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ABSTRACT

Objective: to describe properties and potential applications of chitosan, zinc oxide and pink pepper essential oil.
Method: a descriptive study, of informative type, by surveying the universe of scientific production. Results:
chitosan is a polymer that has characteristics such as biodegradability, biocompatibility, toxicity, low cost, natural
product and exists in great quantity in nature. It is susceptible of being manipulated in the formats of slides, films,
fibers and gels. It is an extremely functional molecule exerting mucoadhesive, anticoagulant, immunostimulating,
healing, antitumor, hemostatic, hypolipemic, antimicrobial actions, among others. Zinc oxide is an antimicrobial
with extraordinary bactericidal and fungicidal efficacy. Studies have investigated the pink pepper essential oil and
identified that it possesses diuretic, astringent, antidiarrheal, anti-inflammatory, healing, bactericidal, antiviral,
analgesic, sedative, expectorant, antipyretic, vermifuge and antiseptic activity. Conclusion: chitosan, zinc oxide
and pink pepper essential oil have, individually or in combination, potential for applications in areas such as active
packaging, water treatment, dressings and others, as a result of the competence to minimize or eradicate
proliferation of pathogenic microorganisms. Anacardiaceae; Hydrogel; Zinc Oxid; Polymers; Biological Products;
Chitosan.

RESUMO

Objetivo: descrever propriedades e aplicacbes potenciais da quitosana, 6xido de zinco e 6leo essencial de pimenta
rosa. Método: estudo descritivo, tipo informativo, mediante o levantamento do universo da producdo cientifica.
Resultados: a quitosana € um polimero que possui caracteristicas tais como biodegrabilidade, biocompatibilidade,
atoxicidade, baixo custo, produto natural e existe em grande quantidade na natureza. E suscetivel de ser
manipulada nos formatos de laminas, filmes, fibras e géis. E uma molécula extremamente funcional exercendo acéo
mucoadesiva, anticoagulante, imunoestimulante, cicatrizante, antitumoral, hemostatica, hipolipémica,
antimicrobiana, dentre outras. O oxido de zinco € um antimicrobiano com extraordinaria eficacia bactericida e
fungicida. Estudos tém investigado o oleo essencial da pimenta rosa e identificado que ele possui atividade
diurética, adstringente, antidiarreica, anti-inflamatoria, cicatrizante, bactericida, antiviral, analgésica, sedativa,
expectorante, antipirética, vermifuga e antisséptica. Conclusdo: a quitosana, o 6xido de zinco e o 6leo essencial de
pimenta rosa apresentam, individualmente ou em conjunto, potencialidades para aplicacées em areas tais como
embalagens ativas, tratamento de agua, curativos e outras, em consequéncia da competéncia para minimizar ou
erradicar a proliferacdo de micro-organismos patogenos. Descritores: Anacardiaceae; Hidrogel; Oxido de Zinco;
Polimeros; Produtos Biologicos; Quitosana.

RESUMEN

Objetivo: describir las propiedades y aplicaciones potenciales de la quitosana, oxido de zinc y aceite esencial de
pimienta rosa. Método: estudio descriptivo, tipo informativo, mediante el levantamiento del universo de la
produccidon cientifica. Resultados: la quitosana es un polimero que tiene caracteristicas, tales como:
biodegradabilidad, biocompatibilidad, atoxicidad, bajo costo, producto natural y existe en gran cantidad en la
naturaleza. Es susceptible de ser manipulada en los formatos de laminas, peliculas, fibras y geles. Es una molécula
extremadamente funcional, ejerciendo accion mucosidad, anticoagulante, inmunoestimulante, cicatrizante,
antitumoral, hemostatica, hipolipémica, antimicrobiana, entre otras. El dxido de zinc es un antimicrobiano con
extraordinaria eficacia bactericida y fungicida. Los estudios han investigado el aceite esencial de la pimienta rosa e
identificado que el posee actividad diurética, astringente, antidiarreica, anti-inflamatoria, cicatrizante,
bactericida, antiviral, analgésica, sedante, expectorante, antipirética, vermifuga y antiséptica. Conclusion: la
quitosana, el oxido de zinc y el aceite esencial de pimienta rosa presentan, individualmente o en conjunto,
potencialidades para aplicaciones en areas tales como envases activos, tratamiento de agua, curativos y otras,
como consecuencia de la competencia para minimizar o erradicar la proliferacion de micro-organismos
patogenos. Descriptores: Anacardiaceae; Hidrogel; Oxido de Zinc; Polimeros; Productos Biologicos;
Quitosano.
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INTRODUCTION

Chitosan is a polymer that has applications
in various areas, for example, food, waste
treatment, pharmaceutical industry, process
engineering and agronomy. However, the
sector where chitosan proved extremely
successful was in the biomedical field. The
relevance of chitosan in this area correlates
with its biological properties such as
antimicrobial, biocompatibility,
biodegradability, low toxicity and low
immunogenicity.'?

The application of chitosan in the care of
wounds is fundamentally due to the above
mentioned biological peculiarities and also, to
some degree, with the physical and
mechanical characteristics. The use of
chitosan in wounds anticipates tissue renewal
as related to other established therapeutic
procedures.*

Chitosan is referred to by scientists as a
natural polysaccharide which has the function
of enhancing neovascularization and the
genesis of granulation tissue, two relevant
steps in the wound healing process. This
occurs by increasing the rate of infiltration of
fibroblasts and inflammatory cells, the
excitation of the generation of collagen by the
fibroblasts and the activation of cytosine
production by the cells, which makes chitosan
effective as a dynamizer of tissue repair.*®

Other properties of chitosan are acidic
solubility and aggregation with polyanions that
confer chitosan the characteristic of being an
excellent gel former.

Hydrogels are three-dimensional polymer
crosslinks that can inflate in an aqueous or
biological liquid environment and preserve a
large amount of water in your infrastructure
without disintegrating. The hydrogels are
based on hydrophilic polymers interlaced to
prevent their dissolution in water and can
therefore be employed to store cells, drugs or
proteins. As a consequence of the existence of
some functional groups in extending the
polymer chains, hydrogels are often
susceptible to environmental circumstances
such as solvent constitution, pH and
temperature.?

Chitosan hydrogels are wused in the
pharmaceutical, cosmetic, medical and
especially for wound treatment,
macromolecule aggregation and support for
drug release. These uses are convenient for
hydrogels because they exhibit peculiarities
such as porosity of the solute, degree of
tumescence, kinetics of absorbance of a
liquid, ability to perceive and react to pH
changes, non-existence of hydrophobic

Chitosan, zinc oxide and pink pepper essential...

influences and particular in vivo performance
characteristics.?

The use of chitosan is possible in the
condition of hydrogel mainly related to its
biocompatibility.? Chitosan gel acts as an
excellent dressing for lesions due to its
healing specificities and, also, presents a
predisposition of tissue adhesion leading to a
significant contraction of the wound and
anticipating its closure.?

With the current predisposition to use
natural items, antimicrobial factors extracted
from plants, such as essential oils, become
increasingly evident with the use of these
substances in treatments.’

The World Health Organization shows that
80% of the world's inhabitants use medicinal
herbs in primary health care.® Pink pepper,
popularly known as aroeira, is used in the
tenth position among 138 medicinal plants.
This cited researcher reports that pink pepper
is used in folk medicine for the treatment of
most types of pain, venereal diseases,
gingivitis, rheumatism, fever and diarrhea.’

There is a growing curiosity in discovering
natural antimicrobial propellants for
therapeutic application for the purpose of
favoring synergistic activity or in exchange for
chemical preservatives that have reduced use
because of their imminent carcinogenic
potential.’”® In this way, better capital
applications and research for the exchange of
synthetic additives with natural preservatives
in the plants and that carry out antimicrobial
activity.

In addition to essential oils, as substances
with bioactive principles, some metal oxides
have also been investigated, such as zinc
oxide (ZNO) with antimicrobial action.

OBJECTIVE

e Describe potential properties and
applications of chitosan, zinc oxide and pink
pepper essential oil.

RESULTS

¢ Chitosan

Chitosan is developed from chitin which is
abundantly found in nature as a structural
element of the exoskeleton of arthropods
(including crustaceans, insects), algae and cell
walls of some fungi. Structurally, chitin is a
linear, water-insoluble mucopolysaccharide."
In figure 1, one can observe the chemical
structure of cellulose, chitin and chitosan.
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Figure 1. Chemical structure of cellulose, chitin and chitosan. Source:"?

Chitosan (Figure 1) is a product of chitin
deacetylation. It is a biodegradable, natural
and renewable polymer of vast economic and
environmental value. Chemically, its a
polyamine. This biopolymer has a molecular
structure chemically identical to that of
cellulose differing only in the functional
groups -OH, -NHCOCH; e NH,."

The solubility of chitosan results from its
biological origin, molecular weight and degree
of acetylation.™ It is soluble in organic acid
media (acetic, formic, citric) and inorganic
(hydrochloric acid), constituting a cationic
polymer with the protonation of the amino
group resulting in the NH3 + ion, which gives
it peculiar characteristics: a viscous solution
capable of developing coatings or coating
films. The quality and characteristics of
chitosan may change according to its
manufacturing method that interferes with
the characteristics of the final product. In the
solid state, chitosan is a semicrystalline
polymer.™

Chitosan is characterized by its molecular
weight (MW) and degree of acetylation (DA).
Chitosan, which is commercially available, has
a degree of deacetylation> 85% (DA < 15%) and
molecular weight contained between 100-1000
kDa. It is commonly recognized that low-
weight chitosan has MW < 50 kDa; the
medium, 50-150 kDa, and the high weight >
150 kDa.™

Chitosan is  susceptible of  being
manipulated in the formats of slides, films,
fibers and gels. It is an extremely functional

Chitosan is biodegraded by the enzyme
lysozyme generating non-toxic, non-
immunogenic and non-carcinogenic amino
compounds that are fully expelled by the
body."

This  polysaccharide still has broad
applications peculiar to the food industry.
Among them are the development of
biodegradable films and the preservation of
food against microbial degradation. In the
pharmaceutical and food industries, it is
widely used in transportation for the release
of bioactive drugs and compounds.'® Among
the numerous biological properties exposed
for chitosan, anti-inflammatory, antimicrobial
and healing competence is probably, the one
of greater relevance for the health area."

Chitosan has been investigated as an
antimicrobial agent against a wide variety of
microorganisms such as bacteria, yeasts, fungi
and algae.™

This polymer generates inhibition of the
growth or destruction of microorganisms such
as E. coli,S. epidermidis, S. aureus, S.
faecalis, S. pyogenes, Vibrio, Shigella
dysenteriae, Salmonella typhimurium,
Bacillus cereus, P. aeruginosa, Candida,
Xanthomonas campestris, Botrytis
cinerea, Fusarium oxysporum, among others."

Research shows that the form of
antimicrobial action of chitosan is a
consequence  of  the physicochemical
properties of the polymer and the
peculiarities of the microorganism’s
membrane. Three modes of antibacterial

molecule exerting mucoadhesive, action were suggested. '4??

anticoagulant, immunostimulating, healing, 1. lonic interaction on cell surface
ant1.tu.mor,_ hemostatic, i3 hypolipemic, resulting in cell wall opening: electrostatic
antimicrobial, among others. forces between the positively charged
English/Portuguese
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chitosan (NH + 3) molecule and negative
residues on the cell surface possibly
competing for Ca 2+ by electronegative spots
on the surface of the cell membrane. This fact
generates disturbance in osmotic balance and
/ or hydrolyzes peptideoglycans in the
membrane of the microorganism resulting in
the detriment of potassium ions and low
molecular weight protein constituents. This
mechanism of action is the most accepted
today.

2. Inhibition of mRNA and protein
synthesis: the chitosan, after crossing the
cellular membrane of the bacterium, enters
the nucleus and joins the DNA avoiding the
synthesis of mMRNA and proteins.

3. Metal complexing: the chitosan
develops an external hindrance by complexing
metals and thereby eliminating essential
nutrients for microbial growth.

Chitosan was evaluated as having
bactericidal / bacteriostatic activity without
differentiation between these activities.?**

Studies have shown that the antimicrobial
activity of chitosan differs between Gram-
positive and Gram-negative bacteria. In the
case of Gram-positive, it is assumed that the
chitosan fragments the membrane whereas, in
the Gram-negative, the cytoplasm
agglomerates and the intracellular space is
expanded.?

The antimicrobial property of chitosan has
been proven by different researches emerging
as a probable option against the antibacterials
of synthetic origin usually employed.?*

There is no standardized method for
presenting the results of antimicrobial testing
of natural products. The plaque microdilution
methodology is the most wused and
recommended to define the Minimal Inhibitory
Concentration (MIC) or Minimum Bactericidal
Concentration (MBC) of natural products, such
as chitosan and essential oil, as a
consequence of its sensitivity and minimal
amount of reagents, which allows for a
maximum number of replications, adding to
the credibility of the results.™

As there is no standardization on the
acceptable inhibition coefficient for natural
products, when compared with standard
antibiotics, the classification for plant derived
materials based on MIC results was evaluated,
such as: strong inhibition of MIC up to 500 pg /
mL; moderate inhibition of MIC, from 600 to
1500 pyg / mL, and as weak inhibition those
exhibiting MICs above 1600 pg / mL.%"®

¢ Chitosan Hydrogel

The hydrogels are conceptualized as
systems, with two or more components,

https://doi.org/10.5205/1981-8963-v12i4a234869p1122-1132-2018
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constituted by the three-dimensional cross-
linking of polymer chains and water that
completes the environment between the
macromolecules.?*

Hydrogels are a relevant category of
polymeric materials that can swell by
retaining a significant amount of water within
their structures without dissolving. Therefore,
they can be referred to as a category of
absorbent polymers.>' The existence of
hydrophilic functional groups (-OH, -COOH, -
CONH2, -SO3H) in the composition of
hydrogels defines their ability to infiltrate and
conserve large amounts of water. In turn, the
presentation of crosslinking points produces
their insolubility and stability.**

Hydrogels can be categorized by various
properties.  According to  crosslinking,
hydrogels are categorized into physical or
temporary hydrogels consisting of van der
Waals forces, hydrogen bonds and their
lattices can be broken by means of external
stimuli such as: temperature, pH changes and
saline solution. The second designation of the
hydrogels, according to chemical or
permanent crosslinks, is described as those
connected fundamentally by covalent bonds.
The development of crosslinks may be due to
chemical reactions or to gamma ray, x-ray or
ultraviolet radiation. The hydrogels achieved
by chemical crosslinks, once the networks are
synthesized, will no longer be able to undo.**

As regards biodegradability, hydrogels are
subdivided into biodegradable and non-
biodegradable. Biodegradation can result from
biological, physical and chemical actions. In
vivo, biodegradable hydrogels undergo
macromolecular decomposition by
microorganisms such as bacteria, fungi, algae
and enzymes, whereas non-biodegradable
ones do not reach decomposition so as to be
absorbed by nature.?

According to the origin, the hydrogels can
be natural, synthetic or hybrid. Natural
hydrogels are developed by naturally
occurring polymers, with or without chemical
change, for example, hyaluronic acid,
alginate, starch and chitosan. These hydrogels
exhibit the benefit of being biocompatible and
have biodegradability but, on the other hand,
have low mechanical properties.*

Synthetic hydrogels are produced by
polymerization of synthetic monomers having,
for example, methacrylic acid, acrylamide,
among others. Synthetic polymers commonly
have a well-defined structure which can be
altered in order to achieve the required
degradability and functionality. Synthetic
polymers correspond to a category of
multifunctional materials because they offer
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many applications, among which, are in the
cosmetic and pharmaceutical fields.*°

Hybrid hydrogels are synthesized from the
combination of natural and synthetic
polymers, making it in many cases an
excellent strategy to improve the properties
of the material achieved.*

The composition of the hydrogels network
may be as macroporous, microporous or
nonporous. Macroporous hydrogels exhibit
pores with a diversified size of 0.1 to 1.0 ym.
Microporous hydrogels have a pore with a tiny
dimension between 100-1000 A. Non-porous
hydrogels have a pore with macromolecular
size between 10-100 A and have dense
polymer chains, as well as providing
completely restricted solubility conduction by
diffusion through the free areas.**

Swelling kinetics is one of the significant
properties of the hydrogel. This is defined by
the particularity of the porous structure,
sample size, pore size, temperature and pH
variation, among others. Stabilization in the
swelling is produced by the equilibrium
obtained by means of the osmotic force that
benefits the solvent input and the counter
elastic force that compensates the distension
of the polymer network and avoids its
deformation.3*

Several researches were found subsidizing
the technological advance of hydrogels with
emphasis in the biomedical area. Here some
of them will be portrayed.

A chitosan hydrogel with nerolidol was
synthesized and its antimicrobial and curative
properties were investigated. The hydrogel
was characterized by thermogravimetry,
differential scanning calorimetry and infrared
spectroscopy. The antimicrobial activity was
tested against Staphylococcus aureus that
showed bactericidal action. The chitosan
hydrogel with 2% nerolidol exhibited
extraordinary curative action because, on the
7th day of treatment, reepithelization and
reorganization of the collagen occurred,
demonstrating the cicatricial process. The
authors concluded that the synthesized
hydrogel was promising as a bactericidal and
curative agent.®

Chitosan was characterized and analyzed
its implication in the cicatricial process in
rats. The characterization was by means of
elemental, thermogravimetric, spectroscopic
analysis in the infrared region, in terms of
viscosity, molar mass and degree of
acetylation. The authors concluded that the
chemical properties of chitosan (viscosity of 5
mPa s, low degree of acetylation (GA = 5.9%)
and molar mass of 132.0 kDa) make it
remarkable for wuse in different areas.

https://doi.org/10.5205/1981-8963-v12i4a234869p1122-1132-2018

Chitosan, zinc oxide and pink pepper essential...

Regarding healing properties, chitosan
generated a 81.4% decrease in lesion width,
contributing to the treatment of cutaneous
lesions, which confirms its potential for use in
the medical area.*

Another study, also carried out with
chitosan, was the development of a hybrid
hydrogel consisting of chitosan and silver
nanoparticles. The silver nanoparticles were
synthesized and characterized by dynamic
light scattering and transmission electron
microscopy before being incorporated into the
hydrogel. The silver nanoparticles presented a
size of 7 nm and the spherical shape. The
chitosan hydrogel was synthesized with silver
nanoparticles and characterized by
differential scanning calorimetry and scanning
electron microscopy. The efficacy of silver ion
release and the antimicrobial action were
analyzed. In conclusion, it was identified that
chitosan hydrogels, with or without silver
nanoparticles, have sustained bactericidal
activity against S. mutans.*

A chitosan hydrogel with 1% silver
sulfadiazine was studied and rheological,
biological and therapeutic characterizations of
this hydrogel were made. The authors
identified that the chitosan hydrogel
presented pseudopasticity and
bioadhesiveness that benefited the
neovascularization and the inflammatory
action in burns, as well, this gel showed
adequate and coherent rheological properties
for the mechanism of drug release.*”

The antimicrobial action of chitosan with
chlorhexidine against S. mutans was analyzed.
The antimicrobial action experiments were
carried out using chitosan and chitosan /
chlorhexidine solutions diluted in 1% acetic
acid at various pH values (3.5 - 5.0) and
concentration ranging from 0.1 to 1.5%. The
author identified that the antimicrobial action
increased with pH, chlorhexidine
concentration, exposure time and with
chitosan / chlorhexidine aggregation.*’

¢ Zinc oxide

Zinc oxide is an antimicrobial with
extraordinary bactericidal and fungicidal
efficacy. It offers reduced toxicity and is
biocompatible. It acts by modifying the
constituents of the cell membrane of the
microorganism, altering and opening it, which
induces the detriment of the intracellular
elements and, as a consequence, the death of
the microorganism. Currently, zinc oxide is
used in the manufacture of ointments or
antiseptic powders, deodorants, sunscreens
and in active packagings. A new and
prosperous sector for the use of zinc oxide is
the sanitation of water for human
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consumption.”’ Zinc oxide is used in the
manufacture of cosmetics as a consequence of
the particularities such as the wide spectrum
of absorption and high photostability.*

¢ Essencial oil

The use of medicinal plants for
pharmacological purposes has increased
significantly in recent decades, mainly as a
consequence of World Health Organization
(WHO) activities that have stimulated interest
in private and governmental institutions.*'

Essential Oils (EO) are oily-looking liquids
formed by various volatile elements at room
temperature and aromatic and produced by
secretory cells in flowers, leaves, seeds,
barks, fruits and roots of aromatic plants.*

The International Standard Organization
(ISO) distinguishes essential oils, also called
volatile oils, such as: "products obtained from
parts of plants by steam distillation,
supercritical fluids, hydrodistillation, cold
pressing, solvent extraction, turbodasting,

enfleurage and microwave without solvent ".**
3

Essential oils consist of 20 to 60
components in various concentrations, but
two or three are in concentrations
significantly around 20 to 70%.*¢

The essential constituents of an essential
oil are part of the chemical classes of
sesquiterpenes, oxygenated sesquiterpenes,
oxygenated monoterpenes and
monoterpenes.* The difference in the
biological performance of essential oils is
conditioned by the constitution of their
chemical components such as carvacrol,
citral, limonene, pinene, furanodiene,
cineole, caryophyllene, eucalyptol, elemene,
eugenol and others.*

These different mixtures of chemical
constituents, presented by the essential oils,
are in charge of the characteristics such as
the antioxidant actions,” antispasmodic,
analgesic, anti-inflammatory, antiseptic,*
antiviral, antibacterial, insecticidal and
antifungal.*® Still have repellent action
against insects® and antitumor activity.*

https://doi.org/10.5205/1981-8963-v12i4a234869p1122-1132-2018
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The antimicrobial action of essential oils
has been conferred mainly on terpenes and
derivatives. But the low-concentration
components also support antimicrobial
activity.*?

Several studies have analyzed the action
against microorganisms of these compounds
and have described different processes of
action such as the blockade of nucleic acid
synthesis, cytoplasmic membrane functions
and energy metabolism.>°

The antimicrobial action of the essential
oils can be due to three mechanisms: by the
intervention in the double layer of
phospholipid of the bacterial cell wall, by the
increase of the permeability and deviation of
the components of the cell and by
modification of a diversity of enzymes as the
participants in the production of cellular
energy and synthesis of structural elements or
elimination of genetic material.”’

The antibacterial potential of the essential
oils results from the hydrophobicity of these
that allows the removal of the lipids of the
cell membrane and mitochondria of the
bacteria, causing the alteration of the cellular
compositions and altering the permeability of
the membrane, triggering the extravasation of
fundamental molecules to their survival and
inducing death of bacteria.*

¢ Pink pepper essencial oil

Schinus terebenthifolius Raddi (Figure 2)
has different popular names such as: pink
pepper, aroeira-pimenteira, aroeira-
vermelho, aroeira-mansa, aroeira, beach
aroeira, aroeira-do-brejo, aroeirado campo,
aroeira- sabia, aroeirinha, heart-of-bugre,
sage-fruit, fox fruit, bunch-fruit, araguaraiba,
corneiba, pepper tree, cabui, cambui and
lentisco. It is a plant with abundant leaves,
belonging to the family Anacardiaceae, native
of South America, especially of Brazil,
Paraguay and Argentina. The parts used that
offer therapeutic properties are bark, leaves
and fruits and these elements are widely used
in folk medicine for the treatment of various
diseases.’*?
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Figure 2. Pink pepper fruits. Source:>

From 2009, through Administrative Order
No. 2,982, of November 26, 2009, GM / MS of
the Ministry of Health, the expansion of the
supply and the availability of several
phytotherapeutics in the Pharmaceutical
Assistance of the UHS, as raw material, the
pink pepper, among others.*'

It is agreed among several researchers that
pink pepper exerts diuretic, astringent,
antidiarrheal, anti-inflammatory, cicatrizant,
bactericidal, antiviral, analgesic, sedative,
expectorant, antipyretic, vermifuge and
antiseptic activity.>*

The chemical constitution of the fruits and
leaves of the pink pepper was investigated
and acids, terpene hydrocarbons and ketones
were identified in its composition. The
antimicrobial action of pink pepper against
Gram-positive (Staphylococcus aureus and
Bacillus subtilis) and Gram-negative bacteria
(Escherichia coli and Pseudomonas
aeruginosa), as well as against Candida
albicans.’

The pink pepper essential oil has
antioxidant and antimicrobial properties
against Gram-positive and negative bacteria
and food degenerating fungi.>”’

The antimicrobial action of the essential oil
of pink pepper, by the method of diffusion in
agar in the presence of Staphylococcus aureus
and Escherichia coli, was studied by Carvalho
et al. For S. aureus, a discrete halo of
inhibition (9.17 mm) conferred with the
antibiotics ampicillin  (35.00 mm) and
tetracycline (29.17 mm) was investigated,
while the E. coli bacterium showed no
inhibition halo. Therefore, it did not exhibit
antimicrobial action against this
microorganism.>®

The pink pepper essential oils showed a
promising antioxidant activity in vitro and
exhibited cytotoxicity in the fight against
breast cancer. The best biological action was
localized in the essential oil which comprised

the higher sesquiterpene content. It was also
verified the antimicrobial activity against
microorganisms of food origin.>*”’

CONCLUSION

Chitosan and its structural alterations, such
as acetylation degree and molar mass, have
presented several biomedical applications,
mainly as antimicrobial action, in drug
release, tissue engineering and biosensors for
clinical investigations.

Zinc oxide shows relevant performance for
the body's immunity exerting influence on the
proliferation and maturation of the defense
cells.

The pink pepper essencial oil has been
shown as an alternative with antimicrobial
potential.

These substances present, individually and
/ or together, potentialities for applications in
areas such as active packaging, water
treatment, curatives and others, as a
consequence of the potential to minimize or
eradicate the proliferation of pathogenic
microorganisms.
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