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Antibacterial effect of polylactic-co-glycolic acid/selenium 
nanocomposite against dental biofilm
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Abstract: To determine the optimal conditions for obtaining poly(lactic-co-glycolic) acid with selenium 
(PLGA/selenium) nanocomposites the Taguchi method was used. FT-IR, Raman spectroscopy, XRD and 
FESEM analysis confirmed the nanocomposites’ structure. The nanocomposite containing 6 mg/mL of 
selenium obtained in the process where the mixing time was 75 min showed the highest antibacterial 
activity against Streptococcus mutans. The obtained nanocomposites are an innovative approach to im-
proving oral health and can be used as antibacterial materials for medical and dental applications.
Keywords: poly(lactic-co-glycolic acid), selenium, nanocomposite, Streptococcus mutans, human health, 
Taguchi method.

Działanie antybakteryjne nanokompozytu poli(kwasu 
mlekowego-co-glikolowego) z selenem na biofilm zębowy
Streszczenie: Metodą Taguchi określono optymalne warunki otrzymywania nanokompozytów poli-
(kwasu mlekowego-co-glikolowego) z selenem (PLGA/selen) i oceniono ich aktywność przeciwbakte-
ryjną przeciwko Streptococcus mutans. Najwyższą aktywnością przeciwbakteryjną charakteryzował się 
nanokompozyt zawierający 6 mg/mL selenu (czas mieszania 75 min). Strukturę nanokompozytu po-
twierdzono metodą FT-IR, spektroskopii Ramana, XRD i FESEM. Nanokompozyty PLGA/selen stano-
wią nowe podejście do poprawy zdrowia jamy ustnej i mogą być stosowane jako materiały przeciwbak-
teryjne do zastosowań medycznych i stomatologicznych.
Słowa kluczowe: kwas poli(mlekowy-co-glikolowy), selen, nanokompozyt, Streptococcus mutans, ludz-
kie zdrowie, metoda Taguchi.

The indiscriminate and inappropriate use of antibiot-
ics in medical and dental treatments has led to the emer-
gence of antibiotic-resistant bacteria, posing a signifi-
cant global health concern [1]. Dental caries, classified 
as a chronic oral disease, can compromise overall health 
and, despite extensive efforts, continues to be highly 
prevalent [2]. Streptococcus mutans, a bacterium that plays 
a pivotal role in the development of dental caries, is capa-
ble of producing extracellular polymers within dental 
biofilms [3]. The growing problem of microbial antibiotic 

resistance, which is linked to human health, necessitates 
novel approaches. Nanotechnology offers a promising 
strategy to combat resistant bacteria [4]. Nanotechnology 
involves the study of particles at the nanoscale. It finds 
applications in various fields, including medicine. The 
goal of nanomedicine is to develop products and materi-
als that improve health and personal care [5].

Poly(lactic-co-glycolic acid), owing to its favoura-
ble structural properties, has numerous applications in 
nanomedicine. This polymer is a copolymer of alpha- 
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-hydroxy propanoic acid (polylactic acid) and hydroxy 
acetic acid (glycolic acid) [6]. PLGA exhibits properties 
such as biodegradability, biocompatibility, and hydro-
phobicity, contributing to its widespread use. The degra-
dation rate of PLGA can be controlled by the ratio of lactic 
acid to glycolic acid. By regulating the degradation of this 
polymer, the release and distribution of the desired sub-
stance or drug can be controlled [6, 7].

Selenium is widely used in various fields, including 
physics, chemistry, and biology. A significant property 
of selenium is its antimicrobial activity, attributed to its 
ability to catalyse the oxidation of thiols within cells, 
leading to the death of microorganisms and demonstrat-
ing its bactericidal properties [8]. Selenium possesses 
both therapeutic and preventive properties. Its biocom-
patibility, low toxicity, and novel therapeutic properties 
have garnered attention, leading to its incorporation into 
nanocomposites [9]. Nanotechnology employs methods 
to maintain particle size within the nanoscale, enabling 
their use for various purposes. Historically, nanotech-
nology was primarily applied in physics and chemis-
try, but over time, biological scientists have recognized 
its benefits in diverse fields. Nanodentistry, a branch of 
nanotechnology, utilizes nanotechnology for the pre-
vention, diagnosis, and treatment of oral diseases [10]. 
Additionally, nanotechnology can be applied to dental 
drugs, opening new horizons in the field of dentistry [11].

In this study, the Taguchi method was employed to 
synthesize the nanocomposite under optimal condi-
tions. This cost-effective method enables the attainment 
of high-quality results without increasing costs [12]. 
The nanocomposite used in this study comprises sele-
nium reinforcement within a PLGA polymer matrix. The 
objective of this study is to introduce the PLGA-selenium 
nanocomposite and investigate its antibacterial effects 
against S. mutans.

EXPERIMENTAL PART

Materials

PLGA used in this study was purchased from Merck. 
Selenium nanoparticles were obtained according to 
the following process. Halomonas elongata (IBRC-M 
10433) bacteria, which were sourced from the Iranian 
Biological Resource Center, were utilized to create sele-
nium nanoparticles. The bacterial growth medium was 
made by mixing 0.75 g of glucose, 3 g of NaCl, 0.028 g 
of K2HPO4, and 0.0001 g of FeSO4 in 100 mL of distilled 
water and then agitating the mixture with a magnetic 
stirrer. Following sterilization in an autoclave, a colony 
of bacteria was transferred to Erlenmeyer flasks. The bac-
teria and growth medium in the Erlenmeyer flasks were 
then incubated at 37°C for 48 hours. The bacteria were 
subsequently isolated from the growth medium through 
centrifugation at 5000 rpm for 5 min, and the resulting 
supernatant was retained for nanoparticle production. 

The supernatant was combined with solutions contain-
ing 0.8 mg/mL of sodium selenite in a 1:1 ratio. The resul-
tant solutions were placed in a shaking incubator at 30°C 
and 140 rpm for 48 h. The produced nanoparticles were 
isolated and purified via centrifugation at 5000 rpm for 
15 min. The resulting solutions were autoclaved at 80°C 
for 24 h to prepare the nanoparticle powder for structural 
analysis [13, 14].

Synthesis of PLGA/selenium nanocomposites 

To investigate and determine the optimal conditions 
for producing nanocomposites with the strongest anti-
bacterial properties, the experiments were formulated 
using the Qulitek-4 software based on the Taguchi 
method [15]. To determine the optimal synthesis con-
ditions of the nanocomposite using the direct mixing 
method, different concentrations of PLGA polymer (2, 
4, and 6 mg/mL) were used along with different concen-
trations of selenium nanoparticles (4, 6, and 8 mg/mL), 
as well as different stirring times (45, 60, and 75 min). 
Solutions containing the polymer and nanoparticles were 
each stirred separately using a magnetic stirrer for one 
hour. An ultrasonic homogenizer was then used to dis-
perse the two solutions for 15 min at room temperature. 
Finally, the selenium nanoparticle solution was added 
dropwise to the PLGA polymer solution. The resulting 
solution was stirred for one hour and then dispersed for 
15 min. To synthesize the final nanocomposite, the pre-
viously prepared solution was placed in an oven at 60°C 
for 24 h, resulting in the formation of nanocomposite pre-
cipitates. The resulting precipitate was extracted using 
a spatula and then ground in a mortar to produce the 
final nanocomposite powder [15, 16]. 

Methods

Antibacterial activity

To investigate the antimicrobial effect of the synthesized 
PLGA/selenium nanocomposite on Streptococcus mutans 
biofilms, the bacterium (ATCC 35668) was obtained from 
Iranian Industrial Microorganisms Collection Center. 
To obtain a single colony, the bacteria were cultured on 
agar for 24 h. Then, a bacterial suspension corresponding 
to 0.5 McFarland was carefully prepared. To initiate the 
formation of bacterial biofilm, the bacterial suspension 
was placed in a 96-well plate and incubated at 37°C for 
72 h. After the formation, the biofilm was washed three 
times with phosphate buffer solution (PBS) to remove any 
remaining planktonic cells. Then, the synthesized nano-
composites, carefully prepared by the Taguchi method, 
were added to each well. Then, the plate was incubated 
for 24 h. To determine the number of viable cells in the 
biofilm, cells extracted from the well wall were collected 
after a 24 h incubation period at 37°C. After three washes, 
the remaining cells that adhered to the well wall were 
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suspended in 1 ml of phosphate-buffered saline. The 
resulting suspension was mixed by a vortex for 2 min. 
To perform the colony-forming unit (CFU) assay, the bac-
terial suspensions were subjected to 10-fold serial dilu-
tion before plating on agar plates. The plates were then 
placed in an incubator at 37°C for 24 h, and the number 
of colonies was counted. Finally, the average number of 
colonies was determined for 9 experiments, each with 
three replicates [17, 18].

FT-IR spectroscopy

Fourier Transform Infrared (FT-IR) spectroscopy was 
employed to examine the structural and chemical char-
acteristics of the synthesized nanomaterials. The FT-IR 
spectra of the synthesized nanocomposite and its compo-
nents were recorded using a Fourier Transform Infrared 
Spectrometer (Avatar 360, Thermo Nicolet, Waltham, 
MA, USA) in the range of 400-4000 cm-1 under ambient 
temperature conditions after preparing sample pellets. 

Raman spectroscopy

Raman spectroscopic analysis was performed using 
a Teksan (Tehran, Iran) spectrometer with a 532 nm laser. 

X-ray diffraction

The analysis of X-ray diffraction (XRD) was performed 
using a Philips PW1730 diffractometer (Amsterdam, 
Netherland) (40 kV, 30 mA) to determine the size, iden-
tify the phase, and assess the crystalline structure. The 
sample was irradiated with X-rays at various angles 2θ 
between 20 and 80 degrees, and the XRD pattern was 
obtained by measuring the diffraction rate. This allowed 
the assessment of the scattering intensity curve as a func-
tion of the angle 2θ, using X-rays with a wavelength λ 
(Kα-Cu λ=1.54 Å). This curve exhibited peaks at specific 
angles corresponding to the distance between crystal 
planes, facilitating the determination of the crystalline 
structure of the samples. 

Field Emission Scanning Elector Microscopy

A Tescan MIRA3 (Kohoutovice, Czech Republic) field 
emission scanning electron microscope (FESEM) operat-
ing at 30 kV was used to obtain images of the synthesized 
nanocomposite. Subsequently, an analysis of the nano-
composite’s absorption spectrum was performed. For this 
purpose, after sample preparation, the spectrum of the 
constituent elements was collected using an EDX detector 
with a Bruker instrument on a field emission scanning 
electron microscope (Quantax, Bruker, Billerica, MA, 
USA). Additionally, elemental mapping was performed 
on the surface to investigate the distribution of elements 
in the nanocomposite.

RESULTS AND DISCUSSION

Antibacterial activity 

To determine the optimal conditions for obtaining 
PLGA/selenium nanocomposites with the most effec-
tive antibacterial properties, nine experiments were con-
ducted using the Taguchi method (Table 1). The effects of 
the synthesized nanocomposites under different condi-
tions on bacterial survival were evaluated and recorded 
in Fig. 1. The results showed that the nanocomposite syn-
thesized under experimental condition 9, with 6 mg/mL 
PLGA, 75 min of stirring time, and 6 mg/mL selenium 
nanoparticles, exhibited the strongest antibacterial activ-
ity against S. mutans biofilm. In the presence of this nano-
composite, the lowest bacterial survival rate was observed 
at Log10 CFU/mL 18/0. Figure 2 shows the effects of PLGA, 
stirring time, and selenium nanoparticles on the survival 
of Streptococcus mutans. The results indicate that the afore-
mentioned factors at level 3 had the greatest impact on 
reducing the survival of this bacterium.
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Fig. 1. Antibacterial activity of PLGA/selenium nanocomposites

T a b l e 1. Composition and synthesis conditions of the nano-
composites determined by the Taguchi method

Sample PLGA
mg/mL

Stirring time
min

Selenium NPs
mg/mL

1 2 45 4
2 2 60 6
3 2 75 8
4 4 45 6
5 4 60 8
6 4 75 4
7 6 45 8
8 6 60 4
9 6 75 6
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PLGA × Se NPs 

PLGA × Stirring time

Stirring time × Se NPs 
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Fig. 3. Interactions effects of studied factors on the survival of 
Streptococcus mutans biofilm

Fig. 2. Effects of different levels of PLGA, stirring time and se-
lenium NPs on the survival of Streptococcus mutans biofilm

T a b l e 2. Analysis of variance of factors influencing the limitation of Streptococcus mutans biofilm growth

Factors DOF Sum of squares Variance F-Ratio
F Pure Sum Percent

%
PLGA 2 2.77 1.39 8.42 2.44 43.99

Stirring time 2 0.44 0.22 1.35 0.11 2.07
Selenium 2 2.01 1.00 6.10 1.68 30.25

DOF - degree of freedom.

In this study, the interaction effects of numerous fac-
tors on the growth of S. mutans were also investigated, 
as shown in Figure 3. Specifically, stirring time at level 
3 and selenium nanoparticles at level 2 had the highest 
interaction effect (32.6%). Additionally, level 3 of PLGA 
and stirring time showed a significant interaction effect 
on bacterial survival (50.9%). In contrast, the interaction 
effect index for PLGA at level 3 and selenium nanoparti-
cles at level 2 (32.5%) was the lowest. Table 2 contains the 
results of the analysis of variance for the factors influ-
encing the viability of S. mutans. In that order, the factors 
that had the greatest impact on bacterial survival were 
PLGA (44%), selenium nanoparticles (30.3%), and stirring 
time (2.1%).

After a thorough analysis of the data and an exami-
nation of the effects of each factor and their interactions, 
the optimal conditions for the synthesis of PLGA/sele-
nium nanocomposites with the highest level of antibac-
terial activity were accurately estimated and tabulated 
(Table 3). The findings revealed that PLGA had the great-
est impact on bacterial survival, while stirring time had 
the least impact. On the other hand, selenium nanopar-
ticles showed an effect between these two factors, closer 
to PLGA. 

It was also determined that level 3 was the most suita-
ble level for the PLGA, stirring time, and selenium nano-
particle factors. Based on the results, it was found that the 
synthesized nanocomposite effectively inhibited bacte-

rial activity under optimal conditions at –0.27 Log10 CFU/
mL (completely inhibiting bacterial growth), which was 
better than the results of all nine experiments conducted. 

FT-IR analysis 

FT-IR spectra of the PLGA biopolymer, selenium 
nanoparticles, and PLGA/selenium nanocomposite, in the 
wavelength range of 400–4000 cm–1 are shown in Fig. 4. 
The regions at 3023 and 2949 cm–1 in the FT-IR spectrum 
of PLGA indicate the stretching vibrations of aliphatic 
C-H. Additionally, the absorption of the carbonyl group 
(C=O) of PLGA is observed at 1762 cm–1. The stretching 
vibrations in the range of 1389 to 1452 cm–1 confirm the 
presence of the CH2 group next to the carbonyl group 
[19]. Using the FT-IR, we have shown different functional 

T a b l e 3. Optimum conditions for the synthesis of PLGA/se-
lenium nanocomposite with the highest antibacterial activity

Factors Level Contribution
PLGA 3 0.64
Stirring time 3 0.24
Selenium 3 0.51
Total contribution from all factors 1.39
Current grand average of performance 1.12
Bacterial survival at optimum condition -0.27
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groups involved in the reduction of selenium nanoparti-
cles. Two main peaks in the FT-IR spectrum of selenium 
nanoparticles, located at 3423 cm–1 and 1653 cm–1 respec-
tively, indicate the stretching of hydroxyl groups. Also, 
the peak observed at 1290 cm–1 corresponds to C=O, –NH, 
and -NH2 functional groups. These functional groups, in 
addition to providing stability to selenium nanoparticles, 
are also known as reducing agents and convert sodium 
selenite to elemental selenium [13].

The various peaks observed in the FT-IR spectrum of 
the final nanocomposite indicate the presence of both 
the polymeric matrix and selenium nanoparticles. These 
peaks also indicate the interaction and dependence 
between the components of the nanocomposite [20].

Raman spectroscopy

The geometry of molecules, the evaluation of their 
structure, and the determination of chemical bonds and 
molecular structure of the synthesized PLGA/selenium 
nanocomposite were performed by obtaining its Raman 
spectroscopy pattern using a 532 nm wavelength. In 
Figure 5, the peaks corresponding to PLGA are observed 
at 850, 1050, 1450, and 1750 cm–1, and the peaks corre-
sponding to selenium are observed at 250 and 450 cm–1.

XRD analysis

The X-ray diffraction patterns are presented in Figure 
6. The semi-crystalline structure of PLGA was confirmed 
by the presence of a broad peak in the X-ray diffraction 
pattern of this copolymer at a 2θ angle of 21 degrees 
[19]. The selenium nanoparticles were formed with good 
crystallinity, which is indicated by the narrow and sharp 
peaks in their X-ray diffraction pattern. These peaks are 
located at 2θ values of 23.5, 29.2, 41.4, 43.3, 45.4, 52.5, 55.7, 
and 62.7, corresponding to the crystal planes (100), (101), 

(110), (102), (111), (201), (112), and (202), respectively, which 
is in accordance with the standard card (JCPDS card No. 
06-362) [13]. A comparison of the X-ray diffraction pat-
tern of the synthesized nanocomposite with its compo-
nents shows that the peak positions have shifted to the 
right or left. Also, some peaks in the X-ray diffraction pat-
tern of the nanocomposite components have decreased or 
increased in intensity or have disappeared. These results 
confirm the interaction of the constituent components of 
the nanocomposite and its formation.

SEM and EDS analysis

In Figure 7a), the appearance and morphology of the 
PLGA-selenium nanocomposite, prepared using a field 
emission scanning electron microscope at a magnifica-

Fig. 4. FT-IR spectra of PLGA, selenium NPs, PLGA/selenium 
nanocomposite

Fig. 5. Raman spectroscopy of PLGA/selenium nanocomposite
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Fig. 7. Results of SEM and EDX analyses of PLGA/selenium nanocomposite: a) SEM image, b) EDX pattern
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tion of 5 microns, were investigated. In this image, sele-
nium nanoparticles can be seen as dark spots in the light 
polymer matrix. The size of the selenium nanoparticles 
varied and was in the range of 50 to 100 nanometers. The 
elements present in the PLGA-selenium nanocomposite 
were identified using energy dispersive X-ray spectros-
copy (EDS) analysis. The obtained spectrum is depicted 
in Figure 7b). The presence of carbon (85.6 wt%), oxygen 
(25.74 wt%), selenium (3.77 wt%), sodium (2.61 wt%), and 
calcium (0.03 wt%) as the constituent elements of the 
nanocomposite confirmed its formation

Element mapping analysis

Figure 8 shows a map of the distribution of these ele-
ments in the outer layer of the nanocomposite. Also, the 
uniform distribution of elements in the overall structure 
of the produced nanocomposite indicates the formation of 
a nanocomposite with a uniform and desirable structure.

CONCLUSIONS

Using the Taguchi method for experimental design, 
the PLGA/selenium nanocomposite synthesized by 
direct mixing was analyzed and evaluated for its anti-
bacterial activity against the S. mutans bacterial strain, 
and its desirable antibacterial properties were confirmed. 
This nanocomposite, considering its predicted antibacte-
rial properties, can make a positive change in the fight 
against bacterial biofilms. The synthesized nanocompos-
ite was found to completely inhibit the growth of bac-
teria under optimal conditions based on the results of 
antibacterial activity tests. Moreover, the synthesized 
nanocomposite showed desirable structural properties 
using various characterization methods. Therefore, this 
composite has the potential to significantly reduce patho-
genic pathogens and treatment costs and prevent dental 
diseases.
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Patronat Konferencji:
J.M. Rektor Zachodniopomorskiego Uniwersytetu Technologicznego (ZUT) w Szczecinie ‒ prof. dr hab. inż. 
Arkadiusz TERMAN
Dziekan Wydziału Inżynierii Mechanicznej i Mechatroniki ZUT ‒ dr hab. inż. Marcin CHODŹKO, prof. ZUT
Przewodniczący Komitetu Naukowego: dr hab. inż. Agnieszka KOCHMAŃSKA, prof. ZUT
Przewodnicząca Komitetu Organizacyjnego:  prof. dr hab. inż. Jolanta BARANOWSKA 

Konferencja ma na celu prezentację najnowszych osiągnięć naukowych w inżynierii materiałowej wraz z ich 
aplikacjami oraz wymianę doświadczeń środowiska naukowego w tej dziedzinie. 

Tematyka konferencji obejmuje:
• wytwarzanie i eksploatację materiałów
• kształtowanie właściwości materiałów
• inżynierię powierzchni

•  modelowanie i symulację komputerową 
procesów i zjawisk

• regenerację i recykling materiałów

Opłata konferencyjna:
Do 1 kwietnia 2025 r.:
Opłata za uczestnictwo: 3000 zł – pokój dwuosobowy
Opłata za uczestnictwo: 3480 zł – pokój jednoosobowy
Po 1 kwietnia 2025 r.:
Opłata za uczestnictwo: 3400 zł – pokój dwuosobowy
Opłata za uczestnictwo: 3880 zł – pokój jednoosobowy
Opłata obejmuje: zakwaterowanie, wyżywienie, materiały konferencyjne i imprezy towarzyszące.
Miejsce konferencji: Interferie Hotel Medical SPA****, ul. Uzdrowiskowa 15, 72-600 Świnoujście, Polska
Informacje: immt2025@zut.edu.pl, tel. +48 91 449 45 51

www.immt2025.zut.edu.pl


