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RESUMO

Os sucos de fruta, amplamente consumidos devido as suas caracteristicas de sabor atraente,
aspecto refrescante e riqueza em nutrientes, sdo susceptiveis a deterioragio microbiana,
principalmente, por leveduras. Diversas tecnologias de conservagéo sdo aplicadas com intuito
de extender a vida de prateleira de sucos de frutas, no entanto, ha uma crescente demanda dos
consumidores para um menor emprego de antimicrobianos nesses produtos. O objetivo deste
estudo foi avaliar a eficacia de 6leos essenciais de Mentha piperita L. (OEMP), M. spicata L.
(OEMS) e M. x villosa Huds. (OEMV) na inativagdo de leveduras deteriorantes (Candida
albicans, C. tropicalis, Pichia anomala e Saccharomyces cerevisiae) em caldo Sabouraud
dextrose (CSD) e em sucos de caju, goiaba, manga e abacaxi durante 72 h de armazenamento
refrigerado. Os efeitos da incorporagéo de uma dose efetiva do OEMS para inibir as leveduras
testadas sobre as caracteristicas fisico-quimicas e sensoriais dos sucos de fruta foram
avaliados. Os efeitos do OEMP sobre a integridade da membrana, potencial de membrana,
atividade enzimitica e atividade de bomba de efluxo de S. cerevisiae nos sucos de caju e
goiaba através do emprego de iodeto de propidio (PI), trimetina de oxonol (DIBAC(3)),
diacetato de fluoresceina (FDA) e brometo de etidio (EB) foram avaliados utilizando
citometria de fluxo. O OEMP e OEMS apresentaram concentracio inibit6ria minima (CIM)
de 1,875 uL/mL frente as cepas de leveduras testadas, enquanto o OEMV apresentou CIM de
3,75 pL/mL. Redugdes > 5 log nas contagens de C. albicans, P. anomala e S. cerevisiae
foram observadas em sucos de caju e goiaba contendo 7,5 e 3,75 pL/mL do OEMP; no
entanto, essas concentra¢des nido foram eficazes para causar a mesma redugdo nas contagem
de leveduras em sucos de manga e abacaxi ao longo do tempo de armazenamento avaliado. A
incorporagdo de 3,75 pL/mL de OEMS ou 15 uL/mL de OEMYV causou redugéo > 5 log nas
contagens de C. albicans, P. anomala e S. cerevisiae em CSD; nos sucos de caju e goiaba,
1,875 pL/mL de OEMS ou 15 pL/mL de OEMV causaram redugdes > 5 log nas contagens de
P. anomala e S. cerevisiae. No suco de abacaxi, 3,75 pL/mL de OEMS causou redugio > 5
log ufc/mL nas contagens de P. anomala e S. cerevisae; 15 pL/mL de OEMV causaram
reducdes > 5 log nas contagens de S. cerevisae em suco de manga. A incorporagdo de 1,875
uL/mL do OEMS nido afetou os pardmetros fisico-quimicos (s6lidos soliveis, pH e acidez
titulavel) dos sucos testados, bem como ndo causou impactos negativos para causar sua
rejei¢do sensorial. Os sucos de fruta com OEMS foram reportados com cor caracteristica de
suco, sabor agradével e sabor refrescante; entretanto, também obtiveram elevados scores para
aroma nio caracteristico de fruta e odor e sabor de menta. A incorporagio de 1,875 pL/mL de
OEMP em sucos de caju e goiaba comprometeu fortemente a permeabilidade da membrana, o
potencial de membrana, a atividade enzimatica e de bomba de efluxo em células de S.
cerevisiae, revelando um mecanismo de agdo que envolve a perturbagio de diferentes fungdes
na célula alvo. Os resutados obtidos nesse estudo mostram, de forma geral, o potencial de
oleos essenciais extraidos de espécies de Mentha, particularmente o OEMP e OEMS, como
estratégias de controle de leveduras contaminantes de sucos de fruta.

Palavras-chave: Menta, efeito antifiingico, sucos, mecanismos de agdo, citometria de fluxo.



ABSTRACT

Fruit juices, widely consumed due to their attractive taste characteristics, refreshing aspect
and nutrient richness, are susceptible to microbial spoilage, mainly by yeast. Several
conservation technologies are applied in order to extend the shelf life of fruit juices, however,
there is a growing consumer demand for less use of synthetic preservatives in these products.
The objective of this study was to evaluate the efficacy of essential oils of Mentha piperita L.
(MPEO), M. spicata L. (MSEO) and M. x villosa Huds. (MVEO) to inactivate spoilage yeasts
(Candida albicans, C. tropicalis, Pichia anomala and Saccharomyces cerevisiae) in
Sabouraud dextrose broth (SDB) and in cashew, guava, mango and pineapple juice for 72 h
refrigerated storage. The effects of incorporating of an effective dose of MSEO (1.875
uL/mL) to inhibit yeasts tested on physicochemical and sensory characteristics of fruit juices
were evaluated. The effects of MPEO on membrane integrity, membrane potential, enzyme
activity and efflux pump activity of S. cerevisiae in cashew and guava juice through the use of
propidium iodide (PI), oxonol trimetin (DIBAC,4 (3)), fluorescein diacetate (FDA) and
ethidium bromide (EB) were evaluated using flow cytometry. The MPEO and MSEO
displayed a minimum inhibitory concentration (MIC) of 1.875 uL/mL against the yeast strains
tested, while the MVEO displayed a MIC of 3.75 uL/mL. A > 5 log reductions in the counts
of C. albicans, P. anomala and S. cerevisiae were observed in cashew and guava juices
containing 7.5 and 3.75 pL/mL of the MPEO; however, these concentrations were not
effective to cause the same reduction in yeast counts in mango and pineapple juices over
storage time evaluated. The incorporation of 3.75 pL/mL of MSEQ or 15 uL/mL of MVEO
caused a > 5 log reductions in the counts of C. albicans, P. anomala and S. cerevisiae in SDB;
1.875 uL/mL of MSEO or 15 pL/mL of MVEO caused > 5 log reductions in the counts of P.
anomala and S. cerevisiae in cashew and guava juices. In pineapple juice, 3.75 pL/mL of
MSEO caused > 5 log reductions in the counts of P. anomala and S. cerevisae; 15 uL/mL of
MVEO caused > 5 log reductions in S. cerevisae counts in mango juice. The incorporation of
1.875 uL/mL of MSEOQ did not affect the physicochemical parameters (soluble solids, pH and
titratable acidity) of the tested juice as well as did not induce negative impacts to cause its
possible sensorial rejection. Particularly, fruit juices with MSEO were reported as having
characteristic juice color, pleasant taste and refreshing taste; however, they also obtained high
scores for non-characteristic fruit aroma and mint odor and taste. The incorporation of 1.875
pL/mL of MPEQO into cashew and guava juices strongly compromised membrane
permeability, membrane potential, enzymatic activity and efflux pump activity in S.
cerevisiae cells, revealing a action mechanism involving different functions in the target cell.
The results obtained in this study show, in general, the potential of essential oils extracted
from Mentha species, particularly MPEO and MSEO, as antimicrobials for use in the
formulation strategies of contaminant yeast control of fruit juice.

Key-words: Mint, antifungal effects, juices, action mechanisms, flow citometry.
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in the left rectangles; the positive stain subpopulation was gated in the right rectangles.
Percentage of cell populations that fell in each gate are shown in eachplot ................
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1 INTRODUCAO

Nos dltimos anos, os consumidores tém demonstrado uma maior conscientizagio em
relagiio 4 adogdo de habitos alimentares mais saudaveis em decorréncia de mudangas no estilo
de vida ¢ vém buscado por produtos mais naturais, prontos para CORSumo, porém que se
apresentem seguros em relagdo aos seus aspectos sanitarios e que sejam nutricionalmente
adeguados (CARRILLO et al,, 2018; FERRARIO et al,, 2015).

Nesse contexto, os sucos de frutas se enquadram, de forma geral, neste perfil de
alimentos exigidos, pois sio reconhecidos como boas fontes de carboidratos, sais minerais,
carotenoides, vitaminas e outros elementos importantes para a manuten¢fio € promog¢io da
saude dos individuos (ABRAMS; DANIELS, 2017; O’NEIL et al,, 2012).

No entanto, em consequéncia de suas caracteristicas fisico-quimicas particulares
inerentes (elevada acidez ¢ teor considerdvel de aguicares) €, por vezes, pelas condigdes
higiénico-sanitarias inadequadas de produgdio, os sucos de frutas sdo comumente
contaminados por micro-organismos que podem causar alteragdes nas suas caracteristicas
proprias, além de poder representar riscos a saiide dos consumidores (ANEJA et al., 2014).

As ieveduras s#o consideradas os micro-organismos predominantes na deterioracdo de
sucos, pois sdo tolerantes a elevada acidez. Além disso, uma variedade de espécies possui a
capacidade de se multiplicar em ambientes sem oxigénio, a exemplo da condigio fornecidas
em sucos embalados (ANEJA et al., 2014; ICMSF, 2005; STRATFORD, 2006, TRIBST et
al., 2009).

Durante seu metabolismo, as leveduras consomem aglicares e produzem gés
carbénico, 4lcoois € outros compostos organicos {(acidos, aldeidos, cetonas, ésters), levando 4
deterioragio dessas matrizes. Além disso, as leveduras podem sintetizar enzimas responsaveis
pela degradagdo das substdncias pécticas, causando sedimentacio ¢ formacgdo de turvagio
indesejavel (LAWLOR et al., 2009). Candida, Pichia, Rhodotorula e Saccharomyces sdo
exemplos de géneros de leveduras frequentemente envolvidos na contaminagio € deterioracdo
desses produtos (ANEJA et al., 2014; VANTARAKIS et al., 2011).

Com o propésito de prevenir a ocorréncia de alteragdes nutricionais € Sensoriais Como
consequéncia da presenga desses micro-organismos, as industrias de sucos e polpas de frutas
fazem uso da aplicagio de processamento térmico e/ou a incorporagio de conservantes
sintéticos em seus produtos, tais como, a pasteurizagdo e o emprego de benzoato de sodio e

sorbato de potassio, respectivamente.
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Contudo, a aplicagio destes agentes pode provocar perdas significativas na gualidade
sensorial e nutricional, bem como formagdo de substdncias alergénicas e cancerigenas,
portanto, nocivas 3 saiide dos consumidores (AMIRPOUR et al, 2015; SANCHEZ et al,
2017; TRIBST et al, 2009; VALLY et al., 2009). Dentre as diversas alternativas aos
tratamentos convencionais para -a conservagio de sucos que atendem o propésito de produzir
produtos com menores quantidades ou ausentes de conservantes sintéticos, e com vida de
prateleira prolongada, destaca-se 0 uso de Oleos essenciais (OEs) de plantas aromaéticas.

Os OEs, classificados como GRAS — Generally Recognized as Safe sob as condigdes
alimentos e bebidas e tém sido reconhecidos como alternativas para uso como
antimicrobianos em sistemas de conservagio empregados nesses produtos. Os diversos
constituintes presentes nos OEs geralmente estabelecem seus efeitos antimicrobianos por
meio de distintos mecanismos, com consequente dificuldade de adaptagéo a estes efeitos por
parte dos micro-organismos alvo (BARBOSA, 2010; BAKKALI, 2008; de SOUZA GUEDES
et al., 2016; USFDA, 2015).

Conhecido por suas propriedades aromaticas e medicinais, o género Mentha apresenta
diversas espécies, das quais horteld-pimenta (Mentha piperita L.), menta verde (Mentha
spicata L.), menta japonesa (Mentha arvensis L.), menta-silvestre (Mentha longifolia L.) e
bergameota/alevante (Mentha citrata Ehrh.) sdo as estudadas e empregadas por diversos
segmentos da industria, incluindo a industria de alimentos (MARTiNEZ, 2016; OLIVEIRA et
al, 2011; PARK et al, 2016). Além de possuirem propriedade aromatizante, os OEs de M.
piperita (OEMP) e M. spicata (OEMS) sio reconhecidos como agentes antimicrobianos e,
portanto, considerados promissores para fins de conservagio de alimentos. (BURT, 2004;
NGUYEN, MITTAL, 2007). Entretanto, estudos sobre as propriedades biologicas da espécie
M. x villosa Hudson (OEMYV) sdo ainda escassos, embora existam relatos de suas
propriedades antimicrobianas (GUERRA et al., 2015).

Considerando os aspectos acima mencionades ¢ © reconhecido potencial
antimicrobiano dos OEs de M. piperita L., M. spicata L. e M. x villosa Huds., este estudo teve
como objetivo avaliar a eficacia de sua aplicagdo no controle de leveduras deteriorantes (C.
albicans, C. tropicalis, P. anomala e S. cerevisiae) em sucos de frutas tropicais (abacaxi, caju,

goiaba e manga).
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2.1 ARTIGO DE REVISAO DE LITERATURA

The Potential of the Incorporation of Essential
Oils and Their Individual Constituents to Improve
Microbial Safety in Juices: A Review

Evandro Leite de Souza, Erika Tayse da Cruz Almeida, and Jossana Pereira de Sousa Guedes

Abstract:

The juice sector is one of the fastest growing sectors in the food industry. Although juices are important

because of their nutritional value and convenience, their composition and physicochemical properties affect their micro-
biological safety and overall quality during their shelf-life. Furthermore, the thermal process classically applied in juices
partially reduces the occurring microflora, and the use of chemical additives is perceived negatively by consumers. For
these reasons, researchers have proposed the use of nonthermal technologies as antimicrobial preservatives in juices. This
paper covers the recent literature on the use of essential oils (EOs) and the individual constituents (ICs) found therein,
used alone or in combination with other emerging technologies, for the preservation of juices. From this perspective,
this paper discusses the growing importance of the use of EOs and their ICs, either alone or in association with other
emerging rechnologies, in juices and their effects on the safery and physicochemical and sensory quality atrriburtes of these
products. The results of papers currently available in the literature reveal that EOs and their 1Cs are promising alternatives
to achieve microbial safety and stability in juices. However, extensive studies considering the effects of each EO or IC
on sensory characreristics, primarily taste and aroma, are still needed ro establish each of these substances/compounds as
feasible preservatives for use in juices. Finally, further studies could focus on the combination of low amounts of EOs or
ICs with other nonthermal technologies to achieve a balance between the microbial safety and sensory acceptability of

Juices.

Keywords: antimicrobial effects, food preservation, juice, plant substances

Introduction

The demand for fresh and natural food in the market has in-
creased in recent years because consumers have modified their
eating habits and become aware of the relationship berween diet
and disease prevention. Hence, the consumption of fruit, vegeta-
bles, and juices as natural sources of carbohydrates, vitamins, min-
crals, and other important components for human health, such
as fibers and antoxidants, has risen substannally. However, as a
consequence of inappropriate mampulation, storage conditions,
and consumprion of unpasteurized juices, spoilage and pathogemc
microorganisms may contaminate these products, thus increasing
the possibilities of changes in their proper characteristics and the
risks to consumers. Several salmonellosis and enterohemorrhagic
Escherichia coli outbreaks associated with the consumption of a va-
riety of unpasteurized juices have been reported in recent years
(Parish 2009; Raybaudi-Massilia and others 2009; CDC 2011;
EFSA 2013, 2014, 2015).

MS 20160152 Submitted 26/1/2016, Accepted 21/3/2016. Authors are with
Laboratory of Food Microbiology, Dept. of Nutrition, Health Science Center, Federal
Unize of Paraiba, Jodo Pessoa, Brazil. Direct ingquiries to awtior de Souza (E-mal:
evandroleitesouza@ccs.ufpb.br)

© 2016 Institute of Food Technologists®
doi: 10.1111/1541-4337.12208

Because total common microbial contamination levels in juices
often range from 3 to 5 logl0 cfil/mL, microbiological spoilage
can occur. It is mainly associated with the presence of yeasts and
lactic acid bacteria, producing an unpleasant aroma of slighr fer-
mentation (Stratford and others 2000; Tournas and others 2006;
Tvagi and others 2014b). Nevertheless, even in juices presenting
pH values unfavorable for the growth of most pathogenic bacte-
ria, contaminants such as Salmonclla spp., E. coli O157: H7, and
Listeria spp. may survive and cause disease following the inges-
tion of these foods (Friedman and others 2004; Kiskd and Roller
2005; Mosqueda-Melgar and others 2007; Parish 2009; Raybaudi-
Massilia and others 2009). Consequently, the United States Food
and Drug Administration (USFIDA) has recommended that juices
must be processed to achieve 5 logl0 cfu/mL reductions (99.999%)
in the population of pathogens of public health concern (USFDA
2001): however, the agency does not specify the method to reach
this inactvation level.

Traditionally, the shelf-life stability of juices has been achieved
through thermal processing, and the recommended temperatures
for pasteurization by high-temperature short-time are in the
range of 72 to 82 °C (FDA 2004). In addition to thermal
treatment, chemical preservatives such as potassium sorbate and
sodium benzoate are widely used ro extend the shelf-life of

Vol.15,2016 « Comprehensive ReviewsinFoodScienceandFoodSafety 753
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juices (Amirpour and others 2015). Sulfur dioxide has been also
extensively used to preserve juices because of its antioxadant
properties and sclective inhibitory effects on enzymatic and
microbial actvines (Toniolo and others 2010). However, heat
treatment commonly reduces product quality and freshness in
juices, and chemical preservatives have been often rejected by
consumers, which has mereased interest in exploiing new and
effective natural-origin and safe juice-preservation strategies.
Therefore, several nonthermal pasteurization methods have been
proposed aver the last few decades, including pulsed electric ficld,
high-pressure homogenization, high hydrostatic pressure, and
ulorasound, to preserve juices (Rupasmghe and Yu 2012).

These emerging preservation techniques scem to have the po-
tendal to provide “fresh-like” juices, and they have been asso-
claed with “green” antimicrobials, such as cssennal oils (EOs)
or their individual constituents (ICs), possibly leading to syn-
ergistic or additve interactons (Mosqueda-Melgar and others
2012; Patrignani and others 2013; Espina and others 2014b; Tyagi
and others 2014b). The synergistic intcracdons resulang from
the combmanion of these physical techmques and antimicrobial
substances/compounds could in practice prolong the shelf=life of
juices and become possible strategies for the replacement of wadi-
tunal pasteurization methods and synthete antunicrobial preser-
vaaves (Rupasinghe and Yu 2012); hurdle technology (the Hurdle
principle; Leismer 1978) has offered greater lethaliey against mi-
croorganisms than any single treatment (Duan and Zhao 2009).

EO is a product obtined from natural raw material of plant
origin by stcam distillacion, mechanical processes from the cpi-
carp of citrus fruits or dry distillation, after the separation of the
aqueous phase, if there is any, by physical processes (Ind. Or-
gamizaton for Standardizadon 9235 2013). These substances are
complex mixtures that can contain approximately 20 to 80 ICs at
diffcrent concentations. The chief group of ICs forming the EOs
results from the union of terpenes and terpenoids, and the other
group contains aromatic and aliphatic consttuents (Burt 2004).
Most EOs and dwcir ICs are cited as “gencrally recogmzed as
safe” (GRAS) by the USFDA and arc registered by the European
Commission for use as flavoring substances in foods (Anonymous
1999); they have been cited to have no significant or marginal
toxic effects regarding the possible amount of use i food (British
Pharmaceutical Cadex 1979; Burt 2004).

Considering that the outer membrane acts as an impermeable
barrier to hydrophobic compounds, the damage in this cell struc-
ture mmghit represent an Iiterestng opportarmty to design com-
bincd or sequential processes that facilitate the acton of antimi-
crobial compounds or procedures (Ait-Ouazzou and others 2011).
Hydrophobicity is an important characteristic of EOs and their
ICs, which enables them to partition in the lipids of the bacterial
cell membrane, disturbing the strucnares, rendering them more
permeable, and causing leakage of ions and other cell components
(Burt 2004). In juices, it appears that the application of EOs and
their ICs, in combmation or n scquenual associaton with other
cmerging techniques, has been successful duc to the decrease in
the concentrations of antimicrobials and the temperatures applied
in thermal treatment and also to the increase of the effecs of non-
thermal techniques (Nguyen and Mittal 2007; Mosqueda-Melgar
and others 2008a,h,c; Fspina and others 2011, 2012, 2013a,b;
Ait-Ouazzou and others 2013).

Quality losses in juices may occur as a consequence of mi-
crobiological, engynanc, chemnical, or physical alteratons. There-
fore, interest in the use of nonsynthetic substances or compounds
to prevent microbiological spoilage, although assuring safery and

754 Comprehensive Reviewsin Food Science and Food Safety * Vo

maintaining quality characteristics in juices, has significandy in-
creased n the last few years (Raybaudi-Massilia and others 2009).
In chis context, the aim of this paper is to provide an overview
of the use of EOs and/or their ICs, used alone or in association
with other emerging technologices, in fruit and vegetable juices to
maintain their safety and quality characteristics.

Use of EOs as Antimicrobials in luices

Although the use of natural antiimcrobial preservatives in juices
shows an upward trend, some researchers have stated that high
concenmations of EOs are necessary to achieve the desired an-
tmicrobial effecs when these substances are the single hurdle
to controlling microbial growth, implying likely undesirable sen-
sory characteristics (I Iyldgaard and others 2012). Apart from these
potential negative sensory cffects, studies have found interesting
antimicrobial effects when EOs and/or ICs are mcorporated into
a variety of juices, as summarized in Table 1.

The cffects of the incorporation of clove EO (4500 and
9000 mg/T.) on the mesophilic count in watermelon juice during
7 d of storage at 37 °C was studied. At the end of the incuba-
gon period, 9000 mg/mL of clove EO decreased the mesophilic
count m juice n 6 to 8 log cycles, whereas dus deercase was ap-
proximately of 4 log cycles when the EO was incorporated into
the juice at 4500 mg/ml (Siddiqua and others 2014). The stady
of the cffects of the incorporation of black pepper EO on the
shelf-life of orange juice stored at 4 “C over 28 d detected that
the mesophilic and fungi counts increased over cme. However, the
additon of 0.2 pL/mL of the EO slighdy decreased (less than 1 log
cycle) these count in the juice compared to the counts obtained
in juice without the EO (Kapoor and others 2014). T'he mcorpo-
ration of lemon EO (0.08%, 0.12%, and 0.16%) mnto lemon juice
concentrate provoked the total inhibition of the germination and
outgrowth of Acinetobacter acidoterrestris spores under refrigerated
storage over 11 d (Maldonado and others 2013). The incorpora-
tion of 5 pI./100 ml. of cinnamon F.O in tyndallized carrot broch
inhibited the germination of spores of psychrotrophic Bacillus cerens
(EPSO-35AS and INRA TZ415) over 60 d of storage at cicher 8
ur 12 °C. However, the spores of B. ereus were capable to germi-
nate and persist as vegetative cells in juice stored at 16 °C, cven
when the cmnamon EO was incorporated (Herndndez-Herrero
and others 2008). These findings suggested an enhanced antimi-
crobial effect in juices resulting from the use of cinnamon EO and
storage under lower wmperatures. Tew studics have attempted to
clucidate the action mechamsm of EOs on bacterial spore coats,
but ultrastructural studies have shown damage in bacterial spores
challenged with EOs, such as shriveling and dehydrated morphaol-
ogy, which may be associated with the possible loss of mtracellular
contenss (Young and Sedow 2003). Tn addition, studies have sug-
gested that ICs may negatvely mterfere with the action of nutricnt
receptors connected to a cascade of alterations that lead spores to
commit to germninaton (Cortezzo and others 2004).

The assessment of the effects of the EO from Litsea cubeba
on Lactobacillus plantarum in orange-milk beverage revealed thac
6000 jig/g of the EO provoked a complete inactivaton of the
L. plantarum population and that the inhibitory cffecs increased
nearly 3-fold when the TO concentration doubled (Tiu and
Yang 2012). A study cvaluated the inhibitory effects of the EOs
from clary sage. juniper, lemon, and marjoram against Geotrichum
candidum, Pichia anowmala, Saccharomyces corcvisiae, and Schizosac-
charomyces pombe in cloudy (unfiltered or unclarified juice—
conmaining particles in suspension that not precipitate our) and
clear apple juice (Tserennadmid and others 2011). In general, the

6 2016 Institute of Food Technologists®
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EO:s presented the same mimimum inhibitory concentradon (MIC;
1 o 4 L/mL) in both clear and cloudy apple juices after 48 h of
mcubation. However, when minor differences in anti-yeast effects
(higher MICs) were observed, this occurred in cloudy apple juice.
The researchers stated that particles in cloudy apple juice could
decrease the antimicrobial effecs of EOs because ICs may ad-
here to particles and precipitate, thus reducing their antimicrobial
efficacy.

The antibacterial effects of different EOs (apricot, bergamot,
cinnamon bark, cinnamon, clove, grapefruit, lavender, lemon,
lemongrass, lime, melissa, orange, tangerine, and oregano) in
a range of concentrations (0.00065% to 0.67%) against I coli
O157:H7 and S. enterica in cloudy and clear apple juices using
different exposure periods (5, 30, and 60 min) and storage tem-
peraturcs (4, 21, and 37 °C) were assessed. The effects of the tested
EOs were cxpressed as the concentration (%) of each EO capable
of killing 50% of the bacterial population (BA50). Overall, the
findings of this study revealed that, with some excepuon, the low-
est BAS0 values were observed when the juices were maintained at
higher incubation temperatares, and the antibacterial effects were
lower in the cloudy juice as compared to the clear juice, against
both E. coli and S. enterica (Fricdman and others 2004). The re-
searchers proposed that these decreased antunicrobial effects m
cloudy juices may be associated with the adsorption of some ICs
to the surface of the apple pulp present in cloudy juices. Moreover,
m these studies, the antibacterial effects of the FOs increased with
the contact tme. Exceptionally, thyme EO was capable of killing
aargee pathogens ac a refrigeranon storage temperature (4 "C).

The effects of the incorporation of 0.5% of thyme EO on the
inhibition of Listeria monocytogenes and Candida aibicans in apple—
carrot mwixed juice during storage at 4 °C for 5 d were analyzed.
The thyme EO was effective in inhibiting both L. nionocytogenes
and C. alhicans, provoking count reducnons of 0.71 and 0.63 log
cycles, respectively, at the end of the assessed storage period (Irkin
and Korukluoghi 2009). The antimicrobial effects of different con-
centrations (2 to 10 puL/wl) of lernongrass, cinmarnon, clove, and
palmarose EOs on Salmonella Enteritidis, E. coli, and Listeria innocua
i apple. pear, and melon juices were evaluated. In apple and pear
juices, 2 pL/mL of cinnamon EO or lemongrass EO displayed
killing effects against both target bacteria after 24 h of incubation
at 35 °C. In the case of melon juices, lethal effects agamst the
target bacteria were noted when 5 and 10 #L/mL of lemongrass
and cinnamon EQ, respectively, were added to juices. However,
the cidal cffects aganst these bacteria were also obscrved in juices
without EQ, and this fact was possibly associated with the influ-
ence of the juice pH; apple and pear juices arc more acidic (pH
4.2 and 3.9, respectively) than melon juice (pH 5.9). The ultra-
structural observatons revealed that 5 uL/mL of lemongrass EO
in apple juice resulted in the deterioration of membrane perme-
ability, the disruption of the cellular membrane, and che leakage
of cell content in Salmonella Enteritidis (Raybaudi-Massilia and
others 20006).

The cfficacy of lemongrass EO was evaluated regarding the ca-
pability to induce a =5-log reduction of a mixed composite of
E. wli, L monocytogenes, and Salmonella Enteritidis in pinecapple
juice. The incorporation of EQO into juice at all tested concentra-
tions (0.6, 1.2, 2.5, and 5 ul./ml ) deereased the counts of all target
bacteria. In juice containing 0.6 pL/mL of EQ, =53-log reductions
i E. coli and L. monocyrogenes counts were observed after 1 h and
45 min, respectvely whereas 12 h of incubation was needed t
achieve a similar reduction in Saimonella Enceritidis. The presence
of high amounts of oxygenated monoterpenes in lemongrass EO
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(77.9%), particularly of citral. neral, and geraniol. could be associ-
ated with die intiubitory cffects aganst the tested bacterial strains.
However, the intrinsic low pH of pincapple juice likely also con-
tributed to these inhibitory effects because of the increased sensi-
avity of bacteria to EOs ac low pH values (Leice and others 2016).
Bacterial susceptibility to EOs appears to increase with a decrease
i the pIl of food, because at a low pl 1, the hydrophobicity of an
EO increases, enabling it to more easily dissolve in the lipids of
the cell membranc of the target bacteria (Burt 2004).

Use of ICs as Antimicrobials in Juices

EOs present a diversity of [Cs. although in most cases the major
constituents found therein are 2 or 3 with concentrations =1%,
compared with other consttuents present in smaller concentra-
dons (0.1% to <1%) and mraces (<0.1%,; Bakkali and others 2008).
The antmicrobial cffects of different EOs may depend only on
their major ICs; however, evidence has revealed that in some
EOs, these properaces may also be mfluenced by interactions be-
tween major and minor ICs through synergism and additive or
antagonistic cffects (Deba and others 2008; LoefHler and odhers
2014; Aznar and others 2015). Some investigations have exploited
synergies between ICs to avercome drawbacks related to the pos-
sible negative sensory effects of high concentrations of whole F'Os
in foods. This approach has allowed the use of new and more po-
tent antimicrobial mixtures conining [Cs, which simultaneously
act on distinct targets m wicrobial cclls (IIyldgaard and others
2012; Loeffler and others 2014).

Studies approaching the use of ICs as antmicrobials in juices
are presented in Table 2. Overall, cinnamaldchyde, or trans-
cinnamaldchyde, followed by carvacrol and p-cymene, are the
ICs mast tested for usc as antinncrobial prescrvatives in juices.
Notably, p-cymene (the precursor of thymol and carvacrol)
presents slight or no antimicrobial effects; however, some stud-
ies have combined p-cymene with other ICs to assess possible
enhancements in antimicrobial effecs (Delgado and others 2004;
Kiské and Rooller 2005; Rattanachaikunsopon and Phumkhachorn
2010).

Cinnamaldehyde

The interest in studying trans-cinnamaldehyde in juices may
be justdfied by its higher solubility in water when compared to
other ICs. This phenylpropanoid is a major component of cin-
narnon bark 10, and aces in microbial cells by increasing memn-
brane permeability, causing the depletion of intracellular protons
and, consequently, the disrupuon of adenosine triphosphate (ATP)
synthesis (Lambert and others 2001; Bakkah and others 2008;
Horvith and others 2016). The investigation of the antimicro-
bial effects of trans-cinnamaldehyde emulsions (0.8%, 2.4%, and
4%, w/v) against Salmenella Typhimurium, E. coli, and Staphy-
lococcus awreus n watermelon juice over 48 h at 37 “C verified
that ¢he cuulsion concaining 0.8% of wans-cinnaronaldeliyde was
capablc of inhibiting Salmonella Typhimurium and S. aurens in
juice, as measurcd by optical density ac 600 nm: whereas the
cmulsions presented no inhibitory cffect against E. «oli. The an-
timicrobial effects against Salmoneila Typhimurium increased with
the increasc in the trans-cinnamaldehyde concentration in emul-
sions; however, the inhibitory effects against E. coli and S. aureus
were not affected by the merease in erans-cinmamaldchyde con-
centratons during the asscssed mcubadon period (Jo and odhers
2015).

The antimicrobial effects of dual combinations among trans-
cinnamaldehyde, perillaldehyde, and cial emulsions against
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acid-resistant Zygosaccharomyces bailii stcrams (906 Pepsi and ATCC
60484) in clear and cloudy apple juices stored at 20 °C for 27 d
was assessed. For both test strains, no growth was observed
in clear and cloudy apple juices after the incorporation of the emul-
sion containing the dual combinations of 100 pg/mL of trans-
cinnamaldchyde-citral, 125 pg/ml of trans-cinnamaldehyde-
perillaldchyde, or 400 pg/ml of perillaldehyde-citral (Locfler and
others 2014). However, the dual combinations of 50, 62.5, and
200 pg/mL of wans-cinnamaldehyde-cimal, trans-cinnamalde-
hydc-perillaldehyde, and perillaldehyde-citral, respectively, were
ineffective in inhibiong yeast growth in both clear and cloudy
Juices.

Another study investigated the inhibitory effects of 5000 and
10000 mg/L of trans-cinnamaldehyde alone or the combination
of 1250 or 625 mg/L of trans-cmnamaldchyde and cdove EO on
mesophilic counts in watermelon juice over 7 d of storage at
37 “C. The results showed that the combinations of 1250 mg/L
of both wans-cinnamaldchyde and clove EO were more effecave
than 10000 mg/L of clove EO alone, presenting count reduc-
tions of >7 log cycles at the end of 5 d of storage (Siddiqua and
others 2014). The efficacy of trans-cinnamaldehyde to inactivate
E. wli O157:H7 in apple juice over 21 d of storage under re-
frigeration and at room temperature was also verified (Baskaran
and others 2010). Trans-cinnamaldehyde at 0.025%, 0.0753%, and
0.125% reduced the E. coli O157:H7 counts to undetectable levels
(<1 cfu/mL) ondays 5, 3, and 1 of storage at 23 °C, whereas trans-
cinnamaldchyde at 0.025% reduced the counts to undetectable
levels only on day 5 of storage. In juices stored at 4 °C, the incor-
poration of trans-cmnamaldchyde at 0.025%, 0.075%, and 0.125%
decreased the couns of E. coli ©157:H7 to undetectable levels on
days 14, 5, and 3 of storage, respectively. ‘The swonger antibacterial
cffects displayed by wans-cinnamaldehyde at 23 °C were associ-
ated with a possible higher metabolic actvity, growth, and the
bacterial death rate. Moreover, storage at room temperature may
increase the solubility of trans-cinnamaldehyde and change the
fatty acid profile of the bacterial meabrane, facihtatng the an-
timicrobial activities of trans-cinnamaldehyde (McElhaney 1976;
Gill and Holley 2006).

The swmdy of the cffecs of 2 puL/100 mL of trans-
cinnamaldehyde on the growth/death kinetces of B. cereus (EPSO-
35A8) in gyndallized carrot broth stored under different storage
temperatures (8, 12, and 16 °C) detected complete inactivation
in Juice over 60 d of storage at 8 and 12 °C (Hernindez-Herrero
and othiers 2008). Ilowcever, the B. cereus eclls were capable of
surviving in juices that contained trans-cinnamaldehyde and were
stored at 16 “C; this capability was associated with the more acrive
metabolism of microbial cells when cultivated at a higher incuba-
tion temperature (Prescott and others 2004).

The effect of different orans-cinnamaldehyde concentrations
(0.00065% to 0.67%) and time=temperature combinations (21 °C
for 3 min and 37 *C for 60 and 120 min) on cidal activities (BA50
valucs) agamst E. coli ©O157:117 and S. enterica in cloudy and clear
(Mott’s) apple juices and in fresh apple (Arkansas black, empire,
gala, and Fuji) juices was investigated. In some cases, the apple
variety affected the antibacterial effects of rans-cinnamaldehyde
under the same experimental conditions as follows: at 37 “C by
30 min, the cidal effeets aganst F. eoli occurred ac 0.044% in Tm=
pirc apple juice and at 0.036% in Fuji apple juice; for S. enferica,
the cidal cffects occurred ac 0.047% in Arkansas Black juice and at
0.05% in both Fmpire and Gala apple juice (Fricdman and others
2004).

Va

Carvacrol

Carvacrol, a monoterpenoid phenol, s frequenty referred to
as the main constituent of oregano EO (Luz and others 2012;
Horvith and others 2016). The antmicrobial mechanisms of
carvacrol involve membrane damage and increase in membranc
permeability to ions, the depletion of intracellular ATP, and the
disruption of the proton-motive force (Helander and others 1998;
Ultee and others 1999). The antimicrobial effects of carvacrol and
p-cymene, alone and in combination, were assessed in carrot juice
inoculated with Vibrio cholerae (A1'CC 14033, VC1, and VC7).
After 4 d of storage at 25 °C, the incorporaton of carvacrol alone
(2.5, 5.0, and 7.5 ppm) into juice presented dose-dependent in-
hibitory effects, with reductions in V cholerae counts varying from
1.59 to 3.64 log cycles, whereas p-cymene presented no inhibitory
effects. The comhinadons of 5 or 7.5 ppmn of carvacrol and
p-cymene were effecive in causing the total inactivaton of
17 cholerae strains in carrot juice (Ratanachaikunsopon and
Phumkhachorn 2010). ‘The same study investgated the infuence
of different storage temperatures (4, 15, and 25 °C) on the
inhibitory effects of the combination of 7.5 ppm of carvacral
and p-cymene against ¥ cholerae in carrot juice and observed
that the bacterial sensitivity decreased as the storage temperature
deercased. The rescarchers stated that the low storage temperature
might have changed the properties and, consequendy, the 7
cholerae membrane fluidity, in addition to affecting the synthesis
of target sites in the cyroplasmic membrane of bacterial cells and
thereby influencing the sensinvity to ICs.

The cffects of the incorporation of carvacrol and p-cymene,
alone or in combinaton, against artificially inoculated E. ol
©0157:H7 and naturally present mesophilics and yeasts in unpas-
tcurized apple juice stored at 4 and 25 °C ap to 20 d were asscssed.
Carvacrol at 1.25 mM provoked reductions in mesophilic and yeast
counts of approximarely 2 log cycles unul the 20th day of storage
at 25 *C, followed by a subscquent increase in mesophilic counts
until the 20th day of storage. The yeast counts continued to de-
cline, and E. coli O157:H7 counts decreased to below the detection
limit (1 log cfu/mL). Overall, the antmicrobial effects of carvacrol
and p-cymene incorporated individually in juices stored at 4 °C
were relative because a gradual decline occurred inmesophilic and
yeast counts over time, although the survival of E. coii O157:H7
extended substanually over the assessed storage period. When the
combination of 0.5 mM of carvacrol and 0.25 mM of p-cymene
was incorparated into juice stored at 4 °C, none E. ¢oli O157:H7
cell was detected after day 1 of storage and mesophilic counts
were reduced to ncar 2 log cfu/mL. Therefore, the combination
of carvacrol and p-cymene at the tested concentrations was consid-
cred 4 potential cidal oreatment against nawrally prescnt spoilage
mesophilics and yeasts and E. coli O157:H7 im unpasteurized ap-
ple juice, particularly when stored at low temperamres (Kiské and
Rooller 2005).

The BAS0 of carvacrol in the function of different time/
temperatare  condidons (4, 21, and 37°C by 5, 60, and
120 min) in fresh (Arkansas Black, Empire, Fuji, Gala) apple juices
moculated with E. coli and S. enferica was studied. At 60 min
at 37 °C, the carvacrol BA5S0 values toward E. coli varied fromn
0.0097% in Gala apple juice to 0.02% i Fup apple juice; the
carvacrol BAS0 valucs toward S. enterica varied from 0.019% n
Fuji apple juice to 0.0054% in Gala apple juice. Furthermore,
carvacrol inactivated the bacteria cells in a contact time as fast as
5 min, and the nactivation rates were higher when the contact
time was extended (Friedman and others 2004). Another study
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verified that 5 L/100 mL of carvacrol provoked no growth of B.
cereus EPSO-35AS spores m tyndallized carrot broth stored at 8 °C
within 60 d. Meanwhile, carvacrol appeared to trigger slowness
in the growth of B. cercus germinated cells in juices under 16 and
12 °C (Hernindez-Herrero and others 2008). This behavior was
associated with a probable lower active bacterial metabolism at low
tenperaturcs (Prescott and othiers 2004).

Eugenol

Fugenol belongs to the monoterpenes (phenylpropanoid) class,
and it 15 the major component of clove EO. The antimicrobial
mechanisim acton of cagenol is associated widh 4 disrapoon of the
cytoplasmic membrane and a consequent increase in nonspecific
permeability that results in a loss of ions and proteins, causing mi-
crobial death (Burt 2004; Gill and Holley 2006). The cffects of a
nanocmulsion (obtained by ultrasound emulsification) contaning
3% of cugenol on mesophilic counts in orange juice stored at 4 and
25 °C over 72 h was cvaluated. A reduction in mesophilic counts
of approximately 3.5 log cycles in juices containing carvacol was
achieved over 24 b of storage at 4 °C; however, when the juice
was stored at 25 °C, this decrease (approximately 2.5 log cycles)
ocecurred up to only 6 h of storage, with increases in counts in
further assessed storage time points (Ghosh and others 2014). In
another study, spores of B. cereus EPSO-35AS inoculated into tyn-
dallized carrot broth containing 35 ul./100 ml. of cugenol were
not capable of germinadng within 60 d in storage ac 8 °C. How-
ever, in the higher tested storage temperatures (12 and 16 °C), the
mcorporation of eugenol into juice was not capable of inhibiting
spore germination or cell growth over time. Furthermaore, eugenol
ar 35 pL/100 mL did not inhibic the growth of B. cereus INRA
TZ415 at all storage temperatures tested (Hernandez-Herrero and
others 2008).

Thymaol

Thymel is 2 meneterpenoid phenol and onc of the major con-
stuents of thyme EO. Although the anomicrobial acdion modes
of thymol is not fully understood, it is believed to include outer-
and inncr-membrane severance, affecting the seructure of mem-
brane proteins and mtracellular targers (Hyldgaard and others 2012;
Horvith and others 2016). The incorporation of 0.5, 0.3, or
0.1 mmol/L of thymol in tomato juice stored at 25 °C for 48
h provoked reductions of appraximarely 4.6, 2.7, and 0.7 log cy-
cles, respecrively, in counts of Candida lusitaniae (Arnar and others
2015). The incorporadon of 0.5, 1.0, 2.0, and 4.0 mmol/L of
thymol alone in carror juice stored at 30 °C reduced the counts
of B. cereus n 2 range of 1.0 to 3.3 log cycles after 24 h of incu-
baton; this killing effect occurred in a dose-dependent manner.
However, 4.0 and 2.0 mmol/L of p-cymene tested alone were ca-
pable of provoking only approximately 0.5 log-cycle reductions in
counts of B. cereus in juices after 24 h of incubation. After the 24-
h incubation period, the combinations of thymol and p-cymene
induced a greater killing cffect against B. cerens, with reductions
in counts varying from 2.0 to 7.0 log cycles (Delgado and others
2004).

Geraniol

The inhibitory cffects of geraniol on Saimonella Enteritidis, E.
coli, and L. innocua in apple, pear, and melon juices were assessed.
Geramiol at 2 pL/ml was cffective in decrcasing the counts of
Salmonella Enteritidis to near 1 log cycle after 24 h of incuba-
tion at 35 °C in melon juice, whereas no count of E. coli or L.
innoata was observed in juice containing 6 p#L/mL of geraniol
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(Raybaudi-Massilia and others 2006). The antibacterial activities
of cutral, geraniol, linalool, linalyl acetate, terpinene, and terpmen-
4-ol against E. coli O157:H7 and Salmoneila Enteritidis in clear and
cloudy apple juices was also verified (Friedman and others 2004).
The results of this study revealed that for both target bacteria, the
nactvation cffects induced by geraniol, linalool, and terpinen-4-
ol mercased wath the contacr tine, and the begmning of bacteria
inactivation occurred after as little as 5 min of incubation, suggest-
ing the test compounds were fast-acting antimicrobials. Overall,
Salnonella Enteritidis was the most sensitive bacteria regardless the
type of juice, temperature, and contact ume, and stronger antibac-
terial effects were observed in cloudy than in clear juices.

Use of EOs or ICs in Association with Other Preserva-
tion Techniques in Juices

Some studies have approached the combined use of EOs or their
ICs and physical emerging technologies such as mild heat treat-
went, pulsed clectric ficld, agh hydrostatic pressure, high pressure
homogenization, and ultrasound to maintain the safety and quality
of juices. as summarized in Table 3. Thermal processing with a
temperature higher than 60 °C is the most widely used technology
for the pasteurizaton of juices, using different tme—temperature
combinations. Juices are traditionally pasteurized by batch heating
using low temperature (63 to 65 °C) for a relatively long tme
(LTLT), buc this method has been progressively replaced by high-
temperature short-tune (I11ST) meannent to avold undesirable
quality changes in the final product. The HTST trcatment uses a
shorter heat wreatment (90 o 95 “C for 15 to 30 s, 77 to 88 “C
for 25 to 30 s) and is currently the most widely applied method
for the heat teaanent of juice; however, this technique also tends
to reduce the product quality and freshness (Rupasinghe and Yu
2012). An alternative to these heat weatments is the application of
mild temperatures in combination with antimicrobial substances
or corpounds in juices, forming a new strategy to inhubit or delay
microbial growth and to avoid the problems of organoleptic effects
on these products.

Mild heat treatment

The combined cfficacy of mint, cucalyptus, and lemongrass
EOs and thermal treatiment on the preservation of a mixed fruic
juice (apple and orange) was cvaluated. The use of the thermal
treannent alone (70 or 80 °C for 30, 60, and 90 s) was ineffective
n preventing juice spoilage by S, cerevisiac, whereas a complere
inhibition was induced when each of the mmt (1.13 mg/mlL),
cucalyprus (4.5 mg/mL), and lemongrass (1.13 mg/ml) EOs was
mcorporated into juice stored for 8 d at room temperature. The
yeast count in juice was inhibited by the EOs in a dose-dependent
manner, and the combination of oreatments reduced the effective
EO dose requircment, showing thac it is a highly useful synergy to
inhibit S. cerevisiae in juice (Tyagi and others 2013, 2014a.b). The
use of only one tested oeannent (EO or thermal oeannent) was not
capable of guarantecing the microbial stability of juices without
affecting the final sensory propertics (Belletti and others 2010).
Thermal treatment may enhance the antmicrobial efficacy of EOs
by influencing the vapor phasc of the volatle molecules forming
the T.0s, which in turn improves the possibility of solubilizing
the yeast—cell membrane (Lanciotti and others 2004; Belletd and
others 2007).

‘The mcorporaton of 0.1% or 1.2% of mint EO i pastcar-
1zed tomato juice that was oeated with mild heat (50 °C for 30
min) caused 4.77 and 8.34 log-cycle reductions, respecuvely, in
naturally occurring microorganisms (Nguyen and Mictal 2007).
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Table 3-Continued.

Essential oil/
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Karaman and others

Increase in yeast counts when the EO and sodium

Z bailit DSM 70492

Z. rouxii DSM 70540 and
(6to 7 log cfu/mL)

Sodium benzoate (0% to 0.1%)

0to 1000 ppm

Mentha piperita L.

Apple (= 3.4)

(2016)

benzoate were used in combination, The lowest

yeast counts (0.017 0r 0.27) log cfu/ml)

were

3

Total inhibition of microfiora over 8 weeks of stora

was used alone,

verified when 100 ppm of the E

handpur and Gogate
[:acﬂu 6) v

ge K

at 4 "Cwhen EO and US were used in combination,

Total bacteria and yeast
counts

20kHz/100w/0.4

UiJ l
/mL/15 min/ <30 "C)

Citrus sinensis L. 250 pl/mL

Orange (3.8)

28

L0, essential oil; IC, 1|1dn»du|l4r:nnslitna»t; HHP, high hydrostatic pms:nr;l;l‘s‘. high-intensity ultrasound; HIPEF, !"inhiint'lnsi/n; ic;is-md.uli.ﬁricf;uiﬁi; H!'u,hlph p‘uﬁsu.m-l;nht;ﬁu-lni:-rn.x:-nn.

Vol

A 0.74 log~cycle reduction m the native microbiota of tomato
juice submitted only to heat treatment was observed. At 44 °C,
0.5% of mint EO reducced the native microbiou by 4.0 log cycles.
In the same smudy, 0.1% of clove FO and heat reatment reduced
the microbial counts to approximarcly 3.9 log cfu/mL in tomato
juice, whereas unueated juice presented an mcrease in microbial
counts over amne (7.34 log after 7 d ac 4 °C). Overall, clove and
mint FQOs at low concentations applied in combination with mild
heat provided strong microbial inhibition in juices.

In addition to studying EOs as a whole, rescarch has rested ICs
in combination with mild heat treatments in juices. The effect of
the incorporation of citral, linalool, and B-pinene comhined with
a mild heac treatment (55 °C for 15 min) on the survival of a wild
strain of S. cerevisiae in orange-bascd soft drink after 60 d of storage
at 28 °C was asscssed. Neither the thermal treaunenc alone nor
the presence of the ICs alone at their higher tested concenmations
(60 and 120 uL/L) were capable of gnarantccing the microbial
stability of the beverages, but the antimicrobial activity of all 3
ICs was potentiated by the applicd thermal treatinent. In this case,
the inhibinion of the yeast growth may have been the result of the
cumulative damages caused by the sublethal thermal oreatment and
the presence of ICs in the beverage (Belletti and others 2010).

The growth of I.. inneaw (a surrogate of I.. monocytogenes) was
affected by combimations of vanillin, citral, and mild heat treat-
mens in orange juice. The addition of 25 ppm of citral reduced
the inactivation time to reach a 5 log—cycle reduction of L. in-
nocua in 2.4, 1.0, and 1.3 min at 57, 59, and 61 °C, respectively.
The combination of the apphied heat ereamment with 900 ppm of
vanillin produced a 5 log-cycle inactivation of L. innocua in 5.1 and
4.5 min ac 52 and 37 °C, respectively. The inhibitory effects of the
ICs in orange juice were eohanced with the merease m vamllin
concentration (1000 ppm) and/ or the heating temperature (57 °C;
Char and others 2010).

The cffects of the use of 0.2 uL/mL of the EOs from Mentha
pulegium L. and Thymus algeriensis L. m combmation with mild
hear ereaanent (54 °C for 10 mim) was also cvaluated agamse 1
coli O157:H7 VTEC (Phage type 34) in apple and orange juices
(Ait-Ouazzou and others 2011, 2012). The incorporadon of the
EO:s into apple juice at 34 °C for 10 min caused the 5 log-cycle
reduction of E. coli O137:H7 (8.2 and 5.0 min, respectively) to be
faster than the heat oreaoment acting alone (27 min). Moreaver,
the M. pulegium L. and T. algeriensis L. EOs caused sublethal in-
jury in approximately 3 and 4 extra log cycles of E. coli O157:H7
survivers, respectively. ‘The occurrence of sublethal imjunies caused
by the tested treatments scemed to drive cells to subsequent -
actvation i juices. Sumilar results were obtained when the same
experiments were performed at 57 and 60 *C. Furthermore, no
differences in the inactvation rates and mjury cffects were ob-
served when the target strain was assessed with different inoculum
concentrations (approximately 4 log cfu/mL vs. approximately 7
log 10 cfu/mL; Ait-Ouazzou and others 2012).

In anothicr stady, the cxposure of E. cli O157:117 to mld
thermal treatment (54 °C for 10 min) alone, either i apple or
orange juice, caused the inactivation of approximately 0.5 log
cycles of cells and mjured approximately 3 and 4 extra log cy-
cles of survivors, whercas the cxposure of this bacterium to each
@-pincnc, B-pinene, camphaor, p-cymene, thymol, carvacrol, hor-
neol, linalool, terpincol-4-ol, ¢—terpinyl acetate, and 1,8-cineole
alone caused a <0.5 log-cycle inactivadion and caused only slight
sublethal injury in cells. The application of combined oreatinencs
including heat treatment and each of the ICs resulted in greater
mactivadon (5 log cycles) to cells than did the sum of both
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methods acting separately, and all ICs were able to interact with cell
envelopes; sublethal injuries were nflicted to most cells forming
the target bacterial population (Ait-Ouazzou and others 2011).

The occurrence of sublethal injury in bacteria after a challenge
with different food-preservation methods, or as a consequence of
other stessing conditions, is an already well-known phenomenon
(Marias and Pagin 2005), although dic underlying mechanisin 1s
still not fully understood. However, the inflicted damages in sub-
lechally injured cells demonsmare the efficacy of combining mild
heart treatmens with EOs or ICs, as hydrophobic antmicrobials
(Somolinos and others 2010). Damage induced by heat might fa-
cilitate the access of hydrophobic compounds to the cytoplasmic
membrane, which is the primary site of toxic action of terpenes,
or might enable ICs to be more casily transported into the cell
(Burt 2004).

Other studies also evaluated the effects of EOs from citrus fruit
pecl, such as orange and lemon, or their ICs in a scquential ap-
plication with mild heat treatment (54 °C for 10 min) on the
survival of E. coli O157:H7 VTEC (Phage type 34) inoculated
in apple and orange juices. The pretreatment of F. coli O157:117
with 200 pL/L of lemon EO in apple juice (Espina and oth-
ers 2012) and with orange EO or (+)-limonene in orange juice
(Espina and others 2013a, 2014b) increased the bacterial inaco-
vation effects of mild heating (54 °C). In apple juice containing
cach of the EOs or (+)-limonene, only 5 min was necessary to
mactivate 5 log cycles of E. wli O157:H7; in orange juice, this
reduction was reached in less than 20 min, with the exception of
juice supplemented with (4)-limonene, where the same inactiva-
tion level was achieved in 12 min. The decreased heart tolerance
mposed by the tested EOs or ICs on E. wli 0157:H7 was simi-
lar wath the application of increasing temperatures (up to 60 °C).
Furthermore, approximately 3.0, 2.0, and 4.0 log cycles of the E.
coli ©157:H7 survivar population presented sublethal injuries in
their outer membrane when cultivated in juice containing lemon
EQ, orange EO, and (+)-limonene alone, respectvely (Espina and
othiers 2012, 2013a, 2014b). Ovwerall, the additon of the tested
cicrus EOs or (+)-limonene before heating provoked more than 4
extra log cycles of mactvation than the antimicrobials or mild heat
treatment acting alone, revealing an enhancement (such as syner-
gism action) of their anti-E. coli effects as a consequence of their
sequential application. The researchers stated that, becausc the in-
acdvation kinedes of target bacteria in juices conuining orange
EO or in juices treated with the mild temperature were highly
simnilar, 1t could be proposed thac the enhanced andbacterial cf-
fecs were likely associated with the inactivation of heat-injured
cells, primarily of those damaged in their outer membranes be-
cause of the action of heat oreatment. This soructural damage in
cells may facilitate the access of ICs (such as (+)-limonenc) to
the periplasmic space and cyroplasmic membrane, resuldng in the
further inactivation of E. coli O157:H7 cells in juice (Espina and
others 2013a, 2014b).

The macavaton kmenes of I.. monocytogenes in pincapple juice
containing Eryngium foetidum EO and/or weated with low pas-
teurization temperatures was also assessed. The use of only (5
ppm of the EO during pasteurizaton (60 °C) of pineapple juice
reduced the time required to achieve a 4-log-cycle reduction in
the L. monocytogenes population (from 8.5 to 2.1 min) compared
with heat treatment without EQ. These studics also detected that
the inhibitory cffects of E. foeridunt EO on L. monocytegenes m-
creased with the reducton of pH and supported its possible use
at sublethal concentrations as possible strategy for an EQO-assisted
pasteurization of juices (Ngang and others 2014).
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High-intensity pulsed electric field

Because thermal treatment causes undesirable effcets, nonther-
mal pasteurization methods have been proposed over the last
few decades for use in juices. ncluding the pulsed clectric ficld
process, also known as the lgh-intensity pulsed clectric field
(HIPEF) process. HIPEF treatment has been shown to be able
to inactivate microorganisms, to decrease the actvity of enzymes
and to extend the shelf-life of foods without a significant loss of fla-
vor, color, or nutrients {Cserhalmi and others 2006; Elez-Martinez
and others 2006; Mosqueda-Mclgar and othiers 20084,b,¢). T'his
technology involves the application of short pulses (1 to 10 ps)
of a high-intensity electric field (typically 20 to 80 kV/cm) to
fluid foods placed between 2 clectrodes in a batch or a contin-
uous flow system. This teatment induces structural changes in
the membranes of microhial cells because of the formation of
pores, consequently leading to microbial destruction and inactiva-
ton (Tsong 1991). The HIPEF treatment applicadion has received
USI'DA approval, and it 15 currendy used in food processing on a
commercial scale.

Combinadons of HIPEF (35 kV/cm, 4-us pulse length, with-
out exceeding 40 °C) with cinnamon bark EQ against Salmionella
Enteritdis and E. coli O157:H7 populations in apple, pear, or-
ange, and sorawberry juices were cvaluated, and enhanced (like
addigve) inhibitory effects were detected when the EOs were as-
sayed in concentrations varying from 0.05% to 0.1%. Nonetheless,
to achieve a >5 log-cycle reduction in bacteria populatons, the
association of HIPEF treamment with 0.1% of cinnamon bark EO
in apple and pear juices and with 0.05% in strawberry juices was
needed (Mosqueda-Melgar and others 20082a). In tomato juice, a
synergistic effect was observed using HIPEF treannent (35 kv/cm
for 1000 ps at 100 11z, 4-ps pulsc length) and 0.1% of cinnamon
bark EO. This combined weatment was also enough to provoke
a 25 log-cycle reducton in the Sabmonella Enteritidis popula-
ton, thus achieving the pastcurization standard required by the
USFDA (Mosqueda-Melgar and others 2008c). The authors pro-
posed thar the mechanisms for the enhanced antimicrobial cffect
of the combined application of HIPEF and cinnamon bark EO
were likely related to the formation of pores on the cell membrane
whien TTIPEY was applicd, favoring the diffusion of the TCs to eclls
inside and causing damage to vital cell functions.

Indeed, the consumption of melon and watermelon juices can
provide potendal health benefits. However, without a minimal
processing, these products could potentially be a source of micro-
biolagical diseases hecause of their mild acidity (pH 5.2 0 6.7) and
high water activity (0.97 to 0.99), which both favor the growth
of pathogenic microorganisms (USFDA 2001); this concern may
be expanded to other low-acidity fruit. Different concentrations
of cinmamon bark EO (0.05% to 0.3%) appliced alone were effec-
tive in reducing E. coli O157:H7, Salmonella Enteritidis, and L.
monocylogenes counts in melon and watermelon juices. Contrary
to other findings (Mosqueda-Melgar and others 2008a), syner-
gistic cffects of the combined reatment using 0.05% and 0.10%
of cinnamon bark EQ and HIPEF (35 kV/cm for 1682 to 1709
ms at 193 Hz and 4-ms pulse duration) were detected against
Salmonella Enterindis and .. monocytogenes in both melon and wa-
termelon juice. An additve effect was observed only against E.
coli ©157:H7 in mclon and watermelon juice when 0.05% of
cinnamon bark EO was combined wich HIPEE Nevertheless, in
order to inactivate the bacterial populations in both juices by more
than 5 log cycles, combinations of 0.20% of cinnamon bark FO
and HIPEF treatment were needed (Mosqueda-Melgar and others
2008b).
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Changes in the microbiological population of apple, pear,
tomato, strawberry, and orange juices treated with cinmamon bark
EO and HIPEF and stored at 5 °C were investigated (Mosqueda-
Melgar and others 2012). The shelf=life of apple, pear, and tomato
juices reated by HIPEF alone was extended approximately 27, 37,
and 44 d at 5 °C more than untreated juices, respecuvely. In turn,
the juices treated by cinnamon bark EO (0.1%) and ITIPEL pre-
sented a total inactivation of background microflora (mesophilic,
molds, and yeasts and also psychrophilic) for more than 91 d ac
5 *C. The microbial populations were completely inactvated
when the strawberry and orange juices were weated by HIPER
alone or combined with the T:(), and the shelf=life for all was
cxtended by more than 91 d.

The possible enhanced lethal effects of the combined (sequen-
tial) usc of ITIPEL (25 palscs at 30 kV/cin) and cach of the ICs, o-
pinene, f-pinene, p-cymene, thymol, carvacrol, borneol, linalool,
terpincol-4-ol, 1,8-cincale, w-terpinyl acetate, and camphor, at
0.2 pL/mL each, against E. coli O157:H7 VTEC (Phage type 34)
in apple and orange juice, was also cvaluated. Only the combi-
nation of [TIPEF and carvacrol caused the macovaton of 2 log
cycles of bacterial cells in orange juice and ncarly 5 log cycles
in apple juice. To understand the outstanding synergistic effect of
PEF and carvacrol, instead of applying both barriers sirnultane-
ously, carvacrol was added to the apple juice 3 min immediately
after the HIPEF treannent. As a result, again, nearly 5 log cycles
of cells were inactvated, suggesting that changes caused by HIPEF
were not instantancously reversible, and most survivors were sen-
sitive to the subscquent challenge with carvacrol. This detected
synergistic effect appeared to be promising for the improvement
of the antdbacterial cfficacy of HIPEF trecatmmencs, allowing higher
levels of inactivation at lower intensites of pulses (Ait-Ouazzou
and others 2011). In another smdy, the level of inactivation of
E. coli O157:H7 resulting from the associated application of (+)-
limonene (200 mL /L) and HIPEF (25 pulses at 30 kV/cm) was
additive, that is, it was equal to the sum of the levels of inactivadon
of both treatments applicd scparately; and no extra inactivation be-
cause of the followed application of the methods was observed.
When applied separately, the ceamments inactivated fewer than 0.5
log cycles of the inital E. coli O157:H7 population (Espina and
others 2013a).

High-pressure homogenization and high hydrostatic
pressure

Other nonthermal pasteurization methods for use in juices are
high-pressurc homogenizaton (HPH) and high hydrostadc pres-
sure (HHP), these arc processes that use pressures up to 1000 MPa,
with or without heat, to inactivate microorganisms in food prod-
ucts (Ramaswamy and others 2003). Some studies have shown
the efficacy of HPH weatments to nactivate both spoilage and
pathogenic microorganisms and to extend the shelf-life of juices
(Brificz and others 2006a,b, 2007; Pawrignam and others 2009,
2010; Tribst and others 2011). HHP has been shown to meet the
FDA requirement of a 3 log-cycle reduction of microorganisms
in juices without negatively affectng their sensory and nutritional
attributes (San Martn and others 2002). The application of a
nmuldpass HPH treatment (100 MPa/1 to 8 passes) was capable
of potentatng the antimicrobial activity of 50 mg/mL (sublethal
concentrations) of citral against S. cerevisiae, resulting in an in-
creased shelf=life of apricot juice. The yeast counts decreased wath
the applied number of passes at 100 MPa, regardless of the added
citral concentration. The rclationship between the decreases in
yeast counts and the number of passes followed a linear trend;

v/

hence. after 8 passes, cell counts of 1.2 and 0.3 log10 cfu/mL were
detected In juice samnples containing and not contaming citral, re-
spectively (Patrignani and others 2013). The observed yeast-count
decreases were in agreement with the hypothesis that in the mul-
Gpass treatment, the effect of each pass is additve, and, therefore,
each homogenization pass causes the same reducton of the counts
of the microbial populanon (Dicls and Michicls 2006; Patrignam
and others 2010). The yeast cells’ latency time in juices without
citral increased (approximately 10-fold) with 8 passes at 100 MPa,
from 0.56 to 5.89 d, and the presence of citral increased to 6 to 8 d
the tme necessary to attain counts of 6.0 logl0 cfu/mL at 10 °C,
compared to juices not containing citral. The unpressurized and
non-citral-juicc samples reached the critcal spoilage value after
3.8 d. whereas for samples containing citral, this occurred only
after 9.5 d of storage. It has been suggested that the cumulative
damages caused by HPH treatment and the presence of citral-
mjured cells leads to a major inhibition of S. cerevisiae growth in
samples subjected to the combined strategy adopted (Patrignani
and others 2013).

The effects of the combined application of the TFOs from Cit-
rus sinensis L. and Citrus reticulata L. or (+)-limonene with HHP
on E. coli O157:H7 VIEC (Phage type 34) in apple and orange
Juices were assessed (Espina and others 2013b). HHP treatients
caused a low level of nactivation, but a high level of sublethal
mjury, to treated cells, and lower pH values of juices contributed
to establishing higher ccll-inactivation rates via HHP treacment.
In both apple and orange juices, HHP trcaunent at 300 MPa for
20 min inactivated fewer than 0.5 log eycles of the minal popula-
tion (approximately 7 log10 cfu/mL). The addition of 200 uL/L
of C. sinensis L. or C. reticulata L. EO resulted in inactivation levels
of approximately 3 and 1.5 to 2 extra log cycles in orange and
apple juices, respecuvely. The addition of (+)-limonenc inacu-
vated more than 3 log cycles of the inidal cell populadon i apple
and orange juices, increasing the pressurce intensity maincained or
increased this cffect. Storage of the tweated samples under refrig-
cration resulted in the imactivation of ap to 3 exora log cycles,
compared with the inactivation achicved right after the combined
trcaoments (Espina and others 2013b).

Tomato juices were reated in several experimental trials using
HHP alone or in combination with 0.1% and 0.5% of oregano or
thyme TFOs. Tactic acid bacteria formed the dominadng compo-
nent of the spoilage microbiota during postprocessing storage at
15 °C of juices, causing spoilage of the untreated samples within
4 d. A 0.1% concentration of oregano or thyme EO ar least dou-
bled the microbiological shelf~life of tomato juice, and their re-
spective concentrations of 0.3% alone or 400 MPa 5 to 20 min
HHP geatment alone resulted in microbial stability for at least 2
weceks. Two-hundred MPa for 10 min resulted in a spoilage delay
of only approximately 3 d, whereas 0.1% of thyme FO increased
the cfficacy of this moderate HHP treatment, resulting in a stble
product for at least 3 weeks at the applied storage temperature
{(Molicsi-larkas and others 2002).

Ultrasound

High-intensity ulorasound (US) combined with EOs or ICs may
also be an alternative technology for juice preservation. The re-
sponse of L. monocylogenes in orange juice to combined treatments
involving a2 moderate temperature (45 °C), US (600 W, 20 kHz,
95.2-pmn wave amphitade), and the addition of different concen-
trations of vanillin (1000, 1500, and 2000 ppm), citral (75 and
100 ppm), or both was investigated to determine the most ef-
fective inactvaton treatment. The presence of vanillin or citral
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gready increased the cidal effect, and when both compounds were
added together to juice and US was applied, the average bacterial
death times were between 1.6 and 2.6 min (Ferrante and others
2007). A study investigated the efficacy of the use of US (20 kHz/
100 w/0.4 W/mL/15 min/<30 °C) in combination with or-
ange EO (250 pL/ml) to enhance the shelf-life of orange juice
(Khandpur and Gogate 2016). The combined applicaton of US
and orange EO caused higher reductions in mesophilic counts m
juice, as compared to US or orange EO acting alone.

Chemical preservatives

Chemical preservanves are also widely used for the exwension of
the shelf-life of juices. Two of the most commonly used preserva-
tives are potassinm sorbate and sodium benzoate; however, these
substances demonstrate a slight killing cffect toward pathogens
(such as E. coli O157:H7; Rupasinghe and Yu 2012). The antimi-
crobial synergistic cffect of the combinations of cinnamon TO
(0.1%, 0.2%, and 0.3% [w/v]) with sodium benzoate (0.1%) or
potassimin sorbate (0.1%) against E. coli O157:H7 m apple juice
at different temperatures and storage periods (8 °C for 14 d and
25 °C for 3 d) was investigated (Ceylan and others 2004). Com-~
binations of the antimicrobials exhibited a greater inhibiton of
target bacteria than sodium benzoate or potassium sorbate alone.
The antinicrobial effects increased with the increase in the con-
centraton of armamon FO) and a decrcase m the storage ternpera—
ture, although a 23 log-cycle of bacterial inactivation was reached
under both tested storage conditions. The effect of nisin and cin-
namaldehyde alone or combined to extend shelf-life of pastcurized
(90 *C for 15 s} orange nectar during storage at 25 and 45 °C was
also smdied. The combinaton of the compounds extended the
total inhibition of Alicyclobacilius acdoterrestris growth in 45 d at
25 °C and demonstrated an increased antimicrobial cffect
comparcd wath msin (46.8 [U/mnl) or trans-cmmarnaldclyde
(0.39 pl/ml) acting alone, which extended the shelf-life by
18 and 39 d, respecrively. The combination of nisin and trans-
cinnamaldehyde also induced the complete inhibition of the spore
germimation of A. acdoterrestris for a longer time (33 d) com-
pared with misin (9 d) and trans-cinnamaldchyde alone (21 d;
Khallaf~Allah and others 2015). However, an antagonistic effect
was observed when mint EO (1000 ppm) and sodium benzoate
(0.1%) were used in combinaton against Zygosaccharomyces rouxii
and Z. bailii m apple juice (Karaman and others 2016).

Freeze-thaw treatment

In addition to the investigations of heat treaoment. PEE HHP,
and chemical substances in combinaton with EOs and their [Cs,
only onc available study was found that reported the combined
use of lemongrass (0.1, 0.3, 0.5, and 1 ul./ml), cinmamon leaf
(2 pL/mL), and basil (2 uL/mL) EOs with a frecze—thaw treat-
ment (FIT; freezing —23 °C/24 or 48 h; thawing at 7 °C for 4
h) to reduce the counts of E. coli O157:117 and Salmonclla Enver-
itudis in strawberry juice stored at 7 °C (Duan and Zhao 2009).
FTT is a common method for extending the shelf-life of apple
cider, and its antibacterial effects are associated with the induc-
tion of irreversible damages to bacterial cells by the formation of
intra- and exmacellular ice erystals (Uljas and Ingham 1999). The
combination of each of the tested EOs and FTT resulted in an
enhanced antimicrobial effect, and the addition of EO before the
FFI'T resulted in a shorter mactvanon tune of the E. oli O157:117
population. A possible reason for this behavior is that the mem-
brane damage and cell leakage caused by EO may increase the cell
injury resultung from freczing stresses (Duan and Zhao 2009).
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Effects of EOs and Their ICs on Quality Parameters of
Juices

During the storage period, fruit and vegetable juices expericnce
changes in their physicochemical parameters that negatively affect
nutritonal composition, sensory characteristcs, and market value.
However, the incorporation of EOs or their ICs in juices com-
monly influence the alterations in a variety of physicochemical
and sensory parameters over tme, as summarized in the studies
presented in Table 4.

The addition of 0.2 pul./ml. of black pepper FO in orange
juice induced a decrease in acidity, ascorbic acid, and totl sugar
content, in additon to slow nonenzymatic browning over 28 d
of refrigerated storage (Kapoor and others 2014). Under the same
storage conditions and period, similar effects on acidity, total sugar,
and ascorbic acid were induced by the incorporation of 0.1% of
cardamom EQ into sweet orange juice (Kapoor and others 2011).
The incorporation of 0.05% of tejpat EO was evaluated for iws
cffeces on the pll value, total acidity, reducing sugars, ascorbic
acid contents, and peroxide values in pineapple juice over 7 d of
storage at 10 °C. The tejpat EO did not protect, caused lower
reductions, and caused no changes in the peroxide value, sugar
content, ascorbic acid, and tiwable acidity or pH of pincapple
juice during the monitored storage-time interval (Kapoor and
others 2008).

The incorporation of (+)-limonene or orange EO (30, 100,
and 200 ppuw) was asscssed for changes o the sensory parain-
cters of orange juice submitted to different thermal treatments
(60 °C for 2.1, 2.4, 2.9, 3.4, and 3.9 min) and further stored at
4 *C for 12 h. The incorporadon of (+)-limonene, in concen-
trations enough to reduce the applied thermal processing time,
resulted in a lower sensory aceeptance of juices, with worse re-
sults for juice supplemented with 200 ppm of (+)-limonene. The
orange juices that conuined up to 100 ppm of (+)-limonene or
200 ppm of orange FO and were further submtted to heat treat-
ment presented a similar sensory acceptance as the orange juice
without the antmicrobial tested substances (Espina and others
2014b).

The mcorporation of 0.25 puL/mL of lemon EO posiuvely
affected the wste of clear and cloudy apple juice, and pancliss
reported that juices contamning lemon EO were refreshing and
harmonic. However, the odor of juices containing lemon EO was
perceived as unpleasant in clear apple juice; this parameter was
better judged in cloudy apple juice (Tserennadmid and others
2011). A study assessed the cffects of 4 different EOs (lemon,
pennyroyal mint, thyme, and rosemary) and 2 ICs (carvacrol and
p-cymene) at varying concentrations (20, 100, and 200 puL/1)
on the taste acceptance of tomato juice. The resules showed that
the lowest tested concentration of pennyroyal mint and lemon
EO did not change the tste acceptance of tomato juice. On
the conwary, the pennyroyal mint EO increased the taste accep-
tance of tomato juice, and a remarkable proportion of panelists
responded positively to the incorporation of the other concentra-
dons. The other assessed EOs and ICs at all tested concentrations
negatively affected the taste acceptance of juices (Espina and others
2014a).

The effect of the incorporation of mint EO on the sensory
acceptance of an apple-orange mixed beverage was investigated.
The incorporadon of 1.13 mg/mL of mint FO did not affect
the juice sensory acceptance over 8 d of refrigerated storage in
comparison to the incorporation of 0.56 and 0.25 mg/ml. of
the EO. Nonetheless, the incorporation of mint EO did not un-
desirably alter the odor or color of the cvaluated mixed juice
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(Tyagi and others 2013). The effecws of 2.5 and 1.25 puL/ml of
lemongrass EO on the physicochemical parameters of pineapple
juice over 72 h of storage under refrigeration (4 £ 1 °C) were as-
sessed. Overall, the mcorporation of lemongrass FO preserved the
physicochemical propertics of pincapple juice, as measured by pH
values, titratable acidity, and “Brix. The evaluation of the sensory
quality of pmeapple juices containing leinongrass EO after refrig-
eration for 24 h demonstrated they were acceptable in terms of
appearance, ador, and viscosity, although noticeable unsatisfactory
changes were found in the taste, aftertaste, and overall accepuabilicy.
Nonetheless, the researchers stated that the overall acceptability of
pineapple juice samples containing lemongrass FO was likely af-
fected by the taste and aftertaste perceptions of the panelists (Leite
and others 2016). Otherwise, the study of effects of the incorpo-
ration of .. cubcba EO (375 to 6000 pg/g) on the aroma and taste
of orange-milk beverages revealed no negaave effect in terms of
product characteristics {Liu and Yang 2012).

Nanoemulsions containing terpenes (prepared by HPH) were
incorporated into orange and pear juices inoculated with Lacro-
hacillus delbruccki, which were further evaluated for their physico-
chemical characteristics during storage at 32 °C. The °Brix, pH,
and color of both orange and pear juices werc not modified by
the incorporation of the tested nanoemlsions during storage. The
main color deviations were ascertained when 10 g/L of each of the
nanocmulsions was incorporated into juices, and the combined in-
corporation of both tested nanoemulsions at lower concentrations
(3 and 1 g/L) was considered acceptable because it induced minor
color deviations (Donsi and others 2011).

The effects of the combined application of 50 mg/L of cit-
ral and HPH on the quality parameters of apricot juice stored at
4 °C for 20 d were wvesagated, and the juice treated with HPH
presented a decrease and increase i pH values and viscosity, re-
spectively, after the st pass at 100 MPa, with a slight decrease in
these paramcters in further passes. When the citral was incorpo-
rated into apricort juice before HPH treatment, no modificadon
was noted in the pll values or viscosity (Pamignum and others
2013). The influence of the incorporation of 0.1% of cmnaman
bark FO and further HIPEF treatment on the aroma, color, taste,
sourness, and overall acceptability of strawberry, orange, apple,
pear, and tomato juices after maximum 12 h storage at 4 *C was
also evaluated. The dual oreatment (HIPEF and cinmamon bark
EO) did not induce changes in the color of any weated juice,
whereas the juices submitted to this combination presented the
lowcst scores for arotna, taste, sourncss, and overall acceprabilicy
compared to HIPEF alone (Mosqueda-Melgar and others 2012).
Sensory evaluadons of melon and watermelon juices treated with
the combination of HIPEF and 0.2% of cinnamon EO immedi-
ately after processing revealed that incorporation of the EO af-
fected all organoleptic propertics, although it varied according
to the type of juice. Lower scores in odor, taste, sourness, and
averall acceptability were found for melon juice, whereas lower
scores for mste, sourncss, and overall aceeptability were found for
watermelon juice (Mosqueda-Melgar and others 2008b).

The nvestigation of the hedonic accepubility of thermally
treated (60 °C for 0.58 min and 60 *C for 3.12 min) apple juice
containing 73 uL/L oflemon EO revealed no alteration in the sen-
sory propertics n comparison to the product treated only by hear.,
Moreover, in a simple preference test, juice that contined lemon
EO and was submitted to short thermal weamment (75 pL/L;
60 C for 0.38 min) was preferred w juice without EO and sub-
mitted to longer thermal aeamment (60 °C for 3.12 min; Espina
and others 2012). Otherwise, the usc of 900 ppm of limonene

v/,

val.

and HPH (20 MPa) ncgatively affected the purchase intention of
pasteurized apple juice, and this effect was prunanly associated
with a srong lemon odor in juice (Bevilacqua and others 2012).
The incorporation of 900 ppm of vanillin and 25 ppm of cimal
mto thermally treated (52 °C for 4.7 min) orange juice induced
slight sensory changes in the product. The panelists reported that
the addition of these constituents imparted pleasant but unfanil-
iar flavor to the orange juice (Char and others 2010). Although
there has been some skepticism about the pracucal use of EOs or
ICs as antmicrobials in foods, mainly becausc their possible nega-
tive effects on sensory characteristics of foods, the findings of these
studies cited above show that these desirable or undesirable sensory
impacts have varied with the kind of juice and the incorporated
EOV/IC as well their final concentration in juice.

Conclusions

‘I'he mfortnation compiled in dhis review demonstrates thac dif=
ferent EOs or their ICs incorporated into fruit and vegetable juices
can effectvely reduce or inhibit pathogenic and spoilage microor-
ganisms. From the reported studies, it can be inferred that the
use of EOs or ICs in association with other nonthermal emerg-
ing food-preservation technalogies to preserve fruit and vegerable
juices are innovative and potenally useful alternatives to replace
the use of chemical additives and intense heat weaoments. How-
cver, the conditions that are capable of provoking syncrgistic cffeces
when the EOs or ICs and other nonthermal technolagies arc ap-
plied in juices remain focus areas for further research. Adding EOs
or ICs as anomicrobial preservatives into juices without adversely
affecting the sensory characteristics remains a challenge because
the concentrations that are necessary to ensure microbial safety in
some of these products are higher than those normally accepted by
consumers. Thercfore, the study of the synergistc effects among
EOs or ICs and cmerging techmologics may be ualized to make
the best use of their antimicrobial propertics, to reduce the con-
cenwations required to achieve a safe antbacterial effect, and to
guarantee sensory acceptance during the shelf~life.
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2.2 CONTAMINACAO DE SUCOS DE FRUTAS

Suco de fruta € definido como bebida ndo fermentada, ndo concentrada e ndo diluida,
obtida da fruta madura e sadia, ou parte do vegetal de origem, obtido através de
processamento tecnologico adequado e submetido a tratamento que assegure sua conservagio
e manutengdo de suas caracteristicas nutricionais, sensoriais € microbioldgicas, até o
momento de seu consumo (BRASIL, 2009). Apesar da crescente demanda de consumo, a
produgdo de sucos de fruta é dificultada em decorréncia do ritmo de vida mais acelerado da
sociedade. Isso despertou o interesse das indistrias de sucos de frutas para a producio de
produtos prontos para consumo com as caracteristicas mais proximas possivel daquelas
apresentadas pelos sucos de fruta frescas (CARRILLO et al,, 2018).

Como cada espécie de fruta abriga uma microbiota dominante, a qual pode colonizar
este substrato durante o seu desenvolvimento, ou ainda ser agregada ao produto devido a
contaminagdo durante praticas inadequadas de colheita, transporte, beneficiamento e
ndustrializagio, os produtos de frutas, tais como os sucos, podem ser fontes de micro-
organismos deteriorantes e patogénicos, podendo proporcionar problemas de qualidade, fator
preocupante para as industrias processadoras de sucos de fruta, visto que podem ocasionar
desperdicio, insatisfacdo do consumidor e ameagas a protegdo da marca, além de maiores
probabilidades de ocorréncia de surtos de doengas {ANEJA et al, 2014; SNYDER,
WOROBO, 2018).

Os surtos de .doengas transmitidas por alimentos resultantes do consumo de sucos de
frutas frescos contaminados continuam a ocorrer em todo o0 mundo. Entre 1974 e 2014, estes
produtos estiveram envolvidos em pelo menos 48 surtos de doengas transmitidas por
alimentos envolvendo bactérias (Salmonella, Shigella flexneri, Escherichia coli, produtora de
toxina Shiga, incluindo grupos Q:157 e 0:111, e E. coli enterotoxigénica), virus (norovirus
genotipo II , virus da hepatite A) ou protozoarios (Cryptosporidium e Trypanosoma cruzi)
como agentes etiologicos (MARTINEZ-GONZALES; CASTH LO, 2016). No entanto, vale
ressaltar que, os sucos de frutas por apresentar caracteristicas unicas (acidez eleveda e alto
teor de agticares) sdo considerados substratos/ambientes adequados para o desenvolvimento
de agentes especificos e potencialmente deteriorantes, tais como bactérias heterotroficas,

bolores e, particularmente, as leveduras (BATRA et al., 2018).



39

As leveduras s#o reconhecidas como as causas mais frequentes de deterioragio de
sucos de frutas em virtude da sua capacidade de sobreviver a elevada acidez, as baixas

temperaturas e, no caso de algumas espécies, em ambientes sem oxigénio.

2.1.1 Aspectos gerais de leveduras

Tratam-se de células eucaridticas, unicelulares que se reproduzem na maioria das
vezes de maneira assexuada por meio de brotamento (inico ou miltiplo) e, outras, por divisdo
binaria ou cissiparidade. Algumas leveduras se muitiplicam sexuadamente por meio de
ascoporos (esporos sexuados endogenos formados no interios das hifas em forma de sacos,
denominados ascos). Possuem temperatura -Gtima de crescimento na faixa de 20 a 30 °C,
embora algumas espécies possam sobrevier a exposi¢do a altas temperaturas (65 a 70 °C). Seu
desenvolvimento pode promover a producio de CO; e etanol, mas também pode causar a
formacdo de peliculas e floculagdo, o que, consequentemente, aumenta a turvagio dos sucos.
Além disso, o aumento da populagio de certas leveduras em sucos de fruta pode produzir
acetaldeido e formagéo de gases, o que contribui para promover odor fermentado e formagio
de sabores e odores desagradaveis, respectivamente, no produto (PAULA et al, 2011).

Candida, Pichia e Saccharomyces sio géneros citados na literatura como sendo

responsaveis pela deterioracdo de sucos (ANEJA et al , 2014).

2.2.1.1 Leveduras do género Candida

O género Candida, importantes agenie causador de infecgdes, principaimente, em
individuos imunodeficientes, possui distribui¢io universal, podendo ser encontradas nos
‘homens ou nos animais, como comensais ou patogénicas, no solo, na agua, nos vegetais e,
inclusive, podem ser isoladas de alimentos (CALDERONE; FONZI, 2001).

C. albicans ¢ potimorfica, ou seja, capaz de crescer isotropicamente (leveduras) ou
apicalmente (pseudo-hifas e hifas), bem como, sdo fermentativas, utilizando agiicares como
fontes de carbono, com a produgiio de etanol € CO, como produtos finais desse metabolismo
(TORTORA et al., 2005).
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C. iropicalis € uma levedura -osmeotolerante, dimérfica ¢ esporogénica, que possui
aplicagdes industriais importantes devido a sua capacidade de assimilagio de n-alcanos para a
produgdo de 4cidos carboxilicos de cadeia longa, com consequente produgie de poliamida e
poliéster, além de sua habilidade em fermentar xilose, com formagdo de xilitol. No entanto, C.
fropicalis pode ser um importante micro-organismo deteriorante de sucos de frutas, com
capacidade de produgdo de etanol e CO; (WANG et al., 2015).

2.2.1.2 Pichia anomala

P. anomala, recentemente classificada como Wickerhamomyces anomalus, pode
crescer sob condigdes extremas de estresse ambiental, como baixo e alto pH, baixa atividade
de -agua, alta pressdo osmética ¢ condigdes anaerdbicas, sendo considerada um micro-
organismo deteriorante de produtos com alto teor de aglicar, a exemplo de sucos de frutas
(PASSOTH et al.,, 2005). Além disso, tem habilidade em produzir quantidades significantes
de acetato de etila, um agente causador de off-odour (KURITA, 2008). Ainda podem
descarboxilar o acido ferulico a 4-vinilguaiacol (4-hidroxi-3-metoxiestireno), composto
responsavel por off-flavor em sucos (LATEEF, et al., 2004)

2.2.1.3 Saccharomyces cerevisiae

S. cerevisiae caracteriza-se como levedura altamente fermentativa, capaz de produzir
acetaldeido, etanol e uma variedade de alcoois superiores, incluindo n-propanol, n-butanol, 2-
metil-l-propanol, 2-metil-l-butanol, 3-metil-}- butanol € n-pentanol (SAXBY, 1996). Algumas
cepas de S. cerevisiae possuem atividade pectinolitica, o que provoca diminuig¢éo da turvacdo
de sucos (RIIKKA et al, 2011). Sulfeto de hidrogénio € compostos de enxofre volateis,
produzidos por S. cerevisiae durante a fermentacio por meio da redugdo de sulfato, sdo
responsaveis por causar sabores anormais descritos como similares aqueles observados em
ovos podres (LUCION, 2015). Além disso, também podem metabolizar acido ferilico e
produzir 4-vinilguaiacol (LATEEF et al., 2004).
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A inativagdo de micro-organismos € a garantia da seguranca alimentar sdo considerados
as tarefas mais importantes do processamento moderno de alimentos, porque qualquer
deficiéncia na seguranga alimentar significa que nenhum outro atributo de qualidade serd
valioso. A inativagdo de microrganismos durante o processamento de sucos de frutas é crucial
para uma methor seguranca € vida util prolongada, pois, como mencionado, 0s sucos sio uma
fonte rica em nutrients que apoiam o crescimento e atividades microbianas (ROOBAB et al.,
2018).

Tratamentos tradicionais, tais como pasteurizacdo e/ou adi¢do de conservantes sintéticos
tém sido utilizados no processamento de sucos para reduzir as contagens microbianas a niveis
seguros que eliminam os riscos a saiide e garantam ao consumidor seguranga alimentar, no
entanto, este nivel de seguranga € comumente alcangado em detrimento da quatidade
nutricional de um produto, isto é, formagdo de sabor indesejavel, degradag¢do oxidativa e
perdas de pigmentos € vitaminas, além de possivel formagio de substincias nocivas a satide
(ROOBARB et al.,, 2018). E hoje em dia, em virtude da preocupa¢do dos consumidores em
relacio aos riscos inerentes ao consumo desses alimentos, resultou em atencéo especial aos
métodos de conservacgdio alternativos, dentre os quais, merece destaque, os 6leos essenciais

(PANDEY et al., 2017).

2.3 OLEOS ESSENCIAIS

Os oleos essenciais (OEs), também conhecidos como Oleos volateis, Oleos etéreos ou
esséncias, sdo produzidos, geralmente, por estruturas secretoras especializadas, sejam elas
localizadas em toda planta ou em partes especificas. S@o caracterizados como misturas
complexas de substincias de baixo peso molecular, geralmente, odoriferas, liquidas e de
aparéncia oleosa 4 temperatura ambiente, com coloragio amarelada € pouco estaveis na
presenca de ar, luz e altas temperaturas, (RAD et al., 2017; SIMOES et al., 2007).

A composigio quimica dos OEs varia em relagio & presenga e gquantidade de
hidrocarbonetos terpénicos, alcoois simples e terpénicos, aldeidos, cetonas, fenodis, ésteres,
éteres, Oxidos, peroxidos, furanos, acidos organicos, lactonas, cumarinas e compostos com
enxofre. No entanto, os OEs sio constituidos, principalmente terpenos/terpendides e,
eventuatmente, por fenilpropandides que se originam a partir do acido chiquimico, o qual
forma as unidades basicas dos acidos mevalnico e cindmico, respectivamente, e, por sua vez,
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formam as unidades de isopreno (BAKKALI et al, 2008; BURT, 2004; SIMOES et al,
2007). Em virtude dessa complexidade, os efeitos biologicos dos OEs podem ser em
consequéncia da atividade do seu constituinte majoritario ou mesmo ser resultante do
sinergismo entre os seus diferentes constituintes (BURT, 2004).

As principais vantagens do uso de OEs como agentes antimicrobianos s#o o seu amplo
espectro de atividade e sua origem natural, o que pode proporcionar uma maior seguranga
para os consumidores € para © meio ambiente. Destaca-se, ainda, o baixo risco de
desenvolvimento de resisténcia microbiana a estas substidncias, o que € atribuido,
principalmente, a composicio complexa dos OEs, proporcionando diferentes mecanismos de
acdo por parte de seus constituintes. Isso torna mais dificil uma possivel adaptag¢do por parte
dos micro-organismos frente a sua agio (GOMES NETO et al , 2012; SOUZA et al , 2016).

Até o momento, mais de 3000 diferentes OEs ja forma descritos, dos quais,
aproximadamente, um décimo € considerado relevante para as indistrias farmacéutica,
alimenticia ou cosmética (RAD et al., 2017), estando os OEs extraidos de espécies Mentha

entre os mais comercializados no mercado mundial (BIZZO et al., 2009).

2.3.1 Aspectos gerais de Mentha

Mentha € um dos géneros botinicos mais antigo, do qual a origem de seu nome
provém da palavra grega “Menthe” (TESKE; TRENTINI, 1997). O género Mentha, originario
da Europa e amplamente cultivado em todo o mundo, fol introduzido no Brasil amnda no
periodo de colonizagdo (GONCALVES, 2017). As espécies deste género podem facilmente
produzir formas intermediarias, seja por hibridizagdo ou poliploidia, proporcionando papel
consideravel na especiagdio e, consequentemente, tornando o numero de espécies
taxonomicamente vatidas um assumto de controvérsia (KUNDALIC et al, 2009). As
diferengas na sua composi¢do quimica oferecem uma variedade de espécies com alto teor de
acido mevalonico (DESCHAMPS et al., 2008).

Mentha piperita L., M. arvensis L. ¢ M. spicata L. popularmente conhecidas como
hortela-pimenta, menta-japonesa e menta, respectivamente, s3o as espécies mais importantes,
sende amplamente utilizadas nas industrias de alimentos, bebidas e cosméticos,
principalmente, em virtude de suas propriedades aromatizantes (KUMAR et al, 2011;
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VERMA et al, 2010). Além disso, existem dados de varios estudos pré-clinicos que mostram
diversos efeitos farmacologicos destas espécies (AMARAL, 2015; LIMA et al, 2014;
MATOS ROCHA et al,, 2016SEVINDIK, 2018; OGALY €t al, 2018, WANGJHT et al,
2016).

2.3.1.1 Mentha piperita L.

M. piperita 1. caracteriza-se por ser uma espécie herbacea, perene e quase rasteira,
com folhas e ramos de cor variando de verde escuro a roxo purpurea (Figura 1). Esta espécie é
um hibrido natural oriundo do cruzamento entre Mentha aquatica 1. e M. spicata 1. (Mentha
longifolia Huds. x Mentha suaveolens) (TIWARI, 2016). M. piperita é conhecida
popularmente como thorteld, horteld-pimenta, menta, horteld-apimentada, horteld-das-
cozinhas, menta-inglesa e sdndalo, e apresenta um odor caracteristico de mentol fresco e um
sabor picante, seguido por uma sensacgio refrescante (HERRQO; JACOB et al., 2010).

Figura 1: Planta de Mentha piperita
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O Brasil ja foi considerado o maior produtor mundial de OEMP, no entanto, devido ao
baixo nivel tecnolégico de produgio empregado na regifio sul (cultivo em maior escala)
passou a importa-lo (BIZZO et al., 2009).

Adicionalmente ao uso na culinaria, o OEMP é reconhecido por suas atividades
anticancerigena, -antifibrogénica, anti-inflamatdria, antioxidante, antibacteriana, antifingica e
antiviral (LOOLAIE et al., 2017; OGALY et al., 2018; OLIVEIRA, K. et al,, 2017; SOUSA
GUEDES et al., 2016; SUN et al., 2014). Mentol (30 - 55%; Figura 2) é o constituinte volatil
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mais importante da espécie € considerado como sendo responsavel pelo seu aroma € sabor
tipicos (BARROS et al., 2015; KAMATOU et al, 2013). O mentol é capaz de causar
perturbagio na membrana plasmatica de micro-organismos, induzindo alteragcdes de
permeabilidade e liberagdo de materiais intracelulares, que ocorre, em virtude de apresentar

capacidade de migrar em ambientes aquosos e interagir com os fosfolipidios de membrana das
células alvo (SCHELZ et al., 2006; TROMBETTA et al., 2005).

Figura 2: Estrututa quimica do mentol
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A qualidade dos OEs extraidos de M. piperita depende da concentragio de mentol,
mentona, mentofurano e pulegona, ou seja, melhora com o aumento no conteiido de mentol e
diminuigio do contetido de mentofurano € pulegona. Um dos fatores desencadeantes dessa
variacdo € a temperatura do ambiente, visto que a sintese de monoterpenos em M. piperita é

aumentada em temperaturas mais elevadas (BARROS et al., 2015).
2.3.1.2 Mentha spicata L.

A espécie M. spicata L. é uma planta rizomatosa rastejante, perene glabra, com fothas
mais estreitas verde-escuras (Figura 3), oriunda de um hibrido resultante do cruzamento entre
as espécies M. suaveolens € M. longifolia (HARLEY; BRIGHTON, 1977). M. spicata L. €
popularmente conhecida como menta de jardim, horteld, horteli-comum, horteld das hortas,
horteld dos temperos, horteld-verde, horteld rasteira, menta verde, menta romana € menta
enrugada. A planta na sua forma fresca ou desidratada, bem como o seu 6leo essencial, sdo
amplamente utilizados em alimentos, cosméticos, confeitaria, na formulacio de gomas de
mascar e dentifricio e indistria farmacéutica (LAWRENCE, 2006).
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Figura 3: Planta de Mentha spicata

FONTE: Herbario Virtual da Universidade de Valéncia

Os principais componentes do OEMS s3o os derivados do terpeno, incluindo carvona
(Figura 4) e limoneno, os quais sio fortemente relacionados ao seu odor caracteristico.
Carvona ¢ limoneno demonstram wvarias propriedades farmacologicas, a citar: anti-
inflamatéria, antiespasmoédica, antioxidante, antibacteriana, antifingica e antitumoral
(KOKKINI et al., 1995; ULBRICHT et al., 2010; WANGIIT et al., 2016).

Figura 4: Estrututa quimica da carvona

FONTE: PubChem

O mecanismo de agdo antimicrobiana da carvona ndo € ainda totalmente esclarecido,
no entanto, tem sido demonstrado que este constituinte causa desestabilizagdo da estrutura da
‘bicamada fosfolipidica e interage com enzimas e proteinas da membrana de micro-organismos
(SHABAZI, 2015).
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2.3.1.3 Mentha x villosa Huds.

A espécie M. x villosa Hudson, cultivada no Nordeste brasileiro, é uma erva perene
com folhas ovais e verde-escuras (Figura 5), sendo reportada na literatura também como M.
crispa € popularmente conhecida como horteld-da-folha-mitida. M. villosa € originaria do
retrocruzamento espontineo de M. suaveolens e M. spicata (Mentha longifolia Huds. x
Mentha suaveolens) (LORENZI; MATOS, 2002).

Figura S: Planta de Mentha x villosa

FONTE: Herbario da Universidade de Michigan

M. villosa apresenta uma grande variedade de constituintes na sua composi¢do, sendo
a rotundifulona ou oxido de piperitenona (Figura 6), o0 composto majoritario mais comumente
dectectado, seguido por limoneno, germacreno-D e mirceno, porém, geralmente, em
quantidade bastante reduzidas em relagdo a rotundifolona (LIMA et al., 2014).

Figura 6: Estrututa quimica da rotundifolona

FONTE: PubChem
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Estudos tém mostrado diversas propriedades biolégicas do OEMV, a citar:
antimicrobiana (ARRUDA, 2007; 2006; FREITAS et al., 2014, GUERRA et al., 2015),
antioxidante (FREITAS et al., 2014), larvicida (LIMA et al., 2014), anti-parasitaria (MATOS
ROCHA et al., 2016), anti-cincer (AMARAL, 2015), cardiovascular (GUEDES et al., 2004;
LAHLOU et al., 2002) e antinoceptiva (SOUSA CUNHA et al., 2009).

De modo geral, 0 mecanismo de ag¢do antimicrobiana do OEMYV esta associado com
alteracio na membrana citoplasmatica, interferéncia nas bombas de protons ¢ efluxo de
eletrolitos e coagulacdo do conteudo celular (ARRUDA, 2007).

2.3.1.4 Toxicidade dos OEs de Mentha spp.

Apesar de suas caracteristicas biologicas ja& reconhecidas, a utilizagdo de produtos
naturais, tais como os OEs extraidos do género Mentha, nio esta isenta de riscos para a saide
publica, pois ha a possibilidade de uma ma utilizacio destas misturas, principalmente em
decorréncia da adigéo de teores excessivos. Sendo assim, a avaliagdo da seguranga de seu uso,
como aditivos alimentares, esta atrelada a informagdes quanto ao processo -de fabrico, destino
no alimento e respetivos dados toxicologicos (ISMAILI et al., 2017).

Ainda s#o -escassos os estudos de toxicidade dos OEs de Mentha, nio foram
encontrados dados na literatura sobre os efeitos toxicos de OEMS, a maioria dos estudos esta
relacionado & extratos aquosos do mesmo.

Estudo de toxicidade aguda OEMP demonstrou que doses de de 100 a 2000 mg/kg por
~via oral (dose tinica) apenas um efeito téxico minimo nos ratos (SOKOVIC et al., 2006).

Em estudo in vivoo OEMV ndo alterou significativamente os pardmetros
hematoldgicos e bioquimicos em ratos e camundongos tratados por via oral durante 30 dias
com doses equivalentes a 10 e 20% da DL50 (OLIVEIRA, L. et al., 1998). Além disso, em
outro estudo, foi observado auséncia de toxicidade para ratas gravidas ao ser administrado
oleo essencial de Mentha x villosa a 10, 25 e 50 pg/kg por gavagem, no entanto, mesmo com
a auséncia de malformacéo esquelética € visceral observada nos fetos expostos, os resultados
revelaram o 6leo essencial apresenta efeito toxico fetal, devido aos pontos hemorragicos
visualizados no -encéfalo, mas mais frequentemente, nos rins, figado € vasos proximo ao
coragio, de alguns fetos expostos as trés doses (GUERRA, K. et al., 2012).
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Apesar da escassez de dados scbre toxicidade, wvale ressaltar que, os OEs sdo
geralmente seguros e que as concentragdes empregadas com fun¢do antimicrobiana em
atimentos, sdo minimas e, portanto, acredita-se que seu uso ndo implique em prejuizos a saade

dos consumidores.



3 MATERIAL E METODOS

As andlises foram realizadas no Laboratério de Microbiologia de
Alimentos/Departamento de Nutrigio/Centro de Ciéncias da Saide, bem como no
PeFArM - Instituto de Pesquisas em Farmacos e Medicamentos/fUNICAL - Unidade de
Caracteriza¢cio e Andlises, ambos da Universidade Federal da Paraiba e situados no
Campus 1 (Jo@o Pessoa — PB). Abaixo estdo apresentados os esquemas (Fluxograma 1 € 2)
dos desenhos experimentais referentes aos dois artigos elaborados com os resultados

obtidos ao longo da execugdo dos experimentos.

Fluxograma 1: Etapas experimentais contidas no artigo 1

Artigo de Resultados e Discussio 1:

"The inactivation of spoiling yeast by Mentha spicata L.
and M. x villosa Huds. essential oils in cashew, guava,
mango and pineapple juices."

Identificacdo dos constituintes Efeito dos OEs sobre as
quimicos dos OEs leveduras
|
] ]
Efeitos dos OEs sobre as
. contagens de leveduras em sucos
Determinagao da CIM dos OEs de frutas e em caldo Sabouraud
dextrose ao longode 72 h

\ }

Yselecﬁo baseada em maior efeito

Oleo essencial de M spicata

Analise dos parametros fisico-|  |Analise sensorial dos sucos de
quimicos dos sucos de frutas frutas
(°Brix. pH e acidez) (check-all-that-apply: CATA)

FONTE: Proprio autor, 2018.
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Fluxograma 2: Etapas experimentais contidas no artigo 2

Artigo de Resultados e Discussio 2:

"Incorporation of Mentha piperita L. essential oil in fruit
juices causes causes inactivation and different
physiological damages in spoilage yeasts."

Identificacdo dos constituintes Efeito do OE sobre as
quimicos do OE leveduras

Determinacdo da CIM do OE

Efeitos do OE sobre as contagens
de leveduras em sucos de frutas
ao longode 72 h

J

!

Avaliacio dos marcadores de viabilidade e metabolismo celular
por citometria de fluxo com utilizagfo de iodeto de propidio,
trimetina oxonol, diacetato de fluoresceina e brometo de etidio
para integridade de membrana, potencial de membrana, atividade
enzimatica e bomba de efluxo em células de S. cerevisiae em
caldo Sabouraud dextrose e em sucos de frutas

FONTE: Proprio autor, 2018.

3.1 MATERIAL

3.1.1 Obtencéo dos éleos essenciais

0Os OEs de M. piperita (lote 185; densidade a 20 °C, 0,900, indice de refragio a 20 °C,
1,460; pH 5,17) e M. spicata (lote 190; densidade a 20 °C, 0,930; indice de refragédo a 20 °C,
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1,490; e pH 5,17) foram adquiridos na Ferquima Ind Com. Ltda (Sio Paulo, Brasil),

enquanto que o OE de M. x villosa foi cedido pelo Laboratério Hebrom® por intermédio do

Prof. Dr. José Maria Barbosa Filho (Departamento de Ciéncias Farmacéuticas, Centro de
Ciéncias da Saude, Universidade Federal da Paraiba — Campus I, Jodo Pessoa). Todos os OEs
foram extraidos por meio de destilagio & vapor de agua das folhas das respectivas espécies

vegetais.



¥

3.1.2 Obtencio das leveduras e preparacdo do inéculo

Diferentes espécies de leveduras citadas como potenciais agentes deteriorantes de sucos
de fruta (ANEJA et al., 2014; TOURNAS et al., 2006; VANTARAKIS et al., 2011) foram
utilizadas como micro-organismos teste, a <citar. Candida albicans (ATCC 90028), C.
tropicalis (ATCC 28707), Pichia anomala (ATCC 40101) e Saccharomyces cerevisiae
{ATCC 2601). As cepas foram fornecidas na forma liofilizada da Colegio de Micro-
organismos de Referéncia, do Instituto Nacional de Controle de Qualidade em Saude, Fiocruz
(Fundagéo Oswaldo Cruz; Rio de Janeiro, Brasil), as quais foram ativadas utilizando duas
passagens consecutivas com duragdo de 48 h cada em caldo Sabouraud dextrose (CSD; pH
5,6, Acumedia Manufacturers Inc., Lansing, Michigan, EUA) a 30 °C. As cepas estoque
foram mantidas em CSD contendo glicerol (15 g/100mL) a -20 °C, enquanto que as cepas de
trabatho foram mantidas em 4gar Sabouraud dextrose (ASD; pH 5,6, Acumedia
Manufacturers Inc., Lansing, Michigan, EUA) a 4 °C e transferidas mensalmente para um
novo meio de cultura. Para utilizagio nos ensaios, as cepas foram, primeiramente, cultivadas
em CSD a 30 °C durante 24 h; posteriormente, as culturas foram colhidas por centrifuga¢do
{4500 x g, 15 min, 4 °C), lavadas duas vezes ¢ resuspensas em solucio salina esterilizada
(NaCl 0,85 g/100 mL) para obter suspensdes de células apresentando leitura de densidade
oOptica a 625 nm (DOgzs) de 0,75 para C. albicans, C. tropicalis € P. anomala, € 0,95 para S.
cerevisiae. [Estas suspensdes proporcionaram contagens de células vidveis de,

aproximadamente, 7 log de unidades formadoras de colonias por mL (log ufc/mL).

3.1.3 Obtencio dos sucos de frutas

As frutas utilizadas para a preparagio -dos sucos foram abacaxi (Ananas comosus L.
Merril.), caju (Anacardium occidentale L.), goiaba (Psidium guajava L.) e manga (Mangifera
indica 1., as quais foram adquiridas de um distribuidor atacadista {ocal na cidade de Jodo
Pessoa — PB e selecionadas em estadio de maturagdo comercial, considerando também a
auséncia de danos mecénicos e sinais visiveis de deterioragdo. Inictaimente, as frutas foram
lavadas e sanitizadas por imersdo em solu¢do de hipoclorito de s6dio (150 ppm, pH 7,2

ajustado com NaOH 1 M) durante 5 min, lavadas com 4gua destilada esterilizada e secas
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durante 30 min em cabine de seguranca. Em seguida, as frutas foram descascadas
assepticamente, picadas e misturadas com agua destilada (50 g de frutas em 100 mL de 4gua
destitada estéril para suco de goiaba e 60 g de fruta em 100 mi de aguva destilada esterilizada
para os sucos de caju, manga e abacaxi; BRASIL, 2003), utilizando um liquidificador
doméstico na velocidade méaxima durante 3 min. Os sucos foram filtrades, utilizando uma
camada de gaze tripla e esterilizados por meio de membrana filtrante de nylon Wattman®
com poros-de dimensdo de 0,22 um (Sigma Aldrich, St. Louis, EUA). As amostras de sucos
foram armazenadas em aliquotas de 25 mL a -20 °C e, quando necesséario, as aliquotas foram
descongeladas sob refrigeragio (4 = 0,5 °C) e utilizadas nos ensaios (LEITE et al | 2016; de
SOUSA GUEDES et al., 2016).

3.2 METODOS

3.2.1 Identificacdo dos constituintes dos oleos essenciais

Os constituintes do OEMP, OEMS ¢ OEMV foram identificados por meio de um
cromatografo gasoso acoplado a um espectrometro de massas (CGMS-QP2010 Ultra
Shimadzu, Kyoto, Japdo), utilizando as seguintes condigdes analiticas: coluna capilar RTX-
SMS (proporg¢des de 30 m x 0,25 mm x 0,25 um); temperatura do programa: 60 a 240 °C (3
“C/min), temperatura do njetor. 250 °C; temperatura do detector: 220 °C; gas de transporte:
hélio ajustado com taxa de fluxo de 0,99 mL/min; impacto de elétrons: 70 eV; e faixa de
massa (m/z). 40 a 500. A identifica¢do de cada constituinte foi realizada comparando seus
espectros de massa com as bibliotecas NIST/EPA/NIH Mass Spectral Database (Instituto
Nacional de Padroes Tecnoldgicos, Norwatk, CT) e FFNSC1.3 (Sabor e Fragrincia Natural e
Compostos Sintéticos), bem como com o indice de retengio de Kovats (ADAMS, 2001). Por
sua vez, a quantificagiio dos constituintes dos-OEs foi obtida apés a normalizaciio das areas de
cada constituinte detectado, sendo expressos como porcentagem da area (%) (de SOUSA
GUEDES et al., 2016).
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3.2.2 Ensaios de atividade antimicrobiana

3.2.2.1 Determinagéo da Concentragéo Imibitoria Minima (CIM) dos dleos essenciais em
Caldo Sabouraud Dextrose

A CIM dos OEs foi determinada por meio de ensaio de microdiluicdo em caldo
utilizando microplacas de 96 pogos com fundo na forma de “U” (CLSI, 2008). Emulsdes
estoque de cada OF ma concentragéo de 240 pl/mb foram preparadas em CSD contendo
Tween 80 (1%, v/v; Sigma Aldrich, Saint Louis, USA). Aliquotas de 50 pL das solugdes
estoque do OEMP, OEMS e OEMV foram distribuidas e homogeneizadas nos pogos
(primeira linha) da microplaca contendo 50 pL de CSD duplamente concentrado.
Subsequentemente, aliquotas de 50 pl contidas nos pogos da primeira linha foram
transferidas para os pogos seguintes (segunda linha) e, por meio de diluigdes geométricas de
razdo dots, as concentracdes dos EQOs variaram de 120 - 0,469 pl/mL. Em seguida, aliquotas
de 50 pL da suspensdo da levedura testada foram adicionadas a cada pogo (contagens finais
de células vidveis de, aproximadamente, 7 log ufc/mlL), de modo a obter 8 concentragdes
finais diferentes para cada OE, a saber: 60; 30; 15; 7,5, 3,75, 1,875, 0.937 € 0,496 pL/mL. Em
cada microplaca foi utilizado um controle positive (CSD inoculado) ¢ negativo {(CSD ndo
inoculado) para cada cepa de levedura testada. A microplaca foi revestida com filme plastico
com o intuito de evitar a volatilizagio do 6leo essencial e incubada a 30 °C durante 48 h. A
resazurina, um indicador de oxi-redugiio, foi empregada para a realizagdo da leitura dos
resultados. Para tanto, 40 uL de solugio de resazurina (100 pg/ml) foram adicionados aos
pogos, seguindo-se por incubagdo a 30 °C por até 2 h; a presenga da cor azul e cor rosa foram
consideradas indicativas-de auséncia € presenca de crescimento microbiane, respectivamente.
A CIM foi considerada como a menor concentragio de cada OE necessaria para inibir o

crescimento visivel da levedura testada ao final do periodo de incubagao.
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3.2.2.2 Contagem de células vidveis de leveduras expostas aos oleos essenciais em caldo
Sabouraud dextrose e em sucos de frutas

Os efeitos das diferentes concentragdes do OEMP, OEMS e OEMV sobre o
crescimento/sobrevivéncia das leveduras testadas foram avaliados em CSD e em sucos de
abacaxi, caju, goiaba e manga durante 72 h de armazenamento refrigerado (4 + 0,5 °C) por
meio da contagem células viaveis (SOUZA et al,, 2007). Solu¢des estoques dos OEs na
concentragio de 15 ul/mL (OEMS), 30 ul/mL (OEMP) e 60 ul/mL (OEMYV) foram
preparadas em CSD contendo Tween 80 (1%, v/v) e em sucos de frutas. Em seguida,
aliquotas de 2 mL da solugio estoque (CSD e sucos de frutas) foram transferidas para tubos
de ensaios contendo 2 mL de CSD e sucos de frutas, resultando concentra¢6es de 7,5, 15 e 30
pl/ml. para OEMS, OEMP e OEMV, respectivamente. Apds homegeneizagdo, 2 mlL dessa
mistura foram transferidos para outro tubo de ensaio contendo 2 mL de CSD e sucos de
frutas, obtendo concentragdes de 3,75, 7,5 e 15 ul/mL para OEMS, OEMP e OEMV,
respectivamente. Por fim, mais uma vez, 2 mL dessa Gltima mistura foram transferidos e
homogeneizados em CSD e em sucos de frutas contidos em outro tubo de ensaio, originando
concentra¢bes de 1,875, 3,75 e 7,5 pL/mL para OEMS, OEMP e OEM\_/, respectivamente.
Sendo assim, trés concentragbes diferentes para cada OF foram obtidas € ao qual foram
adicionados 2 mL de suspensdo de levedura (contagem final de células viaveis de,
aproximadamente, 7 log ufc/mL) que, por fim, resultaram em misturas de CSD ¢ sucos de
frutas contendo OEMS (3,75, 1,875 e 0,937 uL/mL correspondente a CIM x 2, CIM e CIM/2,
respectivamente), OEMP (7.5, 3,75 e 1,875 pl/mL correspondente a CiM x 4, CiM x 2 e
CIM, respectivamente) e OEMV (15, 7,5 e 3,75 pL/mL correspondente a CIM x 2, CIM ¢
CIM7/2, respectivamente). As misturas foram agitadas em vortex por 30 segundos, em seguida,
mantidas a 4 + 0,5 °C, e em diferentes intervalos de tempo de armazenamento (0 - logo ap6s a
homogeneizagdo, 5, 15, 30, 45 mine 1, 2, 4, 8, 12, 24, 48 e 72 h), uma aliquota de 100 pL de
cada mistura foi diluida seriadamente em solugdo salina esterilizada (NaCl 0,85 g/100 mL,
p/v). Aliquotas de 10 pl de cada diluigio foram inoculadas em ASD utilizando a técnica da
microgota (HERIGSTAD et al., 2001). Os ensaios controle com amostras de CSD e dos sucos
periodo de incubagdo de 48-72 h a 30 °C, as colonias formadas sobre o agar foram contadas e
os resultados expressos como log ufc/ml. As placas inoculadas com aliquotas recolhidas de
amostras de CSD ou suco de fruta contendo OEMP, OEMS ou OEMYV foram incubadas por
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24 h adicionais a4 temperatura adequada em relagio as amestras recothidas a partir das
amostras controle (sem adi¢do de OE).

Estes estudos foram realizados para investigar se ¢ OEMP, OEMS ¢ OEMYV testados
sdo capazes de causar uma redug¢dio > S-log na contagem das leveduras testadas, bem como
para determinar o tempo necessario para-atingir este nivel de redugio {log Ng - N, onde Ny e
N se referem a contagem inicial e contagem apos incubagéo, respectivamente, para o intervalo

de tempo de armazenamento indicado).

3.2.2.3 Avaliacdo dos marcadores de viabilidade e metabolismo celular por citometria de
fluxo

Para monitorar as respostas fisiologicas de células de S. cerevisige (aproximadamente 7
log cfu/mL) quando exposta ao OEMP (1,875 pL/mL, correspondente a CIM previamente
determinada) foi utilizado o método de citometria de fluxo. Quatro sistemas distintos para
cada suco testado (caju e goiaba) foram utilizados, a citar: tamp3o fosfato salino inoculado
(controle negativo; PBS; NaCl 8,0 g/L, KCi 0,20 g/L, Na,HPO, 1,42 g/L, KH;P04 0,24 g/1,
pH 7.4), suco inoculado sem adi¢do do OEMP, suco adicionado de OEMP (1,875 pL/mL) e
inoculado, e células tratadas com etanol a 70% (v/v) (controle de morte celular). Apos
estocagem refrigerada (4 °C) por 45 min, os materiais dos diferentes sistemas foram
centrifugados (4500 g x 10 min, 4 °C) e os peflets obtidos foram, entéio, lavados duas vezes e
ressuspensos em PBS e imediatamente marcados com iodeto de propidio (P1, Sigma-Aldrich,
St. Louis, MO, EUA) para avaliar integridade da membrana; trimetina oxonol do 4cido bis-
(1,3-dibutilbarbitirico) (DiBAC4(3), Molecular Probes, Invitrogen, OR, EUA) para avaliar
alteragdes no potencial de membrana; diacetato de fluoresceina (FDA; ThermoFisher
Scientific, Molecular Probes ™, F1303) para avaliar alteragdes na atividade enzimatica e
brometo de etidio (EB; Sigma-Aldrich, St. Louis, MO, EUA) para avaliar alteragGes na
atividade de bomba de efluxo das leveduras teste (CARRILLO et al., 2018; KIM et al., 2017,
SILVA et al.,, 2011).

Para avaliar a integridade e o potencial de membrana foi utilizado uma dupla marcagéo.
Para isso, os pellets ressuspensos em PBS (100 ulL) foram incubados por 30 min na presenga
de 0,1 puL de PI (1 mg/mL) e 0,1 pL de DiBAC4(3) (1 mg/mL), resultando em concentragdes
finais dos marcadores de 1 pg/mL (KIM et al., 2017). Para a atividade enzimética, os pellets
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ressuspensos em PBS (200 pl) foram incubados por 30 min na presenca de 0,1 nl. de FDA (5
mg/mL), proporcionando concentragio final do marcador de 2,5 pg/mL (CARRILLO et al,,
2018). Para avaliar a atividade de bomba de efluxo, os pellefs ressuspensos em PBS com
glicose 1% (p/v) em propor¢io 1:1 (200 pL) foram incubados por 5 min na presenga de 0,1
uL de EB (5 mg/ml), propercionando uma concentragido final do marcador de 2,5 pg/mL
(SILVA et al, 2011). Apos o periodo de incubagido a 37 °C sob abrigo da luz, todas as
amostras foram centrifugadas (4500 g x 10 min, 4 °C) e lavadas em PBS, e os pellets
resultantes ressuspensos com mesmo volume inicial de PBS (100, 200 e 200 pL,
respectivamente), seguindo-se por andlise em citdmetro de fluxo.

As analises de citometria de fluxo foram realizadas com uso de citdmetro de fluxo
equipado com Jasers azul (488 nm) e vermelho (640 nm), dois detectores de dispersdo de luz
(FSC e SSC) e quatro detectores de fluorescéncia (BD Accuri C6, New Jersey, EUA).

O sinal de fluorescéncia (medigGes da area de pulso) referentes aos fluorocromos foi
coletado por filtros éticos nos canais FL1 (DiBAC, (3) e FDA) e FL3 (PI e EB). O nivel dos
limiares (threshold) para a aquisi¢io de dados foi definido para ¥SC igual a 30 000, com o
intuito de eliminar ruidos ou particulas considerados muito menores que a levedura intacta.
As células de levedura foram identificadas por parimetros FSC/SSC. Cada aquisico de
amosira foi operada em baixa taxa de fluxo (14 pL/min) e um total de 10 000 eventos foram
analisados. Todos -os citogramas de emissdes de fluorescéncia foram registrados usando o
Software BD Accuri C6 (BD®, Becton Dickinson e Company, Franklin Lakes, NJ, EUA). A
analise de FL1 versus FL3 foi utilizada para estabelecer propriedades de fluorescéncia da
populagdo com dupla marcagdo. As células DiBAC4(3)'PI (porta UL) correspondem a células
despolarizadas € nio permeabilizadas; as células DIBAC(3)'PI" ¢ DiBAC43)PI" (porta UR
e LR) correspondem & populagdo de células despolarizadas e permeabilizadas com diferentes
graus de dano; € as células DiBAC(3)PI (gate LL) correspondem a populagdes niio-coradas
de células intactas, polarizadas e nio permeabilizadas (HAMMER; HEEL, 2012). A anélise
do grafico de densidade de SSC versus FL1 ou FL3- foi aplicada para determinar as
propriedades de fluorescéncia das populagdes FDA" e EB’, respectivamente, indicando
células com atividades enziméticas e de bomba de efluxo alteradas, respectivamente, as quais
tiveram as suas populagdes identificadas por meio de retingulos localizados no lado direito

dos graficos.
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3.2.3 Avaliacio de aspectos de qualidade dos sucos de frutas

3.2.3.1 Andlises fisico-quimicas

Os valores de solidos soltiveis totais, pH e acidez titutavel foram determinados nos
sucos de abacaxi, caju, goiaba e manga adicionados ou nio de OEMS (1,875 plL/mL,
correspondente & CIM, visto que foi o OE mais eficaz entre os demais) no tempeo zero (logo
apds a incorporagdo e homogeneizagdo do OE) e apés 72 h de armazenamento refrigerado (4
+ 0,5 °C). Estes parimetros foram selecionados conforme legislagdo brasileira para
monitoramento da qualidade de sucos de frutas ndo adogcados (BRASIL, 2003). O teor de
sélidos solaveis (°Brix) foi analisado utilizando um refractémetro digital {medelo HI 96801,
Hanna Instruments, S3o Paulo, Brasil) (AOAC, 2016). Os valores de pH foram obtidos por
meio do uso de potenciémetro digital (modelo Q400AS, Quimis, Sdo Paulo, Brasil) (AOAC,
2016). A acidez titulavel foi determinada por meio de titulometria com resultados expressos

em gramas por 100 mL de equivalentes de acido citrico (AOAC, 2016).

3.2.3.2 Andlise sensorial

A avaliagiio sensorial foi realizada apés aprovagio no Comité de Etica em Pesquisa
(protocolo 1.125.993/2015) por meio de perguntas check-all-that-apply (CATA) para os sucos
abacaxi, caju, goiaba e¢ manga contendo OEMS na concentragio de 1,875 pl/mi, em
consideragdo a melhor eficicia entre os demais OEs. Os sucos foram produzidos no mesmo
dia dos testes sensoriais e mantidos sob refrigeragio (4 £ 0,5 °C). Vale ressaltar que os termos
dos atributos de aparéncia (cor caracterisitica ou ndo caracteristica dos respectivos sucos),
sabor (doce, sem doce, sabor forte, sensagio refrescante, sabor da fruta em questdo, sabor de
menta, sabor agradavel ou desagradavel) e odor (odor caracterisitico ou néo caracteristico dos
respectivos ¢ odor de menta) de todos os sucos foram estabelecidos por um grupo ndo
treinado para compor as questdes da CATA. Cem membros do painel ndo treinados (17 a 50
anos), para cada suco analisado, foram recrutades ¢ selecionados considerando seus habites

de consumir sucos de frutas duas ou mais vezes por semana. As analises sensoriais foram
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realizadas em quatro sessdes de testes, uma para cada suco, conduzidas em cabines
individuais com luz branca. Apds assinar Termo de Consentimento Livre e Esclarecido
{TCLE; Apéndice A), os membros presentes no painel avaliaram as amostras de sucos,
imediatamente apés a remog¢do do armazenamento refrigerado, servidas em aliquotas de 30
mL em copos brancos descartaveis, aos quais foi solicitado que marcassem todos os termos de
cada atributo (conforme definido anteriormente) apropriados para descrever cada suco
avaliado (Apéndice B) (ARES et al., 2010).

Tabela 1: Termos utilizados para compor questdes CATA para cada atributo sensorial de

sucos de frutas avaliados.

Aparéncia Sabor Aroma

Cor caracteristica do suco Adogado Aroma caracteristico do suco

Cor ndo caracteristica do suco | Ndo adogado Aroma ndo caracteristico do suco

Sabor forte Aroma de menta
Sensacdo refrescante

Sabor da fruta
Sabor de menta
Sabor amargo
Sabor agradavel
Sabor desagradavel

3.2.4 Analise estatistica

Os ensaios foram realizados em dois experimentos independentes em ftriplicata.
Diferentes lotes de sucos de fruta (preparados utilizando um conjunto de trés frutas diferentes)
e do indculo padronizado de uma unica suspensio de levedura preparada a partir de duas
culturas independentes de levedura teste foram utilizados em cada experimento independente.
As contagens de células vidveis em cada ponto de tempo monitorado foram obtidas a partir de
uma unica mistura compreendendo cada um dos sucos de fruta testado, a concentragéo de
OEMP ou-OEMS ou-OEMY ¢ o inéculo da levedura teste. As amostras foram plaqueadas-em

duplicata e as médias calculadas em cada tempo avaliado. Para os ensaios de determinagdo da
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CIM, os resultados foram expressos como valores modais pois os valores de-CIM foram os
mesmos em todas as repeti¢des. Para os ensaios de contagem de células vidveis das leveduras
¢ determinagdo dos pardmetros fisico-quimicos, a analise estatistica foi realizada para
determinar diferengas significativas (p < 0,05) com base no teste 7 de Student e ANOVA,
respectivamente. O software Sigma Stat 3.5 (Jandel Scientific Software, San José, California)
foi utilizado para a realizagdo das andlises estatisticas. Os dados das perguntas da CATA
foram analisados determinando a frequéncia de uso de cada termo para descrever cada
atributo dos sucos de frutas e, as diferengas significativas (p < 0,05) entre as amostras foram
avaliadas usando o Teste Q de Cochran (Manoukian, 1986), através do MedCalc Statistical
Software versdo 18 (MedCalc Software bvba, Ostend, Bélgica).
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4 RESULTADOS E DISCUSSAO

Segundo normas estipuladas pelo Programa de Poés-Graduacio em Ciéncia e
Tecnologia de Alimentos em nivel de Doutorado, a se¢io de “Resultados e Discussdo” da
Tese deve ser apresentado em forma de artigos, dos quais, a0 menos dois, devem ser
elaborados e submetidos para publicagio em revistas indexadas em Qualis com conceito
minimo B2 na a area de Ciéncia dos Alimentos da CAPES. Sendo assim, o formato de
apresentagdo dos artigos segue as normas de “instrugdes aos autores” das revistas as quais

foram submetidos.

4.1 ARTIGO DE RESULTADOS E DISCUSSAO 1:

QO primeiro artigo intitula-se “The inactivation of spoiling yeasts by Mentha spicata
L. and M. x villosa Huds. essential oils in cashew, guava, mango and pineapple juices foi
publicado na Frontiers in Microbiology (ISSN: 1664-302X; fator de impacto: 4,076,

periodicos Qualis com classificagio Al).

4.2 ARTIGO DE RESULTADOS E DISCUSSAQ 2:

O segundo artigo intitula-se “Incorporation of Mentha piperita L. essential oil in
fruit juices causes inactivation and different physiological damages in spoilage yeasts”,
foi elaborado ¢ submetido 4 International Journal of Food Microbiology (ISSN: 0168-1605;

fator de impacto: 3,339; Qualis Periodicos com classificagdo Al).
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In last years, there is an increasing search by consumers for foods possessing particular
characteristics in their composition (e.g. low contents of simple sugars, sodium, fat, and
cholesteral) and the presence of constituents with health promoting effects (e.g., polyphenols
and other antioxidants) (Corbo et al, 2014). Consumers have also demanded for fresher foods
submitted to minimal processing having low or no amounts of synthetic preservatives (Romin
et al., 2017). In this context, the consumption and variety of unpasteurized and synthetic additive-
free fruit juices in market has been increased. Nonetheless, the non-use of heating treatments and
synthetic preservatives facilitate the survival of microbial contaminants in fruit juices resulting in
decreased stability and higher risk to consumers (Leite et al., 2016).
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In contrast to the harmful effects on some potentially
pathogenic bacteria, the low pH and high sugar content in
fruit juices provide a favorable substrate to yeast growth (Tribst
et al,, 2009). Most of the yeast species are highly fermentative
and metabolize sugars with the production of alcohols (mostly
ethanol), carhon dioxide and other organic compounds causing
packing blown and unpleasing taste and flavor in fruit juices.
Additionally, yeast growth in fruit juice may result in increased
turbidity, flocculation, pellicle formation, and clumping (T.awlor
et al., 2009). Reports have cited Candida, Pichia, Rhodotorula, and
Succharomyces as yeast genera frequently involved in fruit juice
contamination and spoilage (Tournas et al, 2006; Vantarakis
et al, 2011; Aneja et al, 2014). Although the fruit juice yeast
contamination has not been associated with risks of foodborne
diseases, the yeast growth in these products may result in
alterations that cause consumption rejection, decreased market
value and cconomic loss to processors (Tournas et al, 2006;
Lawlor et al., 2009).

Control of contaminant yeasts in fruit juices has been
classically achicved by thc application of hecat and/or
incorporation of synthetics preservatives (Amirpour et al,
2015). Pasteurization is the method more commonly used
to control microorganism in fruit juices, but thc hecating
temperature used in this procedure may impact negatively on
their physicochemical and sensory characteristics (Sinchez et al.,
2017). Additionally, synthetic preservatives more commonly
used in fruit juices (e.g., benzoic acid, sorbic acid and sulfur
dioxide) may have harmful effects to consumers such as
allergies, asthma, and skin rashes (Vally et al, 2009). Efforts have
been addressed to the study of non-synthetic antimicrobials to
inactivate contaminant microorganisms in {ruit juices (Chanukya
and Rastogi, 2017).

Interest in using non-synthetic antimicrobials has increased
the atlention to essential oils as potential inhibitors of
microorganisms to preserve fruit juices. Essential oils are
categorized as “generally recognized as safe” (GRAS) for use
as flavoring ingredients in beverages (U.S. Food and Drug
Administration [USFDA], 2015). Mentha genus, Lamiaceae
family, includes more than 25 plant species that are recognized
for their aromatic properties, being exploited in various sectors
including pharmacy, cosmetic, agronomy, and foods (Park et al,,
2016; Mamadalieva et al., 2017). Mentha spicata L., commonly
known as spearmint, is one of the most common, popular and
extensively studied Mentha species. Mentha x villosa Huds,,
also reported in literature as M. crispa and commonly known
as creeping mint, is a hybrid of M. spicata and M. suaveolens.
M. x villosa is still few explored concerning its biological
activities, but has been considered a potential alternative for use
as flavoring agent in foods and beverages (Lahlou et al, 2002;
Kumar et al.,, 2011).

Essential oils from Mentha species have shown eflective to
inhibit a variety of pathogenic bacteria and molds (Guerra et al.,
2015; Leite et al., 2016; Park et al., 2016; de Sousa Guedes ct al.,
2016) but few studies have focused on their anti-yeast effects.
Previous studies have reported the anti-yeast effects of M. piperita
essential oil (Tyagi et al., 2013; Ferreira et al., 2014; Karaman et al,,
2016); however, there is a lack of studies about the cfficacy of the
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essential oil from M. spicata (MSEO) and M. villosa (MVEO) to
inactivate spoilage yeasts in juices.

Cashew, guava, mango, and pincapplc juicc arc somc of
the main fruit species cultivated in Brazil (Food and Drug
Administration [FAO], 2015), with much of their production
destinated for juice processing. A variety of well-accepted fruit
products (such as frozen pulps, unpasteurized juices, ready-to-
eat fruit-mix salads and minimally processed slices) containing
grinded mint (Mentha spp.) leaves are available in the market,
reinforcing the idea that fruit juices could represent potential
matrices Lo exploitl the antimicrobial properties of MSEO and
MVEOQ. This study evaluated the efficacy of MSEO and MVEO
to inactive the potentially spoilage yeasts C. albicans, C. tropicalis,
P. anomala, and S. cerevisiue in pineapple, cashew, guava,
and mango juice stored under refrigeration. The effects of the
incorporation of an effective anti-yeast dose of MSEO on some
physicochemical parameters and sensory characteristics of theses
juices were assessed.

MATERIALS AND METHODS

Test Strains and Growth Conditions

Different yeasts species commonly cited as potential spoilage
agents of fruit juices (Tournas et al., 2006; Vantarakis et al,
20115 Aneja et al, 2014) were used as test organisms, to
cite: C. albicans (type-strain ATCC 90028), C. tropicalis (type-
strain ATCC 28707), P. anomala (type-strain ATCC 40101) and
S. cerevisige (type-strain ATCC 2601). These type-strains were
supplied as freeze-dried isolates by the Collection of Reference
Microorganisms, National Institute of Quality Control in Health,
Oswaldo Cruz Foundation (Rio de Janeiro, Brazil), and they
were activated by two consecutive 48 h-passages in Sabouraud
dextrose broth (Acumedia Manufacturers Inc., Lansing, MI,
United States) at 30°C. Stocks were kept in Sabouraud dextrose
broth containing glycerol (15 g/100 mL) at —20°C; working
cultures were maintained in Sabouraud dextrose agar (Acumedia
Manufacturers Inc., Lansing, MI, United States) at 4°C, and
transferred for fresh Sabouraud dextrose agar monthly. For
usc in assays, thc strains were first cultivated in Sabouraud
dextrose agar at 30°C during 48 h, harvested by centrifugation
(4500 x g % 15 min, 4 C), washed twice in sterile saline solution
(0.85 g/100 m1.) and rc-suspended in sterile saline solution to
obtain cell suspensions presenting optical density reading at
625 nm of 0.75 for C. albicans, C. tropicalis, and P. anomala, and
of 0.95 for S. cerevisiue. These suspensions provided viable counts
of approximately 7 log cfu/mL when pour plated onto Sabouraud
dextrose agar.

Preparation of Fruit Juices

Cashew (Anacardium occidentale L), guava (Psidium guajuva L.),
mango (Mangifera indica L.), and pineapple (Ananas comosus L.
Merrill) fruit were acquired from a local wholesale distributor
(Jodo Pessoa, Brazil) and selected in commercial maturation
stage, with absence of mechanical damages and visible signs
of infection. Fruit were surface disinfected through immersion
in a sodium hypochlorite solution (150 ppm, pII 7.2 adjusted
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using 1 M NaOH) for 5 min, washed with distilled water and
dried for 30 min in a biosafety cabinet. Fruit were aseptically
pecled, chopped and mixed with sterile distilled water (50 g of
fruit in 100 mL of sterile distilled water for guava juice and
60 g of fruit in 100 mL of sterile distilled water for cashew,
mango, and pineapple; Anonymous, 2003) using a domestic
blender (for 3 min). The fruit juices were double filtered using a
triple-cheesecloth layer and sterilized using Wattman membrane
filters nylon por size 0.22 wm (Sigma-Aldrich, St. Louis, MO,
United States). Juices samples were stored in 25-mL aliquots
at —20°C, and, when necessary, aliquots were thawed under
refrigeration (4 £ 0.5°C) and used in assays.

MSEO and MVEO

MSEO and MVEO extracted through steam distillation were
obtained from Ferquima Ind. Com. Ttd (Sd3o Paulo, Brazil)
and Hebron® company (Recife, Brazil), respectively. A stock
emulsion of each essential oil at a concentration of 240 pL/mL
was prepared in sterilized Sabouraud dextrose broth containing
Tween 80 (1%, v/v; Sigma-Aldrich, St. Louis, MO, United States)
as an emulsifier (dc Sous: Guedes et al, 2016). At the
highest assayed concentration (1%, v/v), Tween 80 presented no
inhibitory effect against the tested yeast strains. Stock emulsions
of cach essential oil were maintained in an amber screw-capped
tube under 4 + 0.5°C and used in anti-yeast assays after a storage
time period no longer than 48 h.

Identification of Essential Qils

Constituents

MSEO and MVEO constituents were identified using a gas
chromatograph coupled to mass spectrometer (CGMS-QP2010
Ultra Shimadzu, Kyoto, Japan). Analytical conditions were:
a RTX-5MS capillary column (30 m x 025 mm x 025
jm); program temperature: 60-240°C (3°C/min); injeclor
temperature: 250°C; detector temperature: 220°C; carrier
gas: helium adjusted to 0.99 mL/min; ionizing energy: 70 eV;
and mass range: 40-500. Identification of each component
was performed by comparing their mass spectra with the
NIST/EPA/NIH Mass Spectral Database (National Institute
of Standards Tcchnology, Norwalk, CT, United States) and
FENSC1.3 (Flavor and Fragrance Natural and Synthetic
Compounds) libraries as well as the Kovats retention index
(Adams, 2001). Quantification of the cssential oils constitucnts
was obtained after normalizing the areas of each detected
constituent and expressed as a percentage of area (%) (de Sousa
Guedes et al., 2016).

Determination of the Minimum Inhibitory
Concentration of Essential Oils

MIC of MSEO and MVEQ was determined using a microdilution
in broth assay (Clinical and Taboratory Standards Institute
[CLSI], 2008). For this, 50 pL-aliquots of the stock emulsion
of MSEO or MVEO (240 jLL/mL) were dispensed into wells of
a 96-well microplate containing 50 pL of double concentrate
Sabouraud dextrose broth. Subsequently, 50 pL-aliquots were
transferred to the following wells, and through gcometric
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dilutions the essential oils concentrations varied from 120 to
0.469 pL/mL. Afterward, 50 pL-aliquots of the yeast suspensions
were added to cach well (final viable counts were approximately
7 log cfu/mL), and the final essential oils concentrations
varied from 60 to 0.234 pL/mL. Each microplate contained a
positive (Sabouraud dextrose broth inoculated) and a negative
(Sabouraud dextrose broth non-inoculated) control for each yeast
strain tested. The microplate was loosely wrapped with cling wrap
to avoid essential oil volatilization, and incubated at 30°C for
48 h. MIC was determined as the lowest concentration of each
essential oil required 1o prevent visible yeast growth.

Effects of the Essential Oils on Yeasts
Counts in Sabouraud Dextrose Broth and

Fruit Juices Over 72 h

The effects of different concentrations of MSEO and MVEO
on the yeasts counts were evaluated in Sabouraud dextrose
broth and in cashew, guava, mango, and pineapple juice during
72 h of refrigerated storage (4 + 0.5°C) using a viable cell
count method (de Souza et al.. 2007). Initially, 2 mL-aliquots
of Sabouraud dextrose broth or fruil juice samples containing
MSEOQ or MVEO in an amount enough to provide the required
final concentrations of 3.75, 1.875, and 0.937 pL/mL or 15, 7.5
and 3.75 pL/mL, respectively, were inoculated with 2 mL of
the yeast suspension and vortexed for 30 s. The mixtures were
maintained at 4 £ 0.5°C, and at different storage time intervals
(0 - just after homogenization, 5, 15, 30, 45 min and 1, 2,
4, 8, 12, 24, 48, and 72 h), a 100 pL-aliquot of each mixture
was serially diluted in sterilized saline solution (0.85 g/100 mL,
wiv), and 10 pl.-aliquots of each dilution were inoculated onto
Sabouraud dextrose agar using a microdrop technique (Herigstad
et al,, 2001). Additionally, 100 jLL-aliquot of each mixture was
directly inoculated onto Sabouraud dextrose agar. Inoculated
control juices not-containing MSEO or MVEO were assayed
similarly. After an incubation period of 48-72 h at 30°C, the
visible colonies were counted, and the results were expressed
as log cfu/mL. Plates inoculated with aliquots collected from
juice samples containing MSEO or MVEQO were incubated for
an additional 24 h at adequate temperature compared with the
samples collected from control juice.

Reduction in yeast counts were calculated using the formula:
log Ny - log N. where log Ny and log N were the initial count
and count after incubation, respectively, for indicated storage
timc intcrval. Results were expressed as log cycle reduction. The
detection limit of the test was 1 log cfu/mL.

Analysis of Physicochemical Parameters

of Fruit Juices

Total soluble solids, pH and titratable acidity values were
determined in cashew, guava, mango, and pineapple juice with
and without MSEO (1.875 pwL/mL) on time zero (baseline,
just after the essential oil incorporation and homogenization)
and after 72 h of refrigerated storage (4 + 0.5°C). These
parameters were selected because they comprise the current
Brazilian physicochemical standards to unsweetened fruit
juices (Anonymous, 2003). Soluble solids content (°Brix) was
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analyzed using a digital refractometer (model HI 96801,
Hanna Instruments, Sio Paulo, Brazil) (Association of Official
Analytical Chemists International [AOAC], 2016). pIT valucs
were determined using a digital potentiometer (model Q400AS,
Quimis, Sio Paulo, Brazil) (Association of Official Analytical
Chemists International [AOAC], 2016). Titratable acidity was
determined employing phenolphthalein as indicator with NaOH
to the 0.1 N, and the results were expressed in grams per 100 mL
of citric acid equivalents (Association of Official Analytical
Chemists International [AOAC], 2016).

Sensory Analysis of Fruit Juices

Sensory analyses were performed after the approval from an
Ethics Rescarch Committee (Federal University of Paraia -
Brazil) under a protocol number 1.125.993/2015. Sensory
evaluation was performed using check-all-that-apply (CATA)
questions for cashew, guava, mango, and pineapple juices with
1.875 pL/mL of MSEQ. Juices were produced in the same day
of the sensory tests and maintained under refrigeration storage
(4 = 0.5°C). Firstly, most mentioned appropriate terms for each
attribute (color, appearance, flavor, odor, and texture) of the all
fruit juices were established by an untrained group to compose
the CATA questions (Table 1). One hundred untrained panelists
(17-50 years old), for each juice, were recruited and selected
considering their habits of consuming fruit juices two or more
times per week. Sensory analyses were performed in four testing
sessions, one for each juice, conducted in individual cabins with
white light. Panelists evaluated the juice samples, immediately
after removal from refrigerated storage, served in 30-mL aliquots
in white disposable cups in individual booths with controlled
temperature and lighting. Panelists were asked to check all the
terms of CATA questions (as previously defined) appropriate to
describe each attribute (Ares et al., 2010).

Statistical Analysis

The assays were performed in three independent experiments in
triplicate. Different fruit juices batches (prepared using a pool of
at least three different fruit) and standardized inoculum from a
single yeast suspension prepared from two independent cultures
of the test yeast were used in each independent experiment.
Results of MIC determination assays are expressed as modal

TABLE 1 | Terms surveyed for check-all-that-apply (CATA) questions of each
sensoty attriibute of the fruit juices evaluated.

Appnr;c;

Flavor Odor
Characteristic color Sweet Characteristic odor
of the julce of fruit
Uncharacteristic color Not sweet Uncharacteristic odor
of the juice Strange flavor of fruit

Refreshing sensation Mint odor

Fruit flavor

Mint flavor

Bitter flavor

Pleasant flavor

Unpleasant flavor
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values because the MIC values were the same in all repetitions.
For the yeast count assays and physicochemical parameters,
the statistical analyses were performed to detcrmine significant
differences (p < 0.05) based on Students f-test or ANOVA
followed by post hoc Tukey test. The computational software
Sigma Stat 3.5 software (Jandel Scientific Software, San Jose, CA,
United States) was used for these statistical analyses.

Data from CATA questions were analyzed by determining the
frequency of use of each term for describing each attribute of the
fruit juices. Significant differences (p < 0.05) among samples were
evaluated using Cochran’s Q Test (Manoukian, 1986). MedCalc
Statistical Software version 18 (MedCalc Software bvba, Ostend,
Belgium) was used for this analysis.

RESULTS AND DISCUSSION

Identification of MSEO and MVEO
Constituents

Constituents identified in MSEO and MVEO are shown in
Table 2. Majority constiluents in MSEO were carvone (72.69%)
and limonene (14.25%), other constituents were identified in
lower amounts, e.g., menthol (2.29%) and menthone (1.07%).
Piperitenone oxide (62.39%), cucalyptol (4.46%), and limonene
(4.40%) were the majority constituents in MVEO, followed by
other constituents in lower amounts, such as isopentyloxyethyl
acclate (2.49%). B-pinenc (2.14%), myrcene (2.01%), a-pinenc
(1.52%), sabinene (1.41%), B-caryophyllene (1.34%), 6-methyl-
5-hepten-2-ol (1.31%), piperitone oxide (1.25%), germacrene
D (1.23%) and p-cymenc (1.04%). A wide varicty of other
constituents were identified in amounts < 1% in both MSEO and
MVEO.

Fxistence of different chemotypes based on qualitative and
quantitative differences within essential oils from the same
plant species is a common characteristic in Mentha genus
(Fdris et al., 2003). Nine different chemotypes has been already
reported to Mentha species (Kokkini and Vokou, 1989; Mimica-
Dukize, 2008). Considering the detected majority constituents,
MSEO and MVEO evaluated in this study could be classified
as belonging to the chemotypes carvone-dihydrocarvone and

piperitenone oxide, respectively.

Anti-yeast Effects of MSEO and MVEO
MSEO and MVEO displayed MIC values of 1.875 and 7.5 pL/mL,
respectively, against C. albicans, C. tropicalis, P. anomala, and
S. cerevisiae. No previous studies evaluating the inhibitory effects
of MSEO against C. tropicalis and P. anomala were found in
literature, and the available studies reported MIC of 0.78 wL/mL
against S. cerevisiae (Liu et al., 2012) and MIC varying from 20 to
40 pL/mL against C. albicans (Martins et al., 2012; Bona et al,
2016). Regarding the MVEO, most of the available studies has
focused on its antiparasitic activities (de Sousa Guedes et al., 2016;
Matos-Rocha et al., 2016). Only a previous study reported the
efficacy of neat MVEO to inhibit C. albicans with the measure
of growth inhibition zones using an agar diffusion assay (Arruda
ct al., 2006).
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TABLE 2 | Constituents Identified in the assential ol from Mantha spicata | . (MSFO) and M. x villosa Huds, (MVFO) in amotints > 1%.

MSEO MVEO
Retention time Kovats index % Constituent Retention time Kovats index % GConstituent
8.824 1027 14.25 Limonene 5.893 832 1.62 u-Pinene
13.805 1152 1.07 Menthone 7.002 ar2 1.41 Sabinene
14,638 171 229 Menthol 7.129 a76 2.14 B-Pinenc
18,019 1248 72.69 Carvono 7478 a88 2.01 Myrconc
7605 893 1.31 6-Methyl-5-hepten-2-ol
B.661 1023 1.04 p-Cymene
8814 1027 4.40 Limonene
8414 1029 4.46 Eucalyplol
14857 s/ 2.49 Isopenlyloxyelhyl acelale
18205 1245 1.2b Piperilone uxide
23 468 1371 62.39 Piperitenone-oxide
25.564 1420 1.34 p-Caryophyliene
1.23

28183

Tnhihitory ctfects of MSEQ and MVEQ toward the test
yeast strains could be related to the already reported antifungal
properties of their majority compounds. Antifungal effects
of carvone involve primarily two different action modes, to
cite: (i) partition into the cell membrane, causing inhibition of
plasma membrane H+-ATPase and intracellular acidification;
and (ii) inhibition of ergosterol biosynthesis pathway, reducing
its amounts in cell membranes with disturbance of membrane
{luidity and cell integrity (Samber ct al., 2015). Piperitone oxide,
as an oxygenated monoterpene, may induce disorganization
of cell membrane structures, resulting in depolarization
and physical or chemical alterations, thereby disrupting
fungal metabolic activities (Ait-Ouazzou et al, 2012; Guerra
et al, 2015). In addition to the majority constituents, other
compounds detected in lower amounts in MSEQ and MVEO
such as caryophyllene, eucalyptol, myrcene, and pulegone
have demonstrated inhibitory effects against a variety of
microorganisms (Zcngin and Baysal, 2014; Dahham ct al., 2015;
Guerra et al., 2015).

Effects 0f0.937, 1.875, and 3.75 wL/mL MSEO and 15, 7.5, and
3.75 wl/ml. MVEO on the counts of C. albicans, C. tropicalis,
P. anomala, and S. cerevisiae were studied in Sabouraud dextrose
broth (Supplementary Figure S1) and in cashew (Figure 1), guava
(Figure 2), mango (Figure 3), and pineapple (Figure 4) juices
during 72 h of refrigerated storage. Incorporation of MSEO
and MVEO at all assayed concentrations decreased (p < 0.05)
the counts of either of the tested yeast strains in Sabouraud
dextrose broth as well as in fruit juices over time. Tested
yeast strains presented a linear growth in Sabouraud dextrose
broth and in fruit juices without MSEO and MVEO over the
measured storage time period, with counts varying from 7 to
8 log cfu/mL.

Incorporation of 3.75 and 1.875 pL/mL MSEQO in Sabouraud
dextrose broth caused reductions in counts of C. albicans>5-
log and of 3.85-log cycles, respectively, after 72 h of exposure;
the incorporation of 1.875 pL/mL MSEO in Sabouraud dextrose
broth caused a >5-log reduction in counts of P. anomala after
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72 h of cxposurc, whilc a higher concentration of 3.75 pl/ml.
was necessary to reduce >5-log in counts of S. cerevisiae after
24 h In relation to MVEO, only the concentration of 15
wI/ml. in Sahouraud dextrose broth reduced >5-log in counts
of C. albicans, P. anomala, and 8. cerevisiae after 72,12,and 72 h
of exposure, respectively (Supplementary Figures S1A-H).

In cashew juice, MSEQ and MVEQ were effective to cause > 5-
log reductions in counts of the tested yeast strains over the
measured 72 h-storage period, with the exception of C. fropicalis.
Incorporation of 3.75 and 1.875 pL/mL MSEO in cashew
juice caused >5-log reductions in counts of P. anomala after
48 and 72 h of exposure, respectively (Figure 1C); the same
reduction was observed in the counts of S. cerevisiae after an
exposure time interval of 1 and 72 h, respectively (Figure 1D).
Incorporation of 3.75 pL/mL MSEO or 15 pL/mL MVEO
caused >5-log reductions in counts of C. albicans after 72 h of
exposure (Figures 1A,E). Cashew juice containing 15 nL/mL
MVEOQ prescnted >5-log reductions in counts of P. anomala
and S. cerevisine after 72 and 24 h of exposure, respectively
(Figures 1G,H).

Tn guava juice, MSEO and MVEQ were effective to cause
>5-log reductions in counts of C. albicans, P. anomala,
and S. cerevisiee over the monitored 72 h-storage period.
Incorporation of 3.75 and 1.875 pL/ml. MSEO in guava juice
caused >5-log reduction in counts of P. anomala in an exposure
time interval of 4 h (Figure 2C); 3.75 and 1.875 pL/mL MSEO
caused >5-log reductions in counts of S. cerevisiae after 45 min
and 8 h of exposure, respectively (Figure 2D); incorporation
of 3.75 pL/mL MSEO or 15 pL/mL MVEO showed >5-log
reductions in counts of C. albicans after 72 and 48 h of exposure,
respectively (Figures 2A,E). Incorporation of 15 pL/mL MVEO
in guava juice induced >5-log reductions in counts of P. anemala
after 72 h of exposure (Figure 2G); this same reduction level was
caused by 15 and 7.5 pL/mL MVEO against S. cerevisiae after 12
and 18 h of cxposure, respectively (Figure 2H).

Incorporation of MSEO and MVEO at all tested
concentrations was not effective to cause >5-log reductions
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FIGURE 1 | Reduction cycles flog cfu/mL) of the counts of C. albicans ATCC 90028 (A,E), C. tropicalis ATCC 28707 (B,F), F anomala ATCG 40101 (G,@) and
. cerovisiae ATCC 2601 {D,H) in cashow juicc at 4 1 0.5°C as a function of the concentration of M. spicata L. cssontial ol (A-D) at (l): 3.75 ulL/mL, (a) 1.875
pl/mL, fo): 0.9375 pl/ml or M. villosa Huds. essential ol (E-H). (l): 15.0 uL/mL, (): 7.5 ul/mL, (o): 3.75 wLsml, (%) controk: 0 pL/mL. Detection imit of the test: 1

Jog cfu/mL.

in counts of C. albicans, C. tropicalis, and P. anomala in mango
juice over the measured 72 h-storage period. Highest reductions
in counts of C. albicans (1.33-log and 1.13-log), C. tropicalis
(1.06-log and 1.08-log), and P. anomala (3.79-log and 3.92-log)
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at the end of the measured storage time period were observed
in mango juice containing 3.75 wL/mL MSEO (Figures 3A-C)
and 15 pL/mL MVEO (Figures 3E-G). Incorporation of 3.75
pL/mL MSEO or 15 pL/mL MVEO in mango juicc causcd
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>5-log reductions in counts of 8. cerevisiae after 8 h of exposure
(Figures 3D,H).

Tn pineapple juice with 3.75 pI./ml. MSEQ, >5-log reductions
in counts of P. anomala and S. cerevisiae were observed after 48 h
of exposure (Figures 4C,D). Only in pineapple juice containing
15 pl/ml. MVEO a >5-log reduction in counts of S. cerevisiae
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was observed after a 4 h-exposure (Figure 4H). C. albicans and
C. tropicalis showed count reductions of 1.63-log and 2.45-log
cycles, respectively, in pineapple juice with 15 pl/ml. MVEO
after 72 h of exposure (Figures 4E,F).

Considering the data obtained in time-kill studies, the
general ranking of sensitivity to MSEO and MVEO was
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S. cerevisiae > P. anomala > C. albicans > C. tropicalis; and the ~ of MSEO or MVEO increased. This dose-dependent effect was
MSEO was more effective to cause >5-log reductions in yeasts reported in other studies on the antimicrobial effects of Mentha
counts than MVEO. Anti-yeast activity of MSEO and MVEO was  essential oils (Tyagi et al.. 2013; Guerra et al,, 201 5).

dose-dependent, i.e., the reductions in yeasts counts were higher Results showing the ability of MSEO and MVEO to cause
and occurred in a shorter exposure time when the concentrations  reductions in counts of tested yeasts in laboratorial media as
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well as in fruil juices are noteworthy because some previous juice that presents higher total soluble solids content than guava,
studies have found that, in most cases, the antimicrobial efficacy pineapple, and cashew juices (de Sousa Guedes et al., 2016),
of essential oils decreases when these substances are incorporated  reinforcing that carbohydrates may reduce the antimicrobial
in food models (Guticrrez ot al., 2009). Generally, MSEO and  effects of essential oils (Guticrrez et al., 2009). Ilighest reductions
MVEO caused the lowest decreases in yeasts counts in mango in yeast counts caused by MSEO in Sabouraud dextrose broth
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as well as in fruit juices when compared with MVEO may be
associated with the majority constituents found in each essential
oil. Carvone (the majority constituent found in MSEQ) typically
presents stronger antifungal effects than piperitone oxide (the
majority constituent found in MVEO). Higher solubility of
carvone may also result in better capacity of the former to migrate
across the characteristic aqueous medium of fruit juices and,
consequently, to interact with yeast target cells to cause damage in
cell structure and function (Trombetta et al., 2005; Sokovié et al.,
2009).

There are no previous reports on the anti-yeast eflects of
MSEO or MVEOQ in fruit juices; however, previous studies with
essential oils from other Mentha species have been reported. The
detection of 2-log reductions in counts of 8. cereviside in a mixed
fruit juice (orange and apple) containing 1.13 mg/mL M. piperita
essential oil was observed after 8 days of room temperature
storage (Tyagi ot al., 2013). Another study detected that the
incorporation of 1 pL/mL M. piperita EO in apple juice caused
>5-log reductions in counts of Zygosaccharomyces rouxii and
Z. bailii after 15 days of refrigerated storage (Karaman ct al.,
2016).

The essential oil concentrations and the exposure time needed
to achicve >5-log reductions in ycasts counts in cashcw, guava,
mango, or pineapple juices containing MSEO or MVEO observed
in the present study were more than those previously observed for
E. coli, I. monocytogenes and Salmonella Enteritidis in the same
fruit juices containing M. piperita or M. arvensis essential oil (5,
2.5, and 1.25 pL/mL) (de Sousa Guedes et al., 2016). The needed
essential oil concentration and the shorter time to achieve >5-
log reductions in bacterial counts in juices containing Mentha
essential oils could be associated with the higher sensitivity of
bacterial cells to the acidic pH of fruit juices than yeast cells.
Acidic pH in fruit juice may injury cells of low-pH sensitive
microorganisms resulting in increased sensitivity o the action of
essential oils constituents (Gutierrez et al., 2009; Tserennadmid
etal.. 2011).

Considering the results of assays that mcasurcd the anti-yeast
effects of the tested essential oils, which demonstrated that MSEO
even in lower doses than MVEO caused the highest reductions
in ycasts counts in laboratorial media and in fruit juices, as
well as the fact that high doses of Mentha essential oils typically
impact negatively on the sensory attributes of fruit juices (de
Sousa Guedes et al, 2016), only the MSEQ in a effective anti-
yeast concentration of 1.875 pL/mL was selected for use in
physicochemical and sensory analyses of juices.

Physicochemical and Sensory

Characteristics of Fruit Juices

Considering that during the storage time fruit juice may present
alterations in their physicochemical parameters impacting
negatively on their quality aspects and market value, this study
evaluated changes in selected physicochemical characteristics,
namely °Brix, pH and titratable acidity, in cashew, guava,
mango and pineapple juices with and without MSEO (1.875
pwL/mL). These physicochemical characteristics were evaluated
immediately after the cssential oil addition and after 72 h
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of refrigerated storage (Supplementary Table $1). Overall, no
difference (p > 0.05) in values of physicochemical parameters
of juices with or without MSEQ was obscrved, as well as at
time zero and after 72 h of refrigerated storage. Juice samples
with and without MSEO attended the criteria determined by
the current Brazilian standard for unsweetened cashew, guava,
mango, and pineapple juices, which determines titratable acidity
(grams of citric acid per 100 g) values >0.15, >0.30, >0.30,
and >0.16 and °Brix > 5.0, >6.0, =10, and >6.0, respectively
(Anonymous, 2003). These results are important because the
physicochemical stability confirms that the studied fruit juices
containing a effective anti-yeast dose of MSEO remain similar to
those newly manufactured even after storage.

Results of the sensory analysis of cashew, guava, mango,
and pineapple juice with 1.875 pL/mL MSEO are presented
in Table 3. Considering the different sensory attribute terms
established by panclists to describe the studied fruit juices in
CATA test, some positive characteristics were observed in fruit
juices with MSEO, such as the characteristic juice color and
pleasant taste. Perception of the panclists indicated that most
of the fruit juices tested presented high percent scores for non-
characteristic fruit aroma, mint odor and taste and refreshing
scnsation. These scnsory characteristics in juices could be
associated with the presence of carvone, the majority constituent
identified in the tested MSEO, which may impose these specific
sensory characteristics in juices (Jakli and Saupe, 2006).

Overall, the results of CATA test showed that the
incorporation of 1.875 pL/mL MSEO in cashew, guava, mango,

TABLE 3 | Allribule lerms percenlage of Lhe check-all-lhal-apply (CAIA)
questions of cashew, guava, mango, and pineapple juices with Mentha spicata |
essential oil (1.875 pL/mL).

Attribute terms Juices
Cashew Guava Mango Pineapple
(%) (%) (%) (%)

Characleristic color of ag® 1008 agib 96°
the fruit juice
Uncharacteristic color % o 3% 5%
of Ihe fruil juice
Characleristic odor of 36° 14° 478 148
the fruit juice
Uncharacteristic odor 450 57* 30" £4*
of the fruit juice
Mint odor asb ag® 73° 967
Swest 60 340 542 420
Not sweet 270 55 3obc 42¢
Strange flavor 200 35 21t 25k
Refreshing sensation 89 86° 80P 842
Fruit flavor 422 2g° 19° 2obe
Mint flavor 88 ar: 8a° 882
Ritter flavor 130 27 180 7°
Pleasant flavor &7 ar: 50 540

e 19* 16* 192

Unpleasant flavor

s~ Djfferent superscript letters within a row are slgnificantly diffaren! (p < 0.05),
based on Cochran’s Q lest,
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and pineapple juice did not affect negatively their sensory
characteristics enough to imply on potential rejection by
consumcrs. These results arc noteworthy hecausc a previous
study observed that the incorporation of an effective antibacterial
dose (1.25 wL) of M. piperita essential oil in cashew, mango,
pineapple, and guava juice affected negatively the taste, aftertaste
and overall acceptance of juices, although no negative effects have
been observed in appearance, flavor and odor (de Sousa Guedes
et al., 2018).

CONCLUSION

Results of this study showed that MSEO (3.75, 1.875, and
0.937 puL/mL) or MVEO (15.0, 7.5, and 3.75 pL/ml) are
capable to inactivate C. albicans, C. tropicalis, P. anomala,
and S. cerevisize in laboratorial media and in cashew,
guava, mango and pineapple juice over a 72 h-refrigerated
storage. Overall, MSEO showed stronger anti-yeast effects
than MVEOQ; S. cerevisiae and C. tropicalis were the most
and less sensitive yeasts, respectively, o both studied essential
oils; and the highest yeast count reductions were verified
in cashew and guava juice. An effective anti-yeast dose of
MSEO (1.875 pL/mL) did not aflcct the physicochemical
parameters comprising the identity and quality characteristics
for unsweetened juices, as well as did not induce negative
altcrations to causc possible sensory rejection of tested
fruit juices. These results indicate MSEO and MVEOQ,
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Supplementary Figure S1. Reduction cycles (log cfu/mL) of the counts of C. albicans
ATCC 90028 (A, E), C. tropicalis ATCC 28707 (B, F), P. anomala ATCC 40101 (C, G) and
S. cerevisiae ATCC 2601 (D, H) in sabouraud dextrose broth at 4 + 0.5 °C as a function of the
concentration of M. spicata L. essential oil (A — D) at (m): 3.75 pL/mL, (A): 1.875 pL/mL,
(0): 0.9375 pL/mL or M. villosa Huds. essential oil (E - H). (m): 15.0 uL/mL, (A). 7.5
uL/mL, (0): 3.75 uL/mL, (*) control: 0 pL/mL. Detection limit of the test: 1 log cfu/mL.
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4.2 ARTIGO DE RESULTADOS E DISCUSSAQ 2:

Incorporation of Mentha piperita L. essential oil in fruit juices causes

inactivation and different physiological damages in spoilage yeasts

Running title: Anti-yeast effects of mint essential oil

Abstract

This study evaluated the efficacy of the essential oil from Mentha piperita L. (MPEO) to
inactivate cells of the spoilage yeasts Candida albicans, Candida tropicalis, Pichia anomala
and Saccharomyces cerevisiae in cashew, guava, mango and pineapple juices during 72 h of
refrigerated storage. Damage caused by MPEQ in §. cerevisiae in cashew and guava juices
were investigated using flow cytometry analysis. The dyes propidium iodide, bis-1,3-
dibutylbarbutiric acid, fluorescein diacetate and ethidium bromide were used to measure
membrane integrity, membrane potential, enzymatic activity and efflux activity, respectively.
MPEQ displayed minimum inhibitory concentration of 1.875 uL/mL against all tested yeasts.
A > 5 log reduction in counts of C. albicans, P. anomala and S. cerevisiae was observed in
cashew and guava juices containing 7.5 and 3.75 uL/mL. MPEO. Tested MPEO
concentrations (i.e., 1.875, 3.75 and 7.5 pL/mL) were not effective to cause > 5 log reduction
in counts of target yeasts in mango and pineapple juices over time. Incorporation of 1.875
pL/mL MPEQ in cashew and guava juices strongly compromised membrane permeability,
membrane potential, enzymatic activity and efflux pump activity in S. cerevisiae cells. These
results show the efficacy of MPEO to inactivate spoilage yeasts in fruit juices through a
multi-target mechanism that causes alterations in different physiological functions in yeast
cells.

Keywords: mint, essential oil, antimicrobial activity, flow cytometry, cell damage.
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Introduction

The consumption of healthy, fresh, minimally processed and additive-free foods has
been increasing in last years, imposing a challenge to industry to replace traditional
preservation treatments (Schenk et al., 2011). Fruit juices framed in this trend are primarily
spoiled by yeasts. Candida, Pichia, Rhodotorula and Saccharomyces are yeast genera
commonly involved in fruit juices contamination and spoilage (Aneja et al., 2014), causing
unpleasing taste and flavor in these products (Lawlor et al., 2009).

Different emerging technologies (e.g. pulsed electric field, UV-C light and ultrasound)
have been studied to preserve fruit juices (Carbonell-Capella et al., 2017; Carrillo et al.,
2018), including the use of essential oils (EOs), which are generally recognized as safe
(GRAS) and considered “green” antimicrobials for using in beverages (USFDA, 2015). EOs
from Mentha species (Lamiaceae family) are widely recognized because their aromatic and
medicinal properties. The essential oil from M. piperita L. (MPEQ) has been commonly used
as a flavoring substance in beverages, providing a “fresh-like” aroma and taste (Perricone et
al., 2015). Early studies have shown inhibitory effects of MPEO against spoilage and
pathogenic foodborne microorganisms (de Oliveira et al., 2017; de Sousa Guedes et al.,
2017), but no previous study exploited the efficacy of MPEO to inhibit spoilage yeasts in
cashew, guava, mango and pineapple juices, which are fruit largely cultivated in Brazil and
consumed worldwide (FAQ, 2015).

Flow cytometry (FC) coupled with specific fluorescent dyes has been considered a
useful tool to measure viability and physiological functions of microorganisms (Ferrario and
Guerrero, 2017), enabling fast and reliable detection of different cell responses (Pan et al,,
2014). There are few investigations that evaluated the effects of preservation techniques on

juice-related microorganisms with the use of FC (Carrillo et al., 2018; Ferrario and Guerrero,
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2017; de Sousa Guedes et al., 2017; Zhang et al., 2016) and none have assessed the effects of
EOs on spoilage yeasts in fruit juice.

This study evaluated the efficacy of MPEO to inactive cells of C. albicans, C.
tropicalis, P. anomala and S. cerevisiae in cashew, guava, mango and pineapple juices stored
under refrigeration. Possible mechanisms underlying the anti-yeast effects of MPEQ
incorporated in cashew and guava juices were investigated through the measurement of

damage in different physiological functions of S. cerevisiae cells using FC.

2. Material and methods
2.1 MPEQ and identification of MPEQ constituents

MPEO (batch 185; density at 20 °C = 0.900; refractive index at 20 °C = 1.460; pH 5.21)
obtained by steam distillation was purchased from Ferquima Ind. Com. Ltd. (Sdo Paulo,
Brazil). Composition of MPEO was investigated using a gas chromatograph coupled with
mass spectrometer (CGMS-QP2010 Ultra Shimadzu, Kyoto, Japan) equipped with a RTX-
5MS capillary column (30 m x 0.25 mm x 0.25 pm), operating with a program temperature:
60 to 240 °C (3 °C/min), injector temperature: 250 °C, detector temperature: 220 °C; carrier
gas: helium adjusted to 0.99 mL/min; ionizing energy: 70 eV; and mass range: 40 - 500. All
compounds were identified by comparison of the mass spectra with the NIST/EPA/NIH Mass
Spectral Database (National Institute of Standards Technology, Norwalk, CT) and FFNSC1.3

(Flavour and Fragrance Natural and Synthetic Compounds) libraries and Kovats index

(Adams, 2001).

2.2 Yeast strains and culture preparation
C. albicans (ATCC 90028), C. tropicalis (ATCC 28707), P. anomala (ATCC 40101)

and S. cerevisiae (ATCC 2601), which were gently supplied by Collection of Reference
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Microorganisms, National Institute of Quality Control in Health, Oswaldo Cruz Foundation
(Rio de Janeiro, Brazil), were used as test organisms. Stocks were kept in criovials containing
Sabouraud Dextrose broth (SDB; pH 5.6, Acumedia Manufacturers Inc., Michigan, USA)
with glycerol (15 g/100mL) stored at -20 °C. Working cultures, obtained by streak onto
Sabouraud Dextrose agar (SDA; pH 5.6, Acumedia Manufacturers Inc., Michigan, USA) were
maintained at 4 °C and transferred monthly to fresh SDA. Each yeast strain was cultured in
SDB and incubated at 30 °C for 48 h (to reach stationary growth phase), harvested by
centrifugation (4500 g x 15 min, 4 °C), washed twice and resuspended in sterile saline
solution (NaCl 0.85 g/100 mL) to obtain cell suspensions with OD reading at 625 nm (ODgys)
of 0.75 for C. albicans, C. tropicalis and P. anomala, and of 0.95 for S. cerevisiae, which
corresponded to viable counts of approximately 7 log colony forming units per milliliter

(cfu/mL) when plated onto SDA.

2.3 Preparation of fruit juices

Cashew (Anacardium occidentale 1..), gnava (Psidium guajava 1..), mango (Mangifera
indica L.) and pineapple (4nanas comosus L. Merrill) fruit in commercial maturation stage
with absence of mechanical damage and visible signs of infection were purchased from a
local wholesale distributor (Jodo Pessoa, Brazil). Each fruit surface was disinfected by
immersion in a sodium hypochlorite solution (150 ppm, pH 7.2 adjusted using 1 M NaOH)
for 5 min, washed with sterile distilled water and dried for 30 min in a biosafety cabinet. Fruit
were aseptically peeled, chopped and mixed with sterile distilled water (50 g of fruit in 100
mL of sterile distilled water for guava juice and 60 g of fruit in 100 mL of sterile distilled
water for cashew, mango and pineapple; Anonymous, 2003) using a domestic blender (for 3
min). Fruit juices were double filtered using a triple-cheesecloth layer and sterilized using

Wattman® membrane filters nylon pore size 0.22 pm (Sigma Aldrich, St. Louis, USA). Juices
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samples were stored in 25-mL aliquots at —20 °C, and, when necessary, aliquots were thawed
under refrigeration (4 + 0.5 °C) and used in assays (de Sousa Guedes et al., 2016).
2.4 Determination of the Minimum Inhibitory Concentration (MIC) of MPEQO

MIC of MPEQ against each tested yeast strain was determined using a microdilution
in broth assay (CLSI, 2008). A stock emulsion of 240 pl./ml. MPEO was prepared in
sterilized SDB containing Tween 80 (1%, v/v; Sigma Aldrich, Saint Louis, USA) and 50 pL-
aliquots of this emulsion were dispensed into wells of a 96-well microplate (first line)
containing 50 pl. of double concentrate SDB and homogenized. Then, 50 pL-aliquots
contained in the wells of the first line were transferred to the following wells (second line),
and through geometric dilutions of the reason two, the MPEQO concentration varied from 120 -
0.469 ul/mL. Subsequently, 50 ul-aliquots of the yeast suspensions were added to each well
(approximately 7 log cfu/mL). Final MPEO concentration varied from 60 - 0.234 pl/mL.
Microplate also contained a positive (SDB inoculated) and a negative (SDB non-inoculated)
control for each yeast strain tested. The system was statically incubated at 30 °C during 48 h.
MIC was determined as the lowest concentration of MPEO (uL/mL) required to prevent

visible yeast growth.

2.5 Effects of the MPEQ on the yeasts counts in fruit juices

Effects of different concentrations of MPEO on yeast counts were evaluated in fruit
juices (cashew, guava, mango and pineapple) along 72 h of refrigerated storage (4 = 0.5 °C)
by enumerating the viable cells (de Souza et al., 2007). For this, 2 mL-aliquots of fruit juice
samples with MPEO in an amount enough to provide the required final concentrations (i.e.,
7.5, 3.75 or 1.875 ul./mL) were inoculated with 2 mL of the yeast suspension (approximately
7 log cfu/mL) and homogenized using a vortex for 30 s. Samples were maintained under

refrigeration storage (4 + 0.5 °C). At different storage time intervals (0 - just after
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homogenization, 5, 15, 30, 45 min and 1, 2, 4, 8, 12, 24, 48 and 72 h), a 100 pl -aliquot of
each sample was collected and serially diluted (10”" - 10°) in sterile saline solution (NaCl
0.85 g/100 mL, w/v) for inoculation onto SDA. Inoculated juices without MPEO were
assayed as negative controls. After incubation at 30 °C for 48 h, the visible colonies were
counted and the results were obtained as the log of colony forming units per mL (log cfu/mL).
Plates inoculated with aliquots collected from juice samples with MPEO were incubated for
an additional period of 24 h at 30 °C compared with the samples collected from control juices.
The results were expressed as log cycle reductions in yeast counts (log Ny - N. where Ny and
N were the initial count and count after incubation for indicated storage time interval,

respectively).

2.6 Staining procedure

Flow cytometry was used to monitor the physiological responses of §. cerevisiae cells
(approximately 7 log cfu/mL) in cashew and guava juices containing an effective anti-yeast
dose (i.e., 1.875 uL/mL) of MPEO following a 45 min-exposure time period. After exposure
to MPEO in cashew and guava juices, yeast cells were harvested by centrifugation (4500 g x
10 min, 4 °C), washed twice and resuspended in phosphate-buffered saline (PBS; 8.0 g/L
NaCl, 0.20 g/ KCL, 1.44 g/L. Na,HPO,, 0.24 g/L. KH,PO,, pH 7.4) and immediately labeled
with the fluorochromes: propidium iodide (PI, Sigma-Aldrich, St. Louis, MO, USA) for
membrane integrity; bis-(1,3-dibutylbarbituric acid) trimethine oxonol (DiBAC4(3),
Molecular Probes, Invitrogen, OR, USA) for membrane potential; fluorescein diacetate (FDA;
ThermoFisher Scientific, Molecular Probes™, F1303) for enzymatic activity; and ethidium
bromide (EB; Sigma-Aldrich, St. Louis, MO, USA) for efflux activity. The same staining

procedures were performed with positive (ethanol-treated cells at 70% v/v) and negative
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(inoculated juices without MPEO and PBS) controls (Carrillo et al., 2018; Kim et al., 2017,

Silva et al., 2011).

2.6.1 Membrane integrity and membrane potential

Cell pellets suspended in PBS were incubated with PI (1 pg/ml) and DiBAC4(3) (1
pg/ml) in a dark room for 30 min at 37 °C. After the staining exposure period, the samples
were centrifuged (4500 g x 10 min, 4 °C) and washed with the equal volume of PBS to
remove excess dye. Cell pellets were resuspended again in PBS and analyzed in flow

cytometer (Kim et al., 2017).

2.6.2 Enzymatic activity
Cell pellets suspended in PBS were incubated with FDA (2,5 pg/mL) at 37 °C for 30
min in a dark room (Carrillo et al., 2018). Samples were centrifuged (4500 g x 10 min, 4 °C),

the pellets resuspended in PBS and analyzed in flow cytometer.

2.6.3 Efflux activity

Cell pellets suspended in PBS with 1% (w/v) glucose were incubated with EB (5
pg/mL) for 5 min at 37 °C in a dark room (Silva et al., 2011). Samples were centrifuged
(4500 g x 10 min, 4 °C) and washed with PBS. Cell pellets were resuspended in PBS and

analyzed in flow cytometer.

2.7 FC analysis
FC measurements were conducted on a flow cytometer equipped with an argon-ion
laser emitting at 488 nm (BD Accuri C6, New Jersey, USA). Green and red fluorescences

were collected in the FL1 (533 nm = 30 nm) and FL3 (>670 nm) channels. Scatter and
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fluorescence signals of individual cells passing through the laser zone were collected as
logarithmic signals. The fluorescence signal (pulse area measurements) was collected by FL1
(DiIBAC4(3) and FDA) and FL3 (PI and EB) bandpass filters. Thresholds level for data
acquisition was set on for FSC (30,000) in order to eliminate background and signals from
debris considered much smaller than intact yeast. Yeast cells were gated per FSC/SSC
parameters. Each sample acquisition was operated at the low flow rate setting and a total of
10,000 events were analyzed. All cytograms of fluorescence emissions were recorded using
BD Accuri C6 Software (BD®, Becton Dickinson and Company, Franklin Lakes, NJ, USA).
Density plots indicating forward scatter light (FSC) vs. side scatter light (SSC) were
obtained along measurements. FSC was analyzed in the plane of the beam and gave relative
information on cell size. SSC was measured at 90° to the laser beam and provided information
about cell granularity. Dot plot analysis of FL1 vs. FL3 was employed to establish
fluorescence properties of the population. DIBAC4(3)" PI' cells (gate UL) correspond to
depolarized and non-permeabilized cells; DIBAC4(3)" PI" and DiBAC4(3) PI" cells (gate UR
and LR) correspond to population of depolarized and permeabilized cells with different
degrees of damage; and DiBAC4(3) PI  cells (gate LL) correspond to unstained populations of
intact cells, polarized and non-permeabilized (Hammer and Heel, 2012). Density plot analysis
of SSC vs. FL1 or FL3 was applied to determine the fluorescence properties of FDA" and EB”
populations, respectively, indicating cells with altered enzymatic and efflux pump activities,

respectively. These populations were gated into the right rectangles.

2.8 Statistical analysis
Assays were performed in two independent experiments in triplicate. Different fruit
juices batches (prepared using a pool of at least three different fruit) and standardized

inoculum from a single yeast suspension prepared from two independent cultures of the test
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yeast were used in each independent experiment. For the yeast count assays, the statistical
analysis was performed to determine significant differences (p < 0.05) based on Student's t-
test or ANOVA followed by post-hoc Tukey test. The computational software Sigma Stat 3.5
software (Jandel Scientific Software, San Jose, California) was used for the statistical
analysis. FC analyses were performed in two independent experiments in triplicate with

consistent results,

3. Results and discussion
3.1. Identification of MPEQ constituents

Constituents identified in MPEQO are shown in Table 1. The majority constituent in
MPEO was menthol (45.58%), followed by menthone (24.87%), isomenthone (9.48%),
eucalyptol (5.65%), menthyl acetate (4.62%), limonene (2.02%) and P-caryophyllene
(1.02%). A wide variety of other constituents were identified in amounts < 1%. Previous
studies have also detected menthol and isomenthone as the prevalent constituents in MPEO

{de Oliveira et al., 2017; de Sousa Guedes et al., 2016; Guerra et al., 2015).

3.2 Anti-yeast effects of MPEQO
MPEQ displayed MIC value of 1.875 uL/ml against C. albicans, C. tropicalis, P.
anomala and S. cerevisiae. Early investigations reported MIC values of MPEO against C.
albicans, C. tropicalis, P. anomala and S. cerevisiae varying from 1.13 — 6 pL/mL (Saharkhiz
et al., 2012; Tyagi and Malik, 2011; Tyagi et al., 2013; Vuuren et al., 2009).
The effects of 1.875, 3.75 and 7.5 uL/mL MPEO on the counts of C. albicans, C.
tropicalis, P. anomala and S. cerevisiae were studied in cashew (Fig. 1 A-D), guava (Fig. 1 E-
H), mango (Fig. 2 A-D) and pineapple (Fig. 2 E-H) juices over 72 h of refrigerated storage.

Incorporation of 1.875, 3.75 and 7.5 pL/mL MPEQ decreased (p < 0.05) the counts of all
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tested yeasts in fruit juices over time. Tested yeasts presented a linear growth in fruit juices
without MPEOQ (control) over the measured storage time period, with counts varying from 7 —
8 log cfu/mL.

Cashew juice with 7.5 pl./mL. MPEO presented > 5 log reductions in counts of P.
anomala after 72 h of storage (Fig. 1C); the same reduction against S. cerevisiae was achieved
in cashew juice with 7.5 and 3.75 pL/mL MPEOQO after 12 and 48 h of storage, respectively
(Fig. 1D). Cashew juice with 7.5 and 3.75 ul/mL presented > 5 log reductions in counts of C.
albicans after 72 h of storage (Fig. 1A). Lowest counts reductions caused by 1.875, 3.75 and
7.5 uL/mL MPEOQ in cashew juice were observed against C. fropicalis, which were in the
range of 1.25 — 1.97 log (Fig. 1B).

Guava juice with 7.5 uL/mL MPEO presented 2.44 log and 0.87 log reductions in
counts of C. albicans (Fig 1E) and C. tropicalis (Fig. 1F) after 72 h of storage, respectively.
Otherwise, 7.5, 3.75 and 1.875 yL/mL MPEOQ in guava juice caused > 5 log reductions in
counts of P. anomala after 24 h of storage (Fig. 1G); this same reduction level was achieved
by 7.5 and 3.75 uL/mL MPEO against S. cerevisiae in guava juice after 72 h of storage (Fig.
1H).

Incorporation of 7.5, 3.75 and 1.875 pL/mL MPEO in mango and pineapple juices
caused lower reduction in yeast counts when compared to cashew and guava juices during 72
h of storage. In both mango and pineapple juices, the highest reductions in counts of C.
albicans (1.44 and 3.63 log, respectively), C. tropicalis (0.66 and 1.13 log, respectively), P.
anomala (4.81 and 3.70 log, respectively) and S. cerevisiae (3.68 and 3.92 log, respectively)
after 72 h of storage were caused by 7.5 puL/mL MPEO (Fig. 2A-D and Fig. 2E-H,
respectively). Reductions in yeasts counts caused by 3.75 and 1.875 pl/ml. MPEO in mango

and pineapple juices were in the range of 0.33 — 3.60 and 0.72 — 3.76 log, respectively.
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Data of time-kill studies in fruit juices showed the efficacy of MPEO to inactivate
yeast cells over time, although the inactivation rates varied with EO concentration and target
yeast strain. The following general ranking of sensitivity to MPEO was observed: S.
cerevisiae/P. anomala > C. albicans > C. tropicalis. There are few reports on the anti-yeast
effects of Mentha EQOs in fruit juices. Previous studies detected 2-log reductions in counts of
S. cerevisiae in a mixed fruit juice (orange and apple) containing 1.13 mg/mL. MPEO after
eight days of storage at room temperature (Tyagi et al., 2013). Another study observed that 1

uL/mL MPEO in apple juice caused >5-log reductions in counts of Zigosaccharomyces rouxii

and Z. bailii after 15 days of refrigerated storage (Karaman et al., 2016).

3.4 Flow cytometry study

In order to investigate possible mechanisms underlying the inactivation of yeast cells
caused by MPEO in fruit juices, four fluorescent probes (PI, DIBAC4(3), FDA and EB) were
used to measure populations of S. cerevisiae cells with altered physiological functions after a
45-min exposure to 1.875 pL/ml. MPEO in cashew and guava juices. These juices were
selected because overall the highest yeast inactivation rates were observed when MPEO was
incorporated into them. S. cerevisiae was used as target organism because this yeast species
has been used as a model organism to study the anti-yeast action modes of different
antimicrobial compounds and procedures (Ferrario and Guerrero, 2017; Ling et al., 2013;
Schenk et al., 2011).

Membrane potential is generated due to differences in electrical state of internal and
external sides of cell membrane (Comas-Riu and Rius, 2009). DiBAC4(3) is an anionic
molecule and fluorescent dye capable of indicating membrane potential alterations. Anionic
molecules are typically excluded by polarized cells, while they are accumulated by

depolarized cells (Silva et al, 2011). PI is an impermeant DNA dye that penetrates only
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damaged membrane cells and binds to nucleic acids. Fluorescence density plot using dual-
parameter of green fluorescence (y-axis, DiBAC4(3)) and red fluorescence (x-axis; PI)
demonstrated different magnitude of membrane damage and membrane potential alteration in
S. cerevisiae cells exposed to the different treatments. Cells treated with 70% (v/v/) ethanol
(positive control) showed ruptured and depolarized membranes (100%; Fig. 3 and 4). Similar
results were observed to S. cerevisiae cells in cashew and guava juices with MPEO, where
99.6 and 99%, respectively, presented ruptured and depolarized membranes (Fig. 3 and 4). S.
cerevisiae cells in cashew and guava juices without MPEO remained non-permeabilized and
largely polarized (90.1 and 90.4%, respectively) as well as in PBS (92.6%).

Although the membrane potential strongly contributes to homeostasis because the
balance between the amounts of ions inside and outside cell, reduced membrane potential
alone indicate decreased cell activity but not cell death (Léonard et al., 2016). Membrane
depolarization is probably an event prior to membrane permeabilization commonly achieved
when a sufficient amount of a molecule accumulates into cell membrane, increasing the
permeability to ions and dissipation of transmembrane ions gradient (Diaz et al, 2010;
Hammer and Heel, 2012). Probably, MPEQO affected S. cerevisiae cells membrane by
reducing polarity and increasing permeability.

FDA is a lipophilic dye and non-fluorescent precursor that promptly diffuses across
membranes, being employed primarily for evaluation of cell enzymatic activity. Into
metabolically active cells, FDA undergoes hydrolysis by unspecific esterases into fluorescein,
which is a polar membrane-impermeant fluorescent molecule retained in cells with intact
membrane (Shenk et al., 2011). Percentage of S. cerevisiae cells with compromised enzymatic
activity was of 8.2% in cashew juice without MPEO and of 99.7% in cashew juice with
MPEO (Fig. 3); percentage of S. cerevisiae cells with compromised enzymatic activity was of

5.8% in guava juice without MPEO and of 95.6% in guava juice with MPEO (Fig. 4). These
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findings indicate that enzymatic activity in S. cerevisiae cells was strongly compromised in
cashew and guava juice with MPEQ.

Membrane efflux pumps are integral membrane proteins that exert important role in
yeast tolerance to antimicrobials. Efflux pump activity causes active extrusion of
antimicrobials avoiding their accumulation to lethal levels inside cells (Ling et al., 2013). EB
is a membrane-permeant that enters intact cell membranes but is actively pumped outside
through the action of non-specific proton anti-port transport system. In cells with
compromised membrane and altered efflux pump activity, EB is not extruded from cells and
can, therefore, stain intracellular DNA (Diaz et al., 2010; Kim et al., 2009). Percentage of
cells with compromised efflux pump activity was of 8.2% in cashew juice without MPEQO and
of 98.2% in cashew juice with MPEO; percentage of cells with compromised efflux pump
activity was of 1.4% in guava juice without MPEO and of 97.6% in guava juice with MPEO.
These data indicate that efflux pump activity in S. cerevisiae cells was sharply affected by
MPEOQ in cashew and guava juice (Fig. 3 and 4).

The 45-min exposure to 1.875 pL/mL MPEO in cashew and guava juices caused
reductions in counts of S. cerevisiae of 3.19 log and 2.12 log, respectively. Despite the small
difference in counts reduction, the results of FC analysis showed consistent data that revealed
higher total percentage of S. cerevisiae cells presenting abnormal physiological functions in
cashew juice than in guava juice with MPEO. Available literature has mostly attributed the
antimicrobial properties of MPEO to menthol, which was the majority constituent in MPEO
used in this study. Menthol has been shown to exert antifungal effects trough the partition into
cell membranes, causing inhibition of plasma membrane H+-ATPase and intracellular
acidification, as well as through the inhibition of ergosterol biosynthesis pathway, reducing
the ergosterol amounts in cell membranes with disturbance of membranes fluidity and cell

integrity (Samber et al., 2015). Effects of menthol disturbing yeast cell structures could be
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implicated with the altered physiological functions observed in S. cerevisiae cells in cashew
and guava juice with MPEQ. However, other components detected in lower amounts in tested
MPEOQO (e.g., isomenthone, eucalyptol and limonene) could also potentiate these effects in

yeasts cells (de Sousa Guedes et al., 2017)

4. Conclusion

The results of this study showed that 7.5, 3.75 and 1.875 pl/mL MPEO were effective to
inactivate C. albicans, C. tropicalis, P. anomala and S. cerevisiae in cashew, guava, mango
and pineapple juices over a 72 h-refrigerated storage, although variations in inactivation rates
were evident. FC analysis showed that an effective anti-yeast dose of MPEO (i.e.,, 1.875
pL/mL) in cashew and guava juices sharply compromised membrane permeability, membrane
potential, enzymatic activity and efflux pump in S. cerevisiae cells. These results show that
MPEQ exerts inhibitory effects against spoilage yeasts in fruit juices through a multi-target

mechanism that affects simultaneously different physiological functions in yeast cells.
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Fig. 1. Reduction cycles (log cfu/mL) of the initial counts of C. albicans ATCC 90028 (A, E),
C. tropicalis ATCC 28707 (B, F), P. anomala ATCC 40101 (C, G) and S. cerevisiae ATCC
2601 (D, H) as a function of the concentration of M. piperita L. essential oil in cashew juice
(A - D) and guava juice (E — H) stored at 4 £ 0.5 °C. (m): 7.5 pL/mL, (A): 3.75 uL/mL, (0):

1.875 uL/mL, (*) control: 0 uL/mL. Detection limit of the test: 1 log cfiy/mL.

Fig. 2. Reduction cycles (log cfu/mL; n = 6) of the initial counts of C. albicans ATCC 90028
(A, E), C. tropicalis ATCC 28707 (B, F), P. anomala ATCC 40101 (C, G) and S. cerevisiae
ATCC 2601 (D, H) as a function of the concentration of M. piperita L. essential oil in mango
juice (A — D) and pineapple juice (E — H) stored at 4 + 0.5 °C. (m): 7.5 pL/mL, (A): 3.75

pL/mL, (0): 1.875 yL/mL, (*) control: 0 yl./mL. Detection limit of the test: 1 log cfu/mL.

Fig. 3 Fluorescence density plots of S. cerevisiae in response to staining with PI and
DiBAC4(3), FDA and EB after a 45-min exposure to 1.875 pL/mL. MPEO in cashew juice
stored at 4 + 0.5 °C. The vertical axis indicates the fluorescence intensity of DiBAC4(3) and
side-light scatter intensity; the horizontal axis indicates the fluorescence intensity of PI, FDA
and EB. The negative stain subpopulation was gated in the left rectangles; the positive stain
subpopulation was gated in the right rectangles. Percentage of cell populations that fell in

each gate are shown in each plot.

Fig. 4 Fluorescence density plots of S. cerevisiae in response to staining with PI and
DiBAC4(3), FDA and EB after a 45-min exposure to 1.875 pL/mL MPEO in guava juice
stored at 4 + 0.5 °C. The vertical axis indicates the fluorescence intensity of DiBAC4(3) and

side-light scatter intensity; the horizontal axis indicates the fluorescence intensity of PI, FDA



472

473

474

475

476

477

478

479

481

483

485

487

489

490

491

492

493

494

495

496

103

and EB. Negative stain subpopulation was gated in the left rectangles; positive stain

subpopulation was gated in the right rectangles.
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Table 1. Constituents identified in the essential oil from Mentha piperita L.

Retention time Kovats index Constituents Amounts (%e)*
5.894 932 a-Pinene 0.78
6.332 948 3-Methylcyclohexanone 0.12
7.003 972 Sabinene 0.28
7.131 976 B-Pinene 0.83
7.609 993 ethyl-Hexanol 0.23
8.664 1023 p-Cymene 0.20
8.818 1027 Limonene 2.05
8921 1030 Eucalyptol 565
13.467 1144 Isopulegol 0.18
13.907 1154 Menthone 24387
14.322 1164 Isomenthone 9.48
14813 1176 Menthol 4558
14.930 1178 (-)-Terpinen-4-ol 0.42
15.166 1184 ‘Tsomenthol 0.30
15.465 1191 a-Terpineol 0.21
17.600 1239 Pulegone 0.79
18.261 1254 Piperitone 0.11
19.155 1274 cis-Carvone oxide 0.10
20.012 1293 Menthyl acetate 4.62
24.049 1385 a-Bourbonene 0.15
25.560 1420 p-Caryophyllene 1.02
25.938 A429 B-gurjunene 0.10
27.023 1454 a-Caryophyllene 0.10
32.401 1584 Caryophyllene oxide 0.13

* Constituents detected in amounts > 0.1%.
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APENDICES
APENDICE A: Termo de Consentimento Livre e Esclarecido (TCLE)

UNIVERSIDADE FEDERAL DA PARAIBA
CENTRO DE TECNOLOGIA
PROGRAMA DE POS-GRADUACAO EM CIENCIA E TECNOLOGIA DE ALIMENTOS

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)
Prezado (a) Senhor (a)

Esta pesquisa ¢ sobre a avaliagio sensorial de sucos de frutas tropicais adicionada de 6leo
essencial de Mentha spicata, que esta sob a responsabilidade de Erika Tayse da Cruz Almeida,
doutoranda regularmente matriculada do Programa de Pés-Graduagdo em Ciéncia e Tecnologia de
Alimentos. da Universidade Federal da Paraiba, e sob orientacio do Prof. Dr. Evandro Leite de Souza.
Trata-se de uma pesquisa vinculada ao projeto Aplicagdo combinada de obleos essenciais,
temperaturas moderadas e campo elétrico pulsado na conservagdo de sucos de frutas tropicais.

Solicitamos a sua colaboragdo em responder o questionario CATA (Check-all-that-apply) € os
testes de aceitagdo e intengdo de compra para amostras de sucos de abacaxi, caju, goiaba ¢ manga
adicionada de concentragdo especifica de dleo essencial de M. spicata, com a finalidade de
caracteriza-la sensorialmente. Além disso, solicitamos sua autorizacio para divulgar os resultados em
eventos ou publicagdes cientificas, ndo havendo identificacdo dos voluntarios, a ndo ser entre os
responsaveis pelo estudo, sendo assegurado o sigilo sobre a sua participagéo.

Informamos que o teste sensorial ndo apresenta riscos previsiveis ou mensurdveis, pois de
acordo com a literatura os dleos essenciais adicionados aos sucos de fruta nfo apresentam efeitos
toxicos significativos in vivo nas concentragdes utilizadas no estudo. Durante esta pesquisa, os
voluntérios serdo avisados das substincias empregadas, e caso apresente alguma reacdo alérgica, nfo
antes vivenciada, durante ou apds o teste sensorial, sera acionado o Servigo de Atendimento Moével de
Urgéncia - SAMU, por meio do mimero 192,

Esclarecemos que sua participa¢do sera voluntaria, e, portanto, o (a) senhor (a) ndo ¢ obrigado
(a) a fornecer informagdes e/ou colaborar com as atividades instruidas pela pesquisadora. Caso decida,
ndo participar da pesquisa ou resolver a qualquer momento desistir da mesma, sem qualquer
penalidade. A pesquisadora estard a sua disposicdo para qualquer esclarecimento que considere
NECessario.

Diante do exposto, declaro que fui devidamente informado (a) e esclarecido (a) e dou meu
consentimento em participar da pesquisa ¢ para a publicagio de resultados.

Jodo Pessoa, / /

Assinatura do Participante da Pesquisa

Caso necessite de maiores informagdes sobre a presente pesquisa, fazer contato com a pesquisadora
responsavel: Erika Tayse da Cruz Almeida

Enderego: Rua Professora Maria Lianza, n® 210, CEP: 58052-320, Cidade Jardim Universitaria, Jodo
Pessoa-PB. Contato: (83) 99611-5777 ou (83) 98693-0133 e-mail: erika_yse@hotmail.com

Assinatura da pesquisadora responsavel
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APENDICE B: Formulario para Analise Sensorial

Nome: Data: [ [
Idade: Profisséo:

Ficha de caracterizacio sensorial utilizando o método CATA

Por favor, avalie a amostra e dentre as caracteristicas sensoriais citadas abaixo, assinale
aquela(s) que melhor descreve(m) esse produto em sua opinido. Marque quantas opgdes julgar
necessarias,

( ) Cor caracteristica de suco de fruta ( ) Sabor estranho
( ) Cor ndo caracteristica de suco defruta ( ) Sensacio refrescante
( ) Aroma caracteristica de suco de fruta ( ) Sabor da fruta
( ) Aroma ndo caracteristica de suco de fruta ( ) Sabor de menta
( ) Aroma de menta ( ) Sabor amargo

( )Viscoso ( ) Sabor agradavel

( ) Ralo ( ) Sabor desagradavel
( ) Adocicado

( ) Néo adocicado

MUITO OBRIGADA!
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APENDICE C: CROMATOGRAMA DE M. piperita L.

@ PefarM

Instituto de Pesquisa € Med: da Uy dsde Federal da Paraiba
Lhuhdcds(‘m1mm¢.‘\uc,\mlm L’\:IC;\L wwwufpbbeipefarm | unical@hfufpbbr | 09.2017

Arquivo: MPPOOODO!ged / Dats: 18092017 :

C dgrafo Gasoso lado a Espectro de Massas: Modelo: GOMS-QP2010 Ultea | Marca: Shinadzu
Cohsna: marcy: RTX-SMS capilar (5% Diphenyl / 95%% dimethy! polysiloxane)
Tamanho: 30 m {comprimento) / 025 mm de Didmetro Intemo / 0.25 um dff

Chromatogram MPPOO000! C: GCMSsolution' Dota'socrates' ge-ms josean CG-EM MPPODD00 1 .qgd
15,815,210

411450)

M8 T

[ENY

59.0



APENDICE D: CROMATOGRAMA DE M. spicata L.

UNTOS

QI.PeFOrM

Instituto de Pesquisa em Farmmacos ¢ Medicamentos da Universidade Federal da Paraiba
Unidade de Caractenzagio ¢ Anihise / UNICAL | www.ufpbbeiipefarm | unicalaifufpbbe | 09.2017
Arquivo: MAPDO00O] qed / Data: 18092017

C Ografo Gasoso 0 de Massas: Modelo: GOMS-QP2010 Ultea | Marca: Shumadou
Coluna: nmnm SMS capilor (5% Dephenyl / 95% dimethy polysiloxane)
Tamanho: 30 m{comprimento) / 0.25 mm de Dimetro Interno / 025 um dff

Chromatogram MAPO000O! C: GCMSsolution' Diata socrates go-mms' joscan CG-EM MAPO0D00 ] ged

16,850,320

RUREYI] T

NNAM

—32T s
T
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APENDICE E: CROMATOGRAMA DE M. x villosa HUDS.

dPefar

ARMACLS £ MELICAMENTOS

Instituto de Pesquisa em Farmmacos « Medicamentos da Universidade Federal da Paraiba
Unidade de Caractenizagho ¢ Andlise / UNICAL | wwwufpbbripefann | wunical@itfufpbbr | 092017
Arguivo: MVLODDDOI .qgd / Data: 18092017

Cromatografo Gasoso acoplado a Espoctrimetro de Massas: Modelo: GCMS-QP2010 Ulira | Marca: Shimadzu
Coluna: marca: RTX-SMS capilar (3% Diphenyl / 95% dimethy polysaloxanc)
Tamasho: 30 m (compnmento) 0.25 mm de Didmetro Intermo / 028 um df

Chronatogram MVLD00001 C:GCOMSsolution Data'socrates ge-ms josean OG-EMMVLO0000 1 ged

TIC
b.853.266 L]
:
v T -
400 50.0 59.0
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ANEXOS
ANEXO A: Parecer consubstanciado do Comité de Etica em Pesquisa

Comiré de Etica (e
em Fesquisa
Envolvendo S
Sereg Humanos (S

UNIVERSIDADE FEDERAL DE
PERNAMBUCO CENTRO DE
CIENCIAS DA SAUDE / UFPE-

PARECER CONSUBSTANCIADO DO CEP
DADOS DO PROJETO DE PESQUISA

Titule da Pesquisa: Aplicacdo combinada de dleos essenciais, temperaturas moderadas e campo elétrico
pulsado na conservacao de sucos de frutas tropicais

Pesquisador: Jossana Pereira de Sousa

Area Tematica:

Versdo: 2

CAAE: 43653415.6.0000.5208

Instituigdo Proponente: CENTRO DE CIENCIAS DA SAUDE
Patrocinader Principal: Financiamento Proprio

DADOS DO PARECER

Namero do Parecer: 1.125.993
Data da Relatoria: 29/06/2015

Apresentacio do Projeto:

Trata-se de estudo experimental cuja proposta é tratar quatro tipos de sucos de frutas tropicais da regido
nordeste com éleos essenciais de Mentha piperita L. (horteld-pimenta) e Mentha arvensis L. (horteld-doce),
aplicacao de Tratamentos Térmicos Moderados e de Campo Elétrico Pulsado(CEP). Os parametros de
qualidade dos sucos de frutas adicionados ou ndo dos dleos essenciais e submetidos ou ndo aos
tratamentos com temperaturas moderadas e CEP, serdo mensurados em diferentes intervalos (1, 2, 3, 4, 5,
6 e 7 dias) de armazenamento refrigerado a 7 °C (+1 °C). Os parametros fisico-quimicos avaliados serdo
pH, acidez, sélidos sollveis, vitamina C e aglcares totais de acordo com metodologia padrio (AOAC, 2006).
Apoés estes tratamentos os sucos serdo submetidos a analise sensonal, por meio do teste de aceitacdo,
com 200 provadores voluntarios.

Os provadores realizardo o teste sensorial em condi¢cdes controladas de temperatura e iluminacdo e
provardo porcdes dos sucos adicionados de diferentes concentracdes dos Sleos essenciais, servidas em
copos descartaveis(50 ml). Cada grupo de 50 provadores fara o teste com um tipo de suco, totalizando os
200 provadores. Os provadores fardo uso de bolacha salgada e agua para limpar os seus paladares entre
as amostras avaliadas.

A aceitacdo da (aparéncia, cor, aroma, sabor, sabor residual, docura, consisténcia e avaliagdo global), serdo
avaliados em uma escala hedénica de 9 pontos, vanando de 1 (n3o gostei

Enderego: Av. da Engenharia s/n® - 1° andar, sala 4, Prédio do CCS

Bairro: Cidade Universitaria CEP: 50.740-600
UF: PE Municipio: RECIFE
Telefone: (81)2126-8588 E-mail: cepccs@uipe br

Pagina 01 ce 05
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Comiré de Etic:
em Pesqguisa
Envolvendo
Sereg Humanog §

UNIVERSIDADE FEDERAL DE
PERNAMBUCO CENTRO DE
CIENCIAS DA SAUDE / UFPE-

Continuacdo do Parecer: 1.125.993

muitissimo) a 9 (gostei muitissimo). A intencdo de compra sera avaliada utilizando uma escala heddnica de
5 pontos, variando de 1 (certamente ndo compraria) a 5 (certamente compraria). Amostras dos sucos sem
adicdo dos dleos essenciais serdo testadas de forma semelhante como um controle. O desenvolvimento dos
testes sensoriais obedecerdo a metodologia descrita por Azerédo et al. (2011).

As analises estatisticas serdo realizadas utilizando-se testes de estatistica descritiva e inferencial para
determinacdo de diferencas significantes (p<0,05) entre os tratamentos aplicados. Para a andlise estatistica
utilizar-se-a o software Sigma Stat. 2.03.

Critério de Inclusao:

Os sujeitos participantes serdo funcionarios, alunos, professores e visitantes, maiores de 18 anos, que se
encontrem no Campus | da Universidade

Federal da Paraiba nos dias de realizacdo dos testes sensoriais, e que estejam interessados em participar
voluntariamente da pesquisa. Serao

selecionados de acordo com seu interesse em participar da pesquisa e por possuir o habito de consumir
sucos de fruta (abacaxi, acerola, caju e

manga), ou seja, provaveis consumidores desse tipo de produto.

Critério de Exclusao:

Pessoas menores de 18 anos.Individuos que ndo tenham o habito de consumir sucos de fruta. Tabagistas.

Objetive da Pesquisa:
Objetivo Geral. avaliar o potencial da aplicacdo combinada de 6leos essenciais, tratamentos térmicos
moderados e campos elétricos pulsados na conservacdo de sucos de frutas tropicais,

Objetivos especificos:

a) avaliar a eficacia de dleos essenciais, tratamentos térmicos moderados e campos elétricos pulsados,
quando aplicados isolados e em combinacdo, na inibicao de cepas de bactérias contaminantes de sucos de
frutas em inéculo misto, cultivadas em meio laboratorial e em sucos de frutas tropicais,

b) investigar a ocorréncia de injuria subletal nas cepas teste utilizadas nos ensaios ap6s aplicacdo dos
6leos essenciais, tratamentos térmicos moderados e campos elétricos pulsados, isolados e combinados;

Endereco: Av. da Engenharia s/n® - 1° andar, sala 4, Prédio do CCS

Bairro: Cidade Universitaria CEP: 50.740-600
UF: PE Municipio: RECIFE
Telefone: (31)2126-3588 E-mail: cepccs@ufpe br

Pigina 02 ce 05
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Comiré de Etica
em Pesguisa
Envolvendo
Seres Humanos

UNIVERSIDADE FEDERAL DE
PERNAMBUCO CENTRO DE
CIENCIAS DA SAUDE / UFPE-

Continuagdo do Parecer: 1.125.933

c) identificar os possiveis danos as células bacterianas, causados pelos tratamentos utilizados;
d) verificar a influéncia dessa aplicacdo, isolada ou combinada, sobre indicadores fisico-quimicos de
qualidade e atributos sensoriais de sucos de frutas tropicais ao longo do periodo de armazenamento.

Avaliagido dos Riscos e Beneficios:

O teste sensorial ndo apresenta riscos previsiveis ou mensuraveis, pois de acordo com a literatura os éleos
essenciais adicionados aos sucos de fruta ndo apresentam efeitos téxicos significativos in vivo nas
concentracdes utilizadas no estudo. Por ser considerado um alimento perecivel, para controlar o fator
contaminacdo, todo o procedimento de elaborag@o dos sucos foi conduzido de acordo com as Boas Praticas
de Fabricacdo, de acordo com as legislacdes vigentes. Além disto, antes da aplicacdo das analises
sensoriais, as amostras foram submetidas a analises microbiolégicas que demonstraram a qualidade
higiénico-sanitaria dos produtos elaborados, sendo descartados os produtos que apresentaram valores
acima dos permitidos pela legislacdo especifica, garantindo que o Sr (a) esta recebendo amostras sem
nenhum risco de contaminacdo microbioldégica. Caso apresente alguma reacdo alérgica, ndo antes
vivenciada, a equipe estara preparada a chamar o Servico de Atendimento Mével

de Urgéncia - SAMU, por meio do numero 192, assim como, na auséncia deste, a encaminha-lo ao hospital
de referéncia mais proximo. Assim como, sera oferecida uma prova minima a cada avaliador, antes da
degustacdo oficial, para verificar a sua aceitabilidade organica ao produto.

Beneficios: Considerando a propriedade antimicrobiana dos dleos essenciais de plantas aromaticas que
serdo estudados, bastante relatada na literatura, espera-se encontrar um potencial efeito antimicrobiano
quando utilizados em combinag¢do com outras tecnologias de conservag¢do, como tratamentos térmicos
moderados e pulsos elétricos, frente a microbiota natural e micro-organismos patégenos comumente
encontrados em sucos de frutas tropicais

Comentarios e Consideragdes sobre a Pesquisa:
sem comentarios

Consideragdes sobre os Termos de apresentagio obrigatéria:
Apresentou todos 0s termos exigidos pela resolugdo 466/12

Recomendagodes:
Sem recomendacodes

Enderego: Av. da Engenharia sin® - 1° andar, sala 4. Prédio do CCS

Bairro: Cidade Universitana CEP: 50.740-800
UF: PE Municipio: RECIFE
Telefone: (81)2126-8588 E-mail: cepccs@ufpe br

Pagina 03 de 05
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Comiré de Etica T
em Pesquisa
Envolvendo
Serer Humanos |

UNIVERSIDADE FEDERAL DE
PERNAMBUCO CENTRO DE
CIENCIAS DA SAUDE / UFPE-

Continuagio do Parecer: 1.125.993

Conclusées ou Pendéncias e Lista de Inadequagdes:
Sem pendéncias

Situagio do Parecer:
Aprovado

Necessita Apreciagido da CONEP:
Nio

Consideragdes Finais a critério do CEP:

As exigéncias foram atendidas e o protocolo esta APROVADO, sendo liberado para o inicio da coleta de
dados. Informamos que a APROVACAOQ DEFINITIVA do projeto s6 sera dada apés o envio do Relatério
Final da pesquisa. O pesquisador devera fazer o download do modelo de Relatério Final para envia-lo via
“Notificacéo”, pela Plataforma Brasil. Siga as instrucdes do link “Para enviar Relatério Final®, disponivel no
site do CEP/CCS/UFPE. Apés apreciacdo desse relatério, o CEP emitira novo Parecer Consubstanciado
definitivo pelo sistema Plataforma Brasil.

Informamos, ainda, que o (a) pesquisador (a) deve desenvolver a pesquisa conforme delineada neste
protocolo aprovado, exceto quando perceber risco ou dano nao previsto ao voluntario participante (item V.3_,
da Resolugdo CNS/MS N° 466/12).

Eventuais modifica¢ces nesta pesquisa devem ser solicitadas através de EMENDA ao projeto, identificando
a parte do protocolo a ser modificada e suas justificativas.

Para projetos com mais de um ano de execucdo, é obrigatério que o pesquisador responsavel pelo
Protocolo de Pesquisa apresente a este Comité de Etica relatérios parciais das atividades desenvolvidas no
periodo de 12 meses a contar da data de sua aprovacao (item X.1.3.b., da Resolucio CNS/MS N° 466/12).
O CEP/CCS/UFPE deve ser informado de todos os efeitos adversos ou fatos relevantes que alterem o curso
normal do estudo (item V 5., da Resolugdo CNS/MS N° 466/12). E papel do/a pesquisador/a assegurar
todas as medidas imediatas e adequadas frente a evento adverso grave ocorrido (mesmo que tenha sido
em outro centro) e ainda, enviar notificagdo 8 ANVISA — Agéncia Nacional de Vigilancia Sanitaria, junto com
seu posicionamento.

Endereco: Av. da Engenharia s/n® - 1° andar, sala 4, Prédio do CCS

Bairro: Cidade Universitaria CEP: 50740-600
UF: PE Municipio: RECIFE
Telefone: (81)2126-8588 E-mail: cepccs@uipe br

Pagina 04 ce 05
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Seree Humanos §

UNIVERSIDADE FEDERAL DE
PERNAMBUCO CENTRO DE
CIENCIAS DA SAUDE / UFPE-

Continuac3o do Parecer: 1.125.993

RECIFE, 26 de Junho de 2015

Assinado por:

LUCIANO TAVARES MONTENEGRO
{Coordenador)

Endereco: Av.da Engenharia s/n® - 1° andar, saia 4, Prédio do CCS

Bairro: Cidade Universitaria CEP: 50.740-600
UF: PE Municipio: RECIFE
Telefone: (81)2126-8588 E-mail: cepccs@ufpe br
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ANEXO B: Aceite do artigo publicado no Periédico International Fournali of Food
Microbiology (ISSN 0168-1605).

8 Seguro | hPs.//OUTIOOKINVE.LOM /M

@ Excliir () Lio Eletronico Bloquear

Track your recent Co-Authored submission to FOOD

International Journal of Food Microbiology <eesserver@eesmail elsevier.com>
Seg D7/05/2018, 16:58
Vocd

Dear Dr. Erika Aimeida,
You have been listed as a Co-Author of the foliowing submission:

Journal: International Journal of Food Micrebiology

Title: Incorporation of Mentha piperita L. essential oil in fruit juices causes inactivation and different physiolagical damages in spoilage yeasts
orresponding Author: Evandro de Souza

Co-Authors: Erika Almeida: Geany de Souza: Jossana de Sousa Guedes: isabella Barbosz: Cristina de Souss: Licio Castellana: Marciane Magnani;

To be kept informed of the status of your submission, register or log in (if you already have an Elsevier profile),

Register here: !



