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Optimization of Carvacrol Nanoemulsion for the Incorporation in Pectin Membranes:
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Interest in developing novel wound dressings with antibacterial properties elaborated from natural
sources continues to grow. In this study, a Tween-80 (T80)-stabilized carvacrol (CAR) emulsion was
incorporated into pectin (PEC) membranes at 0 (control), 0.25, 0.50, and 1.00% (v/v). Membranes
were obtained by the dry-casting method, characterized by scanning electron microscopy, infrared
spectroscopy, and CAR retention (HPLC), and tested for antibacterial activity. The retention percentage
of CAR in the membranes ranged from 9.1-13.9%. Infrared spectra analysis indicated changes in the
hydrogen bonds of the membranes that suggest an interaction between the polymer matrix and the
CAR:T80 emulsion. Microstructural analysis of the membranes showed the presence of hole-like
features on the surface (= 4-6 pm diameter) that indicate entrapment of the micelles in the matrix
(microcapsules). The PEC-CAR membranes exhibited antibacterial activity against Escherichia coli and
Staphylococcus aureus, two pathogens commonly associated with wounds and intra-hospital infections.
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1. Introduction

Most compounds obtained from essential oils like
cinnamaldehyde, thymol, and carvacrol (CAR), have drawn
attention due to their biological properties'. CAR is a phenolic
monoterpenoid [2-methyl-5-(1-methylethyl) phenol] obtained
primarily from oregano (Origanum vulgare L.) and thyme
(Thyme vulgaris L.) essential oils®. It has been widely used
in the food and cosmetic industries (as a flavoring and
preservative, and fragrance, respectively), but recent in
vitro and in vivo studies suggest its potential use in clinical
applications because of its antimicrobial, antioxidant,
anticancer, anti-inflammatory, hepatoprotective, spasmolytic,
and vasorelaxant properties®>. However, CAR is highly
volatile, shows hydrophobicity, is labile to air and temperature,
and is very irritating when applied in high concentrations
directly on animal tissues. Hence, an encapsulation system
based on a biopolymer with the ability to preserve and take
better advantage of its properties is required to increase its
potential clinical applications®. Biopolymers like starch,
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cellulose, alginate®, chitosan and pectin (PEC)’* are often
used for the encapsulation and controlled delivery of bioactive
compounds. PEC has been used to protect and enhance the
stability of diverse bioactive compounds in order to increase
their lifespan and biological activity®!’. Chemically, PEC
is a nonlinear, anionic heteropolysaccharide extracted
from citrus peel. The backbone of this biopolymer consists
mainly of D-galacturonic acid (chains of 300-1000 units)
bonded by a-(1-4) with side chains of neutral carbohydrates,
such as arabinan, galactan, and arabinogalactan, linked by
a-(1-2) bonds. Other sugars that may be linked to the lateral
chains are D-xylose, D-glucose, D-mannose, L-fucose, and
D-galacturonic acids''. PEC is recognized as a low-cost
biomaterial with biocompatibility, biodegradability, and
film-forming properties'?. These characteristics have been
explored to elaborate wound dressings'® and other biomaterials
with biomedical applications'®.

When applied on damaged tissue, wound dressings
are recognized as dynamic, complex materials since their
components interact with various cell strains, molecules,
and environments to repair the tissue and maintain aseptic
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conditions's. Therefore, novel wound dressings loaded with
antibacterial compounds are being developed, as well as
drug delivery systems designed to inhibit the proliferation of
microorganism and accelerate healing'®. The global market
associated with biomaterials for wound care is growing. Indeed,
economic studies valued this market in $18.22 billion dollars
in 2016 with an expected increase of 5% ($26.24 billion) by
2023"18, This economic growth is due to the high incidence
of hospital-acquired infections associated with antibiotic-
resistant microorganisms. For instance, Staphylococcus aureus
(S. aureus) and Escherichia coli (E. coli) are recognized as
being responsible for 80% of wound infections and as the
most common causes of hospital-acquired infections by
antibiotic-resistant microorganisms'**. The present study
suggests that CAR can be used as an alternative natural
therapeutic compound because of its antibacterial activity
against these two bacteria. Previous works have reported various
ways of preserving CAR in a PEC matrix by incorporating
it directly into the matrix without adding a surfactant?', by
adding a surfactant to the polysaccharide followed by CAR?%,
or by preparing a CAR-surfactant emulsion that is added
to a polysaccharide matrix solution for encapsulation®2*,
Most of those studies have reported only the stability of
the emulsion during a repose time at room temperature,
without mentioning the proportions of the surfactant and
bioactive compound, while others failed to report the droplet
size during incorporation or encapsulation®. Stabilization
of the nanoemulsions using suitable amounts of surfactant
and an oil phase has been suggested as a way to improve the
biological activity of bioactive compounds®. The surfactant
most often used to prepare emulsions is Tween 80 [T80,
polyoxyethylene sorbitan monooleate]. T80 is a nonionic
amphiphilic molecule, usually safe, with two segments: a
nonpolar tail and a hydrophilic head. When T80 is added
to an oil-water mixture, the nonpolar tail (hydrophobic
segment) is incorporated into the oil phase, while the polar
head (hydrophilic segment) interacts with the surrounding
aqueous phase to form an emulsion®’. Based on this, the
optimal organization of T80 molecules with an oil phase (like
CAR) may reduce molecular interaction with the PEC matrix.
Studies have also documented that polysaccharide hydrogels
can form a thick layer on oil droplets that are stabilized by
steric repulsion®?. In our view, by optimizing the amounts
of CAR and T80 during elaboration of a nanoemulsion, the
droplet size can be controlled, allowing their later incorporation
into the PEC hydrogel to form a membrane with encapsulated
CAR that could function as a suitable antibacterial wound
dressing. Therefore, the aims of this study were (1) to obtain
a stabilized emulsion by optimizing the amounts of CAR and
T80, and (2) to elaborate and evaluate the physicochemical
and antibacterial properties of PEC membranes loaded with
CAR using the dry casting method.

2. Materials and Methods

2.1. Materials

PEC with = 65% of D-galacturonic acid was provided by
Quimica Suastes, S.A. de C.V. (Chemical Meyer Reactive,
Mexico). CAR (98% purity), glycerol (99% purity), and
polyoxyethylene sorbitan monooleate [Tween 80® (T80)],
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anon-ionic detergent, were purchased from Sigma-Aldrich
(Missouri, USA). All chemicals used were of reagent grade
or higher quality.

2.2. CAR:T80 emulsions

CAR:T80 emulsions were prepared by the sonication
method, maintaining the amount of T80 (T80 1.0% v/v)
constant but systematically varying the CAR volume to
obtain the following CAR:T80 ratios: 0:1, 1:16, 1:8, 1:4,
and 1:2 (m:m). During preparation of the emulsions samples
were maintained in a cold-water bath (4°C) with a short
processing time (5 min) to reduce loss due to temperature
changes. The optimal amount of CAR loaded into the core of
the T80 micelles and expressed as the maximum CAR-load
capacity of the micelle was determined in relation to the size
and stability of the emulsion. First, hydrodynamic radius of
micelles was determined by dynamic light-scattering (DLS)
at an angle of 90° (ALV-5000/E, ALV Gmbh, Germany). The
CONTIN method*® was then used to analyze the scattered
light. The diffusion coefficient was determined from the decay

rates (I'=Dq?) which were j ¢”T7. The micelle size was then
determined by the Stokes-Einstein equation:

D K‘BT

=

where «,, 7, and 1 are the Boltzmann constant, absolute
temperature, and solvent viscosity, respectively. Results are
presented as the average diameter of the droplets (d32) using
the Sauter diameter expression and calculated as follows:

dzy :Z nidi’ / Z nidi%; where ni is the number of droplets
i i

between consecutive diameters (di)*'.

2.3. Preparation of PEC membranes loaded with
CAR

APEC solution (6.0% m/v) was prepared under magnetic
stirring (Kitlab, AM-3C, USA) at 80 RPM for 30 min at 40°C,
then 4 mL of glycerol were added to the solution (100 mL)
and mixed constantly for 5 min. Finally, different amounts
of a previously selected CAR:T80 (1:4) emulsion (0.25,
0.5, and 1.00% v/v) were added to a PEC-glycerol mixture
(10 g), adding water to complete 20 g of the mixture. The
membrane was prepared by the dry-casting method, pouring
20 g of the suspension into a glass Petri dish and placing
it in an oven to dry at 40°C (Binder-FD53, Germany). The
dried membranes were detached from the glass Petri dish
and stored in a desiccator until analysis (NaBr, 52% relative
humidity) at 25°C.

2.4. Attenuated total reflection-Fourier transform
infrared spectroscopy (ATR-FTIR)

Each membrane sample (5 mg) was scanned at a resolution
of 2 cm™! over a wavenumber region of 400-4000 cm!
using an ATR-FTIR Perkin-Elmer 1600 spectrophotometer
(Massachusetts, USA). Each measurement was performed in
triplicate in transmittance mode. The degree of esterification
(ED) of the PEC was estimated at 38.2%, using the ratio of
the absorbance area that corresponded to the ester-carbonyl
bands™.
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2.5. Scanning electron microscopy (SEM)

The microstructure of the membranes was analyzed
using a scanning electron microscope (JEOL JSM-5410LV)
[Tokyo, Japan] operated at 20 kV. The membranes were cut
to a 0.5 x 0.5 cm size and placed on a cylindrical copper
support (1 cm in diameter). For SEM analysis, the surface
of the membrane was coated with gold to allow electric
conduction and prevent the accumulation of charge under
electron bombardment®.

2.6. CAR retention in the PEC membrane

The CAR loaded in the membrane was evaluated by
HPLC (Agilent, 1100 serial, California, USA) using a Zorbax
Eclipse XDB-C18 column (80A, Sum particle, 4.6 x 250 mm,
California, USA). Acetonitrile:water (50:50 v/v) was used
as the mobile phase at a flow rate of 1 mL/min. The CAR
samples injected were prepared as follows: first, the PEC-CAR
membranes (2 x 2 cm; CAR; 0.25, 0.50, and 1.00%) were
placed in an empty dialysis bag and then in a glass beaker
with 15 mL of water for 24 h to separate the PEC from the
CAR and avoid interference during measurement***. After
that, 10 pL of the sample were injected and absorbance
was monitored at 274 nm with a UV-Visible detector™.
All analyses were performed in triplicate with a variation
coefficient <5%. The CAR curve was determined (R*=0.989).
Results are expressed as the retention efficiency percentage
(%RE) of CAR encapsulated into PEC membranes using
the following Equation 2:

YRE — [ Amount of encapsulated CAR ]100 )

Total amount of CAR

2.7. Antibacterial activity

The antibacterial activity of the PEC-CAR membranes
was evaluated against strains of Escherichia coli O157:H7
(ATCC 43890) and Staphylococcus aureus (ATCC 65384)
as Gram-negative and Gram-positive bacterial models,
respectively. A loopful of bacteria, preserved at -40°C in
brain-heart infusion broth (BHI) and glycerol (20%) was
transferred to BHI culture media (10 mL) and incubated at
37°C overnight. Then a loopful of this bacteria culture was
transferred to BHI and incubated at 37°C to obtain 10° cfu/mL.
The antibacterial test was performed by the agar diffusion
method, streaking 100 pL of each strain over the agar surface
of Mueller-Hinton agar plates (Difco, USA). Then 6 mm-
membrane-discs of PEC-CAR, PEC-T80 (1.00%), imipenem
sensi-disc-10 pg-BD (positive control), and filter paper with
BHI (negative control) were placed on the surface-streaked
plates and incubated at 37°C for 24-48 h. The results of the
antibacterial activity are expressed as the inhibition area in
cm?. All analyses were tested in triplicate on different assays.
The inhibition areas were determined using ImageJ software,
and developed at the National Institutes of Health, USA%.

2.8. Statistical analysis

Analysis of variance was used to determine differences
among the mean values. The membranes tested were used
as the independent factors. The radium (nm), retention of
CAR (%), and antibacterial activity were used as the response

variables. Additionally, a Duncan test for multiple comparisons
was used assuming an o= 0.05. All statistical analyses were
performed with the NCSS statistical package, version 2000.

3. Results and Discussion

3.1. Optimal CAR-load in the T80 micelles

Figure 1 shows the image of the CAR:T80 emulsions
prepared at different ratios, which changed from transparent to
turbid at the naked eye. DLS analysis was used to determine
the maximum amount of CAR entrapped in the T80 surfactant,
considering droplet diameter. No difference was found in
the diameter of the droplets in the emulsions prepared at
1:16 (9.6 £ 0.6 nm) and those with only T80 (9.8 + 0.2 nm)
(p>0.05). This suggests that the amount of CAR added to the
system was insufficient to propel a change of thermodynamic
forces of T80 to form full micelles®. However, droplet
diameter increased significantly (p<0.05) at the proportion
of 1:8 (12.6 + 0.2 nm), suggesting that this is the minimum
amount of CAR required to induce optimization of the
curvature for micelle formation®. The emulsion with the 1:4
ratio appeared slightly cloudy to the naked eye, while the
droplet diameter of the micelles (140.2 + 0.8 nm) suggests
a saturation of the CAR loaded into the micelle formed
by T80. Hence, this emulsion showed high stability and
low polydispersity. The diameter of the micelles increased
significantly (1436 + 150 nm) at the highest CAR:T80
ratio (1:2), and sediment from the CAR:T80 emulsion was
observed at the bottom of the recipient as time passed. This
suggests that emulsion system saturation occurred, since
a high number of T80 molecules is required to cover the
entire surface of the micelles, though this may result in an
increased droplet size?’.

Based on these results, the emulsion prepared at the 1:4
ratio was selected to prepare the PEC-CAR membrane, since
it is highly stable and the nanoparticle size was within the
range recommended for biomedical applications***!. Images
of the membranes obtained showed a transparent appearance
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Figure 1. Diameter droplets of the micelles of CAR:T80 emulsions
after preparation. The image show the visual appearance of the
emulsions where; (A) Control, (B) 1:16, (C) 1:8, (D) 1:4 and (E)
1:2 of CAR:T80 proportions.
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(Figure 2). This is an important property because it allows
the wound to be visualized without removing the dressing*.

3.2. Scanning electron microscopy (SEM)

The SEM images show the presence of aggregates
and crystal-like structures of diverse sizes and branched
shapes on the surface membranes (Figure 3). The PEC
membrane prepared with only T80 (1.0%) showed crystal-
like aggregates with a size around 800 nm (Figure 3, A0 and
A1l). Those structures on the surface of the PEC membrane
may be composed mostly of T80 due to its expulsion from
the interior of the PEC membrane to the surface that occurs
during the dry-casting process®. Cardiel et al.** documented
that the micelles of the surfactant mediate the nucleation
sites, promoting the crystallization of T80. Meanwhile, the
PEC-CAR 0.25 (Figure 3, B0 and B1) and 0.50% (Figure 3,
CO0 and C1) microstructures showed smaller crystal-like
aggregates and hole-like features on the surface (= 4-6 um
diameter), likely as a result of the disintegration of the
CAR:T80 microcapsules during dry-casting. Similarly, the
presence of the microcapsule on the surface of the PEC-
CAR membranes may have resulted from the disruption and
restructuring of the CAR: T80 micelles during mixing with the
PEC matrix solution®® and the water evaporation that occurs
during dry-casting, where the coalescence of the CAR:T80
micelles is induced*. Although the droplet diameter of the
emulsion incorporated initially into the PEC matrix was
within the nanometric scale for micelles (140.2 + 0.8 nm),
the presence of the microcapsule on the surface suggests
an increase of micelle size during the process of membrane
claboration that may be associated with the following two
events. First, water loss in the PEC matrix probably induced
a reduction of the distance among the emulsion droplets
dispersed in the membrane-forming solution, which not only
increased the probability of collisions, but was followed by
an increase in droplet size (coalescence pathway) during
the drying process*. The second event may be associated
with the homogenization process of PEC-CAR, which
induces a disruption of the emulsion and separation of the
components (CAR and T80), associated with interactions
between the hydrophobic sites of the PEC structure and
the CAR (emulsion), together with the restructuring of the
CAR:T80 emulsion®. The microstructure of the 1.00%
PEC-CAR membrane (Figure 3, DO and D1) showed an
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excess of crystal-like aggregates on the surface due to the
high addition of CAR:T80. It has been suggested that the
process of micellar growth induced by T80 forms nucleation
sites that may encapsulate CAR inside the crystals, reported
as well by Cardiel et al.** Recently, nano- and microcrystals
with hydrophobic compounds have been elaborated with
polysaccharides and nonionic surfactants in diverse shapes
and sizes*>.

3.3. FTIR-ATR

Figure 4 shows the infrared spectra of the PEC membranes
loaded with and without CAR. The absorption bands
centered around 3300 cm™ were assigned to the stretching
vibration of -OH groups. The width and intensity of the
transmittance band may be associated with intermolecular
interactions between the polysaccharide chains of the PEC
through the formation of inter- and intramolecular hydrogen
bonds (PEC-PEC), as reported previously*’. The peaks at
2900 cm, 1750 cm?, 1430 cm!, and 1010 cm! were assigned
to -CH,-, -C=0, -C-O-C- and -CH- groups, respectively,
of the pyranose ring of PEC monomers. T80 shows bands
at 2900 and 2855 cm™ that correspond to CH,- and -CH,-
aliphatic groups. A peak centered at 1750cm™ and a small
band at 1650 cm™ correspond to -C=0 and -CH=CH- groups,
respectively, that are intrinsic to the aliphatic chain of the
surfactant. The small band at 1110 cm™! corresponds to the
ester bond (-CO-O-) of the surfactant*, It is important to note
that the functional groups of the organic compounds used in
claborating the membrane (PEC, T80, CAR) are similar, so
the absorption bands should overlap at the same wavenumber.
In this regard, the FTIR spectrum recorded for the PEC-CAR
membrane showed overlapping of the transmittance bands
and peaks of their respective functional groups, as has been
observed recently for PEC/A4loe-gel film loaded with CAR*.
However, the presence of T80 or CAR: T80 entrapped in the
PEC membrane was evidenced by comparing the intensity
changes of the bands at 3300, 2900, and 1110 cm™', which
corresponded to hydroxyl, aliphatic, and ester functional
groups, respectively. The decrease in the band intensity at
3300 cm’!, seen in Figure 4, suggests that the T80 entrapped
in the PEC membrane disrupts the hydrogen bonds between
PEC-PEC, thus modifying the structure of the membrane,
while an increase in the intensity of peaks, attributed to
aliphatic and ester groups, was observed. The presence of

Figure 2. Picture of the membranes of PEC-CAR 0.25% (A), PEC-CAR 0.50% (B) and PEC-CAR 1.00% (C). Black arrows indicate

the outline of the membranes.
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Figure 3. SEM images of PEC membranes: control PEC membranes only with T80 1.0% (A0 and A 1), PEC-CAR 0.25% (B0 and B1),
PEC-CAR 0.50% (CO0 and C1) and PEC-CAR 1.00% (D0 y D1) (Each one of them were amplified 50X and 350X, respectively). White

arrows indicate the presence of hole on membrane surface.

CAR in the PEC membranes was evidenced by the increased
intensity of the hydroxyl band compared to the PEC-T80
control, though the intensity of this band decreased as the
proportion of CAR increased. For instance, the PEC-CAR
membrane prepared at the lowest proportion of CAR:T80
(0.25%) showed a higher absorption intensity than that
observed at the 0.50 and 1.0% proportions of CAR:T80.
This suggests that the CAR:T80 emulsion was entrapped
in the PEC membrane, as evidenced by the formation of
microcapsules revealed by SEM micrograph.

3.4. CAR retention in the membrane

Figure 5 shows the percentage of CAR entrapped in
the PEC membrane. The 0.50% PEC-CAR membrane had
the highest retention percentage (13.89%) followed by the
0.25% (9.68%), and 1.00% membrane (9.11%). In contrast,
when other polysaccharide films were used to load the
CAR —chitosan> and PEC-alginate films®', for instance they
retained CAR more efficiently (47-48 and 77%, respectively),
supporting the notion that CAR retention in polymeric
matrices can vary depending on the encapsulation method
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Figure 4. Infrared spectrum of PEC membranes with and without CAR (control).
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Figure 5. Encapsulation efficiency (%) in PEC-CAR membranes.
*Duncan’s multiple comparison test: different letters by column
indicate significant differences (p < 0.05).

used®>*, The low percentages of CAR retention reported in
this study could be influenced by the dialysis method used.
Maryam et al.>* evaluated the release profile of CAR from a
system of CAR-loaded human serum albumin nanoparticles
that also used the dialysis method during 240 h. They found
that the amount of CAR released in 24 h was 40.4% and that
CAR release reached a maximum of 79.5% between 192 and
240 h. Another study based on the preparation of beeswax
solid nanoparticles loaded with CAR and astaxanthin also
determined the rate of CAR release. During a phase of 1-3 h,
release was 16.2% and 6.89%, and this continued after 168 h,
indicating a gradual release of CAR into the aqueous medium
under the dialysis method>. Two limitations of our study are
that the kinetic release of CAR from the membranes was not
evaluated, and the low percentage of retention found could
represent only one point of the release.

The gradual release of CAR may be advantageous because
high concentrations of CAR administered topically can cause
tissue irritation®, while evidence of its use in wound healing
suggests that a low concentration (=5%) of an Origanum
essential oil emulsion (83% CAR) is recommendable®. In
addition, the low percentage of CAR retention observed in
this study may reduce the probability of irritation during its
application as a wound dressing. However, further studies
are required to determine the standard posology.

3.5. Antibacterial activity

The antibacterial activity of the PEC-CAR membranes
was evaluated against . coli O157:H7 and S. aureus, two
bacteria commonly associated with both wound and hospital-
acquired infections (Table 1). All the PEC membranes loaded
with CAR showed some antibacterial activity against . coli
0157:H7, but PEC-CAR at 1.00% had the highest activity,
followed by the 0.50 and 0.25% membranes (p < 0.05).
S. aureus showed similar inhibition to the 0.50 and 1.00%
PEC-CAR membranes (p > 0.05). The authors consider
that the antibacterial activity of PEC-CAR could have been
underestimated due to certain phenomena that may have
occurred during the antibacterial assays, strongly associated
with the chemical nature of CAR (hydrophobic and volatile)
when placed on an aqueous surface like agar medium:
i) when the PEC-CAR membranes contacted the surface of
the agar, water in the medium may have induced swelling
and the later solubilization of the membranes, releasing
the CAR encapsulated in the PEC matrix®. However, only
a small amount of CAR could have diffused onto the agar
due to its low solubility in the aqueous medium which limits
its antibacterial action®’. Tampau et al.>® also reported that
the release of CAR into an aqueous system compromises
its antibacterial activity despite the adequate load revealed
in a system of electrospun poly-(e-caprolactone) fiber mats
with encapsulated CAR. The limitations of CAR diffusion
on agar medium have been reported by other authors>*,
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Table 1. Growth inhibition exhibited by E. coli and S. aureus in the presence of CAR-PEC membranes.

Inhibitory area (mm?)

Membranes and controls

E. coli O157:H7* S. aureus*
Filter paper (Control) NI** NI
PEC-T80-1.00% (Control) NI
PEC-CAR-0.25% 0.88 £ 0.06* NI
PEC-CAR-0.50% 1.63 +£0.07° 1.37+0.17¢
PEC- CAR-1.00% 243 +£0.13¢ 1.64 £0.25°

*Duncan’s multiple comparison test: different superscript letters by column indicate significant differences (p < 0.05). **NI= No inhibition.

Figure 6. An example of the irregular inhibition halos showed
on Mueller-Hinton agar (Escherichia coli O157:H7) and absence
of the disk (6 mm) of the PEC-CAR membrane because of its
dissolution. *Triplicate inhibition halos on the right side of plate
(PEC-CAR-1.00%) and left side of plate (PEC-T80-control).

i) Antibacterial activity may be related to the volatile nature
of CAR, which can act on the culture medium in a vapor
state that affects the survival of bacteria®. Some studies
have considered evaluating the antimicrobial activity of
CAR in vapor states®>%*, Their findings indicate that CAR
can act in a dual way during antibacterial activity on solid
culture medium (liquid and vapor state). This phenomenon
may explain the presence of the areas of irregular inhibition
observed in the medium (Figure 6). It is also important to
note that the presence of CAR in the crystals observed on
the surface of the membranes, evidenced by SEM analysis,
probably affected its antibacterial activity, though the
concentration in those crystals was not determined. The
PEC-CAR membranes showed less antibacterial activity
against S. aureus than E. coli, likely associated with the
composition of the cell wall of the bacteria. The cell wall
of Gram-positive bacteria is thick and made up of several
layers of peptidoglycan, while the cell wall of Gram-negative
bacteria is thin with less peptidoglycan. Apparently, the effect
of CAR is greater on cell membranes with low concentrations
of peptidoglycan®, associated with changes in cytoplasm

pH that generate reactive oxygen species which inhibit the
efflux pump of the bacteria®®.

4. Conclusion

The PEC-CAR membranes had a transparent appearance,
and microstructural analysis evidenced the presence of
microcapsules and crystal aggregates on their surface. The
maximum percentage of CAR retained in the PEC membranes
was 13%. The changes in the intensity of the hydroxyl band
in the FTIR spectrum evidenced the presence of CAR in
the PEC membranes. The amount of CAR retained in the
membranes was sufficient to inhibit the growth of E. coli and
S. aureus. The PEC-CAR membrane thus showed potential
for use as a biomaterial in the elaboration of wound dressings,
though additional studies on this topic are required.
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