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Abstract: The biggest challenge for scientists is to create an ideal wound dressing that should be
non-toxic, biocompatible, and biodegradable, providing optimal conditions for the most effective
regeneration process. Biomaterials loaded with plant-derived compounds show better biocom-
patibility and biological properties, ensuring a faster tissue repair process. In order to develop
membranes with good mechanical properties and anti-bacterial properties, the objective of this work
describes the synthesis of a chitosan-based membrane added with olive leaf extract as an active
principle with potential for topical application. The material developed was characterized in terms
of morphology, physical, chemical, and mechanical properties, and the anti-bacterial capacity of
the membranes. The results indicated that the developed membrane has good potential for use
as a wound dressing, as it presented mechanical properties (30.17 ± 8.73 MPa) and fluid draining
capacity (29.31 ± 1.65 g·m−2·h−1) adequacy. In addition, the antimicrobial activity analysis revealed
the active membrane potential against E. coli and S. aureus reaching 9.9 mm and 9.1 mm, respectively,
in inhibition zones, the most common bacteria in skin wounds. Therefore, all the results indicate that
the developed membrane presents viable characteristics for the use of wound dressing.

Keywords: anti-bacterial; bioactive; chitosan; olive leaves; wound healing

1. Introduction

The skin acts as a barrier to the external environment protecting all the internal or-
gans of the body, and constitutes the largest tissue in the human body, representing 8%
of the total body weight [1,2]. The wound is characterized when there is a break in the
skin, where several restructuring processes begin. The restoration of metabolism occurs
in stages: (i) Homeostasis, where there is a contraction of blood vessels and secretion
of some compounds responsible for platelet activation and aggregation, and clot forma-
tion. (ii) Inflammation, where the release of amines and histamines responsible for the
red coloration, heat, and swelling occurs; the attraction of neutrophils that phagocytose
macrophages that secrete pro-inflammatory cytokines occurs. (iii) Proliferation, where it
triggers epithelialization, regeneration of damaged capillary beds, and formation of new
blood vessels. (iv) Tissue remodeling, where there is an increase in collagen, improving
structural integrity and ending the healing process [3].

All chronic wounds are colonized by bacteria, microorganisms from the microbiota,
and opportunists such as pathogenic bacteria, causing an acute inflammatory process re-
ferred to as infection [4]. Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa,
and Escherichia coli have predominantly been isolated from infection and skin wounds.
Unwanted contamination can lead to a prolongation of the inflammatory process, pre-
venting wound healing, in addition to serious toxic effects when bacterial toxins reach the
subcutaneous layer of the skin and pass into the bloodstream [5].
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The use of antimicrobial dressings helps in the healing and prevention of skin infection
and is essential in chronic wounds, which have a very long time in the inflammatory phase,
such as in individuals with diabetes, for example [6,7]. When the wound is open or
involved in a dry-type dressing process, healing is slower compared to a wet-type dressing
process [8]. According to Moholkar et al. [9], an ideal dressing should present (i) a moist
wound environment, (ii) permeability to gases for an exchange of oxygen, (iii) capacity to
absorb exudates, (iv) act as a barrier to the penetration of microorganisms, and (v) reduce
healing time.

Dressings based on biopolymer materials can provide faster healing due to their great
ability to absorb tissue exudates, thus avoiding dehydration of the wound, allowing the per-
meation of oxygen and the release of active compounds, thus providing oxygenation of the
wound, without external contamination, since they have the ability to form bioactive com-
plexes with extracts for this purpose, due to their ionic character, thus maintaining favorable
and necessary conditions for skin homeostasis and re-establishment of its integrity [8,10].
Chitosan is a natural polymer obtained from the deacetylation of chitin, extracted mainly
from the shell of shrimp, is widely used in several areas, has good chemical properties,
and stands out for its biocompatibility. Chitosan-based dressing membranes are good
candidates for wound-healing dressings due to their biocompatibility, biodegradability,
hemostatic and antimicrobial activity, and non-toxicity [11].

Olive leaves have been highlighted by the levels of biophenols, which have antioxi-
dant [12], anti-bacterial [13], and anti-inflammatory [14] potentials. Olive leaf has a higher
polyphenol content than extra virgin olive oil and the whole fruit [15], with oleuropein
being the main phenolic extracted [16]. The leaves correspond to 10% of the total amount
of olives that enter the oil industry [17] and correspond to the main by-product of the
production process [18]. Their bioactive compounds have the potential for application
in several areas, such as the food, biomedical, and nutraceutical industries [16,19]. The
literature has already reported the use of olive leaf extract in films, and they discovered
that these films could be used as antimicrobial food packaging [13,20]. However, there is a
lack of research on the applicability of olive leaf extract in chitosan biopolymer membranes
for wound dressing application.

Therefore, in order to add value to the by-products from the production of olives and
olive oils combined with a global concern with environmental issues, the objective of this
work is to bring a new perspective to the viability of the synthesis of a chitosan-based
membrane (natural polymer) added with olive leaf extract as an antimicrobial alterna-
tive for topical application in chronic wounds, meeting the great concern of the medical
and pharmaceutical industry, regarding the healing of chronic wounds in immunosup-
pressed patients

2. Material and Methods
2.1. Material

Chitosan (Oakwood Chemical) (Himedia, WF, Pelotas, RS, Brazil) was used with a
molar mass of 170.7–198.5 kDa and a degree of deacetylation of 95%. Glycerol (Alphatec,
WF, Pelotas, RS, Brazil ) was used as a plasticizer to improve membrane flexibility. For
the chitosan dilution, 1M acetic acid (Synth) (Alphatec, WF, Pelotas, RS, Brazil )was used.
Brain Heart Infusion (BHI) agar (Himedia, WF, Pelotas, RS, Brazil) was used for disk
diffusion analysis.

2.2. Olive Leaf Extract (EFO)

Olive leaves (Olea europaea L.) of the Arbequina cultivar (Pinheiro Machado—RS, Brazil
31◦30′04.0′′ S, 53◦30′42.0′′ W) were collected and cleaned with 2% sodium hypochlorite
and sterile distilled water [21]. The leaves were dried in an oven with forced air circulation
at 313.15 K for 24 h, vacuum packed, and stored at room temperature. Before use, they
were milled and sieved (diameter less than 0.272 mm). The extract was obtained by the
maceration method (1:50 m/v of sterile distilled water) for 2 h with gentle agitation at a
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temperature of 353.15 K, a condition optimized by Martiny et al. [20]. The extract obtained
was vacuum filtered.

2.3. Production of Membranes

The film-forming solutions were prepared by the casting method with 1% (m/v) of
chitosan, previously dissolved in 25 mL of 1M acetic acid solution for 24 h at 298.15 K and
20% glycerol (based on chitosan mass) [22]. Membranes without the extract were produced
as a control adding 25 mL of water distilled and called MQC, while membranes with the
extract were obtained with 25 mL of extract and called MQE. The filmogenic solutions were
poured into 150 mm diameter acrylic plates and subjected to dehydration in an oven at
313.15 K for 24 h. The membranes were stored at 50% relative humidity for 48 h before the
characterization analyses.

2.4. Characterization of Membranes
2.4.1. Thickness

Ten random thickness measurements were taken over a fixed area of the membranes
using a digital micrometer (DIGIMESS 0.01 mm), and the results were expressed as the
mean ± standard deviation of these measurements.

2.4.2. Mechanical Properties

The tensile strength (TS) and elongation at break (EB) were obtained according to
the standard [23]. Rectangular specimens measuring 25 × 100 mm of membranes were
subjected to stress analysis using a texturometer (TA.XP2i, SMD, GBR) and a 50 N load cell.
An initial distance between the clamps of the equipment of 50 mm and a speed of distance
between them of 50 mm·min−1 were fixed.

2.4.3. Scanning Electron Microscopy

Membrane morphology was observed using a scanning electron microscope (CARL
ZEISS—EVO MA10, MA, USA). The samples were analyzed at an accelerating voltage of
20 kV up to a magnification of 2000×.

2.4.4. Water Vapor Permeability (WVP)

Permeability was determined gravimetrically by the standard method E96/E96M—
14 [24] through capsules containing calcium chloride (CaCl2). The set was placed in a chamber
with a relative humidity of 50%. Calcium chloride mass gain was measured after 10 days. The
water vapor permeability of the membranes was quantified using Equation (1):

Pva =
Mp·L

t·A·∆P
(1)

Pva is the permeability to water vapor ( kg
Pa.s.m

)
, Mp is the mass of absorbed moisture

(g), L is the film thickness (m), t represents the time of the experiment (seconds), A exposed
surface area of the film (m2), and ∆P the partial pressure difference across the film (Pa).

2.4.5. Solubility

Samples of 25 mm diameter membranes were submitted to an oven at 378.15 K for
24 h. Afterward, they were immersed in 50 mL of distilled water and subjected to orbital
agitation at 175 rpm for 24 h at a temperature of 298.15 K. A new drying of the samples
was performed, and the solubility was expressed from Equation (2) [25].

SA = (
mi −m f

mi
).100 (2)

SA (%) of water solubility, mi is the initial dry mass and m f is the final dry mass.
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2.4.6. Swelling

Membranes measuring 25 × 25 mm were used as specimens, which were weighed
and immersed in distilled water (298.15 K) for 2 min. Wet samples were wiped with paper
towels to absorb excess moisture and re-weighed. The amount of water absorbed was
calculated using Equation (3) [22].

Swelling(%) =
100(m2 −m1)

m1
(3)

m1 and m2 the masses (g) of the wet and dry samples, respectively.

2.4.7. Fluid Drainage Capacity (FDC)

For FDC, the BS EM 13726-1 method was used for hydrocolloids and dressings [26]. A
solution containing 142 mmol·L−1 of sodium ions and 2.5 mmol·L−1 of calcium ions was
prepared, identified by simulated exudate fluid (FES), which simulates the concentration
of sodium and calcium ions frequently found in exudates of wounds. The membranes
were conditioned for 48 h at 50% relative humidity prior to the tests. Then, they were
cut into 27 mm diameter discs, weighed, placed in a container containing 20 mL of FES,
and fixed with a sealing ring. The containers containing the membranes were weighed,
inverted so that the samples were in contact with the FES, and kept at 310.15 K for 24 h in
a desiccator containing silica gel. At the end of this period, the system was kept at room
temperature for 30 min, and the cups were weighed again. The fluid drainage capacity
(FDC) was determined using Equation (4):

CDF =
mis −m f s

t·A +
mim −m f m

t·A (4)

mis is the initial mass of the system (g), m f s is the final mass of the system after the
drainage period (g), mim the initial mass of the membrane (g), m f m is the final mass of the
membrane after the draining period (g), A is the contact area between the membrane and
the fluid (m2), and t is the elapsed time (h).

2.4.8. FTIR-ATR Analysis

For the analysis of infrared spectroscopy with attenuated total reflectance Fourier-
transform (FTIR-ATR)(Shimadzu, Prestige 21, Nakagyo-ku, Kyoto, Japão), a Perkin–Elmer
spectrometer (UATR Two) was used, ranging from 400 cm−1 to 4000 cm−1, with 32 scans
per spectrum and resolution of 4 cm−1. This analysis allows the detection of chemical
groups present in the analyzed structures.

2.4.9. Anti-Bacterial Property

The adapted disk diffusion method described by NCCLS [27] was used for direct
contact. Brain Heart Infusion Agar (BHI) was used as a culture medium, inoculated with
the indicator strains Escherichia coli (ATCC 11229) and Staphylococcus aureus (ATCC 12598)
standardized to approximately 104 CFU/mL. The contamination occurred by spreading
the bacterial culture on the surface (200 µL), and the plates were incubated inverted at
308.15 K. The produced membranes (MQP) and (MWE50%) were cut into 6 mm diameter
discs, sterilized in ultraviolet light for 15 min, and added to the Petri plates containing the
agar contaminated by the indicative microorganisms (E. coli and S. aureus). After 24 h of
incubation, the zones of inhibition formed were measured using a digital caliper.

2.4.10. Statistical Analysis

All data collected were presented with mean ± standard deviation and statistically
analyzed by the one-way ANOVA test and subsequent t-test with a confidence level of 95%.
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3. Results and Discussion

The synthesized membranes were easy to handle without disruption. The standard
membrane was transparent, while the membrane incorporated from the olive leaf extract
showed a golden–yellow color due to the color of the extract (Figure 1C). Both membranes
are uniform and were easily removed from the Petri dish.

Macromol 2023, 3, FOR PEER REVIEW 5 
 

 

2.4.10. Statistical Analysis 
All data collected were presented with mean ± standard deviation and statistically 

analyzed by the one-way ANOVA test and subsequent t-test with a confidence level of 
95%. 

3. Results and Discussion 
The synthesized membranes were easy to handle without disruption. The standard 

membrane was transparent, while the membrane incorporated from the olive leaf extract 
showed a golden–yellow color due to the color of the extract (Figure 1C). Both membranes 
are uniform and were easily removed from the Petri dish. 

 
Figure 1. Morphologies for membranes (MQP) and (MQE50%). Letters (A1,A2,B1,B2) represent the 
SEM images magnifications of 500× and 1000×, respectively. The letter (C1,C2) represents the mem-
branes developed. 

The thickness (Table 1) corresponds to 0.211 ± 0.023 mm for (MQP) and 0.277 ± 0.027 
mm for (MQE50%) showing a statistical difference between the membranes. The addition 
of the extract contributed to a 31.3% increase in thickness due to the compounds present 
in it, such as oleuropein, hydroxytyrosol, verbascoside, Apigenin-7-glycoside, and Luteo-
lin-7-glycoside, among others [28]. The same behavior was observed by Riaz et al. [29], 
Contessa et al. [30], and Crizel et al. [31]. Riaz et al. [29] report that the thickness can be 
increased due to the polymer bonds with the extract compounds with short-distance 
bonds. Khaliq et al. [32] developed healing membranes based on chitosan and K-carragee-
nan with thicknesses also in the range from 0.142 to 0.21 mm. Wang et al. [33] developed 
acetylated glucomannan Konjac membranes for application in dressings, also with a thick-
ness of around 0.2 mm. 

  

Figure 1. Morphologies for membranes (MQP) and (MQE50%). Letters (A1,A2,B1,B2) represent
the SEM images magnifications of 500× and 1000×, respectively. The letter (C1,C2) represents the
membranes developed.

The thickness (Table 1) corresponds to 0.211± 0.023 mm for (MQP) and 0.277± 0.027 mm
for (MQE50%) showing a statistical difference between the membranes. The addition of
the extract contributed to a 31.3% increase in thickness due to the compounds present in
it, such as oleuropein, hydroxytyrosol, verbascoside, Apigenin-7-glycoside, and Luteolin-
7-glycoside, among others [28]. The same behavior was observed by Riaz et al. [29],
Contessa et al. [30], and Crizel et al. [31]. Riaz et al. [29] report that the thickness can be
increased due to the polymer bonds with the extract compounds with short-distance bonds.
Khaliq et al. [32] developed healing membranes based on chitosan and K-carrageenan with
thicknesses also in the range from 0.142 to 0.21 mm. Wang et al. [33] developed acetylated
glucomannan Konjac membranes for application in dressings, also with a thickness of
around 0.2 mm.

The dressing must have sufficient mechanical properties to maintain its integrity dur-
ing use. The tensile strength of healthy skin ranges from 2.5 to 35 MPa, and elongation
ranges from 70% to 78% [32,34]. The rupture tension (Table 1) of the membranes in this
study corresponds to 72.41 ± 14.31 and 30.17 ± 8.73 MPa for MQP and MQE50%, repre-
senting values with the potential application. The tensile strength decreased significantly
with the addition of the extract, which is attributed to the interaction of the extract with the
polymer matrix, creating gaps that favor rupture, thus decreasing the tensile strength [35].
The same behavior was observed by Jamróz et al. [36] and Jamróz et al. [37] when adding
blueberry extract to chitosan and furcellaran films. The elasticity of the membranes (Table 1),
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represented by the elongation at break, however, showed lower values than human skin,
corresponding to 41.69 ± 8.14 and 38.64 ± 3.59% for MQP and MQE50% without statistical
difference. Khaliq et al. [32] also found values around 40% for the elasticity of the mem-
branes they developed. Jamróz et al. [37] also reported an elasticity of around 40% in their
membranes. Genevro et al. [38] point out, however, that elongation values around 40% are
sufficient to resist natural skin deformations. In this sense, the membranes produced in
this study, with regard to mechanical properties, are candidates for application as in vivo
healing membranes.

Table 1. Characterization of membranes (MQP) and (MQE50%).

MQP MQE50%

TS (Mpa) 72.41 ± 14.31 a 30.17 ± 8.73 b

EB (%) 41.69 ± 8.14 a 38.64 ± 3.59 a

Thickness (mm) 0.211 ± 0.023 b 0.277 ± 0.027 a

WVP
(kg·m−1·Pa−1·s−1) 0.39 ± 0.1 a 0.52 ± 0.22 a

Solubility (%) 18.56 ± 1.64 b 34.71 ± 2.62 a

Swelling (%) 249.49 ± 4.77 a 57.42 ± 1.13 b

FDC (g·m−2·h−1) 22.75 ± 4.80 b 29.31 ± 1.65 a

a,b Different letters on the same line indicate a statistically significant difference (p ≤ 0.05) between the means by
the t-test.

The morphological analysis (Figure 1) showed a smooth and homogeneous sur-
face for the synthesized membranes. MQP showed some point clusters in the matrix.
Zhang et al. [39] report that chitosan films dissolved in non-hydroxylated acids such as
acetic acid tend to exhibit this behavior, explained by intermolecular interactions between
chitosan and non-hydroxylated acid anions. The addition of the extract minimized the
presence of agglomerates, possibly by supplying hydroxyls from the aqueous extract. In
chitosan films used from hydroxylated acids, the structures are homogeneous and smooth,
as there is a greater release of protons that favor strong interactions with the protonated
chitosan chains [40].

A good dressing must be efficient in absorbing exudates; however, it is important
that they prevent water loss from the wound, providing a moist environment and thus
aiding healing [41]. The water vapor permeability (Table 1) showed no significant differ-
ence between the membranes. The values found in this study are below those found by
Razzaq et al. [42] in barley β-glucan and ZnO membranes for wound healing, explained
by their more compact structure, which increases the diffusion path of the molecules
and consequently a lower permeability. However, low permeability to water vapor in
healing membranes prevents the wound from becoming too wet due to possible external
humidity; in this sense, the membrane acts as an obstacle to water vapors coming from the
external environment.

The solubility of MQE50% increased in relation to MQP, which is explained by the
hydrophilicity of the extract since it is an aqueous extract. The same behavior was reported
by Narasagoudr et al. [43] on chitosan and poly (vinyl alcohol) films and Contessa et al. [22]
on chitosan and agar–agar blends. Pacheco et al. [44], in multilayer membranes of fibroin
+ chitosan + alginate to release diclofenac sodium, obtained a solubility of around 73%
in a period of seven days of analysis, resulting in the complete dissolution of one of the
layers. Therefore, the solubility of the MQE50% membrane, although increased, still remains
suitable for cutaneous application since it remained intact after the analysis (24 h), with the
weight loss coming from the solubility of the plasticizer used. According to Ma et al. [45],
this behavior is expected because glycerol is completely miscible in water.

Swelling is the ability of the film to retain liquid; in the healing process, there is the
production of wound exudates [46]. Excess exudates compromise cell proliferation, so
it is important that the dressing is efficient in absorbing these exudates [47]. The values
obtained indicate that there was a significant decrease in the swelling of the MQE50% in



Macromol 2023, 3 320

relation to the MQP. Similar behavior to that found by Riaz et al. [29] in chitosan-based
films with Chinese chive root extract, where they also observed a reduction in the degree
of swelling with the addition of the extract, from 57.38% to 40.49%, was explained by the
presence of hydroxyl groups (hydrophilic groups) in the chitosan molecule. Yu et al. [48],
in curative membranes, obtained values of around 39 and 58% in 24 h of analysis for
chitosan–collagen/montmorillonite and chitosan–collagen/organomontmorillonite mem-
branes, respectively, and considered the swelling properties to be good. This study evalu-
ated swelling in just 2 min, and the results were similar for MQE50% and much higher for
MQP, indicating that both have the potential for application as skin dressings.

The FDC represents the amount of fluid released from the wound that the dressing
can drain, either by absorption or vapor permeation. Dressings with very high FDC can
lead to wound dehydration, while very low values can generate an accumulation of exudates,
causing healing problems [44]. Commercial dressings range from 12,350 to 1670 g/m2 24h;
third-degree burns generally generate from 3400 to 5100 g of exudates per day [49]. Thus, the
values found for MQP and MQE50% membranes (22.75 ± 4.80 and 29.31 ± 1.65 g·m−2·h−1)
can be used in wounds with mild and moderate exudate production.

The FDC, as already explained, is the ability to drain exudates from the wound; the
way our membrane does this drainage is mostly through its swelling and not by transferring
it to water vapor due to low permeability (0.52 ± 0.22 kg·m−1·Pa−1·s−1) evidenced in this
study. This is a promising result since the membranes, over time, absorb the released
exudates and do not transfer liquids to the outside of the wound, getting aesthetically
more presentable.

The analysis of membrane functional groups was investigated by FTIR-ATR anal-
ysis (Figure 2). The spectra of the MQP and MQE50% membranes showed absorption
peaks at extremely similar wave numbers, indicating a slight increase in MQE50% around
3500 cm−1. The peak around 3423 cm−1 is very characteristic of stretching vibrations of the
OH group [50]. When superimposed, the spectrum of the MQE50% membrane showed an
increase in peak intensity in the same absorption band, indicating the formation of bonding
of the OH groups of oleuropein, which has an abundance of this group, with the other con-
stituents of the membrane (chitosan + glycerol). The same was observed by Azar et al. [51]
in sodium pectin–caseinate hydrogel containing olive leaf extract as a nano lipid carrier.
Peaks 2946–2874 cm−1 correspond to CH stretching vibrations [52]. Absorption around
1635 cm−1 is related to the stretching of carbonyl groups (C=O) [53] and characteristic of
the –N=C- bond in chitosan hydrogels [54]. The peak around 1552 cm−1 was also found by
Fang et al. [55] in chitosan hydrogel and is characteristic of the –C=C- bond. Peaks around
1552 cm−1 are indicative of the presence of the amine (–NH) characteristic of chitosan [22].
Peaks around 1044 cm−1 correspond to the glycosidic bonds of chitosan [52].

The anti-bacterial analysis did not indicate a zone of inhibition of the control membrane
without the active extract (Figure 3) for the microbiota tested. Some studies report the
same behavior. Sugumar et al. [55] and Contessa et al. [22] explain that chitosan has an
anti-bacterial effect when the target organism is in direct contact with its active sites. The
contact of the amino group with the cell wall of the microorganism is necessary. The
structure of the membrane makes this direct contact impossible because chitosan cannot
diffuse [56].

The zone of inhibition is characterized by the absence of bacterial growth around
the membranes. The MQP50% showed a zone of inhibition for the two microorganisms
tested without significant differences. This a very promising result since not all extracts
are efficient on gram-positive and gram-negative walls; due to differences in cell wall
structure [57], they are generally effective against a group of cell walls [48]. In general,
chronic infections, inflammation, or prolonged healing are due to the contamination of
wounds by E. coli and S. aureus. Dressings with an anti-bacterial effect against these strains
have great potential for application [58]. Mayer et al. [59], when analyzing the anti-bacterial
activity of curative membranes of 2,3-dialdehyde cellulose with gelatin and zein, obtained
inhibition halos of 5.2 ± 0.1 mm for E. coli and 4.6 ± 0.2 for S. aureus. Rao et al. [58] also
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obtained inhibition halos around 8.15% for S. aureus and 14.55% for E. coli in curative
membranes based on carboxymethyl chitosan and polyvinyl alcohol.
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In view of the above, we can report that the chitosan-based membrane, added with
olive leaf extract developed in this study, presented adequate handling characteristics, fluid
drainage capacity, and antimicrobial activity against two of the most worrisome bacteria
when it comes to skin infections. Therefore, this work reports an antimicrobial membrane
with great potential for application in chronic wounds.

4. Conclusions

In this work, a chitosan-based membrane added with olive leaf extract was developed
for potential application as an antimicrobial membrane for wound application. The addition
of the extract to the membrane provided a reduction in the tensile strength and swelling,
however the values still present ideal characteristics for the application (30.17 ± 8.73 MPa e
38.64 ± 3.59% for tensile strength and elongation, respectively). The addition of the extract
contributed to the increase in fluid drainage capacity, promoting an improvement in wound
healing (29.31 ± 1.65 g·m−2·h−1). In addition, the membrane added with extract showed
anti-bacterial properties for strains of E. coli and S. aureus. All the results indicated that
the developed membrane showed viable characteristics for use as a wound dressing since
it has adequate mechanical properties, absorption of exudates, and anti-bacterial activity
against the most common bacteria in skin wounds.
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