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ARTICLE INFO ABSTRACT

Keywords: The objective this study was to obtain extracts, using ultrasound and enzymes, of leaves of Psidium. cattleianum
Cattley guava Sabine, collected in the summer and winter, and evaluate the antioxidant, allelopathic and antimicrobial ac-
Cellulases tivities. Photomicrographs of leaf structure were obtained by SEM. The phenolic compounds content (TPC) and
g]ijics;l)ilinimpoun ds the antioxidant activity were determined. The allelopathic activity was verified in bioassays for each of the
Activities extracts against the test plant (Lactuca sativa). The antimicrobial activity was determined against Gram-positive

and Gram-negative bacterial species. It was evaluated the use of extracts as disinfectants. The SEM showed that
the extraction form affected the cell structure of the leaves but did not influence the TPC. The highest TPC was
found in leaf extracts collected during winter, with values between 123 and 144 mg EAG.g"'. The level of
antioxidant activity estimated presented higher value for the leaves collected in the summer, where the ICsg
presented values of 37 pg mL~'. The results also indicate that all extracts tested show considerable allelopathic
activity, with inhibition of growth of more than 50%. The antimicrobial activity can be classified as partially
active to very active, where the best results were found against L. monocytogenes, with inhibition halos measuring
up to 23 mm. It was also verified that the time of collection of leaves interfered in the values found. With regard
to surface disinfection, all the extracts tested positive results. Experiments have shown that extracts of
P. cattleianum Sabine are a source of bioactive compounds, which have antioxidant, allelopathic and antibacterial
activity.

1. Introduction

The Psidium genus comprehend 100 species, defined as species that
produce foodstuffs fruits, lumber, and ornamental ones, with the po-
tential for commercial exploration, considered as medicinal plants,
which are used in Brazilian traditional medicine to combat oral,
gastrointestinal, urogenital and intestinal inflammations (Brandao,
2003). 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 et al., 2011;
McCook-Russell et al., 2012). It has three or four times more ascorbic
acid than citric fruits, and it has a great number 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. The antioxidant potential of Cattley guava can be explained its
capacity to capture the species reactive to oxygen and nitrogen, besides
its pulp also having inhibiting potential for Oy, HOCI, and 10, (Ribeiro
et al., 2014).

In Hawaii, since it was introduced, in 1825, as an ornamental garden
plant, P. cattleianum has become an invading species, which has trig-
gered 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.,
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2003). These molecules, which prevents the growth of other species
(Gerlach, 2004), showing allelopathic potential, which is characterized
by the positive or negative interference that chemical compounds pro-
duced by a plant exert over other organisms (Rice, 1984).

Plants usually produce numerous secondary metabolites, and some
of them have allelopathic activity, especially phenolic and terpenoids
(Einhellig, 2002), also produced by P. cattleianum. Allelopathic sub-
stances 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; Da
Silva et al., 2009).

Furthermore, the P. cattleianum demonstrated antimicrobial activity
for microorganisms Streptococcus mutans, Salmonella Enteritidis, Staph-
ylococcus epidermidis, Bacillus subtilis and Micrococcus luteus (Souza et al.,
2008; Brighenti et al., 2008; Medina et al., 2011; Biegelmeyer et al.,
2011; Patel, 2012; Verma et al., 2013; Dos Santos Pereira et al., 2018).
These findings are promising considering that the in recent years, more
attention has been paid to the production of medicines and natural,
where the search for new products of natural origin that present phar-
macological properties contributes significantly to the discovery of new
substances for different uses. In the case of plants that have relatively
high levels of antimicrobial action, they can become sources for new
compounds that inhibit the growth of foodborne pathogens (Scur et al.,
2016; Biswas et al., 2013).

The leading causes of death worldwide originate from infectious
diseases. Bacterial infections, especially in immunocompromised pa-
tients, are associated with high mortality and morbidity. As prevention
and control strategies for infectious diseases, there is an improvement in
public health, especially hygiene and sanitation, the use of antimicrobial
agents and safe water initiatives (Soliman et al., 2016). Multi-resistant
strains are emerging from the indiscriminate and even inadequate use
of synthetic antimicrobials; where the extracts of plants, with antimi-
crobial potential, aim to delay this process (Weber et al., 2014). In this
regard, surfaces carry a small risk of direct transmission of infection but
may contribute to secondary cross-contamination by hands and in-
struments or products that may be contaminated by contact with such
surfaces and subsequently contaminate persons or other surfaces.

Despite the publications on other biological activities of Psidium
cattleianum Sabine fruits (Ribeiro et al., 2014; Dos Santos Pereira et al.,
2018), there are few scientific evidences on activities related to the
leaves or using water as extraction solvent. Therefore, it is considered
important to study the other parts of the plant, as well as the different
activities of the aqueous extract of the P. cattleianum. Given that, this
work aims to evaluate the total phenolic contents and to determine the
antioxidant activity, antimicrobial potential against gram-positive and
gram-negative bacteria, as well as to test the possibility of using the
extracts as surface disinfectants and allelopathic activity of the aqueous
extracts of P. cattleianum Sabine, obtained with the use of low-frequency
ultrasound or enzymes (cellulase complex).

2. Materials and methods
2.1. Plant material and sample preparation

Cattley guava leaves (Psidium cattleianum Sabine), yellow morpho-
type, were collected in the southern region of the State of Santa Catarina
(28°19'31.9” 2 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 (sum-
mer). Leaves were selected according to uniform coloration, ruling out
vegetal material with rottenness, injuries and/or defects, as shown in
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Fig. 1. Features of leaves of P. cattleianum Sabine collected in summer (A) and
winter (B).

Fig. 1. 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.

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 an ultrasound
bath (70 W) for 3 h. This mixture stayed at rest, in the dark, for other 3 h.
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 100 rpm and 45°C for 6 h. 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.

2.3. 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 Philips, model XL30). The gold
coating was carried out in a BAL-TEC Sputter Coater, model SCD 005, for
120 s on the dried leaves (leaf samples were previously dried at 30 °C for
24 h).

2.4. 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
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agitated for 1 min. 2 mL of sodium carbonate (20%) was added to the
mixture, and agitated for 30s. After a 2h 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 ex-
tracts 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 gram (mg ECA.g™!). The data were presented
as the average of analyses + standard deviation (SD) of triplicates.

2.5. Antimicrobial activity

The antimicrobial activity of the extracts was evaluated by disc
diffusion assay and by determining the minimal inhibitory concentra-
tion (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 nega-
tives (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 McFar-
land scale (equivalent to 108 Colony Forming Units per milliliter - GFU.
ml™Y) and diluted in peptone water of casein to the concentration of
10°CFUmI .

2.5.1. Disc diffusion

The microorganisms were inoculated, via swabs, into plates con-
taining Miiller-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. For the negative control sterile
distilled water was used. Plates were incubated for 24 h at 35 + 1 °C. The
diameters of the inhibition halos were measured with a pachymeter and
the result expressed in millimeters (mm). The higher the antimicrobial
activity of the extract, the greater the inhibition halo against the tested
microorganisms. All the tests were performed in triplicate.

2.5.2. Minimum inhibitory concentration (MIC)

The extracts of the leaves of Cattley guava that presented antimi-
crobial activity through the disc diffusion, were submitted to determi-
nation 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. 100 pL 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 suspension) and positive control
wells (containing BHI and the bacterial suspension) and were also pre-
pared. The plates were incubated for 18 h at 37 °C without shaking.
After time, 10 pL of 3% resazurin was added and left for another 2h in
the incubator at 37 °C. The minimum inhibitory concentration (MIC)
was defined as the lowest concentration of the extract that was able to
inhibit the visible growth of the bacteria.

Table 1
Total phenolic content (TPC) and antioxidant activity (ICso) of aqueous extracts
of Psidium cattleianum Sabine leaves collected in summer and winter.

Leaves TPC (mg de EGA. g 1) Antioxidant activity DPPH (ICso pg.
mL’l)
WU WE WU WE
Summer  101+0.2°* 121+0.1° 37.3+0.9"® 160+0.5"*
Winter 144 +0.5%  123+0.1%A 340+1.9%* 208 +5.3%°

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.
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2.6. Surface disinfection

After testing the antimicrobial activity with all the microorganisms,
the bacterium Listeria monocytogenes was chosen for this test because it
presented the worst performance against the tested extracts. The ex-
tracts were obtained as previously described, with only one modifica-
tion. The extraction cycles were repeated four times for both extracts,
WU and WE.

Four surfaces were used: glass, plastic, stainless steel and granite,
with 5cm? each. The surfaces were contaminated in an aseptic envi-
ronment 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% (m/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
prepared 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 min. 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 min and inoculed 0.1 mL to
agar ALOA. The plates, control and post-disinfection were incubated at
37 °C for 24 h in a bacteriological oven. The Colony Forming Units (log
CFU. cm?) were counted, after incubation, (Bambace et al., 2003).

2.7. 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 commer-
cially, and non-germinated seeds were used for biogermination tests,
while seeds that were germinated 24 h 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. 5mL 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 (GI) was obtained by the relation between the sum of
germinated plantlets in each count and the number of count days. The
mean germination time (MGT) was obtained by the relation between the
sum of the multiplication of germinated seeds in 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 be-
tween 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. The plantlets that
presented 2 mm of radicle were transferred for new Petri dishes (9 cm of
diameter), covered with two Whatman filter paper n°. 2 and dampened
with 5mL 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).
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Fig. 2. SEM of the leaves submitted to extraction using ultrasound (WU — summer and WU - winter) and the enzyme complex (WE — Summer and WE - winter).

2.8. 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.

3. Results and discussion

3.1. Total phenolic content and antioxidant activity of the extracts of
Psidium cattleianum sabine leaves

The results obtained in the determination of the total phenolic con-
tent (TPC) expressed as equivalents to gallic acid (EGA) per g of dry
vegetal material, and the antioxidant activity (ICsp) in relation to DPPH
radical, expressed in (pg.mL™!) of the aqueous extracts of Psidium cat-
tleianum Sabine leaves, are shown in Table 1.

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 extract, 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
determined the TPC in aqueous extracts of Psidium gaujaya L. leaves,
have observed values of 154.36 & 2.97 pg of EAG.g™ L. Similar values
were also observed by Qian and Nihorimbere (2004), in which the TPC
value found was 511.6 + 6.2 ug of EAG.g ™.

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 devel-
opment 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).
The low winter temperature has also other characteristics that deter-
mine 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 condi-
tions leading to an increase in the production of many metabolite types
(Harris, 2009).

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.

Regarding the antioxidant activity, the extracts ability in capturing
free radicals, expressed in the value of ICs, it was verified that, for
extracts obtained through the WU method, there was a statistically
significant difference (p < 0.05) in ICso 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 ICs values lower than 50 pg mL !, the extract is considered very
active, for values from 50 to 100 pgmL ™}, it is considered moderately
active, for values between 100 and 200 pg mL "}, it is considered slightly
active, and is considered inactive for values above 200 pgmL~! (Rey-
nertson 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
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Table 2
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Antimicrobial activities (in mm) of aqueous extracts of Psidium cattleianum Sabine leaves collected in summer and winter.

Leaves Method of extraction Gram-positive bacteria Gram-negative bacteria
S. aureus L. monocytogenes E. coli S. Enteritidis
Summer WU 12.5+1.9% 18 +1.0* 9.5+ 0.0 11.24+0.0°*
WE 18.2+0.0** 23.1+0.1% 15.2+0.1%® 13.9+0.0°®
Winter WU 10.7 £1.0%* 18.5+1.1% 15.4+0.1° 12.7 £1.0°
WE 17.2+2.0°® 18.7 £1.2° 17 +1.1% 17.5+0.1°®

Zone of inhibition determined by agar disc diffusion. Results 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.

the extracts obtained by WE and WU methods for winter leaves can be
considered inactive.

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). Bernal
et al. (2013) 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.. 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. Qian and
Nihorimbere (2004), when studying the aqueous extract of Psidium
guajava L., obtained the ICso of 130 + 1.0 pg mL ™. While Leite et al.
(2014), when determining the ICsq of hydroalcoholic extracts of Psidium
guajava L. leaves, obtained the value of 268.40 pg mL L.

Fig. 2 shows the SEM of the leaves submitted to extraction using
ultrasound (WU - summer and WU — winter) and the enzyme complex
(WE — Summer and WE — winter).

Differently from that obtained for TPC, it was observed that there
was a difference between WU and WE extract, which shows that the
form of extraction did affect the cellular 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, thou-
sands 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 en-
zymes (Jordan and McAuliffe, 2018). The enzymatic complex used is
composed of cellulases, which are enzymes classified as glycosyl hy-
drolases and degraded the plant cell wall, hydrolyzing oligosaccharides,
polysaccharides and recognizing the «-1,4 bonds between glucose mol-
ecules (Raven and Evert, 2001). Miron et al. (2013) compared
enzyme-assisted extraction with conventional extraction of phenolic
compounds from lemon balm. Cellulase, pectinase and endo-p-1,
4-xylanase were used to degrade the cell wall and release the phenolic

Fig. 3. Zones of inhibition that was determined by agar disc diffusion, for all
tested microorganisms using of extract. A corresponds to the best zone of in-
hibition 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.

compounds. The results indicated that enzymatic assisted extraction
showed extracts with higher total phenol contents and antioxidant ac-
tivity compared to the traditional method.

3.2. Antimicrobial activity of the extracts of Psidium cattleianum sabine
leaves

Staphylococcus aureus is considered an important human pathogen,
especially when related to the wide range of clinical infections caused. It
is one of the leading causes of infective endocarditis and bacteremia, as
well as cutaneous, osteoarticular 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 con-
sumption 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 and McAuliffe, 2018). Escherichia coli is a common cause of
diarrheagenic illness globally, of complicated and uncomplicated uri-
nary 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 2. The classification establishes that extracts with halos of inhi-
bition <9 mm are classified as inactive; from 9 to 12 mm are partially
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Table 3
Antibacterial activity of aqueous extracts of Psidium cattleianum Sabine leaves
expressed as minimum inhibitory concentrations (MICs), in pg.mL ™"

Leaves Method of Gram-positive bactéria Gram-negative

extraction bacteria

S. aureus L. monocytogenes  E.coli S.
Enteritidis

Summer wu 12.6 12.6 6.3 12.6

WE 15.1 15.1 30.2 7.6
Winter WU 18 18 36 18

WE 15.4 15.4 30.7 15.4

WU and WE correspond to extraction methods using water + ultrasound and
water + enzyme, respectively.

active, from 13 to 18 mm are active and, >18 mm are very active (Oli-
veira et al., 2016).

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 to say,
none of the extracts tested was classified as inactive. In general, it
observed that Gram-positive bacteria presented less resistance against
the extracts tested when compared to Gram-negative bacteria. This fact
may be related to bacterial cell structure, since the Gram-positive bac-
teria 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).

Fig. 3 shows the best zones of inhibition that was determined by agar
disc diffusion, for all tested microorganisms.

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, in-
dependent of the collection season, there was no statistical difference in
relation to WU and WE extract. When comparing the extracts WU and
WE for the same season, it verified that the results varied according to
the microorganism used. For S. Enteritidis the results showed a signifi-
cant 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. 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.

Gobbo-Neto and Lopes (2007) highlight that 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. 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. It is known that the
action of flavonoids on bacterial cells occurs through the formation of
complexes between the cell wall and proteins, causing their rupture
(Taguri et al., 2004). Flavonoids having the 20H groups in their rings
are less active against microorganisms than those with hydroxyl groups;
this finding confirms the idea that the membrane is the target. The
ability to complex with soluble and extracellular proteins in bacterial
cell walls is probably due to their activity. However, microbial mem-
branes can also be broken by lipophilic flavonoids. (Cowan, 1999; Sato
et al., 1996). On the other hand, the inhibition of nutrient transport and
the formation of complexes between the tannins and the bacterial cell
wall acts to prevent microbial growth (McSweeney et al., 2001). Finally,
the rupture of lipophilic compounds from microbial membranes, causing
the death of microorganisms, is associated with the mechanism of action
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Table 4

Disinfection power (log CFU.cm~2) of aqueous extracts of Psidium cattleianum
Sabine leaves against Listeria monocytogenes in glass, plastic, stainless steel and
granite surfaces.

Leaves Method of extraction  Listeria monocytogenes (log CFU.cm™2)
Glass Plastic Stainless steel Granite
Summer WU 0.00 0.00 0.00 0.00
WE 0.00 0.60 0.00 0.00
Winter WU 0.00 0.00 0.00 0.00
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.

of the triterpenoids (Tepe et al., 2004).

The antibacterial activity of aqueous extracts of Psidium cattleianum
Sabine leaves expressed as minimum inhibitory concentrations (MICs)
shown in Table 3. The antibacterial activity of plant extracts can be
considered significant when MIC values are lower than 100 pg/ml,
moderate when 100<MIC <625ugmL~! and low when
MIC>625 pg mL™! (Kuete, 2010; Tchinda et al., 2017).

The MIC values ranged from 6.28 pgmL ™! to 35.95pugmL ' and
considered significant values. Therefore, the obtained MIC values are
very important when considering importance of the tested bacteria. Scur
et al. (2016) when investigating the antimicrobial activity and phyto-
chemical screening of extracts of P. cattleianum Sabine reported that for
the aqueous extract the MIC ranged from 6.25 to 50mgmL~! for
Gram-negative bacteria and 6.25-12.5 mg mL ™! for Gram-positive bac-
teria, which shows that the result was three times higher than that stated
in the literature.

Regarding the disinfection of surfaces, all the extracts tested pre-
sented significant positive results against Listeria monocytogenes on the
four surfaces tested, as can be shown in Table 4. 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 (log CFU.cm’z), it was observed that it was efficient in the
reduction of 2.49 (log CFU.cm’z) of the count.

Table 5

Germination percentage (%G), germination speed index (GI), medium germi-
nation 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 WU WE

%G
Summer 75+ 21.234 75+7.1%
Winter 40 +14.1 50+ 0.0*
Control 100 + 0.0°* 100 + 0.0%4
GI
Summer 7.4+3.1% 3.9+1.2%
Winter 3.1+2.0°® 16 +£0.7°
Control 15.3+0.0%* 15.3+0.06™*
MGT (day)
Summer 5.1+0.2%4 5.5+1.8%
Winter 5.4+0.24 5.4+0.1%
Control 4.6+0.0* 4.6+0.0*
ASG (day™ 1)
Summer 0.19+0.0% 0.19+0.1%*
Winter 0.19+0.0* 0.18 +£0.0%*
Control 0.224+0.0 ** 0.2240.0

Tukey Test for %G, GI, 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.
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Fig. 4. Germination of Lactuca sativa cv. Grands rapids seeds in aqueous extracts of Psidium cattleianum Sabine leaves collected in summer, winter, and the control
experiment, after 24 h. 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 water + enzyme, respectively. In the control experiment, distilled water was used

for wetting.

It is known that the chemical composition of the surface influences
bacterial adhesion and proliferation. In materials with different func-
tional groups in their chemical composition, there is a difference in the
number of cells adhered due to the fact that the bacteria-surface inter-
action depends on the hydrophobicity and loading of the material
(Katsikogianni and Missirlis, 2004). Silva et al. (2008) when studying
the adhesion to and viability of L. monocytogenes on food contact sur-
faces 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 2h. 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.

3.3. Allelopathic activity of the leaf extracts

The evaluation of allelopathic and 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 5, are presented the
results of the germination percentage (%G), germination speed index
(GD), medium germination time (MGT) and average speed of germina-
tion (ASG) of Lactuca sativa cv. Grands rapids seeds submitted to
aqueous extracts of Psidium cattleianum Sabine leaves collected in sum-
mer and winter.

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. 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%-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, about the season, the
WU extract was statistically different (p < 0.05) when compared both

Table 6

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

Leaves %IG

WU WE
Summer 57.1 +4.9% 58 4+ 0.4%A
Winter 51.6 +2.4%4 55.34+1.3%
Control 0.0+0.01 ®* 0.00+0.01 ™A

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 + ultra-
sound and water + enzyme, respectively. In the control experiment, distilled
water used for wetting.

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

Fig. 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 h.

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
75g.L~! of dry leaves presented a partial to total inhibition of germi-
nation. 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%. Alle-
lopathic compounds, since they interfere in cell division, membrane
permeability, and enzyme activation, are considered as germination and
growth inhibitors (Ali et al., 2014). Thus, the reduction in seed germi-
nability 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 shown in Table 6, expressed through
the percentage of growth inhibition in relation to the positive control
(plant with distilled water).

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
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Fig. 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. 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 + ul-

trasound and water 4 enzyme, respectively.

the ultrasound and the enzyme complex both 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 showed a 50% plant growth inhibition, demon-
strating 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 and Aqiiila,
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 (Aqiiila, 2000), considering that this effect was observed in the
treatments performed.

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

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 alle-
lochemicals, 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. Conclusions

The results showed that Psidium cattleianum Sabine leaves have
shown a content of total phenolic compounds that present antioxidant,
antimicrobial activity and allelopathic activity. Generally, the extraction
methods used, with the assist of ultrasound and enzymes, did not affect
the tested activities; however, the season when the leaves were collected
had influence. In relation to the phenolic content, leaves collected in
winter have higher values, while summer leaves had lower antioxidant
activity. For 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 (MIC), all the extracts tested
showed significant activity. Regarding the disinfection of the surfaces,

all the tested extracts presented positive results against L. monocytogenes
on the four surfaces tested. Besides that, extracts from all tested samples
and extractions showed considerable allelopathic activity, which sug-
gests that leaf extracts can be tested as bioherbicides. The results high-
light the significance of this plant, native in the South of Brazil.

Conflicts of interest
The authors declare that they have no conflict of interest.

Acknowledgments

The work described in this article was supported by the Food Engi-
neering Department of the Santa Catarina State University - UDESC,
especially by the Biolab and Microlab. This study was financed in part by
the Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior -
Brasil (CAPES) - Finance Code 001, Conselho Nacional de Desenvolvi-
mento Cientifico e Tecnolégico (CNPq), Fundagao de Amparo a Pesquisa
e Inovacao do Estado de Santa Catarina (FAPESC), and Programa de
Bolsas Universitarias de Santa Catarina (UNIEDU).

References

Ali, 1.B.E.H., Bahri, R., Chaouachi, M., Boussaid, M., Harzallah-Skhiri, F., 2014. Phenolic
content, antioxidant and allelopathic activities of various extracts of Thymus
numidicus Poir. organs. Ind. Crops Prod. 62, 188-195. https://doi.org/10.1016/j.
indcrop.2014.08.021.

Alvarenga, F.Q., Mota, B.C., Leite, M.N., Fonseca, J.M., Oliveira, D.A., Royo, V.A.,
Silva, M.L., Esperandim, V., Borges, A., Laurentiz, R.S., 2013. In vivo analgesic
activity, toxicity and phytochemical screening of the hydroalcoholic extract from the
leaves of Psidium cattleianum Sabine. J. Ethnopharmacol. 150 (1), 280-284.

Alvarenga, F.Q., Mota, B.C.F., Royo, V.deA., Laurentiz, R.da S.de, Menezes, E.V., 2016.
Atividade antimicrobiana in vitro das folhas de araca (Psidium cattleianum Sabine)
contra micro-organismos da mucosa oral. Rev. Odontol. UNESP 45 (3), 149-153.
https://doi.org/10.1590/1807-2577.13015.

Agqiiila, M.E.A., 2000. Efeito alelopatico de Ilex paraguariensis A. St.-Hil. na germinagao e
crescimento inicial de Lactuca sativa L. Theringia 53, 51-66.

Bambace, A.M.J., Barros, E.J.A., Santos, S.S.F., Jorge, A.O.C., 2003. Eficacia de solucoes
aquosas de clorexidina para desinfeccao de superficies. Rev. Biociencias 9 (2),
73-81.

Beresford, M.R., Andrew, P.W., Shama, G., 2001. Listeria monocytogenes adheres to
many materials found in food-processing environments. J. Appl. Microbiol. 90 (6),
1000-1005.

Bernal, M., Llorens, L., Julkunen-Tiitto, R., Badosa, J., Verdaguer, D., 2013. Altitudinal
and seasonal changes of phenolic compounds in Buxus sempervirens leaves and
cuticles. Plant Physiol. Biochem. 70, 471-482. https://doi.org/10.1016/j.plaphy.20
13.06.012.

Biegelmeyer, R., Andrade, J.M., Aboy, A.L., Apel, M.A,, Dresch, R.R., Marin, R.,
Raseira, M. do C., Henriques, A.T., 2011. Comparative analysis of the chemical


https://doi.org/10.1016/j.indcrop.2014.08.021
https://doi.org/10.1016/j.indcrop.2014.08.021
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref2
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref2
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref2
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref2
https://doi.org/10.1590/1807-2577.13015
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref4
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref4
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref5
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref5
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref5
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref6
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref6
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref6
https://doi.org/10.1016/j.plaphy.2013.06.012
https://doi.org/10.1016/j.plaphy.2013.06.012

M.V. Dacoreggio et al.

composition and antioxidant activity of red (Psidium cattleianum) and yellow
(Psidium cattleianum var. Lucidum) strawberry guava fruit. J. Food Sci. 76 (7),
991-996. https://doi.org/10.1111/j.1750-3841.2011.02319.x.

Biswas, B., Rogers, K., McLaughlin, F., Daniels, D., Yadav, A., 2013. Antimicrobial
activities of leaf extracts of guava (Psidium guajava L.) on two gram-negative and
gram-positive bacteria. Internet J. Microbiol. 2013, 1-7. https://doi.org/10.1155/
2013/746165.

Bonoli, M., Verardo, V., Marconi, E., Caboni, M.F., 2004. Antioxidant phenols in barley
(Hordeum vulgare L.) flour: comparative spectrophotometric study among extraction
methods of free and bound phenolic compounds. J. Agric. Food Chem. 52 (16),
5195-5200. https://doi.org/10.1021/jf040075c.

Borges, L.L., Licio, T.C., Gill, E.S., Barbosa, E.F., 2011. Uma abordagem sobre Métodos
analiticos para determinacao da atividade antioxidante em produtos naturais.
Enciclopédia Biosfera. 7 (12), 1-20.

Brandao, M.G.L., 2003. Plantas Medicinais e Fitoterapia. Faculdade de Farmacia da
UFMG, 113p. Belo Horizonte 1.

Brighenti, F.L., Luppens, S.B., Delbem, A.C., Deng, D.M., Hoogenkamp, M.A., Gaetti-
Jardim Jr., E., Dekker, H.L., Crielaard, W., ten Cate, J.M., 2008. Effect of Psidium
cattleianum leaf extract on Streptococcus mutans viability, protein expression and acid
production. Caries Res. 42 (2), 148-154. https://doi.org/10.1159/000121439.

Chen, H.-Y., Lin, Y.-C., Hsieh, C.-L., 2007. Evaluation of antioxidant activity of aqueous
extract of some selected nutraceutical herbs. Food Chem. 104 (4), 1418-1424.
https://doi.org/10.1016/j.foodchem.2007.02.004.

Christoffoleti, P.J., Victoria Filho, R., Silva, C.B. da, 1994. Resisténcia de plantas
daninhas aos herbicidas. Planta Daninha 12 (1), 13-20. https://doi.org/10.1590/S0
100-83581994000100003.

Cowan, M.M., 1999. Plant products as antimicrobial agents. Clin. Microbiol. Rev. (4),
564-582.

Da Silva, C.B., Simionatto, E., Hess, S.C., Peres, M.T.L.P., Simionatto, E.L., Jinior, A.W.,
Poppi, N.R., Faccenda, O., Candido, A.C. da S., Scalon, S.P.Q., 2009. Chemical
composition and allelophatic activity of essential oil from Hydrocotyle bonariensis
Lam (Araliaceae). Quim. Nova 32 (9), 2373-2376. https://doi.org/10.1590/50100
-40422009000900026.

Dos Santos Pereira, E., Vinholes, J., Franzon, R.C., Dalmazo, G., Vizzotto, M., Nora, L.,
2018. Psidium cattleianum fruits: a review on its composition and bioactivity. Food
Chem. 258, 95-103. https://doi.org/10.1016/j.foodchem.2018.03.024.

Einhellig, F.A., 2002. The physiology of allelochemical action: clues and Views. In:
Reigosa, M., Pedrol, N. (Eds.), Allelopathy from Molecules to Ecosystems.
Universidade de Vigo, Vigo, pp. 1-23.

Fernandes, F.A.N., Gallao, M.I., Rodrigues, S., 2008. Effect of osmotic dehydration and
ultrasound pre-treatment on cell structure: mMelon dehydration. LWT - Food Sci.
Technol. (Lebensmittel-Wissenschaft -Technol.) 41 (4), 604-610, 2008. https://doi.
org/10.1016/j.1wt.2007.05.007.

Formagio, A., Masetto, T., Baldivia, D., Vieira, M., Zarate, N., 2010. Potential alelopatico
de cinco espécies da familia Annonaceae. R. Bras. Bioci. 8 (4), 349-354.

Forsythe, S.J., 2013. Microbiologia da Seguranca Alimentar, second ed. Artmed, Porto
Alegre.

Gerlach, J.A., 2004. A 10-year study of changes in forest vegetation on Silhouette island,
Seychelles. J. Nat. Conserv. 12 (3), 149-155. https://doi.org/10.1016/j.jnc.2004.0
3.002.

Gobbo-Neto, L., Lopes, N.P., 2007. Plantas medicinais: fatores de influéncia no contetido
de metabdlitos secundarios fatores que influenciam o contetido de metabdlitos
secundarios. Quim. Nova 30 (2), 374-381.

Harris, W.C., 2009. Trease and Evans’ Pharmacognosy, six ed. Saunders/Elsevier.

Hister, C.A.L., Trapp, K.C., Tedesco, S.B., 2016. Potential alelopético e antiproliferativo
de extratos aquosos das folhas de Psidium cattleianum Sabine sobre Lactuca sativa L.
R. Bras. Bioci. 14 (2), 124-129.

Hoffmann, E.F.C., Neves, L.A.S., Bastos, C.F., Wallau, G.L., 2007. Allelopathic activity of
Nerium oleander L. and Dieffenbachia picta schott in seeds of Lactuca sativa L. and
Bidens pilosa L. Rev. Ciénc. Agrovet. 1, 11-21.

Howard, Z.R., O'Bryan, C.A., Crandall, P.G., Ricke, S.C., 2012. Salmonella Enteritidis in
shell eggs: current issues and prospects for control. Food Res. Int. 45 (2), 755-764.
https://doi.org/10.1016/j.foodres.2011.04.030.

Jarvis, N.A., O’Bryan, C.A,, Ricke, S.C., Johnson, M.G., Crandall, P.G., 2016. A review of
minimal and defined media for growth of Listeria monocytogenes. Food Control 66,
256-269. https://doi.org/10.1016/j.foodcont.2016.02.020.

Jordan, K., McAuliffe, O., 2018. Listeria monocytogenes in foods. In: odriguez-Lazaro, D.
(Ed.), Advances in Food and Nutrition Research: Biological Emerging Risks in Foods.
Academic Press, Cambridge, pp. 181-213.

Kato-Noguchi, H., Takeshita, S., Kimura, F., Ohno, O., Suenaga, K., 2013. A novel
substance with allelopathic activity in Ginkgo biloba. J. Plant Physiol. 170 (18),
1595-1599. https://doi.org/10.1016/j.jplph.2013.07.003.

Katsikogianni, M., Missirlis, Y.F., 2004. Concise review of mechanisms of bacterial
adhesion to biomaterial and techniques used in estimating bacteria-material
interactions. Eur. Cells Mater. 8, 37-57.

Kohno, M., Mokudai, T., Ozawa, T., Niwano, Y., 2011. Free radical formation from
sonolysis of water in the presence of different gases. J. Clin. Biochem. Nutr. 49 (2),
96-101. https://doi.org/10.3164/jcbn.10-130.

Kuete, V., 2010. Potential of Cameroonian plants and derived products against microbial
infections: a review. Planta Med. 76 (14), 1479-1491. https://doi.org/10.
1055/5-0030-1250027.

Larrauri, J.A., Rupérez, P., Saura-Calixto, F., 1997. Effect of drying temperature on the
stability of polyphenols and antioxidant activity of red grape pomace peels. J. Agric.
Food Chem. 45 (4), 1390-1393. https://doi.org/10.1021/jf960282f.

Leite, N.F., de Souza, C.E.S., de Lavor, A.K.L.S., de Brito, D.I.V., Figueredo, F.G.,
Ferreira, J.V. de A., de Menezes, I.R.A., Coutinho, H.D.M., 2014. Composicao

Biocatalysis and Agricultural Biotechnology 21 (2019) 101295

fendlica e avaliagao da atividade antioxidante e citoprotetora dos extratos de Psidium
guajava L. var. pyrifera e Psidium guajava L. var. pomifera. Cad. Cult. Ciénc. 13 (1),
8-15. https://doi.org/10.14295/cad.cult.cienc.v13i1.687.

Luz, A.C., Pretti, LR., Dutra, J.C.V., Batitucci, M.C.P., 2012. Avaliagao do potential
citotéxico e genotdxico de Plantago major L. em sistemas teste in vivo. Rev. Bras.
Plantas Med. 14 (4), 635-642. https://doi.org/10.1590/51516-05722012000
400010.

Maraschin-Silva, F., Aqiiila, M.E.A., 2005. Potential alelopatico de Dodonaea viscosa (L).
Jacq. Theringia. 60, 91-98.

McCook-Russell, K.P., Nair, M.G., Facey, P.C., Bowen-Forbes, C.S., 2012. Nutritional and
nutraceutical comparison of Jamaican Psidium cattleianum (strawberry guava) and
Psidium guajava (common guava) fruits. Food Chem. 134 (2), 1069-1073. https://
doi.org/10.1016/j.foodchem.2012.03.018.

McSweeney, C.S., Palmer, B., Bunch, R., Krause, D.O., 2001. Effect of the tropical forage
calliandra on microbial protein synthesis and ecology in the rumen. J. Appl.
Microbiol. 90 (1), 78-88.

Medina, A.L., Haas, L.LR., Chaves, F.C., Salvador, M., Zambiazi, R.C., Silva, W.P.,
Nora, L., Rombaldi, C.V., 2011. Araca (Psidium cattleianum Sabine) fruit extracts with
antioxidant and antimicrobial activities and antiproliferative effect on human cancer
cells. Food Chem. 128 (4), 916-922. https://doi.org/10.1016/j.foodchem.2011
.03.119.

Miron, T.L., Herrero, M., Ibanez, E., 2013. Enrichment of antioxidant compounds from
lemon balm (Melissa officinalis) by pressurized liquid extraction and enzyme assisted
extraction. J. Chromatogr. A 1288, 1-9. https://doi.org/10.1016/j.chroma.2013.0
2.075.

Nowacka, M., Wiktor, A., Sledz, M., Jurek, N., Witrowa-Rajchert, D., 2012. Drying of
ultrasound pretreated apple and its selected physical properties. J. Food Eng. 113
(3), 427-433. https://doi.org/10.1016/j.jfoodeng.2012.06.013.

Oliveira, B.D., Rodrigues, A.C., Cardoso, B.M.I., Ramos, A.L.C.C., Bertoldi, M.C.,
Taylor, J.G., Cunha, L.R. da, Pinto, U.M., 2016. Antioxidant, antimicrobial and anti-
quorum sensing activities of Rubus rosaefolius phenolic extract. Ind. Crops Prod. 84,
59-66. https://doi.org/10.1016/j.indcrop.2016.01.037.

Ostrosky, E.A., Mizumoto, M.K., Lima, M.E.L., Kaneko, T.M., Nishikawa, S.O., Freitas, B.
R., 2008. Methods for evaluation of the antimicrobial activity and determination of
Minimum Inhibitory Concentration (MIC) of plant extracts. Rev. Bras. Farmacogn.
18 (2), 301-307. https://doi.org/10.1590/50102-695X2008000200026.

Patel, S., 2012. Exotic tropical plant Psidium cattleianum: a review on prospects and
threats. Rev. Environ. Sci. Bio. 11 (3), 243-248.

Pires, N.M., Oliveira, V.R., 2001. Alelopatia. In: Oliveira Jr., R.S., Constantin, J.,
Inoue, M.H. (Eds.), Biologia e Manejo de Plantas Daninhas. Omnipax, Curitiba,
pp. 145-185.

Poolman, J.T., 2016. Escherichia coli. In: Quah, S.R. (Ed.), International Encyclopedia of
Public Health. Academic Press, Cambridge, pp. 585-593.

Qian, H., Nihorimbere, V., 2004. Antioxidant power of phytochemicals from Psidium
guajava leaf. J. Zhejiang Univ. - Sci. 5 (6), 676-683.

Raven, P.H., Evert, R.F., 2001. In: Biologia Vegetal, S.E., six (Eds.), Eichchorn.
Guanabara Koogan, Rio de Janeiro.

Reynertson, K.A., Basile, M.J., Kennelly, E.J., 2005. Antioxidant potential of seven
Myrtaceous fruits. Ethnobot. Res. Appl. 3, 25-28.

Rezende, C.P., Pinto, J.C., Evangelista, A.R., Santos, [.P.A., 2003. Alelopatia e suas
interacoes na formacao e manejo de pastagens. Boletim Agropecudrio, Universidade
Federal de Lavras, Lavras 54, 1-55.

Ribeiro, A.B., Chisté, R.C., Freitas, M., Da Silva, A.F., Visentainer, J.V., Fernandes, E.,
2014. Psidium cattleianum fruit extracts are efficient in vitro scavengers of physio-
logically relevant reactive oxygen and nitrogen species. Food Chem. 165, 140-148.
https://doi.org/10.1016/j.foodchem.2014.05.079.

Rice, E.L., 1984. Allelopathy, second ed. Academic Press, New York.

Santacatalina, J.V., Rodriguez, O., Simal, S., Carcel, J.A., Mulet, A., Garcia-Pérez, J.V.,
2014. Ultrasonically enhanced low-temperature drying of apple: influence on drying
kinetics and antioxidant potential. J. Food Eng. 138, 35-44. https://doi.org/10.101
6/j.jfoodeng.2014.04.003.

Sato, M., Fujiwara, S., Tsuchiya, H., Fujii, T., linuma, M., Tosa, H., Ohkawa, Y., 1996.
Flavones with antibacterial activity against cariogenic bacteria. J. Ethnopharmacol.
54 (2-3), 171-176.

Scur, M.C., Pinto, F.G.S., Pandini, J.A., Costa, W.F., Leite, C.W., Temponi, L.G., 2016.
Antimicrobial and antioxidant activity of essential oil and different plant extracts of
Psidium cattleianum Sabine. Braz. J. Biol. 76 (1), 101-108, 2016. https://doi.org/1
0.1590/1519-6984.13714.

Silva, S., Teixeira, P., Oliveira, R., Azeredo, R., 2008. Adhesion to and viability of Listeria
monocytogenes on food contact surfaces. J. Food Prot. 71 (7), 1379-1385. https://
doi.org/10.4315/0362-028X-71.7.1379.

Soliman, F.M., Fathy, M.M., Salama, M.M., Saber, F.R., 2016. 2016. Comparative study
of the volatile oil content and antimicrobial activity of Psidium guajava L. and Psidium
cattleianum Sabine leaves. Bull Fac Pharm 54 (2), 219-225. https://doi.org/10.10
16/j.bfopcu.2016.06.003.

Souza, J.N.S,, Silva, E.M., Loir, A., Rees, J.-F., Rogez, H., Larondelle, Y., 2008.
Antioxidant capacity of four polyphenol-rich Amazonian plant extracts: a correlation
study using chemical and biological in vitro assays. Food Chem. 106 (1), 331-339.
https://doi.org/10.1016/j.foodchem.2007.05.011.

Taguri, T., Tanaka, T., Kouno, I., 2004. Antimicrobial activity of 10 different plant
polyphenols against bacteria causing Food-Borne disease. Biol. Pharm. Bull. 27 (12),
1965-1969.

Tchinda, C.F., Voukeng, LK., Beng, V.P., Kuete, V., 2017. 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.
Saudi J. Biol. Sci. 24 (4), 950-955. https://doi.org/10.1016/j.sjbs.2016.01.033.


https://doi.org/10.1111/j.1750-3841.2011.02319.x
https://doi.org/10.1155/2013/746165
https://doi.org/10.1155/2013/746165
https://doi.org/10.1021/jf040075c
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref11
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref11
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref11
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref12
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref12
https://doi.org/10.1159/000121439
https://doi.org/10.1016/j.foodchem.2007.02.004
https://doi.org/10.1590/S0100-83581994000100003
https://doi.org/10.1590/S0100-83581994000100003
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref17
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref17
https://doi.org/10.1590/S0100-40422009000900026
https://doi.org/10.1590/S0100-40422009000900026
https://doi.org/10.1016/j.foodchem.2018.03.024
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref21
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref21
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref21
https://doi.org/10.1016/j.lwt.2007.05.007
https://doi.org/10.1016/j.lwt.2007.05.007
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref24
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref24
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref25
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref25
https://doi.org/10.1016/j.jnc.2004.03.002
https://doi.org/10.1016/j.jnc.2004.03.002
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref27
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref27
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref27
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref29
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref30
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref30
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref30
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref31
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref31
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref31
https://doi.org/10.1016/j.foodres.2011.04.030
https://doi.org/10.1016/j.foodcont.2016.02.020
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref34
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref34
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref34
https://doi.org/10.1016/j.jplph.2013.07.003
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref36
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref36
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref36
https://doi.org/10.3164/jcbn.10-130
https://doi.org/10.1055/s-0030-1250027
https://doi.org/10.1055/s-0030-1250027
https://doi.org/10.1021/jf960282f
https://doi.org/10.14295/cad.cult.cienc.v13i1.687
https://doi.org/10.1590/S1516-05722012000400010
https://doi.org/10.1590/S1516-05722012000400010
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref43
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref43
https://doi.org/10.1016/j.foodchem.2012.03.018
https://doi.org/10.1016/j.foodchem.2012.03.018
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref45
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref45
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref45
https://doi.org/10.1016/j.foodchem.2011.03.119
https://doi.org/10.1016/j.foodchem.2011.03.119
https://doi.org/10.1016/j.chroma.2013.02.075
https://doi.org/10.1016/j.chroma.2013.02.075
https://doi.org/10.1016/j.jfoodeng.2012.06.013
https://doi.org/10.1016/j.indcrop.2016.01.037
https://doi.org/10.1590/S0102-695X2008000200026
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref51
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref51
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref52
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref52
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref52
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref53
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref53
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref54
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref54
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref55
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref55
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref56
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref56
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref57
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref57
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref57
https://doi.org/10.1016/j.foodchem.2014.05.079
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref59
https://doi.org/10.1016/j.jfoodeng.2014.04.003
https://doi.org/10.1016/j.jfoodeng.2014.04.003
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref61
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref61
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref61
https://doi.org/10.1590/1519-6984.13714
https://doi.org/10.1590/1519-6984.13714
https://doi.org/10.4315/0362-028X-71.7.1379
https://doi.org/10.4315/0362-028X-71.7.1379
https://doi.org/10.1016/j.bfopcu.2016.06.003
https://doi.org/10.1016/j.bfopcu.2016.06.003
https://doi.org/10.1016/j.foodchem.2007.05.011
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref67
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref67
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref67
https://doi.org/10.1016/j.sjbs.2016.01.033

M.V. Dacoreggio et al.

Tepe, B., Donmez, E., Unlu, M., Candan, F., Daferera, D., Vardar-Unlu, G., Polissiou, M.,
Sokmen, A., 2004. Antimicrobial and antioxidative activities of the essential oils and
methanol extracts of Salvia cryptantha (Montbret et Aucher ex Benth.) and Salvia
multicaulis (Vahl). Food Chem. 84 (4), 519-525. https://doi.
org/10.1016/50308-8146(03)00267-X.

Tong, S.Y., Davis, J.S., Eichenberger, E., Holland, T.L., Fowler Jr., V.G., 2015.
Staphylococcus aureus infections: epidemiology, pathophysiology, clinical
manifestations, and management. Clin. Microbiol. Rev. 28 (3), 603-661. https://doi.
org/10.1128/CMR.00134-14.

Tur, C.M., Martinazzo, E.G., Aumonde, T.Z., Villela, F.A., 2012. Atividade alelopatica de
extratos aquosos de folhas de rabo-de-bugio sobre a germinacgao e o crescimento
inicial de plantulas de alface. R. Bras. Bioci. 10 (4), 521-525.

10

Biocatalysis and Agricultural Biotechnology 21 (2019) 101295

Verma, A.K., Rajkumar, V., Banerjee, R., Biswas, S., Das, A.K., 2013. Guava (Psidium
guajava L.) powder as an antioxidant dietary fibre in sheep meat nuggets. Asian-
Australas. J. Anim. Sci. 26 (6), 886-895. https://doi.org/10.5713/ajas.2012.12671.

Weber, L.D., Pinto, F.G.S., Scur, M.C., Souza, J.G.L., Costa, W.F., Leite, C.W., 2014.
Chemical composition and antimicrobial and antioxidant activity of essential oil and
various plant extracts from Prunus myrtifolia (L.) Urb. Afr. J. Agric. Res. 9 (9),
846-853.

Wertheim, H.F., Melles, D.C., Vos, M.C., van Leeuwen, W., van Belkum, A., Verbrugh, H.
A., Nouwen, J.L., 2005. The role of nasal carriage in Staphylococcus aureus infections.
Lancet Infect. Dis. 5 (12), 751-762. https://doi.org/10.1016/51473-3099(05)
70295-4.


https://doi.org/10.1016/S0308-8146(03)00267-X
https://doi.org/10.1016/S0308-8146(03)00267-X
https://doi.org/10.1128/CMR.00134-14
https://doi.org/10.1128/CMR.00134-14
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref71
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref71
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref71
https://doi.org/10.5713/ajas.2012.12671
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref74
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref74
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref74
http://refhub.elsevier.com/S1878-8181(19)30708-X/sref74
https://doi.org/10.1016/S1473-3099(05)70295-4
https://doi.org/10.1016/S1473-3099(05)70295-4

	Antioxidant, antimicrobial and allelopathic activities and surface disinfection of the extract of Psidium cattleianum sabin ...
	1 Introduction
	2 Materials and methods
	2.1 Plant material and sample preparation
	2.2 Preparation and obtaining the extracts
	2.3 Scanning electron microscopy (SEM)
	2.4 Determination of total phenolic content (TPC) and antioxidant activity by elimination of radicals by DPPH
	2.5 Antimicrobial activity
	2.5.1 Disc diffusion
	2.5.2 Minimum inhibitory concentration (MIC)

	2.6 Surface disinfection
	2.7 Allelopathic activity
	2.8 Statistical analysis

	3 Results and discussion
	3.1 Total phenolic content and antioxidant activity of the extracts of Psidium cattleianum sabine leaves
	3.2 Antimicrobial activity of the extracts of Psidium cattleianum sabine leaves
	3.3 Allelopathic activity of the leaf extracts

	4 Conclusions
	Conflicts of interest
	Acknowledgments
	References


