test of N-methyl chitosan was
conducted in 3 concentrations namely: 0.5%, 1%, and 1.5%.

Kurniasih et al.

The result of N-methyl chitosan anti-candidiasis test on
C. albicans using agar diffusion method on PDA media is
presented in Table 2.

Based on the result on (Table 2), N-methyl chitosan pos-
sessed an anti-candidiasis activity. This is shown by the clear
zone around the hole. It shows that the growth of inoculated
C. albicans was inhibited by N-methyl chitosan. The greater
concentrations of N-methyl chitosan provide greater inhibi-
tion. N-methyl chitosan also gives greater inhibition zone
when compared to the reference drug ketoconazole at the
same concentraggn.

Derivatives of N-substituted chitosan through Schiff base
reduction increased the microbial activity [25]. The structure
of C. albicans consists of the cell wall and sterol membrane
and cell membranes consisting double layer phospholipid
[26]. The antifungal activity mechanism is believed to occur
from the interaction between a cationic chain and negatively
charged residue of macromolecules on the surface of the
fungi cell, that leads to the leakage of intracellular electrolyte
and other constituents [27], preventing nutrition transported
to cell and further inhibit cell growth [6, 7).

The antifungal activity of N-methyl chitosan was also
determined by minimum mhibitory concentration (MIC) and
minimum fi idal concentration (MFC) procedure against
C. albicans. The MIC and MFC were determined at the 24 h
as shown in Table 3. N-methyl chitosan exhibited antifungal
activity against C. albicans with MIC and MFC 0.75% and
1%, respectively.

Table 2.  Antifungal activity Test of N-methyl chitosan using agar diffusion method.
No. Treatment Average Clear Zone Diameter (em)
1. N-methyl Chitosan 0.5% 3315
2. N-methyl Chitosan 1% 376
3 N-methyl Chitosan 1.5% 3835
4. Ketoconazole 1% 2.5
1
Table 3. Comparative results of antifungal activity against C. albicans of N-methyl Chitosan by microdilution methods.
MIC (%) MFC (%)
C+ C
0.375 075 LS 3 1 s 2
F »

Y,
I
s

- "

C: Control with ketoconmznle
C+: Positive control {100% growth)
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3.4. Application on the Gauze

Gauze has thin and loose knitting and ease in absorption
of fluid. Gauze coating with N-methy! chitosan was per-
formed with a pad-dry-cure method. The pad-dry-cure tech-
niques have allowed the sample dispersion into fabric fiber.

The dry phase allowed water evaporation and further sol-
vent until reach condensation and gel form. The curing phase
aimed to stabilize the thin layer of fabric due to advance con-
densation that caused the formation of polymer texture on
water and solution free fabric. The high temperature on cure
phase caused fixation of hydroxyl (-OH) in sample cluster and
cellulose hydroxyl cluster (-OH) on fabric through van der
Waals interaction between the —~OH in the sample cluster and
—OH fabric cellulose cluster was stronger [28].

Sample coating on gauze was performed on optimum
condition. The parameter of optimized dipping condition
covers solution concentration, time of dipping and the fre-
quency. Optimum condition of a coating was determined by
the weight of the sample coated gauze and diameter of resis-
tor zone formed against C. albicans.

Optimizing sample concentration using concentration of
0.2, 0.4, 0.6, 0.8 and 1%. The sample was diluted into 0.5%
acetic acid, with dipping time of 60 seconds, for 10 times.
The result on gauze with sample concentration variation is
displayed in Fig. (6). Fig. 6 shows that at the higher concen-
tration, the more samples that are coated in gauze. The most
coated gauze is at 1% concentration. Each individual dipping
condition on optimized dipping concentration was further
tested with anti-fungal activity on potato dextrose agar
(PDA) media against C. albicans fungus. Fig. (6) also indi-
cates the amount of resistor zone formed around the sample
coated gauzed. The maximum clear zone formed for N-
methyl chitosan 1% coated gauze is 0.42 cm diameter. The
maximum clear zone produced by both sample occurred on
optimum dipping concentration, this is due to the high

Current Bivactive Compounds 2018, Vol. 14, No. 4 353

amount of sample coated on gauze. Therefore, it can be con-
firmed that based on the number of samples coating the
gauze also the diameter of formed clear zone, the optimum
dipping concentration is 1 %.

Optimum dipping time was determined on optimum dip-
ping concentration (1%) and 10 times frequency. The result of
gauze coating to dipping time variation is displayed in Fig. (7)
which reveals that the longer dipping time resulted in a higher
number of the sample coated on gauze which reaches an opti-
mum point, before finally decreased. Optimum dipping time is
60 seconds. After reaching an optimum point, the individual
sample coated gauze will experience a decrease.

One of the interactions between sample molecules and
cellulose on gauze was electrostatic interaction [29]. Electro-
static interaction between & and & on N-H polar covalent
bond and O-H on sample has allowed hydrogen bonding
formation with O-H on cellulose. The hydrogen bond is eas-
ily disconnected bond [30]. After reaching the optimum
point, sample molecules will be released because it cannot
maintain their interaction with cellulose. Sample molecules
will attach and retracted to its similar sample molecules in
form of solution, which causes a decrease in a number of the
sample coated in gauze.

Each dipping condition on dipping time optimization was
then tested for its anti-fungal activity on PDA media on
C. albicans fungus. The clear zone formed on dipping
time variation is displayed in Fig. (7). Fig. 7 indicates the
maximum clear zone produced by N-methyl chitosan was at
60 seconds dipping time. The diameter of the formed resistor
zone was 042 cm. After reached maximum point, the resis-
tor zone will decrease once more. This is due to the number
of sample coating the gauze were also decreased. The last
optimization was the dipping frequency on 1% concentration
and dipping time of 60 seconds. The result of optimized dip-
ping frequency is displayed in Fig. (8). The optimization
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Fig. (6). Optimizing N-methyl chitosan concentration to gauze coating.
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Fig. (7). Optimizing dipping time of N-methyl chitosan to gauze coating.
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Fig. (8). Optimizing dipping frequency of N-methyl chitosan to gauze coating.

result indicating that the optimum dipping frequency was 10
times. The formed clear zone diameter was 0.42 cm.

3.5. Antifungal Activity on N-Methyl Chitosan Coated
Gauze

Antifungal activity testing for N-methyl Chitosan-coated
gauze to C. albicans performed with agar diffusion method
with PDA media. The antifungal activity testing was also
performed on chitosan for comparison; acetic acid was used
as a solvent control and on non-coating gauze as a blank.

The result obtained by the diffusion method showed a
clear zone diameter that blocked the growth of C. albicans
and was measured. The gauze clear zone coated with N-
methyl chitosan was 0.36 ¢cm while that of chitosan coated
gauze was 0.15 cm. The greater the clear zone diameter, the
higher antifungal activity [31]. Acetic acid coated gauze and
non-coating gauze did not show antifungal activity.

Chitosan derivatives antifungal activity is due to the in-
teraction between cationic N-methy! chitosan chain and the
negative macromolecule residue on the fungal surface that
led to intracellular leak and other constituents in a cell [27].
This interaction might also cause inhibition of function of
the cell wall that causes disorder in metabolism, growth, and
cell reproduction led to cell death. N-methyl chitosan has
greater antifungal activity when compared with chitosan
because of the presence of alkyl substituent on chitosan
molecules. Antimicrobial N-Alkyl Chitosan activity will
alongside the greater length of alkyl substituent chain on
chitosan molecules as a contributing result of improvement
in chitosan hydrophobic characteristic [32]. On condition
during extremely low NH; protonated and causing NH;' re-
pulsion weaker, intermolecular will form micro-area hydro-
phobic on polymer chain that causes the formation of hydro-
phobic and hydrophilic parts that increase the structural af-
finity between the cell wall and chitosan derivatives [33].
The increase of affinity will lead to an increase in chitosan
derivatives antimicrobial activity.

N-methyl chitosan was proven capable in a block the
growth of C. albicans fungal growth marked by the clear
zone around the sample coated gauze. The sample influence
on C. alhicans was visible through a microscope (400x mag-
nification). The observation was performed by obtaining a
small part of agar on the clear zone and non-clear zone for
observation under a microscope. The observation result of C.
albicans on PDA media is displayed in Fig. (9).

(A) (B)

Fig. 9). (A) C. albicans fungal on PDA media, (B) clear zone form
by N-methy! chitosan.

Based on Fig. (9), N-methyl chitosan was proven capable
of hampering the growth of C. albicans. C. albicans cell on
PDA media without sample influence was in great number
and seen on all lenses angle. While the C. albicans cell on
clear zone formed by N-methyl chitosan was in smaller
number and only appear in several parts. This might occur
because of interaction formed between chitosan derivatives
cationic chain with negative capacity on C. albicans cell
surface (cell wall. sterol membrane, cell membrane) that
cause inhibition in membrane permeability and C. albicans
cell metabolism system led to cell death.

Characterization of gauze coated with N-methyl chitosan
includes characterization with X-ray diffraction (XRD) and
Scanning Electron Microscopy (SEM). Based on Fig. (10),
N-methyl chitosan showed similar diffraction patterns,
where N-methyl chitosan peaks were displayed with less
intensity. There is a possibility of N-methyl chitosan on
gauze surface.

Based on the visual analysis and SEM photograph
(Fig. 11) difference appear between fabric without treatment
and N-methyl chitosan coated fabric. Morphology of the
fabric fiber before treatment was soft and well distributed.
The distribution pattern of fabric surface was homogeneous.
While for fabric with N-methy! chitosan was rough and not
well distributed. This due to the coating process by N-methyl
chitosan. The fabric looks more coarse compared to control
fabric. The coarse surface was due to the interaction between
the fabric fiber and N-methyl chitosan.
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Fig. (10).

(A)
Fig. (11). SEM of (A) gauze and (B) N-methyl chitosan coated gauze.

CONCLUSION

In this study, the synthesis of N-methy! chitosan and anti-
fungal activity of C. albicans and its application on the
gauze has been investigated. The results showed that the N-
methyl chitosan has antifungal activity as well as gauze
coated with N-methyl chitosan. However, further studies are
needed to pursue the evaluation of the antimicrobial activity
of other organisms.
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