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Fungal chitosanwas extracted fromAspergillus nigermycelia.The produced chitosanwas characterizedwith deacetylation degree of
89.2%, amolecular weight of 2.4× 104 Da, and 96.0% solubility in 1% acetic acid solution.The antibacterial activity of fungal chitosan
was evaluated against two foodborne pathogens, that is, Salmonella typhimurium and Staphylococcus aureus, using the established
antibacterial assays, for example, zone of growth inhibition and agar plat count tests, and using 2,3,5,-triphenyltetrazolium chloride
(TTC) as chromogenic marker for qualitative and quantitative determining of antibacterial potentiality. The TTC (0.5% w/v) was
added, at concentration of 10%, to cultured broth, containing chitosan with different concentrations then the formed formazan
was separated. The formation of red formazan could be considered as a qualitative indication for antibacterial activity, whereas the
measurement of color intensity for the resuspended red formazan, using spectrophotometer at 480 nm, provided a quantitative
evidence for the strength of the used antibacterial agent. Regarding the rapidity, technical simplicity, and cost-effectiveness,
TTC assay could be recommended as an efficient alternative method for qualitative and quantitative determination of chitosan
antibacterial activity and could be suggested for general evaluation of antibacterial agents.

1. Introduction

Chitosan is a cationic polysaccharide consisted ofmanymon-
osaccharide units of 𝛽-(1,4) linked 2-amino-2-deoxy-D-glu-
copyranose. The innocuous biodegradable and bioeffective
nature of chitosan recommends its use in many fields of
biotechnology, food industry, cosmetology, agriculture, and
phar-macology [1–3]. Chitosan can be extracted from the cell
wall of fungi, particularly zygomycetes. The production of
chitosan from fungal cell walls has many advantages such as
independence of seasonal factor and wide-scale production.
The extraction process is more simple and cheap resulting in
a reduction in time and cost required for production [4].

The antimicrobial materials are widely used in indus-
try, community, and private settings to prevent microbial

infection and contamination. To obtain biocidal effect with-
out releasing biocides into the environment, natural antimi-
crobials, like chitosan, are highly recommended to be applied.
The antimicrobial activity of chitosan is a hot research topic
and there are several articles dealing with it and its derivatives
[2, 3, 5–7]. Moreover, chitosan has numerous advantages
over other chemical disinfectants since it possesses a stronger
antimicrobial activity, a broader range of activity, a higher
antibacterial activity even at low concentrations, and a lower
toxicity towards mammalian cells [8, 9].

Technological applications of fungal chitosan, as a natural
antimicrobial agent, require a new method of detection. The
agar diffusionmethod is the most frequently used [10, 11] and
has been standardized as an official test method for detecting
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Figure 1: The tetrazolium-formazan biotransformation system. Adopated fromThom et al., 1993 [25].

bacteriostatic activity of natural antimicrobial agents. This
test is limited for the detection of antimicrobial agents that are
easily diffusible in agar. More direct methods were reported,
such as the total count agar method; this method is also
considered as time-consuming (18–24 h), particularly with
microorganisms such as tuberculosis bacteria, which grow
very slowly in the culture dish. Moreover, these methods re-
quire a large number of bacteria (∼1.5 × 108 cell/mL) [12, 13].
Molecular methods for the determination of antimicrobial
activity of natural compound, like chitosan, are available.
However, the equipment and specialized skills required to
perform such methods make them an impractical option,
especially in developing countries [14, 15].

The Tetrazolium/formazan couple is a special redox sys-
tem acting as proton acceptor or oxidant (Figure 1); this sys-
tem is now widely applied in different branches of the bio-
logical science for example, medicine, pharmacology, immu-
nology, and botany, but especially in biochemistry and histo-
chemistry.

In the presence of bacteria, TTC is reduced to red forma-
zan which is directly proportional to the viable active cells.
Therefore, the TTC test method is considered as a compara-
tively fast method for evaluating the antibacterial activity of
antimicrobial agents. InTTCassay, less than 12 hwas required
to attain susceptibility results and fewer bacterial counts are
required.

The purpose of the current work was to evaluate the pos-
sibility of using the TTC method as quantitative and qualita-
tive method for detecting the antibacterial activity of fungal
chitosan.

2. Materials and Methods

The used chemicals and reagents in the current study were
analytical grade and, unless other sources were mentioned,
obtained from Sigma chemicals Co. (ST. Louis, MO, USA).

2.1. Production of Fungal Chitosan. Aspergillus niger ATCC
9642 was used for the production of chitosan in Potato
Dextrose Broth (PDB; Merck, Darmstadt, Germany) at 28∘C
for 72 h under shake incubation condition. Chitosan extrac-
tion from mycelial biomass was performed as previously
described [6, 8]. Briefly, mycelial growth was harvested by
centrifugation, washed twice with distilled water, and then
homogenized with 1MNaOH at 100∘C for 1 h. The alkali
insoluble fraction was separated, washed, and neutralized
with 5% acetic acid.

2.2. Characterization of Produced Chitosan. The physico-
chemical characteristics of the produced chitosan was de-
termined according to the Association of Official Analyti-
cal Chemists (AOAC) [16] (viscosity, color, and solubility),
whereas molecular weight was determined by gel permeation
chromatography (GPC) using refractive index detector (PN-
1000, Postnova Analytics, Eresing, Germany).Themethod of
Davies and Hayes [17] was applied to determine the degree of
deacetylation of produced chitosan.

2.3. Microbial Strains. Staphylococcus aureus ATCC-12599
and Salmonella enterica subsp. enterica serovar Typhimurium
ATCC-23852 (deposited as Salmonella typhimurium) were
examined for their susceptibility and sensitivity toward the
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treatment with produced chitosan. Bacterial strains were
grown in nutrient broth (NB) and maintained on nutrient
agar (NA) media at 37∘C. Inoculums for the assays were pre-
pared by diluting scraped cell mass in 0.85% NaCl solution
and counting using Haemocytometer, cells number was then
adjusted to 105 cell/mL by dilution with saline solution.

2.4. Evaluation of Antibacterial Activity of Chitosan. Two sets
of antibacterial evaluationmethodswere applied; the first was
the Tetrazolium/formazan test (TTC) which was evaluated as
a qualitative and quantitative antibacterial test method. The
second set contained the standard methods, that is, zone of
inhibition measurement and agar plate count, and was used
for comparison of the TTC accuracy.

The chitosan dissolving solution, that is, 1% acetic acid,
was used as negative control in all experiments.

2.5. Tetrazolium/Formazan Test (TTC)

2.5.1. TTC Preparation. TTC powder was dissolved in sterile
distilled water at a concentration of 5mg/mL at room tem-
perature then filtered through 0.22𝜇mWhatman filter paper
and stored at −20∘C until used.

2.5.2. Susceptibility Test Using TTC. In the presence of bac-
teria, TTC is reduced to red formazan. The red formazan
obtained indicates the activity and viability of the cells
[21]. To do this test, 100𝜇L from gradual concentrations of
dissolved chitosan in 1% acetic acid, that is, 0, 0.1, 0.2, 0.3,
0.4, and 0.5%, was poured in 40mL nutrient broth medium
containing 20𝜇L of 108 cell/mL challenge microorganisms
(S. typhimurium and S. aureus). Chitosan-free solution was
used as the blank control. All flasks were incubated with
shaking at 37∘C at 200×g for 3 h; then 1mL from each
flask containing the treated and the control cultures was
added to sterilized test tubes containing 100 𝜇L TTC solution
(0.5%w/v). All tubes were incubated at 37∘C for 20min.
The resulted formazan was centrifuged at 4000×g for 3min.
followed by decantation of the supernatants. The pellets
obtained were resuspended and centrifuged again in ethanol
50%. The red formazan solution obtained at the end which
indicates the activity and viability of the cells was measured
by spectrophotometer at 480 nm.

2.6. Standard Method

2.6.1. Zone of Inhibition Test. The zone of growth inhibition
test was carried out with a modified agar diffusion assay.
Whatman papers No. 4 were cut into 6mm diameter discs
and sterilized by autoclaving; each disc was loaded with 50 𝜇L
from chitosan 1%. Discs were then placed on nutrient agar in
Petri dishes which had been seeded with 20 𝜇L of bacterial
cell suspensions. The Petri dishes were examined for zone of
inhibition after 24 h incubation at 37∘C.The area of the whole
zone was calculated and then subtracted from the film disc
area, and the difference in area was reported as the “zone of
inhibition.”

2.6.2. Agar Plate Count Test [13]. As a quantitative method
for determining the degree of chitosan antibacterial activity,
bacterial countwas determined after growth in nutrient Broth
(NB) containing gradual concentrations of dissolved chitosan
in 1% acetic acid, that is, 0, 0.1, 0.2, 0.3 0.4, and 0.5%, using
serial dilutions technique. 100𝜇L of bacterial cell suspensions
from diluted cultures, after incubation for 3 h at 37∘C, 100 𝜇L
were spread on nutrient agar (NA) plates and incubated at
37∘C for 24 h. The number of grown colonies was measured
and the inhibition ratios were calculated with the following
equation:

Inhibition ratio (%) = 𝐶 − 𝐸
𝐶

× 100, (1)

where 𝐶 is the average number of the surviving cells of the
control groups (zero chitosan concentration) and 𝐸 is the
average number of the surviving cells of the chitosan concen-
trations used.

2.7. Correlation between Used Quantitative Methods. The
comparative sensitivity of the TTC method was calculated in
comparison with plate colony count method (as a standard
method) as follow:

The colony number (for plate count) and formazan ab-
sorbance reading (for TTC) in control samples (chitosan-
free) was designated as 100%.The percentages of survival cell
counts and formazan absorbance, after incubation for 3 h at
37∘C in the presence of 0.1, 0.2, 0.3, 0.4, and 0.5% from chi-
tosan, were calculated as proportions from control sample.
Correlations between the two methods were calculated for
each treatment as follows:

Relative Formazan absorbance (%)
Relative Colony count (%)

× 100. (2)

The General correlation mean was calculated as follows:
The sum of average correlation values

No. of treatments
. (3)

3. Results

3.1. Characterization of Produced Chitosan. The A. niger chi-
tosan yield based on dry biomass was 27%. The produced
chitosan was characterized in terms of its quality; the phys-
icochemical characteristics of produced chitosan were the
weight color, viscosity of 3.2 centipoises, molecular weight
of 2.4 × 104Da, deacetylation degree of 89.2%, and 96%
solubility in 1% acetic acid solution without further heating
or sonication.

3.2. Antibacterial Activity of Chitosan

3.2.1. Zone of Inhibition Test. The inhibition zone assay
revealed primarily two types of observations, namely, discs
without any surrounded clear or inhibition zones which
could be attributed to the absence of any inhibitory activity
and clear inhibition zone representing the bacteriostatic
action of fungal chitosan. This method is the universal quali-
tative assay as shown in Figure 2.
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Figure 2: Zones of growth inhibition appeared after fungal chitosan treatments against (a) Salmonella typhimurium and (b) Staphylococcus
aureus. Assay disc carried 20 𝜇L of 0.5% chitosan solution.

The examined chitosan exhibited prominent inhibitory
effect against S. typhimurium and S. aureus as indicated by
their clear zones. The diameter of inhibition zones, including
paper disc diameter, were 16 and 24mm for S. typhimurium
and S. aureus, respectively.

3.2.2. Plate Count Agar. In total count agar method, chitosan
showed a powerful antibacterial activity against the two ex-
amined strains. Chitosan was more effective against S. aureus
compared to S. typhimurium. As shown in Figure 3, treatment
with 0.5% from chitosan leads to 98.7% and 97.2% reduction
in S. aureus and S. typhimurium growth, respectively, after the
incubation for 5 h.

3.2.3. Tetrazolium/Formazan Test Method (TTC Test). The
antibacterial activity of chitosan with different concentra-
tions, against the examined bacterial strains, was evaluated
using 2,3,5-triphenyl-2H-tetrazolium chloride (TTC) rea-
gent. Figures 4(a), 4(b), and 5 show the antibacterial activity,
which was expressed by the formation of red formazan in
Figure 4 and the formazan absorbance values in Figure 5,
for the bacteria S. typhimurium and S. aureus treated with
gradual chitosan concentrations.The results shown in Figures
4(a), 4(b), and 5 are with a strong agreement with the results
shown before. A strong reduction of the vital cells due to
the presence of chitosan could be observed. Increasing the
concentration of chitosan in NB resulted in more potency of
antibacterial activity as evidenced by lower red color inten-
sity. The presence of more vital cells resulted in a heavy red
color from the transformed formazan in growth media; the
reduction in color intensity could be markedly observed with
the prolongation of treatment with chitosan. The absorbance
of formed formazan color at 480 nm (Figure 5) revealed that,
after the first hour of incubation, the absorbance was 1.82 for
S. aureus and 1.79 for S. typhimurium.
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Figure 3: Reduction rate in Staphylococcus aureus and Salmonella
typhimurium count after treatment with chitosan determined by
plate count agar.

The absorbance continued to decrease down to zero after
4 h, for S. typhimurium, and 5 h, for S. aureus, from the incu-
bation time with fungal chitosan.

3.3. Comparability of TTC to Standard Quantitative Method.
The treated bacterial cells, with different chitosan concentra-
tions, were subjected to plate count agar and TTC/formazan
assay, as quantitative evaluating methods, and the correlation
between methods’ results was calculated (Table 1). High cor-
relation averages were calculated between the two methods
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Table 1: The sensitivity of TTC method to determine the survival rate of treated bacterial strains with chitosan, compared to plate count
method.

Chitosan
conc. (%)

S. typhimurium∗
Average correlation %

S. aureus∗
Average correlation %

Relative colony
count (%)

Relative formazan
absorbance %

Relative colony
count (%)

Relative formazan
absorbance %

Control
(0) 100 100 100 100

0.1 59.93 58.38 97.41 61.05 59.34 97.20
0.2 26.85 27.22 101.38 29.93 28.78 96.16
0.3 13.81 14.13 102.32 16.94 17.17 101.36
0.4 1.92 1.89 98.44 6.41 6.56 102.34
0.5 0.42 0.40 95.24 2.81 2.91 103.56

General correlation mean 98.96 General correlation mean 100.12
∗Treated bacteria were incubated for 3 h at 37∘C before testing.

Blank 1h 2h 3h 4h 5h

(a)

Blank 1h 2h 3h 4h

(b)

Figure 4: (a) TTC test method of 0.1% chitosan against S. typhimurium. (b) TTC test method of 0.1% chitosan against S. aureus.

results, regarding each individual treatment. The correlation
was more proved in gram-positive strain (S. aureus) than
in gram-negative (S. typhimurium), especially in the higher
examined concentrations from chitosan. The correlation av-
erages between plate count and TTC/formazan, as antibac-
terial evaluating methods, ranged from 95.24 to 102.32 for S.
typhimurium and from 96.16 to 103.56 for S. aureus.

4. Discussion

Theobtained results in this study indicated that the produced
fungal chitosan had a powerful antibacterial activity against
both gram-positive and gram negative strains. Regarding the
biological activity of chitosan, the antibacterial activity of
chitosan is a hot research topic and there are several articles
that deal with it and its derivatives [1, 4, 18–20]. It has been
tested as an additive to textiles [2, 3, 6, 7], and it was proved
to have strong effects on various bacteria, yeast, and fungal
species.

The application of TTC add an indicator for the antibacte-
rial activity, in current study, proved to be an efficient evalua-
tion method. Tetrazolium salts are a large group of organic
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compounds, with the first being prepared in 1894 [21–23].
Their most significant trait is their ability to form highly
coloured products, known as formazans, upon reaction. This
feature can be used to detect biological reducing systems [21,
22, 24, 25]. The tetrazolium salts are nowadays widely used
both in chemistry and biology [21, 26, 27].The change in color
of tetrazolium chloride (TTC), due to contact with live cells,
may also be a useful technique for resolving uncertainties
between hazy, bacteriostatic growth, or the accumulation of
dead cells.

The tetrazolium salts that are most commonly used are
stable, water-soluble solids, ranging in colour from white to
various shades of yellow and brown. During mild reduction,
the highly coloured formazans are produced [22, 28, 29].
The classical application for tetrazolium salts is in the histo-
chemical demonstration of oxidative enzymes, most of which
are straightforward reactions involving dehydrogenases and
oxidases [26, 30].

The fact that chitosan likely has limited diffusion in agar-
based assays relative to other antimicrobials might suggest
that the proposed methodology could be useful in providing
quantitative data for similarly non-diffusible materials.

Antibacterial activity of chitosan was determined using
TTC as the artificial electron acceptor, which was changed
from colorless to red triphenyl formazan (TPF) in the pres-
ence of living microorganisms. TTC method could be con-
sidered as a qualitative and quantitative antibacterial test
method and also a quickmethod for evaluating the antibacte-
rial activity of chitosan. The TTC test serves as an indicating
system for the determination of the viability of bacterial
cell, since absorbance of formazan, measured at 480 nm, is
directly proportional to the amount of living bacteria.

The higher inhibitory activity shown by chitosan can be
attributable to the higher amount of positive surface charge
which could make it more reactive against bacterial cells.The
inhibitory effects of chitosan concentrations were remarkably
higher for S. aureus than for S. typhimurium as indicated
by the wider diameter of inhibition zones. The average cor-
relation between relative formazan absorbance and relative
colony count was more evidenced in S. aureus than in S.
typhimurium, especially in the low values, and that may be
attributed to the higher activity of gram-positive bacteria to
reduce TTC into red formazan, compared to gram-negative
strain. The values of average correlations between the two
methods, during treatment periods, recommend the usage of
YYC/formazan assay as a complement, or even alternative,
to methods currently accepted for quantitative antibacterial
evaluation.

In conclusion, the accuracy, shorter turnaround time,
simple technique, and cost-effectiveness make the TTC col-
orimetric method a promising alternative for qualitative and
quantitative method to determine the antibacterial activity
of chitosan or other antibacterial agents. The simplicity of
this method may make it possible for testing first-, second-,
and third-line antibacterial agents on a routine basis, thereby
allowing the rapid detection of bacterial isolates while at the
same time providing valuable susceptibility data.
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