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RESUMO

A constante busca por produtos antimicrobianos naturais em substituicdo aos produtos sintéticos tem
aumentado nas Ultimas décadas, devido a principalmente o uso indiscriminado dos antimicrobianos
sintéticos convencionais, acarretando na selecdo de micro-organismos resistentes. Além disso, existe uma
exigéncia de uma parcela dos consumidores que almejam produtos que ndo prejudiquem o meio ambiente.
Com isso, os desinfetantes biodegradaveis, extratos vegetais e 0leos essenciais ganham destaque em
pesquisas que visem o controle de patdgenos. Para tanto, o objetivo do trabalho foi avaliar a atividade
antimicrobiana de desinfetantes comerciais (enfatizando-se os biodegradaveis), como também avaliar
extratos vegetais e Oleo essencial de Psidium cattleianum quanto ao potencial antimicrobiano,
antioxidante e caracterizacdo fitoquimica dos mesmos. Para tanto, os desinfetantes foram testados frente a
cepas de Salmonella isoladas do ambiente avicola, enquanto os extratos vegetais e Oleo essencial
utilizando-se a metodologia de microdiluicdo em caldo frente a cepas padrdo. Quanto aos desinfetantes, os
acidos organicos, acido peraceético, glutaraldeido e aménia quaternaria foram os mais eficazes frente aos
sorotipos de Salmonella na auséncia de matéria organica, enquanto os acidos organicos apresentou o
melhor desempenho na presenca de matéria organica. Quanto ao estudo fitoquimico de P. cattleianum,
foram encontradas a presenca de flavondides, terpendides e taninos nos extratos vegetais aquoso e
etanolico, enquanto o 6leo essencial apresentou como compostos majoritarios o a-Copaene, eucaliptol, -
cadinene e a-selinene, respectivamente. Em relacdo & atividade antimicrobiana, os micro-organismos se
mostraram suscetiveis quando avaliados frente aos extratos vegetais aquoso e etandlico, assim como
frente ao 6leo essencial (embora este em maior concentracdo), demonstrando potencial antimicrobiano da
P. cattleianum. Quanto a atividade antioxidante, os extratos etanolico e aquoso expressaram valores
significativos comparaveis a antioxidantes sintéticos, enquanto o 6leo essencial ndo apresentou atividade

antioxidante.

PALAVRAS-CHAVE: Desinfetantes, Produtos Naturais, antimicrobianos.



ABSTRACT

The constant search for natural antimicrobial products in substitution of synthetics, has increased in recent
decades, mainly due to the indiscriminate use of conventional synthetic antimicrobials, resulting in the
selection of resistant micro-organisms. In addition, there is a requirement of a share of consumers who
demand products that do not harm the environment. Therewith, biodegradable disinfectants, plant extracts
and essential oils are highlighted in studies that aim to control pathogens. Therefore, the objective of this
study was to evaluate the antimicrobial activity of commercial disinfectants (emphasizing biodegradable),
but also evaluate plant extracts and essential oil of Psidium cattleianum regarding potential antimicrobial,
antioxidant and phytochemical characterization of them. To do so, disinfectants against strains of
Salmonella, isolated from poultry environment, were tested, while plant extracts and essential oil using
the broth microdilution methodology against standard strains. Regarding disinfectants, organic acid,
peracetic acid, glutaraldehyde and quaternary ammonium were the most effective against Salmonella
serotypes in the absence of organic matter, while the organic acids showed the best performance in the
presence of organic matter. As to the phytochemical study of P. cattleianum, flavonoids, terpenoids and
tannins in aqueous and ethanolic were found in the aqueous plant extract, while the essential oil presented
as the major compounds a-copaene, eucalyptol, d-cadinene and o-Selinene respectively. Regarding
antimicrobial activity, microorganisms have proved susceptible when evaluated against aqueous and
ethanolic plant extracts, also to the essential oil (although this on higher concentration), demonstrating its
antimicrobial potential of P. cattleianum. For antioxidant activity, the ethanolic and aqueous extracts had
significant values comparable to synthetic antioxidants, while the essential oil showed no antioxidant

activity.

KEY WORDS: Disinfectants, Natural Products, Antimicrobial.



Capitulo 1. Atividade antimicrobiana e antioxidante do 6leo essencial e diferentes extratos vegetais
de Psidium cattleianum Sabine

Antimicrobial and antioxidant activity of essential oil and various plant extracts of Psidium

cattleianum Sabine
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Atividade antimicrobiana e antioxidante do éleo essencial e diferentes extratos vegetais de Psidium

cattleianum Sabine

RESUMO

O objetivo do trabalho foi determinar a atividade antimicrobiana do 6leo essencial e extratos vegetais
aquoso e etandlico de Psidium cattleianum Sabine frente a bactérias Gram-negativas, Gram-positivas e
levedura, a atividade antioxidante do Oleo essencial e dos extratos vegetais, a composic¢ao quimica do oleo
essencial P. cattleianum e a triagem fitoquimica dos extratos vegetais aquoso e etandlico da mesma
planta. A determinacdo da atividade antimicrobiana foi definida por meio dos valores de Concentragdo
Inibitéria Minima (MIC) e Concentragdo Bactericida Minima (MBC), utilizando-se a técnica de

microdiluicdo em caldo, a atividade antioxidante determinada pelo método de captura de radicais livres
10



DPPH (2,2-difenil-1-picril-hidrazil). A composicao fitoquimica do 6leo essencial foi realizada por meio
de cromatografia gasosa acoplada a espectrometria de massas (CG/MS), a triagem fitoquimica por meio
de testes da presenca de classes de metabdlitos secundarios. Quanto a atividade antimicrobiana, o extrato
etanolico apresentou atividade antimicrobiana moderada frente as bactérias K. pneumonieae e S.
epidermidis, enquanto frente aos demais micro-organismos apresentou atividade considerada fraca. O
extrato aquoso e o0 6leo essencial apresentaram atividade considerada fraca, embora tenham inibido o
crescimento dos micro-organismos. Em relacdo ao potencial antioxidante, os extratos etanolico e aquoso
apresentaram indice de sequestro superior a 90%, enquanto o Oleo essencial ndo apresentou atividade
antioxidante significativa, considerando os valores de IC50. Assim, fica estabelecida a capacidade
antimicrobiana e antioxidante dos extratos vegetais e 6leo essencial testados. Para a composicdo
fitoquimica, a maior classe de compostos volateis identificados no 6leo essencial de P. cattleianum foram
os hidrocarbonetos terpénicos, sendo eles: a-copaene (22%), eucaliptol (15%), 8-cadinene (9,63%) e a-
selinene (6,5%). Na triagem fitoquimica dos extratos verificou-se a presenca de taninos, flavondides e
triterpenos tanto para o extrato aquoso quanto etandlico.

Palavras-chave: Psidium cattleianum, acdo antimicrobiana, microdiluicdo, CG/MS, atividade

antioxidante.

ABSTRACT

The goals of the study were to determine: the antimicrobial activity of the essential oil and aqueous and
ethanolic plant extracts of Psidium cattleianum Sabine against gram-negative bacteria, gram-positive
bacteria and yeast; the antioxidant activity of essential oils and plant extracts; the chemical composition of
the essential oil of P. cattleianum; and the phytochemical screening of aqueous and ethanolic plant
extracts of the same plant. The determination of the antimicrobial activity was defined by means of the

values of minimum inhibitory concentration and minimum bactericidal concentration, using the broth
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microdilution method. The antioxidant activity was determined using the 2.2-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging method. The phytochemical composition of the essential oil was assessed
through gas chromatography-mass spectrometry, and the phytochemical screening was assessed by testing
the presence of classes of secondary metabolites. Regarding the antimicrobial activity, the ethanolic
extract exhibited moderate antimicrobial activity with respect to bacteria K. pneumoniae and S.
epidermidis, whereas, regarding other microorganisms, it showed activity considered weak. The aqueous
extract and the essential oil showed activity considered weak, although they inhibited the growth of
microorganisms. With respect to the antioxidant potential, the ethanolic and aqueous extracts exhibited a
scavenging index exceeding 90%, whereas the essential oil did not show significant antioxidant activity
considering the ICsg values. This way, the antimicrobial and antioxidant capacity of plant extracts and the
essential oil tested was confirmed. Regarding the phytochemical composition, the largest class of volatile
compounds identified in the essential oil of P. cattleianum included the following terpenic hydrocarbons:
a-copaene (22%): eucalyptol (15%), o-cadinene (9.63%); and a-selinene (6.5%). The phytochemical
screening of extracts showed the presence of tannins, flavonoids, and triterpenoids for aqueous and
ethanolic extracts with respect to the pathogens tested.

Keywords: Psidium cattleianum, antimicrobial action, microdilution, GC-MS, antioxidant activity.

INTRODUCTION

The search for products of natural origin with pharmacological properties has contributed
significantly to the discovery of new substances with important uses (Sousa et al., 2008). In this sense,
Brazil stands out as a potential source of these natural products for having the largest plant biodiversity on
the planet and also because most of its plants are unexplored with respect to their pharmacological

potential (Pinto et al., 2002).
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Since the inadequate and indiscriminate use of synthetic antimicrobials is leading to the selection
of multi-resistant strains, the antimicrobial potential of plant extracts and essential oils are intended to
delay this process through the emergence of new antimicrobial substances (Arya et al., 2010). In addition
to the antimicrobial potential, the fact that some synthetic antioxidants widely used in the food industry
can lead to the development of tumor cells has led to increased demand for similar products of natural
origin, among which essential oils and plant extracts that have phenolic compounds in their composition
stand out for their important antioxidant activity (Sacchetti et al., 2005).

The Myrtaceae family consists of approximately 3,800 species and 130 genera distributed
worldwide (Lucas et al., 2005). In Brazil, this family is represented by about 1,000 species and 26 genera
(Sobral et al., 2010) including many which are used due to their medicinal properties and importance as
food sources (Agra et al., 2008). The genus Psidium has approximately 92 species distributed from
Mexico and the Caribbean to Uruguay and northern Argentina. In Brazil, it occurs from the Amazon
region to the State of Rio Grande do Sul (Landrum, 2003). Among the species of the genus Psidium,
Psidium cattleianum Sabine stands out for the commercial importance attributed to its fruit used in the
food industry (Santos et al., 2007). However, although there are studies on the quality of its seeds (Silva
et al., 2011), the antioxidant and antimicrobial activity of extracts obtained from its fruit (Medina et al.,
2011), the chemical characteristics of its juice (Santos et al., 2007), and the chemical composition of the
essential oil (Marques et al., 2008; Tucker et al., 1995), there are no reports about the antimicrobial and
antioxidant potential of extracts obtained from the leaves and essential oil of P. cattleianum, nor are there
on the phytochemical composition regarding its biological activities. The present study is the first report
on the subject.

On the basis of the above, the goals of the present study were: to assess the antimicrobial potential

of essential oil and plant extracts of P. cattleianum against gram-positive bacteria, gram-negative bacteria,
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and yeast; to assess the antioxidant activity of essential oils and plant extracts; and to determine the

chemical composition of the essential oil and perform the phytochemical screening of the plant extracts.

MATERIAL AND METHOD
Plant material

The leaves of P. cattleianum were collected at the State University of Oeste do Parana, Brazil
(Latitude 24°571 S; Longitude 53°281 W) from January to April 2013. A sample of the plant material was
sent, identified, and incorporated into the Herbarium of the State University of Oeste do Parana (UNOP),
under voucher number 1323, SCUR, M. C. 1.

The leaves collected were stored in an oven with air circulation at 40 °C until they were dried and
ground in a cutting mill with particle size less than 0.42 mm. The dry extract was stored protected from
light until its use for the production of extracts or essential oil extraction.

Obtaining aqueous extract (AQ)

Twenty grams of the ground plant material mixed with 100 mL distilled water were put into a
recipient. Subsequently, the solution was agitated in a rotary shaker at 220 rpm for 24 hours. Then, the
material was filtered through filter paper (Whatman No. 1) and centrifuged at 5000 rpm for 15 min. The
supernatant was collected and the extract was stored at 4 °C until use at a concentration of 200 mg/mL
(Weber et al., 2014).

Obtaining ethanolic extract (ET)

The ethanolic extract was obtained according to the method described by Ceyhan et al. (2012).
About 10 g of the ground plant material mixed with 100 mL ethanol was put into a container.
Subsequently, the solution was agitated in a rotary shaker at 220 rpm for 24 hours. After that procedure, it
was filtered through filter paper (Whatman No. 1) and centrifuged at 5000 rpm for 15 min. The

supernatant was collected and the extract was submitted to rotoevaporation in order to remove the solvent.
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The extract obtained was diluted at a concentration of 150 mg/mL with 10% dimethyl sulfoxide (DMSQO)
following the proportion of its weight and volume. The extract obtained was stored at 4 °C until use.

Phytochemical screening of plant extracts

The main secondary metabolites were detected using the method developed by Matos (1997) and
Sim0es et al. (2005) assessing the presence of the following compounds classes: pyrogalic tannins;
alkaloids; coumarins; saponins; anthocyanins; flavonoids; triterpenoids; and steroids.

Essential oil extraction

About 70 g of the dry extract of the plant were added to 600 mL distilled water and submitted to
steam distillation for three hours using a Clevenger-type-system. The oil was collected without the
addition of any solvent and stored at 4 °C (Weber et al., 2014).

Analysis of the chemical composition of the essential oil

The chemical composition of the essential oil of P. catteianum was determined by gas
chromatography-mass spectometry (GC-MS), the determination of its Kovats retention indexes (Kl), and
the comparison with the literature using the studies conducted by Yanez et al. (2002) and Biegelmeyer et
al. (2011).

GC-MS

The chemical composition of the essential oil of P. catteianum was performed using a Thermo-
Finigan GC-MS system, composed of a FOCUS GC gas chromatograph (Thermo Electron) coupled to a
DSQ Il mass spectrometer (Thermo Electron), and a TriPlus autosampler (Thermo Electron).
Chromatographic separation was performed using a HP-5MS fused-silica capillary column (30 m long,
0.25 mm internal diameter, and 0.25 pm stationary phase; composition of 5% phenyl and 95%

dimethylpolysiloxane).
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The injector temperature was 250 °C and samples and patterns of alkanes were injected into the
split injector at a 1:25 ratio. The temperature programming was: 50 °C maintained for two minutes;
temperature rise to 180 °C at a 2 °C min™ ratio; and followed by an increase to 290 °C at a 5 °C min
ratio. The interface between the GC and the MS was maintained at 270 °C and the temperature of the
ionization source for the mass spectrometer was 250 °C. The identification of the components of the
essential oil was performed by comparing the retention times obtained in the analysis with the retention
times of the literature reviewed by means of Kovats retention indices.

Microorganisms

Microorganisms were used to determine the antimicrobial potential of the essential oil and plant
extracts of P. cattleianum, they were: five gram-negative bacteria: Pseudomonas aeruginosa ATCC
27853; Salmonella Enteritidis ATCC 14028; Proteus mirabilis ATCC 25933; Klebsiella pneumoniae
ATCC 13883; and Escherichia coli ATCC 25922; four gram-positive bacteria: Enterococcus faecalis
ATCC 19433; Staphylococcus epidermidis ATCC 12228; Staphylococcus aureus ATCC 25923; and
Bacillus subtillis CCCD-B005; and yeast Candida albicans ATCC 10231.

Microorganisms previously kept at -20 °C were recovered in an enriched brain heart infusion
(BHI) medium and incubated at 36 °C for 24 hours. After this period, they were resuspended in 0.9%
sterile saline solution to obtain the standard inoculum at a concentration of 1 x 108 UFC/mL according to
MacFarland scale. Subsequently, dilutions were performed in 0.9% sterile saline solution in order to
obtain a final inoculum at a concentrgation of 1 x 10° UFC/mL, with the exception of C. albicans which
was used at a final concentration of 1 x 10° UFC/mL.

Determination of minimum inhibitory concentration
Essential oil
The minimum inhibitory concentration (MIC) of essential oil was determined using the broth

microdilution method, according to CLSI document M31-A3 (2008) with modifications. Microtiter plates
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with 96 wells were used to put 200 ul of essential oil of P. cattleianum at a concentration of 200 mg/mL
diluted with methanol in Mueller-Hinton broth (MHB) for bacteria and RPMI medium for yeast in the
first well and, after homogenization, successive dilutions were held obtaining final concentrations of 200
to 0.1 mg/mL. Aliquots of 10 ul of microorganisms were distributed in each well containing the essential
oils in their final dilutions. The plates were incubated at 36 °C for 24 hours. Each well in which turbidity
was observed received an aliquot of 10 ul of 0.5% triphenyl tetrazolium chloride (TTC), the plates were
incubated again at 36 °C for three hours, and the MIC was defined as the lowest concentration of oil in
mg/mL able to prevent microbial growth (Sartoratto et al., 2004).
Plant extracts

The MIC of plant extracts was determined using the broth microdilution method proposed by
Ayres et al. (2008) with modifications. Aliquots of 10 ul of microorganisms dilution were distributed in
96-well microtiter plates containing 150 pl of MHB (double concentration) for bacteria and RPMI for
yeast with previous addition of extracts. The extracts were diluted in concentrations that ranged between
150 and 0.04 mg/mL. The plates were incubated at 36 °C for 24 hours and, subsequently, when the
turbidity was observed, the same assessment standards used in the essential oil were performed.
Determination of the minimum bactericidal and fungicidal concentrations

The minimum bactericidal concentration (MBC) for bacteria and the minimum fungicidal
concentration (MFC) for fungi were determined using the method described by Santurio et al. (2007) with
modifications. Before the addition of TTC for determining the MIC, 3 pL aliquots were removed from the
wells and inoculated into the MH agar surface. The plates were incubated at 36 °C for 18 hours and, after
this procedure, the MBC/MFC were defined as the lowest concentration of extracts able to cause death of
the inoculum. The MIC, MBC and MFC tests were carried out in triplicate.

Distilled water and ethanol were used as negative control; gentamicin was used as positive control

for bacteria; and nystatin was ussed for the yeast. Synthetic antimicrobials were tested at concentrations of
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100 to 0.78 mg/mL. There was no microbial growth in the controls and the antimicrobials presented MIC
and MBC/MFC less than 6.25 mg/mL.
Antioxidant activity

The assessment of the antioxidant activity using the DPPH (2.2-diphenyl-1-picrylhydrazyl) free
radical method was evaluated as described by Scherer and Godoy (2009) with modifications. For the
analysis, 0.1 mL of each dilution of the samples were put into test tubes containing 3.9 mL DPPH radical
(0.2 mM) diluted with methanol and homogenized in a test tube agitator. For the negative control, 0.1 mL
of control solution (methanol and water) was used with 3.9 mL DPPH radical and homogenized.
Commercial synthetic antioxidant (butylated hydroxy toluene [BHT]) was used as standard and the same
procedure of the negative control was performed. Methanol was used as blank, in order to calibrate the
spectrophotometer (UV Mini 1240, Shimadzu Co.). After mixing, the absorbance of samples was
measured using a spectrophotometer at 515 nm and monitored every 30 minutes, until the stabilization.
The tests were carried out in triplicate.

The DPPH index was calculated using the equation:

Antioxidant activity (%) = [(Abso -Abs1) /Absg] x 100
where Abso is the absorbance of the blank and Abs: the absorbance of the sample. The experiments were
conducted protected from light.

The concentrations of the samples (extracts and essential oil) responsible for a decrease of 50% in
the initial activity of DPPH free radical (ECso) were calculated through linear regression of the
antioxidant activity.

Statistical analysis
The data obtained by calculating the DPPH and ECsp index were analyzed by Tukey's test with 5%

significance using the Sisvar software (Ferreira, 2007).
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RESULTS AND DISCUSSION

The tests conducted for characterization and phytochemical screening of ethanolic and aqueous
extracts of P. cattleianum (Table 1) revealed the presence of the same classes of metabolites, namely:
tannins, saponins, flavonoids, and triterpenoids.

Table 1. Classes of secondary metabolites of ethanolic and aqueous extracts of Psidium cattleianum.

Classes of metabolites EXTRACTS

ET AQ
Pyrogalic tannins + +
Alkaloids - -
Coumarins - -
Saponins - -
Anthocyanins - -
Flavonoids + +
Triterpenoids + +
Steroids - -

*- = absent; + = present; AQ = aqueous extract; ET = ethanolic extract.

Gonzalez et al. (2005), Paula et al. (2005), Fiuza et al. (2008), and Couto et al. (2009) conducted
studies on members of the Myrtaceae family and observed the presence of the same classes of secondary
metabolites in leaves of Psidium guineense, Pimenta pseudocaryophyllus, Eugenia uniflora, and Eugenia
dysenterica, respectively, corroborating the findings of the present study.

With respect to the biological potential attributed to the classes of metabolites found in the present
study, it is known that the use of medicinal plants containing flavonoids is vast and, although some
studies have shown that certain flavonoids may have mutagenic effect, in general, they are considered
beneficial, being used for their antitumor, antiviral, antihemorrhagic, hormonal, antiinflammatory,

antimicrobial, and antioxidant properties (Simdes et al., 2005). Plants rich in tannins are used for their
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antihemorrhagic, healing, and antiinflammatory properties and in the treatment of diarrhea, hypertension,
rheumatism, gastritis, ulcers, and kidney disorders (Dufrense & Farnworth, 2001). Finally, the
triterpenoids are known for their antihyperalgesic, antiinflammatory, and antimicrobial activities
(Bagamboula et al., 2004).

With respect to the application of GC-MS, a total of 49 compounds were identified. The largest class
of volatile compounds identified in the essential oil of P. cattleianum belongs to terpenic hydrocarbons,
represented by a-copaene, which constituted approximately 22% of the total area of the chromatogram
peaks, followed by eucalyptol, (15%), a-cadinene (10%), and 6-selinene (6.42) (Table 2). The remaining
compounds found showed peak areas of less than 4%.

Table 2. Chemical composition of the essential oil of Prunus myrtifolia

RT Compound Area (%) Kl
9.53  a-pinene 3.32 931.1
10.28 Camphene 0.05 945.8
11.71  B-pinene 0.21 973.8
12.49  B-minene 1.68 997.9
13.34  a-phellandrene 0.04 1004.9
13.95  q-terpinene 0.07 1015.2
14.44  P-cimene 0.80 1023.4
14.77  D-limonene 1.50 1029.0
15.04 Eucalyptol 15.05 1033.6
15.23  B-ocimene 0.46 1036.8
16.49  y-terpinene 0.12 1058.0
18.18  a-perpinolene 0.04 1086.5
19.30  B-linallol 0.46 1104.6
23.83  Borneol 0.05 1169.1
24.46  4-terpineol 0.34 1178.1
25.54  q-terpineol 1.41 1193.5
35.47  a-terpineol acetate 1.25 1344.5
37.36  a-copaene 21.96 1373.3
39.82 Caryophyllene 2.36 1411.3
40.42  B-gurjunene 0.32 1421.5
42.00  B-Caryophyllene 1.19 1447.2
42.25 Alloaromadendrene 0.97 1455.3
43.34  y-muurolene 2.05 1469.0
43.87  a-curcumene 0.24 1477.7
44.15  B-selinene 7.73 1482.2
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4460 @-selinene 6.42 1489.6

4477  y-muuorelene 1.43 1492.3
45.06 Cis-a-bisabolene 0.15 1497.1
45.49  B-bisabolene 0.82 1504.3
45.60  vy-cadinene 0.60 1506.1
46.06  §-cadinene 9.63 1514.0
47.16  a-calacorene 0.52 1532.8
48.67 +-Trans-nerolidol 0.68 1558.5
49.19 (-)-Spathulenol 0.10 1567.4
49.45  Caryophyllene oxide 1.22 1571.8
50.19 Globulol 0.99 1584.5
50.73 Ledol 0.19 1593.7
51.04  Cubenol 0.65 1599.0
51.53 Eudesm-7(11)-en-4-ol 0.67 1607.8
52.16  Cubenol 1.60 1619.2
52.96 z-cadinol 0.86 1633.6
53.28  §-cadinol 1.29 1639.4
55.49  w-bisabolol 0.52 1679.4

* KI — Kovats index calculated; ** KI — Kovats index in the literature, *RT - Retention time.

The compound a-copaene is a non-oxygenated sesquiterpenic hydrocarbon known for being one
of the majority constituents of copaiba oil, used due to its antimicrobial, antiinflammatory, and healing
action (Brito et al., 2005).

Eucalyptol is a monoterpene of low toxicity to humans used in the industry, medicine, and for a
long time in aromatherapy (Tripathi et al., 2001). In addition to the use for its aroma, eucalyptol has other
properties such as antimicrobial (Williams et al., 1998), antioxidant (Lee & Shibamoto, 2001),
bioinseticidal (Sukontason et al., 2004), antiinflammatory, and antimucolitic action (Beuscher et al.,
2000).

Regarding a-cadinene and o-selinene, although they are present in essential oils of some plant
species, there are no reports in the literature about the biological potential of these compounds.

Li, Chen, and Luo (1999) conducted a study on Psidium guajava plant through GC-MS and they
observed the presence of majority compounds, such as caryophyllene (18.81%); copaene (11.80%); and
eucalyptol (7.36%), corroborating with the present study by the presence of the compounds, although with

different amounts.
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Marques et al. (2008) conducted a phytochemical characterization of the essential oil of P.
cattleianum collected in the Atlantic Forest of southern Brazil. They used the GC-MS method and the
majority constituent found was eucalyptol (16.4%), among others, corroborating with the finding of the
present study. Pino et al. (2004) analyzed the phytochemical composition of P. cattleianum collected in
Cuba and they identified 18 compounds. The majority compounds were epi-a-muurolol (21.9%), o-
cadinol (20%), epi-a-cadinol (16.7%), and caryophyllene (13.6%), agreeing with the present study only
by the presence of the compounds, since they were not the majority.

When scientific articles are compared, the differences between the phytochemical constituents and
their concentrations can result from several factors, such as intraspecific genetic variability,
environmental aspects, collection times, growing conditions, soil type, and part of the plant analyzed,
which can influence both the content of compounds present in the essential oil and its chemical
composition (Alves et al., 2008).

The results presented in Table 3 show that the plant extracts and the essential oil of P. cattleianum
tested exhibited antimicrobial activity against the microorganisms assessed.

Table 3. Antimicrobial activity of plant extracts and essential oil of Psidium cattleianum against
microorganisms of importance to public health represented by the values of minimum inhibitory

concentration (MIC) and minimum bactericidal/fungicidal concentration (MBC/MFC).

Microorganisms MIC/MBC or MFC (mg/mL)
ET AQ EO

P. aeruginosa 25/25 25/25 200/200

S. Enteritidis 25/25 50/50 200/200

Gram - P. mirabilis 6.25/6.25 6.25/6.25 200/200
K. pneumonia 0.78/1.56 6.25/12.5 200/200

E.coli 6.25/25 12.5/50 200/200

E. faecalis 6.25/25 12.5/12.5 200/200

Gram + S. epidermidis 0.78/1.56 12.5/12.5 200/200
S. aureus 3.125/3.125 12.5/12.5 200/200

B. subtillis 6.25/6.25 6.25/6.25 200/200

Yeast C. albicans 3.125/3.125 6.25/6.25 200/200

* EO = essential oil; AQ = aqueous extract; ET = ethanolic extract.
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With respect to plant extracts, the ethanolic extract showed the highest antimicrobial activity
against microorganisms tested when compared to the aqueous extract regarding the MIC and the MBC,
except for the two extracts of P. aeruginosa, P. mirabilis, and B. subtilis which presented the same MIC
and MBC values.

In the ethanolic extract, the MIC ranged from 0.78 to 25 mg/mL for gram-negative bacteria, 0.78
to 3.125 mg/mL for gram-positive bacteria, and exhibited a MIC of 3.125 mg/mL for yeast C. albicans.
The MBC ranged from 1.56 to 25 mg/mL for gram-negative and gram-positive bacteria, and exhibited a
value of 3.125 mg/mL for yeast C. albicans.

With respect to the aqueous extract, the MIC and the MBC ranged from 6.25 to 50 mg/mL for
gram-negative bacteria, 6.25 to 12.5 mg/mL for gram-positive bacteria, and presented MIC and MBC of
6.25 mg/mL for yeast C. albicans.

Regarding the antimicrobial activity of the essential oil of P. cattleianum, the MIC and the MBC
had a value of 200 mg/mL for all microorganisms tested.

According to Aligianis et al. (2001), the antimicrobial activity can be classified as follows: MIC of
<0.5 mg/mL, corresponding to a strong antimicrobial inhibition; MIC from 0.6 to 1.5 mg/mL, which
represents a moderate inhibition; and MIC of >1.6 mg/mL corresponding to a weak inhibition. Taking this
classification into consideration, the ethanolic extract showed moderate activity against K. pneumonieae
and S. epidermidis, whereas it exhibited weak activity for the other microorganisms. The aqueous extract
and the essential oil presented weak activity, even though they had inhibited the growth of
microorganisms.

The antimicrobial effect presented by the plant extracts may be associated with the presence of
secondary metabolites found in this study, such as tannins, flavonoids, and triterpenoids (Table 1), since
there are reports in the literature about the antimicrobial potential of these classes of secondary

metabolites (Recio et al., 1989).
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Sanches et al. (2005) observed that the aqueous and the hydroethanolic extracts of P. guajava
exhibited antimicrobial activity against S. aureus, S. epidermidis, and E. faecalis. The authors associated
the activity of the extracts with the presence of flavonoids, also corroborating with the data found in the
present study.

Regarding the action of the compounds found in the extracts in bacterial cells, 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). 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 (Bagamboula et al., 2004).

The antimicrobial activity found in the essential oil of P. cattleianum can be attributed to the
presence of some compounds such as a-copaene, eucalyptol, 3-cadinene, and a-selinene, which were the
majority compounds, respectively. In addition, the activity may result from the synergistic action between
all the compounds present in the essential oil (Lopes et al., 2013).

Although the specific action of a-copaene, a-cadinene, and d-selinene in bacterial cells are not
reported, it is known that the sesquiterpenes are produced by plants to exert antimicrobial activity
(Buchanan et al., 2000) by means of interference in the transduction process (Calixto, 2000).

Mojica et al. (2011) assessed the correlation between the antibacterial activity and the components
of the essential oil of Calycolpus moritzianus (Myrtaceae) and observed that the components that
significantly influenced the antibacterial activity against S. aureus, B. subtilis, and E. faecalis were -
copaene and o-terpineol, both present in P. cattleianum. The antibacterial activity found in the present

study can be attributed to these compounds, although the activity of essential oils is not always due to a
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single constituent, since the synergistic effect between the components may be responsible for the
antimicrobial potential (Varel, 2002).

With respect to the mode of action of eucalyptol, there are no reports in the literature of its specific
action in bacterial cells. However, Trombeta et al. (2005) and Turina et al. (2006) reported that due to the
high hydrophobicity of monoterpenes, their toxic effects on the bacterial cell membrane result in its
expansion, fluidity, and permeability, in addition to causing inhibition of respiration and change in the
process of ions transport.

Even though eucalyptol has antimicrobial activity reported, a study assessed the antimicrobial
potential of various species of the genus eucalyptus and no antimicrobial activity was attributed to this
compound but to the synergistic capabilities between all the compounds of the essential oil (Cimanga et
al., 2002).

The DPPH scavenging index and the half maximal inhibitory concentration (ICso) value were
determined to assess the antioxidant activity of plant extracts and the essential oil of P. cattleianum (Table
4). The commercial synthetic antioxidant BHT was used as an equivalence parameter for the antioxidant
activity of plant extracts and the essential oil.

Table 4. DPPH index (% scavenging) and ICso value of the essential oil and plant extracts of Psidium

cattleianum at different concentrations tested.

Extracts/Oils Scavenging percentage ICso

BHT 95.84 +0.07 a 11.51+£0.11a
ET 200 mg/MI 94,57 £ 0.43 ab 13.90 +0.53 a
ET 150 mg/mL 94.29 + 0.36 abc 1492 +0.42 a
ET 100 mg/mL 94.00 £ 0.39 bc 14.96 + 0.53 a
AQ 200 mg/mL 92.62 £ 0.12 cd 17.57+0.20 a
AQ 150 mg/mL 92.00+0.20d 18.72+0.37 a
AQ 100 mg/mL 91.58 +0.16 d 19.51+0.22 a
EO 100 mg/mL 16.19 £ 2.33 e 171.14+ 256 b
EO 75mg/mL 850+ 1.23f 172.05+ 148D
EO 50 mg/mL 4.01+0.80¢g 183.99+0.84 b
Control 0x0h 191.54+0b




*Standard error of the mean followed by the same letter in the columns does not differ statistically
according to Tukey's test (p<0.05); ET = ethanolic extract; AQ = aqueous extract; EO = essential oil.

With respect to the results of the free radicals scavenging percentage of plant extracts and essential
oil of P. cattleianum (Table 1), the ethanolic extract exhibited the greatest antioxidant activity, with a
scavenging percentage ranging from 94.57 to 94%, followed by the aqueous extract, varying between the
92.62 and 91.58%, and the essential oil, which presented lower antioxidant activity, varying from 16.19 to
4.01%.

Regarding the 1Cso values calculated, it should be noted that they were inversely related to the
percentage of DPPH scavenging, since the higher the percentage of free radicals scavenging of the sample
tested, the lower the ICso. However, the statistical relationship between the data was not the same and the
aqueous and ethanolic extracts at the three concentrations tested did not show significant differences
compared to the synthetic antioxidant BHT, as presented in the scavenging percentage. On the other hand,
the essential oil showed no statistical difference compared with the control group showing low activity.
Although the relationship between the data had not remained the same, the results are evident, since the
extracts presented effective antioxidant activity comparable to the synthetic product.

The antioxidant activity found in the plant extracts may result from the presence of compounds
found in the phytochemical screening, since flavonoids, triterpenes, and tannins are polar compounds and
excellent antioxidants, because they are electron donors (Table 1) (Gao, 1999).

A study conducted by Ilha et al. (2008) showed that the ethanolic extract of P. guajava had
exhibited antioxidant activity, which, according to the authors, was due to the presence of flavonoids, a
group of compounds also present in the extracts of the present study. Still, according to the authors, the
antioxidant activity of P. cattleianum was reported for its fruits, due to the presence of phenolic

compounds, especially flavonoids (Medina et al., 2011).
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Analyzing the remaining genera of the Myrtaceae family, other potential antioxidants stand out,
such as species of the genera Eugenia (Magina et al., 2010), Syzygium (Donatini et al., 2009), and Plinia
(Souza-Moreira et al., 2010).

The low antioxidant activity found for the essential oil can be explained as a result from the
absence of compounds such as flavonoids, which are one of the main responsible elements for the
antioxidant activity of natural products (Podsedek, 2007).

Considering the results obtained throughout the study, it can be mentioned that although the
species P. cattleianum has not been widely studied, it has potential for being used as antimicrobial and
antioxidant. In addition, it has compounds of industrial interest. This way, the importance of
phytochemical studies is highlighted, since they may reveal biological activities of plant extracts and
essential oils. Also, it is worth mentioning the importance of initial studies in order to determine the
biological activities present in chemical compounds, so that they may be useful as the basis for further
studies, such as the isolation of compounds possibly responsible for biological activities. With regard to
antioxidant activity, the importance of its determination is relevant, since the compounds used in the
formulation of the most various products should present combined actions, such as antimicrobial and

antioxidant.

CONCLUSION

With respect to the antimicrobial activity, the microorganisms proved susceptible to the essential
oil and aqueous and ethanolic plant extracts, demonstrating the antimicrobial potential of P. cattleianum.

Regarding the antioxidant activity, the essential oil showed no activity, whereas the ethanolic and
aqueous extracts exhibited significant values comparable to values of synthetic antioxidants.

The majority compounds of the chemical composition of the essential oil were o-copaene,

eucalyptol, d-cadinene, and a-selinene, respectively, and the phytochemical tests performed with aqueous

27



and ethanolic plant extracts of P. cattleianum revealed the presence of flavonoids, terpenoids, and tannins,
and the chemical composition of the essential oil presented a-copaene, eucalyptol, 6-cadinene, and o-

selinene as the majority compounds, respectively.
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Capitulo 2: Avaliacao in vitro de desinfetantes frente a sorotipos de Salmonella isolados de granjas

avicolas

Avaliacao in vitro de desinfetantes frente a sorotipos de Salmonella isolados de

granjas avicolas

RESUMO

O objetivo deste trabalho foi avaliar in vitro a eficicia de desinfetantes comumente utilizados na
sanitizacdo de aviarios e desinfetantes biodegradaveis frente a sorotipos de Salmonella isolados de
aviarios no estado do Parand, Brasil. Foram testados cinco sorotipos de Salmonella de maior incidéncia
nos aviarios nos ultimos cinco anos sobre os desinfetantes comumente utilizados: grutaraldeido,
quaternario de amonia, hipoclorito de sodio e iodo, além dos desinfetantes biodegradaveis, acidos
organicos e &cido peracético. Os experimentos foram realizados utilizando o tempo de contato de 20
minutos e testados os produtos em trés concentracdes, CR (concentragcdo recomendada pelo fabricante),
%CR (metade da concentracdo recomendada) e 2CR (dobro da mesma), bem como na presenga e auséncia
de matéria organica. Em geral, todos os desinfetantes causaram reducdo significativa nas contagens dos
micro-organismos em relacdo ao controle. Na auséncia de matéria organica, os desinfetantes a base de
acidos organicos apresentaram os melhores resultados frente aos sorotipos Enteritidis, Pullorum e
Gallinarum e os desinfetantes a base de glutaraldeido e hipoclorito de sodio frente aos sorotipos
Typhimurium e Intantis. Na presenca de matéria organica, pode-se observar que todos os desinfetantes
apresentaram sua eficacia diminuida, sendo que o desinfetante a base de acidos organicos apresentou as

menores contagens de UFC. Nesse sentido, o desinfetante a base de &cidos organicos mostraram-se uma
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potencial alternativa de uso na avicultura, pela eficacia no controle dos sorotipos de Salmonella de granjas
avicolas.

PALAVRAS-CHAVE: avicultura, Samonella spp, desinfetantes, acidos organicos.

INTRODUCAO

O agronegécio representa todas as atividades de comércio, envolvendo a producgdo agricola. O Brasil
esta inserido no setor de agronegocio, e um dos setores que contribuem diretamente com esse mercado, €
a avicultura. Mundialmente é o terceiro maior produtor de carne, e o estado do Parana destaca-se pela
producdo de 30% do abate total de frangos do pais (Unido Brasileira de Avicultura, 2013).

O desenvolvimento da producdo de frangos no pais, favoreceu a disseminacdo de doencas
transmitidas por alimentos de origem avicola, tornando os programas de desinfec¢do dos aviarios um dos
principais processos na prevencao e controle de patdgenos ao longo da cadeia produtiva (Borowsky et al.,
2006).

No sistema de producdo intensivo, os desinfetantes amplamente utilizados sdo a base de
glutaraldeido, iodo, hipoclorito de sddio e aménia quaternaria, no entanto estes sdo potencialmente
prejudiciais ao meio ambiente. J& na producdo organica de aves, os produtos adotados devem ter
principios ativos biodegradaveis reduzindo a a pressao ambiental, destacando-se nesse sentido os acidos
organicos e peracético (Jaenisch et al., 2010).

Outro fator que deve ser levado em consideracao € a resisténcia microbiana aos desinfetantes, que
desencadeia um problema em toda cadeia avicola, uma vez que o uso continuo de um mesmo agente pode
promover a selecdo de micro-organismos resistentes (Chapmann, 1998), e, embora seja uma preocupagéo
crescente, ainda séo escassos os relatos na literatura abordando a resisténcia microbiana a desinfetantes

(McDonnel e Burke, 2011).
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Na avicultura, as salmonelas sdo micro-organismos de notificacdo obrigatoria, por representarem

0s principais patdgenos das aves, estarem distribuidas em todo o mundo e ser amplamente atribuidos a
elas grandes prejuizos no setor (Boni et al., 2011). Em frangos de corte, as doencas de maior importancia
econdmica e sanitaria sdo causadas pelos sorotipos Pullorum, Gallinarum, Enteritidis e Typhimurium
(Penha et al., 2008), atribuindo a estes sorotipos grande importancia avicola.
Para a saude publica, a Salmonella spp. é considerada uma das maiores agentes causadoras de infeccdes
alimentares (Hald et al., 2004) e, embora esteja evidenciada a importancia do controle da Salmonella no
ambiente avicola, poucos estudos sdo realizados nesse sentido, e quando sdo, 0S micro-organismos
utilizados nas pesquisas muitas vezes sdo padrdes mundiais (Borowsky et al., 2006). Isto justifica a
escolha dos sorotipos utilizados no presente estudo, pelo fato de representarem os de maior incidéncia em
aviarios no Oeste do Parana, serem os mais frequentemente envolvidos em doencas nas aves e humanos e
apresentarem resisténcia ou suscetibilidade conhecida aos antimicrobianos convencionais (dados nédo
publicados) amplamente utilizados na cadeia avicola.

N&o foram encontrados estudos na literatura reportando a atividade de desinfetantes frente a S.
Pullorum e S. Infantis, e, por se tratarem de sorotipos patogénicos no setor avicola e de alta incidéncia,
ressalta-se a importancia da realizacdo desta pesquisa, a fim de se determine os produtos desinfetantes
com potencial realizar o controle desses sorotipos.

De acordo com o exposto, o objetivo deste trabalho foi avaliar in vitro a eficacia de seis
desinfetantes utilizados na avicultura, representados pelo hipoclorito de sédio, aménia quaternéria,
glutaraldeido e iodo, &cidos organicos e acido peracético frente a cinco sorotipos de Salmonella spp.
isolados de aviarios de frango de corte localizados na regido Oeste do Parand, Brasil, em trés
concentragdes distintas, bem como avaliar a atividade dos desinfetantes na presenca e auséncia de matéria

organica.
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MATERIAL E METODOS

Foram pré-selecionados cinco sorotipos de Salmonella isolados de granjas avicolas do Oeste do
Parana, Brasil, sendo eles: Typhimurium, Infantis, Enteritidis, Pullorum e Gallinarum, que foram isoladas
pelo Laboratdrio Veterinario MercolLab (Cascavel/PR, Brasil) e a caracterizacdo antigénica completa e
identificacdo de cada sorotipo foram realizadas pelo Instituto Adolfo Lutz (Sdo Paulo/SP, Brasil).

Para o preparo do indculo, as cepas foram ressuspendidas em caldo Infusdo de Cérebro Coracao
(BHI) durante 24 horas, realizados testes bioquimicos padrfes, e, apds a confirmagdo, uma alcada do
micro-organismo foi semeada em meio de Agar Nutriente (AN) e incubadas a 37 °C por 24 horas. A
partir de coldnias isoladas, foi preparada uma suspensio de 102 UFC/mL (unidades formadoras de
coldnias), em solucéo salina 0,85% para a realizacéo dos testes.

Os desinfetantes avaliados foram glutaraldeido, quaternario de amonia, hipoclorito de sédio, iodo,
compostos &cidos organicos e acido peracético, nas concentracGes recomendadas pelo fabricante (CR), a
metade da concentracdo (*2CR) e dobro da concentracdo (2CR), diluidos em agua destilada estéril.

A avaliacdo da atividade antibacteriana foi realizada pelo método de diluicdo seriada com teste de
suspensdo segundo metodologia adaptada de Kich et al. (2004) e Jaenisch et al. (2010). Os experimentos
foram realizados em duas etapas, como segue, na primeira, tubos de ensaio foram acrescidos de 1 mL da
suspensdo bacteriana a 102 UFC/mL, 1 mL do desinfetante nas concentraces testadas (0,5 CR, CR ou 2
CR) e 250 pL de solucéo salina 0,85%. Os tubos foram incubados a 35 °C durante 20 minutos. Apds o
periodo de incubacdo, foi acrescido aos tubos 7,75 mL dos desinibidores de cada desinfetante (Tabela 1).
Aliquotas de 100 uL de cada tubo foram inoculadas em placas contendo AN e incubadas a 35 °C por 24
horas. Apos, realizou-se as contagens das unidades formadoras de col6nia (UFC). No controle foi
substituido 1 mL de desinfetante por 1 mL de solucdo salina 0,85%, e os demais passos realizados nas

mesmas condicOes. Os ensaios foram realizados em triplicata.

44



Na segunda etapa, os testes foram realizados sob as mesmas condicdes citadas anteriormente,
substituindo apenas os 250 uL de solucdo salina da etapa anterior por 250 uL de soro albumina bovina
(BSA) 22%, com o intuito de simular a matéria organica presente no ambiente. Os dados foram analisados
e suas médias apresentadas na Figura 2.

Uma vez que o ambiente de producgdo de frangos ndo esta livre da presenca de matéria organica, na
segunda etapa do estudo foram realizados experimentos na presenca de matéria orgénica (através da
utilizacdo do soro albumina bovina 22%), com o intuito de aproximar as condi¢fes dos experimentos in
vitro com o ambiente avicola real, j& que é vastamente reportado na literatura que os desinfetantes
apresentam sua atividade prejudicada na presenca de matéria organica (McDonnel e Russel, 1999;
Pinheiro et al., 2002; Kich et al., 2004; Stringfellow et al., 2009 e Jaenisch et al., 2010).

Os experimentos foram realizados no delineamento experimental inteiramente aleatorizado, em
um esquema fatorial, utilizando com fator principal os desinfetantes (6 niveis) e fator secundario (3
niveis).Os foram dados analisados pelo teste F (ANOVA) e as médias comparadas osentre si pelo teste de
Tukey (p<0,05) na presenca de interacdo. As medias obtidas no tratamento controle foram comparadas as
demais por contrastes ortogonais (p<0,05), utilizando-se o programa SAS (Statistical Analysis System,
2003).

Tabela 1. Produtos, composicao, desinibidores e diluicdo de uso recomendadas pelos fabricantes.

Produto Composicgdo Desinibidor Diluigéo
de uso

Amdnia Cloreto de Alquil dimetil amdénio 80g Caldo nutriente com 0.5% de 1:1500

quaternaria /1000 mL tween 80 e lecitina 0.07%

Glutaraldeido Glutaraldeido 42,59 Cloreto de Caldo nutriente com 0.5% de 1:1000
Benzalconio 7.5¢ tween 80 e lecitina 0.07%

Hipoclorito de 10 a 12% de cloro ativo Caldo nutriente com 0.6% de 1:10

sodio 1% tiosulfato de sodio

loddforos 2.3% de iodo ativo Caldo nutriente com 0.6% de 1:500

tiossulfato de sodio
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Acido peracético Acido peracético 2% Peroxido de Tiossulfato de s6dio 2g/litro no  1:200
hidrogénio 6% Acido acético 22% meio TSB

Acidos organicos Acido ascorbico 1 mL, Acido citrico 1 mL de NAOH 1N 1:125
0.475 mL, Acido latico 0.475%

Fonte: Kich et al. (2004) e Jaenish et al. (2010).
RESULTADOS E DISCUSSAO

Os fatores desinfetantes e concentracdo avaliados apresentaram interacdo (p< 0,05). Em geral,
todos os desinfetantes avaliados promoveram redugéo significativa nas contagens de micro-organismos
em relagéo ao controle (Tabela 2).

A S. Typhimurium apresentou menor contagem de UFC nos desinfetantes a base de
glutaraldeido e Hipoclorito de soédio na concentracdo %2 CR e CR. (1.90 e 1,99; 1,80 e 1,85),
respectivamento. Os quais diferiram da aménia quaternaria, iodo e &cidos peracético e organicos. Para
2CR, os desinfetantes mais eficientes foram o Glutaraldeido e acidos organicos (0,50 e 0,60) que diferem
dos demais tratamentos. Verificou-se que dentre as concentracdes, a 2CR é mais eficiente no controle da
S. Typhimurium. (Tabela 2 e 3).

Tabela 2. Resultados das contagens de UFC de Salmonella Typhimurium e Salmonella Infantis, nas trés

concentragdes testadas dos desinfetantes (4CR, CR e 2CR).

Salmonella Typhimurium

% CR CR 2CR
Controle 6.69+ 0.08
Amonia quaternaria 2.78+0.08Ch 256+0.08Bb 143+0.08Ba
Glutaraldeido 190+ 0.08 Ab 1.80£0.08 Ab 0.50+0.08 Aa
Hipoclorito de sédio 1.99+0.08Ab 1.85+0.08 Aab 1.60+0.08Ba
lodo 429+0.08Db 4.13+0.08 Cab 391+0.08Ca
Acido peracético 2.48+0.08Bb 2.43+0.08Bb 1.31+0.08Ba

Acidos organicos 2.71+£0.08 BCc 2.14+0.08Bb 0.60+0.08 Aa
Salmonella Infantis
Controle 6.70+ 0.12

Aménia quaternéria 226+0.12Ba 236+0.12Ba 210+0.12Ca
Glutaraldeido 1.95+0.12Ab 1.89+0.12 Ab 0.50+0.12 Aa
Hipoclorito de sédio 175+ 012 Aa 1.60+£0.12Aa 1.50+£0.12Ba
lodo 423+0.12Ea 429+012Ca 418+0.12Da
Acido peracético 3.16+0.12Da 2.62+0.12Ba 2.19+0.12Ca
Acidos organicos 264+0.12Chb 253+0.12Bb 0.70+0.12 Aa

Para analise, os dados foram transformados em Log x. Médias (£ EPM) seguidas da mesma letra mindscula na linha e
mailscula na coluna néo diferem entre si segundo o teste de tukey (p<0,05). N* Ndo apresentam diferenca significativa em
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relagdo ao tratamento controle, segundo comparacdes individuais por contrastes ortogonais (p<0,05). Para S. Typhimurium
F=396.49; C.V.= 4.12%; P<0.0001. Para S. Infantis F=58.59; C.V.= 10.%; P<0.0001

Para S. infantis, verificou que O gluteraldeido e hipoclorito de sodio apresentaram menores médias
de UFC para 2 CR e CR (1.95 e 1,75; 1,89 e 1,600, respectivamente, diferindo dos outros tratamentos.
Na 2CR, os desinfetantes mais eficientes foram o glutaraldeido (0,50) e os &cidos organicos (0.70) que
diferiram da amonia quaternaria, iodo, hipoclorito de sédio e acido peracético. Verificou-se que esta
concentracdo é a mais eficiente, por diferir das concentracdes CR e %2 CR.

Ja o desinfetante a base de iodo apresentou as maiores contagens de UFC, com as médias
variando entre 4.29 a 3.91 para o sorotipo Typhimurium e 4.23 a 4.18 para 0 sorotipo Infantis,
estatisticamente apontado como o menos eficaz no controle dos sorotipos testados, indicando que este néo
deve ser utilizado como desinfetante nos aviarios. Ja o hipoclorito de sodio apresentou média semelhante
nas concentragdes estudadas,

McLaren et al. (2011) avaliaram a eficécia de desinfetantes em trés concentracdes (0,5 CR, CR e 2
CR) frente a S. Thyphimurium isoladas de fezes de frangos e demonstraram que o glutaraldeido e aménia
quaternaria foram capazes de eliminar completamente os micro-organismos, enquanto os desinfetantes a
base de acido peracético e iodo ndo apresentaram atividade antimicrobiana nas concentracdes testadas.
Ainda, em estudo realizado com S. Typhimurium isoladas de suinos foi observado que os desinfetantes a
base de aménia quaternéria, iodo, glutaraldeido, hipoclorito de sddio e &cido peracético foram eficazes na
eliminacdo desta bactéria na CR pelo fabricante (Kich et al., 2004). Ressalta-se que em ambas as
pesquisas, ndo foi avaliada a eficicia dos acidos organicos.

Estas discrepancias entre pesquisas com cepas oriundas de diferentes ambientes de criacdo e
distintas localidades evidenciam a importancia de estudos realizados com micro-organismos isolados
desses locais, uma vez que em cada ambiente a interagdo entre 0s micro-organismos e 0s produtos

desinfetantes pode ser diferenciada. Além disso, as discordancias podem estar relacionadas a varios

47



fatores, como diferenca de resisténcia entre as linhagens desafiadoras, as concentracdes testadas dos
produtos, os tempos de contato, temperatura, concentracdo dos principios ativos e a metodologia testada
(Borowsky et al., 2006).

Tabela 3. Resultados das contagens de UFC de Salmonella Enteritidis, Salmonella Pullorum e Salmonella

Gallinarum nas trés concentragdes testadas dos desinfetantes (Y2CR, CR e 2CR).

Salmonella Enteritidis

% CR CR 2CR

Controle 6.42+ 0.06
Amonia quaternaria 3.51+0.06Ca 3.28+0.06Ca 2.29+0.06Ba
Glutaraldeido 3.22+0.06Ca 3.16+0.06Ca 2.89+0.06Ca
Hipoclorito de sédio 466+006ED 429+006Da 3.98+0.06Da
lodo 4.18+0.06 D a 419+0.06 Da 401+0.06Da
Acido peracético 276 +0.06 B¢ 2.44+0.06Bb 2.02+0.06Ba
Acidos organicos 2.28+0.06 Ac 201+0.06 Ab 0.50+0.06 Aa

Salmonella Pullorum

Controle 5.79+ 016
Améonia quaternaria 3.05+£0.16Ch 1.80+0.16 Ba 1.07+0.16 Ba
Glutaraldeido 270+0.16Ch 1.18 £ 0.16 AB ab 1.15+0.16Ba
Hipoclorito de sédio 454+016Db 1.70+0.16 Ba 1.16+0.16 Ba
lodo 454+016Db 424+0.16Ch 3.65+0.16Ca
Acido peracético 214+0.16Bb 1.10+0.16 ABa 1.06+0.16 Ba
Acidos organicos 0.50+0.16 Aa 0.50+0.16 Aa 050+0.16 Aa

Salmonella Gallinarum

Controle 6.76 £ 0.05
Amonia quaternaria 260+£0.05B¢c 229+0.05Ch 159+0.05Ba
Glutaraldeido 250+0.05Bb 221+005Ca 1.82+0.05Bb
Hipoclorito de sodio 491+£005Da 458+0.05Da 450+£005Da
lodo 419+0.05Ch 3.99+£0.05Db 3.02+£005Ca
Acido peracético 271+0.05B¢ 1.72+0.05Bb 0.81+0.05Aa
Acidos organicos 1.11+0.05Aa 0.80+0.05Aa 0.70+0.05Aa

Para analise, os dados foram transformados em Log x. Médias (+ EPM) seguidas da mesma letra minGscula na linha e
mailscula na coluna ndo diferem entre si segundo o teste de Tukey (p<0,05). N N&o apresentam diferenca significativa em
relacdo ao tratamento controle, segundo comparacgdes individuais por contrastes ortogonais (p<0,05). Para S. Enteritidis
F=297,33; C.V.= 3,31%; P<0.0001. Para S. Gallinarum F=139,39; C.V.= 7,90%; P<0.0001.

Observou-se que para S. Enteritidis os acidos organicos promoveram as menores contagens de
UFC nas trés concentracdes testadas (2,28, 2,01 e 0,50), que diferiram estatisticamente dos demais
desinfetantes. A S. Pullorum, apresentou mesmo comportamento quanto ao &cido organicos, com
contagem 0,50 UFC em todas as concentragcfes. Para a S. Gallinarum, na % CR e CR os &cidos organicos
apresentam menor media de UFC, os quais diferem dos demais tratamentos.. No entanto para 2CR o acido
peracético apresentou menor valor de UFC. Os desinfetantes a base de iodo foram 0s que apresentaram as

maiores contagens de S. Pullorum e S. Enteritidis.
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Para S. Enteritidis em estudo de McLarem et al. (2011) foi reportado que desinfetantes a base de
iodo ndo foram capazes de eliminar o micro-organismo, concordando com os dados obtidos na presente
pesquisa. J& para S. Galinarum, Berchieri Junior e Barrow (1995) verificaram que o desinfetante a base de
hipoclorito de sédio apresentou baixa eficiéncia frente as cepas de S. Galinarum, corroborando com o
presente estudo.

Quanto a avaliacdo da atividade antimicrobiana dos desinfetantes frente aos cinco sorotipos de
Salmonella, observou-se que a partir dos resultados obtidos nesta pesquisa, que interacdo entre 0s
sorotipos e os desinfetantes ndo apresentaram um padrdo de resposta, e, portanto, ressalta-se a
importancia de testar diferentes sorotipos, uma vez que um Unico desinfetante nao foi eficaz frente a todos
0s sorotipos testados. Isso se deve provavelmente a elevada variabilidade genética que o genero
Salmonella apresenta, resultado de uma interacdo dindmica entre os patdgenos, o meio ambiente e
hospedeiros (Liu, 2011).

Analisando a susceptibilidade dos sorotipos a antimicrobianos comerciais (Tabela 4) e 0s
resultados encontrados da eficacia dos desinfetantes frente aos sorotipos (Tabela 2 e 3), ndo foi observada
relacdo entre a resisténcia aos antimicrobianos e a eficacia dos desinfetantes testados, uma vez que se 0
perfil de resisténcia dos sorotipos tivesse relacdo com a resisténcia destes frente aos desinfetantes,
esperava-se 0 sorotipo Typhimurium fosse menos susceptivel aos desinfetantes, seguido de Infantis,
Enteritidis, Pullorum e Galinarum, porém, ndo foi encontrado este padrdo de resposta. Estes resultados
concordam com Kich et al. (2004) que ao avaliarem a atividade de desinfetantes frente a S. Typhimurium
isoladas de suinos, ndo observaram diferencas de sensibilidade aos desinfetantes entre os grupos de
amostras de S. Typhimurium multi-resistentes e ndo multi-resistentes, indicando que a atividade dos
desinfetantes esta mais relacionada a condigdes de utilizacdo, como a presenca de materia organica e

tempo de exposicéo do que dos perfis de resisténcia das cepas.
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Tabela 4. Distribuicdo dos padrbes de resisténcia de cinco sorotipos de Salmonella spp. isolados de

aviarios no Oeste do Parana.

Padrdo de resisténcia Sorotipos
Gen/Nal/Str/Tet Typhimurium
Nal/Str/Tet Infantis, Enteritidis
Nal/Tet Pullorum, Galinarum

Gen: gentamicina; Nal: acido nalidixico; Str: estreptomicina; Tet: tetraciclina.
Na auséncia de materia organica, os desinfetantes a base de acidos organicos, acido peracético,
glutaraldeido e aménia quaternaria apresentaram melhor desempenho no controle dos micro-organismos

testados (Figura 1).

100% 100%
U B0% T U B0%
[ | - e
=] =]
3 I 3
= 50% | B 5. Typhimurium w  50% B 5. Typhimurium
= =
% S. Infantis % S. Infantis
£ £ 1 I _ I
g 40% B B 5. Enteritidis g 40% = T B 5. Enteritidis
n n
k] B 5. Galinarum ] B 5. Galinarum
® 20% - ® 20% —

S. Pullorum S. Pullorum
0% T 0% T T T
C AQ GD HS [n] AP AD C AQ GD HS [n] AP AD
Desinfetantes Desinfetantes
a b

Figura 1. Percentual das contagens de UFC dos sorotipos de Salmonella frente a atividade dos
desinfetantes. a — Na auséncia de matéria organica, b — na presenca de matéria organica.

AP: Acido Peracético, AO: Acidos organicos, AQ: Amdnia Quaternaria, GD: Glutaraldeido, HS: Hipoclorito de
Sédio, ID: lodo, C: controle. As barras de erros representam os erros padroes.

Na presenca de matéria organica (Figura 1-b), todos os seis desinfetantes apresentam sua atividade
prejudicada. Porém, o desinfetante a base de &cidos organicos apresentou melhor desempenho. Quanto
aos demais, suas atividades foram bastante prejudicadas pela presenca de matéria organica, como ja
reportado para desinfetantes compostos por amonia quaternaria, hipoclorito de sédio, acido peracético
(Jaenisch et al., 2010) idodo e glutaraldeido (Kich et al., 2004).

Diante desses resultados, os &cidos organicos demonstraram um grande potencial de uso na

avicultura como uma possivel alternativa ao uso dos desinfetantes comumente utilizados, com resisténcia

microbiana ja relatada e que ndo sdo biodegradaveis. Além disso, ja foram atribuidos aos acidos organicos
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outros aspectos positivos, como sua capacidade de trabalhar em sinergismo com extratos vegetais e 6leos
essenciais, uma vez que os extratos e 0leos podem facilitar a entrada os acidos organicos nas células
bacterianas (Lin et al., 2004) que vao agir principalmente através da reducdo do pH interno, interferindo
no transporte de aminoacidos e na inativacao de enzimas (Cherrington et al., 1991). Também, podem ser
efetivos no controle de salmonelas por de sua adi¢do na racdo ou na agua de frangos de corte (Pickler et
al., 2012) e contribuirem para o ganho de peso dos frangos, quando utilizados em dietas livres de
promotores de crescimento (Viola et al., 2008).

Considerando que a avicultura brasileira estd em constante expansao, 0s programas de limpeza e
desinfeccdo das granjas avicolas devem acompanhar tal desenvolvimento, para evitar a disseminacdo de
patdgenos, resisténcia de micro-organismos e alcancar 0s objetivos pretendidos no quesito
desenvolvimento, produtividade e sustentabilidade. Uma alternativa aos programas de biosseguridade
seria a adocdo de um sistema de rodizio de desinfetantes de diferentes principios ativos e distintos
mecanismos de acdo com o objetivo de protelar a selecdo de micro-organismos resistentes, bem como
aumentar o periodo de eficacia destes. Embora este estudo aponte o desinfetante a base de acidos
organicos como melhor alternativa, ressalta-se a importancia da constante busca de novos produtos para
substituicdo a aqueles cuja resisténcia ja tenha sido reportada.

CONCLUSAO

Os desinfetantes a base de acidos organicos, acido peracético, glutaraldeido e amonia quaternaria
foram os mais eficazes frente aos sorotipos de Salmonella nas trés concentracfes testadas, na auséncia de
matéria organica. Na presenca de matéria organica, o desinfetante a base de acidos organicos apresentou o

melhor desempenho.
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