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RESUMO

Psidium cattleianum Sabine (Myrtaceae) é uma planta nativa do sul do Brasil que estd sendo
considerada uma planta com perspectivas latentes para a industria farmacéutica e alimenticia.
O objetivo do presente estudo foi obter extratos de folhas de Psidium cattleianum Sabine,
coletadas no verdo e no inverno, utilizando ultrassom e enzimas, com o intuito de minimizar a
utilizacdo de solventes potencialmente agressivos ao meio ambiente e, caracterizar e avaliar as
atividades antioxidante, alelopatica e antimicrobiana dos extratos. Para verificar a influéncia do
método de extracdo na estrutura das folhas, fotomicrografias foram obtidas por microscopia
eletronica de varredura (MEV). Os extratos foram caracterizados quanto ao teor de compostos
fenolicos totais e a atividade antioxidante foi verificada pelo efeito da eliminacdo do radical
DPPH. A atividade alelopética foi verificada em bioensaios para cada um dos extratos contra
uma planta teste de Lactuca sativa cv. Grands rapids. Por fim, a atividade antimicrobiana foi
determinada frente a bactérias Gram-positivas (Staphylococcus aureus e Listeria
monocytogenes) e Gram-negativas (Escherichia coli e Salmonella Enteritidis) de importancia
patogénica na industria de alimentos, atraves da técnica de difusdo em disco e Concentracdo
Inibitéria Minima para cada uma das espécies bacterianas. Avaliou-se, ainda, a utilizacdo dos
extratos como desinfetantes de diferentes superficies. Acerca dos extratos obtidos, a MEV
mostrou que a forma de extracdo afetou a estrutura celular das folhas de forma distinta, porém
ndo influenciou no teor total de compostos fendlicos. O maior teor fendlico foi encontrado nos
extratos de folhas coletadas durante o inverno (123,02 + 0,10 mg de EAG/g de material vegetal
Seco para a extragéo assistida por ultrassom e 143,80 + 0,46 mg de EAG/g de material vegetal
seco para a extracdo com auxilio de enzimas). Ja o nivel de atividade antioxidante estimado
apresentou maior valor para as folhas coletadas no verdo. Os resultados também indicam que
extratos de todas as amostras e extracGes testadas apresentam consideravel atividade
alelopatica, com inibicdo do crescimento superior a 50%. Para as bactérias testadas (Gram-
positivas e Gram-negativas), a atividade antimicrobiana pode ser classificada como
parcialmente ativa a muito ativa, onde os melhores resultados foram encontrados contra a
bactéria L. monocytogenes, com halos de inibicdo medindo até 23 mm. Verificou-se também
que a época de coleta das folhas de P. Cattleianum Sabine interferiu nos valores encontrados.
Em relacdo a desinfecdo de superficies, todos os extratos testados apresentaram resultados
positivos. Os experimentos realizados demonstram que os extratos de Psidium cattleianum
Sabine sdo uma fonte de compostos bioativos, dentre 0s quais se encontram 0S COmMpPOstos
fenolicos, que possuem atividade antioxidante, alelopatica e antibacteriana.

Palavras-chave: Psidium cattleianum Sabine. Atividade antioxidante. Atividade alelopatica.
Atividade antimicrobiana.



ABSTRACT

Psidium cattleianum Sabine (Myrtaceae) is a plant native to southern Brazil that is being
considered a plant with latent perspectives for the pharmaceutical and food industry. The
objective of the present study was to obtain extracts of leaves of Psidium cattleianum Sabine,
collected in the summer and winter, using ultrasound and enzymes, in order to minimize the
use of potentially aggressive solvents to the environment and, to characterize and evaluate the
activities antioxidant, allelopathic and antimicrobial properties of the extracts. To verify the
influence of the extraction method on the leaf structure, photomicrographs were obtained by
scanning electron microscopy (SEM). The extracts were characterized in terms of the total
phenolic compounds content and the antioxidant activity was verified by the effect of the
elimination of the DPPH radical. The allelopathic activity was verified in bioassays for each of
the extracts against a test plant of Lactuca sativa cv. Grands rapids. Finally, the antimicrobial
activity was determined against Gram-positive (Staphylococcus aureus and Listeria
monocytogenes) and Gram-negative (Escherichia coli and Salmonella Enteritidis) bacteria of
pathogenic importance in the food industry, through the disc diffusion technique and Inhibitory
Concentration Minimum for each of the bacterial species. It was also evaluated the use of
extracts as desinfectants of different surfaces. Regarding the extracts obtained, the SEM showed
that the extraction form affected the cell structure of the leaves in a different way, but did not
influence the total content fo phenolic compounds. The highest phenolic content was found in
leaf extracts collected during winter (123.02 + 0.10 mg EAG / g of dry plant material for
ultrasonic assisted extraction and 143,80 + 0,46 mg EAG / g of dry plant material for the
extraction with the aid of enzymes). Already, the level of antioxidant activity estimated
presented higher value for the leaves collected in the summer. The results also indicate that
extracts from all the samples and extractions tested show considerable allelopathic activity,
with inhibition of growth of more than 50%. For the tested bacteria (Gram-positive and Gram-
negative), the antimicrobial activity can be classified as partially active to very active, where
the best results were found against L. monocytogenes bacteria, with inhibition halos measuring
up to 23 mm. It was also verified that the time of collection of leaves of P. cattleianum Sabine
interfered in the values found. With regard to surface disinfection, all the extracts tested positive
results results. Experiments have shown that extracts of Psidium cattleianum Sabine are a
source of bioactive compounds, among which are the possibility of occurrence of phenolic
compounds, which have antioxidant, allelopathic and antibacterial activity.

Keywords: Psidium cattleianum Sabine. Antioxidant activity. Allelopathic activity.
Antibacterial activity.
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1 GENERAL INTRODUCTION

Brazil has more than 55,000 species of superior plants distributed in five main biomes:
Atlantic Forest, Cerrado, Amazon, Pantanal and Pampa, considered the richest in the planet
(FIASCHI; PIRANI, 2009; SOUZA et al., 2008). Despite the great potential, the number of
domesticated native species that is being used as a natural antioxidant or antimicrobial is still
limited (MEDINA et al., 2011a; PROTEGGENTE et al., 2002).

Several plants have been studied for their antioxidant capacity, considering that the
interest in replacing the synthetic antioxidants (most commonly used), due to its possible
carcinogenic effects (BOTTERWECK et al., 2000), by natural antioxidants.

Medicinal plants have a variety of molecules capable of eliminating free radicals, such
as phenolic acids, flavonoids, catechins, proanthocyanidins, quinones, coumarins, tannins,
terpenoids, carotenoids and other metabolites that have antioxidant activity (BABBAR et al.,
2014; LIN et al., 2016). In addition, they may offer treatment or prevention of infectious
diseases without the side effects of synthetic antibiotics (AFTABUDDIN et al., 2017).

Another benefit from plants is their allelopathic activity. This activity is able to inhibit
or even modify the patterns of growth and development of other plants, serving as natural
herbicides in food production (JABRAN et al., 2015).

Of the subtropical biomes, the araca (Psidium cattleianum Sabine) appears as an
example of a native fruit of great potential (DREHMER; AMARANTE, 2008). Exploratory
studies suggest high antioxidant activity and high phenolic content. Furthermore, they
demonstrate nutritional, functional and antimicrobial potential (SOUZA et al., 2004; GALHO
etal., 2007; MEDINA et al., 2011).

The objective of this work was to obtain the bioactive compounds from leaves of
Psidium cattleianum Sabine collected in different seasons of the year (winter and summer),
using different methods of extraction (ultrasound and enzymes) that aimed at the use of clean
and solvent methodologies just the water. As well as, determine the antioxidant, antimicrobial

and allelopathic activities for each of the extracts.

His dissertation is divided into three chapters, where Chapter 1 describes the
bibliographic review, followed by Chapter 2, which contains the article "Extract of Psidium
cattleianum Sabine leaves: phenolic compounds, antioxidant and allelopathic activities"

containing materials, methods, results, discussion and partial conclusion, and Chapter 3 with



12

the article "Antimicrobial activity of extract of Psidium cattleianum Sabine leaves", containing
materials, methods, results, discussion and partial conclusion, General conclusion of the study

and Bibliographical References.
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2 CHAPTER 1

In this chapter, we discuss relevant issues on the subject with information on Psidium
cattleianum Sabine, popularly known as araca and its leaves, phenolic compounds and

antioxidant, allelopathic and antimicrobial activities.

2.1.1. BIBLIOGRAPHIC REVIEW

The following are topics related to bibliographic review.
2.1.1 Psidium cattleianum Sabine

Psidium cattleianum Sabine (Myrtaceae) is a Brazilian native species that can be found
from Bahia to the southern states, and also in the neighboring country, Uruguay, besides Hawaii
and many Caribbean islands, where it has adapted (PATEL, 2012). Arvoreta or shrub up to 6
meters, presents tortuous trunk, thin bark and reddish chestnut, in addition to simple and
opposite leaves (Figure 1). Its flowers are formed in the branches, they have white coloration,
while its fruit is a globose, piriforme, ovoid or flattened berry, of yellow or red color when ripe,
crowned by the chalice; the pulp may be white, light yellow or red. The size of the fruit varies
from 2.2 to 5.0 cm in diameter (CORADIN et al., 2011).

Figure 1 - Appearance of the tree, leaves and flower of Psidium cattleianum Sabine popularly

known as araca.

Source: Prepared by the author, 2019.
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The fruits are known in Brazil, mainly as arac4, aragd-amarelo, aracd-vermelho and
araca-de-praia. Being a succulent fruit, the aragd consumed in natura or processed (sweets,
jellies and juices), have high potential for the agri-food sector. In addition, due to the bioactivity
(antiproliferative, antidiabetic and antimicrobial) of fruit extract, which may be related to the
high content of vitamin C and antioxidants, the aracd may also be valuable for the
pharmaceutical industry (BIEGELMEYER et al., 2011; MEDINA et al., 2011).

Franco (1999) pointed out the presence of retinol, thiamine, riboflavin, niacin, ascorbic
acid, sugars, proteins, lipids, calcium, phosphorus, iron and 37.8 kcal in 100 g of fruit. Andrade
et al. (1993) etermined 85-86% moisture, pH of 3, 1.87% citric acid and 11 ° Brix, in addition
to 5.05% sugars, 0.103 mg carotenoids and 389.34 mg vitamin C in 100 g of sample.

Accorgind to Medina et al. (2011), due to the ability of the species to adapt to stress
conditions, araca can be considered as a fruit rich in secondary metabolites, therefore possessing
interesting functional properties, considering that species that have phenolic compounds,
ascorbic acid and carotenoids in considerable amounts are usually associated with important
biological properties, such as enhanced protection against cellular oxidation, antimicrobial

activity and anticarcinogenic activity.

Thus, when included in the human diet, they contribute to reduce the development of
degenerative diseases, such as cancer, cardiovascular diseases, diabetes, among others. In
addition, araca also contains other interesting chemical compounds, such as minerals, fatty
acids, sugars, volatile compounds and carotenoids, which can also contribute to human health
(PEREIRA et al., 2018; VERMA et al., 2013).

Its leaves have traditionally been used in some Eastern countries for the treatment of
diarrhea and diabetes (PATEL, 2015). Recently, leaf extract has been administered in cancer

therapy, pathogenic infections and inflammation in experimental models (IM et al., 2012).

Alvarenga et al. (2016), when evaluating the chromatographic profile of leaves of
Psidium cattleianum Sabine, observed the prevalence of compounds such as quercetin,
quercitrin and isoquercitrin, all of the class of flavonoids, and ellagic acid, as well as lower

amounts of catechin, chlorogenic acid and Kaempferol.

Im et al. (2012) investigated the molecular mechanism behind the antimetastatic
effects of the butanolic fraction of P. cattleianum leaf extract. Collectively, the results indicated
that leaf extracts may contain various forms of malignant. Already Brighenti et al. (2008)
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evaluated the effects of aqueous extract of leaves of P. cattleianum on pathogenic Streptococcus
mutans. They concluded that leaf extract kills most S. mutans when applied at high
concentrations, i.e., 25, 50 or 100%. Leaf extract also showed anticary effects in rats (JUN et
al. 2011).

2.1.1. Phenolic Compounds

Phenolic compounds are chemical structures that have hydroxyls and aromatic rings,
in simple forms or polymers, which gives them antioxidant power. Originating from the
secondary metabolism of plants, they are critical for their growth and reproduction. Its
formation occurs in conditions of stress as, injuries, infections, UV radiation, among others.
These phenolic substances, or polyphenols, contain numerous varieties of compounds: simple
flavonoids, phenolic acids, complex flavonoids and colored anthocyanins (BABBAR et al.,
2014; LIN et al., 2016). hese phenolic compounds are generally related to defense responses in
the plant. However, they play an important role in other processes, such as the incorporation of
substances that accelerated pollination, coloring for camouflage and defense against herbivores
(EDREVA et al., 2008).

Present in substantial amounts in plant foods such as legumes, pulses, fruits, nuts and
berries and related processed foods (juices, teas and wines), their consumption has been
associated with reducing the risk of multiple non-communicable chronic diseases,
cardiovascular diseases and neurodegenerative diseases, type Il diabetes and osteoporosis,
supposedly attributed to its multifaceted bioactivity: anti-oxidation, anti-inflammation, signal
transduction modulation, antimicrobial activity and anti-proliferation (VELDERRAIN-
RODRIGUEZ et al., 2014).

Flavonoids are considered one of the most significant groups of phenolic antioxidants.
Its chemical structure consists of two aromatic rings, called rings A and B, joined by three
carbons that form a heterocyclic ring, called ring C (Figure 2). Changes in standard C-ring
results in important classes of flavonoids, such as flavonols, flavones, flavanones, flavanols (or
catechins), isoflavones, and anthocyanidins. Substitutions of rings A and B give rise to different
compounds within each class of flavonoids (ANGELO; JORGE, 2007; SIMONETTI et al.,
2016).
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Figure 2 - Basic structure of flavonoids.

Source: Prepared by the author, 2019.

In vitro studies of the fruits of Psidium cattleianum Sabine demonstrated total contents
of phenolic compounds and flavonoids, expressed in fresh weight, as more abundant in red
araca (501.33 mg of gallic acid equivalents per 100 g) than in yellow (292, 03 mg of gallic acid
per 100 g) (BIEGELMEYER et al., 2011). However, in other studies, the total content of
phenolic compounds did not differ between the yellow and red genotypes, for example 5,372
mg and 5,638 mg of gallic acid (GAE) per 100 g, were reported for yellow araca and red araca.
(LUXIMON-RAMMA et al., 2003; VINHOLES et al., 2017).

2.1.2. Atioxidant activity

In the food industry, an antioxidant is defined as a substance that, in small amounts, is
capable of significantly preventing or retarding the oxidation of readily oxidizable materials
(MIGUEL, 2010). Oxidation is a chemical reaction that transfers electrons or hydrogen from
substances to an oxidizing agent. Oxidation reactions can produce free radicals, which in turn
can initiate chain reactions. When chain reactions occur in a cell, they can cause damage or
even death to the cell (PISOSCHI; NEGULESCU, 2012).

Antioxidants are responsible for the body's defense mechanisms against the
pathologies associated with free radical attack. Thus, consumption of plant-derived antioxidants
is involved in the prevention of degenerative diseases caused by oxidative stress such as cancer,
Parkinson's, Alzheimer's or atherosclerosis (LEE; KOO; MIN, 2004; VALKO et al., 2007).
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Natural defense systems include a variety of substances that act on three different
levels of the oxidative process: (1) blocking the initiation stage because they prevent the
generation of reactive species or sequester them in a way that prevents their interaction with
cellular targets , such as tocopherols, carotenoids and antioxidant enzymes; (2) blocking the
radical chain progression stage by sequestering intermediate radicals, such as flavonoids and
synthetic antioxidants; and finally (3) repairing the lesions caused by reactive oxygen
metabolism species (ROS) (DELTON-VANDENBROUCKE et al., 2001; NIKI, 2010).

Antioxidants can be classified into: primary antioxidants, those that interrupt the chain
of reactions involved in lipid oxidation by donating electrons or hydrogen to free radicals,
converting them into more stable, and secondary antioxidants, those compounds that reduce or
retard the rate of initiation of oxidation by decomposition of hydroperoxides (SHAHIDI,
NACZK, 2003).

Several are the synthetic antioxidant agents available. However, the toxic and
collateral effects in animals and humans is increasing; as is the case of butylhydroxytoluene
(BHT) and 2-tert-butyl-4-hydroxyanisole / 3-tert-butyl-4-hydroxyanisole (BHA) which have
carcinogenic potential (BOTTERWECK et al., 2000; RIBEIRO et al., 2014)

Substitution of synthetic antioxidants with natural antioxidants may have advantages
because of health and functional implications. It is noted, for example, that the increased
solubility of the natural antioxidants in both water and oil is useful in the preparation of

emulsions and other formulations, such as hydrogels (OLIVEIRA et al., 2009).

In vitro studies indicate that P. cattleianum can be considered as a good source of
bioactive compounds with antioxidant properties (MCCOOK-RUSSELL et al., 2012; DALLA
NORA et al., 2014). According Ribeiro et al. (2014), araca is a potent hijacker of reactive
species of oxygen and nitrogen. Vinholes et al. (2017) reported similar results for edible
portions of yellow and red genotypes that showed good inhibition properties. Results showed
that the yellow araca (IC50 = 334.3 ug.mL™* + 16.5 ug.mL*) was more effective against DPPH
than the red genotype (IC50 = 490.3 pg.mL™? +35.1 pg.mL™Y).

2.1.3. Allelopathic activity

Allelopathy can be defined as the positive or negative interference that chemical

compounds produced by a plant exert on other organisms (plants, fungi, algae and insects);
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where almost all parts of the plant can contain such compounds (allelochemicals), with
allelopathic activity (FERREIRA; BORGHETTI, 2004).

The allelochemicals possibly originate from the primary or secondary metabolism of
plants since both have their production regulated by environmental factors, among them,
temperature, light intensity, availability of water and nutrients, soil texture and microorganisms
present (CARMO; BORGES; TAKAKI, 2007). In addition, stress-related factors may increase
the biological activity of these substances (INDERJIT; CALLAWAY; VIVANCO, 2006).

Almeida et al. (2008) have indicated some mechanisms of action of the
allelochemicals, which can affect the processes of photosynthesis, respiration, enzymatic
activity, water relations, stomatal opening, cell division and stretching. However, they realized
that many of these processes occur due to oxidative stress, that is, an oxygen molecule in its
diatomic state, when accepting an electron, forms a superoxide. This process runs in plant
tissues, where by the action of some enzymes, the superoxide radical is transformed into water.
The allelochemical can then inhibit the enzyme fundamental to the production of water, causing
the death of the plant.

Many allelochemicals have been identified, but most allelopathy studies use plant
extracts containing unknown compounds. In the majority, the allelochemicals are secondary
metabolites of the plant belonging to: terpenoids, phenolic compounds, long chain fatty acids,
organic cyanides and others (GNIAZDOWSKA; BOGATEK, 2005). The action of these
compounds is mainly involved in the inhibition and modification of plant growth or

development.

The Board 1shows some chemical classes that deserve more attention in relation to

their allelopathic potential.

Board 1 — Main classes of secondary metabolites with allelopathic activity and their

mechanisms of action.

PHYTOCHEMICAL MECHANISM REFERENCES
They inhibit the growth of (INDERJIT;
Alkaloids bacteria, as well as being CALLAWA;
toxic to some VIVANCO, 2006)
invertebrates
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Flavonoids (SHIMOJL,
Inhibit the growth of YAMASAKI, 2005)
plants and fungi

Proteins bind, forming
precipitates that have (FERREIRA; AQUILA,
Tannins astringent taste and 2000)
difficult digestion,
protecting against the
attacks of vertebrate
herbivores and

invertebrates

They act as growth

Terpenoids regulators, phytoalexins (MAIRESSE et al.,
and repellents for 2007)
herbivorous insects
They act in the defense
against herbivores and (ALVES et al., 2004;
pathogens, in the CARMO; BORGES;
Phenolics attraction of pollinators, TAKAKI, 2007)

in the protection with UV
light and in the
establishment of the

symbiosis

In Hawaii, since it was introduced in 1825 as an ornamental garden plant, P.
cattleianum became an invasive species, which unleashed serious problems (PATEL, 2012). Its
uncontrollable growth was explained by the production of toxic chemicals by its leaves, such
as chlorogenic acid, quercetin, catechin and ellagic acid (REZENDE et al., 2003), which
prevents the growth of other species (GERLACH, 2004), showing an allelopathic potential,
which is characterized by the positive or negative interference that the chemical compounds

produced by a plant exert on other organisms (RICE et al., 1984).

Hister et al. (2016) reported that the aqueous extract of leaves of Psidium cattleianum

showed a decrease in seed germination of Lactuca sativa L. in relation to the negative control,
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as well as the extracts that presented concentration of 75 g.L! of dry leaves showed partial
inhibition to total germination.

2.1.4. Antimicrobial activity

Infectious diseases are the world's leading cause of premature deaths, where morbidity
and mortality from diarrhea remain a major problem in many developing countries. Infections
due to the variety of bacterial etiological agents, such as Escherichia coli, Salmonella spp.,
Staphylococcus aureus are very common (ALAVIJEH; SHARMA, 2012).

Antimicrobials or antibiotics are drugs used to cause death or inhibit the growth of a
particular microbial agent. They originate from substances produced by the microorganisms
themselves, originating from plants or even synthetic (ALTERTHUM; TRABULSI, 2003).

Resistance to human drugs by pathogenic bacteria has been commonly reported
worldwide. A bacterium is considered resistant to a given antibiotic when it is able to grow in
vitro in the presence of the minimal inhibitory concentration of this drug. Resistance may be
natural, where bacteria genes encode enzymes that inactivate the mechanism of action of the
drug; or acquired, when the bacterium becomes resistant to a sensitive drug, through the

acquisition of genetic factors or mutation in its defense genes (TAVARES, 2006).

Several technological measures have been suggested in order to solve the problem of
resistance of bacteria, one of them being the search for new antimicrobials from plant species.
There are several reports on the antimicrobial activity of different plant extracts (BOER et al.,
2005; KEYHANFAR et al., 2004).

Many plants studied have the capacity to treat urinary infections, gastrointestinal
disorders, respiratory diseases and cutaneous infections (BRANTNER; GREIN, 1994,
SOMCHIT et al., 2003). Compounds isolated from plants are substances whose chemical
structure, with rare exceptions, exhibits large structural differences in relation to antibiotics
derived from microorganisms (ALAVIJEH; SHARMA, 2012).

The main groups of compounds with antimicrobial properties extracted from plants
include terpenoids, tannin, coumarin, essential oils, alkaloids, lectins, polypeptides and
phenolic substances and polyphenols, which are: phenolic acids, simple phenols, quinones,
flavonols, flavones and flavonoids (COWAN, 1999; NCUBE; AFOLAYAN; OKOH, 2008).
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Some mechanisms responsible for the antimicrobial action of the active principles of
plants have already been studied and are related to the regulation of the intermediate metabolism
of the bacteria through the blockade of chemical reactions, the direct action on the enzymatic

synthesis, or even alterations in the membrane structures (TIWARI et al., 2011).

The Board 2 summarizes the main mechanisms of action of plant antimicrobials

according to the classes and subclasses of secondary metabolites already studied.

Board 2 — Main classes and subclasses of secondary metabolites with antimicrobial activity and
their mechanisms of action.

CLASS SUBCLASS MECHANISM OF ACTION
Alkaloids ND* Ability to intercalate with DNA.
Simple phenols and Enzymatic inhibition by oxidized compounds,
phenolic acids possibly through the reaction with sulfhydryl groups.
Bonding with adhesins; Inactivation of proteins and
Quinones consequent loss of function; Deprivation of substrates
Phenolics for the microorganism.

) Complexation with extracellular and soluble proteins,
Flavones, flavonoids and ]
as well as bacterial cell wall.
flavonols

) Substrate deprivation; Inactivation of microbial
Tannins .
adhesins and enzymes.

) Disintegration of the membrane by lipophilic
Terpenoids |[ND

compounds.

* ND: do not have subclass.
Source: Adapted from Prashant Tiwari et al. (2011).

Fruit extracts from Psidium cattleianum Sabine demonstrated in vitro antibacterial
activity against Salmonella Enteritidis, an enteric food-borne pathogen, frequently described in
the literature on the occurrence of toxinfections in humans. The extracts had a minimum
inhibitory concentration of 5% and extracts with higher concentrations of secondary

metabolites were more effective against bacterial proliferation (MEDINA et al., 2011).

Intermediate activity has also been reported for araca against Bacillus subtilis and
Staphylococcus aureus (McCOOK-RUSSELL et al., 2012).



22



3.

23

OBJECTIVES

The following are the objectives that guided the research.

GENERAL

Obtain extracts from the leaves of Psidium cattleianum Sabine collected in summer

and winter and determine antioxidant, allelopathic and antimicrobial activities.

3.1.1. Specific

Obtain extracts from the leaves, using as extraction methods the use of ultrasound and
the aid of enzymes, separately, in aqueous medium, characterized by being less
aggressive methods to the environment;

Determine the total phenolic compounds content of each extract;

Determine the antioxidant activity for each of the extracts by the DPPH radical
sequestration method,

Evaluate the allelopathic activity of each extract against the test plant Lactuca sativa cv.
Grands rapids;

Determine the antimicrobial activity against Gram-positive and Gram-negative bacteria
of pathogenic importance, for each of the extracts;

Determine the Minimum Inhibitory Concentration for extracts with antimicrobial
activity;

Evaluate the use of the extracts as disinfectants of different surfaces.
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4. CHAPTER 2

In this chapter the scientific paper entitled "Extract of Psidium cattleianum Sabine
leaves: phenolic compounds, antioxidant and allelopathic activities" is presented. The article
brings an introduction about the topic, the materials and methods used for the development of
the research, the results and discussions, the conclusion. The bibliographic references used are

presented at the end of the dissertation.

4.1. INTRODUCTION

The Psidium genus comprises 100 spontaneous species, defined as species that
produce edible fruits, lumber, and ornamental ones, with the potential for commercial
exploration, considered as medicinal plants, which are used in Brazilian traditional medicine to
combat oral, gastrointestinal, urogenital and intestinal inflammations (MEDINA et al., 2011).
Among them, the Psidium cattleianum Sabine (Myrtaceae) species, commonly known as
Cattley guava, is being considered a plant with latent perspectives for the pharmaceutical and
food industry due to its potential application as herbal, functional food, among others (PATEL,
2012), most probably due to the presence of bioactive compounds, such as phenolic compounds
and carotenoids (MEDINA et al., 2011). It is a Brazilian species that can be found in Bahia,
and in the states of Rio Grande do Sul and Santa Catarina, as well as in the neighboring country,
Uruguay (BIEGELMEYER et al., 2011; PATEL, 2012).

The fruits of P. cattleianum have a firm and sweet to sub-acid pulp, with a spicy flavor,
and are described as being more aromatic than the common guava fruits, Psidium guajava
(BIEGELMEYER etal., 2011; McCOOK-RUSSEL et al., 2012). It has three to four times more
ascorbic acid than citric fruits, and it has a great amount of phenolic compounds, such as
epicatechin and gallic acid (ALVARENGA et al., 2013). Besides its fruits being consumed in
natura, experiments with extracts from its leaves have demonstrated antiproliferative activity in
cancer cells, as well as antioxidant activity in relation to the radicals DPPH, FRAP, and ABTS,
and antimicrobial activity for microorganisms Streptococcus mutans, Salmonella Enteritidis,
Staphylococcus epidermidis, Bacillus subtilis and Micrococcus luteus (BIEGELMEYER et al.,
2011; BRIGHENTI et al., 2008; PEREIRA et al., 2018; MEDINA et al., 2011; PATEL, 2012,
SOUZA et al., 2004; VERMA et al., 2013).

Cattley guava is a potent captor of species reactive to oxygen and nitrogen, besides its
pulp also having inhibiting potential for O,, HOCI, and 10 (RIBEIRO et al., 2014). Similar
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results were obtained by Vinholes et al. (2017), in which edible portions of Cattley guava have
shown inhibiting properties against O> and hydroxyl radicals.

In Hawaii, since it was introduced, in 1825, as an ornamental garden plant, P.
cattleianum has become an invading species, which has triggered serious problems (PATEL,
2012). Its uncontrollable growth was explained by the production of toxic chemicals by its
leaves, as the chlorogenic acid, quercetin, catechin, and ellagic acid (REZENDE et al., 2003),
which prevents the growth of other species (GERLACH, 2004), showing a allelopathic
potential, which is characterized by the positive or negative interference that chemical
compounds produced by a plant exert over other organisms (RICE et al., 1984).

Plants usually produce numerous secondary metabolites, and some of them have
allelopathic activity, specially phenolic ad terpenoid ones (EINHELING, 2002), also produced
by P. cattleianum. Allelopathic substances may provide a competitive advantage for hosting
plants through the inhibition of the growth of competitor plants (KATO-NOGUCHI et al.,
2013). Many synthetic agrochemicals are highly toxic to men and other animals, be it due to
direct exposition or to the accumulation in the organism after eating contaminated foods. In this
sense, allelopathy can be very important, since it enables the identification of compounds,
which may serve as basis for the production of more specific herbicides that are also less
prejudicial to the environment when compared to the ones being currently used in agriculture
(CHRISTOFFOLETI et al., 1994; SILVA et al., 2009).

Given that, this work aims to evaluate the total phenolic contents and its profile, and
to determine the antioxidant and allelopathic activity of aqueous extracts of P. cattleianum

Sabine, obtained with the use of low-frequency ultrasound or enzymes (cellulase complex).

4.2. MATERIALS AND METHODS
The following are the materials and methods used in the research.
4.2.1. Chemicals

The reagents used in this study were high purity ones, having acquired the gallic acid,
DPPH (2,2-Diphenyl1-1-Picrylhydrazyl), and Folin-Ciocalteu from Sigma-Aldrich; the sodium
carbonate (NA2CO3) was acquired from Neon commercial and the methyl alcohol (CH30OH3)

from Reatec.
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4.2.2. Plant material and sample preparation

Cattley guava leaves (Psidium cattleianum Sabine), yellow morphotype, were
collected in the southern region of the State of Santa Catarina (28°19'31.9" a 28°19'36.5" S;
49°03'50.3” a 49°03'51.9" W), from July to September 2017 (winter) and from December to
March 2018 (summer). Leaves were selected according to uniform coloration, ruling out vegetal
material with rottenness, injuries and/or defects. The vegetal material was sanitized with gauze
dampened with distilled water and dried in a forced circulation stove with air at 40 £5°C, to
constant mass. After drying, the leaves were manually and separately milled, and sieved in 8
Mesh netting, which finally obtained the samples for extraction.

4.2.3. Preparation and obtaining the extracts

The procedure to obtain the extracts was adapted from Larrauri et al. (1997). For the
extraction, 15 g of leaves collected in summer and winter were used, separately, and two method
were used of each fraction, WU extraction (water + ultrasound) and WE extraction (water +

enzyme), for both seasons, winter and summer, in a total of 4 aqueous extracts.

To obtain WU extracts, 100 mL of distilled water was added to the leaf samples,
separately. After that, the mix was taken to a ultrasound bath (70 W) for 3 hrs. This mixture
stayed at rest, in the dark, for other 3 hrs. The supernatant was filtered with quantitative filter
paper (‘“Whatman’ no. 40), and stocked in a volumetric flask of 100 mL, involved in foil paper.
To obtain WE extracts, 100 mL of distilled water was added to leaf samples, separately, and 20
uL of a cellulase complex (Novozymes 22086) was added to the mixture. The solution was
taken to a bath with orbital agitation at 200 rpm and 45°C for 6 hrs. The supernatant was filtered
with quantitative filter paper (‘Whatman’ no. 40) and stored in a volumetric flask of 100 mL,

involved in foil paper.

Right after the extraction, the extracts were stored in Eppendorf tubes and kept frozen
at -83 °C until its use.

4.2.4. Scanning electron microscopy (SEM)

In order to verify the influence of the extraction method on the structure of leaves,

photomicrographs were obtained using scanning electron microscopy (SEM) (microscope
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Philips, model XL30). The gold coating was carried out in a BAL-TEC Sputter Coater, model
SCD 005, for 120s on the dried leaves (leaf samples were previously dried at 30 °C for 24 hrs).

4.2.5. Determination of total phenolic content (TPC) and antioxidant

activity by elimination of radicals by DPPH

The quantification of TPC was carried out by the Folin-Ciocalteu colorimetric method,
with modifications (BONOLI et al., 2004). A part of each diluted sample was mixed with 0.5
mL of Folin-Ciocalteu and agitated for 1 min. 2 mL of sodium carbonate (20%) was added to
the mixture, and agitated for 30 s. After a 2 hrs incubation in darkness, the absorbance at 750
nm was read in relation to prepared white. The standard curve was prepared by solutions of
gallic acid in methanol. The concentration of total phenolic compounds was determined in the
extracts as equivalents to gallic acid using an equation obtained based on the standard gallic
acid graph and expressed in mg of gallic acid equivalent per dry sample g (mg ECA.g™%). The
data were presented as the average of analyses + standard deviation (SD) of triplicates.

4.2.6. Allelopathic activity

To evaluate the allelopathic effect of the extracts, we performed germination inhibition
and growth biotests, according to Formagio et al. (2010), with some adaptations, using lettuce
(Lactuca sativa cv. Grands rapids), as a bioindicator plant. Lettuce seeds were obtained
commercially, and non-germinated seeds were used for biogermination tests, while seeds that

were germinated 24h before in distilled water were used for growth tests.

For the germination biotests, 10 seeds per replication (plate) were used, as well as 2
replications per treatment, for WU and WE extract for leaves collected in winter and summer,
in a total sum of four treatments. The seeds were distributed in Petri dishes (9 cm of diameter)
covered with Whatman filter paper no. 2 and damped with 5 mL of solution of the different
extracts. 5 mL of distilled water were used in the Control experiment. After putting the seeds
on the dishes, they were closed with Parafilm®. Dishes were kept in a BOD oven with 40%
humidity and controlled photoperiod, for 5 days. The germination percentage (%G) was
obtained by the relation between the number of germinated seeds at the end of the test and the
number of seeds added to the dish, the germination index (Gl) by the relation between the sum

of germinated plantlets in each count and the number of count days, the mean germination time
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(MGT) by the relation between the sum of the multiplication of germinated seeds in n each
count and the time passed between each count and the number of germinated seeds in each
count, and the average speed of germination (ASG) by the relation between 1 and the average

germination time.

For the growth biotest, plantlets had their aerial and radicular parts measured with the
help of a digital pachymeter and, later on, the plantlets that presented 2 mm of radicle were
transferred for new Petri dishes (9 cm of diameter), covered with two Whatman filter paper no.
2 and dampened with 5 mL of the aqueous extracts or distilled water (Control). Petri dishes
were incubated in BOD ovens with 40% humidity and controlled photoperiod for 5 days and,
having the sizes of plantlets and radicles, the percentage of inhibition of growth (%IG) was

calculated in relation to positive control (plants with distilled water).

4.2.7. Statistical analysis

The statistical analysis of experimental results was performed using the software
Statistica® 10.0 Statsoft Inc.), performing the Tukey Test, with 95% of reliability.

4.3. RESULTS AND DISCUSSION

Following are the results found in the research and the discussion of the

same.

4.3.1. Total phenolic content, antioxidant in relation to DPPH radical and

phenolic compounds profile

The results obtained in the determination of the total phenolic content (TPC) expressed
as equivalents to gallic acid (EGA) per g of dry vegetal material, and the antioxidant activity
(ICso) in relation to DPPH radical, expressed in (ug.mL™) of the aqueous extracts of Psidium

cattleianum Sabine leaves, are shown in Table 1.
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Table 1 - Total phenolic content (TPC) and antioxidant activity (1C50) of aqueous extracts of
Psidium cattleianum Sabine leaves collected in summer and winter.

TPC Antioxidant activity
Leaves (mg de EGA. g?) DPPH (1Csp pg.mL™?)
WU WE Wwu WE
Summer 100.62 + 0.16°A 120.79 + 0.06°A 37.31+0.89°8 159.63 + 0.47°A
Winter 143.80 + 0.46% 123.02 +0.10% 340.35 + 1.86 208.22 +5.32%

Tukey Test for TPC and antioxidant activity, separated. Different lowercase letters (in the column) correspond to
different experiments (p<0.05), when comparing the seasons when the leaves were collected. Different uppercase
letters (in line), correspond to different experiments (p<0.05), when comparing extraction methods. WU and WE
correspond to extraction methods using water+ultrasound and water+enzyme, respectively. Source: Prepared by
the author, 20109.

For TPC values, it was verified that, both for leaves collected in summer and in winter,
there was no statistically significant difference (p<0.05) between WU and WE extracts, which
shows that the form of extraction did not affect TPC. However, when one verifies the season in
which Psidium cattleianum Sabine leaves were collected, one notices that it affected the total
phenolic content. For the WU extraction, it was verified a statistically significant difference
(p<0.05) in TPC values for the extracts obtained from the leaves collected in summer and
winter, with higher TPC values for the ones collected in winter. The same behavior was
observed for WE extractions. Chen et al. (2007), when determining the TPC in aqueous extracts
of Psidium gaujaya L. leaves, have observed values of 154.36 +2.97 pg of EAG.g™. Similar
values were also observed by Qian and Nihorimbere (2004), in which the TPC value found was
511.6 +6.2 ug of EAG.gL.

Gobbo-Neto and Lopes (2007) highlight that there is an influence of harvest season
for leaves of a species on the TPC, as well as on its active constituents. It was reported seasonal
variation on the contents of almost all classes of secondary metabolites, such as phenolic acids,
flavonoids, coumarins, and saponins. Annual, monthly, and even daily temperature variations
are one of the factors exerting higher influence of the development of each species, affecting,
thus, the production of secondary metabolites. Lower temperatures, a typical characteristic of
winter, significantly affects the level of secondary metabolites (HARRIS, 2009). A positive
correlation between cold intensity and duration over corn seedlings (Zea mays) was reported,
as well as the abundance of anthocyanins (CHRISTIE; ALFENITO; WALBOT, 1994). It was

also demonstrated, in tobacco leaves (Nicotiana tabacum), a four to five times increase in the
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content of scopolin, chlorogenic acid, and its isomers (antioxidant compounds) after the plant’s
exposition to lower temperatures. The increase in chlorogenic acids and anthocyanins,
associated to low temperatures, was also observed in Mahonia repens leaves (GOBBO-NETO;
LOPES, 2007). Besides temperature, winter has also other characteristics that determine its
positive influence in relation to the production and composition of secondary metabolites. The
hydrological stress can be mentioned, considering that, in this season, rain is less abundant,
which can increase evapotranspiration in species. There are many reports of these conditions
leading to an increase in the production of many metabolite types (HARRIS, 2009), as in
Hypericum perforatum, in which a significant increase in the concentration of flavonoids,
hypericins, and chlorogenic acid in flowers under hydrological stress was observed (GRAY et
al., 2003).

Regarding the antioxidant activity, that is, the extracts ability in capturing free radicals,
expressed in the value of ICsp, it was verified that, for extracts obtained through the WU method,
there was a statistically significant difference (p<0.05) in ICsg values, when compared leaves
collected in winter and summer, with higher antioxidant activity for extracts of leaves collected
in summer. The same behavior happens for extracts obtained by the WE method. When
comparing extraction methods, for a same season, it was verified that there was statistically
significant difference (p<0.05) for extracts WU and WE, indicating that the extraction method
may affect the availability of molecules with this activity in the extract. For summer leaves, the
WU extraction presented higher antioxidant activity, and for winter leaves, the WE extraction
presented higher antioxidant activity.

For ICso values lower than 50 pug.mL™, the extract is considered very active, for values
from 50 - 100 pg.mL?, it is considered moderately active, for values between 100 - 200 pg.mL"
1 it is considered slightly active, and for values above 200 pg.mL™, it is considered inactive
(REYNERTSON et al., 2005). Therefore, the extract obtained by the WU method for summer
leaves can be considered very active, the extract obtained by the WE method for summer leaves
can be considered slightly active, and the extracts obtained by WE and WU methods for winter

leaves can be considered inactive.

Qian and Nihorimbere (2004), when studying the aqueous extract of Psidium guajava
L., obtained the 1Cso of 130 +1.0 pg.mL™%. While Leite et al. (2014), when determining the 1Cso

of hydroalcoholic extracts of Psidium guajava L. leaves, obtained the value of 268.40 pug.mL"
1
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The method of determining antioxidant activity was quantified mainly to indicate the
antioxidant potential of phenolic compounds isolated in extracts and various substances
(BORGES et al., 2011). Waterman and Mole (1994) have found a well-stablished positive
correlation between the intensity of solar radiation, higher in summer, and the production of
phenolic compounds. In the case of flavonoids and phenylpropanoids, specially, the protection
against photo-destruction performed by these metabolites when absorbing and/or dissipating
solar energy hampers the damage to more internal tissue by UV-B radiation. Specially for
flavonoids, which are accumulated mainly in superficial tissues (such as epidermis,
subepidermis, body hair, cuticle, and epicuticular material), and are, thus, used by the plant as
UV filters, since they absorb UV-B radiation without changing photosynthetically active
radiation. This correlation can be one of the reasons why, even with lower phenolic content
values, aqueous extracts of leaves collected in summer have presented higher antioxidant

activity than the ones collected during winter.

Figure 3 shows the SEM of the leaves submitted to extraction using ultrasound and the

enzyme complex.

Figure 3 - SEM of the leaves submitted to extraction using ultrasound (WU — summer and WU
— winter) and the enzyme complex (WE — Summer and WE — winter).

Source: Prepared by the author, 2019.

Differently from that obtained for TPC, it was observed that there was a difference
between WU and WE extracts, which shows that the form of extraction did affect the cellular



33

structure of leaves. For the WU extraction, the formation of cavities in the vegetal structure was
verified, which possibly occurred due to the phenomenon of cavitation. US waves induce
alternative cycles of compression and rarefaction of the material. Furthermore, when sonication
is carried out in a liquid medium, thousands of gaseous cavitation bubbles are formed and part
of them collapse which induce alteration of surface tension and viscosity. A fountain of little
bubbles moves very fast through material leading to formation of microscopic channels,
elongation and flattening of the cells (FERNANDES et al., 2008; NOWACKA et al., 2012). It
is known that the US treatment is connected with free radical generation (KOHNO et al., 2011),
what can change both chemical composition and antioxidative potential of dried herbs.
Santacatalina et al. (2014) suggested, the mechanical stress affected by application of US may
contribute in releasing of oxidative enzymes and intracellular compounds into the solvent and

therefore resulting in phenolic degradation.

For the WE extraction, the occurrence of hydrolysis of the plant structure was
observed. Since the cell wall is composed of different polysaccharides bound to a structural
protein, mixtures of enzymes and complexes with multiple activity are more efficient than
isolated enzymes (JORDAN et al., 2012). The enzymatic complex used is composed of
cellulases, which are enzymes classified as glycosyl hydrolases and which degrade the plant
cell wall, hydrolyzing oligosaccharides and polysaccharides and recognizing the a-1,4 bonds
between glucose molecules (RAVEN et al., 2001). Miron et al. (2013) compared enzyme-
assisted extraction with conventional extraction of phenolic compounds from lemon balm.
Cellulase, pectinase and endo--1,4-xylanase were used to degrade the cell wall and release the
phenolic compounds. The results indicated that enzymatic assisted extraction showed extracts

with higher total phenol contents and antioxidant activity compared to the traditional method.

Alvarenga et al. (2016) have assessed the chromatographic profile of yellow cattley
guava leaves and observed the prevalence of compounds such as quercetin, quercitrin, and
isoquercitrin, all part of the flavonoid class, and ellagic acid, as well as lower amounts of
catechin, chlorogenic acid and kaempferol. Such compounds can be correlated to the studies
aforementioned, suggesting that the higher phenolic content presented in Psidium cattleianum
Sabine leaves collected in winter may have happened due to relations and factors similar to the

ones discussed.

4.3.2. Allelopathic activity in leaf extracts
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The evaluation of allelopathic activity if isolated substances or plant extracts can be
carried out by the test model of vegetal germination. The observation of changes in seed
germination rates shows the toxic and/or cytotoxic action of the tested extracts or substances
(LUZ et al., 2012). In Table 2, are presented the results of the germination percentage (%G),
germination speed index (Gl), medium germination time (MGT) and average speed of
germination (ASG) of Lactuca sativa cv. Grands rapids seeds submitted to aqueous extracts of

Psidium cattleianum Sabine leaves collected in summer and winter.

Table 2 - Germination percentage (%G), germination speed index (Gl), medium germination
time (MGT), and average speed of germination (ASG) of Lactuca sativa cv. Grands rapids seed
in relation to aqueous extracts of Psidium cattleianum Sabine leaves collected in summer and
winter

Leaves WY WE
%G
Summer 75.00 + 21.21%A 75.00 + 7.07°A
Winter 40.00 + 14.14°A 50.00 + 0.00°A
Control 100.00 + 0.00* 100.00 + 0.00*
Gl
Summer 7.39 + 3.06" 3.86 + 1.20%
Winter 3.15 + 1.98"8 16.05 + 0.71°A
Control 15.33 + 0.006* 15.33 + 0.006°A
MGT (day)
Summer 5.15 + 0.22%A 5.52 + 1.83*%
Winter 5.39 + 0.23* 5.43 + 0.14%
Control 459 +0.01% 459 +0.01%
ASG (day™)
Summer 0.194 + 0.008*A 0.192 + 0.063*
Winter 0.186 + 0.008*A 0.184 + 0.005*
Control 0.220+ 0.003 3 0.220+ 0.003 A

Tukey Test for %G, GIl, MGT and ASG, separated. Different lowercase letters (in the column) correspond to
different experiments (p<0.05), when comparing the seasons when the leaves were collected and control. Different
uppercase letters (in line), correspond to different experiments (p<0.05), when comparing extraction methods. WU
and WE correspond to extraction methods using water+ultrasound and water+enzyme, respectively. Source:
Prepared by the author, 2019.

Regarding the %G for WU extracts, it was verified a statistically significant difference

(p<0.05) between the extract of winter leaves and the rest, with a 60% inhibition of germination.
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For WE extracts, there was a statistically significant difference (p<0.05) among all three
extracts, summer leaves, winter leaves, and control. When comparing WU and WE extracts, for
the same season, it can be verified that the results did not show significant differences, which
demonstrates that the extraction manner did not affect the content of compounds responsible
for germination. Thus, the influence of germination happened due to the season when the leaves
were collected, with a 25% to 60% variation in germination inhibition, when compared to the

control experiment (100%).

For the GI, while summer leaves did not show significant difference (p>0.05) in
relation to the type of extract used, winter leaves have shown a higher and statistically different
germination speed index (p<0.05) when the WE extract was used, that is, for this last one, the
speed of seed germination can by faster. However, in relation to the season, the WU extract was
statistically different (p<0.05) when compared both seasons and the control group, while for
the WE extract, only summer leaves have shown a statistically different value in relation to the
other season and the control. It can be concluded that the reduction of Gl can create a delay in
the germination process, but not necessarily, after 24 h, a lower %G and consequent increase in

the inhibition percentage.

In relation to MGT and ASG, it is observed that the values found were not statistically
different (p>0.05) regarding the extract used, WU and WE, as well as the seasons and the
control experiment. That is, regardless of the extract of season when leaves were collected,

Psidium cattleianum Sabine leaves will present stable germination speed and average time.

Figure 4 shows the germination of Lactuca sativa cv. Grands rapids seeds in aqueous
extracts of Psidium cattleianum Sabine leaves collected in summer and winter and in the control
experiment, after 24 hours.

Figure 4 — Germination of Lactuca sativa cv. Grands rapids seeds in aqueous extracts of

Psidium cattleianum Sabine leaves collected in summer and winter and the control experiment,
after 24 hours.
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A = WU extract of summer leaves, B = WE extract of summer leaves, C = WU extract of winter leaves, and D =
WE extract of winter leaves. WU and WE correspond to the extraction methods using water+ultrasound and
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water+enzyme, respectively. In the control experiment, distilled water was used for wetting. Source: Prepared by
the author, 2019.

Hister et al. (2016) reported that the aqueous extract of Psidium cattleianum leaves
have presented a drop in seed germination in relation to the negative control, as well as the
extracts that had a concentration of 75 g.L™ of dry leaves presented a partial to total inhibition
of germination. Tur et al. (2012) also verified that extracts of fresh and dry Lonchocarpus
campestris leaves (Mart ex. Benth) have acted differently over the germination of L. sativa
seeds. The extract of fresh leaves did not affect germination, on the other hand, the extract of
dry leaves reduced germination, which was sharper in higher concentrations of 8%. According
to Ferreira (2004), changes in germination pattern can result on effects on DNA transcription
and translation, membrane permeability, operation of secondary messengers, of breathing
(through oxygen sequestration), of enzyme and receptors conformation or the combination of
these factors. Allelopathic compounds, since they interfere in cell division, membrane
permeability, and enzyme activation, are considered as germination and growth inhibitors (BEN
EL HADJ ALl et al., 2014). Thus, the reduction in seed germinability shows a cytotoxic effect
that may be caused by the allelopathic action of negative influence by the extract on L. sativa

seeds.

The results of growth biotests are shown in Table 3, expressed through the percentage

of growth inhibition in relation to the positive control (plant with distilled water).

Table 3. Growth inhibition percentage (%IG) for Lactuca sativa cv. Grands rapids in agueous
extracts of Psidium cattleianum Sabine leaves collected in summer and winter.

%IG
Leaves
Wwu WE
Summer 57.06 + 4.85%A 57.96 + 0.35%A
Winter 51.56 + 2.44%A 55.33 + 1.28%A
Control 0.00 £ 0.01°A 0.00 £ 0.010A

Tukey Test with 95% reliability. Different lowercase letters (in the column) correspond to different experiments
(p<0.05), when comparing the seasons when the leaves were collected and control. Different uppercase letters (in
line), correspond to different experiments (p<0.05), when comparing extraction methods. WU and WE correspond
to extraction methods using water+ultrasound and water+enzyme, respectively. In the control experiment, distilled
water was used for wetting. Source: Prepared by the author, 2019.
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For the %IG, when compared WU and WE extracts for a same season (in line), it is
verified that, for both extracts, there was no statistical difference (p>0.05) among extraction
methods, being possible to use both the ultrasound just as the enzyme complex to obtain the
extract. When compared WU and WE extracts separately and between seasons (in column), it
is verified that, for both extracts, there was no statistical difference (p>0.05) between extract of
summer leaves and winter ones. Therefore, the results have showed that extracts have exerted
inhibition in plant growth of 50%, demonstrating the allelopathic effect of Psidium cattleianum
Sabine leaves. In many studies, it is observed a lower effect of extracts on germination when
compared to initial development, given that the germination process uses reserves of the seed
itself (MARASCHIN-SILVA; AQUILA, 2005). However, it was observed, in this case, that
the values were close in both biotests. Reports from other studies point out that the effect
commonly caused by extracts on initial growth is the reduction in root sizes (AQUILA, 2000),

considering that this effect was observed in the treatments performed.

Sausen et al. (2009) have also reported this impact in treatments with aqueous extracts
of Acca sellowiana and Eugenia involucrate leaves. It was also verified, during the experiment
with yellow cattley guava, that these effects were followed by changes by morphologic
alterations in the roots in the experiment, among which, reduction and lack of growth zone and
necrosis. Cruz-Ortega et al. (1998) have reported that the stiffening and darkening of radicular
apexes are evidence of morphologic and ultra-structural alterations caused by phytotoxins.
Thus, it is confirmed that Psidium cattleianum Sabine can be used as a potential allelopathic
substance, and it must be tested as a possible natural resource in the form of herbicide.

Figure 5 shows the growth biotests for Lactuca sativa cv. Grands rapids plantlets treated
with WU and WE extracts of winter and summer leaves, collected in the 1st and 5th day of
growth.

Figure 5 — Growth biotests of Lactuca sativa cv. Grands rapids plantlets treated with WU and
WE extracts of winter and summer leaves, collected in the 1st and 5th day of growth

Controle’ A - B’ e c ’ \. D'
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A’ and C’ correspond to the 1st day of growth in WU extract of summer and winter leaves, respectively. B’ and
D’ correspond to the 1st day of growth in WE extract of summer and winter leaves, respectively. A” and C”
correspond to the 5th day of growth in WU extract of summer and winter leaves, respectively. B” and D”
correspond to the 5th day of growth in WE extract of summer and winter leaves, respectively. WU and WE

correspond to extraction methods using water+ultrasound and water+enzyme, respectively. Source: Prepared by
the author, 2019.

It can be observed that the allelopathic influence on lettuce plantlet growth happened
in the abnormality specially in the radicular system, in which roots presented necrosis, damages
and even lack of roots. The plants radicular system is the most sensitive one to the action of
allelochemicals, given that its elongation depends on cell divisions that, if inhibited,
compromise its normal development (HOFFMANN et al., 2007) The presence of abnormality
in the roots can be considered a good parameter for the registry of plantlet abnormality, since
this organ is more sensitive to the allelopathic activity than the aerial part. According to Pires
and Oliveira (2001), effects such as darkening and stiffening are secondary effects of
allelopathy in response to changes happening at the cell level, an effect observed in many
allelopathy studies.

4.4, CONCLUDING REMARKS

The results showed that Psidium cattleianum Sabine leaves have shown a content of
total phenolic compounds that present antioxidant and allelopathic activity. Generally, the
extraction methods used, with the help of ultrasound and enzymes, did not affect the tested
activities, however, the season when leaves were collected had influence. In relation to the
phenolic content, leaves collected in winter have higher values, while summer leaves had higher
antioxidant activity, with ICso of 37.31 + 0.89 pg.mL™ for ultrasound aqueous extraction and
159.63 + 0.47 pg.mL* for the one with the help of enzymes. Besides that, extracts from all
tested samples and extractions showed considerable allelopathic activity, which suggests that
leaf extracts can be tested as bioherbicides. The results highlight the significance of this plant,

native in the South of Brazil.
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S. CHAPTER 3

In this chapter the scientific paper entitled "Antimicrobial activity of extract of Psidium
cattleianum Sabine leaves" is presented. The article provides an introduction about the subject,
the materials and methods used for the development of the research, the results and discussions
and the conclusion. The bibliographic references used are presented at the end of the

dissertation.

5.1. INTRODUCTION

The Psidium cattleianum Sabine (Myrtaceae) is a Brazilian native species that can be
found from Bahia to South states, and also in the neighbor country Uruguay (PEREIRA et al.,
2018a). Commonly known as Cattley guava, is being considered a plant with latent perspectives
for the pharmaceutical and food industry due to its potential application as herbal, functional
food, among others (PATEL, 2012) most probably due to the presence of bioactive compounds,
such as phenolic compounds and carotenoids (MEDINA et al., 2011). Species rich in phenolic
compounds, ascorbic acid and carotenes are usually associated with prominent biological
properties such as increased protection against cellular oxidation, antimicrobial and
anticarcinogenic activities (KATALINIC etal., 2010; PATEL, 2012; RIBEIRO et al., 2014).

Besides its fruits being consumed in natura, experiments with extracts from its leaves
have demonstrated antiproliferative activity in cancer cells, as well as antioxidant activity in
relation to the radicals DPPH, FRAP, and ABTS, and antimicrobial activity for microorganisms
Streptococcus mutans, Salmonella Enteritidis, Staphylococcus epidermidis, Bacillus subtilis
and Micrococcus luteus (BIEGELMEYER et al., 2011; BRIGHENTI et al., 2008; PEREIRA
etal., 2018b; MEDINA et al., 2011; PATEL, 2012; VERMA et al., 2013).

Recently there has been a lot of attention focused on producing medicines and products
that are natural, where the search for natural origin products with pharmacological properties
has significantly contributed to the discovery of new substances that have important uses. This
suggests that plants which manifest relatively high levels of antimicrobial action may be sources
of compounds that can be used to inhibit the growth of foodborne pathogens (BISWAS et al.,
2013; SCUR et al., 2016).
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Infectious diseases are major causes of death world-wide. Infections with bacteria are
associated with high morbidity and mortality especially with immunocompromised patients.
The main strategies to prevent and control infectious diseases include public health
improvements in hygiene and sanitation, safe water initiatives, as well as the use of
antimicrobial agents (SOLIMAN et al., 2016). The inappropriate and indiscriminate use of
synthetic antimicrobials is leading to the selection of multi-resistant strains, the antimicrobial
potential of plant extracts is intended to delay this process through the emergence of new
antimicrobial substances (WEBER et al., 2014).

Surfaces carry a small risk of direct transmission of infection but may contribute to
secondary cross-contamination by hands and instruments or products that may be contaminated

by contact with such surfaces and subsequently contaminate persons or other surfaces.

Based on the above, the objective of the present study was to evaluate the antimicrobial
potential of aqueous extracts of P. cattleianum Sabine against gram-positive and gram-negative

bacteria, as well as to test the possibility of using the extracts as surface disinfectants.

5.2. MATERIALS AND METHODS

The following are the materials and methods used in the research.

5.2.1. Plant material and sample preparation

Cattley guava leaves (Psidium cattleianum Sabine), yellow morphotype, were
collected in the southern region of the State of Santa Catarina (28°19'31.9" a 28°19'36.5" S;
49°03'50.3” a 49°03'51.9" W), from July to September 2017 (winter) and from December to
March 2018 (summer).

Leaves were selected according to uniform coloration, ruling out vegetal material with
rottenness, injuries and/or defects, as shown in the figure 6. The vegetal material was sanitized
with gauze dampened with distilled water and dried in a forced circulation stove with air at 40
+5°C, to constant mass. After drying, the leaves were manually and separately milled, and

sieved in 8 Mesh netting, which finally obtained the samples for extraction.
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Figure 6 — Features of leaves of P. cattleianum Sabine collected in summer (A) and winter (B).

Source: Prepared by the author, 2019.

5.2.2. Preparation and obtaining the extracts

The procedure to obtain the extracts was adapted from Larrauri et al. (1997). For the
extraction, 15 g of leaves collected in summer and winter were used, separately, and two method
were used of each fraction, WU extraction (water + ultrasound) and WE extraction (water +

enzyme), for both seasons, winter and summer, in a total of 4 aqueous extracts.

To obtain WU extracts, 100 mL of distilled water was added to the leaf samples,
separately. After that, the mix was taken to a ultrasound bath (70 W) for 3 hours. This mixture
stayed at rest, in the dark, for other 3 hours. The supernatant was filtered with quantitative filter
paper (‘Whatman’ no. 40), and stocked in a volumetric flask of 100 mL, involved in foil paper.
To obtain WE extracts, 100 mL of distilled water was added to leaf samples, separately, and 20
pL of a cellulase complex (Novozymes 22086) was added to the mixture. The solution was
taken to a bath with orbital agitation at 100 rpm and 45°C for 6 hours. The supernatant was
filtered with quantitative filter paper (‘Whatman’ no. 40) and stored in a volumetric flask of

100 mL, involved in foil paper.

Right after the extraction, the extracts were stored in Eppendorf tubes and kept frozen
at -83 °C until its use.

5.2.3. Scanning electron microscopy
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In order to verify the influence of the extraction method on the structure of leaves,
photomicrographs were obtained using scanning electron microscopy (SEM) (microscope
Philips, model XL30). The gold coating was carried out in a BAL-TEC Sputter Coater, model
SCD 005, for 120s on the dried leaves (leaf samples were previously dried at 30 °C for 24 hrs).

5.2.4. Antimicrobial activity

The antimicrobial activity of the extracts was evaluated by disc diffusion assay and by
determining the minimal inhibitory concentration (MIC), according to Ostrosky et al. (2008)
and Oliveira et al. (2016). The tests were performed against Gran positives bacteria (laboratory
stock) Listeria monocytogenes, Staphylococcus aureus and the Gran negatives (laboratory
stock) Salmonella Enteritidis and Escherichia coli. Pathogenic cultures were recovered in BHI
and incubated at 36 °C, overnight. Cultures were left at the concentration of 0.5 of the
McFarland scale (equivalent to 108 Colony Forming Units per milliliter - CFU.ml™) and diluted
in peptone water of casein to the concentration of 10° CFU.ml™.

5.2.4.1. Disc diffusion

The microorganisms were inoculated, via swabs, into plates containing Mller-Hinton
Agar. Thereafter, three Whatmann filter paper disks sterile of 6 mm diameter were added to
each plate. On the paper disks were added 15 pl of the extracts. Sterile distilled water was used
for the negative control. Plates were incubated at 351 °C for 24 hours. The diameters of the
inhibition halos were measured with a pachymeter and the result expressed in millimeters (mm).
The higher the inhibition halo, the greater the antimicrobial activity of the extract against the

microorganisms tested. All the tests were performed in triplicate.

5.2.4.2. Minimum inhibitory concentration (MIC)

The extracts of the leaves of Cattley guava that presented antimicrobial activity
through the disc diffusion, were submitted to determination of the MIC, in sterile 96-well plate.
Serial dilutions (up to 4 times) of the samples of the extracts were performed in BHI to obtain
the desired concentration range. 100ul of a bacterial suspension in BHI was added into each

well. Negative control wells (containing the BHI and 200 pl of extract without the bacterial
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suspension) and positive control wells (containing BHI and the bacterial suspension) and were
also prepared. The plates were incubated at 37°C for 18 hours without shaking. After time, 10
ul of 3% resazurin was added and left for another 2 hours in the incubator at 37 °C. The
minimum inhibitory concentration (MIC) was defined as the lowest concentration of extract

that inhibited the visible growth of the bacteria.

Figure 7 shows the plate used for the MIC, and the change of coloration from blue to
red. Where blue indicates absence of microbial growth, while red indicates the presence of

viable growing cells.

Figure 7 - Determination of minimum inhibitory concentration (MIC) by plaque microdilution

technique.

Source: Prepared by the author, 2019.

5.2.5. Use of plant extracts for surface disinfection

After testing the antimicrobial activity of all the microorganisms, the bacterium
Listeria monocytogenes was chosen for this test because it presented the worst performance

against the tested extracts.

5.2.5.1. Preparation and obtaining the extracts

The extracts were obtained as described in item 5.2.2., with only one modification.

The extraction cycles were repeated four times for both extracts, WU and WE.
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5.2.5.2. Desinfection of surfaces

Four surfaces were used: glass, plastic, stainless steel and granite, with 5 cm2 each
(approximately 25 cm2), as shown in Figure 8. The surfaces were contaminated in an aseptic
environment with 0.1 mL of suspension of L. monocytogenes. Thirty minutes after
contamination the control group (without disinfection) was collected with swabs previously
moistened in 0,1% (p/v) peptone water solution, which were transferred to tubes containing 9
mL of 0.1% (p/v) peptone water solution, vortex shaken for 2 min. Serial dilutions was preparad

and plated on agar Listeria according to Ottaviani and Agosti (ALOA).

Afterwards, each surface was submitted to the disinfection process by the spray wipe
spray technique for each solution, and each surface received the application with the aid of a
spray bottle, then it was wiped with sterilized gauze and the disinfectant (extracts), which
remained on the surface for 10 minutes. After the disinfection period, samples were collected
After the disinfection period, samples were collected as described for the control. The swabs
were immersed in 9 mL of sterile saline solution, homogenized in vortex for 2 minutes and
inoculed 0,1 mL to agar ALOA. The plates, control and post-disinfection were incubated at
37°C for 24 hours in a bacteriological oven. After incubation, the Colony Forming Units (log
CFU. cm2) were counted (BAMBACE et al., 2003).

Figure 8 — Glass (a), plastic (b), stainless steel (c) and granite (d) surfaces used in desifection

tests.

Source: Prepared by the author, 2019.

5.2.6. Statistical analysis

The statistical analysis of experimental results was performed using the software
Statistica® 10.0 Statsoft Inc.), performing the Tukey Test, with 95% of reliability.
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5.3. RESULTS AND DISCUSSION

Staphylococcus aureus is a major human pathogen that causes a wide range of clinical
infections. It is a leading cause of bacteremia and infective endocarditis as well as
osteoarticular, skin and soft tissue, pleuropulmonary, and device-related infections (TONG et
al., 2015; WERTHEIM et al., 2005). Listeria monocytogenes is a relevant foodborne pathogen
in public health, responsible for outbreaks of listeriosis often associated to the consumption of
ready to eat dairy, meat and fishery products. Listeriosis is a serious disease that can lead to
death and mainly affect the elderly, children and immunocompromised individuals (JARVIS et
al., 2016; JORDAN; MCAULIFFE, 2018). Escherichia coli is a common cause of
diarrheagenic illness globally, is the most common cause of uncomplicated and complicated
urinary tract infections, and a leading cause of bacteremia and neonatal meningitis
(POOLMAN, 2016). Salmonella Enteritidis is one of the important sources of salmonellosis
cases and outbreaks. These illnesses have been attributed to eggs and egg-containing foods
more than any other food (HOWARD et al., 2012).

The antimicrobial activities (in mm) of aqueous extracts of Psidium cattleianum
Sabine leaves collected in summer and winter are shown in Table 4. A classification scheme
where the extracts with halos of inhibition <9 mm were classified as inactive; from 9-12 mm is

partially active, from 13-18 mm is active and, >18 mm is very active (OLIVEIRA et al., 2016).

Table 4 - Antimicrobial activities (in mm) of aqueous extracts of Psidium cattleianum Sabine

leaves collected in summer and winter.

Gram-positive bactéria Gram-negative bacteria

Method of
Leaves . . S
extraction S. aureus L. monocytogenes E. coli S. Enteritidis
s Wu 12.52 +1.86aA 18.03 +1.05aA  9.49 +0.00aA 11.20 + 0.00aA
ummer
WE 18.21£0.00aA 23.12+0.08aB  15.22 +0.09aB 13.92 + 0.00aB
. WU 10.67 £1.01aA 1854 +1.11aA 15.36 + 0.09bA 12.73 £ 1.00aA
inter
WE 17.18+£2.03aB 18.71+1.16bA 17.04 =+ 1.08aA 17.46 £+ 0.08bB

Zone of Inhibiton was determined by agar disc diffusion. Results were presented as means + standard deviation.
WU and WE correspond to extraction methods using water+ultrasound and water+enzyme, respectively. Different
lowercase letters correspond to different experiments (p<0.05), when comparing the seasons when the leaves were
collected, for the same extraction method. Different uppercase letters correspond to different experiments
(p<0.05), when comparing extraction methods, for the same season. Source: Prepared by the author, 2019.
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For the tested bacteria (Gram-positive and Gram-negative), aqueous extracts of Psidium
cattleianum Sabine leaves that showed antimicrobial activity can be classified as partially active
to very active, that is, none of the extracts tested was classified as inactive. In general, it was
observed that Gram-positive bacteria presented lower resistance against the extracts tested
when compared to Gram-negative bactéria. This fact may be related to the structure of the
bacterial cell, since the Gram-positive bacteria present a single layer in the cell wall, whereas
the Gram-negative bacteria present an extra layer of lipopolysaccharides and proteins in the cell

wall that form a barrier of permeability to antimicrobial agents (FORSYTHE, 2013).

Figure 9 shows the best zones of Inhibiton for all tested microorganisms.

Figure 9 — Zones of Inhibiton that was determined by agar disc diffusion, for all tested
microorganisms.

A corresponds to the best zone of inhibition against S. aureus, B the best zone of inhibition against L.
monocytogenes, C the best zone of inhibition against E. coli and D the best zone of inhibition against S. Enteritis.
Source: Prepared by the author, 2019.

Regarding the season, the WE extract was statistically different (p <0.05) when
compared to the two microorganisms S. Enteritidis and L. monocytogenes; whereas for the WU
extract only E. coli showed a statistically different in relation to the two seasons. For S. aureus,
independent of the collection season, there was no statistical difference in relation to WU and
WE extracts.

Gobbo-Neto and Lopes (2007) highlight that seasonal variation on the contentes of
almost all classes of secondary metabolites, such as phenolic acids, flavonoids, coumarins, and
saponins. Annual, monthly, and even daily temperature variations are one of the factors exerting
higher influence of the development of each species, affecting, thus, the production of
secondary metabolites.

When comparing the extracts WU and WE for the same season, it can be verified that
the results varied according to the microorganism used. For S. Enteritidis the results showed a
significant difference (p <0.05), independent of the season, which shows that the extraction

mode affected the content of the compounds responsible for the antimicrobial activity. For E.
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coli and L. monocytogenes, the results presented significant difference, only in the summer
season. While for S. aureus the results presented significant difference only during the winter

season.

Figure 10 shows the SEM of the leaves submitted to extraction using ultrasound and
the enzyme complex .

Figure 10 - SEM of the leaves submitted to extraction using ultrasound (WU — summer

and WU — winter) and the enzyme complex (WE — Summer and WE — winter).

Source: Prepared by the author, 2019.

It is possible to observe that there was a difference between the extracts WU and WE,
which shows that the extraction form affected the cell structure of the leaves. For the extraction
of the WU, it was verified the formation of cavities in the vegetal structure of the leaves, which
possibly happened due to the phenomenon of cavitation. Cavitation causes the formation of
cavities, where the dissolved gases in the system migrate, forming microbubbles, which
increase and decrease in size, generating cycles of expansion and compression until the bubbles

implode, releasing large amounts of heat and exerting high pressures close to (CARCEL et al.,
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2012; VEILLET et al.,, 2010). The presence of solid materials in the system causes an
asymmetrical implosion of the microbubbles, generating jets that collide with the solid surfaces.
These collisions cause plant cells to be disrupted, facilitating the diffusion of the solvent
extracts into the matrix (DE CASTRO; CAPOTE, 2010; SHIRSATH et al., 2012). For the
extraction of WE, the occurrence of hydrolysis of the plant structure. Plants comprise primary
and secondary cell walls, both of which are fortified by cellulose microfibrils. Primary cell
walls typically contain cellulose, hemicellulose (xyloglucans), pectin and proteins. Secondary
cell walls are composed of cellulose, hemicellulose and lignin and constitute the majority of
cell wall mass (VOGEL, 2008). Therefore, mixtures of enzymes and complexes with multiple
activity are more efficient than the isolated enzymes (JORDAN et al., 2012). The enzyme
complex used is composed of cellulases, which are enzymes classified as glycosyl hydrolases
and that degrade the plant cell wall. Three enzymes are part of this group, they are called
endoglucanases, exoglucanases and beta-glycosidases. Endoglucanases act in the inner region
of the cellulose fiber and release smaller compounds formed by a few glucose units, the so-
called oligosaccharides (small sugars). Exoglucanases act at the ends of the cellulose fibers and
release units of free glucose or cellobiose, which are smaller compounds, formed by two
glucose units. Beta-glycosidases break the chemical bond existing between the two glucose
units that form the cellobiose, releasing (free) glucose units (CASTRO; PEREIRA, 2010;
OZIOKO et al., 2013).

Alvarenga et al. (2016) have assessed the chromatographic profile of yellow cattley
guava leaves and observed the prevalence of compounds such as quercetin, quercitrin, and
isoquercitrin, all part of the flavonoid class, and ellagic acid, as well as lower amounts of
catechin, chlorogenic acid and kaempferol. The delineation of the possible mechanism of
action of flavonoids is hampered by conflicting findings. It is known that the flavonoids act in
bacterial cells through the formation of complexes between proteins and the cell wall, causing
its rupture (TAGURI et al., 2004). The flavonoids lacking hydroxyl groups on their b-rings are
more active against microorganisms than are those with the 20H groups; this finding supports
the idea that their microbial target is the membrane. Lipophilic compounds would be more
disruptive of this structure. However, several authors have also found the opposite effect; i.e.,
the more hydroxylation, the greater the antimicrobial activity. Their activity is probably due to
their ability to complex with extracellular and soluble proteins and to complex with bacterial
cell walls. However, lipophilic flavonoids may also disrupt microbial membranes (COWAN,
1999; SATO et al., 1996).
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On the other hand, tannins act in the microorganisms by preventing their growth through
the inhibition of the transport of nutrients and the formation of complexes between the tannins
and the bacterial cell wall (MCSWEENEY et al., 2001). Finally, the action mechanism of
triterpenoids in microorganisms is associated with the disruption of lipophilic compounds of
microbial membranes, causing their death (TEPE et al., 2004).

The antibacterial activity of aqueous extracts of Psidium cattleianum Sabine leaves
expressed as minimum inhibitory concentrations (MICs) are shown in Table 5. The antibacterial
activity of plant extracts can be considered significant when MIC values are lower than 100
ug/ml, moderate when 100 <MIC < 625 ug.mL™ and low when MIC>625 pg.mL* (KUETE,
2010; TCHINDA et al., 2017). The MIC values ranged from 6.28 ug.mL™? to 35.95 ug.mL*
and are considered significant values. Therefore, the obtained MIC values are very important

when considering importance of the tested bacterias.

Table 5 - Antibacterial activity of aqueous extracts of Psidium cattleianum Sabine leaves
expressed as minimum inhibitory concentrations (MICs), in pg.mL™.

Gram-positive bacteria Gram-negative bacteria
Method of . .
Leaves extraction Staphylococcus Listeria Escherichia Salmonella
aureus monocytogenes coli enteritidis
Summer wu 12.57 12.57 6.28 12.57
WE 15.09 15.09 30.19 7.55
Winter wu 17.97 17.97 35.95 17.97
WE 15.37 15.37 30.75 15.37

WU and WE correspond to extraction methods using water+ultrasound and water+enzyme, respectively. Source:
Prepared by the author, 2019.

Scur et al. (2016) when investigating the phytochemical screening and antimicrobial
activitie of extracts of Psidium cattleianum Sabine reported that for the aqueous extract the MIC
ranged from 6.25 to 50 mg.mL* for Gram-negative bacteria and 6.25 to 12.5 mg.mL* for Gram-
positive bacteria, which shows that the result was three times higher than that stated in the
literature.

Regarding the disinfection of surfaces, all the extracts tested presented significant
positive results against Listeria monocytogenes on the four surfaces tested, as can be shown in
the Table 6.
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Table 6 — Disinfection power (logCFU.cm) of aqueous extracts of Psidium cattleianum Sabine
leaves against Listeria monocytogenes in glass, plastic, stainless steel and granite surfaces.

Listeria monocytogenes

MethOd Of Surfaces
Leaves )
extraction ] ]
Glass Plastic Stainless steel  Granite
Wwu 0.00 0.00 0.00 0.00
Summer
WE 0.00 0.60 0.00 0.00
) Wwu 0.00 0.00 0.00 0.00
Winter
WE 0.00 0.00 0.00 0.00
Control 1.38 3.09 3.25 1.78

WU and WE correspond to extraction methods using water+ultrasound and water+enzyme, respectively. Source:
Prepared by the author, 2019.

All extracts tested inhibited the growth of L. monocytogenes as compared to the control
sample. Only the WE - summer extract did not present null count against the tested plastic
surface. However, as the control sample presented values of 3.09 (logCFU.cm?), it was

observed that it was efficient in the reduction of 2.49 (logCFU.cm™) of the count.

The figure bellow shows the desinfection power of aqueous extracts of Psidium
cattleianum Sabine leaves against plastic surface.
Figure 11 — Control plate (CP), winter leaves extract and enzyme (P1), summer leaves

extract and enzyme (P2), summer leaves extract and US (P3) and winter leaves extract and US
(P4) used in desifection tests.

Source: Prepared by the author, 2019.
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It is known that the chemical composition of the surface influences bacterial adhesion
and proliferation. In materials with different functional groups in their chemical composition,
there is a difference in the number of cells adhered due to the fact that the bacteria-surface
interaction depends on the hydrophobicity and loading of the material (KATSIKOGIANNI;
MISSIRLIS, 2004).

Silva et al. (2008) when studying the adhesion to and viability of L. monocytogenes on
food contact surfaces reported that the results show different patterns of adhered cell viability
for the different surfaces. The results also demonstrated that the percentage of viable cells on
the surface of glass and polypropylene was close to 100%, despite the lower extent of adhesion.

Cells adhered to granite exhibited reduced viability despite the high number of adhered cells.

Beresford et al. (2001), investigating the adhesion of Listeria monocytogenes to
seventeen different materials approved for food use, representing metals, rubbers and polymers,
reported surprise that there was no difference in the degree of fixation that occurred
instantaneously or after 2 hours. Mafu et al. (1990) demonstrated that the binding of L.
monocytogenes cells to stainless steel, glass, polypropylene and rubber surfaces did not show
an increasing trend with longer contact times (20 min versus 1 hrs), but the presence of

extracellular materials around cells attached to surfaces.

The adhesion of L. monocytogenes to abiotic surfaces is a phenomenon dependent on
several factors, which demonstrates the importance of a better understanding of microbial
viability, since adherent bacteria that remain viable are the true culprits for postprocess
contamination , as well as the search for new disinfectant agents that can derail the adhered

cells.

5.4. CONCLUNDING REMARKS

The results showed that the leaves of Psidium cattleianum Sabine present considerable
antimicrobial activity. Generally, the extraction methods used, with the help of ultrasound and
enzymes and the season when leaves were collected did affect the tested activity. In relation to
the zone of inhibition, the best results were found against L. monocytogenes bacteria, with
inhibition halos measuring up to 23 mm. For the minimum inhibitory concentrations (MICs),

all the extracts tested showed significant activity, with values lower than 100 ug/ml. Regarding
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the disinfection of the surfaces, all the tested extracts presented positive results against L.
monocytogenes on the four surfaces tested. The results highlight the significance of this plant,

native in the South of Brazil.
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6. FINAL CONSIDERATIONS

The extracts obtained from the leaves of Psidium cattleianum Sabine had the presence of
phenolic compounds, regardless of the method of extraction used, either with ultrasound or with
the aid of enzymes, but the content of these differed in relation to the season of collection of
the leaves. The extracts showed the ability to remove free radicals considerably when the DPPH
radical was used, as well as showed ability to inhibit bacterial growth for both Gram-negative
and Gram-positive bacteria of interest to the food industry. Regarding the disinfection of
surfaces, all the extracts tested presented significant positive results against Listeria
monocytogenes on the four surfaces tested. They also demonstrated allelopathic activity against

Lactuca sativa, indicating their possible use as a bioherbicide.

In general, the results of the present study may serve as a basis for the use of aqueous
extracts of Psidium cattleianum Sabine in the treatment of diseases caused by oxidative and
infectious stress, through the development of new antioxidant agents, antibiotics, and may
indicate a possibility for use as a natural herbicide.

The use of other radicals for the determination of antioxidant capacity, the chromatography
and identification of the phenolic compounds present in the extracts, the inhibition capacity of
other bacteria as well as fungi and yeasts important for the food industry are suggested for future
work, pharmaceutical and environmental area. Also, tests of allelopathy with other indicator
plants existent in the specialized literature and the performance of toxicological and cytotoxic

tests are suggested.



54

REFERENCES

AFTABUDDIN, S. et al. Antibacterial function of herbal extracts on growth, survival and
immunoprotection in the black tiger shrimp Penaeus monodon. Fish and Shellfish
Immunology, [S. |.], v. 65, p. 52-58, 2017.

ALAVIJEH, P.; SHARMA, D. A study of antimicrobial activity of few medicinal herbs.
Asian Journal of Plant Science and Research, v. 2, n. 4, p. 496-502, 2012.

ALMEIDA, G. et al. Oxidative stress in vegetable cells mediated by allelochemicals.
Rev.Fac.Nal.Agr.Medellin, v. 61, n. 1, p. 4237-4247, 2008.

ALTERTHUM, F.; TRABULSI, L. R. Microbiologia. S&o Paulo: Atheneu, 2003.

ALVARENGA, F. Q. et al. In vivo analgesic activity, toxicity and phytochemical screening
of the hydroalcoholic extract from the leaves of Psidium cattleianum Sabine. Journal of
Ethnopharmacology, v. 150, n. 1, p. 280284, 2013.

ALVARENGA, F. Q. et al. Atividade antimicrobiana in vitro das folhas de araca (Psidium
cattleianum Sabine) contra micro-organismos da mucosa oral. Revista de Odontologia da
UNESP, v. 45, n. 3, p. 149-153, 2016.

ALVES, M. DA C. S. et al. Alelopatia de extratos volateis na germinacéo de sementes e no
comprimento da raiz de alface. Pesquisa Agropecuaria Brasileira, v. 39, n. 11, p. 1083-
1086, 2004.

ANGELO, P. M.; JORGE, N. Compostos fendlicos em alimentos — Uma breve revisdoRev.
Inst. Adolfo Lutz. 2007.

AQUILA, M. E. A. Efeito alelopético de llex paraguariensis A. St.-Hil. na germinacéo e
crescimento inicial de Lactuca sativa L. lheringia, Série Botéanica, v. 53, p. 51-66, 2000.

BABBAR, N. et al. Influence of different solvents in extraction of phenolic compounds from
vegetable residues and their evaluation as natural sources of antioxidants. Journal of Food
Science and Technology, v. 51, n. 10, p. 2568-2575, 2014.

BAMBACE, A. M. J. et al. Eficacia De Solugdes Aquosas De Clorexidina Para Desinfeccéao
De Superficies. Revista Biociéncia, v. 9, n. 2, p. 73-81, 2003.

BEN EL HADJ ALL, I. et al. Phenolic content, antioxidant and allelopathic activities of
various extracts of Thymus numidicus Poir. organs. Industrial Crops and Products, v. 62, p.
188-195, 2014.

BERESFORD, M. R.; ANDREW, P. W.; SHAMA, G. Listeria monocytogenes adheres to
many materials found in food-processing environments. Journal of Applied Microbiology,
v. 90, n. 6, p. 1000-1005, 2001.

BIEGELMEYER, R. et al. Comparative Analysis of the Chemical Composition and
Antioxidant Activity of Red (Psidium cattleianum) and Yellow (Psidium cattleianum var.



55

lucidum) Strawberry Guava Fruit. Journal of Food Science, v. 76, n. 7, p. 991-996, 2011.

BISWAS, B. et al. Antimicrobial activities of leaf extracts of guava (psidium guajava L.) on
two gram-negative and gram-positive bacteria. International Journal of Microbiology, v.
2013, p. 1-7, 2013.

BONOLLI, M. et al. Antioxidant phenols in barley (Hordeum vulgare L.) flour: Comparative
spectrophotometric study among extraction methods of free and bound phenolic compounds.
Journal of Agricultural and Food Chemistry, v. 52, n. 16, p. 5195-5200, 2004.

BORGES, L. L. et al. Uma abordagem sobre Métodos analiticos para determinagéo da
atividade antioxidante em produtos naturais. Enciclopédia Biosfera, v. 7, n. 12, p. 1-20,
2011.

BOTTERWECK, A. A. M. et al. Intake of butylated hydroxyanisole and butylated
hydroxytoluene and stomach cancer risk: results from analyses in the Netherlands Cohort
Study. Food and Chemical Toxicology, v. 38, n. 7, p. 599605, 2000.

BRAND-WILLIAMS, W.; CUVELIER, M. E.; BERSET, C. Use of a free radical method to
evaluate antioxidant activity. LWT - Food Science and Technology, v. 28, n. 1, p. 25-30,
1995.

BRANTNER, A.; GREIN, E. Antibacterial activity of plant extracts used externally in
traditional medicine. Journal of Ethnopharmacology, v. 44, n. 1, p. 3540, 1994,

BRIGHENTI, F. L. et al. Effect of psidium cattleianum leaf extract on streptococcus mutans
viability, protein expression and acid production. Caries Research, v. 42, n. 2, p. 148-154,
2008.

CARCEL, J. A.; PEREZ, J.V.; BENEDITO, J.; MULET, A. Food process innovation through
new technologies: Use of ultrasound. Journal of Food Engineering, v. 110, p. 200-2007,
2012,

CARMO, F. M. DA S.; BORGES, E. E. DE L. E; TAKAKI, M. Alelopatia de extratos
aquosos de canela-sassafras (Ocotea odorifera (Vell.) Rohwer). Acta Botanica Brasilica, v.
21, n. 3, p. 697-705, 2007.

CASTRO, A. M.; PEREIRA JR, N. Producéo, propriedades e aplicacdo de celulases na
hidrolise de residuos agroindustriais. Quimica Nova, v. 33, n. 1, p. 181-188, 2010.

CHEN, H.-Y.; LIN, Y.-C.; HSIEH, C.-L. Evaluation of antioxidant activity of aqueous extract
of some selected nutraceutical herbs. Food Chemistry, v. 104, n. 4, p. 1418-1424, 2007.

CHRISTIE, P. J.; ALFENITO, M. R.; WALBOT, V. Impact of low-temperature stress on
general phenylpropanoid and anthocyanin pathways: Enhancement of transcript abundance
and anthocyanin pigmentation in maize seedlings. Planta, v. 194, n. 4, p. 541-549, 1994.

CHRISTOFFOLETI, P. J.; VICTORIA, F.R.; SILVA, C. B. Resisténcia De Planta S
Daninhas Aos Herbicidas. Planta Daninha, v. 12, n. 1, p. 13-20, 1994.



56

CORADIN, L.; SIMINSKI, A.; REIS, A. Espécies nativas da flora brasileira de valor

econdmico atual ou potencial: plantas pra o futuro. Brasilia: MMA. p. 205 - 208, 2001.

COWAN, M. M. Plant products as antimicrobial agentes. Clinical Microbiology Reviews,
1999.

CRUZ-ORTEGA, R. et al. Effects of allelochemical stress produced by Sicyos deppei on
seedling root ultrastructure of Phaseolus vulgaris and Cucurbita ficifolia. Journal of
Chemical Ecology, v. 24, n. 12, p. 2039-2057, 1998.

DALLA NORA, et al. The characterisation and profile of the bioactive compounds in red
guava (Psidium cattleyanum Sabine) and guabiju (Myrcianthes pungens (O. Berg) D.
Legrand). International Journal of Food Science & Technology, v. 49, p.1842-1849, 2014.

DE BOER, H. J. et al. Anti-fungal and anti-bacterial activity of some herbal remedies from
Tanzania. Journal of Ethnopharmacology, v. 96, n. 3, p. 461-469, 2005.

DELTON-VANDENBROUCKE, I. et al. Dual regulation of glutathione peroxidase by
docosahexaenoic acid in endothelial cells depending on concentration and vascular bed origin.
Free Radical Biology and Medicine, v. 30, n. 8, p. 895-904, 2001.

DREHMER, A. M. F.; AMARANTE, C. V. T. DO. Conservacdo pds-colheita de frutos de
araca-vermelho em funcdo do estadio de maturacéo e temperatura de armazenamento. Revista
Brasileira de Fruticultura, v. 30, n. 2, p. 322-326, 2008.

EDREVA, A. et al. Stress-Protective Role of Secondary Metabolites: Diversity of Functions
and Mechanisms. General and Applied Plant Physiology, v. 34, p. 67-78, 2008.

EINHELLIG, F.A. The physiology of allelochemical action: Clues and Views. Allelopathy
from Molecules to Ecosystems. p. 1-23. In: Reigosa, M. & Pedrol, N. (eds.) Vigo,
Universidade de Vigo, 2002.

EL, I. BEN et al. Phenolic content, antioxidant and allelopathic activities of various extracts
of Thymus numidicus Poir. organs. Industrial Crops and Products, v. 62, p. 188-195, 2014.

FERNANDES, F. A. N.; GALLAO, M. |.; RODRIGUES, S. Effect of osmotic dehydration
and ultrasound pre-treatment on cell structure: Melon dehydration. LWT - Food Science and
Technology, v. 41, n. 4, p. 604-610, 2008.

FERREIRA, A. G.; AQUILA, M. E. A. Alelopatia: uma area emergente da ecofisiologia.
Revista Brasileira de Fisiologia Vegetal, v. 12, n. Edicdo Especial, p. 175-204, 2000.

FERREIRA, A.G. Interferéncia: competicao e alelopatia. Germinacgéo do basico ao
aplicado, Porto Alegre: Artmed, p. 251-262, 2004.

FIASCHI, P.; PIRANI, J. R. Review of plant biogeographic studies in Brazil. Journal of
Systematics and Evolution, v. 47, n. 5, p. 477496, 20009.



57

FORMAGIO, A. S. N. et al. Potencial alelopatico de cinco espécies da familia Annonaceae.
Revista Brasileira de Biociencias, v. 8, n. 4, p. 349-354, 2010.

FORSYTHE, S. J. Microbiologia da Seguranca Alimentar. 2. ed. Porto Alegre, Artmed,
2013.

GALHO, A. S. et al. Composic¢édo quimica e respiracao de crescimento em frutos de Psidium
cattleyanum sabine durante o ciclo de desenvolvimento. Revista Brasileira de Fruticultura,
v.29,n. 1, p. 61-66, 2007.

GERLACH, J. A 10-year study of changes in forest vegetation on Silhouette island. Nature
Conservation, v. 12, p. 149-155, 2004.

GNIAZDOWSKA, A.; BOGATEK, R. Allelopathic interactions between plants. Multisite
action of allelochemicals. Acta Physiologiae Plantarum, v. 27, n. 3, p. 395-407, 2005.

GOBBO-NETO, L.; LOPES, N. P. Plantas medicinais: fatores de influéncia no contetdo de
metabdlitos secundarios fatores que influenciam o contetdo de metabdlitos secundarios.
Quim. Nova, v. 30, n. 2, p. 374-381, 2007.

GRAY, D. et al. Acute Drought Stress and Plant Age Effects on Alkamide and Phenolic Acid
Content in Purple Coneflower Roots. Planta Medica, v. 69, n. 01, p. 50-55, 2003.

HARRIS, W. C. Trease and Evans’ pharmacognosy. 6. ed. [s.l.] Saunders/Elsevier, 2009.

HISTER, C. A. L.; TRAPP, K. C.; TEDESCO, S. B. Potencial alelopatico e antiproliferativo
de extratos aquosos das folhas de Psidium cattleianum Sabine sobre Lactuca sativa L .
Brazilian Journal of Biosciences, v. 14, n. 2, p. 124-129, 2016.

HOFFMANN, C. et al. Allelopathic activity of Nerium Oleander L. and Dieffenbachia picta
schott in seeds of Lactuca sativa L. and Bidens pilosa L. Revista de Ciéncias
Agroveterinarias, n. 1, p. 11-21, 2007.

HOWARD, Z. R. et al. Salmonella Enteritidis in shell eggs: Current issues and prospects for
control. Food Research International, v. 45, n. 2, p. 755-764, 1 mar. 2012.

IM, et al. The butanol fraction of guava (Psidium cattleianum Sabine) leaf extract suppresses
MMP-2 and MMP-9 expression and activity through the suppression of the ERKY2 MAPK
signalling pathway. Nutrition and Cancer, v. 64, p. 255-266, 2012.

INDERJIT; CALLAWAY, R. M.; VIVANCO, J. M. Can plant biochemistry contribute to
understanding of invasion ecology? Trends in Plant Science, v. 11, n. 12, p. 574-580, 2006.

JABRAN, K. et al. Allelopathy for weed control in agricultural systems. Crop Protection,
2015.

JARVIS, N. A. et al. A review of minimal and defined media for growth of Listeria
monocytogenes. Food Control, 2016.



58

JORDAN, et al. Plant cell walls to ethanol. Biochemistry Journal, v.442, n.1, p. 241-52,
2012.

JORDAN, K.; MCAULIFFE, O. Listeria monocytogenes in Foods. In: Advances in Food
and Nutrition Research. [s.l.] Academic Press, v. 86p. 181-213., 2018.

JUN, et al. Cytotoxic activity of B-Caryophyllene oxide isolated from Jeju guava (Psidium
cattleianum Sabine) leaf. Records of Natural Products, v.5, p. 242-246, 2011.

KATALINIC, V. et al. Polyphenolic profile, antioxidant properties and antimicrobial activity
of grape skin extracts of 14 Vitis vinifera varieties grown in Dalmatia (Croatia). Food
Chemistry, v. 119, n. 2, p. 715-723, 2010.

KATO-NOGUCHI, H. et al. A novel substance with allelopathic activity in Ginkgo biloba.
Journal of Plant Physiology, v. 170, p. 1595-1599, 2013.

KATSIKOGIANNI, M.; MISSIRLIS, Y.F. Concise review of mechanisms of bacterial
adhesion to biomaterial and techniques used in estimating bacteria-material interactions.
European Cells and Materials, Patras, v. 8, p. 37-57, 2004.

KEYHANFAR, M.; NAZERI, S.; BAYAT, M. Evaluation of antibacterial activities of some
medicinal plants, traditionally used in Iran. Iranian Journal of Pharmaceutical Sciences, v.
8,n. 1, p. 353-358, 2004.

KOHNO, M. et al. Free radical formation from sonolysis of water in the presence of different
gases. Journal of Clinical Biochemistry and Nutrition, v. 49, n. 2, p. 96-101, 2011.

KUETE, V. Potential of Cameroonian plants and derived products against microbial
infections: A review. Planta Medica, 2010.

LARRAURI, J. A.; RUPEREZ, P.; SAURA-CALIXTO, F. Effect of Drying Temperature on
the Stability of Polyphenols and Antioxidant Activity of Red Grape Pomace Peels. Journal of
Agricultural and Food Chemistry, v. 45, n. 4, p. 1390-1393, 1997.

LEE, J.; KOO, N.; MIN, D. B. Reactive Oxygen Species, Aging, and Antioxidative
Nutraceuticals. Comprehensive Reviews in Food Science and Food Safety, v. 3, n. 1, p.
21-33, 2004.

LEITE, C. H. et al. Composicdo fendlica e avaliacdo da atividade antioxidante e citoprotetora
dos extratos de Psidium guajava L. var. pyrifera e Psidium guajava L. var. pomifera.
Cadernos de Cultura e Ciéncia, v.76, 2014.

LIN, D. et al. An Overview of Plant Phenolic Compounds and Their Importance in Human
Nutrition and Management of Type 2 Diabetes. Molecules, v. 21, n. 10, p. 1374, 2016.

LUQUE DE CASTRO, M. D.; PRIEGO CAPOTE, F. Analytical applications of ultrasound.
Techniques and Instrumentation in Analytical Chemistry, v. 26, p. 413, 2007.

LUXIMON-RAMMA, A., BAHORUN, T., & CROZIER, A. Antioxidant actions and
phenolic and vitamin C contents of common Mauritian exotic fruits. Journal of the Science



59

of Food and Agriculture, v. 502, p. 496-502, 2003.

LUZ, A. C. et al. Avaliacéo do potencial citotoxico e genotoxico de Plantago major L. em
sistemas teste in vivo. Revista Brasileira de Plantas Medicinais, v. 14, n. 4, p. 635-642,
2012.

MAFU, A.; ROY, D.; GOULET, J. Attachment of Listeria monocytogenes to stainless steel,
glass, polypropylene, and rubber surfaces after short contact times. Journal of Food
Protection, v. 53, n. 9, p. 742-746, 1990.

MAIRESSE, L. A. S. et al. Bioatividade de extratos vegetais sobre alface (lactuca sativa I.1).
Revista da Faculdade de Zootecnia, Veterinaria e Agronomia., v. 14, n. 2, p. 1-12, 2007.

MARASCHIN-SILVA, F.; ESTEFANIA, M.; AQUILA, A. Potencial alelopatico de
Dodonaea viscosa (L). Jacg. Iheringia, Série Botanica, v. 60, p. 91-98, 2005.

MCCOOK-RUSSELL, K. P. et al. Nutritional and nutraceutical comparison of Jamaican
Psidium cattleianum (strawberry guava) and Psidium guajava (common guava) fruits. Food
Chemistry, v. 134, n. 2, p. 1069-1073, 2012.

MCSWEENEY, C. S. et al. Effect of the tropical forage calliandra on microbial protein
synthesis and ecology in the rumen. Journal of applied microbiology, v. 90, n. 1, p. 78-88,
2001.

MEDINA, A. L. et al. Aracé (Psidium cattleianum Sabine) fruit extracts with antioxidant and
antimicrobial activities and antiproliferative effect on human cancer cells. Food Chemistry,
v. 128, n. 4, p. 916-922, 2011.

MIGUEL, M. G. Antioxidant activity of medicinal and aromatic plants. A review. Flavour
and Fragrance Journal, 2010.

MIRONA, T.L. HERREROB, M. IBANEZ, E. Enrichment of antioxidant compounds from
lemon balm (Melissa officinalis) by pressurized liquid extraction and enzymeassisted
extraction. Journal of Chromatography, v.1288, p. 1-9, 2013.

NCUBE, N. S.; AFOLAYAN, A. J.; OKOH, A. I. Assessment techniques of antimicrobial
properties of natural compounds of plant origin: current methods and future trends. African
Journal of Biotechnology, v. 7, n. 12, p. 1797-1806, 2008.

NIKI, E. Assessment of antioxidant capacity in vitro and in vivo. Free Radical Biology and
Medicine, 2010.

NOWACKA, M. et al. Drying of ultrasound pretreated apple and its selected physical
properties. Journal of Food Engineering, v. 113, n. 3, p. 427-433, 2012.

OLIVEIRA, A. C. et al. Fontes vegetais naturals de antioxidantes. Quimica Nova, v. 32, n. 3,
p. 689-702, 2009.

OLIVEIRA, B. D. et al. Antioxidant, antimicrobial and anti-quorum sensing activities of
Rubus rosaefolius phenolic extract. Industrial Crops and Products, v. 84, p. 59-66, 2016.



60

OSTROSKY, E. A. et al. Métodos para avaliacdo da atividade antimicrobiana e determinacéo
da Concentracdo Minima Inibitéria (CMI) de plantas medicinais. Revista Brasileira de
Farmacognosia, v. 18, n. 2, p. 301-307, 2008.

OZIOKO, P. C.; IKEYI ADACHUKWU, I. P.; UGWU, O. P. C. Review article: Cellulases,
their substrates, activit and assay methods. The Experiment, v. 12, p. 778-785, 2013.

PATEL, S. Exaotic tropical plant Psidium cattleianum: a review on prospects and threats.
Reviews in Environmental Science and Bio/Technology, v. 11, n. 3, p. 243-248, 2012.

PATEL, S. An Underutilized Tropical Plant Psidium cattleianum (Strawberry Guava).
Emerging Bioresources with Nutraceutical and Pharmaceutical Prospects, p. 7-13, 2015.

PEREIRA, E. et al. Psidium cattleianum fruits: A review on its composition and bioactivity.
Food Chemistry, 2018.

PIRES, N. M.; OLIVEIRA, V. R. Alelopatia. In: OLIVEIRA, R. S.; CONSTANTIN, J.
Plantas daninhas e seu manejo. Cap. 5, cap. 5, p. 145-185, 2001.

PISOSCHI, A. M.; NEGULESCU, G. P. Methods for Total Antioxidant Activity
Determination: A Review. Biochemistry & Analytical Biochemistry, v.1, 2012.

POOLMAN, J. T. Escherichia coli. In: International Encyclopedia of Public Health. [s.1.]
Academic Press, p. 585-593, 2016.

PRASHANT TIWARI, B.; KUMAR, M. K.; GURPREET KAUR, H. K. Phytochemical
screening and extraction - A review. Internationale Pharmaceutica Sciencia, v. 1, n. 1, p.
98-106, 2011.

PROTEGGENTE, A. R. et al. The antioxidant activity of regularly consumed fruit and
vegetables reflects their phenolic and vitamin C composition. Free radical research, v. 36, n.
2, p. 217-33, 2002.

QIAN, H.; NIHORIMBERE, V. Antioxidant power of phytochemicals from Psidium guajava
leaf. Journal of Zhejiang University Science, v. 5, n. 6, p. 676-83, 2004.

RAVEN, P. H.; EVERT, R. F; EICHCHORN, S. E. Biologia Vegetal. 62 ed. Guanabara
Koogan. Rio de Janeiro. 2001.

REYNERTSON, K. A. et al. Antioxidant Potential of Seven Myrtaceous Fruits. Ethnobotany
Research and Applications, v. 3, n. 0, p. 25, 2005.

REZENDE, C. DE P. et al. Alelopatia E Suas Interagcdes Na Formacao e manejo de pastagens.
Boletim Agropecuario, v. 54, p. 1-55, 2003.

RIBEIRO, A. B., CHISTE, R. C., FREITAS, M., DASILVA, A. F., VISENTAINER, J. V.,
& FERNANDES, E. Psidium cattleianum fruit extracts are efficient in vitro scavengers of
physio- logically relevant reactive oxygen and nitrogen species. Food Chemistry, v. 165, p.
140-148, 2014.



61

RICE, E.L. Allelopathy. 2. ed., New York, Academic Press, 1984.

SANTACATALINA, J. V. et al. Ultrasonically enhanced low-temperature drying of apple:
Influence on drying kinetics and antioxidant potential. Journal of Food Engineering, v. 138,
p. 35-44, 2014.

SATO, M. et al. Flavones with antibacterial activity against cariogenic bacteria. Journal of
Ethnopharmacology, v. 54, n. 2-3, p. 171-176, 1996.

SAUSEN, T. L. et al. Avaliacdo da atividade alelopatica do extrato aquoso de folhas de
eugenia involucrata dc. e acca sellowiana (0. berg) burret. Polibotanica, v. 27, n. 27, p. 145-
158, 2009.

SCUR, M. C. et al. Antimicrobial and antioxidant activity of essential oil and different plant
extracts of Psidium cattleianum Sabine. Brazilian Journal of Biology, v. 76, n. 1, p. 101-
108, 2016.

SHAHIDI, F.; NACZK, M. Phenolics in Food and Nutraceuticals. [S.l.] CRC Press, 2003.

SHIMOJI, H.; YAMASAKI, H. Inhibitory effects of flavonoids on alternative respiration of
plant mitochondria. Biologia Plantarum, v. 49, n. 1, p. 117-119, 2005.

SHIRSATH, S. R.; SONAWANE, S. H.; GOGATE, P. R. Intensification of extraction of
natural products using ultrasonic irradiations-A review of current status. Chemical
Engineering and Processing, v. 53, p. 10-23, 2012.

SILVA, S.; TEIXEIRA, P.; OLIVEIRA, R.; AZEREDO, R. Adhesion to and Viability of
Listeria Monocytogenes on Food Contact Surfaces. Journal of Food Protection, v. 71, n. 7,
p. 1379-1385, 2008.

SILVA, C. B. et al. Composicdo quimica e atividade alelopética do 6leo volatil de
Hydrocotyle bonariensis lam (Araliaceae). Quimica Nova, v. 32, n. 9, p. 2373-2376, 2009.

SIMONETTI, E. et al. Avaliagéo da atividade antimicrobiana de extratos de Eugenia anomala
e Psidium salutare (Myrtaceae) frente a Escherichia coli e Listeria monocytogenes. Revista
Brasileira de Plantas Medicinais, v. 18, n. 1, p. 9-18, 2016.

SINDE, E.; CARBALLDO, J. Attachment of Salmonella sp. and Listeria monocytogenes to
stainless steel, rubber and polytetrafluorethylene: the influence of free energy and the effect of
commercial sanitizers. Food Microbiology, Ourence, v. 17, n. 4, p. 439-447, 2000.

SOLIMAN, F. M. et al. Comparative study of the volatile oil content and antimicrobial
activity of Psidium guajava L. and Psidium cattleianum Sabine leaves. Bulletin of Faculty of
Pharmacy, Cairo University, v. 54, n. 2, p. 219-225, 2016.

SOMCHIT, M. N. et al. In vitro antimicrobial activity of ethanol and water extracts of Cassia
alata. Journal of Ethnopharmacology, v. 84, n. 1, p. 1-4, 2003.

SOUZA, G. C. et al. Ethnopharmacological studies of antimicrobial remedies in the south of
Brazil. Journal of ethnopharmacology, v. 90, n. 1, p. 135-43, 2004.



62

SOUZA, J. N. S. et al. Antioxidant capacity of four polyphenol-rich Amazonian plant
extracts: A correlation study using chemical and biological in vitro assays. Food Chemistry,
v. 106, n. 1, p. 331-339, 2008.

TAGURI, T.; TANAKA, T.; KOUNO, I. Antimicrobial Activity of 10 Different Plant
Polyphenols against Bacteria Causing Food-Borne Disease. Biological & Pharmaceutical
Bulletin, v. 27, n. 12, p. 1965-1969, 2004.

TAVARES, W. Antibidticos e Quimioterapicos para o Clinico. Sdo Paulo: Atheneu, p. 915,
2006.

TAVARES, W. DE S. et al. Potential use of Asteraceae extracts to control Spodoptera
frugiperda (Lepidoptera: Noctuidae) and selectivity to their parasitoids Trichogramma
pretiosum (Hymenoptera: Trichogrammatidae) and Telenomus remus (Hymenoptera:
Scelionidae). Industrial Crops and Products, v. 30, n. 3, p. 384-388, 2009.

TCHINDA, C. F. et al. Antibacterial activities of the methanol extracts of Albizia
adianthifolia, Alchornea laxiflora, Laportea ovalifolia and three other Cameroonian plants
against multi-drug resistant Gram-negative bacteria. Journal of Biological Sciences, v. 24, n.
4, p. 950-955, 2017.

TEPE, B. et al. Antimicrobial and antioxidative activities of the essential oils and methanol
extracts of Salvia cryptantha (Montbret et Aucher ex Benth.) and Salvia multicaulis (Vahl).
Food Chemistry, v. 84, n. 4, p. 519-525, 2004.

TONG, S. Y. C. et al. Staphylococcus aureus infections: Epidemiology, pathophysiology,
clinical manifestations, and management. Clinical Microbiology Reviews, v. 28, n. 3, p.
603-661, 2015.

TUR, C. M. et al. Atividade alelopética de extratos aquosos de folhas de rabo-de-bugio sobre
a germinacdo e o crescimento inicial de plantulas de alface. Revista Brasileira de
Biociéncias, v. 10, n. 4, p. 521-525, 2012.

VALKO, M. et al. Free radicals and antioxidants in normal physiological functions and
human diseaselnternational. Journal of Biochemistry and Cell Biology, 2007.

VELDERRAIN-RODRIGUEZ, G. R. et al. Phenolic compounds: their journey after intake.
Food & function, v. 5, n. 2, p. 189-97, 2014.

VEILLET, S.; TOMAQO, V.; CHEMAT, F. Ultrasound assisted maceration: An original
procedure for direct aromatisation of olive oil with basil. Food Chemistry, v. 123, n. 3, p.
905-911, 2010.

VERMA, A. K. et al. Guava (Psidium guajava L.) powder as an antioxidant dietary fibre in
sheep meat nuggets. Asian-Australasian. Journal of Animal Sciences, v. 26, n. 6, p. 886—
895, 2013.

VINHOLES, J., LEMOS, G., BARBIERI, R. L., FRANZON, R. C., VIZZOTTO, M. In vitro
assessment of the antihyperglycemic and antioxidant properties of araca, butia and pitanga.
Food Bioscience, v. 19, p. 92-100, 2017.



63

VOGEL, J. Unique aspects of the grass cell wall. Current Opinion in Plant Biology, v. 11,
p. 301-307, 2008.

WATERMAN, P.G., MOLE, S. Analysis of phenolic plant metabolites. Oxford: Blackwell
Scientific Publications, 238p.,1994.

WEBER, L. D. et al. Chemical composition and antimicrobial and antioxidant activity of
essential oil and various plant extracts from Prunus myrtifolia (L.) Urb. African Journal of
Agricultural Research, v. 9, n. 9, p. 846-853, 2014.

WERTHEIM, H. F. et al. The role of nasal carriage in Staphylococcus aureus infections. The
Lancet Infectious Diseases, v. 5, n. 12, p. 751-762, dez. 2005.



