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GENERAL ABSTRACT

Alicyclobacillus spp. are Gram positive, thermophilic, acidophilic and non-pathogenic
bacteria. Vegetative cells can grow between pH values of 2.0 to 6.0 and temperature
between 20 to 70°C. In addition, they are spore-forming, giving the microorganism
greater resistance to adverse environmental conditions. The species Alicyclobacillus
acidoterrestris stands out for producing large amounts of 2 methoxyphenol
(guaiacol) and 2,6 dibromophenol. Such metabolites can cause organoleptic
changes in citrus drinks, leaving them unsuitable for human consumption. The juice
industry uses pasteurization to destroy pathogenic and deteriorating
microorganisms, however the spores resist high temperatures and can germinate
after the thermal process. Thus, the contamination of juices by the microorganism
has become a wide-ranging concern and can affect their marketing. Among the
producing countries, Brazil holds more than 50% of the entire world production of
orange juice and exports 98% of this production, with concentrated juice being the
main responsible for all this success. Contamination of the beverage by A.
acidoterrestris can lead to great economic losses for its producers. Natural
compounds such as food preservatives have been extensively tested and used, as
most of them do not cause health problems and also have benefits such as being a
source of nutrients and having antioxidant, anti-inflammatory properties, among
others. Many natural compounds do not alter the food, increase its shelf life and act
against microorganisms. Plant extracts, essential oils, bacteriocins, endophytic
fungus extract, kombucha and enzymes have been extensively studied against
Alicyclobacillus acidoterrestris. In addition to natural preservatives, new
technologies have been analyzed. Short wave ultraviolet light (UV-C) is a radiation
from 200 to 280 nm in the UV spectrum that has germicidal potential, being a
disinfection method that can be applied to food, without generating chemical
residues and not providing residual radioactivity. Using this method and associating
it with a natural preservative such as nisin can enhance the conservation of
industrialized orange juice. The objective of this work was to evaluate the treatment
of orange juice reconstituted with UV-C combined with nisin against Alicyclobacillus
acidoterrestris and to know some natural compounds described in the scientific
literature that have some action against the microorganism. To evaluate the
treatment of orange juice reconstituted with UV-C combined with nisin, spores of A.
acidoterrestris and those treated with nisin in combination with different UV-C doses
(from 2.52 to 12.6K]/m2) were used. The combination of UV-C treatment with nisin
showed counts below the detection limit of the method (<1.7 log CFU/mL) both in
the juice exposure at time 6 min (5.04 KJ/m2) with 7.81 ug / mL of nisin , as in
time 3 min (2.52 KJ/m2) with 15.62 pg / mL of nisin (p < 0.05). The treatment with
UV-C combined with low dose nisin (2.52 KJ/m2) eliminated the spores, being a
promising alternative for the beverage industry. For the investigation of natural
compounds in A. acidoterrestris, a brief literature review was carried out, accessing
the Science Direct database of the last 12 years, using the keywords Alicyclobacillus
acidoterrestris; Alicyclobacillus; natural antimicrobials; natural compounds.
Research with plant extracts, essential oils, bacteriocins, endophytic fungus extract,
kombucha and enzymes showed efficient antimicrobial effects against A.
acidoterrestris.

Keywords: UV-C radiation, reconstituted orange juice, Alicyclobacillus,
Alicyclobacillus acidoterrestris, ultra high performance liquid chromatography,
ascorbic acid, natural antimicrobials, natural compounds.
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Alicyclobacillus spp. sdo bactérias Gram positivas, termofilicas, acidofilicas e nao
patogénicas. As células vegetativas podem crescer entre valores de pH de 2,0 a 6,0
e temperatura entre 20 a 70°C. Além disso, sao formadoras de esporos, conferindo
ao microrganismo maior resisténcia a condicdes ambientais adversas. A espécie
Alicyclobacillus acidoterrestris se destaca por produzir grandes quantidades de 2
metoxifenol (guaiacol) e 2,6 dibromofenol. Tais metabdlitos podem provocar
alteracdes organolépticas em bebidas citricas deixando as impréprias para o
consumo humano. A industria de sucos utiliza a pasteurizagdo para destruir
microrganismos patogénicos e deteriorantes, porém os esporos resistem a altas
temperaturas e podem germinar apds o processo térmico. Desta forma, a
contaminacdo de sucos pelo microrganismo tornou-se uma preocupacao de ampla
abrangéncia e pode afetar sua comercializagdao. Dentre os paises produtores, o
Brasil detém mais de 50% de toda a producao mundial de suco de laranja e exporta
98% dessa producao, sendo o suco concentrado o maior responsavel por todo esse
sucesso. A contaminacdo da bebida por A. acidoterrestris pode desencadear grandes
perdas econdmicas para seus produtores. Compostos naturais como conservantes
de alimentos tem sido amplamente testados e utilizados, pois em sua maioria nao
causam problemas para a saude e ainda apresentam beneficios como ser fontes de
nutrientes e ter propriedades antioxidantes, antiinflamatoria, entre outras. Muitos
compostos naturais ndo alteram o alimento, aumentam sua vida util e combatem
microrganismos. Extratos de plantas, 6leos essenciais, bacteriocinas, extrato de
fungo endofitico, kombucha e enzimas tem sido muito estudado contra
Alicyclobacillus acidoterrestris. Além de conservantes naturais, novas tecnologias
tém sido analisadas. A luz ultravioleta de onda curta (UV-C) é uma radiagcao de 200
a 280 nm no espectro UV que apresenta potencial germicida, sendo um método de
desinfeccao que pode ser aplicado em alimentos, sem gerar residuos quimicos e nao
fornecer radioatividade residual. Utilizar este método e associa-lo a conservante
natural como a nisina pode potencializar a conservacao de suco de laranja
industrializado. O objetivo deste trabalho foi avaliar o tratamento de suco de laranja
reconstituido com UV-C combinado a nisina contra Alicyclobacillus acidoterrestris e
conhecer alguns compostos naturais descritos na literatura cientifica que
apresentam alguma agao contra o microrganismo. Para avaliar o tratamento de suco
de laranja reconstituido com UV-C combinado a nisina foi utilizado esporos de A.
acidoterrestris e tratados com nisina em combinagdao com diferentes doses de UV-
C (de 2.52 a 12,6KJ/m?). A combinagdo do tratamento UV-C com nisina apresentou
contagens abaixo do limite de deteccdo do método (<1,7 log UFC/mL) tanto na
exposicdo do suco no tempo 6 min (5.04 KJ/m?) com 7.81 ug / mL de nisina, como
no tempo 3 min (2.52 KJ/m?) com 15.62 pug / mL de nisina (p <0.05). O tratamento
com UV-C combinado a nisina em baixa dose (2.52 KJ/m?) eliminou os esporos
sendo uma alternativa promissora para a industria de bebidas. Para a investigagao
de compostos naturais em A. acidoterrestris foi realizada uma breve pesquisa de
revisao da literatura, acessando a base de dados Science Direct dos ultimos 12 anos,
utilizando as palavras-chave Alicyclobacillus acidoterrestris; Alicyclobacillus;
antimicrobianos naturais; compostos naturais. Pesquisas com extratos de plantas,
6leos essenciais, bacteriocinas, extrato de fungo endofitico, kombucha e enzimas
apresentaram efeitos antimicrobiano eficiente contra A. acidoterrestris.

Palavras-chave: radiacdo UV-C, suco de laranja reconstituido, Alicyclobacillus;
Alicyclobacillus acidoterrestris, cromatografia liquida de ultra alta performance,
acido ascorbico, antimicrobianos naturais, compostos naturais.
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ARTIGO 1

Effect of ultraviolet treatment (UV-C) combined with nisin on industrialized
orange juice in Alicyclobacillus acidoterrestris spores
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Keywords: UV-C radiation Reconstituted orange juice Alicyclobacillus acidoterrestris UHPLC-
MS Ascorbic acid

A BS TR ACT Alicyclobacillus acidoterrestris is a bacteria capable of spoiling industrialized
orange juice, making it a problem for the beverage industry. This study evaluated the effect of
UV-C radiation in combination with nisin in the reduction of A. acidoterrestris spores using
reconstituted orange juice. A. acidoterrestris spores were treated with nisin (7.81 and 15.62
ng/mL) in combination with different doses of UV-C (from 2.52 to 12.6 kJ/m?). The presence of
vitamins in the juice after the treatments was investigated by UHPLC-HRMS using a ultra high
performance liquid chromatography system. The combination of UV-C and nisin treatment
showed counts below the detection limit of the method (<1.7 log CFU/mL) both at time 6 min
(5.04 kJ/m?) with 7.81 pg/mL nisin and at time 3 min (2.52 kJ/m?) with 15.62 pg/mL nisin (p <
0.05). Ascorbic acid was found in control and 3-min UV-C samples, but with 15 min of treatment
the vitamin was not detected. Thiamine was found in the three samples analyzed (TO, T3 and
T15). Treatment with UV-C combined with low dose nisin (2.52 kJ/m?) eliminated spores
without degrading the analyzed juice vitamins and is a promising alternative for the beverage
industry.
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1. Introduction

Orange juice is one of the drinks most chosen by consumers, and its inclusion in the diet can
be explained by the nutritional value, because among the nutrients, orange contains high
concentration of vitamin C. In turn, vitamin C has important physiological and biochemicals
functions in the body, such as collagen hydroxylation, carnitine biosynthesis, hormones and
amino acids production, improved immunity against infections, have high antioxidant power and
prevent disease (Vannucchi & Rocha, 2012).

Among the producing countries, Brazil owns more than 50% of all world orange juice
production and exports 98% of this production as concentrated juice (Neves, 2013; Franco,
2016). However, one of the factors of concern in the production and quality of the final product,
is the contamination of the drink by deteriorating microorganisms, such as the Alicyclobacillus
genus.

Alicyclobacillus spp. are Gram positive, thermopbhilic, acidophilic and non-pathogenic
bacteria. Vegetative cells can grow between pH values of 2.0-6.0 and between temperature of
20 and 70 °C. These characteristics can be attributed to the composition of its cell membrane,
which is composed of w-cyclohexane and w-cycloheptane, varying among species (Steyn,
Cameron & Witthun, 2011; Santanna, Alvarenga, Oteiza, & Pena, 2014). In addition, this
bacteria is spore-forming, giving the microorganism greater resistance to adverse environmental
conditions (Steyn, Cameron, & Witthuhn, 2011).

Among the genus Alicyclobacillus, 20 species, 2 subspecies and 2 genomic species were
identified (Nakano, Takahashi, Tanaka, & Okada, 2015). However, Alicyclobacillus
acidoterrestris species stands out for producing 2-methoxyphenol (guaiacol) and 2,6-
dibromophenol metabolites that are associated with sensory changes in citrus beverages, making
them unfit for human consumption (Groenewald, Gouwsand & Witthuhn, 2009; Bianchi et al.,
2010; Oteiza, Soto, Alvarenga, Sant’Ana, & Giannuzzi, 2014).

The first described incident with A. acidoterrestris occurred in Germany in 1984, with
the deterioration of apple juice (Cerny, Hennlich, & Poralla, 1984), later other studies reported
unpleasant changes in citrus juice (Bianchi et al., 2010; Groenewald, Gouws, & Witthuhn, 2009;
Osopale, Witthuhn, Albertyn, & Oguntoyinbo, 2016; Parish & Goodrich, 2005). The raw
material of these juices can be easily contaminated, since the microorganism is in the soil, and
can be introduced into the processing when the fruit has inadequate hygiene (Groenewald et al.,
2009). Contamination of the beverage by A. acidoterrestris can trigger major economic losses
for its producers.

Juice industry uses pasteurization to destroy or reduced pathogenic and spoilage
microorganisms, but spores resist high temperatures and can germinate after the thermal process
(Steyn et al., 2011). In other studies, pasteurized and unpasteurized fruit juices sold in various
regions have been identified with the presence of Alicyclobacillus spp. (Oteiza, Ares, Sant’Ana,
Soto & Giannuzzi, 2011; Steyn et al., 2011; Osopale et al., 2016). Thus, the use of alternative
methods to reduce or eliminate spoilage microorganisms are currently proposed, such as natural
compounds with antimicrobial action. Recent studies have demonstrated the action of isolated
and natural compounds against Alicyclobacillus sp. in orange juice (Anjos et al., 2016; Dutra et
al., 2019; Pascoli et al., 2018).

Among these compounds, nisin is used as a food additive (E 234) for microbial control
of bacteria and spores. It is a bacteriocin produced by Lactococcus lactis subsp. Lactis approved
by the Food and Drug Administration (FDA) as a food preservative. It is also important to
mention that according to the World Health Organization (WHO), the application of nisin as a
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food additive and processing aids were evaluated and an Acceptable Daily Intake (ADI) of 0.13
mg/kg per body weight (bw), equivalent to 130 ug/kg (bw) is recommended without risk to the
consumer throughout his life (Younes et al., 2017). Studies have already shown the efficacy of
nisin against vegetative cells and A. acidoterrestris spores (Anjos et al., 2016; Pascoli et al.,
2018).

In addition to compounds with inhibitory effects on bacteria, innovative technologies
have been researched (Char, Mitilinaki, Guerrero, & Alzamora, 2010). Short-wave ultraviolet
light (UV-C) is a 200-280 nm radiation in the UV spectrum that has germicidal potential, and
is a disinfection method that can be applied to food. The FDA has approved the use of UV-C
light as a method for dried fruits (FDA, 2000, 2004). Among the applications of this technique,
UV disinfection has been found in water treatment (Sutton, Yu, Grodzinski, & Johnstone, 2009)
and also in fruit juices (Prado et al., 2019; Tran & Farid, 2004; Tremarin, Brand ao, & Silva,
2017; Tremarin, Canbazb, Brand™ao & Silva, 2019).

The combination of alternative treatments to reduce or inhibit these microorganisms
increases the industrial and consumer market interest and aims to reduce costs, optimize
production, in addition to ensuring the maintenance of the final quality of the product and food
safety for the consumer. Thus, the aim of the study was to evaluate the combination of UV-C
and nisin treatment on reconstituted orange juice against A. acidoterrestris spores and to verify
possible vitamin loss in the juice before and after UV-C treatment.

2. Material and methods

2.1. Microbial strain

Strain Alicyclobacillus acidoterrestris 0244T was obtained from the Brazilian Collection
Microorganisms of the Environment and Industry (CBMAI), located at the Multidisciplinary
Center for Chemical, Biological and Agricultural Research - CPQBA/UNICAMP — Séo Paulo —
Brazil. Strain was stored in BAT broth (Bacillus acidoterrestris) (Deinhard, Blanz, Poralla, &
Altan, 1987) with 30% glycerol at & 20 °C in the Laboratory of Water, Environment and Food
Microbiology of State University of Maringa.

2.2. Spore suspension preparation

Vegetative cells of A. acidoterrestris was cultured in tubes containing BAT broth at pH
4.0 and 45 °C for 120 h, time required to obtain approximately 80% sporulation, as verified by
microscopy using the spore staining technique. The tubes were then centrifuged for 3 min at
10,000 rpm, washed three times with sterile distilled water and stored at 4 °C. To verify spore
concentration, the suspension was placed in a water bath at 80 ,°C for 10 min to allow
germination, followed by serial dilution in saline 0,85%, plating in BAT agar in duplicate and
incubation at 45 °C for 24 h for spore counting (Prado et al., 2019).

2.3. Reconstituted orange juice (preparation of the culture medium)

Commercial concentrated orange juice (66 °Brix), obtained from an industry located in
the city of Paranavai (Parand, Brazil), was previously analyzed to verify the absence of
vegetative cells and spores of Alicyclobacillus spp. Briefly, it was determined by dilution and
plate counting in duplicate and was expressed in CFU/mL. Concentrated juice was reconstituted
with sterile water (11 °Brix — pH 4.0) using a digital refractometer (Pocket, PAL-1, ATAGO)
and used as a culture medium in the experiments. UV-C transmittance at 254 nm in the
reconstituted orange juice sample was measured using the spectrophotometer (T90 + UV/VIS,
PG Instruments Ltd. Australia) where it was found that 98% of the incident UV-C is absorbed
in a thickness of 1 mm of juice (Prado et al., 2019).
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2.4. Nisin

The nisin used was commercially purchased (Sigma-Aldrich, St. Louis, USA), diluted in
0.02 mol/L hydrochloric acid (HCI) in the concentrations tested as described in item 2.7, and
sterilized using a 0.22 um membrane (Millipore, Sao Paulo, Brazil) before the experiments.

2.5. Determination of the minimum sporicidal concentration with nisin

Determination of the minimum sporicidal concentration was realized according to Anjos,
Ruiz, Nakamura, and Abreu Filho (2013, with modifications). Nisin antibacterial activity against
A. acidoterrestris spores was evaluated in 96-well plates (TPP® Switzerland) using
microdilution series as described by CLSI M7-A11 (2018). Nisin was diluted in BAT broth and
evaluated at concentrations ranging from 0.49 to 1000 pg/mL 5 pL spore suspension was added
to each well, resulting in a final concentration of 10* CFU/mL. The plate was incubated at 45 °C
for 24 h. Thereafter, a thermal shock was performed in a water bath (Nova T ecnica, Piracicaba,
Brazil) at 80 °C for 10 min for spore germination, followed by plating on BAT agar (10 uL) and
incubation at 45 °C for 24 h. The minimum sporicidal concentration was considered as the lowest
concentration where there was no colony growth due to spore germination.

2.6. UV-C device

The treatments with UV-C radiation were performed in a chamber (75 x 70 x 45 cm3)
manufactured at Maringa State University, Parana, as reported by Tremarin et al. (2017) and
(Prado et al., 2019), with modifications. Three monochrome UV-C emitting lamps at 254 nm
(Germicide 15 W T8 - OSRAM) were used. UV-C intensity was obtained using a radiometer
(Gooch & Housego, OL 756) coupled to an optical fiber (Gooch & Housego, OL 730 7g-1.0)
and a 50.8 mm diameter integrating sphere (Gooch & Housego, 1S-270) to provide a power
density of 14 W/m?,

All measurements were taken at a distance of 24 cm from the lamp, under constant
agitation (magnetic agitation) of juice plates during the treatment, in order to guarantee an equal
distribution of the UV intensity through the sample. Radiation treatment was unidirectional (top
to bottom). Orange juice turbidity was 98%. UV-C creep (kJ/m?) was calculated as the applied
power density (W/m?) x time (s)/1000. The UV-C lamp was turned on for at least 30 min before
experiments to ensure the stability of the UV-C light.

2.7. Spore treatment combining UV-C radiation and nisin

The spore suspension (100 uL) was diluted in 900 pL of reconstituted orange juice (11
°Brix) in sterile 24-well cell culture plates, with the final spore concentration in each well
approximately 10* CFU/mL. After, the plate was subjected to UV-C treatment with constant
agitation in order to ensure equal distribution of the intensity of radiation incident on each well.
UV-C exposure times of 0, 3, 6, 9, 12 and 15 min (denominated TO, T3, T6, T9, T12 e T15,
respectively) were evaluated and thereafter heat treated (80 °C for 10 min in a water bath),
followed by serial dilution and plating on BAT agar incubated at 45 °C for 24 h.

The spores of the control group were not subjected to treatment with UV-C exposure and
were called time 0. The assay was repeated by adding nisin to the spore juice at concentrations
of 7.81 and 15.62 pg/mL before the exposure to UV-C to evaluate the combination of treatments.

2.8. Scanning electron microscopy (SEM)

The spores were subjected to scanning electron microscopy, according to the protocol
proposed by Pascoli et al. (2018). The spores were exposed to UV-C for 1 min and 30 s (1.26
kJ/m?) combined with nisin (15.62 pg/mL), and an untreated control was also performed (no
nisin and no UV-C applied). The samples were washed in saline and fixed in 2.5%
gluteraldehyde (Sigma-Aldrich, St. Louis, MO) and 0.1 mol/L sodium cacodylate buffer (SEM,
Hatfield, PA). Then the samples were washed in 0.1 mol/L sodium cacodylate buffer and



315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367

15
coverslipped with poly-L-lysine, followed by dehydration with ethanol, critical point drying with
CO?, gold plating and observation under a SEM (Quanta 250, FEI Company).

2.9. ldentification of vitamins in orange juice in UHPLC-Qtof-MS

Reconstituted orange juice samples (11 °Brix) subjected to UV-C treatment only at 3 and
15 min exposure (2.52 and 12.6 kJ/m?) and a control sample (no nisin and no UV-C application)
were obtained, filtered using 0.22 pm PVDF filter and centrifuged for 10 min at 3000 rpm.

For the analysis of the identification of bioactive orange juice compounds, as Vitamin C,
aliquots of the samples (1:1 in methanol HPLC purity) were analyzed by UHPLC-HRMS using
a Nexera X2 Ultra High Performance Liquid Chromatography System. The System was
equipped with 2 LC-30AD pumps and Shimadzu XR-ODSIII column (150 x 2 mm) maintained
at 40 °C with a linear elution gradient using ultrapure water (0.1% formic acid) (A) and
acetonitrile (0.1% formic acid) (B) as solvents, both of LC-MS purity. Chromatographic
separation was performed within 20 min.

The gradient used was: 1 min, 95% solvent A and 5% solvent B; 10 min, 50% solvent A
and 50% solvent B; 12 min, 5% solvent A and 95% solvent B; 13 min, 5% solvent A and 95%
solvent B; 17 min, 95% solvent A and 5% solvent B; and 20 min, 95% solvent A and 5% solvent
B. The flow was maintained at 0.20 mL/min throughout the chromatographic separation.The
mass spectrometer (MS) used was Q-tof Impact 11 model (Bruker, Germany) with electrospray
ionization source was used in Auto MS/MS acquisition mode. The three most intense ions from
each chromatographic peak were selected. The acquisition rate was 4 Hz (MS and MS/MS), and
m/z 50-1200 range. The mass spectrum was collected using ESI in positive ionization mode,
with 4.50 kV capillary voltage, with temperature of 200 °C, and flow rate of 8 L/min gas
solvation.

Daughter scans (product ion scans) were performed using collision-induced dissociation
(ICD) of an energy ramp at 7.0 eV and 3.06 10-3 mBar of collision gas pressure in the collision
chamber (Castro et al., 2018). lon chromatograms and MS and MS/MS spectra were visualized
using Software Data Analysis 4.3, then compared with existing literature and analyzed using an
open access mass spectrometry database such as the Human Metabolome Database (HMDB)
(Wishart et al., 2013).

2.10. Statistical analysis

The results related to UV-C treatments with or without nisin were subjected to analysis
of variance (ANOVA) and Tukey test (p < 0.05) for comparison of means, using the statistical
program SISVAR version 5.3.

3. Results and discussion

3.1. Determination of the minimum sporicidal concentration with nisin

The minimum sporicidal concentration of nisin found in the present study was 31.25
pg/mL; this concentration was also found by Ruiz et al. (2013). In the literature it is already well
established that nisin has antibacterial activity against vegetative cells and A. acidoterrestris
spores (Anjos et al., 2016; Bevilacqua, Sinigaglia, & Corbo, 2008; Pascoli et al., 2018). This
nisin activity against vegetative cells can be justified by its mechanism of action that occurs due
to the interaction between bacteriocin and cytoplasmic membrane phospholipids, forming non-
selective pores, which trigger an accelerated flow of ions, amino acids and ATP, resulting in cell
collapse and death. Thomas and Delves-Broughton (2005) reports in a study that nisin acts
directly on spore, inducing the inhibition of germination (Bevilacqua et al., 2008; Yamazaki,
Murakami, Kawali, Inoue, & Matsuda, 2000).
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The addition of nisin has been also evaluated in fruit juices against other microorganisms.
Oliveira Junior, Couto, Barbosa, Carnelossi, and Moura (2015) evaluated the action of nisin
against A. acidoterrestris, Bacillus cereus, Staphylococcus aureus and Listeria monocytogenes
in cashew, soursop, peach, mango, passion fruit, orange, guava and cupuacu juices. This research
observed its antibacterial activity in juices until 30 days of storage, without causing changes in
the sensory characteristics of the drinks, where A. acidoterrestris was the most sensitive
organism to nisin application. Yamakazi et al. (2000) also suggested that nisin can be added
directly to fruit juice. It is also important to mention that the results of the minimum sporicidal
concentration found in this study for nisin are extremely below the value recommended by WHO
(ADI of 0.13 mg/kg per body weight (bw)), making this study feasible for industrial application
and food security.

Other studies have reported combination of nisin with enzymes, such as papain and
bromelain (Anjos et al., 2016) and natural compounds (Pascoli et al., 2018) against A.
acidoterrestris vegetative cells and spores, associated with physical methods in citrus juices.
The present study is the first to evaluate nisin combination with UV-C treatment against A.
acidoterrestris spores in reconstituted orange juice.

3.2. Spore treatment in reconstituted orange juice by combining UV-C radiation with nisin
From the minimum sporicidal concentration found in this study, lower concentrations
(7.81 and 15.62 pg/mL) were defined to be associated with UV-C treatments. The results of
spore treatment in reconstituted orange juice by combining UV-C radiation with nisin are shown
in Table 1. UV-C treatment of 15 min light exposure (12.6 kJ/m?) without nisin addition to A.
acidoterrestris spores in the reconstituted orange juice (11 °Brix) achieved a reduction of 1 Log
CFU/mL compared to the control time (T0) with p < 0.05. Regarding the combination of UV-C
treatment with nisin concentrations, the results were more effective, showing counts below the
method detection limit (<1.7 log CFU/ Fi mL) at 6 min exposure time (5.04 kJ/m?). with 7.81
pg/mL nisin and at time 3 min exposure (2.52 kJ/m?) with 15.62 pg/mL nisin (p < 0.05).

Study by Tremarin et al. (2017) evaluated the influence of UV-C irradiation against A.
acidoterrestris spores in apple juice and obtained about 5 Log CFU/mL reduction after 8 min of
treatment using intensity of 13.44 W/m?. Baysal, Molva, and Unluturk (2013) also evaluated the
ultraviolet light effect on inactivation of A. acidoterrestris spores in pasteurized grape and apple
juices, where they tested different intensities (1.31; 0.71 and 0.38 mW/cm2) with exposure times
between 0 and 15 min. As a result, they obtained a 5.5 Log CFU/mL reduction in grape juice
with an intensity of 1.31 mW/cm? (13.1 W/m?). For apple juice under the same conditions, the
maximum inactivation was approximately 2 Log CFU/mL. Both studies used similar intensities
and showed better log sparse reductions when compared to the present study with UV treatment
without nisin combination. However, it is important to note that UV-C radiation transmittance
depends on the characteristics of each juice, due to the amount of soluble solids and suspended
matter in the liquid, making it difficult to compare results in different fruit juices (Keyser,
Cilliers, Nel, & Gouws, 2008).

Treatment with UV radiation in orange juice has already been evaluated against other
microorganisms. Tran and Farid (2004) designed a descending film UV reactor to give the drink
an effective treatment and observed decimal reductions in yeast and mold (87 and 119 mJ/cm?,
respectively). Gay an, Monfort, Alvarez, and Condon (2011) demonstrated a reduction of 5 log
CFU/mL E. coli in the treatment with combined UV radiation at a temperature of 55 °C, using a
dose of 27.10 J/mL. Taze, Unluturk, Buzrul, and Alpas (2015) evaluated the natural microflora
of orange juice composed mainly of yeast, used UV-C irradiation at an intensity of 1.32 mW/cm?
and showed that the time and UV dose of the first decimal reduction was 31 mJ/cm?, with 5.7
min exposure. These studies prove the effectiveness of UV-C treatment in orange juice against
different microorganisms, as evaluated in this study for A. acidoterrestris.
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In the present study, the highlight of the results is the treatment of UV-C combined with
nisin against A. acidoterrestris spores, mainly with the reduction of spores after 3 min (2.52
kJ/m?) exposure and 15.62 pg/ mL bacteriocin. Spore elimination was observed using the lowest
radiation dose applied and halved the concentration of nisin relative to sporicide.Other studies
have shown that the mechanisms of action of each treatment (UV—-C and nisin) are different.
UV-C radiation acts directly on DNA, causing injury and inducing the formation of pyrimidine
dimers called photoproducts. Repair is crucial for UV-resistance of spores and may impact spore
germination (Moeller et al., 2007). It is expected that different mechanisms of action may lead
to synergism of spore injury treatments.

3.3. Scanning electron microscopy (SEM)

The effect of treatment on A. acidoterrestris spores can be visualized (Fig. 1) by scanning
electron microscopy. The untreated control spores were intact and had a smooth surface (Fig. 1
- A), while the treated spores (UV-C combined with 15.62 pg/mL nisin) changed structural
integrity, showing depressions in their shape as results of the damages induced by the
procedures.

However, to thoroughly elucidate the mechanism of action of both nisin and UV-C
radiation in A. acidoterrestris spores, further investigation is needed. Regarding the mechanism
of action, nisin acts on the cytoplasmic membrane, while UV-C radiation acts directly on the
cell’s DNA; thus demonstrating the difference between the two treatments (Melo, Soares, &
Gongalves, 2005; Moeller et al., 2007).

Char et al. (2010) reported that exposure of food to UV does not generate chemical
residues and does not provide residual radioactivity, however the nutritional value of UV-treated
fruit juice may change and compromise its quality, as some vitamins are light sensitive
(Koutchma, 2009).

3.4. Identification of vitamins in orange juice in UHPLC-Qtof-MS

The UHPLC-Qtof-MS analysis for identification of compounds present in orange juice
treated with UV-C radiation at different times is presented in Table 2. The compounds were
identified and confirmed using the open access literature and free-access mass spectrometry
database, such as Human Metabolome Database (HMDB). Compounds such as vitamin C
(Ascorbic acid) (HMDB, ID: HMDB0000044, Wishart et al., 2013) and Thiamine (HMDB, ID:
HMDBO0000235, Wishart et al., 2013) have been confirmed. No other vitamins were detected in
the juice. The total ion chromatograms and the total ion spectrum of vitamin C can be seen in
Figs. 2-4.

Ascorbic acid was found in the reconstituted orange juice sample (11 °Brix) at control
time (T0) and at 3 min (2.52 kJ/m?) exposure to UV-C radiation, but with 15 min of radiation
treatment, it was not detected. Thiamine was found in the three samples analyzed (TO, T3 - 2.52
kd/m? and T15-12.6 kJ/m?).

Tran and Farid (2004) investigated the effect of UV on vitamin C content in reconstituted
orange juice using HPLC and observed a relationship between UV dose and vitamin C. The
higher the exposure to treatment, the lower vitamin C concentration is found, reporting 17%
degradation under high UV exposure (100 mJ/cm?). In addition, they found that juice’s color
and pH were not significantly influenced by treatment. Vitamin C degradation due to the
treatment of high doses of UV-C (1.2 and 1.8 mW/cm?) has also been demonstrated in apple
juice (Tikekar, Anantheswaran, & LaBorde, 2011). These studies corroborate our results, since
in the higher UV-C dosage used (12.6 kJ/m?) the vitamin loss occurred, and it is also possible to
observe that the lower radiation dosage used (2.52 kJ/m?) combined with 15.62 pg/mL nisin
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eliminated A. acidoterrestris spores and preserved the vitamins present in the juice.

Thiamine and ascorbic acid molecules are polar, so they are soluble in aqueous solutions.
Once present in food, the stability of these vitamins depends on the composition of the
environment and may be degraded due to various factors such as pH, temperature, light, oxygen
and enzymes (Usaga, Manns, Moraru, Worobo, & Padilla-Zakour, 2017). In our study we can
observe higher resistance of thiamine molecule when compared to ascorbic acid at radiation
dosage of 12.6 kJ/m?. However, it is important to remember that future research must be carried
out to clarify the loss of vitamins related to the treatment with UV-C radiation in reconstituted
orange juice, considering UV-C treatment for 15 min that vitamin C was not identified, as well
as evaluate the maintenance of the quality of this food in relation to its storage (expiration date)
after treatment with UV-C and nisin.

4. Conclusion

The UV-C radiation in the reconstituted orange juice demonstrated efficacy in eliminating
the spores of A. acidoterrestris and the association of UV-C with nisin was even more effective,
through the additive action of these associated treatments as applied in this study. In addition,
the natural properties of orange juice regarding vitamin C content was preserved after treatments,
with the exception of UV-C treatment for 15 min.Thus, treating orange juice with UV-C
combined with nisin becomes a promising alternative that can be used by the food industry to
eliminate A. acidoterrestris and maintain the final quality of the industrialized product.

Table 1. UV-C treatments without nisin (SN), UV-C with 7.81 pg/mL nisin (7.81 N) and UV-C
with 15.62 pug/mL nisin (15.62 N) at UV exposure times -C at 0, 3, 6,9, 12 and 15 min (TO, T3,
T6, T9, T12 and T15) against Alicyclobacillus acidoterrestris spores performed in reconstituted
orange juice (11 ° Brix).

Treatments TO T3 T6 T9 T12 T15
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2.52 5.04 7.56 10.08 12.6

kJ / m2 kl/m2z kJ/m? kJ / m2 kJ / m2

Log UFC/mL

464 + 454 + 408 + ac 3.26 + aC
SN 0.10%A  0.10%A  0.072B 3.24+0.06 0.95aC 3.12+0.08

462 = 404 £ . bC b.C b,C
7.81N 0.10%A 01358 0 0 0 0

479 % B b.B b.B h,B b,B
15.62 N 0.183A 0 0 0 0 0

526  * Different lower case letters (a, b, c) represent significant difference (p <0.05) between lines by
527  Tukey test. Different capital letters (A, B, C) represent significant difference (p <0.05) between
528 columns by Tukey test.
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561  Figure 1. Scanning Electron Microscopy. (A) Control of A. acidoterrestris spores. (B) A.
562  acidoterrestris spores subjected to 1 min and 30 sec of UV-C exposure with 15.62 ug/mL nisin.
563  Both performed in BAT broth.
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Foi realizada uma pesquisa de revisao da literatura, acessando a base de dados Science Direct

dos ultimos 12 anos, utilizando as palavras chave Alicyclobacillus acidoterrestris;
Alicyclobacillus; antimicrobianos naturais; compostos naturais. Todos 0s resumos e artigos em
texto completo foram examinados e os mais relevantes foram selecionados para triagem e

inclusdo nesta revisao.

1. Introducéo

O Género Alicyclobacillus spp. foi criado em 1992, devido principalmente a presenca de
acidos graxos m-ciclohexano ou w-cicloheptano, que conferem suas caracteristicas de resisténcia
ao calor e a ambientes acidos. Atualmente sdo conhecidas 22 espécies isoladas de diferentes
meios, e com caracteristicas distintas, mas filogeneticamente compreendidos na classificacdo do
género Alicyclobacillus (Ciuffreda et al., 2015).

Alicyclobacillus acidoterrestris é uma espécie de bactérias encontradas no solo, ndo
patogénicas, Gram-positivas,acidofilicas(pH 2,0-6,0) etermofilicas (35-60 °C) (Bevilacqua Et
AL, 2005). Essa capacidade de crescer em ampla faixa de pH e temperatura podem estar
associadas a composicdo da membrana por conter acidos graxos ciclicos, o que confere ao
microrganismo uma maior resisténcia juntamente com sua habilidade em formar esporos (Anjos
et al., 2016; Ferreiraet al., 2020).

A. acidoterrestrissdo bactérias deteriorantes de alimentos foi identificado pela primeira
vez em suco de magéd em 1984 (Cerny, Hennlich, Poralla, 1987), posteriormente outros estudos
relataram sua contaminagdo em sucos de macé, cereja, amora, toranja, manga, laranja, tomate,
uva branca, groselha preta, péra, banana, abacaxi, entre outros (Chang, Park e Kang, 2013; Cai

et al, 2019).

A deterioracdo dos sucos é atribuida a compostos quimicos produzidos pelo A.
acidoterrestris, identificados como guaiacol, 2,6-dibromofenol e 2,6-diclorfenol que alteram o

odor e provocam um sabor desagradavel "medicinal” e "antisséptico" (Chang, Park e Kang,
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2013). A pasteurizacdo € um processo térmico utilizado por industrias de sucos para eliminar

microorganismos indesejaveis, porém os esporos de A. acidoterrestris podem germinar apds o

processo e provocar alteracfes nas caracteristicas organolépticas do suco (Spinelli et al, 2010).

Por muitos anos, produtos quimicos sintéticosforam utilizados pelainddstria de alimentos
para inibir a acdo de microrganismos deteriorantes e patogénicos, porém muitas vezes esses
conservantes oferecem riscos a saude humana como reagbes alérgicas, disturbios
gastrointestinais e canceres (Polonio e Peres, 2009; NG, MARK E CHEN, 2019; Batiha et al,
2021). O benzoato de sddio e sorbato de potassio sdo exemplos de conservantes quimicos muito

utilizados pela industria de sucos (Dehghan et al, 2018)

Os consumidores estdo ficando cada vez mais conscientes e optam por produtos que
contenham conservantes naturais. Tais compostos naturais estao presentes em extratos derivados
de ervas, especiarias, 0leos essenciais e outros, também estdo presentes em metabolitos
secundarios de plantas, bactérias e enzimas. Muitos deles sdo pouco usados, estdo sendo
amplamente testados e oferecem mais seguranca e qualidade na conservacdo de alimentos. Além
disso, 0s conservantes naturais tém valor nutritivo consideravel, favorecendo o alimento no qual

sera adicionado (Batiha et al, 2021).

Este trabalho buscou estudos realizadoscomcompostos naturais com atividade
antimicrobiana que podem ser utilizados em sucos de frutas contra a células vegetativas e esporos

deA. acidoterrestris.

2. Desenvolvimento
Os compostos naturais testados contra células vegetativas e esporos de A. acidoterrestris
de interesse para esta pesquisa de revisdo foram extratos de plantas, Oleos essenciais,

bacteriocina, extrato de fungo endofitico, kombucha e enzimas.
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2.1 Extratos de plantas

2.1.1 Alecrim

Rosmarinus officinalis L. (alecrim) é uma espécie de planta pertencente a familia das
Lamiaceae, amplamente consumida como ingrediente alimentar, principalmente como
especiarias culindrias. Tem como componentes menores o rosmanol, epiisorosmanol,
epirosmanol, rosmadial, carnosol, quinona, carnosato de metila e flavondides que estdo
relacionadas com algumas bioatividades do alecrim (Sanchez Camargo e Herrero, 2017).

O alecrim tem propriedades antiinflamatdrias, quimiopreventivas, antiproliferativas,
antimicrobianas, protetoras de disturbios neurologicos e diminuem os riscos relacionados a
obesidade, diabetes e sindrome metabdlica, entre outros (Sanchez Camargo e Herrero, 2017).

Extrato de alecrim teve sua atividade antimicrobiana testada contra A. acidoterrestris
(Piskernik, 2016), os resultados do MIC estéo na tabela 01 e fizeram aplicagdo dos extratos no

suco de maga com redugdes significativas (tabela 02).

2.1.2 Semente de uva

Vitis vinifera (uva) é uma das maiores fruteiras do mundo, apresenta em sua composi¢ado
polifendlicos, flavonoides, catequinas, antocianinas e resveratrol. As sementes de uva
compreendem 5% em massa de uvas, sendo amplamente utilizadas na fabricacdo de sucos e
vinhos. Os extratos de semente de uva tém sido cada vez mais utilizados devido aos seus
beneficios, pois apresentam potentes atividades antioxidantes, anticancer, antimicrobianas,
antienvelhecimento, anti-hepatotoxicas e antiinflamatérias. Podem ser consumidos com
seguranca e sdo aprovados pela Food and Drug Administracdo (Nowshehri, 2015).

O extrato de semente de uva é um derivado das sementes que sdo extraidas, secas e
purificadas e sua atividade contra A. acidoterrestris foi avaliada por Molva et al (2015). Neste
estudo, o extrato obteve redugdes significativas de células vegetativas no suco de macé (Tabela
02).

2.1.3 Roma
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A romé (Punica granatum L. Punicaceae) ¢ uma fruta nativa do Afeganistéo, Ira, China e do

subcontinente indiano, porém é muito consumida e utilizada para tratar doencas em todo mundo.
Por muitas culturas o extrato da roma é usado para tratarinflamacdes, diarréia, vermes intestinais
e infertilidade.Além disso, muitos estudos ja relataram seu potencial antimicrobiano,
antihelmintico e antioxidante dos extratos de roma (Ismail et al , 2012).

Molva et al (2015) avaliaram a atividade antimicrobiana do extrato de roma contra células
vegetativas e esporos de A. acidoterrestris em suco de magd, obtendo redugédo de ambas as formas
do microrganismo com o tratamento, como mostra a Tabela 02.

2.1.4. Biocitro e limao

O biocitro pode ser extraido da toranja (Citrus paradisi), tangerina (Citrus reticulatablanco),
bergamota (Citrus aurantiumss.bergamia) e laranja doce (Citrus sinensis). Em sua maioria, 0s
compostos desse extrato sdo o acido ascérbico (Vitamina C) e seus sais, com alto indice de
biodisponibilidade e ligados aos bioflavondides citricos naringina, hesperidina, quercetina e
rutina (Nova, 2017).

Extratos de lim&es também apresentam muitos beneficios, pois a fruta apresenta propriedades
antioxidantes e nutricionais, sdo ricos em acidos carboxilicos como &cido citrico, &cido ascorbico,
poliois e aminoacidos livres de aminas, além disso, 0s extratos de casca séo ricos em proteinas e
flavonoides. Além disso, tanto o biocitro como extratos de limbes podem apresentar atividade
antimicrobiana (Nova, 2017; Thongam, 2021).

Bevilacqua (2013) testaram biocitro e extrato de lim&o em suco de magé contra esporos de
A.acidoterrestris e obtiveram reducdo de 2 logs com 16 dias e este mesmo resultado foi
alcancado, porém com apenas 6 minutos quando o tratamento do suco foi associado a um
tratamento térmico a 80 °C (tabela 02).

2.1.5. Saponinas
Saponinas sao glicosidios anfifilicos produzidos por vérias plantas e sdo muito utilizadas
em aplicagdes industriais como biossurfactantes. Sapindus saponaria, € uma arvore de tamanho

médio, sua fruta é usada como sabdo e como medicamento para tratar diferentes doencas. Além
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disso, apresentam diferentes interacdes bioldgicas, pois seus frutos tém alto teor de glicosideos

com caracteristicas hidrofilicas, o que permite formar complexos com esterdides, proteinas e com
os fosfolipidios de membrana (Alberice et al, 2012; Goral et al, 2020).

As saponinas apresentaram atividades como moluscicida, piscicida, antifingico,
antimicrobiano, antiparasitario, antiinflamatério, analgésico, expectorante, antioxidante,
espermicida e acdo de reducdo do colesterol. Mesmo ndo existindo relatos do seu uso para
consumo, a saponina extraida da Sapindus saponaria L. foi testada em suco de laranja contra
esporosde A. acidoterrestris (Alberice et al, 2012).

Alberice et al (2012) realizaram tratamento térmico (87, 90, 95 e 99 ° C) tanto no suco de
laranja concentrado como em suco de laranja reconstituido em combinacdo com saponina
comercial e extratos purificados de S. saponaria contra esporos de A. acidoterrestris. Obtiveram
com a saponina comercial (100 mg/L) com 1 minuto de incubacdo a 99 °C uma reducdo de 2,34
log do ciclo para esporos no suco concentrado (1,0 x 10* UFC/mL) nas primeiras 24 horas de
incubacdo ap6s os tratamentos. Saponina comercial e extratos purificados de S.
saponariaassociados ao tratamento térmico apresentaram poder de inativacdo dos esporos
utilizando periodo de incubacdo maior (de 3 a 5 dias) e doses maiores (300 — 500 mg / L)tanto

em suco reconstituido com em suco concentrado.

2.2 Oleos essenciais
2.2.1 Orégano

Os 0leos essenciais sdo metabdlitos secundarios volateis e aromaticos de plantas e os
principais componentes ativos sdo aldeidos, terpenos e fendis. Podem ser extraidos de partes
especificas da planta e apresentam propriedades antibacterianas, antifungicas, antivirais,
antioxidantes e propriedades biolégicas. Entre esses 6leos, 0 6leo essencial de orégano apresenta
atividades antioxidantes e antimicrobianas, provavelmente devido a presenca de carvacrol e
timol. Além disso, foi descrito como antiproliferativo, antiinflamatdrio, antidiabético e como

supressor da atividade do cancer (Chun et al, 2005; Ocana-Fuentes, 2010; Dutra et al, 2019; HU
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et al, 2019).

Oleos essenciais tem se destacado por ter um alto potencial conservante, sendo
reconhecido seguro (GRAS) pela OMS (Organizacdo Mundial da Saude) e apresenta atividade
antimicrobiana contra bactérias deteriorantes de alimentos e patogénicas (Gutierrez., 2008). O
6leo essencial de orégano demonstrou terefeito contra células vegetativas de A. acidoterrestris,
como mostra a Tabela 02 (Dutra et al 2019).

2.2.2 Timol

O timol é um isémero do carvacrol, sendo derivados fendlicos de 6leos essenciais e pode
ser extraido de varias plantas, como Thymus, Satureja, Euphrasia rostkoviana, Lippia,
Coridithymus (Najafloo, 2020). Apresenta ampla variedade de aplicacGes praticas como médicas,
odontologicas, veterinarias, alimenticias, agroguimicas, entre outras. Suas aplicacbes mais
investigadas e relatadas estdo relacionadas com sua atividade antimicrobiana, antioxidante,
antiinflamatdria e cicatrizante (Escobar et al, 2020).

Em relacdo a sua atividade antimicrobiana, o timol inibe o crescimento de bactérias Gram
positivas, como Micrococcusspp, Sarcina Flava, S. aureus, Bacillus licheniformis, B.
thuringiensis, Listeria innocua e também de bactérias Gram negativas, como E. coli, P. Vulgaris,
Yersinia enterocolitica, Pseudomonas fluorescens, P. putida, etc (Najafloo, 2020).

Contra A. acidoterrestris, estudo realizado por Cai et al (2019) avaliou o timol, como
componente do 6leo essencial do tomilho, e obteve concentracdo inibitéria minima (MIC) e
concentracdo bactericida minima (MBC) de células vegetativas de ambos foi 0,25 mg / mL. A
concentragdo esporicida minima do timol foi de 0,5 mg / mL e o MBC foi superiora 1,0 mg/ mL
(Tabela 01). O timol pode inibir efetivamente o crescimento de A. acidoterrestris, a germinacao
de esporos e a producdo de guaiacol, além disso, mostraram um vazamento de acidos nucléicos
e proteinas de células e esporos do microrganismo, demonstrando um bom efeito antibacteriano
do timol. Porém, embora o estudo sugira método para a inativacdo de A. acidoterrestris em sucos
de frutas, os experimentos realizaram n&o foram aplicados em sucos de frutas.

2.2.3 Citral e limoneno
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Citral e limoneno sdo monoterpeno alifatico, compostos que sdo obtidos de espécies

citricas, sendo muito usados em refrigerantes e outros produtos com sabor citrico. Esses
compostos foram reconhecidos como GRAS pelo FDA (Bevilacqua, Corbo & Sinigglia, 2010;
Cai ET AL, 2019).

Citral e limoneno tém efeito antimicrobiano contra diferentes microorganismos
como Campylobacter jejuni, Escherichia coli, L. monocytogenes, Salmonella 36L36érica,
Staphylococcus aureus e Bacillus spp., supde-se que a acdo contra essas bactérias pode ser
explicada, pois em baixas concentracfes afetam atividade enzimatica e em altas concentracdes
levam a desnaturacao das proteinas (Huertas ET AL, 2014).

Huertas ET AL (2014) avaliaram tratamento térmico em diferentes temperaturas
combinado a concentracGes variadas de nisina, citral e limoneno contra esporos de A.
acidoterrestris em meios de aquecimento e recuperagdo, obtendo reducdes significativas de
esporo com nisina e citral (Tabela 2), j& o limoneno ndo apresentou a¢do antimicrobiana desejada.

2.2.4. Cinamaldeido e eugenol

A canela é uma especiaria obtida da casca interna de arvoresdo género Cinnamomum,
sendo as espécies mais comuns a Cinnamomum cassia € a Cinnamomum verum. Essas
arvorespodem crescer até 15 m de altura e as flores sdo arranjadas empaniculas, tem cor
esverdeada e com odor caracteristico, a fruta da canela é uma baga roxa com uma Unica semente
e sabor da canela ocorre pela presenca de 6leos essenciais aromaticos (Shreaz ET AL, 2016).

O cinamaldeido é um agente aromatizador utilizado para dar sabor de canela a muitos
alimentos, produtos médicos, cosméticos e perfumes. Além disso, inibe o crescimento bacteriano
e fungico, esses efeitos inibitorios podem ser explicados, pois interferem na atividadede
ATPases, biossintese da parede celular e alteracdo da estrutura e integridade da membrana
(Shreaz ET AL, 2016).

O eugenol € um monoterpeno natural encontrado em muitas plantas, incluindo botdes de
cravo, casca e folhas de cinnamon, folhas de tulsi, crcuma, pimenta, gengibre, minério-gano e

tomilho. E muito utilizado pelas industrias alimenticia, farmacéutica e cosmética. Apresenta
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atividade antioxidante, antiinflamatéria, anticancer, anticardio-vascular, antidiabética e

antibacteriana (Vijeesh, 2021).

Bevilacqua (2010) avaliaram o uso de combinacdo de cinamaldeido e eugenol para
verificar a germinacdo de esporos de A. acidoterrestris em suco de maca e pode-se observar que

de fato ndo houve germinacao dos esporos, como mostra a Tabela 02.

2.3 Bacteriocina

2.3.1 Nisina

A nisina € uma bacteriocina produzida por Lactococcus lactissubsp Lactis, seu uso foi
aprovado pela Food and Drug Administration (FDA) e é amplamente utilizada em muitos paises
como conservante de alimentos. Segundo a Organizacdo Mundial da Satude (OMS), a nisina pode
ser utilizada como aditivo alimentar e auxiliares de processamento em uma Ingestdo Diéria
Aceitavel (ADI) de 0,13 mg / kg por peso corporal (37L), equivalente a 130 pg / kg (bw)
recomendado sem risco para o0 consumidor ao longo de sua vida (Ferreira ET AL, 2020).Desta
forma, além de ser inofensiva a salde humana, é estavel ao calor e ndo perde sua atividade
antimicrobiana apds a pasteurizacdo, esterilizacdo e outros métodos de processamento muito
utilizado em bebidas(Santos ET AL, 2018).

Tem acdo sob um amplo espectro de bactérias Gram positivas comoLactococcus,
Lactobacillus, Streptococcus, Staphylococcus, Micrococcus, Pediococcus, Listeria, Bacillus,
Clostridium e acid-fast Mycobacterium (Mataczewska 2021).

A nisina demonstrou ter efeito antimicrobiano sobre o A. acidoterrestris. Ferreira ET AL
(2020) testou uma concentracdo de esporicida minima eficaz (Tabela 1), além disso, o estudo
mostrou um efeito potencializado do tratamento ultravioleta em suco de laranja quando
acrescentado a nisina e obtiveram reducdes esporoscom contagens abaixo do limite de deteccao

do metodo (<1,7 log CFU/mL, Tabela 2). Outros estudos também demonstraram o efeito
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antimicrobiano da nisina contra células vegetativas e esporos de A. acidoterrestris, porém sem

aplicacbes em sucos (Anjos ET AL,; Pascoli ET AL, 2018; Cai ET AL, 2019).

Para melhorar a acéo antibacteriana da bacteriocina, Song ET AL (2019) desenvolveram
nanoparticulas de o¢xido de ferro e abundantes grupos funcionais de dopamina, que
proporcionavam a possibilidade de se combinar com a nisina para serem utilizadas em suco de
maca contra celulas e esporos A. acidoterrestris, como resultado a concentracdo de células e
esporos diminuiu de 10° para 10 UFC/mL em suco de maci ap6s pré-tratamento com 0s
compositos na concentracdo de 20 mg/mL por 10 min (Tabela 02). Valores de MIC e MBC foram
realizados e estdo descritos na Tabela 01.

A acdo nos microrganismos da nisina estd descrita na literatura, ela atua com os
fosfolipidios da membrana citoplasmatica da bactéria formando poros que desencadeiam fluxo
acelerado de ions, aminoacidos e ATP, resultando no colapso celular e morte. Em rela¢do aos
esporos, a bacteriocina inibe sua germinacao (Ferreira ET AL, 2020).
2.4.Extrato de fungo endofitico

Fungos endofiticos sdo microrganismos que vivem dentro dos tecidos de plantas
hospedeiras vivas sem causar doenca aparente, € uma associacdo em gque nenhum dos parceiros
é prejudicado e o beneficio de um deles ou ambos dependem da interacdo entre eles (Kusari,
2012). Existem relatos de que metabdlitos secundarios de fungos endofiticos apresentam
propriedades anticancer, antimicrobianas, antioxidantes, imunomoduladoras, inseticidas,
antipara-siticas, antivirais e antituberculares (Mahmud, 2020).

Os compostos bioativos produzidos por esses fungos séo isolados e purificados com
diversas utilidades na area da agronomia, médica, farmacéutica e alimenticia.Na industria de
alimentos, podem ter grande potencial antimicrobiano e utilizado como conservantes de origem
natural, apesar dos metabdlitos secundarios de fungos endofiticos terem sido pouco testados,
podem ser uma alternativa promissora na producdo em escala industrial com aplicacfes
biotecnoldgicas (Silva, 2021).

Silva (2021) investigou a atividade antibacteriana do extrato bruto do fungo endofitico
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Flavodon flavus, isolado de folhas de Justicia brandegeana contra células vegetativas e

esporuladas de A. acidoterrestris em suco de laranja. Os valores do MIC e MBC para células
vegetativas estdo apresentados na Tabela 01. Para a concentracao esporicida minima (MSC) de
A. acidoterrestris reduziu o crescimento em 58% log CFU/mL usando o tratamento de extrato de
fungo a uma concentracao de 1000 pg/mL.

O extrato de fungo tanto para células vegetativas como para esporos tambem obteve reducgdes

significativas realizadas no suco de laranja reconstituido, dados mostrados na Tabela 02.

2.5. Kombucha

Kombucha é uma bebida resultante da fermentacdo de cha feito da Camellia sinensis,
adocado e adicionado uma cultura contendo bactérias e levedura, chamada de SCOBY
(Symbiotic Culture Of Bacteria and Yeast), e leva de 7 a 10 dias para ser desenvolvida. Embora
a composicao quimica dessa bebida seja diferente devido a diversidade microbiana, apresentam
acido acético, latico, glucénico, glucurénico, oxalico, sacarose ndo hidrolisada, glicose, frutose,
proteinas, etanol, polifendis, vitaminas do complexo B, minerais como cobre, ferro, manganés,
niquel e zinco (Morales, 2020; ).

Além disso, o kombucha tem propriedades antioxidantes, imunomoduladoras,
antitumorais, hipocolesterolémicas, anti-hipertensivas e antimicrobianas. Em relacdo a sua
atividade antimicrobiana, a bebida obteve resultado contra bactérias Gram-positivas e Gram-
negativas, como Helicobacter pylori, Salmonella Typhimurium, Salmonella Enteritidis,
Staphylococcus aureus, Staphylococcus epidermidis, Agrobacterium tumefaciens, Bacillus
cereus, Shigella sonnei, Escherichia coli, Candida glabrata, C. parapsilosis, C. tropicalis, C.
sake, C. dubliniensis, C. krusei e C. albicans (Mizuta 2020 e Morales 2020).

Mizuta (2020) avaliou o cha verde fermentado de 7 e 14dias contra A. acidoterrestris,
foram realizadas a Concentracdo Inibitéria Minima e a Concentracdo Bactericida Minima
(Tabela 01). Também avaliaram a aplicacdo de Kombucha em 1 x, 4 x, 8 x de MICs emsuco de

laranja contaminado com células vegetativas (6,5 log UFC / mL) e reduziu a populacdo em até 4
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logs (Tabela 2).

2.6. Enzimas

2.4.1 Papaina e bromelina

A papaina € uma peptidase extraida do mamao (Carica papaya), tem uma alta capacidade
proteolitica, pois hidrolisa proteinas grandes em pequenos peptideos e aminoacidos. Foi descrita
atuando em diversos substratos, como leite, hemoglobina, discos de colageno e produtos de
coldgeno marcados, peptideos sintéticos, caseina, quitosano, proteina de farelo de arroz
concentrados, proteinas de soja, isolado de proteina de batata, imunoglobulinas incluindo IgG de
ovelha, 1gG de coelho, IgY de frango e IgM de peixe, bovino albumina sérica (BSA), proteina
de transferéncia de lipidios (LTP) e proteinas de soro de leite (a-lactaloumina andb-

lactoglobulina) entre muitos outros (Fernandez-Lucas, 2017).

Como antimicrobiano natural, alguns estudos descreveram a atividade da papaina e de
outros extratos de maméo contra Bacillus subtilis, Enterobacter cloacae, Escherichia coli,
Listeriamonocytogenes, Salmonella typhimurium, Staphylococcus aureus e Proteus vulgaris

(Anjos et al, 2016).

A bromelina também é uma enzima proteolitica, porem é derivada do abacaxi (Ananas
comosus), teve sua agdo antimicrobiana descrita e atividade helmintica contra nematoides
gastrointestinais. As proteases sdo utilizadas principalmente nas industrias de detergentes e
farmacéutica, seguidas pela indudstria de alimentos (Anjos et al, 2016; Fernandez-Lucas, 2017).

Anjos et al (2016) avaliaram o efeito antimicrobiano da papaina e bromelina contra A.
acidoterrestris, os valores de MIC e MBC estdo mostrados na Tabela 1. A papaina (4 x MIC)
mostrou atividade bactericida, pois na curva de morte do microrganismo, conseguiu eliminar toda
a concentracdo inicial do inoculo.Neste mesmo estudo, as enzimas foram aplicadas em suco de
laranja reconstituido, mostrando-se muito eficaz contra o0 microrganismo (Tabela 2).

Em outro estudo de Anjos et al (2018), relatou que uma das limitacGes da aplicagdo da
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papaina e da bromelina é a drastica diminuicdo da acdo antibacteriana quando o produto é

submetido a altas temperaturas, como pasteurizagdo. Desta forma, avaliaram cada enzima
microencapsuladaseparadamente com alginato e com quitosana para proteger seu efeito
antimicrobiano apoés altas temperaturas. Como resultado a papaina microencapsulada de ambas
formas apresentou baixo valores de MIC e MBC contra células vegetativas de A. acidoterrestris

(Tabela 1).
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1282 Tabela 01
1283  Valores das concentragdes inibitérias minimas (MIC), concentragdes bactericidas minimas
1284 (MBC), concentracdo esporicida minima (CEM) e concentracdo bactericidas minimas de esporos
1285 (MBC) de A. acidoterrestris testados com antimicrobianos naturais por diferentes autores.
ANTIMICRO ,MIC ,MBC CEM MBC AUTORES
BIANO CELULAS CELULAS ESPOROS ESPOROS
NATURAL
Extrato de 7,8mg / ml - - - Piskernik, 2016
alecrim
com 19,660%
de 4cido
carndsico
Extrato de 3,9mg/ml - - - Piskernik, 2016
alecrim
com 40,694%
de &cido
carnésico
Oleo essencial 62,5 pg/ mL 1000 pg / mL - - Dutral et al
de orégano 2019
Timol 0,25mg/mL  0,25mg/ mL 0,5mg/mL >10mg/ Caietal 2019
mL
Nisina - - 31,5mg/ mL - Ferreira et al,
2020
1,25 mg/mL 2,5 mg/mL Song et al (2019
Nanoparticula
de nisina
Extrato bruto 250 pg/mL 1000 pg/mL Silva 2021
de fungo
Kombucha 1,563% >50% Mizuta et al
Fermentacéo de 2020
7 dias
Papaina 0,98 ug / mL 3,91 pg / mL - - Anjos et al,
2016
Bromelina 62,5 pg / mL 250 pg / mL - - Anjos et al,
2016
Papaina 0.98 mg/mL 3.91 mg/mL Anjos et AL,
2018
Papaina 3.91 mg/mL 62.5 mg/mL

microencapsula

da com
alginato
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Papaina

microencapsula  1.95 mg/mL
da com
quitosana

7.81 mg/mL

Bromelina 62.5 mg/mL

Bromelina 1000 mg/mL
microencapsula
da com
alginato

Bromelina

microencapsula 500 mg/mL
da com
quitosana

250 mg/mL

1000 mg/mL

1000 mg/mL

Anjos et AL,
2018

1286

1287



1288 Tabela 2

1289  Experimento realizado por diferentes estudos com antimicrobianos naturais contra células

1290  vegetativas e esporos de A.acidoterrestris.

ANTIMICROBI CELULAS EXPERIMENTO AUTORES
ANO NATURAL VEGETATIVAS/ REALIZADO
ESPOROS

Extrato de alecrim  Células vegetativas Extratos de alecrim Piskernik, 2016
+ suco de macé

apos 24 hrs
Extrato de semente  Células vegetativas Extrato de semente  Molva et al, 2015
de uva de uva + suco de
maca
Extrato deromd  Células vegetativas  Extrato de romd8 + Molva et AL, 2015
e esporos suco de macé +
células ou esporos
Biocitro e extrato esporos Biocitro ou extrato  Bevilacqua, 2013
de liméo de limédo + suco de
maca + esporos
Saponina Esporos Tratamento Alberice et AL,
térmico + saponina 2012
+ suco de laranja
Cinamaldeido e Esporos Cinamaldeido e Bevilacqua et AL,
eugenol eugenol + suco de 2010
maca + esporos
Por 7 dias, 35
Nisina Esporos Ferreira et AL,
Nisina 2020

(15.62pg/mL) +
Uvc (2.52 kJ/m2)
em suco de laranja

Nanoparticulade  Células e esporos  Nanoparticula de Song 2019
nisina nisina + suco de
maca + células ou
esporos

Extrato de fungo  Células vegetativas Extrato na Silvaet AL, 2021
concentracgao
(2.000 pg /mL) +
Esporos células + suco
laranja
reconstituido

Extrato na
concentragéo
(2.000 pg /mL) +
esporos + suco




laranja
reconstituido

Kombucha

Kombucha +
células + suco de
laranja

células

Mizuta et AL,
2020

Papaina

Células vegetativas Papaina + suco de

laranja

Anjos et AL, 2016

Bromelina

Células vegetativas  Papaina + suco de

laranja

Anjos et AL, 2016
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Por fim, todos os estudos consultados para esta pesquisa de revisdo cientifica que testaram

compostos naturais como conservantes de sucos de frutas contra A. acidoterrestris apresentaram,
em sua maioria, efeitos eficazes com baixos valores de concentrac@es inibitdrias e bactericidas
minimas tanto para células como para esporos. Além disso, as aplica¢des em sucos de frutas se
mostraram positivas e promissoras para serem utilizada em maior escala pela inddstria de
alimentos. Porém, para cada estudo consultado do composto natural observou-se que ha pouco
ou apenas um unico estudo realizado, tornando-se necessarios maiores investigacdes sobre cada

conservante natural aqui apresentado.

Conclusao

Alimentos e bebidas que utilizam compostos naturais tem sido preferéncia dos
consumidores por oferecerem maior seguranca a saude e qualidade na conservacao de alimentos.
Extratos de plantas, 6leos essenciais, bacteriocina, extrato de fungo endofitico, kombucha e
enzimas mostraram um efeito antimicrobiano eficaz contra A. acidoterresris.

Embora os estudos de cada antimicrobiano natural apresentado nesta pesquisa ainda
sejam iniciais ou pouco testadas, a industria de sucos de frutas tem alternativas promissoras que

séo aprovadas para uso e podem garantir a qualidade das bebidas.
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