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antibacterial agent 
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Abstract: The synthesis conditions of chitosan/Arabic gum /zinc oxide nanocomposite were optimized 
using the Taguchi method to obtain antibacterial properties. FT-IR, XRD, FESEM, EDX, TEM, UV/VIS 
and TGA techniques were used to characterize the nanocomposite. Nanocomposite C3 (1 mg/mL chito-
san, 4.5 mg/mL Arabic gum and 8 mg/mL zinc oxide), C7 (3 mg/mL chitosan, 5.1 mg/mL Arabic gum and 
8 mg/mL zinc oxide) and C9 (3 mg/mL chitosan, 4.5 mg/mL Arabic gum and 4 mg/mL zinc oxide) had the 
best antibacterial properties against S. mutans. TGA showed that ZnO improved the thermal stability of 
the nanocomposite. Such materials can be used as antibacterial agents.
Keywords: chitosan, Arabic gum, zinc oxide nanoparticles, process innovation, antimicrobial activity, 
Taguchi method.

Bionanokompozyt chitozan/guma arabska/ZnO jako nowy materiał 
antybakteryjny
Streszczenie: Przy użyciu metody Taguchi zoptymalizowano warunki syntezy nanokompozytu chito-
zan/guma arabska/tlenek cynku umożliwiające uzyskanie właściwości antybakteryjnych. Do scharak-
teryzowania nanokompozytu zastosowano techniki FT-IR, XRD, FESEM, EDX, TEM, UV/VIS i TGA. Na-
nokompozyt C3 (1 mg/mL chitozanu, 4,5 mg/mL gumy arabskiej i 8 mg/mL tlenku cynku), C7 (3 mg/mL 
chitozanu, 5,1 mg/mL gumy arabskiej i 8 mg/mL tlenku cynku) i C9 (3 mg/mL chitozanu, 4,5 mg/mL 
gumy arabskiej i 4 mg/mL tlenku cynku) miał najlepsze właściwości antybakteryjne wobec S. mutans. 
Metodą TGA wykazano, że ZnO poprawia stabilność termiczną nanokompozytu. Tego typu materiały 
mogą być stosowane jako środki antybakteryjne.
Słowa kluczowe: chitozan, guma arabska, ZnO, innowacja procesowa, aktywność antybakteryjna, me-
toda Taguchi.

Despite the constantly expanding knowledge in all 
fields of medicine, bacterial infections remain a serious 
and growing medical problem. Most of the current anti-
microbial agents have been used for more than several 
decades. As a result, current antimicrobial agents face 

a real risk of losing their efficacy against bacteria and 
treating bacterial infections. According to the statement 
of the UN General Assembly in 2016, it is estimated that 
if bacterial resistance continues to increase at the current 
rate, incurable infections caused by bacteria will become 
the leading cause of death by 2050 [1, 2].

Infections caused by dental biofilms are among those 
resistant to common antimicrobial agents. The main com-
ponents of the matrix in dental caries-related oral bio-
films are exopolysaccharides, especially glucans derived 
from S. mutans. The cariogenic S. mutans specifically 
metabolizes dietary sucrose into insoluble exopolysac-
charides, which increases the adhesion and cohesion of 
bacteria and their accumulation on the tooth surface, 
causing the formation of an acidic biofilm and caries. 
Therefore, S. mutans has been considered a key modulator 
in caries development due to its vital capacity to synthe-
size and distribute exopolysaccharides in dental biofilms. 
Currently, more attention is focused on the development 
of suitable compounds to target S. mutans, thus control 
its pathological conditions [3]. Nanomaterials have been 
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considered as new antimicrobial agents for the treatment 
and prevention of infectious diseases with favorable 
effectiveness. The most common nanostructured antibac-
terial materials include metallic or non-metallic nanopar-
ticles (silver, gold, copper, bismuth, selenium) and metal 
oxide nanoparticles such as ZnO, TiO2, CaO, MgO, Fe2O3 
or Al2O3. Most of these nanostructured materials show 
their antibacterial effects through non-specific activity, 
which can limit the development of bacterial resistance 
[3–5]. In recent years, research has focused on the syn-
thesis of metal oxides or metal nanoparticles using poly-
saccharide gums as stabilizing agents against nanoparti-
cle aggregation. These synthesized biocomposites can be 
used in different fields as biocarriers or as antimicrobial 
agents [6].

Zinc oxide nanoparticles are compatible with skin 
and human body cells, so they can be used as a coat-
ing for medical devices and textiles that are in contact 
with the human body [7]. One of the main problems of 
metal nanoparticles is their instability and agglomera-
tion. Hence, identifying a new class of biocompatible 
materials that can be combined with ZnO is necessary to 
develop safe and cost-effective biomaterials with signifi-
cant antimicrobial activity against pathogenic bacteria 
and fungi [8].

Chitosan is a polysaccharide obtained from the deacet-
ylation of chitin; a natural polymer found in the exoskel-
eton of crustaceans. Chitin is insoluble in aqueous solu-
tions, while chitosan is soluble in acidic media. Chitosan 
has been reported to have moisturizing, antioxidant, anti-
inflammatory and antimicrobial properties. Arabic gum 
is a natural polysaccharide obtained from the acacia tree, 
which is an amphiphilic branched polysaccharide that 
has good emulsifying properties and low viscosity and is 
used in various applications, including food, textile, bio-
medical, cosmetic, and pharmaceutical industries [9, 10].

In this study, a novel chitosan-based nanocomposite 
using Arabic gum and zinc oxide nanoparticles with anti-
bacterial activity against S. mutans was obtained using 
the Taguchi method. The conditions for the synthesis of 
the nanocomposite with the highest antibacterial activ-
ity were optimized. This composite may be particularly 
useful in health-related applications where the control 
of bacterial growth is crucial. It may find applications in 
various fields, including tissue engineering, antibacterial 
packaging, biomedical and dental applications.

EXPERIMENTAL PART

Materials

Zinc oxide nanoparticles, zinc chloride, sodium 
hydroxide potassium hydroxide, chitosan biopolymer 
(with 92% degree of deacetylation, molecular weight (Mw) 
of 130 kDa), Arabic gum (trade name Gum Arabic, den-
sity of 1.4 g/cm3) were purchased from Merck (Darmstadt, 
Germany). All the reagents were over 99 wt% purity. 

Synthesis of zinc oxide nanoparticles

0.83 g of zinc chloride salt, 1.19 g of sodium hydrox-
ide, and 1.1 g of potassium hydroxide were mixed. Next, 
reagents were put in an oven set to 220°C for 45 min. The 
finished product was centrifuged after being cooled to 
room temperature and rinsed three times with hot dis-
tilled water to remove contaminants. A white powder of 
zinc oxide nanoparticles was created by baking the pre-
cipitate for two hours at 100°C [11].

Synthesis of chitosan/Arabic gum/ZnO 
nanocomposites

Qulitek-4 software was used to calculate and identify 
the ideal circumstances for the synthesis of nanocom-
posites with the highest antibacterial activity. Nine tests 
with various ratios of zinc oxide nanoparticles, chitosan 
biopolymer and Arabic gum biopolymer were obtained 
using Taguchi’s methodology. Using the in-situ approach, 
concentrations of 1.5, 3, and 4.5 mg/mL of Arabic gum, 
and 1, 2, and 3 mg/mL of chitosan and 2, 4, and 8 mg/mL 
of zinc oxide nanoparticles were used to examine the 
antibacterial characteristics of the synthesized nanocom-
posite (Table 1).

For this purpose, according to the experiments 
designed by the Taguchi method, solutions with dif-
ferent concentrations of chitosan, Arabic gum, and zinc 
oxide nanoparticles were stirred in separate containers 
for one hour and each was sonicated for 15 min until the 
solution was dissolved. Containers containing chitosan 
solution were placed on a magnetic stirrer and Arabic 
gum solutions and zinc oxide nanoparticles were added 
to them drop by drop at the same time. The final solu-
tions were stirred using a magnetic stirrer for one hour 
and then sonicated for 15 min until the nanocomposites 
were formed. To prepare the powder of nanocomposites, 
the resulting solutions were dried in an oven at 60°C for 
24 hours [12].

T a b l e 1. Taguchi experimental data on the synthesis of chito-
san/Arabic gum/ZnO nanocomposite with the highest antibac-
terial activity

Sample Chitosan
mg/mL

Arabic gum
mg/mL

ZnO
mg/mL

C1 1 1.5 2
C2 1 3 4
C3 1 4.5 8
C4 2 1.5 4
C5 2 3 8
C6 2 4.5 2
C7 3 1.5 8
C8 3 3 2
C9 3 4.5 4
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Antibacterial activity

S. mutans (ATCC 35668) was employed to evaluate the 
chitosan/Arabic gum/zinc oxide nanocomposite’s anti-
bacterial efficacy against biofilm. This bacterium was 
acquired from an Iranian industrial microorganism col-
lection facility. S. mutans was cultivated on brain and 
heart extract agar media for 24 hours to create a single 
colony. Then, 0.5 McFarland worth of bacterial suspen-
sion was made. A bacterial biofilm was created by incu-
bating the bacterial suspension in an aerobic environment 
for 72 hours at 37°C. New brain and heart extract contain-
ing 2 wt% sucrose and 1 wt% mannose was added to the 
culture medium daily. After biofilm formation, plank-
tonic S. mutans was eliminated by three PBS washes. The 
Taguchi method’s nanocomposite designed nanocompos-
ite was then applied to each well of the plate, and it was 
incubated for 24 hours. After 24 hours of incubation at 
37°C, the cells isolated from the well wall were collected 
to count the number of living cells in the biofilms. After 
being washed three times, the cells that still adhered to 
the well’s wall were suspended in 1 mL of PBS buffer. The 
resulting suspension was then homogenized for 2 min 
using a vortex shaker. The bacterial sample was diluted 
ten times to perform the colony forming unit (CFU) test 
which were cultivated from brain and heart extract for 24 
hours at 37°C on agar plates. After heating, colonies were 
counted, and their average of their numbers over nine 
tests was determined. Three repetitions of each experi-
ment were performed [13, 14].

Methods

Fourier transform infrared spectroscopy (FT-IR) 
(ThermoFisher Scientific, Waltham, USA) was used to 
analyze the chemical structure. The spectra were recorded 
using at least 32 scans with 2 cm-1 resolution, in the spec-
tral range of 4000-400 cm-1, using KBr pellets technique. 
Crystal structure was determined by X-ray diffraction 
spectroscopy (XRD) using Philips X’ Pert (Amsterdam, the 
Netherlands) diffractometer with monochromatic CuK α 
radiation (γ = 0.154056 nm) at 40 kV and 30 mA. Miller 
indices of different planes namely (hkl), (100), (002), (101), 
(102), (110), (103), (112) and (201) at specific angles, namely 
2θ, 32, 35, 36, 48, 57, 63, 68 and 70 degrees were calculated 
in accordance with established academic protocols [15]. 
Morphology analyses were carried out using field emis-
sion scanning electron microscopy (FESEM) (MIRA3, 
TESCAN, Brno, Czech Republic), X-ray energy diffrac-
tion spectroscopy (EDX) (MIRA III model SAMX detec-
tor/France), element distribution map (Map) with SAMX 
detector (MIRA2, TESCAN, Brno, Czech Republic), and 
transmission electron microscopy (TEM) (TEM Philips 
EM208S, Amsterdam, The Netherlands). UV/VIS spec-
troscopy (Shimadzu UV- 160 A, Tokyo, Japan) was used 
to analyze optical properties. Thermal properties were 
determined using thermogravimetric analyzer, and dif-

ferential scanning calorimeter (TGA-DSC) (TA Q600, 
TA Instruments, New Castle, Great Britain) in an argon 
atmosphere at heating rate of 20°C/min, from 25 to 800°C. 

RESULTS AND DISCUSSION

Antibacterial activity

The optimal conditions for the synthesis of chitosan/
Arabic gum/zinc oxide nanocomposite with the high-
est antibacterial activity were determined using the 
Taguchi method. Then, the effect of the nanocompos-
ite obtained under different conditions on the viability 
of S. mutans was evaluated. The results show that sam-
ples C3 (1 mg/mL of chitosan, 4.5 mg/mL of Arabic gum, 
and 8 mg/mL of zinc oxide), C7 (3 mg/mL of chitosan, 
5.1 mg/mL of Arabic gum, and 8 mg/mL of zinc oxide), 
and C9 (3 mg/mL of chitosan, 4.5 mg/mL of Arabic gum, 
and 4 mg/mL of zinc oxide) showed the strongest anti-
bacterial efficacy against biofilm containing S. mutans, as 
shown in Fig. 1.

The way of killing bacteria can be different, depending 
on the mechanism. The most common is the generation of 
reactive oxygen species (ROS), which leads to the disrup-
tion of the bacterial cell wall by inducing oxidative stress, 
causing enzyme inhibition, changes in gene expression 
and protein inactivation [16, 17]. It is known that ZnO 
nanoparticles attach to the bacterial surface, causing dis-
ruption of the cell membrane, which leads to the leakage 
of cytoplasmic components and cell death [18] through 
the production of ROS, especially hydrogen peroxide [19].

Figure 2 depicts the impact of chitosan, Arabic gum, 
and zinc oxide factors on the survivability of S. mutans. 
The viability of the bacteria was most significantly influ-
enced by these factors at the third level.

Notably, chitosan at the first level and Arabic gum at 
the third level exhibited a robust interaction effect, result-
ing in a 22.13% reduction in the survival rate of S. mutans 
(Fig. 3). Additionally, chitosan at the first level and zinc 
oxide at the third level demonstrated a specific interac-
tion, causing a 19.67% decrease in the survival rate of S. 
mutans. Finally, the third level showed the lowest level of 
interaction intensity index, which was 9.28% for Arabic 
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Fig. 1. Survival rate of S. mutans of nanocomposites
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gum and zinc oxide. The influence of parameters on S. 
mutans survival is presented in Table 2.

It can be concluded that zinc oxide had the greatest 
effect on the viability of S. mutans (62.9%). The effect of 
chitosan was 16.45%, and Arabic gum 11.38%. Table 3 
summarizes the most favorable conditions for obtaining 
chitosan/Arabic gum/zinc oxide nanocomposite with the 
highest antibacterial activity.

T a b l e 3. Optimal conditions for the synthesis of chitosan/
Arabic gum/ZnO nanocomposites with the highest antibacte-
rial activity

Factors Level Contribution
Chitosan 3 0.44
Arabic gum 3 0.34
ZnO 3 0.77
Total contribution from all factors 1.55
Current grand average of performance 0.82
Bacterial survival at optimal conditions -0.73

The present study reveals that zinc oxide showed the 
greatest effect on the survival rate of S. mutans, while 
Arabic gum had the least effect. Interestingly, chito-
san had an intermediate effect, close to Arabic gum. 
Furthermore, the third level was found to be the opti-
mum level for all the three variables, namely chitosan, 
Arabic gum, and zinc oxide. In the case of nanocompos-
ites C3, C7 and C9, biocidal properties were obtained.

Chemical structure 

The FT-IR spectra of chitosan, Arabic gum, zinc oxide 
and nanocomposite are shown in Fig. 4. In the FT-IR 

spectrum of chitosan, a peak at 1615 cm-1 was observed, 
which corresponds to the characteristic CONH2 group. 
Moreover, the stretching oscillation of the combined 
peaks of NH2 and OH groups was found to occur at 
3460 cm-1. The appearance of the peak at 1540 cm-1 indi-
cates the gamma bending oscillation of NH2 and is 
related to the high degree of deacetylation observed in 
chitosan. The higher intensity of the peak at 3460 cm-1 
could be attributed to the presence of nanometric chito-
san particles and is additionally associated with a con-
siderable number of hydrogen bonds. Moreover, the band 
with a subdued intensity corresponding to CONH2 at 
1615 cm-1 and the band (NH2) at 1540 cm-1 indicate the 
purity of chitosan [20].

Arabic gum spectrum shows a wide-ranging absorp-
tion band at 3000–3500 cm-1 (with a peak at 3420 cm-1), 
manifesting the existence of OH groups interlinked to 
H, akin to the absorption band of the amine group in 
the region. The CH groups are associated with the bands 
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Fig. 3. Effect of the tested factors on the inhibition of S. mutans 
biofilm growth

T a b l e 2. Factors influencing the limitation of S. mutans biofilm growth

Factors DOF*) Sum of squares Variance F-ratio, F Pure sum Percent %
Chitosan 2 0.88 0.44 8.09 0.77 16.45
Arabic gum 2 0.64 0.32 5.91 0.54 11.38
ZnO 2 3.07 1.53 28.12 2.96 62.90

*) DOF – degree of freedom
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located at the wavenumbers of 2918 cm-1 and 1612 cm-1, 
which correspond to the deformational motion. The 
polysaccharide molecules exhibit significant and robust 
vibration modes, which are primarily allocated within 
the spectrum of 1000 to 1100 cm-1. 

The band observed in the range of 1200–1400 cm-1 is 
related to the fluctuations of C-O and C-O-C bonds and 
is characteristic of naturally occurring polysaccharides. 
The vibrational modes produced by the pyranose rings 
present in the polysaccharide give rise to the bands occur-
ring in the range of 750–900 cm-1. The low peak intensity 
band at 1423 cm-1 indicates the vibration of the C-O bond. 
The Arabic gum molecule’s carboxylate groups exhibit 
a distinct peak in the range of 1700–1540 cm-1, which can 
be attributed to the presence of C=O stretching and N-H 
bending deformations. The bands originating from gly-
coprotein groups overlap with the bands of polysaccha-
ride groups [21, 22].

In the FT-IR spectrum of zinc oxide nanoparticles, 
a broad absorption in the region of 3000–3600 cm-1 was 
observed, which was attributed to the O-H stretching 
caused by residual alcohols, water, and Zn-OH bond. 
The bending vibration of H-OH bond associated with 
zinc oxide nanoparticles was observed at 1608 cm-1. The 
most prominent and broad absorption band occurring 

at 422 cm-1 could be attributed to the vibrational stretch-
ing of oxygen and zinc. Moreover, the pure zinc oxide 
nanoparticle samples showed Zn-O stretching bands at 
422 and 560 cm-1, as indicated in the previous studies [23].

The FT-IR spectrum of the nanocomposite shows char-
acteristic peaks originating from the polymer compo-
nents (chitosan, Arabic gum) and zinc oxide nanoparti-
cles. However, the change in the intensity of these peaks 
indicates strong interactions between the components, 
thus confirming the formation of the nanocomposite.

Crystal structure

The crystal structure and composition of examined 
samples were determined using the X-ray diffraction 
spectroscopy, and the spectra are shown in Fig. 5. The 
present study involves the calculation of Miller indices of 
different planes namely (hkl), (100), (002), (101), (102), (110), 
(103), (112) and (201) at specific angles, namely 2θ, 32, 35, 
36, 48, 57, 63, 68 and 70 degrees [15]. These calculations 
were performed in accordance with established academic 
protocols and the obtained data were analyzed in a rig-
orous and systematic manner. Furthermore, the Miller 
index of the plane (hkl), (110) corresponding to the angle 
2θ was determined to be 20 degrees [24]. Arabic gum 
was found to have a semi-crystalline phase based on the 
results obtained from the X-ray diffraction [12]. The hex-
agonal crystal structure of the zincite phase was iden-
tified by the X-ray diffraction pattern of the zinc oxide 
nanoparticles. The nanocomposite X-ray diffraction pat-
tern showed a change in peak intensity, broadening or 
disappearance of peaks, as well as shift of the peaks to 
the left or right of the spectrum compared to the X-ray 
diffraction patterns of the components.

Morphology

Fig. 6 shows field emission scanning electron micro-
scope (FESEM) images of chitosan, zinc oxide nanoparti-
cles, and chitosan/Arabic gum/zinc oxide nanocomposite. 
The interpenetrated network structure can be observed 
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a) b) c) d)

e) f) g)

Fig. 8. Dispersion map: a) composition components on the surface of the nanocomposite, b) all elements, c) carbon, d) sodium e) ni-
trogen, f) oxygen, g) zinc
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Fig. 7. EDS spectrum of chitosan/Arabic gum/ZnO nanocomposite

in FESEM images. In addition, the release of zinc oxide 
nanoparticles, nanoparticle clusters, and the appearance 
of larger particles due to the significant surface-to-vol-
ume ratio can be observed. By comparing the field emis-
sion scanning electron microscope images of the samples, 
it was possible to confirm the incorporation of zinc oxide 
nanoparticles as reinforcing agents into the chitosan and 
Arabic gum polymer matrix.

The results of energy-dispersive X-ray spectroscopy 
(EDS) for chitosan/Arabic gum/zinc oxide composite is 
shown in Fig. 7.

The components were identified to encompass carbon 
(10.82 wt%), nitrogen (3.55 wt%), oxygen (22.70 wt%), 
sodium (20.55 wt%), and zinc (42.39 wt%). The formation 
of the studied nanocomposite has been validated. Fig. 8 
presents the distribution map of the elements on the sur-
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face of the chitosan/Arabic gum/zinc oxide nanocompos-
ite. The synthesized nanocomposite has exhibited a uni-
form distribution of carbon, nitrogen, oxygen, sodium, 
and zinc elements in its overall composition, thus con-
firming the formation of the nanocomposite.

Fig. 9 shows the TEM image of nanocomposite con-
firming that zinc oxide nanoparticles are randomly dis-
persed and embedded in the chitosan and Arabic gum 
polymer matrix. This can be clearly observed as dark 
areas in the image.

Optical properties

UV/VIS spectroscopy in the range of 200–800 nm was 
used to study the optical properties of the chitosan/
Arabic gum/zinc oxide nanocomposite and its compo-
nents (Fig.10). The morphology of nanoparticles and their 
dimensions may affect their light absorption character-
istics. A characteristic absorption band at 208 nm was 

detected in the spectrum of chitosan (Fig. 10a). Moreover, 
an absorption band at 195 nm was identified in the spec-
trum of Arabic gum (Fig. 10b). The absorption rate of the 
synthesized ZnO nanoparticles depends on factors, such 
as the energy band, oxygen content, surface roughness, 
and impurity centers. In the case of ZnO nanoparticles, 
an absorption peak at about 370 nm is visible [25, 26]. 
The observed differences in the spectra of the nanocom-
posite and its components confirmed the composition of 
the chitosan/Arabic gum /zinc oxide nanocomposite. In 
particular, the spectrum of the nanocomposite (Fig. 10d) 
showed the occurrence of two absorption peaks in the 
ranges of 195 and 372 nm. The occurrence of a double 
peak indicates an alternative size dispersion of the nano-
composite [22].

Thermal properties

Thermogravimetric analysis (TGA) was used to deter-
mine the thermal properties of chitosan and nanocom-
posite, as shown in Fig. 11. Figure 11a shows that the ther-
mal decomposition of chitosan occurred in two separate 
stages.

The first stage occurs in the temperature range from 
40 to 145°C and results in 69% weight loss, due to water 
desorption enclosed in chitosan. The second stage is in 
the temperature range from 145 to 453°C and reaches 
a peak temperature of 260°C. The increase in tempera-
ture can be attributed to the degradation and decompo-
sition of hydroxyl groups along the polymer chains and 
the dehydration of chitosan segments. Thermal decom-
position of chitosan is accompanied by a significant deg-
radation process at about 350°C, which ends with the 
combustion of the remaining substances. Moreover, the 
total weight loss at 450°C is as much as 30%. In the tem-
perature range from 453 to 800°C, thermal decomposi-
tion of impurities occurs [27]. The thermograms derived 
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from the chitosan/Arabic gum/zinc oxide nanocompos-
ite showed the three primary regions of weight loss. The 
obtained samples exhibited an initial weight loss in the 
temperature range of 40-130°C, due to the disintegration 
and volatilization of feeble linkages of physical dampness 
that were adsorbed on the sample’s surface. The second 
weight loss was observed in the temperature range of 
130–400°C and was caused by thermal decomposition of 
chitosan. The primary cause of this phenomenon is the 
presence of ceramic zinc oxide nanoparticles. The third 
stage of weight loss is observed in the temperature range 
of 500-800°C. Both samples exhibited a weight loss of 
approximately 10% at a temperature of 100°C. A signifi-
cant reduction in weight loss was noted in the tempera-
ture range of 250-350°C. The initial degradation tempera-
ture of the nanocomposite was shown to be higher than 
that of chitosan. This observation indicates that thermal 
stability of chitosan and Arabic gum is improved by the 
addition of zinc oxide nanoparticles [24, 28, 29].

CONCLUSIONS

Taguchi method was used to obtain the optimal con-
ditions for the synthesis and improvement of the anti-
bacterial properties of chitosan/Arabic gum/zinc oxide 
nanocomposite. The nanocomposite synthesized under 
optimal conditions predicted by the software can com-
pletely (-0.73 Log10 CFU/mL) prevent the activity of S. 
mutans and stop their growth and survival (zinc oxide 
with the highest efficacy, chitosan with a medium effect 
and Arabic gum with the lowest effect). This nanocom-
posite can be used as an antimicrobial and antibiofilm 
agent in various fields of biology, medicine, and dentistry.
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