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Abstract

In this paper, we report the synthesis and evaluation of a poly(vinyl alcohol)/poly(glycerol) dendrimer hydrogel
incorporated with green synthesized silver nanoparticles (PVA/PGLD-AgNPs) using Cinnamomum verum extract as
the reducting agent (Cz-extract). The Cz-extract was prepared using ultrasonic technique. UV-visible (UV-vis) spectra of
Cz-extract confirmed the presence of cinnamaldehyde. PVA/PGLD-AgNPs films were prepared using 5, 10 and 20 mL
of Cz-extract and characterized by UV-vis, Fourier transform infrared spectroscopy, Thermogravimetric analysis and
X-ray diffraction (XRD). The surface plasmon resonance band in the UV-vis spectra confirmed the formation of AgNPs.
XRD pattern confirmed the presence of silver, with average crystallite sizes calculated by Scherrer equal to 13.64 nm,
16.63nm and 20.27 nm for AgNPs prepared with 5 mL, 10 mL and 20 mL of Cz-extract, respectively. AgNPs release
kinetic was studied by Korsmeyer— Peppas model. The antimicrobial results revealed that the PVA/PGLD-AgNPs
hydrogels showed good antibacterial activity behavior against Escherichia coli.
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1. Introduction

Burn wounds are one of the most common household
injuries!"!. Burns represent the fourth most common type
of trauma worldwide? and the second leading cause of
hospitalizations in Brazil®l. Unfortunately, in Brazil, as
in other countries, the social isolation promoted by the
COVID-19 pandemic has hit the low-income population
hard. Although the price of cooking gas in the country has
increased by almost 30% in the 12 months to March 2022,
56% of the Brazilian population has seen their income drop
since the beginning of the pandemic. With the worsening
of the economic and social crisis, families in need have
been pressured to use alternative, more flammable and
dangerous fuels to prepare their meals. The result is that
domestic accidents with severe burns have now become
more common in Brazil*~,

For centuries, metal, ions and silver compounds have
extensively been used for hygienic and healing purposes,
due to their strong bactericidal effects and antimicrobial
properties!®). In the 19th century, silver in the form of silver
salts or silver solutions began to be used as dressing wounds
in burns injuries”). Silver sulfadiazine was introduced
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by Fox in the 1970s for topical treatment of burns and
wounds and remains to this day as the most widely used
substances®. In the last decade of the 20th century there
has been a great innovation in wound care products based
on silver nanoparticles. These products are nowadays based
on silver in the form of nanocrystalline, ions or compounds
incorporated within the dressing!®!.

The use of silver nanoparticles (AgNPs) for treatment
of burns is considered a multi-target process!!'". In addition
of AgNPs attaching to the cell membranes and damaging
the integrity and permeability of the membranes, they can
produce reactive oxygen species (ROS). The ROS act
damaging the cell membranes and react with the molecules
in the functional proteins and DNA, which will interfere with
the metabolism and DNA duplication of microorganisms!'>!4,

Several methods have been used to prepare metal
nanoparticles!’”. Besides physical and chemical methods,
generally hazardous to the environment and very expensive,
green synthesis methods result in a simple and ecologically
appropriate way to obtain nanoparticles!'®. Green synthesis,
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also known as phyto-synthesis, consists of the use of
phytochemical compounds, with reducing properties and
capping agent to stabilize the synthesized nanoparticles.
The phyto-synthesis of nanoparticles can be either, intracellular
or extracellular. The intracellular method consists in the
synthesis of nanoparticles during the process of growth
of the plant, in an organic medium containing metal ions.
However, the extracellular method is more simple and
consists of the use of some appropriate vegetal extract!!”,

The extracellular phyto-synthesis method has several
advantages to obtain metal nanoparticles, firstly, the plants
are easily accessible, safe to handle, and have a great variety
of phytochemical compounds. In the second place, many
plants are well known by their medicinal properties, that could
enhance the therapeutic efficiency of the nanoparticle!®!,

The Cinnamomum verum is a medicinal plant with well
known therapeutic properties, such as anti-oxidant, anti-
diabetic, antimicrobial and anti-inflammatory effects!!®2!.
Several authors have used different parts of Cinnamomum
verum plants to perform green synthesis of nanoparticles!!32+27.

In this work, the vegetal extract of Cinnamomum verum
back powder was assisted by ultrasound technique and
characterized by UV-visible spectroscopy (UV-vis), Fourier
transform infrared spectroscopy (FTIR) and Thermogravimetric
analysis (TGA). The aqueous extract of Cinnamomum
verum (Cz-extract) was used for the green synthesis of silver
nanoparticles (AgNPs) mediated by poly(vinyl alcohol)/
poly(glycerol) dendrimer (PVA/PGLD) hydrogel blends
as reducing and capping agents, respectively. Hydrogel
films of PVA/PGLD-AgNPs were prepared using 5, 10, and
20 mL of Cz-extract and characterized by UV-vis, FTIR,
TGA and X-ray diffraction (XDR) techniques. The AgNPs
release studies from hydrogels were realized for all PVA/
PGLD-AgNPs formulations at room temperature (25 °C).
The kinetics of AgNPs release from PVA/PGLD-AgNPs
hydrogels were studied by Higuchi and Korsmeyer—Peppas
model. Finally, the antibacterial properties of PVA/PGLD-
AgNPs hydrogels were tested against Escherichia coli
(E.coli) using the agar disk diffusion method.

2. Materials and Methods

2.1 Materials

Poly(vinyl alcohol) (PVA) 87-90% hydrolyzed with
average molecular weight of 30-70 kDa and silver nitrate
(99,0%) purity were purchased from Sigma-Aldrich (Brazil).
Poly(glycerol) dendrimer of generation 4 was synthesized in
accordance with previous work®!. Cinnamomum verum bark
powder was acquired from local commerce was washed with
distilled water to remove eventual impurities and allowed
to dry for 24 h at 60°C.

2.2 Green synthesis of silver nanoparticles in PVA/PGLD
hydrogels

The aqueous extract of Cinnamomum verum bark powder
was prepared by ultrasound assisted extraction. For each
1g of powder it was added 50 mL of distilled water and the
aqueous powder suspension was kept in an ultrasonic bath
(40 kHz) at 50°C for 60 min. The supernatant was filtered
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through a 0.2 um filter followed by lyophilization to obtain
the Cz-extract.

The PVA hydrogels preparation was carried out by mixing
a 0.8 g of PVA powder in 20 mL of distilled water under
constant stirring at room temperature (25 °C) over a period
of 24h until a homogeneous solution was obtained. Then,
while constantly stirring, 2.0 g of PGLD was added. Later,
the final solution of the PVA-PGLD pre-gel was transferred
to three Erlenmeyer flasks. Subsequently, the PVA-PGLD
pre-gel and Cz-extract solutions were mixed to obtain the
final PVA-PGLD/Cz-extract proportions (v/v) of 95:5 (film
PVA-PGLDS), 90:10 (film PVA-PGLD10) and 80:20 (film
PVA-PGLD?20). Finally, silver nitrate aqueous solution at
concentration of 3.7 mM was added to each Erlenmeyr flask
under constant stirring (300 rpm) for 24 h avoiding as much
as possible light contact, until a homogeneous PVA-PGLD
solution was obtained. Afterwards, 25 mL of each mixture
was casted into polytetrafluoroethylene (PTFE) plates
(100 cm?) and left to dry at 35 °C and controlled relative
humidity (64%) for 168 h. Finally, the resulting films were
washed with deionized water and dried at 37 °C before use.

2.3 Physico-chemical characterization
2.3.1 UV-Vis, ATR-FTIR and TGA analysis

The Cz-extract and prepared PVA/PGLD-AgNPs
hydrogels were characterized by UV-Vis, ATR-FTIR and
TGA, respectively. A Cary 50 Varian UV-Vis spectrometer
was used in the characterization of Cz-extracts and AgNPs.
The UV-Vis experiments were carried out in quartz cells using
deionized water as solvent and the spectra were collected
from 250 to 500 nm. The deconvolution of UV—vis spectra
was realized with the software Origin®.

All samples were analyzed through FTIR Shimadzu
IRTracer 100 spectrometer provided by an ATR diamond
accessory. The spectrum was obtained on transmittance mode
and was scanned registering the spectrum with 30 scans at
a resolution of 4 cm™, from 4000 to 650 cm™'.

TGA measurements were carried out using a TGA-60,
Shimadzu, Japan at a constant heating rate of 20 °C min™' from
25 to 800 °C under nitrogen atmosphere (50 mL.min™").

Powder X-ray diffractograms were collected at room
temperature (25°C) using a X’Pert PRO, Malvern Panalytical,
Cu Ko radiation (\=1.5417 A) source, operating at 40 kV
and 40 mA. Powder diffractograms were collected over an
angular 20 range between 5° and 90° (20) with a step size
0f 0.02° and scanning speed of 2 sec/step.

2.3.2 Release profile of AgNPs from the hydrogels

The release of AgNPs from the PVA/PGLD-AgNPs films
was studied in deionized water at room temperature (25°C).
The PVA/PGLD-AgNPs films were immersed in deionized
water (5 mL) at test tubes and put in thermal bath at 25°C
without agitation. The films were carefully adhered to the test
tube walls to ensure that they could be entirely submersed.
At specific time intervals, the test tube was removed from
the thermal bath and the absorbance measurements were
at 440 nm and room temperature (25°C) using UV-Vis.

To study the release kinetics of AgNPs, the Korsmeyer-
Peppas?”! and Higuchi®” kinetics models were used.
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The Korsmeyer-Peppas model (Equation 1) is a combination
of the diffusion of the AgNPs (Fickian transport) from the
PVA-PGLD hydrogels and Case II transport (non-Fickian)
291, In the Higuchi’s model®” (Equation 2), the erosion of the
hydrogel matrix as well as its intumescence control the release
rate of the nanoparticles, resulting in a AgNPs layer on the
PVA-PGLD hydrogel surface and thus, prevent the entry of
more water and prevent the release of more nanoparticles,
resulting in decline of the AgNPs concentration over time.
The diffusion models of Korsmeyer-Peppas and Higuchi
are presented below:

2" (1
o 2)

where M/M _ is the fraction of AgNPs released at time t, k, ,
is the kinetic rate constant for Korsmeyer-Peppas model,
and n is the release exponent characterizing the different
release mechanisms, k,, is the release rate constant for the
Higuchi model and Q, is the amount of the active principle
released in time t.

2.4 Antibacterial activity

The in vitro antibacterial activity of PVA/PGLD-AgNPs
system were tested against Escherichia coli (E.coli) by agar
disk-diffusion method®'\. The E. coli bacteria were grown
in nutrient broth to prepare stock solutions of 100 pg/mL.
Firstly, the filter paper disc (6 mm in diameter) was sterilized
in a laminar air flow chamber by exposure to a UV-C lamp
(30 min, distance from the lamp 60 cm). A soft-top agar
(1.0 wt %, 20 mL) was melted, cooled to 55 °C and inoculated
with overnight (18 h) bacteria cultures (200 pL), then gently
stirred and poured over previously solidified nutrient agar
base in sterile Petri dishes. The number of bacteria in the
nutrient soft-top agar layer was set to be 1.5x108 CFU. mL".
After solidification of soft-top agar diffusion discs, 10 uL.
samples of PVA/PGLD-AgNPs reaction solution were placed
on their surface. The widths of inhibition zones around the
disk were measured after incubation at 37 °C for 24 h. Each
essay was carried out in triplicate.

3. Results and Discussions

3.1 Characterization of Cinnamomum verum aqueous
extract

The UV-vis spectra of Cinnamomum verum aqueous
extract (Cz-extract) and its deconvolution are shown in
Figure 1. Two absorption bands centered at ~281 nm and
~300 nm were observed. The band centered at 281 nm can
be assigned to n—n* electronic transitions of the carbonyl
groups of Cinnamaldehydel3>3).

The ultrasound assisted extraction is more effective
and can increase the number of secondary metabolites
extracted from vegetal matrices®. Hence, the absorbance
band next to 300 nm can be linked to n—x* transitions of
phenol, flavonoids or other secondary metabolites present
in Cinnamomum verum bark!"),

Polimeros, 32(3), 2022034, 2022

The FTIR spectrum of lyophilized Cz-extract (Figure 2)
was performed to identify the functional groups of the active
components presents in the aqueous extract. The vibrational
band next to 3282 cm! is due to the O-H stretching of alcohols
and phenols groups. The band at 2927 cm! revealed the
presence of -CH, stretch. The 1649 cm™ and 1606 cm! bands
were linked to C=0 and -C=C — stretchings, respectively??”,
and the 1439 cm™ band is due to C-H bending. The vibrational
band at 1035 cm™ indicates the C-O-C stretching, therefore
suggesting the presence of glycosides group®”..

The Thermogravimetric analysis (TGA) and their
differential thermal (DTG) analysis were examined to
determine the thermochemical behavior of the lyophilized
Cz-extract. The curves of TGA and DTG for Cz-extract
are shown in Figure 3. The DTG curve suggests that
thermal degradation of the Cz-extract occurs in four
stages. The very first decomposition (7% of weight loss)
was in the temperature level of 25 °C to 115 °C and was
for the removal of moisture available in the sample. Stage
2 (9% weight loss) was recorded up to 115 to 220 °C for
the sample, showing the elimination of volatile essential
oils available in the sample. Stage 3 (19% of weight loss)
recorded between 220 to 330°C, may be due to the thermal
decomposition of carbohydrates and proteins. The percentage
of weight loss in this stage was comparable with the results
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Figure 1. UV-vis from Cinnamomum verum aqueous extract.
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Figure 2. FTIR spectrum of lyophilized Cz-extract.
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of literature®: Stage 4 was recorded up to 330 to 600 °C
for the Cz-extract sample, showing the elimination of
extractable macromolecules wich high thermal stability.
The main decomposition which occurred in this stage is
50% of weight loss for the breakdown of the extractable
macromolecules, probably the presence of lipids due to the
strong extraction procedures employed. The residual mass
was found to be around 15% after 600 °C temperature.

3.2 Physico-chemical characterization of PVA/PGLD-
AgNPs films.

The chemical groups present in the Cz-extract, such
as aldehyde and alcohols, can reduce the silver ions into
nanocrystals. The silver nanoparticles formed by chemical
reduction are stabilized by the biological macromolecules
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Figure 3. TGA/DTG of lyophilized Cz-extract.

and the polymeric system used. Figure 4 shows the
scheme of green synthesis of AgNPs due to the presence of
Cinnamaldehyde in the Cz-extract. The AgNPs are sterically
stabilized largely by PVA and PGLD, polymeric system.
Also in the same Figure 4 is shown the hydrogel PVA/
PGLD-AgNPs10 obtained after casting on PTFE plates.

UV-Vis spectroscopy is an indirect method to examine
the formation of AgNPs in PVA/PGLD hydrogels, through
the absorption band relative to the surface plasmon resonance
(SPR)B¢,

Figure 5 shows UV—vis spectra of the solution resulting
from the PVA/PGLD-AgNPs systems after 24h. The presence
of the SPR band in the PVA/PGLD hydrogels ensures the
formation of AgNPs. The intensity of the absorbance obeys
the Lambert-Beer law and is related to the concentration of
the AgNPs in PVA/PGLD matrix*”. Therefore, as observed
in Figure 5, higher concentration of Cz-extract yields higher
concentrations of AgNPs.

Figure 5 shows that the amount of Cz-extract also changes
the wavelenght of absorbance band. The wavelenght of the
SPR absorbance band is related to both, shape and the size
of the AgNPs dispersed in the PVA/PGLD hydrogel®®.
The difference between the three reactional systems can
be better observed upon normalizations of the absorbance
band of the SPR, as shown in the inserted plot in Figure 5.
The normalized absorbance curves show that the system with
higher concentration of Cz-extract was more homogeneus
and confirms the synergistic stabilizing and reduction
properties of the Cinnamomum verum aqueous extract for
the formation of AgNPs in the PVA/PGLD hydrogel matrix.

FTIR spectroscopy was carried out on PVA/PGLD-AgNPs
films to identify the organic funtional groups responsible

R, H Ag 5
Cinnamaldehyde

PVA PGLD

OH

Cinnamic acid

PVA/PGLD-AgNPs 10 film

-4

Figure 4. Scheme of green synthesis from Cinnamomum verum aqueous extract. On the right is shown a photograph of the PVA/PGLD-

AgNPs10 hydrogel after casting on PTFE plates.
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for the stabilization of the AgNPs synthesized by Cz-extract
and mediated by the PVA/PGLD hydrogel. Figure 6 shows
the main stretching vibrations of chemical bonds in two
wavenumber range (namely, 3600 — 2500 cm™ and 1250 —
590 cm™). The -OH fuctional group is present in the Cz-
extract as well as in the polymeric system. The films with
5 and 10 mL of Cz-extract shows O-H stretch vibrations at
3303 cm!. The film with higher Cz-extract amount showed
O-H stretching vibration at 3273 cm''. This lower wavenumber
suggests a decrease of the force constant of O-H bonds.
This system has higher concentration of AgNPs and then
requires more stabilization. Therefore, their results show
that the -OH fuctional group of PVA and PGLD stabilizes
the AgNPs being produced. According to the literature, the
metal-OH interaction decreases the wavenumber of the O-H
stretching vibrations!®”.,

The streching vibration at 2937 cm™ is assigned to the -CH
of alkane. The sharp absorptions at 1039 cm™ corresponds
to stretching vibration of C-O bonds. The vibration band
observed at 675 cm™ is assigned to bending vibration out of
the plane of the O-H bond, associated with the peripheral
hydroxyl groups (OH) on poly(glycerol) dendrimer.

Figure 7 shows the XRD pattern of the PVA/PGLD-AgNPs
films at different concentrations of Cz-extract. The films
show polycrystalline patterns with a broad reflection peaks
at ~20° that was associated with PVAB®, Diffraction peaks
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Figure 5. UV—vis of green synthesis of the PVA/PGLD-AgNPs
hydrogels.

100

95|
&
8 PO
< B02ent 2937 cm’
=
£ 85|
| o=
©
=
80 |
3273 cm’
5L —— PVAIPGLD-AgNPs5
—— PVAIPGLD-AgNPs10 i
—— PVAPGLD-AgNPs20 1039 cm
70 1 1 1 1 1 1 1 1
3500 3250 3000 2750 1200 1000 800 600

Wavenumber (cm™)

Figure 6. FTIR spectrum of PVA/PGLD-AgNPs films.
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with values of 20 near to 38.37°,44.50°, 64.86°, 77.44° and
81.7° respectively corresponds to the XRD patterns indexed
in[111], [200], [220], [311] and [222] lattice planes. These
lattice planes is in good agreement with the metallic silver
with face centered cubic structurel®**!. The other observed
crystalline peaks suggests the presence of organic crystaline
substances in Cz-extract.

The average crystallite sizes of the AgNPs dispersed
in the PVA/PGLD films was calculated using the Scherrer
equation'®);

kA
b= Pcosb (3)

where D is the average crystallite size, k is the Scherrer
constant, A is the wavelength of the incident X-ray (for Cu
Ka, A=0.154056 nm), while 3 and 6 are the full width at half
maximum of the intensity and the Bragg angle respectively.

Gaussian method was used to find the full width at
half maximum (FWHM) in Origin software®. The average
crystallite sizes calculated by Scherrer were 13.64 nm,
16.63nm and 20.27 nm for PVA-PGLDS5, PVA-PGLD10 and
film PVA-PGLD20, respectively. Relating the average
crystallite sizes with the intensity of SPR absorbance bands
observed in UV-Vis spectra, it can be concluded that the
higher concentrations of AgNPs the higher the average
crystallite size of AgNPs.

The TGA-DTG analysis were carried out in order to
evaluate the thermal stability and degradation profile of
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Figure 7. XRD spectra of the PVA/PGLDAgNPs films.
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the PVA/PGLD-AgNPs hydrogels. The results are shown
in Figure 8. The PVA/PGLD-AgNPs hydrogels shows
two steps in its thermal degradation process (Fig. 8). The
first step occurs between 25 °C and 182 °C, accompanied
with the weight loss of 20%. This first degradation process
could be assigned to the loss of adsorbed and the water
physically bonded to hydrogels through hydrogen bonding,
respectively. In turn, the weight loss around 180°C may
be due to the loss of volatile organic substances present
in Cz-extract. Following loss weight is observed between
180 °C and 400 °C approximately and it should correspond
to the thermal decomposition of the PVA/PGLD matrix and
can also be associated probably to the volatilization of the
polyssacharides and carbohydrates from the Cz-extract.
This thermal decomposition happed in one step suggesting
a strong interaction between PVA, PGLD and Cz-extract.
The observed solid residues can be ascribed to thermally
stable compounds and AgNPs.

3.3 AgNPs release studies

Considering the theoretical studies*’, the estimated
molar extinction coefficients from wavelength of the SPR
band in Figure 4 were 839.82x10 M.cm!, 773.36x10 M.
cm'and 911.03x108 M'.cm! for AgNPs synthesized using
SmL, 10 mL and 20 mL of Cz-extract, respectively. These
values were used to determine the concentration of AgNPs
using the Lambert-Beer’s law. The release of AgNPs
from PVA/PGLD-AgNPs films were monitored along an
interval of 24h at room temperature (25°C). The AgNPs
release profiles measurements for each PVA/PGLD-AgNPs
films are presented in Figure 9. It was observed a slow
AgNPs release rates from PVA/PGLD-AgNPs (Figure 9).
The AgNPs release from PVA/PGLD generally occurs by
diffusion through the gelatinous layer or erosion of the
hydrogel matrix or a combination of these mechanisms.
Because AgNPs is poorly water soluble, their release from
the PVA/PGLD matrix system is likely to be predominately
controlled by the dissolution rate of the hydrogel. The amount
of Cz-extract incorporated in the PVA/PGLD seems to have
a significant effect on the formation of the PVA/PGLD
hydrogel matrix (Figure 9). The PGLD/PVA formulation with
higher amounts of Cz-extract seems to create PGLD/PVA
hydrogels matrices with lower crosslinking density relative
to formulations with smaller amounts of the extract (PVA/
PGLD-AgNPs5). Interestingly, AgNPs released from the
PGLD/PVA-AgNP20 exibited an anomalous behavior and
showed a relatively slow release realively to PVA/PGLD-
AgNPs5 and PVA/PGLD-AgNPs10 matrices. Perhaps there
is some critical concentration of Cz-extract for the formation
of PVA/PGLD hydrogels with high crosslinking density
and that promote a slower erosion rate and thus a slower
AgNPs release rate. However, further research is needed

Table 1. Release kinetics of silver nanoparticles.

to investigate the critical Cz-extract concentration to form
mechanically more stable PVA/PGLD hydrogels matrices.

The obtained kinetic rate constant K, the correlation
coefficient R? and the release exponents n are given in Table 1.

The AgNPs releases from PVA/PGLD-AgNPs films were
best fitted by Korsmeyer—Peppas model (Table 1). This model
is used to describe the diffusion of a penetrant solute in a
swellable polymeric matrix. Therefore, Korsmeyer—Peppas
model can be applied to a hydrogel polymer that sorbs the
solvent and desorbs the loaded active principle.

[T}

In the Korsmeyer—Peppas model, the exponent “n” is
related to release mechanism of active principle. For a single
thin film with 0.5 <n <1, the system can be described as an
anomalous transport (non-Fickian diffusion)”. For PVA/
PGLD-AgNPs5 and PVA/PGLD-AgNPs20 films, the
values of the exponent “n” were larger than 0.5 and smaller
than 1, indicating that a non-Fickian diffusion mechanism
was dominant for the release of AgNPs. The mechanism
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Figure 8. TGA/DTG of the PVA/PGLD-AgNPs films.
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Figure 9. AgNPs release profile of the PVA/PGLD-AgNPs films.

Higuchi Korsmeyer-Peppa
Films 2 "
k, R n K, R
PVA/PGLD AgNPs5 8.71x10"7 0.93 0.96 5.33x10* 0.95
PVA/PGLD AgNPs10 1.28x10 091 0.39 4.23x10? 0.97
PVA/PGLD AgNPs20 1.33x10" 0.98 0.61 5.60x107 1.00
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Figure 10. Antimicrobial activities of AgNPs against E. coli (a) PVA/PGLD-AgNPs5; (b) PVA/PGLD-AgNPs10; (c¢) PVA/PGLD-

AgNPs20 (PC positive control).

of release from PVA/PGLD10 film shows n < 0.5 values.
Therefore, this system can be mechanistically identified as
a quasi-Fickian diffusion. The Korsmeyer—Peppas kinetic
rate constant, K, was higher in the PVA/PGLDI10 film,
suggesting a faster AgNPs release in this Cz-extract
composition. These results reveals that the PVA/PGLD
network changes with the amount of Cz-extract used in the
green synthesis of the AgNPs.

3.4 Antimicrobial properties

The antimicrobial activities of the PVA/PGLD-AgNPs
were investigated by disk diffusion method. Figure 10 shows
the inhibition zone against E. coli for all films.

Comparison of these results indicates that, for E.coli,
the PVA/PGLD-AgNPs5 film presents a higher inhibition
zone (7.93£0.05 mm) than the PVA/PGLD-AgNPs10 and
PVA/PGLD-AgNPs20 films (6.05+0.03 mm). This may be
attributed to the different size and concentrations of AgNPs
released from PVA/PGLD hydrogel matrices. The PVA/
PGLD-AgNPs5 film releases the lowest concentration of
AgNPs, however its nanoparticles are smaller in size which
could contribute to greater efficiency against E. coli bacteria.

4. Conclusions

Silver nanoparticles were successfully obtained by
green synthesis using Cinnamomum verum aqueous extract,
mediated by poly(vinyl alcohol)/poly(glycerol) dendrimer
hydrogel. The UV-Vis, FTIR and TGA techniques of
characterization showed that the extract of Cinnamomum
verum bark contains phytochemical compounds with reducing
properties and capping agent to stabilize AgNPs. The SPR
band in the UV-vis spectra confirmed the formation of
AgNPs. XRD pattern confirmed the presence of metallic
silver with crystalline structure of face centered cubic. It was
observed that the average crystallite size calculated by
Scherrer equation was related with the amount of Cz-extract
used, and to the concentration of AgNPs in the PVA/PGLD
matrix. The residues obtained by TGA analysis confirmed

Polimeros, 32(3), 2022034, 2022

that the concentration of AgNPs is related with the amount
of Cz-extract used in the green synthesis. The in vitro study
of AgNPs release showed that all PVA/PGLD-AgNPs films
are capable of controlling AgNPs release from the hydrogels
and were best fitted by Korsmeyer—Peppas model. All PVA/
PGLD-AgNPs films showed antibacterial properties against
E. coli which are related to the size of AgNPs.
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