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RESUMO

LAUREANO, Juliane, D.Sc., Universidade Federal deoga, setembro de 2015.
Application of ozone in the microvinification in replacement of sulphite.
Orientador: Léda Rita D'Antonino Faroni. Cooriermas: Paulo Henrique Alves da
Silva, Maria Cristina Dantas Vanetti e Paulo Robérecon.

O diéxido de enxofre (S € o aditivo mais frequentemente utilizado paridaea
deterioracéo de vinhos. No entanto, ele pode caltsaacdes sensoriais no produto
final e apresentar riscos a saude humana. O ozpoicsua vez, tem sido proposto
em diferentes fases da producédo de vinho, porénaaiéd diretamente no mosto
para o controle de micro-organismos. O objetivotalgesquisa foi investigar a
viabilidade do o0z6nio como substituto ao ,S€m algumas etapas da linha de
producdo de vinhos. Para isso, os trabalhos foeatizados em duas etapas. Na
primeira etapa, analisou-se o efeito do 0z6nio {(bang.L*, durante 10 min) sobre
micro-organismos de importancia enolégicaSagcharomyces cerevisiae,
Lactobacillus casei, Leuconostoc mesenteroides, déedcus acidilactici e
Gluconobacter oxydasin vitro, em comparacao ao tratamento con.&Dozonio

foi mais eficaz que o SOha reducgdo das populacdes de bactérias lactidss),(B
permitindo a permanéncia das leveduras, mesmoeasamga dos nutrientes da uva e
nas condicbes de vinificacdo. O 0z6nio causou tambéreducdo das bactérias
acéticas (BAC), porém, a producdo de biofilme ptieafetado os resultados. Na
segunda etapa dos trabalhos foram produzidos vinbos uvas var. Syrah, pelo
processo de microvinificacdo. O ozo6nio foi aplicaso diferentes concentragdes (2
a 12 mg.[Y) e tempos de tratamento (5 a 25 min), nos dias64% 16° da
fermentacdo alcodlica. Foi realizado um tratametiestemunha, empregando-se
metabissulfito de potassio, e um controle, semaadite 0zénio ou SOLeveduras,
BAL e BAC foram quantificadas logo ap6s os tratatben As analises de
antocianinas, parametros de cor, concentracdo dienmis totais, atividade
antioxidante e compostos volateis foram realizaglpds o fim da fermentacdo
alcodlica. Leveduras, BAL e BAC néo foram afetagel®s tratamentos com ozonio,
assim como as antocianinas totais e poliméricassidiade de cor, cor decorrente das
antocianinas poliméricas, caracteristicas cromgtipmlifendis totais e atividade
antioxidante. Os vinhos produzidos com maiores eomacdes de 0z06nio

adquiriram caracteristicas de vinho envelhecido.esgtando diminuicdo nas
X



antocianinas monomeéricas, aumento no percentual cola decorrente das
antocianinas poliméricas e aumento na tonalidadeelolamarronzada, o que pode
contribuir para reduzir o tempo necessario de &ee@hento para que o vinho atinja
a coloracdo desejada. Entre os compostos volateisados, o acetaldeido atingiu o
limite de deteccéo sensorial em todos os tratameBtosalguns vinhos tratados com
ozbnio por 15 e 25 min, 0 metanol estava preseniegeantidade acima do
permitido pela legislacéo Brasileira. Estes congmsblateis sdo importantes para a
gualidade sensorial dos vinhos e tais alteracoesndeer levadas em consideragao

antes de se empregar o 0zoénio como um substitusaltito na producéo de vinho.

Xi



ABSTRACT

LAUREANO, Juliane, D.Sc., Universidade Federal digoga, September, 2015.
Application of ozone in the microvinification in replacement of sulphite.
Adviser: Léda Rita D’Antonino Faroni. Co-advisePaulo Henrique Alves da Silva,
Maria Cristina Dantas Vanetti and Paulo Robertod@ec

Sulfur dioxide (SQ) is the additive that is most frequently used i@ wine
spoilage. However, it can cause sensorial altaratio the final product and presents
risks to human health. Ozone has been proposediffatedt stages of wine
production. However, it has not yet been used tiyein the must to control
microorganism growth. Therefore, the purpose of thsearch was to investigate the
viability of ozone as substitute for 3@ some stages of wine production. For this,
experiments were carried out in two parts. Fitst, dzone effect (0 to 7.5 mg'lfor

10 min) on microorganisms with enological importa8accharomyces cerevisjae
Lactobacillus casei, Leuconostoc mesenteroides,iokedcus acidilactici, and
Gluconobacter oxydansh vitro in comparison with SPtreatment was analyzed.
Ozone was more effective in reducing the populatdnlactic bacteria (LAB)
compared with the SQreatment, even in the presence of grape nutreamdsunder
winemaking conditions. Ozone also caused a reduchioacetic bacteria (AAB).
However, biofilm production may have affected thsuits. In the second part, wines
were produced with Syrah grapes by microvinificati@dzone was applied at
different concentrations (2 — 12 mgf)Land treatment times (5 — 25 min) at days 1, 6
and 16 of fermentation. A standard treatment watopaed employing potassium
metabisulfite. The control was performed without@® SQ. The yeasts, LAB and
AAB were quantified after the treatments. The asedy of anthocyanins, color
parameters, phenolic content, antioxidant actiatyd volatile compounds were
performed after the end of alcoholic fermentatidhe yeasts, LAB and AAB were
not affected by the treatments with ozone, nor wire total and polymeric
anthocyanins, color density, polymeric color, chabim characteristics, polyphenol
content and antioxidant activity. Wines producedhwiigher ozone concentrations
acquired aging characteristics, presented decreasedomeric anthocyanins,
increased percentage of polymeric color and ineagllow/brown shades and
tonality. This suggests that the use of ozone ashstitute of sulfite may confer

aging characteristics to wine in terms of color anay contribute to reducing the
Xii



time needed for maturation. Of the analyzed vaatibmpounds, acetaldehyde
reached the sensorial detection limit in all treatments. In some wines treated with
ozone for 15 and 25 min, methanol was present imtgies above those permitted
by Brazilian law. These volatile compounds are inguat for the sensory quality and
safety of wines. Such changes should be takenaictount before using ozone as a

substitute for sulfite in wine production.

Xiii



INTRODUCAO GERAL

O vinho é uma bebida alcodlica amplamente consuerdldodo o mundo e de
grande valor comercial, € 0 seu consumo moderachd@ vez mais recomendado
devido as suas propriedades funcionais (Garagharaini, 2015). E definido pelo
Office International de la Vigne et du VMiomo a bebida resultante da fermentacéo
alcoolica total ou parcial de uvas frescas, esmagadando, ou de mostos de uvas
(OlV, 2015).

Na transformacdo do mosto em vinho ocorrem complexwocessos
bioquimicos, envolvendo interacbes entre levedubasiérias laticas e acéticas
(Andorra et al., 2010). As leveduras, essenciaipraducdo do vinho, sé&o
responsaveis pela conversdo do acucar em alcooh@ior da fermentagéo alcodlica
(Manfroi, 2002). As bactérias laticas participamfelanentacdo malolatica do vinho,
mas podem também causar danos sensoriais ao mekmte(sino et al., 2008). As
bactérias acéticas, por sua vez, sdo capazes tEioar uvas, mostos e vinhos,
oxidando o etanol em acido acético (Barata ef8ll2). Estas ultimas sdo aerdbias
estritas e, portanto, necessitam de oxigénio peabizarem a fermentacdo acética.
Multiplicam-se em maior quantidade na parte supe@ovinho, formando um “véu”
conhecido como "mae do vinagre". O crescimento &si¢e de bactérias acéticas
pode provocar modificagdes na composicdo do madterando o crescimento das
leveduras durante a fermentacdo alcodlica e causahidmcdes sensoriais no
produto final (Flanzy, 2003).

Para inibir as bactérias indesejaveis ao processmehtativo, a pratica
tradicionalmente empregada nos estabelecimentosolasi € a sulfitagdo com
metabissulfito de potassio {&0s), o qual libera o gas sulfuroso (§Qquando
dissolvido em agua. Esse gas possui acdo selefiva as leveduras, funciona como
antioxidante e auxilia na extracdo do pigmentoadasas (Rizzon, 1996). Em geral,
uma concentracéo de $@olecular superior a 0,8 mg-lé suficiente para prevenir
a multiplicacdo de bactérias no vinho (Zoecklein QD0 No entanto, essa
recomendacdo € frequentemente negligenciada, umagwe os sulfitos e seus
derivados séo adicionados em excesso para gamacimpleta e acelerada remocéo
de oxigénio e com isso, evitar a oxidacdo de algumspostos do vinho (Araujo,
2006). Tal pratica pode oferecer riscos a saudealosumidores.



Na tentativa de conciliar a adicdo de sulfito nocpsso de producao de vinho
com o0 consumo seguro dessa bebida, Orgdos naciomaisiternacionais
estabeleceram limites maximos de sulfito consideradlequados. A este respeito, a
Resolucdo RDC n° 34 da ANVISA (Agéncia NacionaMigilancia Sanitaria), de 9
de marco de 2001, estabelece que o limite maximmipdo de sulfito total em
vinhos (expresso em S 350 mg.L}. J4 a Organizacdo Mundial de Saude (OMS)
recomenda um consumo méaximo diario de 8quivalente a 0,7 mg Rgde peso
corporeo (Machado et al., 2009). Assim, uma pedsoa0) kg terd um limite diario
de 49 mg de ingestdo de anidrido sulfuroso. Nongéoitao ingerir meia garrafa de
vinho com 150 mg.t, podera estar ingerindo 56 mg de,S® que esta acima do
limite recomendado pela OMS.

Hoje h& uma tendéncia de restricdo ao uso deaulfibmo aditivos, tanto em
vinho como em outros produtos alimenticios, dedida ingestdo estar associada a
inimeros efeitos adversos a saude dos consumidbt@shado e Toledo, 2006;
Garcia-Ruiz et al., 2011, Artés-Hernandez et alQ720Além disso, os sulfitos
apresentam alta corrosividade sobre metais (Cayiedh, 2009) e em altas doses
podem causar alteragcdes sensoriais no produto (atzon et al., 2013). Tais
desvantagens impelem pesquisadores a busca podaonétdternativos para a
conservacgao do vinho.

O ozb6nio tem sido empregado como um importante tagpara garantir a
seguranca microbiologica de alimentos (Palou e2@01; Tiwari et al., 2009b; Patil
et al., 2011; Cayuela et al.,, 2009; Kim et al., )9%le se destaca por sua alta
reatividade, difusividade e decomposicao esponténeg@rodutos ndo toxicos (gas
oxigénio - Q) (Pirani, 2011). Aliado a isto, 0 0z6nio pode gerado no proprio
local de aplicacdo, podendo ser usado de formdnu@anbu intermitente, aplicado
sob a forma gasosa ou dissolvido na agua (Simoes?; Zalou et al., 2003;
Mohammad et al., 2009). A aplicacdo do ozo6nio sto proposta em diferentes
estagios da fabricagdo de vinho, na sanitizac&gdgamentos, utensilios, barris e
garrafas (Pascual et al., 2007). Porém, ndo sameados estudos detalhados sobre
a efetividade do 0z6nio contra os micro-organisrgqaando aplicado diretamente ao
vinho, suas possiveis modificacdes na qualidadeetiaa e os riscos associados ao
seu uso (Guzzon, 2013).



Cada micro-organismo possui sensibilidade intriagsn relacdo a ozonizacéao e
sua suscetibilidade varia de acordo com o pH dmmhtemperatura, umidade e
presenca de &cidos, surfactantes e acucares (Kiah,e1999). Além disso, se
utilizado em doses inadequadas, o 0z6nio pode ©XxI®APOStOS organicos,
resultando em descoloracdo e deterioracdo de canjende sabor dos produtos
(Kim et al., 1999). A este respeito foi relataddegradacéo de antocianinas e cor em
sucos de uva, morango e amora preta por Tiwati €@09a, 2009b, 2009c¢).

Nesse contexto, se fazem importantes os estudaspaliar a viabilidade do uso
do ozonio diretamente na producéo de vinho, corbstduto ao S@ no controle de
micro-organismos e seus possiveis efeitos sobreabdgde do produto final. O
objetivo deste trabalho foi avaliar o uso do ozGyasoso em substituicdo ao sulfito
em algumas etapas da linha de producao de vinho.

Esse trabalho se divide em quatro capitulos. O gwramtrata-se do efeito do
o0zo6nio sobre a viabilidade de leveduras, bactdéeticas e acéticasn vitro, em
condicdes de vinificagdo. O segundo capitulo sereefo efeito do ozbnio sobre
esses mesmos micro-organismos, quando aplicado denmerdes etapas da
fermentacdo alcoolica, além do seu efeito sobr@n&zcianinas e caracteristicas de
cor do vinho produzido. No terceiro capitulo foi kssdo o efeito do 0zbnio sobre
polifendis totais, atividade oxidante e compostigteis do vinho. O quarto capitulo
trata do efeito do 0zbénio e da agua eletrolisadmesa textura de uvas de mesa e

viniferas, em um trabalho desenvolvido na Unived&de Turim, Italia.
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Significance and impact of the study:The effect of ozone applied directly to must
on the control of microorganisms that affect winking was investigated for the
first time. The results support the efficacy of mgon reducing microorganisms even
in the presence of grape components, and we cortiparesults to the use of sulfite.
The study provides important information for deyetm safer and more

environmentally friendly alternatives to replace tise of sulfite in wine production.



Abstract

The purpose of this research was to investigatefiieet of ozonen vitro on yeast,
lactic bacteria and acetic bacteria viability, und@nemaking conditions. The
microorganisms were inoculated in sterile grapegypH 3.5 and 20 °Brix), and the
juice was subjected to ozonation at 0 to 7.5 nigfor 10 min. A control treatment
was conducted with SO(potassium metabisulfite 80 mg*). Cell quantification
was performed before and after treatments. Ozosewaae effective in reducing the
population of lactic acid bacteria compared tg @atment, even in the presence of
grape nutrients under winemaking conditions. Thgh&ér ozone concentration
(7.5 mg ') was the most efficient in reducing lactic acidtesia; the bacteria were
reduced by more than four log cycles. All of th@me concentrations tested allowed
the maintenance of the fermenting yeast. Ozoneecbaiseduction of acetic bacteria;

however, the production of a biofilm may have akecthe results.

Keywords: ozone, lactic bacteria, spoilage bactesiafite, wine

1. Introduction

Winemaking can be understood as a complex bioclanpiocess involving
interactions between yeasts, lactic acid bactdr®Bj and acetic acid bacteria
(AAB) in grape juice (Pérez-Martin et al. 2015; Amnc et al. 2010). Yeasts are
most important because of their role in alcohatigrfentation (Bartowsky 2009).

Only a few genera of LAB commonly grow in grape maad wine, mainly
Oenococcuspp.,Lactobacillusspp.,Leuconostospp. andPediococcuspp. (Barata
et al. 2012; Konig and Frohlich 2009). LAB haveajreelevance to enology due to

their participation in malolactic fermentation (La@ud-Funel 1999). When well
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controlled, LAB reduce wine acidity and contribitearoma and flavor (Kantor et
al. 2014).0enococcus oens the most desirable species for malolactic ferateon
development, and no important sensorial defectbleas attributed to it (Lonvaud-
Funel 1999). However, some LAB from other genery ioa responsible for many
wine spoilage problems that compromise quality aalde (Kantor et al. 2014).

AAB are considered spoilage bacteria in wines @asky 2009), but their
population is typically low on healthy grapes 400° colony forming units per
gram (CFU @)). In grapes with gray rot, AAB populations caragk up to
10°-10° CFU ¢*, comprising mainlyAcetobacterspp. andGluconobacter spp.
(Barata et al. 2012; Kantor et al. 2015), daldiconobacter oxydans the most
representative species (Bartowsky and Henschke)2@@8 are able to spoil the
wine by ethanol acidification, and their growth gnapes and must could modify the
must composition and, by consequence, the ecologigalibrium of yeast and LAB
growth during alcoholic and malolactic fermentati@onzalez-Arenzana et al.
2015). Wines contaminated by AAB have characterisblatility, sourness like
vinegar on the palate, a range of acetic, nuttgrrgkike, solvent or bruised apple
aromas and frequently reduced fruity charactedsivhich have negative effects on
wine quality (Bartowsky et al. 2003; Andorra et2008).

Sulfur dioxide (S@ is the additive most frequently used to control
microorganisms during winemaking. However, curngnthere is a tendency to
restrict the use of SOn wine processing due the risks to human healthkeecause
high doses can cause sensorial alterations intbegdroduct (Artés-Hernandez et al.
2006, 2007; Garcia-Ruiz et al. 2011; Guzzon eR@l3). This restriction has an
important impact on the microbial stability of wggGuzzon et al. 2013), motivating

the development of alternative methods for micriotaatrol.
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Ozone is a powerful antimicrobial agent, and it besn approved by the FDA as
a direct additive to food since 2001 (Oztekin eR806; Patil et al. 2011; Segat et al.
2014; Feliziani et al. 2014). Ozone has a non-$§peattion and has been shown to
be active against all microbiological forms: funig@cteria, virus and spores (Khadre
et al. 2001; Mylona et al. 2014; Petry et al. 20Idrlak 2014; Dev Kumar et al.
2016). Its high reactivity ensures the completapgi®earance of its residues in the
environment after just a few minutes of treatmédtadre et al. 2001; Botondi et al.
2015).

Ozonation has been proposed at different stagesnef production to reduce the
spoilage microbiota in grapes and to provide saaiteof barrels, tanks, hoses and
bottles (Coggan 2003; Hester 2006; Guillen et @L.® Guzzon et al. 2013), but no
information is available about the use of ozonesddly in the must. Moreover,
relatively little information is available abousieffects on microorganisms when
applied in the presence of grape nutrients. Ihiewn that organic substances present
in the food matrix can compete for ozone and pmvlotective effects to
microorganisms (Guzel-Seydim et al. 2004; Joshl.€2013).

The purpose of this research was to investigatentiigro the effect of ozonation
on yeast, LAB and AAB viability in the presence gfape nutrients and under

conditions usually found in the early stages ofeyimoduction.

2. Results and discussion

After 10 min of ozone treatment, the initial numioéviable LAB decreased as
ozone concentration increased. The mean bacteriaits are shown in Figure 1.
Lactobacillus casehad initial counts ranging from 5.5 to 5.8 log CL™?, and

reductions in bacterial counts of 2.36, 3.83 artidl 4og cycles were observed after
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treatments with 2.5, 5 and 7.5 mg bf ozone, respectively. The reductions were
significantly greater, according to Dunnet’s td3&(0.05), than those obtained using
SO, Although bacteria from the genusactobacillus participate in malolactic
fermentation, inhibiting their growth can improveetquality of wine because they
convert glycerol into 3-hydroxypropionaldehyde (8A) during anaerobic
fermentation. The accumulation of 3-HPA can affeghe quality due to its
spontaneous conversion to acrolein under winemagamglitions. This substance is
not only dangerous for living cells; it is alsoated to the development of unpleasant
bitterness when combined with polyphenols in wiBauer et al. 2010).

Pediococcus acidilacticiwas reduced by 1.3, 3.6 and 4.6 log cycles at ozone
concentrations of 2.5, 5 and 7.5 m{, Lrespectively, and these were reductions
greater P < 0.05) than those that occurred upon treatmetht 843. P. acidilacticiis
another lactic acid bacterium that performs malatafermentation and produces
exopolysaccharide (EPS) (Bartowsky 2009). Wineshviigh EPS have elevated
viscosity, which is sometimes observed during wation or after bottling. Such
wines cannot be sold due to their abnormal visgosihich represents a serious
problem for wine producers and merchants, resuitirgpnsiderable economical loss
(Montersino et al. 2008).

Leuconostoc mesenteroide®ad its cell counts reduced to 4 and
4.6 log CFU mL* by treatment with 5 and 7.5 mg'lof ozone, respectively, which
differed from the results of SQreatment® < 0.05). Montersino et al. (2008) found
that L. mesenteroidestrains isolated from grape juice or wine are aH48S
producers, and they are related to increased wasusity that develops inside the

bottle. The higher effectiveness of ozone in redg&PS-producing microorganisms
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demonstrates its potential as a sulfite substthae avoids the viscosity problem in
wines.

Treatment with 0 mg T of ozone(only O,) showed a slight reduction in LAB
(Figure 1a,c). This can be explained by the lovndjf of these microorganisms to

aerobic conditions (Guzzon et al. 2013).
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Practically no reduction db. cerevisiaeiability was observed under any ozone
treatment performed for 10 min. Pascual et al. 72G0und that yeasts are more
resistant to ozon#nan bacteria. However, Guzzon et al. (2013) fotlnad 7 mg L[*
of ozonecompletely inactivated POCFU mL* of S. cerevisiadn distilled water
when applied for 30 min. This shows that increashgtime of exposure to ozone
may strongly inhibit microorganisms, and it suggeitat ozone may be more
effective in the absence of organic compounds. [denag the importance o%.
cerevisiaeto winemaking, the yeast resistance to ozone carateon that is enough
to eliminate undesirable bacteria is an importasult. S. cerevisiaas responsible
for the conversion of sugar to alcohol (Gonzalees&kiana et al. 2015), and bacteria
that grow during alcoholic fermentation can compéie nutrients or produce
secondary metabolites, restricting the growth ementative yeasts (Fleet 2003).
Therefore, the inhibitory effect of ozone on baetgaromotes the predominance of
yeasts during the initial step of winemaking. Tlaigors yeast fermentation.

G. oxydanshad its viability reduced by ozone at 2.5 andfd L™ in the same
proportions as caused by S(between 2.2 and 2.7 log cycles). There was no
significant difference between the reductioRs>(0.05). Treatment with 0 mg'Lof
ozone (only @) did not affect the viability ofc. oxydansbecause the species is
strictly aerobic (Bartowsky and Henschke 2008).afireent with 5 mg I of ozone
caused lower reduction is. oxydansviability (in order to 0.8 cycles log) than
treatment with S@(P < 0.05). The response of this AAB to ozone wase dlfferent
from that shown by LABG. oxydangs a biofilm producer, as evidenced by a white
ring that formed in the neck of the bottle at tiéerface of the wine and the
headspace of air (Bartowsky and Henschke 2008)z&uet al. (2013) found that

there is a correlation between ozone resistancebafdim activity. Once formed,
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the exocellular matrix that characterizes the biofian promote the resistance of the
cells to ozone. Tristezza et al. (2010) stated lihafiims may cause an increase in
tolerance to biocides and antibiotics (100-foldagee resistance) compared to the
same microorganisms in a free-floating state. AABcses are catalase-positive, and
the presence of this enzyme may allow cells to digtdkemselves and become
more resistant to oxidative stress (Serrazanedi. 009). This would allow them to
resist the effects of reactive oxygen species fdroh&ing ozone treatments (Tiwari
et al. 2009).

Ozone acts initially on the cell membrane, andarimicrobial action is due to
oxidation of glycolipids, amino acids and glycomios in the cell wall, which
changes the membrane permeability and causes lggigl Ozone also attacks
sulfhydryl groups in enzymes, disabling certaidwtat enzyme activities. Moreover,
its action on the nuclear material of microorgarssatters the purine and pyrimidine
bases of nucleic acids (Silva et al. 2011). In &oldito the molecular ozone action,
the antimicrobial activity may also be to due oxida stress initiated by the
intermediate radicalOH, ‘O,, HO," and’Os that result from ozone decomposition
(Serrazanetti et al. 2009; Tiwari et al. 2009).

The effect of ozone on microbial cells can changgethding on the substrate that
the cells are living on. Guzzon et al. (2013) vedfthat ozone activity is reduced in
the presence of organic matter. Guzel-Seydim €2@D4) evaluated the efficacy of
ozone in reducing bacterial populations in the gmes of food components and
hypothesized that ozone more readily oxidizes thestsate components than the
bacterial cells. In our study, we observed thanezaas effective in killing bacteria,
allowing the maintenance of yeast viability, evan the presence of organic

compounds from grapes.
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Regression equations were adjusted for cells coasta function of ozone
concentrations to analyze the differences betweeme treatments (Table 1). The
adjusted models showed a significant linear efdé@izone orL. mesenteroideand
P. acidilactici viability (P < 0.10 andP < 0.05, respectively), i.e., the populations
decreased linearly with increasing ozone conceatrst The effect of ozone on
L. caseihad a quadratic adjustment, reaching a minimumtpati 5.41 mg L' of
ozone. The reduction @&. oxydangopulations with increasing ozone concentration
had a square root effect, with the minimum at Sr29L™" of Os. The effect of ozone
on S. cerevisiasurvival was not significant and the estimativeells was equal the
overall mean for any ozone concentration. The respe curves that estimate the

number of viable cells after treatment are showigure 2.

Table 1. Regression equation for cells count (y, CFU is. ozone concentration

(x, mg LY

Microorganism Equation R*
L. casel 9 =5.6015 - 1.315% + 0.1216x? 0.961
L. mesenteroides 9 =6.2275 - 0.6238*x 0.891
P. acidilactici 9 =6.1471 - 0.6208**x 0.988
S. cerevisiae ¥y =6.5859 -
G. oxydans 9 = 6.3889 - 1.9688/x + 0.4281x 0.677

* Significative to 5%; ** significative to 1%;” significative to 10%;° significative to 15%;

Asignificative to 20%
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Figure 2. Curves to estimative of cells (CFU fiLvs. ozone concentration (mg'L

In general, the results confirmed that gram-posibacteria are more sensitive to
ozone than yeasts, as previously verified by Pastud. (2007). Ozone as a biocide
has an advantageous mechanism action, which dsstieymicroorganism through
cell lysis and does not lead to microorganism tasce (Pascual et al. 2007).

In conclusion, ozone was more effective in redudimg populations of LAB
compare to S@treatment, even in the presence of grape nutrierdsr winemaking
conditions. The highest ozone concentration te®ef mg L') was the most
effective, reducing the population by more than flmgr cycles while still allowing
survival of fermenting yeast. Although the resufsozone effectiveness on AAB
have shown a reduction in microbial cell numbee, pinoduction of a biofilm bys.
oxydansmay have affected the results. More studies aeslete to find ways to
eliminate the interference of biofilms when ozoseused to control acetic acid

bacteria.
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3. Materials and methods

3.1. Preparation of grape juice

Fresh Niagara Rosada grap®éti§ labruscal. x Vitis viniferaL.), cultivated in
Southeast Minas Gerais, Brazil, were split from dihes and crushed using a
domestic juice extractor (Arno, Sao Paulo, Brazll)ice was filtered on a cotton
cloth to remove skin, seeds and pulp. The totalldelsolids content was adjusted to
18 °Brix with granulated sugar cane, and the muas$ Wozen at -18 °C until
processing. Approximately 500 mL of frozen juicerevéhawed for 4 hours at 20 °C,
centrifuged at 15300 g in a Beckman J2-MI Centrifuge (Beckman Instruments
Inc., Palo Alto, CA, USA) for 10 min and autoclavg®1 °C, 1.5 kgf for 15 min).
Sterilized juice was maintained at 8 + 2 °C unti.uShe final grape juice pH was

3.5.

3.2. Preparation of inoculum

The microorganisms were obtained from the Tropkeaindation André Tosello
(Campinas, SP, Brazil), Bioagro collection (BIOAGRODepartment of
Microbiology, Federal University of Vigosa, MG, Bi§ and the Indupropil
Commerce (ljui, RS, Brazil) (Table 2). Microorgans were cultured in growth
media according to the requirements of differentgse as described in Table 2.

Cells were centrifuged in a Beckman J2-MI Centr&fag 3020 >g, for 10 min at
10 °C. The pellet was suspended in sterile pepsatiae solution (0.1% peptone,
0.85% NacCl) and centrifuged twice. After two wash&e pellet was re-suspended

in sterile peptone saline solution, and cell dgneias determined by measuring
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absorbance at 600 nm in a BioMate5 spectrophotam@edERMO Scientific,
Woburn, MA, USA), using a calibration curve thatswvpreviously prepared, as
described by Begot et al. (1996). Then, the celpsusion was diluted to

approximately 1CFU mL*.

Table 2. List of microorganisms studied and culture coidisi for each one

Microorganism ATCC Cultured conditions

Lactobacillus casei 1465* MRS (Himedia); 37 °C - Microaerophilia (5% €O
Leuconostoc mesenteroides 10830 MRS (Himedia); 28 °C - Microaerophilia (5% gO
Pediococcus acidilactici 8042 MRS (Himedia); 30 °C - Microaerophilia (5% 0O
Gluconobacter oxydans 23774  Manitol Agar (Himedia); 28 °C

Saccharomyces cerevisiae ~ NA*  PDA (Himedia); 30 °C

*CCT,; **Not available — commercial product (Ref@&astosel FR 95)

3.3.0zone treatment

Experiments were carried out in a 500 mL tube waitgas diffuser (Figure 3).
Ozone gas was generated using an ozone generad&MO0zone and Life, Sao
José dos Camps, SP, Brazil), by corona dischange. #xygen was supplied by an
oxygen cylinder (White Martins Ltda, Juiz de FdvG, Brazil), and the flow rate of
0.35 L.min* was controlled using an oxygen flow regulator. &rguice samples
(200 mL) inoculated with each microorganism {0FU mL') were ozonated. For
each replication of the experiment, the same amotiimoculum was added to a
constant volume of each substrate. Ozone conciemisabf 0 — 7.5 mg T were
applied for 10 min at 20 + 2 °C. Grape juice camalarge amounts of organic

matter, which did not permit us to measure dissbtvaone in the liquid phase.
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Because of this, the ozone concentration in théesyswas recorded by an
iodometric method (Rice 2012). Residual ozone westrdyed using an Ozone
Destroyed Unit (O&LM). A control treatment was madesing potassium

metabisulfite at 80 mgt.as the source of S(Rizzon et al. 1996).

Ozone
destructor

Ozone generator

Figure 3. Scheme of ozone application system

3.4. Microbiological analyses

Microbiological analyses were carried out by mixihgiL of each sample with 9
mL sterile saline peptone solution. A series ofisohs from 10 to 10° were made.
Lactic acid bacteria were plated (MRS agar — Himg8Mumbai, India) using the
microdot method (Morton 2001) and incubated at %7 for 24 h under
microaerophilic conditions. The spread plate metfatt et al. 1997) was used for
acetic acid bacteria (WL agar — Himedia) and y¢aBtA — Himedia) followed by
incubation at 28 °C for 4 days and 30 °C for 5 d&SU were counted, and the
results were reported as log CFU TlAll samples were analyzed before and after
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treatments, in two replicates. Due to sterilizatdthe juice before use, the counts at

time 0 min represented the total population of eagtroorganism.

3.5. Statistical analyses

The experiment had a completely randomized desigin five treatments and
two replicates. Statistical analyses were perforrasishg the statistical software
package SAEG 9.0 (Federal University of Vicosa).cbmpare the effect of ozone
on microorganism populations to the effect of,€ntrol treatment) Dunnet’s test
(P < 0.05) was performed. The results for ozone itneats were also used for
regression analysis. The models were chosen basetheo significance of the
regression coefficients (using Student’s t-test kvel of 15% probability), using the
determination coefficient &, and by considering biological phenomena. Thelgyra

was generated using SigmaPlot 10.0.
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Abstract

This work investigated the effect of ozone on ygalsictic bacteria (LAB) and
acetic bacteria (AAB) during fermentation, as wadlits effect on the anthocyanins
content and color of wine compared with sulfiténes were produced with a Syrah
cultivar grape for 15 days. Ozone was applied dfemint concentrations
(2 - 12 mg- ) and times (5 — 25 min) at days 1, 6 and 16 ohéertation. Analyses
of anthocyanins and color parameters were perforatethe end of fermentation.
The yeasts, LAB and AAB were not affected by therez treatments. The wines
treated with higher ozone concentrations acquitearacteristics of mature wine,
presenting with decreased monomeric anthocyaning, iacreased percent of
polymeric color, yellow/brown shades and tonalithis suggests that the use of
ozone as a substitute for sulfite may confer agimgracteristics to wine in terms of

color and may contribute to reducing the time f@tunation.

Keywords: Ozonation; color; anthocyanin; winemakigglfite
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1. Introduction

Transforming grape must to wine is a complex biaogical process involving
interactions between yeasts, lactic acid bactdr@Bj and acetic acid bacteria
(AAB) (Andorra, Landi, Mas, Guillamon & Esteve-Zaso, 2008). Represented by
its flavor and aroma, wine quality is influenced Hye metabolism of these
microorganisms (Swiegers, Bartowsky & Henschke,5200The role of yeast is to
perform fermentation by converting sugars into ethaSuarez-Lepe & Morata,
2012). LAB influences wine flavor. However, thenmogith has also been correlated
to producing off-flavors and increasing wine visgpsn the bottle (Montersino,
Prieto, Munoz & De Las Rivas, 2008imilarly, AAB growth generates undesirable
compounds, such as acetic acid and ethyl acetdiehvinave a negative effect on
wine quality (Andorra et al., 2008).

Sulfur dioxide (SQ) application and yeast inoculation are well-esshald
practices in winemaking to restrict the growth oaflegenous yeasts and bacterial
populations (Andorra et al., 2008). Despite its Ivestablished ability to control
microorganisms, numerous adverse effects on hurealthhhave been linked to the
ingestion of S@ (Garaguso & Nardini, 2015). Moreover, S highly corrosive to
metals (Cayuela, Vazquez, Pérez & Garcia, 2009)¢chwbompels researchers to
search for alternative methods to control microorgias during the fermentation
step.

After FDA approval, the direct use of ozones @ food has been frequently
studied as a postharvest treatment and a methaifface decontamination of fruits
and vegetables (Tiwari, O’'Donnell, Patras, Brunfoullen, 2009a, b; Cayuela et
al., 2009; Torres et al., 2011; Botondi, De Sandilescatelli, Vettraino, Catelli &

Mencarelli, 2015). Because ozone is effective agaall microbiological forms
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(Khadre, Yousef & Kim, 2001), it could be used tmtrol or eliminate undesirable
microorganisms in wine productioielatively low concentrations of ozone and
short contact times are adequate to reduce midrabiabers. Additionally, ozone
spontaneously decomposes to molecular oxygen, tirgguh no toxic residues
(Tiware et al., 2009a). Ozone results in controbbelation that can be sensorially
beneficial to red wine by enhancing and stabilizitgy color and reducing its
astringency (Oliveira, Ferreira, Freitas & Silv®12). However, doses sufficient to
eliminate some microorganisms may cause prejudseiasorial modifications to the
wines. Tiware et al. (2009a) found that ozone cdwssignificant reduction in color
and anthocyanin content when applied to grape juice

Normally, the color of a wine is the first charac perceived by a consumer.
Consequently, it conditions a global sensorial yalof the wine. In young red
wines, the color is determined by monomeric anthogys, which are pigments
mainly located in the skin of grape berries (Heakt 2012). During maturation,
polymeric pigments more stable to pH changes amadd (Gutiérrez, Lorenzo &
Espinosa, 2005). The nature of anthocyanins, tixéaeion during winemaking and
their final content influence the sensory charasties of wine and, as a result, their
acceptance by a consumer (Giacosa, Marengo, GuitRmiie & Hunter, 2015).
Moreover, this compound presents potential ben&fitthuman health and disease
prevention (Tiware et al., 2009b).

There is no information available on the effectsoabne on microorganisms
during wine fermentation. There is also no inforioraton the possible changes in
the anthocyanin content and color of wine causediiyne. Knowing the strong
oxidant power of ozone and its effects on grapeejuin which ozone affected the

color and anthocyanin content (Tiware et al., 200@as expected that ozone causes

31



degradation of anthocyanin content and, thus, clgngecolor of the wine.
However, such supposed effects need to be confirmed

The purpose of this work was to investigate theafbf ozone on yeasts, LAB
and AAB during fermentation, as well as on the aoyhoin content and parameters

of color of red wine.

2. Materials and Methods

2.1.Grapes

The study was performed witKitis vinifera L. cultivar Syrah grown at a
vineyard located in South-East Brazil (Minas Gelsiate). Grapes were manually
harvested with approximately 17 °Brix and transporto the laboratory. After the
grapes were manually crushed and destemmed, thewassmaintained at -18 °C
until winemaking. This practice is considered aidraksearch tool for producing
experimental wines outside of vintage or in distalates of a vineyard (Schmid, Li,

Liebich, Culbert, Day & Jiranek, 2007).

2.2.Winemaking procedure

Wines were produced using microvinification. Approately 4 L of frozen must
was thawed overnight (12 h) for each treatment. tMusceived the first-stage of
treatments (day 1) (as described in the followiegtisn). They were then placed
into a stainless steel tank for fermentation. Actily yeasts $accharomyces
cerevisiaeBlastosel FR 95, Indupropil, ljui, Brazil) were adidin the proportion of
40 g per 100 L of must. On the second day, graedlatigar cane was added to the

must (54 g-[}) to standardize the must at 18 °Brix.

32



The soaking period of the skins was 6 days. Aftes, imusts without skins were
transferred to a flask glass with hydraulic stoppghere the second stage of
treatments was performed (day 6). Alcoholic ferragah was a total of 15 days.
When complete (at 16 day), a second solids separatethod and application of the
last stage of treatments were performed. All preegsvere performed at 20 °C.

The progression of alcoholic fermentation was nweid daily by measuring the
sugar content of the fermenting must with eachtrmeat. A digital hand-held
refractometer with temperature compensation (Patétel, Atago Corporation,
Tokyo, Japan) was used. Malolactic fermentation was made. Bottling was
performed manually at 16 day in bottles of 750 rhiattwere sealed with cork
stoppers. The bottles were stored in a dry andilaged area at room temperature

that was protected from light.

2.3.0zonation

Ozone treatments were carried out (at day 1, 6l&hdh a mechanically agitated
bioreactor with a capacity of 8 L. Ozone gas waxipced by a generator (O&LM
model, Ozone & Life, Sdo José dos Campos, Bralzd) tvas fed by an oxygen
cylinder (White Martins, Juiz de Fora, Brazil). BErsic parameters of ozone
concentration (2 — 12 mg?). and treatment time (5 — 25 min) were varied. §ae
flow rate was 0.37 L-mih Ozone concentration was monitored by the loddmetr
method (Rice & Bridgewater, 2012). Two trials weyerformed for each ozone
concentration and treatment time.

To compare this method with a traditional methodvimification, a testimony
treatment was performed by employing potassium bisitite (K»S,0s) (80 mg- [*

must). At 6 and 16 days,,K0s was applied to the wines to correct for free sulfur
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dioxide content in 30 mg-t A control treatment was also carried out withozbne

or SQ.

2.4. Microbiological analyses

For microbiological analysis, aliquots of 1 mL wevéhdrawn at days 1, 6 and
16 of fermentation, immediately after treatmentshwozone. The aliquots were
serially diluted in a sterile saline peptone solnt{0.1% peptone, 0.85% NaCl). A
surface spread method was used for the quantditaif yeasts (PDA — Himedia)
and AAB (WL agar — Himedia), which were incubaté®@ °C for 5 days and 28 °C
for 4 days, respectively. To determine LAB quantaiiquots of 20uL were plated
(MRS agar — Himedia) using a microdot method (Mort®®01) and incubated at
37 °C for 24 h in ambient microaerophilic conditiofitie different colonies from
each plate were analyzed using an optical micrasdgpGram staining and tested
for catalase production. Gram-positive and catategmtive cells were considered to
be LAB. Gram-negative and catalase positive ceksewconsidered to be AAB.
Colony-forming units (CFU) were counted as spedifiey the Organisation
Internationale de la Vignet du Vin(OIV) (OIV, 2014). All samples were analyzed
in duplicate. The viable numbers of cells obtairveere transformed into log10

before statistical analysis and were expressedas GL™.

2.5. Enological parameters

Total soluble solid concentrations (in °Brix) weneasured using a digital hand-
held refratometer. The pH was determined by patemgiry using digital pH meter
(DM-20 model, Digimed, Weilheim, Germany). The dobc content and relative

density 20/20 °C was determined by a portable aigiensimeter (DMA 35 model,
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Anton Paar, Haryana, India) and was expressed im/\#at 20 °C and g-ch
respectively. Total acidity and volatile acidity needetermined by titrimetry in

accordance with official methods proposed by OIV1#).

2.6. Anthocyanins determination

Total anthocyanin, polymeric and monomeric was rieiteed using a method
proposed by CIiff, King and Schlosser (2007) withdifications. Sample wines had
their pH adjusted to 3.6 using 2 N NaOH or 2 N @t were centrifuged (J2-Ml,
Beckman Instruments Inc., Palo Alto, USA) at 1083 for 15 min at 20 °C. As the
first step, aliquots were diluted 1:10 with modehev (5 g-L* tartaric acid, 12%
ethanol, pH 3.6). The absorbance was measured @t rb2 (Ay) with a
spectrophotometer (BioMate5, Thermo Scientifi¢pburn, USA using a 10 mm
cuvette. In the second step, aliquots of 4 mL chesample were mixed with 320
of 5% SQ (v/v) (as NaHS@ solution). The absorbance was measured using 1 mm
cuvette (A). The results were expressed in absorbance uaits),(taking into
account the dilution and the different thicknesscafettes (4 = Abs x 4 and
Aso, = Abs x 2.16).

The different anthocyanins fractions were deterhioyg equations 1 to 3.

Total anthocyanin = 4\ Eq. 1
Polymeric anthocyanin =&, Eq. 2
Monomeric anthocyanin= Ay + Ago, Eqg. 3

2.7.Polymeric color analysis

The measurement of polymeric color is very usafubvaluate the color quality

of products containing anthocyanins (Daman, Arslan & Toklucu, 2015). Methods
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described by Giusti and Wrolstad (2001) were usedidtermine color density,
polymeric color (color as a result of polymeric lastyanins) and percent of
polymeric color. Samples were diluted with distlllevater to have an absorbance
reading under 1.0 at 420 and 520 nm. To a test tob¢aining 3.0 mL of wine,
0.2 mL of K,S,05 20% (bisulfite-bleached sample) was added. A cbsample was
performed with 0.2 mL of water. Samples were mesuati = 420, 520, and

700 nm. Color density was calculated using a cosample according to Eq. 4:
Color density= [(Asz0- A700) + (Asz0- A7g0)| % dilution facta  Eq. 4

Polymeric color was determined using a bisulfiteached sample, according Eq.

Polymericcolor = [(Asz0- A700) + (As20- Azgo)| X dilution factor Eq. 5
Percent of polymeric color was determined from calensity and polymeric
color (Eq. 6).

Percentage of polymeriolor = (M) x 100 Eq. 6

color densit

2.8.Chromatic characteristics

To determine the wine color two methods were use@IELAB method and a
spectrophotometric absorbance of the wine at 420, &nd 620 nm (using a 1 mm
cuvette).

Values of the CIELAB parameters lightnek$)( red-greennessf) and yellow-
bluenesslf*) were obtained using a colorimeter (Color Qués$pera, Hunter Lab,
Reston, USA). ChromaticityG*) and hue angle h¢) values were calculated
according to equations 7 and 8, respectively, et proposed by Ayala, Echavarri
and Negueruela (1997). Data were processed with W&S€oftware (Ayala et al.,

2001).
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c*= [(a*?) + (b*?) Eq. 7

h* = arctg(g) Eg. 8
From the spectrophotometric absorbance of the atrd20, 520, and 620 nm,

color intensity and tonality were determined useggiations 9 and 10:

Color intenSity = &20"' A520+ A620 Eq 9
o Ao
Tonality= —= Eq. 10
As20

2.9. Statistical analyses

This experiment was a completely randomized desigm11 treatments and two
repetitions. To compare the effect of ozone on ommganism populations,
descriptive statistics were used. To compare tfeetedf ozone on anthocyanins and
color parameters in relation to the effect of,2@d the control treatment, Dunnet’s
test was performedP(< 0.05). Dates for ozone treatments were submitted
regression analysis. Models were chosen based ersigimificance of regression
coefficients using Student’'s t-test at level untib% of probability, on a
determination coefficient # and on biological phenomena. Three-dimensional
curves of the response surface were performed uSiggiaPlot version 10.0.
Pearson correlation coefficients were calculatedettermine significant correlations
between the studied parameters. All statisticalyaea were performed using SAEG

version 9.0 software (Federal University of Vigosa)
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3. Results and Discussion

3.1.0zone effects on the microorganisms during ferntiema

The results of the viable cells number of yeasts land AAB analyzed at days
1, 6 and 16 of fermentation, after the treatmearts shown in Table 1.

The population of yeasts on the must at the fiest after the treatments ranged
from 5.5 to 6.4 log CFU-mt At day 6 of fermentation, an increase in the yeas
population in the must of the control, $&nd ozone treatments at 7 mg-for 5, 15
and 25 min was observed. At the last day of ferateat (day 16), there was a
downward trend of viable cells with a verified \&ion from under 3 to 5.6
log CFU-mL™. This reduction at 16 day did not largely varywen the treatments.
Such behavior probably indicates natural death hef yeasts that follows the
reduction of available sugar and increase of ethemacentration (Guzzon, Nardin,
Micheletti, Nicolini & Larcher, 2013), which is nadependent on the treatment
performed.

The AAB count on first day after the treatmentsgesh from 4.3 log CFU-mt
in the must treated with S@o 5.5 log CFU-ml! in the untreated must. The results
of the ozone treatments had intermediate valuesieder, at day 6 of fermentation,
the population of these bacteria was estimated tower than 3 logcFU-mL* and
was inclusive in the control treatment. This popalawas not detected at 16 day of
fermentation by the chosen method. Thus, it was afgimated lower than 3 log

CFU-mL* (detection limit) for all the treatments.
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Table 1
Effect of treatments on microorganisms in red wetedays 1, 6 and 16 of

fermentation. Results reported as mean values dEkid- mL™.

Treatments Yeasts Acetic Bacteria Lactic Bacteria
(mg-L*Os/min) 1d 6d 16d 1d 6d 16d 1d 6d 16d

215 6.4 5.6 5.1 54 <3 <3 <3 <3 <3
2/15 60 54 48 50 <3 <3 3.6 <3 <3
2/25 60 57 48 50 <3 <3 3.8 <3 <3
715 58 6.0 55 52 <3 <3 4.2 <3 <3
7115 57 65 48 51 33 <3 3.5 <3 <3
7125 5.5 6.2 5.6 4.9 <3 <3 4.0 <3 <3
12/5 6.3 6.3 <3 54 <3 <3 4.7 <3 <3

12 /15 62 53 48 55 30 <3 3.7 <3 <3

12 /25 63 58 40 51 33 <3 <3 <3 <3
SO, 63 77 50 43 <3 <3 <3 <3 <3

Control 62 74 50 55 <3 <3 <3 <3 <3

<3: under quantification limit of the utilized methéor count cells

The LAB count ranged between under 3 and 4.7TBY-mL* at the first day of
fermentation. This cell population was not recodesa the analyses carried out at 6
and 16 day of fermentation. It was below the datadimit of the adopted procedure
(3 log CFU-m[Y) for all the treatments, including the control.

In general, independent of the treatment used, pgbpulations of all the
microorganisms were reduced after day 6 of ferntemtaln fact, winemaking is
conducted in an environment that is stressful &asys and bacteria. Under low pH,
anaerobic conditions, nutrient scarcity and higiolbl concentrations at the end of
fermentation, only a few microorganisms are ableswivive and grow (Du Toit,

Pretorius & Lonvaud-Funel, 2005). More resistantnawrganisms were probably
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not present on the utilized grapes, eliminated wWithsolids in the wine transfers or

in low numbers under the detection limit of thehteique used.

3.2. Enological parameters

The characteristics of the wines produced are shatwhable 2. No significant
differences P > 0.05) were observed in the total soluble solipsl, alcoholic
content, density and total acidity. The overall meaere 6.05 °Brix, 3.51, 8.393%
v/v at 20 °C,0.9860 g-cni and 104.13 meq-tof tartaric acid, respectively. Only
volatile acidity had means significantly lower il #&reatments, in relation to
treatment with S@ (2.51 meq-L[* of acetic acid) P < 0.05). Volatile acidity is
derived from acids of the acetic series as a métabaf bacteria or yeast (Vilela-
Moura et al., 2011). The volatile acidity parametfers to the sanity of the wine.
The low values observed after the treatments maypmtaespond to the low number
of acetic bacteria. Further, bound S@ considered bacteriostatic rather than
bactericidal (Sumby, Grbin & Jiranek, 2014). Thaesetic bacteria only inhibited by
SO, may have regrown and produced acetic acid, whictldvexplain the increase
in volatile acidity. The legislation of Brazil deteined that the mean values of total
acidity are between 55 and 130 me{jdnd that the volatile acidity at a maximum of
20 meq-[* (Brazil, 2004). For both parameters, the wines et Brazilian
legislation standards. The alcoholic content wass I¢han that stipulated by

legislation, but this was not due to the treatments
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Table 2

Enological properties of wines

Treatments Total Soluble pH Alcohol Density Total Acidity Volatile Acidity
(mg-L™* O3/ min) Solids (% vlv at 20 °C) (g-cm’®) (meqgL ™ tartaric  (meq-L ™ acetic
(°Brix) acid) acid)
2/5 6.1 3.51 8.55 0.9857 106.09 1.01*
2/15 6.1 3.52 8.65 0.9856 106.21 1.03*
2/25 6.0 3.51 8.57 0.9859 104.08 0.89*
715 6.1 3.53 8.48 0.9861 96.15 0.91*
7115 6.2 3.53 7.88 0.9869 92.16 1.03*
7125 6.1 3.51 8.32 0.9864 93.66 0.96*
12/5 6.0 3.51 8.48 0.9858 104.75 0.96*
12 /15 6.1 3.48 8.75 0.9858 108.91 0.87*
12 /25 6.0 3.50 7.98 0.9864 107.61 0.94*
SO 6.1 3.53 8.28 0.9861 112.34 2'51
Control 6.0 3.51 8.38 0.9855 113.57 1.09*

*Differ from SO, treatment in the column by Dunnet te3t<{ 0.05);
"Differ from control treatment in the column by Dtriest P < 0.05).
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3.3.0zone effects on the anthocyanin content of wine

The means values of total, polymeric and mononmemitiocyanins are listed in
Table 3. No significant differences were observevben the ozone treatments and
the control or S@treatment by Dunnet’s test at 5% of probabilitythie total and
polymeric anthocyanins (overall means 2.04 and .83 respectively). Significant
reductions of monomeric anthocyaniis< 0.05) were found in the samples treated
with ozone at 7 mg-E for 25 min and 12 mg-t.for 15 and 25 min (1.48, 1.45 and
1.34 a.u., respectively) compared to the contrdd4B.u.). After the SOtreatment
(mean 1.76 a.u.), significant differences in monoeanthocyanins were found for
the ozone treatment at 12 mg-for 15 and 25 min. With the ozone treatments, the
total and monomeric anthocyanins were affectedheyexposure time. They were
reduced with the increase of time. The total anthoms were no affected by either
exposure time or concentration of ozone. In theesgon analyses (Table 4), the
model adjusted for total anthocyanins indicated adcatic effect for ozone
concentration and a linear effect for exposure tiife response surface was plotted
as a function of the ozone concentration and treatrtime (Figure 1a). According
to the model, for any exposure time, the total acyhnins reached a minimum at
9.89 mg-[* of 0zone. When a constant ozone concentratiommeastained for each
minute of exposition to ozone, the total anthocyganvere reduced in 0.0163 a.u. For
the monomeric anthocyanins, we found a lineardit foth the concentration and
time of treatment (Figure 1b). Each unit of ozooraentration caused a reduction of
0.0337 a.u. in monomeric anthocyanins. Each uniinoé of exposure reduced it by
0.0169 a.u. The results of the polymeric anthoayamiere not satisfactory fit to any

model and were considered the overall means.
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Table 3
Total, polymeric and monomeric anthocyanins, cdimsity, polymeric color and percentage of polymedlor of wines

Treatments Total Polymeric Monomeric Color density Polymeric color Percentagef
(mg-L ™ O3/ min) anthocyanins !  anthocyanins!  anthocyanins? polymeric color
215 2.31 0.34 1.97 8.89 2.79 31.22
2/15 2.35 0.38 1.97 9.14 3.08 33.63
2/25 2.04 0.35 1.68 7.98 2.86 35.78
715 1.99 0.28 1.72 7.53 241 31.95
7115 2.04 0.32 1.72 9.45 3.27 34.62
7125 1.76 0.28 1.48* 7.28 2.67 36.65
12/5 2.20 0.38 1.82 8.28 2.96 35.74
12/15 1.79 0.33 1.45* 7.92 3.98 49.66*
12/25 1.73 0.40 1.34* 7.63 3.85 50.03*
SO, 2.02 0.26 1.76 8.26 2.58 31.11
Control 2.18 0.34 1.84 8.30 2.47 29.79

*Differ from control treatment in the column by Dngt’s test P < 0.05); Differ from SQy treatment in the column by Dunnet’s teBt<{0.05);

1 expressed in absorbance unit (a.u.)
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There was a trend in a reduction of the monomaeribacyanins and increase in
the polymeric ones with the intensification of theatments. The same observation
was reported by Cano-Lopez, Lépez-Roca, Pardo-Mingund Gémez-Plaza (2010),
who were studying the effects of micro-oxygenation wine, and would be
characteristic of wine aging. However, in the tneets with ozone at 2 mg*Lfor
25 min, 7 mg-L* for 25 min and 12 mg-t for 15 min, a reduction of both the
monomeric and polymeric anthocyanins was observid the increment of the
treatment time. Such behavior may be due the higkielant power of ozone, which
may have degraded the anthocyanins before the poization reactions. According
to Xue, Chen and Wang (2008), beyond the ozonefaimeation of high-reactive
species as its secondary products, suckDék HO?*, «0, ande0;, facilitates the
degradation of organic compounds. Anthocyaninsainraromatic rings, which may
be opened by ozone and/or hydroxyl radicals (géeera an aqueous solution) due
the formation of ozonide. Thus, the aromatic rirgy broken down, and the
degradation rapidly increases (Tiwari et al., 2Q09Wloreover, reactions of
polymerization and condensation of monomeric anthnims normally occur during
wine maturation. In some cases, the time may neé eeen adequate (Oliveira et

al., 2011).

3.4.0zone effects on the polymeric color of wine

The stability of wine color is conferred by pigmenthich retain their color at
the pH of wine and are resistance to bleaching biites (Bindon, Kassara,
Hayasaka, Schulkin & Smith, 2014). The resultshaf parameters of the polymeric
color are shown in Table 3. No significant diffecea P > 0.05) were observed after

the ozone treatments in color density or polymedior in relation to the control or
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SO, treatment.Color density quantifies the visual appearance mfewand has a

strong positive correlation with wine quality (Sae Evans, 1974). Its values
ranged between 7.28 and 9.45. Polymeric color spaeds to the contribution of
polymeric anthocyanins and brown pigments from atah to color (Wrolstad,

1976). Although there were no significant differescthe values were higher at
12 mg-L* of ozone at 15 and 25 min. From the observed testhe ozone

treatments tested possibly did not cause enoughaban of the pigments to

significantly change the polymeric color of the wsn Good models for this
parameter were not found in the regression analy3éerefore, they were

considered similar to the overall means (Table 4).

The percentage of polymeric color presented higmean values in the
treatments with 12 mg-tof ozone for 15 and 25 min. They reached up to .50%
These means were significantlyp € 0.05) higher than the control and SO
treatments (29.79 and 31.11%, respectively). Theession analysis was an adjusted
model for the percentage of polymeric color. Thegponse surface was plotted as a
function of the ozone concentration and treatmane t(Figure 1c). The quadratic
effect for ozone concentratiorP (< 0.05) and linear effect for exposure time
(P <0.01) were verified (Table 4). According to thejusted model, the total
anthocyanins reached a minimum pf 4.06 nigef.ozone for any exposure time. For
each minute of exposure to ozone, the percentagm®lgimeric color increased by
0.3925 when a constant ozone concentration wastaiada.

As expected, a positive correlation was found betwehe percentage of
polymeric color and polymeric anthocyanins conteith a correlation coefficient of
0.43. With the monomeric anthocyanins, the con@atoefficient was negative

(0.55).
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Table 4
Equations adjusted for the parameters (anthocydatag polymeric and monomeric, color density,ymoéric color, percentage of polymeric
color, L*, a*, b*, C*, h*, color intensity and tonality) in function of oz@roncentration (mg-t) and treatment time (min) and their respective

determination coefficient @

Parameters Equation R?
Total anthocyanins 9 =2.6753 - 0.1108*x + 0.005€*- 0.0163*z 0.827
Polymeric anthocyanins 9 =0.3401 -
Monomeric anthocyanins §=2.1721 - 0.0337*x - 0.0169*z 0.853
Color density 9 = 8.2409 -
Polymeric color 9 =2.9928 -
Percentage of polymeric color 9 =30.07 - 1.60% + 0.1974%2+ 0.3925**z 0.651
L* 9 = 27.8503 -
a* 9 =8.1301 -
b* 9 = 1.3504 -
C* 9 =8.2475 -
h* 9 =0.1564 -
Color intensity 9 =1.7114 - 0.0264**x - 0.0128**z 0.745
Tonality 9 =0.3909 + 0.0127**x + 0.0066**z 0.811

* Significative to 5%; ** significative to 19%,; significative to 10%; significative to 15%.
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3.5.0zone effects on the chromatic characteristicsinéw

The means values o, a*, b*, C* andh* are listed in Table 5. There were no
significant differences in these parametd?s>(0.05) between the ozone treatments
and the control or SQreatment. The effect of exposure time on allgheameters
was noted when the individual factors were analyzétle higher means
corresponded to the treatments of 25 min. Thenesme was in accordance with the
increase of ozone concentration. No models weredowith a satisfactory fit.
Therefore, they were considered the overall meaakl¢ 4).

Due to its strong coloration, the wine normally Had values of luminosity
(L*). The increase df* values represented a discreet brightening of tine.vwVith
a*, an increase of values corresponded to an inclieassd color. In this cas&*
ranged from 6.63 to 10.73 for the ozone treatmefit8 mg-L* for 15 min and
12 mg-* for 25 min, respectively. The rangetofwas between 0.72 and 2.26. This
value refers to the gain of yellow color and reductof blue shades. Normally,
during maturation in the presence of oxygen, thdness of a young red wine
decreases, while the absorbance in the yellow/bmagion (near 420 nm) increases
(Gao, Girard, Mazza & Reynolds, 1997).

Chromaticity reports the purity of the color. Arciease ofC* corresponded to a
change from a mix of colors to a more pure coldre hiue angle defines the color.
For all the wines produced, this value near O, cating a basically red color.
Treatments with ozone for 25 min had values shghigher than on the other times
(0.17, 0.20 and 0.20 to 2, 7 and 12 my-tespectively). This represented the gain of

yellow color
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Table 5

Parameters of color of wines

Treatments L* a* b* C* h* Color Intensity Tonality
(mg-L™* O3/ min)

215 27.62 6.67 0.82 6.72 0.12 1.57 0.50
2115 27.54 6.23 0.72 6.27 0.11 1.56 0/53*
2/25 28.07 8.89 1.57 9.03 0.17 1.32 057+
715 27.87 7.93 1.34 8.05 0.17 1.37 0.50
7115 27.84 7.77 1.31 7.88 0.16 1.38 056+
7125 28.23 9.95 2.05 10.16 0.20 1.18* 0.60*"
12/5 27.77 7.96 1.23 8.05 0.15 1.39 0'54*
12 /15 27.86 8.17 1.38 8.30 0.15 1.19* 0.67+

12 /25 28.40 10.73 2.26 10.97 0.20 107+ 0.77¢

SO, 27.66 7.37 1.01 7.43 0.14 1.49 0.47

Control 27.51 7.78 1.17 7.86 0.15 1.49 0.47

*Differ from control treatment in the column by Dnet’s test P < 0.05);

'Differ from SOy treatment in the column by Dunnet's tet<( 0.05).

49



The color of wine is mainly influenced by the pmse of anthocyanins. For
example, the colors orange, salmon, pink and rezl due the presence of
pelargonidins; magenta and crimson colors are dwyanidins; and purple, mauve
and blue colors are result of delphinidins (Tiwetrial., 2009a). Thus, in the wines
treated with ozone, the changes in color may batedlto anthocyanin oxidation.
Ozone causes the breakdown of conjugated bondstimgsin oxidative cleavage of
chromophores (Xue et al., 2008).

Color intensity refers to quantity of color, corsithg the contribution of yellow
(A420), red s20) and blue (A2 to total color (Ribéreau-Gayon, Glories, Maujé&an
Dubourdieu, 2006). In this work, color intensitycdsased with the intensification of
ozone treatments (Table 4), probably due the rémlucin blue shadows and
increases the yellow. The means of the treatmeris W mg-L* for 25 min,
12 mg-L* for 15 min and 12 mg-tfor 25 min (1.18, 1.19 and 1.07, respectively)
were significantly smallerR < 0.05) than the means from the control and, SO
treatments (1.49 for both). Both ozone concentnaéiod exposure time affected the
reduction of color intensity. The adjusted modelha regression analyses showed a
linear effect for both factors at 1% of probabilifyable 4). The response surface
plotted for color intensity was a function of theooe concentration and treatment
time and is shown in Figure 1d.

Tonality refers to development of the color to omisfpades (Ribéreau-Gayon et
al. 2006). Anthocyanin degradation is followed byloss of the red molecular
structure and appearance of the yellow color. Gméymeans of the treatments with
2 and 7 mg-L of ozone for 5 min (0.50 both) did not differ sétally from the
control and S@treatments (0.47 both) (Table 4). According Ribér&ayon et al.

(2003), the normal values of tonality for a youegd wine are between 0.5 and 0.7.
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The intensification of treatments caused an in&aaswine tonality. The higher
values were after the 12 mg'* bof ozone for 25 min, 12 mg-Lof ozone for 15 min
and 7 mg-[* of ozone for 25 min (0.77, 0.67 and 0.60, respebt). Similarly,
Cano-Lépez, Pardo-Minguez, Lépez-Roca and GOmezaP(2007) studied the
micro-oxygenation process and found a higher tonadithe oxidized wine than the
control. According, Boulton (2001) found that thacrease of tonality and
yellow/brown shades is a characteristic of agingwiries. The adjusted model
verified linear the effect of both factor® € 0.01). The response surface plotted for
tonality was a function of the ozone concentraaod treatment time and is shown
in Figure 1e. Effects of the individual factors ¢oe concentration and exposure
time) and their interaction were noted.

In general, the ozone treatments caused slightggsam the Syrah wine in
comparison to the SQreatments, considering that ozone is an oxidizaggnt and
SO, is a reducing agent. The alterations were cautedthe treatments with higher

o0zone concentrations. However, the ozone exposueewas more significant.

4. Conclusions

Although neither ozone nor $@ffected the yeast, LAB, or AAB populations, it
promoted a decrease of monomeric anthocyanins anckase of percent of
polymeric color, yellow/brown shades and tonalitiie produced wines were young
at the time of the analyses. Those treated withdrigzone concentrations acquired
the characteristics of a mature wine. This suggdst$ the use of ozone as a
substitute for sulfite may confer aging charactessto wine in terms of color,

thereby reducing the time of maturation.
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Others studies are suggested to evaluate the ozffextiveness on
microorganism spoilage of wines and its effect ba sensorial characteristics of

wine.
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Abstract

Red wines were produced with the use of ozone #erent concentrations
(2 - 12 mg-[) and exposure times (5 - 25 min) during the altioHflermentation
phase. The effects of these production variableplmmolic content, antioxidant
activity and volatile compound content were invgstied. Ozone did not cause
significant changes in phenolic content, antioxtdactivity or the contents of the
volatile compounds propanol, isobutyl alcohol, imghalcohol, methanol, acetone
or ethyl acetate. However, wines treated with ozamn2 mg-[* for 15 min and at 7
and 12 mg-L* for 25 min had methanol concentrations that werer dhe limit
allowed by Brazilian legislation. Ethyl lactate wa®sent in higher concentrations in
all ozonated wines relative to wine treated with,SBcetaldehyde reached the
sensorial detection limit for all treatments, anghler values were associated with
longer exposure times to ozone. Such changes siheutdken into account prior to

directly employing ozone in wine production.

Keywords: red wine, ozonation, sulfite, polyphenetdatile compounds

Chemical compounds studied in this article

ABTS (2,2-azino-bis(3-ethylbenzthiazoline-6-sulfonacid) (PubChem CID:
6871216); Folin-ciocalteu reagent; Gallic acid (Ebhbm CID: 370); Potassium
persulfate (PubChem CID: 24412); Sodium carbon&ebChem CID: 10340);
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-acatjic acid) (PubChem CID:

40634).
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1. Introduction

Wine is one of the most frequently consumed aldoHmverages in the world,
according to data from the World Health OrganizatfgvHO, 2014). In 2014, the
expected worldwide production of wine was 271 millihectoliters, and wine
consumption was estimated to be 243 million hetetdi(OIV, 2014). This level of
production and consumption of wine highlights thmportance of its quality to both
producers and consumers.

Wine quality, with respect to its sensorial chagastics, depends largely on the
polyphenolic compounds extracted from grapes dutiegwinemaking process (Rio
Segade, Giacosa, Gerbi & Rolle, 2011; Rastija & ife8aric’, 2009). Polyphenols
can, in general, be classified into two main groufgvonoids (anthocyanins,
flavonols and dihydroflavonols) and non-flavonoidhydroxybenzoic and
hydroxycinnamic acids and their derivatives, stik& and phenolic alcohols)
(Fanzone, Zamora, Jofré, Assof, Gomez-Cordovés &afeira, 2012). These
compounds are responsible for the quality of rechewj influencing their
astringency, bitterness and color (Hosu, Criste@i&poiu, 2014). The total amount
of polyphenols in red wines is estimated to rangemf 2000 to 6000 mgt
(Quideau, Deffieux, Douat-Casassus & Pouysegu, 2&id is dependent on various
factors, such as the grape variety, vineyard lopatvine cultivation practices,
harvesting time, the technology used in the winantagrocess and aging (Di Majo,
La Guardia, Giammanco, La Neve & Giammanco, 2008).

It has been recognized that wine can have benkegfiects on human health
when drunk in moderation (Garaguso & Nardini 201Bpsed on the high

antioxidant capacity of phenolic compounds (Pai¥&restrelo, Marques & Camara,
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2007), epidemiological studies suggest that lomgrteonsumption of products rich
in these compounds offers some protection agawesti¢velopment of diseases such
as cancer, diabetes, osteoporosis, and cardioaasand degenerative diseases
(Paixao et al., 2007; Garaguso & Nardini, 2015).

Another important parameter of wine quality isatema. Aroma results from a
complex combination of grape components and isywed during fermentation and
maturation, which give each wine a distinctive eloter. The aroma of wines is
defined by volatile compounds belonging to the deihg groups: acetates and
esters, higher alcohols, fatty acids, ketones #&tehgides (Athanasios, Paul, Argyro,
Athanasios & Michael, 2007). The effects of thesenpounds on aroma have
different origins. Varietal aromas depend on theetgf grapes; fermentative aromas
come from alcoholic fermentation under anaerobiaddons, and the bouquet
results from the transformation of the aroma tltguos during aging (Camara, Alves
& Marques, 2006).

In terms of quantity, higher alcohols represent thain group of volatile
compounds in many alcoholic beverages. These eodalk that have more than two
carbons and are formed by yeast during the ferment@rocess from the amino
acids or sugars of the grapes. The concentratibtiese alcohols are affected by the
variety and maturity of the grape berries, whicsuiein quantitative and qualitative
differences in the amino acid composition of thesmuDepending on their
concentrations, higher alcohols may contributehts @aromatic complexity of wine
or, in some cases, they may influence its sensauallity (Cameleyre, Lytra,
Tempere & Barbe, 2015).

In addition to yeasts, bacteria also produce ingmraromatic compounds during

wine fermentation; however, some bacterial spoileg@ines produces secondary
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metabolites responsible for undesirable volatilengounds. The management of
wine spoilage by bacteria, to avoid the developnoéwif-flavors can be performed
by adding sulfur dioxide (S£ (Bartowsky, 2009). However, this practice isctiyi
controlled due to the risks to human health assediavith SQ consumption
(Botondi, De Sanctis, Moscatelli, Vettraino, Cat&IMencarelli, 2015) and the fact
that it is highly corrosive to metals (Cayuela, Yaez, Pérez & Garcia, 2009). In
addition, high doses of sulfites can cause sersalterations in the final product,
perceived as the undesirable aromas of sulfurossagd of the reduction products
hydrosulfate and mercaptans (Garaguso & Nardirli520

The use of ozone @ has been studied as a way to control enologically
important microorganisms (Guzzon, Nardin, Micheldtiicolini & Larcher, 2013),
and it has been proposed for use at different stafjeine production, including the
reduction of spoilage-inducing microflora in grapesd the sanitation of barrels,
tanks, hoses and bottles (Guzzon et al., 2013jgBuiKechinski & Manfroi, 2010).
Some of the known advantages of ozone are its tefé@ess against a wide
spectrum of microorganisms, its spontaneous decsiti@o to molecular oxygen,
which results in no toxic residues (Botondi et 2D15), and itsn situ production.
Thus, ozone may be a potential substitute for teuifi wine production. However,
there is no information available about the posseffects caused by ozone on the
phenolic content, antioxidant activity or volaté®mpound content when applied
directly to wine.

The objective of this study was to investigate efffiect of ozone concentration
and application time on the phenolic content, amdi@ant activity and volatile

compound content of red wine.
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2. Materials and methods

2.1.  Wine producing

The wines were produced froNitis vinifera L., a Syrah cultivar, grown at a
vineyard located in Minas Gerais State, Brazil. ghepes, harvested manually with
approximately 17 °Brix, were transported to the drabory of Bioprocessing and
Fermentation (Federal University of Vigcosa, Brazitpanually crushed and
destemmed. The must was maintained at -18 °Cused for wine production.

Approximately 4 L of frozen must was thawed ovemi@l2 h) under laboratory
conditions. The treatments were applied (as desdrielow) and the musts were
then placed into stainless steel tanks for fermema Active dry yeast
(Saccharomyces cerevisiddastosel FR 95, Indupropil, ljui, Brazil) was addat a
ratio of 40 g of yeast per 100 L of must. On theosel day, crystalized sugar cane
was added to the must (54 @)Lto standardize it at 18 °Brix. The soaking period
with the skins was 6 days. After this, the wingthaut the skins, was transferred to a
glass flask with a hydraulic stopper for the secstadje of treatments. The alcoholic
fermentation phase lasted a total of 15 days. Qril@athe wine was again separated
from the solids and the final treatments were &gplAll processes were performed
at 20 °C.

The progression of alcoholic fermentation was naed daily by measuring the
sugar content of the fermenting must from eachriveat using a digital hand-held
refractometer with temperature compensation (Pakiel, Atago Corporation,
Tokyo, Japan). Malolactic fermentation was not gened. Bottling was performed

manually on day 16 in 750 mL bottles that were esakith cork stoppers. The
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bottles were stored at room temperature in a degtilated room and were protected
from light.

The wines produced had the following properties056.+ 0.08 °Brix,
pH 3.51 £0.02, alcohol content 8.393 + 0.314% v 20 °C, density

0.9860 + 0.0004 g-cthand total acidity 104.13 + 9.26 med: bf tartaric acid.

2.2. Ozone treatment

Ozone treatments were carried out in a mechanicaitated bioreactor with
capacity of 8 L. Ozone gas was produced by a geref@&LM model, Ozone &
Life, Sdo José dos Campos, Brazil) fed by an oxygdinder (White Martins, Juiz
de Fora, Brazil). Different treatment parametensdpone concentration (2, 7 and
12 mg- ) and treatment time (5, 15 and 25 min) were testad gas flow rate was
0.37 L-min'. Ozone concentration was monitored using an iodocnaethod (Rice
& Bridgewater, 2012). Two trials were performed &ich ozone concentration and
treatment time.

For comparison with a traditional method of winemagk a standard treatment
was performed employing potassium metabisulfiteSRs) (80 mg- L must). At
days 6 and 16, the winesceived an application of,&,0Os to correct the free sulfur
dioxide content to 30 mg-L A control treatment was also carried out withthe

use of ozone or SO

2.3.  Total phenolic content
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Total phenols were analyzed according to the FOlozalteu method (Singleton
& Rossi, 1965), using gallic acid as the standaliquots of 3 mL of Folin—
Ciocalteu reagent (0.2 M) were added to 0.6 mL ofewthat was appropriately
diluted with distilled water to ensure that the @bsince was in the range of
0.200 - 0.800. The mixture was allowed to react 3omin, and then 2.4 mL of
N&CO; (7.5% m/v) was added. Samples were incubated fdrodr at room
temperature in the dark, and the absorbance wasumesh at 760 nm in a
spectrophotometer (BioMate5, Thermo Scientific, Mol USA), using 10 mm
cuvette. A calibration curve obtained using ga#liid (0—75 mg-1) was used to
calculate the total phenolic content of the winEise analyses were performed in
triplicate, and the results are given as mg ofigadicid equivalents per liter

(mg GAE- ).

2.4.  Antioxidant activity - ABTS assay

The ABTS assay was used for the quantification miioaidant activity, as
described by Re, Pellegrini, Proteggente, PaniYalag and Rice-Evans (1999). The
ABTS®*" method provides excellent consistency and is dneast rapid tests for
antioxidant activity. The results are reproducitded the test functions at various
maximums of absorption and has good solubility,challows for the analysis of
lipophilic or hydrophilic compounds (Kuskoski, Asoe Troncoso, Mancini Filho &
Fett, 2005). This method is based on the generatbnthe highly stable
chromophoric cation radical of ABTSfrom a reaction between the ABTS solution

and KS;0g. The absorbance of the radical diminishes in tiesgnce of antioxidant
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components, which allows for the quantification tbé antioxidant activity of a
sample.

The cation radical ABTS was obtained from the reaction of 7 mM ABTS
diammonium salt solution with 2.45 mM,&0Osg solution mixed in a 1:1 (v/v) ratio
and incubated for 16 h at room temperature in #r&.dr'his solution was diluted in
80% ethanol (v/v) to give an absorbance of 0.7@MQH5 at 734 nm. Five different
dilutions of each sample were prepared. Then, Q.5ofreach diluted sample was
added to 3.5 mL of the ABTS solution and, after 6 min, the absorbance was
measured at 734 nm. Trolox solutions with concéioina between O and §0M
were used to obtain the calibration curve, whicls waed to calculate the reducing
capacity of the wine samples. The results wereesgad as the Trolox-equivalent
antioxidant activity (TEAC) (mM TEAC L). All solutions were prepared fresh

daily.

2.5.  Volatile compounds

The volatile compounds analyzed were propanol, ugdbalcohol, n-butyl
alcohol, sec-butyl alcohol, isoamyl alcohol, methlamcetone, ethyl acetate, ethyl
lactate and acetaldehyde. Samples of wine werdllelisin a distillation flask
coupled to a condenser. The samples were heatach@ating mantle (model 22E,
Fisatom, Sdo Paulo, Brazil) until two-thirds of thkear distillate was collected.
Distilled samples were sent to the Laboratory AheaRiagioni Maia — LABM (Belo
Horizonte, Brazil) for analysisAs reported by the LABM, the analyses were
performed with agas chromatographer (model Geracdo 8000, GCROMPS&étw,

Brazil), equipped with a Megabore Carbowax® 20 Muom (30 m x 0.53 mm and
66



1 pum film thickness) and a flame-ionizing deteaising the following parameters:
injector temperature, 140 °C; detector temperatli8®, °C; ramp-up temperature
from 33 °C to 165 °C; and an injection volume qf[2 The results are expressed in

mg- L%,

2.6.  Statistical analyses

The experiment used a completely randomized design 11 treatments and
two repetitions. Dunnett’s tesp € 0.05) was used to compare the effects of ozone
treatment on the polyphenol content, antioxidaritvitg and volatile compound
content, in relation to the effects of $(8tandard treatment) and to the control. Data
for ozone treatments were also analyzed by regnes$he regression models were
chosen based on the significance of the regressiefficients, as determined by
Student’s t-test at a 20% probability level, in fficéent of determination (B and in
the knowledge of the biological phenomendrhree-dimensional curves of the
response surface were produced using SigmaPlot 388G 9.0 software (Federal

University of Vigosa) was used for both statistiaahlyses.

3. Results and discussion

The means of the results for polyphenolic contemtioxidant activity and

volatile compound content of the wine samples agsgnted in Table 1.

67



Table 1

Volatile compounds, polyphenolic content and anatiant activity, for the respective treatments

Treatments

12 mg.L' O,

Control

Polyphenolic contentt
Antioxidant activity?
Propanol?

Isobutyl Alcohol3
Isoamyl Alcohol?
n-Butyl Alcohol?
Sec-butyl Alcohol?
Methanol?
Acetones

Ethyl acetate3
Ethyl lactate3
Acetaldehyde3

313.3 277.81

27.62 2561

1998
4.74
60.51
77.09
250.71
<0.1
n.d
168.34
0.96
26.92
7.18
25.31

lexpressed in mg GAE L 2 expressed in mM TEAC t; 3expressed in mgl; *Differ from control treatment in the lines by Doet test (p<0.05)'Differ from SQ,

treatment in the lines by Dunnet test (p<0.05); nal detected.
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No significant differencesp(> 0.05) were found between the mean polyphenolic
contents of the different ozone treatment relatovéhe control and SCtreatments.
Polyphenolic content ranged from 1708 to 2462 m@E@A (mean of 1997.38 +
228.29 mg GAE:1}). Mean polyphenolic contents lower than 2000 mgeGA" in
Syrah wines were also found by Ivanova-PetropuRiss;i, Nedelkovski, Dimovska,
Parpinello and Versari (2015). On average, Syratesvhave slightly lower phenolic
levels compared to other varieties, such as Martdt Cabernet Sauvignon (lvanova-
Petropulos et al., 2015; Fanzone et al., 2012)piwious studies are available on
the application of ozone to wine, but Torres et(a011) showed that 4.8% w/w
ozone applied to apple juice for 10 min reducedtth@ phenolic content by 49.7%.
However, Botondi et al. (2015), investigating thee of ozone fumigation for the
safety and quality of wine grapes postharvest, lcoled that ozone was able to
preserve the polyphenol content.

No significant differencesp(> 0.05) were found between the mean antioxidant
activities of the different ozone treatment relatte the control and SQreatments,
as demonstrated by the ABTSesults. The antioxidant activities ranged from83.4
to 4.74 mM TEAC [ (mean 4.11 + 0.39 mM TEAC1). Despite the polyphenolic
compounds present in wines known to have a higioxadant capacity (Paixao et
al., 2007), in the present study, a low correlatiwas found between these
parameters {r= 0.138, p = 0.27). Similar results were foundHsinonen, Lehtonen
and Hopia (1998) in studying the antioxidant atyivof berry and fruit wines and
liquors. According the author, the lack of a catein between the total phenolic
content and the antioxidant activity may be, intjpaxplained by a poor response of
anthocyanins in the Folin-Ciocalteu assay. Furtloeen the specific phenolic

compounds present in the wines produced in theeptetudy and their interactions
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with ozone were not known. New compounds with défe properties may have
been formed, or products of potential interactianh ozone may have interfered
with the methods utilized for the quantification wital phenolic content and/or
antioxidant activity.

No significant differencesp(> 0.05) were found between the mean volatile
compound contents of the different ozone treatmentthe control and SO
treatments for propanol (58.10 mg)L isobutyl alcohol (72.68 mg), isoamyl
alcohol (246.45 mg-1), methanol (268.13 mg™), acetone (1.01 mg) and ethyl
acetate (25.85 mg™). The N-butyl alcohol content was less than 0.1 latdgfor all
treatments and sec-butyl alcohol was not deteatedny samples. Ortega-Heras,
Rivero-Pérez, Pérez-Magarifio, Gonzalez-Huerta armahz@8ez-Sanjosé (2008)
found few changes in volatile compound contentswafe oxidized by micro-
oxygenation. In general, it is believed that hightrohols contribute more to the
intensity of the odor of the wine than to its qtya(Camara et al., 2006). According
to Cabanis & Cabanis (2000), the normal concewomatiof the higher alcohols
analyzed are less than 68 md-for propanol, between 9 and 148 mgfor isobutyl
alcohol, less than 490 mg*Llfor isoamyl alcohol, and between 43 and 320 riig- L
for methanol. However, Brazilian legislation stateat wine can have a maximum
methanol content of 300 mgLbecause of its high toxicity (Brasil, 2010). Wines
treated with ozone at 2 mg*lfor 15 min and at 7 and 12 mg"lfor 25 min had
mean methanol contents over 300 m-Methanol occurs naturally at low levels in
fresh fruit juices and is produced in large quéagiafter the enzymatic degradation
of the pectins present in grape skins. During tlashing, fermentation, and aging
stages of winemaking, pectin methyl esterase (Pbdédlases the release of methanol

(Hou et al., 2008). The higher content of methanakines treated with ozone may
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indicate an effect of ozone on grape pectin or MERIuring fermentation, which
must be further studied.

The means values of acetone were below than tharseatly found in wine (3 to
32 mg-L*, Hashizume (2001)). The concentrations of ethyétate in wines
produced varied range 17.07 to 43.79 migHeing the higher value reached with
SO, treatment. Ethyl acetate is the most importargrgstesent in wine, and when
present at levels between 50 and 80 rigit.contributes to the aroma of the wine.
However, it confers an aggressive smell to wine rwipeesent at levels above
160 mg-[* (Peynaud, 1984). In all wines produced in the gmesstudy, the
concentrations of ethyl acetate were below therdels levels.

Mean ethyl lactate content was significantly higfgek 0.05), relative to that of
the control (7.18 mg-1t), in wines treated with ozone at 2 mg-for 15 and 25 min,
at 7 mg-L[* for 5, 15 and 25 min, and at 12 mg-for 15 and 25 min (means: 9.34,
10.92, 9.12, 10.28, 11.43, 9.80 and 10.91 rig-espectively). The mean ethyl
lactate content of SQreated wines (5.48 mg*). was significantly lowerg < 0.05)
than in all other treatments, including the conttdbwever, the values of ethyl
lactate reported to potentially influence the olleamoma of wine are over
200 mg-* (Ugliano & Moio, 2005). This compound is presemiiine as a mixture
of enantiomers, which can vary according to thecigse of microorganisms
contributing to the winemaking process (Ugliano &ib| 2005). Specifically, it has
been reported that the (S)-enantiomer is produsddgh amounts by)enococcus
oeni(Lloret et al., 2002).

Mean acetaldehyde content was significantly higper 0.05), relative to that of
the control (25.31 mg-1), in all ozone treatments. The acetaldehyde corién

wines treated with ozone at 2 and 7 miyjfar 25 min, and at 12 mg-Lfor 15 and
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25 min (means: 83.02, 82.86, 90.88 and 81.38 rhg-lespectively) were
significantly higher § < 0.05) than that observed with StBeatment (61.80 mg-i).
Acetaldehyde is a highly volatile compound thagiorates from yeast metabolism
during alcoholic fermentation and from ethanol atidn (Torres Neto, Silva, Silva,
Swarnakar & Silva, 2006). When present in excassiparts an undesirable green,
grassy and apple-like aroma, which is usually mase the addition of sulfur
dioxide (SQ) (Osborne, Orduia, Pilone & Liu, 2000). Sensoriedion limits for
red wines are typically in the range of 40-100 mf-bBnd when acetaldehyde
reaches these levels, consumers may consider tteespoiled. In the present study,
all treatments (except the control) reached thesm@ detection limit of
acetaldehyde, which can result in rejection ofghmduct by the consumer. Carlton,
Gump, Fugelsang and Hasson (2007) have previousbwrs that excessive
oxidation may result in increased levels of acetiajdie, which may explain its high
values in the ozonated wines.

Regression analyses found models with a satisfadio(R? > 0.500) only for
ethyl lactate and acetaldehyde (Table 2). The mespcurfaces were plotted as a
function of ozone concentration and treatment t{ffig. 1 and 2, for ethyl lactate
and acetaldehyde, respectively). A quadratic efd@cizone concentratiomp £ 0.01)
and a linear effect of exposure time<0.01) on ethyl lactate content was found.
According to the model, ethyl lactate reached aimam at 7.02 mg-1 of ozone at
any exposure time. At a constant ozone concentradach minute of exposure to
ozone increased ethyl lactate by 0.1417 rifgHor acetaldehyde, the model found a
linear effect of ozone concentratiop € 0.20) and a quadratic effect of exposure
time ( < 0.10). Keeping treatment time constant, each umirease in ozone

concentration caused an increase of 0.5885 thgrl acetaldehyde. At any
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concentration of ozone, a maximum acetaldehydel isveeached at 21.3 min of
treatment. The results of the other parameters'sorea did not show a satisfactory
fit to any model. There was no effect of the intéien between ozone concentration

and treatment time on any of the parameters studied

Table 2

Regression equations adjusted for the volatile ppomds in function of ozone
concentration (mg.t) and treatment time (min) and their respectiveemigination
coefficient (R)

Parameters Equation R
Polyphenolic content § = 1988.65 -
Antioxidant activity 9 =4.0715 -
Propanol 9 =59.2636 -
Isobutyl alcohol 9=7221 -
Isoamyl alcohol 9 = 248.3615 -
Methanol 9 = 284.2639 -
Acetone 9 =0.9984 -
Ethyl acetate 9 =23.7375 -
Ethyl lactate 9 = 6.4929 + 0.4743% — 0.0338**x2 + 0.1417**z 0.883
Acetaldehyde 9 =41.2161 + 0.588% + 3.5957*z - 0.084%? 0.517

* Significative to 5%; ** significative to 1% significative to 10%?" significative to 20%
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4. Conclusion

Ozone did not cause a significant change in phenmintent or antioxidant
activity and did not change the content of mosthefvolatile compounds analyzed.
However, acetaldehyde reached the sensorial datelatnit for all treatments and,
for some ozone treatments, methanol was presenéan values over that permitted
by Brazilian legislation. These compounds are irtgourfor the sensorial quality and
safety of wines, and such changes should be takeraccount prior to employing
ozone as a substitute of sulfite in wine productgiming priority to decreasing the
concentration of ozone used and the duration ofrdament times.

Further experiments are needed to elucidate thafgpeeactions between ozone
and various wine components, such as phenolic cangs and pectin, and to

determine the toxicity of the products that maydrened.

Acknowledgements

The author, Juliane Laureano, would like to thaokCiNPq for the research
support and FAPEMIG for financial support. We thdfdkzenda do Guarardor
supplying the Syrah grapes and Monique Renon Eilekindly allowing us the use

of her laboratory.

75



References

Athanasios, M., Paul, L., Argyro, B., Athanasios, & Michael, K. (2007). Ambient
and low temperature winemaking by immobilized celisbrewer’s spent grains:
Effect on volatile compositionFood Chemistryl104, 918—-927.

Bartowsky, E. J. (2009). Bacterial spoilage of warel approaches to minimize it.
Letters in Applied Microbiology48, 149-156.

Botondi, R., De Sanctis, F., Moscatelli, N., Vetim A. M., Catelli, C., &
Mencarelli, F. (2015). Ozone fumigation for safatyd quality of wine grapes in
postharvest dehydratioRood Chemistryl88 641-647.

Brasil. (2010). Ministério da Agricultura, Pecuama Abastecimento — MAPA.
Portaria n° 259, de 31 de maio de 2010. Complermp@atalos padroes de
identidade e qualidade do vinho e derivados da evao vinho. URL
http://www.agricultura.gov.br. Accessed 12.08.2015.

Cabanis, J. C., & Cabanis, M. T. (2000). Tablaza®mposicion. Cap.8. In: Flanzy,
C. (2000).Enologia: Fundamentos cientificos y tecnologiddadrid: Ediciones
A. Madrid Vicente, Ediciones Mundi-Prensa. 12 afici783p.

Céamara, J. S., Alves, M. A., & Marques, J. C. (9006hanges in volatile
composition of Madeira wines during their oxidatageing.Analytica Chimica
Acta 563 188-197.

Cameleyre, M., Lytra, G., Tempere, S., & Barbe,.JZD15). Olfactory impact of
higher alcohols on red wine fruity ester aroma egpion in model solution.
Journal of Agricultural and Food Chemistr§3, 9777-9788.

Carlton, W. K., Gump, B., Fugelsang, K., & Hassén, S. (2007). Monitoring

acetaldehyde concentrations during micro-oxygenatfored wine by headspace

76



solid-phase microextraction with on-fiber derivatibn. Journal of Agricultural
and Food Chemistry5, 5620-5625.

Cayuela, J. A,, Vazquez, A., Pérez, A. G., & GardiaM. (2009). Control of table
grapes postharvest decay by ozone treatment andra¢t®l| induction.Food
Science and Technology Internationts (5), 495-502.

Di Majo, D., La Guardia, M., Giammanco, S., La Nete, & Giammanco, M.
(2008). The antioxidant capacity of red wine irateinship with its polyphenolic
constituentsFood Chemistryl11, 45—-49.

Fanzone, M., Zamora, F., Jofré, V., Assof, M., Ger@erdoves, C., & Pefa-Neira,
A. (2012). Phenolic characterization of red winemf different grape varieties
cultivated in Mendoza province (Argentindpurnal of the Science of Food and
Agriculture,92, 704—718.

Garaguso, l., & Nardini, M. (2015). Polyphenols o, phenolics profile and
antioxidant activity of organic red wines producedithout sulfur
dioxide/sulphites addition in comparison to convamml red wines.Food
Chemistry 179 336-342.

Guillen, A.C., Kechinski, C.P., & Manfroi, V. (20L0The use of ozone in a CIP
system in the wine industr@@zone: Science & Engineeringg, 355-360.

Guzzon, R., Nardin, T., Micheletti, O., Nicolini, .G& Larcher, R. (2013).
Antimicrobial activity of ozone. Effectiveness agst the main wine spoilage
microorganisms and evaluation of impact on simplesnols in wineAustralian
Journal of Grape and Wine Researd8, 180-188.

Hashizume T. (2001). Tecnologia do vinho. In: Aques. E., Borzani, W.,

Schmidell, W., & Lima, U. A. (2001). Biotecnologiéndustrial Vol. 4.

1



Biotecnologia na produgéo de aliment&sio Paulo: Editora Edgar Blucher Ltda,
pp. 21-68.

Heinonen, I, M., Lehtonen, P. J., & Hopia, A. 1908). Antioxidant activity of
berry and fruit wines and liquordournal of Agricultural and Food Chemistry
46, 25-31.

Hosu, A., Cristea, V-M, & Cimpoiu, C. (2014). Analg of total phenolic,
flavonoids, anthocyanins and tannins content in &adan red wines: Prediction
of antioxidant activities and classification of ws using artificial neural
networks.Food Chemistryl50, 113-118.

Hou, C. Y., Lin, Y. S., Wang, Y. T., Jiang, C. Minp, K. T., & Wu, M. C. (2008).
Addition of phenolic acids on the reduction of natbl content in wineJournal
of Food Sciencger3, C432-C437.

Ivanova-Petropulos, V., Ricci, A., Nedelkovski, Dimovska, V., Parpinello, G. P.,
& Versari, A. (2015). Targeted analysis of bioaetighenolic compounds and
antioxidant activity of Macedonian red winésod Chemistryl71, 412—-420.

Kuskoski, E. M., Asuero, A. G., Troncoso, A. M., Mani Filho, J., & Fett, R.
(2005). Aplicacion de diversos métodos quimicosapdeterminar actividad
antioxidante em pulpa de frutdSiencia e Tecnologia de Aliment@5(4), 726-
32.

Lloret, A., Boido, E., Lorenzo, D., Medina, K., @am, F., Dellacassa, E., & Versini,
G. (2002). Aroma variation in Tannat wines: effetmalolactic fermentation on
ethyl lactate level and its enantiomeric distribatiltalian Journal of Food
Sciencel4, 175- 180.

OlV, Organisation Internationale de la Vigne et du V{2014). Elementi della

Congiuntura Mondiale 2014. IrfStatistiche del settore vitivinicolo mondiale

78



Paris: Organisation Internationale de la Vigne et d/in. URL

http://www.oiv.int/oiv/info/it le secteur du vin treuve son equilibre?lang=it

Accessed 17.02.2015.

Ortega-Heras, M., Rivero-Pérez, M. D., Pérez-MifigarS., Gonzalez-Huerta, C.,
& Gonzalez-Sanjosé, M.L. (2008). Changes in thetilel composition of red
wines during aging in oak barrels due to microoxygm®n treatment applied
before malolactic fermentatioEuropean Food Research and TechnoldR6,
1485-1493.

Osborne, J. P., de Orduiia, R. M., Pilone, G. JLji& S. Q. (2000). Acetaldehyde
metabolism by wine lactic acid bacterBEMS Microbiology Letters191, 51-
55.

Paix&do, N., Perestrelo, R., Marques, J. C., & Camar S. (2007). Relationship
between antioxidant capacity and total phenolict@anof red, rosé and white
wines.Food Chemistryl05 204-214.

Peynaud, E. (1984Enologia practica. Conocimiento y elaboracion delov 2 ed.
Madrid; Mundi-Prensa, 402p.

Quideau, S., Deffieux, D., Douat-Casassus, C., &yBegu, L. (2011). Plant
polyphenols: Chemical properties, biological atiééd and synthesis.
Angewandte Chemignternational ed. in English$0, 586—621.

Rastija, V., & Medic-Saric’, M. (2009). Polypheitolcomposition of Croatian
wines with different geographical origirfSood Chemistry115 54—60.

Re, R., Pellegrini, N., Proteggente, A., Pannalg, Yang, M., & Rice-Evans, C.
(1999). Antioxidant activity applying an improved BAS radical cation

decolorization assayrree Radical Biology & Medicin€6, 1231-1237.

79



Rice, E.W., & Bridgewater, L. (2012). American Fualilealth Association (APHA)
and American Water Works Association: Standard odsHor the examination
of water and wastewater. merican Public Health Association Publication
year. Washington: Publisher.

Rio Segade, S., Giacosa, S., Gerbi, V., & Rolle(2011). Berry skin thickness as
main texture parameter to predict anthocyanin etdhality in winegrapesLWT
- Food Science and Technology, 392-398.

Singleton, V. L.; & Rossi, J. A. (1965). Colorimegtiof total phenolics with
phosphomolybdic-phosphotungstic acid reageftserican Journal of Enology
and Viticulture 16, 144-153.

Torres Neto, A. B., Silva, M. E., Silva, W. B., Swakar, R., & Silva, F. L. H.
(2006). Cinética e caracterizacao fisico-quimicafetmentado do pseudofruto
do caju Anarcadium occidentalk.). Quimica Nova29 (3), 489-492.

Torres, B., Tiwari, B. K., Patras, A., Wijngaard, H., Brunton, N., Cullen, P. J., &
O’Donnell, C. P. (2011). Effect of ozone processargthe colour, rheological
properties and phenolic content of apple juisgod Chemistryl24, 721-726.

Ugliano, M., & Moio, L. (2005). Changes in the centration of yeast-derived
volatile compounds of red wine during malolactianfentation with four
commercial starter cultures @enococcus oeniJournal of Agricultural and
Food Chemistry53, 10134-10139.

WHO. (2014). Global status report on alcohol andlthe2014. In:World Health
Organization URL

http://apps.who.int/iris/bitstream/10665/112736789240692763 eng.pdf?ua=1

Accessed 08.08.2015.

80



ARTIGO 4

EFFECTS OF CONTINUOUS EXPOSURE TO OZONE GAS AND
ELECTROLYZED WATER ON THE SKIN HARDNESS OF TABLE AN D
WINE GRAPE VARIETIES

J. LAUREANO"*® S. GIACOSA® S. RiIO SEGADE®, F. TORCHIJ, F.
CRAVERC®, V. GERBF, V. ENGLEZOS, C. CARBONP, L. COCOLIN, K.
RANTSIOU®, L.R.D. FARONF, L. ROLLE>*

'CAPES Foundation, Ministry of Education of BraBtasilia - DF, 70040-020, Brazil

2Universidade Federal de Vicosa, Departamento deeftrgia Agricola. Av. PH Rolfs s/n,

36570-000, Vicosa (MG), Brazil

3Universita degli Studi di Torino. Dipartimento dciSnze Agrarie, Forestali e Alimentari. Largo
Paolo Braccini 2, 10095 Grugliasco (TO), Italy

“|stituto di Enologia e Ingegneria Agro-Alimentaténiversita Cattolica del Sacro Cuore, Via Emilia
Parmense 84, 29122 Piacenza, Italy

®Industrie De Nora SpA. Via Bistolfi 35, 20134 MiuMI), Italy

*Corresponding author: luca.rolle@unito.it.

8These authors contributed equally to the study

81



Abstract

The effects of continuous exposure to ozone gas3@uL/L, 24 h) and immersion
in electrolyzed water (EW, 400 mg/L free chlorii€) min) on skin hardness of
Italia and Muscat Hamburg table grapes, and Menhat Barbera wine grapes were
investigated and compared with those of contr@tinents (air and deionized water,
DW). Skin hardness was instrumentally evaluatedméasurements of skin break
energy using a puncture test. For all cultivars dedsity classes, ozone treatment
was more effective in increasing skin hardness #laotrolyzed water treatment,
although the differences were not always significkior the same treatment, skin
hardening was independent of berry density, andrthgnitude of this effect was
cultivar-dependent. This skin hardening might pesiy affect the postharvest life of
table grapes. In wine grapes, increases in skiakbemergy values were related to

higher yields and slow extraction kinetics of phencompounds during maceration.

Practical Applications

The purpose and the originality of this work wece determine the real
impact of continuous exposure to ozone gas and mgiorein electrolyzed water on
skin hardness in table grape and wine grape vesieDifferences in the treatment
effect due to the grape maturity level were studrederries sorted according to
density. For all cultivars and density classes watald, ozone treatment was more
effective for increasing skin hardness than elégtexl water treatment although the
differences were not always significant. Therefotke use of ozone gas as

alternative sanitizing agent could extend the pas#st life of table grapes and
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facilitate the extraction of phenolic compounds frafne grapes during maceration

according to increased skin hardness.

Keywords: ozone gas, electrolyzed water, skin hesdntexture analysis, grapes

Introduction

Grapes used for fresh consumption, winemaking arsihrproduction are among
the most cultivated fruits worldwide (FAO, 2013)apes are considered perishable
fruits because their surfaces are characterizedthigy coexistence of various
microorganisms, including filamentous fungi, yeamstsl bacteria, that have different
effects on the quality and shelf life of the firmbduct (Barateet al 2012). Table
grapes are especially susceptible to fungal irdachy Botrytis cinerea which can
induce gray mold disease and berry dehydration riG@eéet al 2010; Rolleet al
2012a). In wine grapes, the growth of yeasts, agBrettanomycespecies, can
result in off-flavors in wine that are primarily due the formation of volatile
phenols (Kheiet al 2013).

Sulfur dioxide (SQ) is an effective preservative that is commercialsed to
control the postharvest decay of table grapes lamanicrobial ecology of the must.
However, its use is increasingly being restrictedatoid issues associated with
sulfite residues, SO emissions and berry damage that affects sensorjityqua
(Feliziani et al 2014). Currently, there is a considerable interasresearch on
alternative, safe and effective sanitizing ageathsas ozone and electrolyzed water.

Ozone (Q) is a powerful antimicrobial agent against a wisigectrum of
microorganisms. The mechanism of microbial ina¢torais complex because ozone

attacks numerous cellular constituents (Khadteal 2001). In the gaseous and
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aqueous phases, ozone has previously been alreadyn environment-friendly
alternative to traditional approaches for posthsirveuit and vegetable microbial
control due to its high oxidizing power and rap&bchdation that leaves not residues
(Horvitz and Cantalejo 2014; Karaca and Velioglu 20&engunet al. 2014).
Another alternative eco-friendly sanitizer is etebtzed water (EW), which has been
used to preserve the quality and safety of fregHraits and vegetables (Artés al
2009; Jemnet al. 2014). EW has a strong antimicrobial effect agigpgathogens and
spoilage microorganisms due to the combined actiohshydrogen ions, its
oxidation-reduction potential and free chlorine (Hgat al 2008). In contrast to
bleaching treatments involving hypochlorite, acidied near-neutral EW contains
primarily hypochlorous acid and thus leaves fas leklorine residue on the fruit
(Guentzelet al 2010). Therefore, human health and safety issmesminimized.
Although the efficacies and sustainabilities ofz@nd EW as antimicrobial agents
for use in the control of the postharvest decagrapes have been demonstrated, the
effects of these treatments on the grape qualitybates have been minimally
studied (Artés-Hernandeet al 2007; Botondiet al. 2015; Felizianiet al 2014;
Smilanicket al 2002).

Texture is one of the most important quality cheeastics of fresh fruits and
plays a key role in the perceived quality and oNexeceptability (Haet al 2007;
Konopacka and Plocharski 2004). In table grapesiniess and crunchiness are
sensory quality traits that are highly apprecidbgdconsumers (Satet al 2006).
Instrumental measurements of the mechanical prepeof the whole berry, flesh
and skin have been used to objectively and quérgtg assess the textural quality
of fresh table grapes (Giacostal 2014; Rio Segadet al 2013a) and to monitor

their postharvest shelf life (Dereg al 2005). Specifically, the skin plays a key role
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in gas exchange regulation and berry resistangguny and diseases during harvest
and postharvest handling (Battigtiaal. 2015). In wine grapes, skin hardness permits
an easy estimation of anthocyanin extraction kasetiith adequate reliability (Rolle
et al 2008).

There is no information available about the possibhanges to the skin
mechanical properties of grapes that are elicitethdwr after berry treatments with
ozone or electrolyzed water. Therefore, the purpdghis study was to evaluate the
effects of exposure to ozone gas and submersi@bettrolyzed water on the skin
hardness of table and wine grapes. The study wdsrped with Vitis viniferaL.
cv. Italia and Muscat Hamburg table grapes and dlerhd Barbera wine grapes to
assess the effects of the two treatments on frespegberries with different skin
hardness. Furthermore, the table and wine grapetiear investigated in this study
are highly appreciated and commercialized worldwate€resh consumption and for

the production of renowned red wines, respectively.

Materials and Methods

Grape samples

The study was performed in 2014 with one whiteliljaand three red (Muscat
Hamburg, Merlot and Barberdjitis vinifera L. cultivars grown in Italy. Italia and
Muscat Hamburg table grapes were purchased frontotteé market. Barbera and
Merlot wine grapes were harvested at an experirheimeayard located in the North-
West Italy growing zone (Cuneo province). For eachivar, approximately 10 kg
of berries were randomly picked with short pedi@tached. To define the different

maturity levels and to increase the intrasample dgeneity, the berries were sorted
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according to their density by flotation in salinelwtions with sodium chloride
concentrations ranging 100 to 190 g/L, which cqroesl to densities between 1069
and 1125 kg/m (Rolle et al 2012b). The study was performed with berries
belonging to the three most representative deragses, which accounted for total
relative weights higher than 85% w/w as follows=A069 kg/m, B = 1075 kg/m
and C = 1081 kg/fhfor Italia; B = 1075 kg/my C = 1081 kg/mand D = 1088 kg/rh
for Muscat Hamburg; D = 1088 kg/mE = 1094 kg/miand F = 1100 kg/fhfor
Merlot; and G = 1107 kg/fnH = 1115 kg/m and | = 1119 kg/rhfor Barbera. The
sorted berries were washed with water and visuadipected prior to treatment, and
those with damaged skins were discarded.

For each cultivar and density class, two sets o$d@fed berries were randomly
selected for application to the ozone and EW treatsar The remaining two sets of
60 sorted berries were used as control samplesgomng was exposed to the air,
and the other was dipped in deionized water. Suleselyy the berries were placed
into open polystyrene boxes in numbered positidige remaining berries were
subdivided into two replicates and used to deterntive technological ripeness
parameters of the grape juice obtained by manuwelhang and centrifugation in a

PK 131 centrifuge (ALC International, Ml, Italy)f& min at 400@ at 20 °C.

Technological ripeness parameters

Total soluble solid concentrations (°Brix, as S8€je measured using an Atago
0-32 °Brix temperature compensating refractomefdago Corporation, Tokyo,
Japan), the pH was determined by potentiometryguaim InoLab 730 pH meter

(WTW, Weilheim, Germany), and titratable acidityl(gartaric acid, as TA) was
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estimated using the OIV official method (OIV, 2008)rganic acids (citric acid,
tartaric acid and malic acid) and reducing sugglscpse and fructose) (g/L) were
determined according to the methods of Giordainal (2009) using a 1260 Infinity
HPLC system (Agilent Technologies, Santa Clara, O8A) equipped with a diode

array detector (DAD) set to 210 nm and a refraatiaex detector, respectively.

Ozone gas, electrolyzed water production and beagtment

Ozone gas was produced using an ozone generatale(NI&2-AG, Industrie De
Nora SpA, M, ltaly) that was fed by an oxygen cemicator and had a nominal
production capacity of 32 gsh. The ozone gas was released into a sealed chambe
The ozone concentration in the chamber was adjust8@ pL/L and continuously
monitored by the recirculation of ozone-enriched feom the chamber through a
BMT 964 UV-photometric ozone analyzer (BMT Messt@ghGmbh, DE) that
controlled the ozone generator output. The envigmal conditions of the chamber
were continuously recorded during the berry treatsieusing temperature and
relative humidity data loggers (HOBO H8 RH/Temp,s@nComputer Corporation,
Bourne, MA, USA). The sample boxes were introduited the chamber, and the
berries were exposed to ozone for 24 hours atadivelhumidity of 57 + 3% and a
temperature of 20 £ 1 °C. Air exposed berries stibpkto the same environmental
conditions were used as control samples.

EW was produced from diluted salt (KCI) in tap watising an Eva System®
100 (Industrie De Nora SpA). The system produced d&\&pproximately 4 g/L free
chlorine, pH 9 and 1% residual KCI. For the bermgatment, the original EW was

diluted to 400 mg/L free chlorine using deionizeater. Free chlorine concentration
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and pH were confirmed by iodometric titration (APH2992) and potentiometry
with an InoLab 730 pHmeter, respectively. Eachyearas singularly immersed into
10 mL of EW for 10 minutes. The control samples avetentically treated using

deionized water (DW) rather than electrolyzed wéEah/).

Berry skin mechanical parameters

A Universal Testing Machine (UTM) TA.XTplus textuamalyzer (Stable Micro
Systems, Godalming, Surrey, UK) equipped with anPHID platform and a 5-kg
load cell was used for the berry skin texture asedy Skin hardness was evaluated
with a puncture test using an SMS P/2N needle p(Bteble Micro Systems), a test
speed of 1 mm/s and a penetration depth of 3 mraigfeet al 2008). Each berry
(before and after treatment) was individually punetl in the lateral face, and the
skin break energy (mJ, asséWwas measured. The use of a needle probe allogved f
the independent estimation of skin hardness by mimmg possible interference
from the pulp firmness. All data were acquired @ points per second, and the skin
mechanical properties were calculated from forstaglice curves using the Texture
Exponent software package (Stable Micro Systems).

The berries were singularly evaluated before ahduts after the treatment. To
allow for the estimation of the storage effectsemftreatment, the table grapes
samples were also analyzed 7 days after treatrAelditionally, the wine grape
berries that were treated with electrolyzed/deiedizvater were also analyzed 24
hours after treatment. This last evaluation was awtsidered appropriate for the
ozone/air treatment samples of the wine grapesuisecthey are typically processed

shortly after harvest, and the postharvest treatnitself already accounted for
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24 hours. The storage conditions were a relativenititly of 57 + 3% and a
temperature of 20 + 1 °C.

The results were then expressed as the means dfiffeeences between the
berry skin break energy measurements after and édfeatment, which were

calculated individually for each berry and aftexatment measurement.

Statistical analyses

The statistical analyses were performed using tR&SS Statistics software
package (IBM Corporation, Armonk, NY, USA). The TBykb test was used to
establish significant differences jat< 0.05 following one-way analysis of variance

(ANOVA).

Results and Discussion

Technological ripeness parameters

The technological ripeness parameters of the Jt&lisscat Hamburg, Merlot and
Barbera grapes sorted according to density are showable 1. For each cultivar,
the SSC values increased significantly with incegaserry density. The pH and TA
values were not significantly different accordigbierry density, with the exception
of the Merlot berries. For this cultivar, signifidta decreasing trends in the
concentrations of tartaric, malic and citric acidsre observed with increasing berry
density, and these trends agreed with the TA valaebe table grapes, the SSC/TA
ratios also increased significantly with increasbegry density. In the wine grapes,

this ratio was not relevant. The changes in thésamecal parameters with berry
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density agreed with those observed in previousiesudf various table grape (Rio
Segadeet al 2013a,b, ; Rollet al 2015) and wine grape (Roke al 2012b; Zouid

et al 2013) cultivars.

Berry skin mechanical parameters

In this study, berry skin hardness was evaluateskasbreak energy (). The
Italia and Muscat Hamburg table grape and the Mealw Barbera wine grape
cultivars were selected according to the Walues of the untreated berries (0.578 +
0.256, 0.868 + 0.292, 1.041 £ 0.242 and 1.189 £®.6J, respectively). These
values were within the usual ranges for thesevartii given the variations maturity,
climate, season, soil and viticulture (Giacetaal 2013; Rio Segadet al 2013b;
Rolleet al. 2015).

A preliminary test that involved puncturing the tyeskin in different equatorial
places (5 punctures for each of 10 berries) wabpeed and revealed that for the
studied cultivars, variations in ¥ (AWg) of approximately +0.08 mJ due to
puncture position were observed. Letagefal. (2008) previously reported that the
effect of the berry puncture position (i.e., botiaside and top) on the Wvalue is
variety dependent. With the aim of considering amngatment effects and avoiding
the variations inherent to the mechanical meth©dds, values between -0.08 and

+0.08 mJ were not taken into account.
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TABLE 1. TECHNOLOGICAL RIPENESS PARAMETERS OF ANALYZED GRAPEAMPLES SORTED ACCORDING TO DENSITY.

Cultivar Density SSC oH TA (g/L SSCI/TA Glucose/Fructose Citric acid  Tartaric acid Malic acid
class (°Brix) tartaric acid) ratio ratio (g/L) (g/L) (g/L)
ltalia A 16.6 +0.1a 3.62+0.01 3.21+0.01 51#020l1a 0.948 +0.001a 0.16 £0.01 6.04+0.01b 5%0.01
B 18.1+0.1b 3.61+0.05 3.19+0.26 56.49+4.18 0.985+0.00lc 0.20+£0.01 5.72+0.14b 1.52+0.10
C 19.4+0.1c 3.72+0.03 2.70+0.08 71.99+B.86 0.978 £ 0.001b 0.15+£0.01 5.25+0.02a 1.55040.
Sigrf ok ns ns * ok ns el ns
Muscat B 17.7+0.1a 3.62+0.07 4.09+0.27 44.21 +3.01a0.999 + 0.009 0.33+0.01 3.58+0.10a 2.88*0.09
Hamburg C 18.8+0.1b 359+0.02 4.16+0.16 46.46 +1.75a0.996 + 0.008 0.32+0.03 3.84+0.0l1a 2.59+0.15b
D 21.1+0.1c 3.71+0.08 3.92+0.03 55.38+8.26 0.969 + 0.005 0.29+0.01 4.46+0.15b 1.8348.0
Sigrf ok ns ns * ns ns el el
Merlot D 20.2+0.1a 3.44+0.02 6.30+0.11b - 2b& 0.001 0.18+0.01b 5.91+0.05b 2.47 +0.03b
E 21.5+0.2b 3.43+0.04 6.09+0.24ab - 1.031006 0.17+£0.0lab 5.91+0.05b 2.16 +£0.15b
F 235+0.1c 3.47+0.02 5.59+0.05a - 1.019002 0.11£0.02a 5.59+0.06a 1.73+0.07a
Slgrf *kk ns * ns * * *
Barbera G 246 +0.1a 3.13+£0.02 9.49+0.05 - 1a€0.004b 0.34+0.0lc 7.87+0.49 4.09+0.09c
H 255+0.1b 3.13+0.04 9.13+0.40 - 1.007 £0.001b 0.30+0.01b 7.46+£0.54 3.64+0.02b
I 28.7+0.1c 3.04+0.01 9.71+0.05 - 0.994 {0048 0.26 £0.0la 7.83+0.01 3.30+0.0la
Sigrf ok ns ns * ** ns *x

All data are expressed as average value + stam@aidtion (n = 2). Different Latin letters withihe same column indicate significant differen@sufong
the three density classes for each cultivar (Tukegst;p < 0.05). Sigh *, **, *** and ns indicate significance gb < 0.05, 0.01, 0.001 and not significant,
respectively. A = 1069 kg/inB = 1075 kg/m; C = 1081 kg/ny D = 1088 kg/r; E = 1094 kg/rf] F = 1100 kg/ry G = 1107 kg/my H = 1115 kg/r | =
1119 kg/m. SSC = total soluble solids concentration; TAtratable acidity; SSC/TA = SSC expressed as g/LTahexpressed as g/L tartaric acid.
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Tables 2 and 3 illustrate the variations between dbterminations of this
mechanical parameter before and after the beraygntrents in densimetrically sorted
table and wine grapes, respectively. For all catBvand treatments, no significant
differences were observed in the variations in sldrdness among the berries of the
three studied density classes with the exceptioth@Barbera wine grapes at 24 h
after EW treatment. Previously published studiesslghown that \i{ values are not
influenced by berry density in table grape (Rio&kget al., 2013a,b) or wine grape
(Rolleet al. 2012b) cultivars.

With a few exceptions following the EW and DW treants, theAWs, values
were positive, which indicated increased skin hasdn after each treatment.
Furthermore, these increases were significantlptgreat 7 days after all treatments
of the Italia and Muscat Hamburg table grapes d@n2dah after treatments of the
Barbera wine grapes with EW and DW compared tontleasurements taken 4 h
after the treatments. This skin hardening has eedulturing the postharvest storage
of the fruit without significant berry weight losiicreases in skin hardness are also
observed during the on-vine dehydration processiogé grapes under uncontrolled
environmental conditions (Rollet al 2010), and increases in the skin resistance to
puncturing during postharvest dehydration have dween reported at 20 °C and
45% RH (Mugantet al 2011).

When the effects of the different examined berpatments on skin hardness
were compared among the table grape cultivars,higbest AW values were
observed in the ozone-treated berries of any dewctass at 4 h and 7 days after
treatment. The differences in theWVg values were not significant between the
berries that were exposed to ozone and air or leetvlee berries that were treated

with EW or DW (the berries that were exposed taaan treated with DW were used
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as the control samples as mentioned above in theriga and methods section).
Nevertheless, regarding the lItalia grapes belongindensity classes B and C, the
increases in skin hardness were significantly greamong the ozone-treated berries
than among the EW-treated berries. The percentafégrries with significantly
harder skins AW¢ > 0.08 mJ) varied between 35.6% and 73.3% (folhgnweW
treatment, the density classes B and C exhibitddesaof 35.6% and 36.7%,
respectively, and following ozone treatment, theskies were 70.0% and 59.3%,
respectively) at 4 h after berry treatment, whetbase values ranged from 73.3% to
94.4% (following EW treatment, the density clasBeand C exhibited values of
78.0% and 73.3%, respectively, and following oztreatment, these values were
91.7% and 89.8%, respectively) after 7 days. Fer Muscat Hamburg grapes,
significant differences in thAWs values were also observed between berries that
were treated with ozone and those that were tresithdEW at 4 h after treatment in
the density class D and at 7 days after treatnrettte density classes C and D. In
these cases, the proportions of berries with sgantly harder skins varied between
30.0% and 70.0% (following EW treatment, the dgnelass D exhibited a value of
35.6% for EW, and this value was 70.0% followingwe treatment) at 4 h after
berry treatment, whereas these values ranged frof®/fo 96.7% (following EW
treatment, density classes C and D exhibited valokes74.6% and 71.1%,
respectively, and these values following ozonettneat were 88.3% and 96.7%,

respectively) after 7 days.
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TABLE 2. SKIN HARDNESS OF ITALIA AND MUSCAT HAMBURG TABLE
GRAPES SORTED ACCORDING TO DENSITY.

Cultivar Treatmen Density AWy after 4 hours AWy after 7 days Sigrf
t class (mJ) (mJ)
Italia EW A 0.088 £ 0.376f3 0.361 + 0.306 *x
B -0.007 £0.276 0.278 £ 0.34a il
C 0.008 + 0.27t 0.258 £ 0.27a rrx
Sigrf ns ns
DW A -0.023 £ 0.288 0.408 + 0.380 Fx
B 0.013 £ 0.272p 0.272 £ 0.30a il
C 0.066 £ 0.328f3 0.298 £ 0.338f3 rrx
Sigrf ns ns
(OF A 0.220 £ 0.30B 0.543 £ 0.318 il
B 0.206 + 0.28p 0.495 + 0.28f e
C 0.153 + 0.26p 0.494 + 0.35f8 e
Sigrf ns ns
Air A 0.110 £0.198p3 0.511 £0.242 *kk
B 0.101+0.3288  0.441+0.324p  ***
C 0.038 £ 0.318P 0.366 £ 0.316P ok
Sigrf ns ns
SIng KKK NS, *%% xkk
Muscat EW B -0.039 £ 0.310 0.349 £ 0.390 *kk
Hamburg C 0.020 £ 0.309 0.273 £ 0.338 i
D -0.051 £ 0.302 0.280 = 0.406a ok
Sigrf ns ns
DW B 0.008 £ 0.354 0.331 £ 0.448 ok
C 0.060 £ 0.319 0.341 £ 0.416p i
D -0.017 £ 0.281 0.360 £ 0.376f3 i
Sigrf ns ns
0O, B 0.076 £ 0.342 0.432 +£0.438 el
C 0.108 +0.285 0.454 £ 0.338 ok
D 0.234 + 0.41B 0.548 + 0.31PB i
Sigrf ns ns
Air B 0.072 £ 0.352 0.401 £0.413 *kk
C 0.085 +0.324 0.361 £ 0.386f3 rrx
D 0.105+0.314B  0.353 + 0.248B *x
Sigrf ns ns
Sigrf ns, ns, ** ns, *, **

All data are expressed as average value + stangaidtion (n = 60). Sigi?S *, **,

*** and ns indicate significance gb < 0.05, 0.01, 0.001 and not significant,
respectively, 9 among density classe$) @mong treatments anf) @mong times
after treatment. Different Greek letters within geme column indicate significant
differences §) among treatments for each density class andvaul(Tukey-b testp

< 0.05). A = 1069 kg/th B = 1075 kg/m; C = 1081 kg/n D = 1088 kg/m. EW =
electrolyzed water; DW = deionized waterz @ ozone gasAWg = variation
between skin break energy determinations perforrbetbre and after berry
treatment.
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TABLE 3. SKIN HARDNESS OF MERLOT AND BARBERA WINE GRAPES

SORTED ACCORDING TO DENSITY.

Cultivar Treatmen Density AW after 4 hours AWy, after 24 Sigrf
t class (mJ) hours (mJ)
Merlot EW D 0.056 £ 0.314 0.068 £ 0.282 ns
E -0.018 £ 0.288 0.058 + 0.327 ns
F 0.043 £0.312 0.028 £ 0.357 ns
Sigrf ns ns
DW D 0.072 £ 0.282 0.093 £ 0.306 ns
E -0.007 £0.316 0.108 £ 0.298 *
F 0.060 £ 0.314 0.034 £0.310 ns
Sigrf ns ns
O; D 0.054 £ 0.299 -
E 0.141 +0.32B -
F 0.108 £ 0.338 -
Sigrf ns
Sigr? ns, *, ns ns, ns, ns
Barbera EW G 0.082 £ 0.385 0.231 + 0.424ab *
H 0.046 £ 0.384 0.403 £ 0.456h  ***
I -0.039 £ 0.282 0.111 £0.379a *
Sigrf ns el
DW G 0.075+0.431 0.231+0.334 *
H 0.013 £0.297 0.200 £ 0.423 *x
I -0.032 £ 0.416 0.222 £ 0.355 *x
Sigrf ns ns
O; G 0.234 £ 0.412 -
H 0.110+£0.432 -
| 0.249 +£ 0.58B -
Sigrf ns
Sigrf ns, ns, ** ns, ns, Ns

All data are expressed as average value + stangaidtion (n = 60). SigiPS *, **,

*** and ns indicate significance gb < 0.05, 0.01, 0.001 and not significant,
respectively, Y among density classe$) @mong treatments anf) @mong times
after treatment. Different Latin letters within tame column indicate significant
differences ) among density classes for each treatment anwvau(Tukey-b testp

< 0.05). Different Greek letters within the same uooh indicate significant
differences §) among treatments for each density class andvaul(Tukey-b testp

< 0.05). D = 1088 kg/fh E = 1094 kg/my F = 1100 kg/n} G = 1107 kg/my H
=1115 kg/ni; | = 1119 kg/mi. EW = electrolyzed water; DW = deionized wateg; O
= 0zone gasAWsg = variation between skin break energy determinatjperformed
before and after berry treatment.

Rodoni et al (2010) reported decreased pectin solubilizatipalyuronide
depolymerization and pectin methyl esterase agtimibzone-treated fruits. Reduced

fruit softening following exposure to ozone mightredated to reduced disassembly
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of cell wall pectic polysaccharides. Furthermorbe tcuticle may also be a
determinant factor of changes in the mechanicgbgatees of fruit (Laraet al. 2014).
Probably, this protective barrier reduces wates lfmdlowing ozone treatment and
could therefore increase cell turgor compared witer treatments, which would
also explain the greater required skin rupture ggnéde Belieet al 1999). From the
practical perspective, ozone-treated table grapms lte more easily handled
postharvest due to their greater skin hardnessthaydcan exhibit longer shelf lives
due to postharvest microbial control (Horvitz andn@lejo 2014; Karaca and
Velioglu 2007).

Regarding the wine grape cultivars, the ozone-dceherries of all of the density
classes also exhibited the greater skin hardeniddhafter treatment compared with
the DW- and EW-treated berries, with the exceptudndensity class D Merlot
grapes. However, significantly high&W values were observed only in the ozone-
treated density class E Merlot berries and theitdealsss | Barbera berries. For all
of the wine grape cultivars of all density clasgbs, differences in thAWs values
were not significant between the berries that viesated with EW and DW after 4
or 24 h. The percentages of Merlot berries withnificantly harder skins
(AW, > 0.08 mJ) varied between 35.0% and 58.3% (thesigeclass E berries
exhibited values of 35.0% and 40.7% for the DW BN, respectively, and 58.3%
for ozone) at 4 h after berry treatment, whereasdhvalues ranged from 31.8% to
65.0% among the Barbera berries (the density dlds=ries exhibited values of
31.8% and 32.8% for the DW and EW, respectively, @hd% for ozone). After
24 h, the proportions of Merlot berries that expeced skin hardening after the DW
and EW treatments varied between 40.7% and 48.3%¢reas these values were

53.4% to 71.7% for the Barbera berries. Among &lthe studied cultivars, the
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changes in skin hardness during storage were |olwesihe Merlot berries, and the
AWg values typically corroborated this finding at 4 a4 h after DW and EW
treatment.

Regarding the Merlot and Barbera wine grapes,rtbeeases in skin hardness
during exposure to ozone might have resulted iatgreadvantages in terms of the
extractability of phenolic compounds compared wiltk DW and EW treatments.
Higher skin hardness values promotes greater ymatdsslow extraction kinetics of
anthocyanins from the skin (Rollet al 2008). This latter aspect is particularly
favorable for varieties with high proportions ofsdbstituted anthocyanins. These
compounds are diffused during maceration fasten thigubstituted anthocyanins,
but the former compounds are more easily lost dunimemaking (Gonzalez-Neves
et al 2008). Increased skin hardness can also favoreteactability of other
phenolic compounds, such as flavanols (Retlal 2011). The improved extractions
of skin anthocyanins and flavanols would likelyukesn wines with higher color

intensity, smoother taste and lower astringency.

Conclusion

In the food industry, the growing demand to minientuman health and safety
issues has promoted the study of ozone and elgotal water as alternative
sanitizing agents. Berry treatments with ozone aya$ electrolyzed water typically
induce increases in skin hardness, but exposurezéme promotes significantly
greater increases than immersion in electrolyzetewsor berries with certain
density values. However, within the same treatmersisin hardening was
independent of berry density, and the magnitudethid effect was cultivar-

dependent. This study showed the potential of ogaseto extend the shelf lives of
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table grapes and to potentially facilitate the &stiion of anthocyanins and flavanols
from wine grapes during maceration due to increasdea hardness. Nevertheless,
further studies are necessary to thoroughly evalwdher quality aspects of the
obtained grapes and wines, such as chemical cotigmssichromatic characteristics

and sensory properties.
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CONCLUSAO GERAL

O ozobnio foi mais efetivo que o $@m reduzir as populacdes de bactérias
laticas, in vitro, sem afetar as populacdes de leveduras fermertativasmo na
presenca dos componentes da uva e em condicOeiifieagdo. As bactérias
acéticas também foram reduzidas pelo ozénio, poaépmpducdo de biofilme pode
ter afetado os resultados.

Quando aplicado diretamente ao mosto o o0zo6nio rétowa as leveduras,
bactérias laticas ou acéticas. Os vinhos ozonizadogiriram caracteristicas de
vinho envelhecido, em termos de cor. Ndo houveifgigtivas alteracbes no
conteudo fendlico, na atividade antioxidante e raonma dos compostos volateis
analisados. Porém todos os vinhos produzidos c@ami@apresentaram acetaldeido
em quantidades que podem ser percebidas sensorialmeem alguns deles a
concentracdo de metanol encontrada estava acimpedvitido pela legislacéo
brasileira.

Apesar de nao terem sido observadas mudancasicaguds causadas pela
aplicacdo do ozbnio sobre maioria dos parametrosl@sdos, 0s compostos volateis
gue sofreram alteragGes sédo de grande importanciarenos de qualidade sensorial
e seguranca dos vinhos. Deste modo, tais efeitesnser considerados antes de se
empregar o 0zonio como um substituto dos sulfimgpmoducdo de vinho, dando-se
preferéncia ao uso do 0z6nio em menores concengra;Per tempos de aplicacao
mais curtos.

Com base nos resultados e nas limitagdes encostmadaxecucao deste trabalho

séo sugeridos como temas para estudos futuros:

* Eliminacdo da interferéncia do biofilme na aval@mgda eficacia do

0z6nio no controle de bactérias acéticas;
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* Avaliagdo do efeito do o0zonio sobre mostos com aglav carga
microbiana, levando em conta o seu efeito oxidasvore componentes
de qualidade do vinho;

* Elucidacdo das reacdes do ozbnio com componenteantio, como
compostos fendlicos, assim avaliagdo da toxicidads possiveis

produtos formados.
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