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A radiacdo ultravioleta do tipo C (UV-C) é uma tecnologia ndo-térmica que esta sendo usada
como um estressor abidtico para retardar o crescimento microbiano e aumentar o teor de
fitoquimicos em culturas de alimentos. No entanto, seus efeitos podem variar dependendo da
fruta, da cultivar, da dose hormética e do tempo apds a exposi¢do. A ‘Isabel’ é uma cultivar
hibrida de uva (Vitis labrusca L.) que representa cerca de 50% da producdo brasileira de uvas e é
amplamente usada para consumo in natura. Foram avaliados os efeitos da irradiacdo com UV-C
(0.5, 1.0, 2.0 e 4.0 kJ m™) seguida pelo armazenamento a 20°C (1, 3 e 5 dias) sobre indicadores de
qualidade, compostos bioativos, capacidade antioxidante e atividade da fenilalanina amonia liase
(FAL) de uvas ‘Isabel’. As maiores doses (2.0 e 4.0 kJ m®) levaram a um rapido aumento dos
solidos soluveis totais (SST) (cerca de 10%) e a um decréscimo dos valores de pH (p<0,05).
Todas as amostras apresentaram um aumento no teor de fendlicos totais (813,6 + 99,6 no 1° dia
vs. 1016,4 + 79,6 mg 4cido galico 100 g™ casca em peso fresco no 5° dia), flavonois (351,1 + 58,4
no 1° dia vs. 496,9 + 83,1 mg quercetina-3-rutinosideo 100 g™ casca em peso fresco no 5° dia) e
antocianinas (215,3 + 35,4 no 1° dia vs. 272,2 + 43,5 mg malvidina-3-glicosideo 100 g™ casca em
peso fresco no 5° dia) ao longo do armazenamento (p<0,05). Os compostos fendlicos totais
aumentaram ap6s a irradiagdo com UV-C nas doses de 1.0 e 2.0 kJ m?, enquanto o teor de
antocianinas aumentou apos irradiacdo com as doses 0,5, 1.0 e 2.0 kJ m™ (p<0,05). Os teores de
acido ascorbico (AA) e vitamina C total diminuiram em todas as amostras durante o
armazenamento (p<0,05). O tratamento com UV-C né&o teve efeito sobre o teor de flavonois, mas
diminuiu o teor de AA e vitamina C total (0,5-2.0 kJ m?, p<0,05). A atividade da FAL diminuiu
ao longo do armazenamento em todas as amostras (47,7 + 3,6 no 1° diavs. 38,4 +2,7e 324+ 2,1
10* EAU min™ mg proteina™ no 3° e 5° dias apds o tratamento, p<0,05). A radiacdo UV-C (0,5-
2.0 kJ m®) aumentou a atividade da enzima FAL em 2 vezes em relagdo ao controle. As uvas
tratadas com UV-C tiveram maior capacidade antioxidante nos ensaios do poder antioxidante de
reducéo do ferro (FRAP) e de remocéo do radical 2,2-difenil-1-picril-hidrazil (DPPH) que as uvas
controle (p<0,05). Alem disso, este efeito antioxidante foi positivamente correlacionado ao teor de
compostos fenolicos totais e antocianinas e negativamente correlacionado ao teor de &cido
ascorbico e vitamina C total (p<0,05). Assim, a radiagdo UV-C pode ser usada para aumentar o
teor de compostos bioativos e a capacidade antioxidante de uvas ‘Isabel’, sendo 1.0 kJ m? a dose
mais apropriada nas condicOes estudadas. Os efeitos da UV-C apareceram imediatamente apds a
irradiacdo e diminuiram gradualmente ao longo do armazenamento.
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UV-C, uva, p6s-colheita, estresse abidtico, antocianinas, compostos bioativos.



ABSTRACT

Master Dissertation
Graduate Program in Food Science and Technology
Federal University of Santa Maria

CHANGES IN LEVELS OF BIOACTIVE COMPOUNDS, ANTIOXIDANT
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Ultraviolet light type C (UV-C) is a non-thermal technology that has been used as an abiotic
stressor to delay microbial growth and enhance the phytochemical content of food crops.
However, its effects may vary depending on the cultivar, fruit, hormetic dose and time after
exposure. ‘Isabella’ is a hybrid grape cultivar (Vitis labrusca L.) that represents about 50% of
Brazilian grape production and is commonly consumed in natura. The effects of UV-C
irradiation (0.5, 1.0, 2.0, and 4.0 kJ m™) followed by storage at 20°C (1, 3, and 5 days) were
evaluated on quality indicators, bioactive compounds, antioxidant capacity and phenylalanine
ammonia lyase (PAL) activity of ‘Isabella’ grapes. The highest UV-C doses (2.0 and 4.0 kJ
m) led to a rapid increase (about 10%) of total soluble solids (TSS) and decrease of pH
values (p<0.05). All samples showed an increase on total phenolics (813.6 + 99.6 in the 1%
day vs. 1016.4 + 79.6 mg gallic acid equivalents 100 g™ skin FW in the 5" day), flavonols
(351.1 + 58.4 in the 1% day vs. 496.9 + 83.1 mg quercetin-3-rutinoside equivalents 100 g™
skin FW in the 5" day), and anthocyanins (215.3 + 35.4 in the 1% day vs. 272.2 + 43.5 mg
malvidin-3-glucoside equivalents 100 g skin FW in the 5" day) content along the storage
(p<0.05). Total phenolic compounds increased after UV-C at 1.0 and 2.0 kJ m™, whereas
anthocyanin content increased after UV-C at 0.5, 1.0, and 2.0 kJ m™ (p<0.05). The levels of
ascorbic acid (AA) and total vitamin C decreased in all samples during the storage (p<0.05).
UV-C treatment had no effect on the flavonol content, but decreased AA and total vitamin C
content (0.5 - 2.0 kJ m, p<0.05). PAL activity decreased along storage time in all samples
(47.7 + 3.6 in the 1" day vs. 38.4 + 2.7 and 32.4 + 2.1 10* EAU min™ mg protein™ in 3" and
5" days after treatment, p<0.05). UV-C radiation (0.5-2.0 ki m?) increased PAL enzyme
activity in two-fold relation to control. UV-C treated grapes had higher antioxidant capacity
than control grapes in the ferric reducing antioxidant power (FRAP) and 2,2-diphenyl-1-
picrylnydrazyl (DPPH) assays (p<0.05). Indeed, this effect was positively correlated to the
content of total phenolic and anthocyanin compounds and negatively correlated to ascorbic
acid and vitamin C contents (p<0.05). Thus, UV-C radiation can be used to increase bioactive
compounds and antioxidant capacity of ‘Isabella’ grapes, being 1.0 kJ m? the most
appropriate dose for the studied conditions. UV-C effects appeared immediately after the
irradiation and gradually decreased along the storage.

Keywords

UV-C, grape, postharvest, abiotic stress, anthocyanins, bioactive compounds.
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APRESENTACAO

A presente Dissertacdo de Mestrado encontra-se organizada em quatro partes:

A primeira parte representa a Introducéo, a qual visa situar o leitor a respeito do tema que
sera tratado nesta Dissertacdo, referenciando o que existe na literatura sobre o assunto e servindo
de suporte para a construgdo das hipoteses investigadas.

A seguir, os Objetivos (Geral e Especificos) trazem o principal questionamento do
trabalho e as questdes especificas que nortearam a realizacdo desta Dissertacao.

A terceira parte contém os Resultados que fazem parte deste trabalho, apresentados sob a
forma de um artigo cientifico, a ser submetido para publicacdo. As se¢cdes Materiais e Métodos,
Resultados, Discussdo e Referéncias Bibliograficas citadas no artigo encontram-se no final do
préprio artigo.

A quarta parte abrange a Concluséo, que contém um resumo dos principais achados desta
Dissertacao.

A secdo Referéncias Bibliograficas apresenta a bibliografia citada na se¢do de Introducéo

desta Dissertagéo.
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1 INTRODUCAO

Os consumidores estdo cada vez mais preocupados em buscar alimentos que ndo sejam
apenas seguros e fornecam os nutrientes basicos, mas que tragam algum beneficio a sua satde
(CRUPI et al., 2013). Nesse sentido, as frutas, em especial as uvas e 0s produtos & base de
uvas, se destacam como fontes importantes de compostos fenolicos e antocianinas, 0s quais
sdo potentes antioxidantes que tém sido associados a reducdo do risco de diversas doencas
(XIA et al., 2010).

A Isabel é uma cultivar de uva nédo-vinifera comumente encontrada ao alcance do
publico consumidor e possui uma capacidade antioxidante inferior as uvas viniferas usadas na
fabricacdo de vinhos finos (ROCKENBACH et al., 2011) e ndo disponiveis para o
consumidor na forma in natura.

A irradiagdo com luz UV-C vem firmando-se como uma das tecnologias de maior
aplicacdo no futuro por ser uma opg¢do que ndo deixa residuo e que pode ser usada em
alimentos com varias finalidades, inclusive aliada a outras tecnologias como baixas
temperaturas e atmosfera modificada (KEYSER et al., 2008; MARTINEZ-HERNANDEZ et
al., 2013). Esta tecnologia tem sido frequentemente empregada para retardar a deterioragdo
microbiana e controlar o aparecimento de doencas pds-colheita em frutas e hortalicas.
(ERKAN; WANG; WANG, 2008; TIECHER et al., 2010). Por outro lado, a aplicacdo pds-
colheita deste estressor abidtico pode induzir a producdo e incrementar a sintese de
metabdlitos secundarios com propriedades nutracéuticas em diversas frutas, como 0s
flavonoides e as antocianinas (CISNEROS-ZEVALLOS, 2003).

Por esta razao, diversos estudos tém examinado a importancia da radiacdo UV-C com
relacdo a indicadores de qualidade de frutas, avaliando os possiveis efeitos sobre suas
propriedades funcionais (BRAVO et al., 2012; GONZALEZ-AGUILAR et al., 2001). No
entanto, os efeitos da UV-C sobre a sintese de compostos antioxidantes e enzimas pode variar
dependendo da dose hormética, do tempo apos exposicdo e do tipo de fruta e da cultivar a ser
tratada (ERKAN; WANG; WANG, 2008; GONZALEZ-AGUILAR et al., 2010).
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1.1 Uva

O Rio Grande do Sul, maior produtor de uvas e vinhos no Brasil, é responsavel por
cerca de 55% da producdo de uvas do pais e, na safra de 2012, registrou um aumento de quase
82% na producédo de uvas em relacdo ao ano de 2003. As cultivares Vitis labrusca (também
chamadas de americanas ou comuns), como Bordd, Niagara rosada e Isabel, foram as
principais responsaveis pelo aumento, uma vez que essas uvas representaram quase 90% da
producéo total de uvas em 2012. Produtos derivados dessas uvas comuns, tais como 0s vinhos
de mesa aumentaram 32% em 2011, enquanto o suco de uva apresentou um aumento de 31%
(MELLO, 2012; UVIBRA, 2013). O suco de uva pode ser elaborado tanto com uvas viniferas
guanto ndo-viniferas, no entanto o suco produzido no Brasil é elaborado principalmente com
uvas nao-viniferas, sendo que Isabel (Figura 1), Bord6 e Concord sdo as cultivares mais
utilizadas (TERRA et al., 2001).

Figura 1. Uva ‘Isabel’ (Fonte: Arquivo pessoal).

Essas cultivares hibridas geralmente sdo mais rusticas e mais produtivas que as Vitis
vinifera, usadas para a elaboragéo de vinhos finos. Dentre as Vitis labrusca, a cultivar Isabel
figura como a responsavel pelo maior volume de suco produzido no Brasil, devido
principalmente a sua facil adaptacdo as condi¢bes edafocliméaticas e a sua elevada
produtividade, que culminam em uma grande disponibilidade de matéria-prima (RIZZON;
MIELE, 2006; ROMBALDI et al., 2004). Conforme Rizzon e Miele (2006), as cultivares

hibridas ou americanas representam cerca de 85% das videiras na Serra Gaucha, com
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predominancia da cultivar Isabel (Vitis labrusca), que representa aproximadamente 45% da
area plantada.

Um grande nimero de estudos epidemiologicos tém associado o consumo de uvas e
seus derivados a reducdo do risco de doencas cardiovasculares, a uma menor incidéncia de
doencas degenerativas e, inclusive, de certos tipos de cancer (HOGAN et al., 2009; XIA et al.,
2010). Estes beneficios a salde trazidos pelas uvas sdo atribuidos principalmente as diversas
atividades biologicas dos seus componentes funcionais, que incluem atividade antioxidante,
hipolipidémica, antiinflamatoria, antienvelhecimento e antimicrobiana (HOGAN et al., 2011,
SHANMUGANAYAGAM et al., 2012; TENORE et al., 2012).

A uva e seus derivados séo caracterizados por altas concentrages e por uma grande
variedade de compostos fenolicos, principalmente antocianinas e resveratrol. Estes compostos
sdo extraidos tanto no processo de vinificacdo, quanto durante a fabricacdo de sucos, ja que
ambos processos envolvem a participacdo das cascas. Uma vez que as uvas tintas sao ricas em
antocianinas, isso faz com que a uva seja considerada uma das mais importantes fontes de
antocianinas da nossa dieta (DANI et al., 2007; FRANKEL et al., 1998). Além disso, existe
um grande interesse da industria farmacéutica e alimenticia em extratos de frutas e plantas
ricas em compostos fenolicos, ja que, além dos beneficios que trazem a salde humana, esses
compostos podem ser Uteis no retardo da oxidac&o lipidica, no aumento do teor de compostos
bioativos nos alimentos e no fornecimento de matéria-prima para a producéo de suplementos

dietéticos com propriedades antioxidantes (MOURE et al., 2001).

1.1.1 Compostos fendlicos

As plantas, como organismos imdveis que sdo, ndo possuem mobilidade para escapar
do ataque de patdgenos, predadores ou mesmo de doencas e, entdo, desenvolveram
mecanismos quimicos para combaté-los. Assim, passaram a sintetizar uma grande variedade
de compostos relacionados a sua defesa, 0s metabdlitos secundarios, que séo classificados em
diferentes grupos de acordo com suas rotas de sintese e caracteristicas estruturais. Dentre 0s
metabolitos secundarios, os compostos fendlicos sdo os mais amplamente distribuidos no
reino vegetal e apresentam estruturas que variam desde moléculas simples como os &cidos
fenolicos até compostos altamente polimerizados como as proantocianidinas (LATTANZIO et
al., 2008).
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Os compostos fendlicos da uva, mais concentrados nas cascas e sementes, S&o
classificados em dois grupos: os flavonoides, tais como as antocianinas, flavonois, flavanois e
proantocianidinas; e os ndo-flavonoides, como os derivados do acido hidroxicinamico,
derivados do acido hidroxibenzoico e estilbenos (Figura 2) (IACOPINI et al., 2008).

COMPOSTOS FENOLICOS

FLAVONOIDES NAO- FLAVONOIDES
FLAVANOIS OU
FLAVAN-3-OIS
Ex.: catequina ESTILBENOS
FLAVONOIS Ex.: resveratrol

Ex.: quercetina

ANTOCIANINAS ~
Ex.: malvidina DERIVADOS DO AC.

HIDROXIBENZOICO

ISOFLAVONAS Ex.: acido galico
Ex.: genisteina
FLAVANONAS
Ex.: naringenina DERIVADOS DO AC.
FLAVONAS HIDROXICINAMICO
Ex.: apigenina Ex.: &cido cafeico

Figura 2. Esquema de classificacdo dos compostos fendlicos e exemplos das principais classes.

Alguns estudos tém mostrado que o metabolismo fendlico ndo seria apenas um
mecanismo protetor contra formas de estresse bidticas ou abidticas, mas também seria parte
de uma programacdo molecular que contribui para o desenvolvimento normal da planta.
Assim, além de seu papel nas relacdes animal-planta, microrganismo-planta e planta-planta,
os fenolicos também possuem papel fundamental na pigmentacdo, na atividade antioxidante e
guelante de metais e na filtracdo da luz ultravioleta (LATTANZIO et al., 2008).

Na uva, as antocianinas estdo localizadas principalmente na casca e sdo responsaveis
pela coloragdo vermelha, azul e roxa que se acumula durante 0 amadurecimento das uvas
tintas. Os flavonois sdo pigmentos amarelados sintetizados na casca das uvas durante dois
periodos distintos: da floragdo até o estadio prematuro de desenvolvimento da baga e durante
o amadurecimento. J& os flavan-3-ois, como catequina e epicatequina, estdo presentes tanto

nas cascas quanto nas sementes e sdo encontrados em maior extensdo nas uvas brancas. As
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proantocianidinas (ou taninos condensados) sdo polimeros de unidades de flavan-3-ois e
representam uma das mais abundantes classes de fenolicos em uvas, sendo responsaveis pelas
propriedades adstringentes e de amargor do vinho. Sua biossintese ocorre primariamente no
desenvolvimento da baga e é completada proximo ao veraison, que € o estadio de
desenvolvimento da baga onde inicia-se a sintese de antocianinas (IACOPINI et al., 2008;
LATTANZIO et al., 2008; YANG; MARTINSON; LIU, 2009).

Além do seu importante papel na defesa das plantas, os compostos fenolicos sdo
relevantes também pelas qualidades organolépticas que conferem as frutas frescas, aos sucos e
ao vinho, e ainda pelos beneficios que trazem & saude humana devido seu potencial
antioxidante e antimicrobiano (KOYAMA et al., 2012; ZHANG et al., 2012). Devido a isso,
alguns estudos estdo centrando-se em formas de aumentar os fenolicos em uvas (CRUPI et al.,
2013; ZHANG et al., 2012).

1.2 Tratamentos pos-colheita

O principal objetivo dos tratamentos pos-colheita € a preservacdo da qualidade e do
frescor de produtos vegetais bem como o combate ou retardo do desenvolvimento de
microrganismos e doengas. No entanto, tem sido observada uma melhora no sistema
antioxidante como uma resposta secundaria a certas condi¢cdes de estresse usadas como
tratamento pds-colheita (GONZALEZ-AGUILAR et al., 2010).

A partir disso, tratamentos pos-colheita que induzem estresse tém sido desenvolvidos
para preservar frutas. Esse estresse pode levar a ativacdo de sistemas antioxidantes
enzimaticos e/ou ndo enzimaticos no produto fresco e contribuir, assim, para um processo de
adaptacdo as condicdes de estresse e para a manutencdo da qualidade da fruta, além de
melhorar o potencial antioxidante (GONZALEZ-AGUILAR et al., 2010).

1.2.1 Elicitores abioticos
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Elicitores podem ser definidos como tratamentos fisicos ou quimicos capazes de
induzir a sintese de fitoquimicos nas plantas e podem ser classificados em bidticos, quando
impostos por outro organismo, ou abidticos, quando decorrentes de uma situacao de déficit ou
de excesso de fatores ambientais quimicos ou fisicos (APEL; HIRT, 2004; SCHREINER,;
HUYSKENS-KEIL, 2006).

Em plantas, a aplicacdo de doses baixas de um tratamento bidtico ou abiotico
potencialmente danoso que induz respostas positivas ou negativas nos tecidos contra este
estresse € um fendémeno chamado hormese (SHAMA; ALDERSON, 2005). Segundo
Calabrese (2002), o termo hormese refere-se a uma resposta adaptativa com caracteristicas
diferencidveis pela sua relagdo dose-resposta, que é induzida por um processo de agdo direta
ou de sobre-estimulacdo a doses baixas. As respostas horméticas podem ser em formato de
“U” invertido ou em formato de “J” (Figura 3), onde baixas doses causam efeitos
estimulatorios e altas doses causam efeitos deletérios e/ou inibitorios (CALABRESE;
BLAIN, 2009).

Resposta Resposta

Dose Dose

Figura 3. Curvas caracteristicas de efeito hormético em formato de “U” invertido (A) ou em formato de “J” (B).
(Adaptado de CALABRESE; BLAIN, 2009).

Conforme Ayala-Zavala et al. (2004), o interesse no papel exercido pelos compostos
bioativos na salde humana tem estimulado pesquisas a fim de avaliar e determinar como o
seu teor e/ou atividade podem ser mantidos ou mesmo melhorados. Para isso, varias
estratégias agronémicas de manejo e de processamento pds-colheita, como o uso de elicitores,
que incluem tratamentos com altas/baixas temperaturas, aplicacdo de fitorménios e radiagdo
ultravioleta, tém sido usadas para estimular a biossintese e o acumulo de compostos
funcionais em alimentos de origem vegetal (SCHREINER; HUYSKENS-KEIL, 2006;
TREUTTER, 2010).
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AlteracBes osmoticas, abundancia e privacdo de nutrientes ou alteracbes no
fotoperiodo, na intensidade e qualidade da luz também séo fatores abi6ticos que podem levar
ao estresse (APEL; HIRT, 2004). De acordo com Castagna et al. (2013), a modificacdo da
intensidade e/ou qualidade da luz é uma forma de estresse particularmente promissora porque
parece existir um papel central da luz em alguns processos metabolicos envolvidos na

biossintese de compostos fitoquimicos.

1.2.2 Radiacéao ultravioleta

Em funcdo da intensidade e do comprimento de onda, a radiacdo ultravioleta (UV)
pode induzir diferentes estresses bioldgicos nas plantas e ativar mecanismos de defesa dos
tecidos vegetais com a consequente producdo de metabdlitos secundarios e, por isso, pode ser
considerada um elicitor abidtico (RIVERA-PASTRANA et al., 2007).

De acordo com Bintsis, Litopoulou-Tzanetaki & Robinson (2000), a luz UV ocupa
uma ampla faixa de comprimentos de onda na regido n&o-ionizante do espectro
eletromagnético, situando-se entre 0s raios-X (200 nm) e a luz visivel (400 nm), podendo ser
subdividida em trés regides:

- UV de onda curta (UV-C) com comprimentos de onda entre 200 e 280 nm;
- UV de onda média (UV-B) com comprimentos de onda entre 280 e 320 nm;
- UV de onda longa (UV-A) com comprimentos de onda entre 320 e 400 nm.

Determinadas doses de radiacdo UV-A, UV-B ou UV-C podem produzir diferentes
efeitos indutivos na atividade fisioldgica da planta. A UV-A é a menos prejudicial dentre os
trés tipos de UV, mas ndo é atenuada pelo ozonio atmosférico, executando um papel
importante na fotomorfogénese. Ja a UV-B é potencialmente prejudicial, mas é absorvida pelo
ozo6nio atmosférico, enquanto uma pequena quantidade pode ainda penetrar a atmosfera,
atingir a superficie e induzir uma variedade de efeitos danosos em plantas. Altamente
energética, a UV-C é extremamente danosa aos microrganismos, mas insignificante sob
condigdes naturais da irradiacdo solar, uma vez que € absorvida pelo 0zonio e ndo chega a
superficie terrestre (HOLLOSY, 2002; ZHANG et al., 2012).

A intensidade da luz UV que atinge a superficie terrestre depende da atenuacéo pela

atmosfera e pode ser expressa como irradiancia ou intensidade de fluxo (W m™). Ja a dose,
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sendo uma relagdo da intensidade em fungdo do tempo de exposicdo, € expressa como
exposicao radiante (J m?) (BINTSIS; LITOPOULOU-TZANETAKI; ROBINSON, 2000).

1.2.2.1 Radiacéo ultravioleta do tipo C (UV-C)

Como ja mencionado, a UV-C é uma radiacdo de baixo comprimento de onda e alta
energia que é completamente absorvida pela camada de 0z6nio e que ndo chega a superficie
terrestre. No entanto, pode ser encontrada de forma artificial em lampadas de mercurio de
UV de onda curta, que produzem energia na regido germicida (254 nm), a qual é letal a
maioria dos microrganismos (BINTSIS; LITOPOULOU-TZANETAKI; ROBINSON, 2000;
LI et al., 2008). Essa capacidade germicida faz com que a UV-C seja usada com sucesso na
indUstria para a desinfec¢do de superficies, esterilizacdo do ar e de liquidos. Sua principal
limitacdo é, no entanto, sua reduzida penetracdo, que faz com que seja adequada apenas para
superficies (BINTSIS; LITOPOULOU-TZANETAKI; ROBINSON, 2000; MANZOCCO et
al., 2011).

Por ser um potente estressor abiotico, a radiacdo UV-C pode levar a ativacdo de
mecanismos de defesa dos tecidos vegetais, especialmente a sintese de compostos fendlicos,
carotenoides e fitoalexinas (RIVERA-PASTRANA et al., 2007).

Fitoalexinas sdo compostos oriundos do metabolismo secundario das plantas que
podem ser sintetizadas de novo ou acumuladas em resposta a diferentes fatores de estresse
abioticos (como a luz UV) ou bidticos (como os fungos) capazes de estimular a planta a
produzir ou a liberar maiores concentraces desses compostos (BOUE et al., 2009; CANTOS;
ESPIN; TOMAS-BARBERAN, 2002; GUERRERO et al., 2010).

O acumulo destes compostos pode ser acompanhado pela indugdo de outros sistemas
de defesa, como a modificacdo da parede celular, sintese de enzimas do sistema antioxidante
e, inclusive, morte celular (RIVERA-PASTRANA et al., 2007). Tudo isso a fim de proteger
as células e os compartimentos subcelulares dos efeitos citotoxicos das espécies reativas de
oxigénio (EROs) geradas durante o processo de irradiagdo (ALOTHMAN; BHAT; KARIM,
2009a; GONZALEZ-AGUILAR; ZAVALETA-GATICA; TIZNADO-HERNANDEZ, 2007;
GONZALEZ-AGUILAR et al., 2010).

Outras vantagens citadas para o uso da UV-C é que este método ndo deixa residuo e

ndo afeta as caracteristicas sensoriais (sabor e aroma) do produto, além de poder ser aplicado
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em conjunto com outras tecnologias, como refrigeracdo e atmosfera modificada (KEYSER et
al., 2008; RIVERA-PASTRANA et al., 2007).

A radiacdo UV-C geralmente tem acdo danosa sobre a vida das plantas, uma vez que
gera radicais livres e pode modificar a estrutura do DNA ao induzir a formacédo de dimeros de
timina e citosina, levando a um bloqueio da transcri¢do e da replicacdo (SASTRY; DATTA;
WOROBO, 2000). No entanto, baixas doses desse agente estressor podem estimular respostas
benéficas e, assim, o uso de uma dose hormética de UV-C como um método elicitor pds-
colheita tornou-se uma area de interesse para pesquisadores do setor horticola que buscam
culturas com alta resisténcia a doencas, vida de prateleira estendida e alto teor de compostos
bioativos (ROHANIE; AYOUB, 2012).

Efeitos da UV-C em frutas e hortalicas

A radiacdo UV pode causar alteragdes em processos bioguimicos e fisioldgicos, bem
como na morfologia das plantas e, dependendo de fatores como espécie, cultivar e condi¢es
de crescimento, pode levar a diferentes efeitos (HOLLOSY, 2002).

Além disso, uma vez que a exposicdo de tecidos vegetais a baixas doses de UV-C
pode induzir a producdo de compostos fungicidas, como as fitoalexinas, e retardar processos
de maturacéo e senescéncia, tem sido avaliado seu potencial em reduzir as perdas ocasionadas
por desordens fisiolégicas, ataque de fitopatdgenos, danos mecanicos e perda de firmeza
(SHAMA, 2007; STEVENS et al., 1998).

Ha evidéncias do efeito da UV-C no aumento da resisténcia a doencas e ao ataque de
microrganismos em uvas (NIGRO; IPPOLITO; LIMA, 1998; ROMANAZZI; GABLER;
SMILANICK, 2006), tomates (CHARLES et al.,, 2008), macds (SAUTTER; STORCK;
RIZZATTI, 2008), morangos (NIGRO et al., 2000) e péssegos (EL GHAOUTH; WILSON;
CALLAHAN, 2003). A exposicdo a doses baixas de UV-C também retardou a maturagdo e
senescéncia em macd (LIU et al., 1991), manga (GONZALEZ-AGUILAR; ZAVALETA-
GATICA; TIZNADO-HERNANDEZ, 2007) e tomates (MAHARAJ; ARUL; NADEAU,
2010; TIECHER et al., 2013).

Outra vantagem reconhecida do tratamento com UV-C é a melhora das propriedades
funcionais e da capacidade antioxidante dos vegetais através do estimulo da biossintese de
metabdlitos secundarios (GONZALEZ-BARRIO et al., 2009; JAGADEESH et al., 2011). O
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tratamento de goiaba e banana com UV-C aumentou o teor de fendlicos e de flavonoides,
enquanto que em abacaxi ocorreu aumento de flavonoides, mas ndo houve efeito sobre o teor
de fendlicos totais (ALOTHMAN; BHAT; KARIM, 2009b). Péssegos tratados com UV-C
também apresentaram maior teor de compostos fenolicos e maior capacidade antioxidante
quando comparados a péssegos ndo submetidos a radiacdo UV-C (TIECHER et al., 2010).
Perkins-Veazie, Collins, & Howard (2008) ao estudarem a aplicagcdo de UV-C em mirtilos,
encontraram um aumento no teor de fendlicos, antocianinas e capacidade antioxidante (pelo
método FRAP) usando doses de 1 kJ m™ na variedade Collins. No entanto, ao usarem doses
de 2 e 4 kJ m? na variedade Bluecrop ndo observaram aumento no teor de fenélicos, apenas
nas antocianinas e na capacidade antioxidante. Em morangos, o tratamento com radiagdo UV-
C aumentou os teores de antocianinas (BAKA et al., 1999), compostos fendlicos e
incrementou a capacidade antioxidante (ERKAN; WANG; WANG, 2008). Crizel (2012)
observou que a aplicacdo de UV-C durante o cultivo de morangueiros levou a obtencdo de
morangos com maior teor de acido ascérbico e antocianinas. Da mesma forma, a exposicao a
radiacdo UV-C levou a um aumento do teor de acido ascorbico e fendlicos totais em tomates,
além de promover o retardo da maturacdo e senescéncia (JAGADEESH et al., 2011;
MAHARAJ; ARUL; NADEAU, 2010). Jiang et al. (2010) também observaram um
incremento na sintese de flavonoides e acido ascorbico em cogumelos submetidos a radiacéo
UV-C.

Aprovada em 2002 pela Food and Drug Administration para uso como tecnologia
descontaminante de superficies de alimentos, a UV-C pode ser aplicavel tanto a frutas e
hortalicas inteiras quanto minimamente processadas, como uma forma de estender sua vida
atil através da preservacdo de sua aparéncia e frescor e da prevencdo do desenvolvimento
microbiano (ALOTHMAN; BHAT; KARIM, 2009b; MANZOCCO; DA PIEVE;
MAIFRENI, 2011; UNITED STATES - FOOD AND DRUG ADMINISTRATION, 2013;
LEMOINE, M.L.; CHAVES, A.R;;MARTINEZ, 2010). Além disso, é uma tecnologia de
custo relativamente baixo e que pode ser util na reducdo do uso de fungicidas em frutas e
hortalicas, o que certamente faz com que o produto seja mais valorizado pelo consumidor
(SAUTTER, 2003; SHAMA, 2007).

Efeitos da UV-C em uvas
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Diversas pesquisas tém sido feitas baseadas na aplicagédo de UV-C em uvas, tanto no
controle de doengas (CIA et al., 2009; NIGRO; IPPOLITO; LIMA, 1998; ROMANAZZI,
GABLER; SMILANICK, 2006), quanto na sintese de fitoquimicos (CANTOS; ESPIN;
TOMAS-BARBERAN, 2002; CRUPI et al., 2013; GONZALEZ-BARRIO et al., 2006; LI et
al., 2008; SAUTTER, 2008) e compostos volateis (GINDRI, 2013; KOBAYASHI et al.,
2011; TREPTOW, 2012). A maioria desses estudos, no entanto, foram focados basicamente
na producdo de estilbenos e de antocianinas, em diversos tecidos de Vitis (LIU et al., 2010;
WANG et al., 2010; ZHANG et al., 2012).

Uvas viniferas das cultivares Tempranillo, Cabernet sauvignon, Merlot, Syrah,
Monastrell, Garnacha e Carifiena, tratadas com UV-C ap6s serem colhidas, tiveram seu teor
de estilbenos (trans-resveratrol, trans-piceatanol e viniferinas) aumentado 6 dias ap6s o
tratamento (CANTOS et al., 2003a). Os mesmos autores também encontraram aumento no
teor de resveratrol em uvas de mesa ‘Napoleon’ ap6s o tratamento com pulsos de radiacdo
UV-C quando comparadas a uvas nao tratadas e sugeriram que a UV-C poderia ser usada
como forma de criar uvas “funcionais” e enriquecidas em resveratrol (CANTOS; ESPIN;
TOMAS-BARBERAN, 2001). Nesse estudo, também foi avaliado o teor de acido ascorbico,
que permaneceu inalterado apds uma semana de armazenamento. Cultivares de uvas de mesa
tintas (Flame, Red Globe, Crimson e Napoleon) e brancas (Superior, Dominga e Moscatel
Italica) estudadas por Cantos et al. (2002) também tiveram o teor de estilbenos aumentado
apos tratamento com pulsos de UV-C e foram sugeridas como “frutas funcionais”. Em outro
estudo, Cantos et al. (2003b) avaliaram o teor de resveratrol e pardmetros enoldgicos de
vinhos produzidos a partir de uvas ‘Monastrell’ tratadas com UV-C e também obtiveram
resultados positivos para o teor de estilbenos. No entanto, a irradiacdo com UV-C néo
modificou o padrdo de compostos fendlicos (incluindo antocianinas e flavonois) dessas uvas.
Da mesma forma, Cantos, Espin e Tomas-Barberan (2002) e Cantos et al. (2003a) ndo
observaram aumento no teor de compostos fenolicos ndo-estilbenos (antocianinas, flavonois e
flavan-3-o0is) em vinhos e uvas de mesa, mas apenas em compostos da classe dos estilbenos,
como resveratrol e viniferinas.

Guerrero et al. (2010) observaram um aumento na sintese de estilbenos (trans-
resveratrol) na casca de diferentes espécies hibridas e viniferas de Vitis ap06s o tratamento com
UV-C e o0 maior aumento foi observado entre 5 e 7 dias ap0s o tratamento. Além disso, as
variedades com maior teor inicial foram as que mais responderam a UV-C e produziram mais
resveratrol. Da mesma forma, Li et al. (2008) estudaram as cultivares de uva Takasuma,

Carigane e Tano Red e observaram que o aumento de resveratrol foi dependente da dose, da



27

cultivar e do tipo de radiagdo UV aplicado, sendo que a UV-C teve maior efeito sobre a
sintese de resveratrol que a UV-B.

Sautter (2003) verificou que sucos produzidos a partir de uvas ‘Isabel’ e ‘Seibel
10.096’ submetidas a UV-C tiveram seu teor de antocianinas e de trans-resveratrol aumentado
de forma significativa. Esses sucos apresentaram um teor de trans-resveratrol de 3 a 16 vezes
maior quando comparado a amostras de suco comercial integral.

Treptow (2012), ao avaliar o teor de fenodlicos totais e a evolugdo dos compostos
volateis de bagas de uvas 'Isabel' irradiadas com UV-C e armazenadas a 20°C, observou que
tanto o teor de fendlicos totais quanto o teor de ésteres e aldeidos foram intensificados com o
uso de uma dose de 3 ki m? Além disso, verificou-se que 0s sucos provenientes de uvas
tratadas com UV-C apresentaram maior intensidade de aroma e foram significativamente
diferenciados dos sucos provenientes de uvas ndo irradiadas quando avaliados sensorialmente.

Gindri (2013) avaliou o teor de fendlicos totais, antocianinas e a capacidade
antioxidante de vinhos produzidos a partir de uvas viniferas 'Merlot' e 'Cabernet sauvignon'
submetidas a UV-C, ndo obtendo diferenca significativa frente a vinhos elaborados com uvas
ndo irradiadas. Neste mesmo estudo também foi avaliada a composicdo volatil dos vinhos,
onde o tratamento com UV-C levou a um aumento na concentracdo de varios ésteres e
alcoois. As doses horméticas em relacdo aos diferentes parametros de analise dos vinhos
foram estabelecidas em 3 kJ m™ para a cv. Merlot e 6 kJ m™ para a cv. Cabernet sauvignon.

A maioria dos trabalhos existentes na literatura reportando os efeitos da UV-C em
uvas foram feitos em cultivares viniferas e avaliaram principalmente a producdo de
resveratrol e antocianinas, sendo poucos os estudos voltados para as uvas hibridas, como a
‘Isabel’. Além disso, o efeito da UV-C sobre outras classes de compostos bioativos, seu efeito
sobre a capacidade antioxidante e sobre a atividade de enzimas envolvidas na sintese de

compostos fendlicos de uvas ‘Isabel’ ndo foi plenamente estudado.

Mecanismo de ac¢éo da UV-C

No que ser refere a sua acdo germicida, sabe-se que a UV-C pode atuar tanto
diretamente sobre os microrganismos, através do dano ao DNA, como indiretamente pela
estimulagdo de mecanismos de defesa e sintese de fitoalexinas (ESCALONA et al., 2010).
Apesar desse efeito parecer ndo depender da temperatura, a efetividade da UV-C depende da
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incidéncia determinada pela estrutura e topografia da superficie do produto tratado, da dose (J
m %) e da distancia entre a fonte de energia e a amostra (BINTSIS; LITOPOULOU-
TZANETAKI; ROBINSON, 2000; SHAMA, 2007).

Ja 0s mecanismos pelos quais ocorrem as alteragdes causadas pela UV-C, como o
aumento do potencial antioxidante, ainda ndo estdo completamente elucidados. No entanto,
sabe-se que o metabolismo secundario é ativado junto com o sistema antioxidante enzimético
e que haveria a formacdo de espécies reativas de oxigénio (EROs), como oxigénio singlete
(*0,), radical superéxido (O,"), peréxido de hidrogénio (H,O,) e radical hidroxil (‘OH).
(GONZALEZ-AGUILAR et al., 2010; KOVACS; KERESZTES, 2002).

Shama & Alderson (2005) sugerem que tratamentos utilizando UV promovem reacoes
de foto-oxidacdo nas plantas atraves da producdo de EROs, que fazem com que as plantas
reajam e estimulem seus mecanismos de defesa. Quando uma dose hormética de radiacao é
absorvida por um material biol6gico, ela pode interagir com &tomos e moléculas,
principalmente a agua, produzindo as EROs pela redugdo univalente do oxigénio de uma
maneira rapida e controlada (GONZALEZ-AGUILAR et al., 2010).

1.3 Defesa contra a radiacéao UV

A sensibilidade das células aos efeitos prejudiciais da radiagdo serd determinada pelo
balanco entre o dano causado a célula e pela eficiéncia dos processos de reparo para
restabelecer as funcbes que foram prejudicadas (KOYAMA et al., 2012).

De acordo com Hollésy (2002), a epiderme é a primeira camada celular a interceptar a
radiacdo UV e representa uma importante barreira de protecdo, uma vez que contém
compostos capazes de absorver essa energia. Uma estratégia efetiva é, entdo, o acimulo de
compostos fendlicos que seletivamente absorvem a radiacdo UV na cuticula e epiderme da
planta (KOYAMA et al., 2012).

Em resposta a elevadas doses de radiacdo UV e ao estresse oxidativo gerado por esta
exposicdo, as células das plantas desenvolveram formas de protecdo que envolvem
mecanismos de defesa enzimaticos (superoxido dismutase, catalase, ascorbato peroxidase,

glutationa redutase) e ndo-enzimaticos, como alguns metabolitos secundarios, que convertem
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as EROs até produtos menos toxicos (GONZALEZ-AGUILAR et al., 2010; HOLLOSY,
2002; KOYAMA et al., 2012).

Os mecanismos ndo-enzimaticos de remocao de radicais livres incluem 0s compostos
antioxidantes como o alfa-tocoferol, o beta-caroteno, o ascorbato e os flavonoides (FOYER;
NOCTOR, 2005; HOLLOSY, 2002). Tem sido proposto que os flavonoides seriam um
mecanismo adaptativo de protecdo contra a radiagdo UV, ja que absorvem fortemente nesta
faixa de energia. Os flavonoides podem ser sintetizados em reacdes catalisadas por enzimas
da via dos fenilpropanoides, como a fenilalanina aménia liase (FAL), juntamente com
enzimas da via dos flavonoides, como a chalcona sintase (CHS) (LATTANZIO;
CARDINALI; LINSALATA, 2012; LATTANZIO et al., 2008). O acumulo destes compostos
é regulado pela isomerizacéo cis-trans do acido cinamico, catalisada pela luz com incidéncia
de 360nm e, assim, a radiacdo UV produz uma mistura equilibrada dos dois isdmeros
(CZELUSNIAK et al., 2012).

Outro mecanismo ndo-enzimatico inclui a glutationa (GSH), que pode ser oxidada
(GSSG) por diversos fatores de estresse. A GSH pode atuar diretamente como antioxidante
reduzindo EROs, pode entrar no ciclo GSH-ascorbato para a reducdo do é&cido
deidroascorbico, contribuir na remoc¢édo do perdxido de hidrogénio via glutationa peroxidase
(GILL; TUTEJA, 2010) e ainda funcionar como um possivel marcador de estresse na via dos
flavonoides, capaz de induzir a transcricdo de genes de enzimas de defesa como a CHS e a
FAL (NOCTOR; FOYER, 1998).

Assim como em qualquer outro organismo de metabolismo aerdbico, as plantas
também produzem continuamente EROs e essa producdo ocorre principalmente nos
cloroplastos, nas mitocondrias e nos peroxissomos. A producdo e a remocdo das EROs €
estritamente controlada. No entanto, esse equilibrio pode ser perturbado por diversos fatores
de estresse abidticos, como temperaturas extremas e alta exposicéo a luz (APEL; HIRT, 2004;
WRZACZEK et al., 2011). Essencialmente todos os estresses abiodticos levam a producdo de
EROs, embora em diferentes formas e em diferentes compartimentos subcelulares (JASPERS;
KANGASJARVI, 2010).

Em altas concentracdes, as EROs podem ter efeitos prejudiciais sobre o metabolismo
normal em razdo de oxidar &cidos nucleicos, proteinas, lipidios ou carboidratos, afetar a
integridade das membranas celulares e inativar funcGes celulares-chave, podendo, inclusive,
levar & aceleracdo da senescéncia (GILL; TUTEJA, 2010). O impacto comercial destes efeitos
deve ser minimizado, ou entdo eliminado, pelo controle cuidadoso da dose maxima de UV
que pode ser aplicada as frutas (SHAMA, 2007).
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No entanto, sugere-se que o acumulo rapido, mas moderado, de produtos da foto-
oxidagdo em resposta ao tratamento com doses horméticas de UV poderia estimular a defesa
antioxidante (MAHARAJ; ARUL; NADEAU, 2010). Assim, em contraste ao seu conhecido
papel como agentes prejudiciais as células, as EROs atuariam também como moléculas
sinalizadoras, com papel essencial na regulacdo do desenvolvimento e da adaptacdo ao
estresse e no estimulo da producdo de compostos antioxidantes (APEL; HIRT, 2004,
GONZALEZ-AGUILAR et al., 2010; JASPERS; KANGASJARVI, 2010).

Geralmente, o estresse, como qualquer outro estimulo, pode ser percebido de uma
maneira direta ou indireta. Na percepcdo direta, 0 agente causador do estresse & percebido
através de um receptor, enquanto na percepcao indireta sdo percebidos os efeitos causados
pelo agente estressor. Evidéncias sugerem que as plantas usam ambos os modelos em paralelo
na percepcdo de estresses abioticos, sendo que as EROs sdo frequentemente usadas como

moléculas sinalizadoras na percepcéo indireta (WRZACZEK et al., 2011).

1.4 Metabolismo secundario

O metabolismo priméario € uma importante fonte de precursores para as vias de
biossintese do metabolismo secundario e sabe-se que a via do acido chiquimico (Figura 4) é a
responsavel por mediar o fluxo de carbono do metabolismo de carboidratos (metabolismo
primario) até a biossintese de compostos aromaticos (metabolismo secundario) em
microrganismos e plantas (LATTANZIO; CARDINALI; LINSALATA, 2012; TREUTTER,
2010; ZHANG et al., 2012).

No entanto, ao contrario do metabolismo priméario, que se refere a processos
catabdlicos e anabdlicos voltados a manutencdo e a proliferacdo celular, o metabolismo
secundario envolve a sintese de compostos que ndo sdo diretamente essenciais para 0
metabolismo basico, mas que sdo necessarios para a sobrevivéncia das plantas no ambiente
(KLIEBENSTEIN, 2004; LATTANZIO et al., 2008; TREUTTER, 2010).

O metabolismo secundario das plantas constitui uma grande reserva de diversos
metabdlitos e enzimas e um amplo espectro de mecanismos de regulacdo genética e de
transporte, que podem ser induzidos tanto por condigdes ambientais como podem ser
geneticamente controlados (LATTANZIO et al., 2008).
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Figura 4. Via do &cido chiquimico (Adaptado de TAIZ; ZEIGER, 2009).

Apesar de haver uma enorme variedade de metabolitos secundarios, o nimero de vias
biossintéticas é restrito e distinto. Os precursores geralmente sdo provenientes de vias
metabolicas basicas como ciclo de Krebs, glicolise e via do &cido chiquimico (Figura 5).
Exemplos de metabdlitos secundarios incluem os alcaloides, terpenos, flavonoides, taninos,
fenilpropanoides, lignina, lignanas, glucosinolatos, entre outros. Alguns podem ser
produzidos em todos os tecidos, mas os sitios de biossintese geralmente séo
compartimentalizados na célula vegetal e localizados principalmente no citoplasma, reticulo
endoplasmatico ou em organelas. Compostos de carater hidrossolivel sdo armazenados nos
vacuolos, enquanto substancias de carater hidrofobico sdo armazenadas nos pelos glandulares,
tricomas, membranas tilacoides ou cuticula (PETERSEN; HANS; MATERN, 2010).

Esses compostos sdo necessarios para as plantas no que se refere a crescimento,
reproducdo e resisténcia, devido, principalmente, as suas propriedades antibioticas,

antinutricionais e antipalataveis (LATTANZIO et al., 2008). Além do seu papel protetor
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contra herbivoros, microrganismos, virus, patdgenos e plantas competidoras, os metabolitos
secundarios também atuam como compostos sinalizadores (na atracdo de polinizadores e
dispersores de sementes) e como protetores da planta contra agentes oxidantes, radiacdo UV e
outros estresses fisicos (LATTANZIO et al., 2008; PETERSEN; HANS; MATERN, 2010).

Flores, frutos e sementes sdo 6rgdos envolvidos com a reproducgdo e continuagdo da
espécie e, por isso, sdo especialmente ricos em metabolitos secundéarios. No entanto, o perfil
desses metabdlitos € variavel de acordo com o tempo, ambiente e estado de desenvolvimento
do tecido vegetal (PETERSEN; HANS; MATERN, 2010).

CO,
\l/ Fotossintese Metabolismo primario
Metabolismo primario

Via das Glicolise N

pentoses \ / Piruvato

fosfato Fosfoenolpiruvato

N P 3-fosfoglicerato
Eritrose 4-fosfato Ciclo i
de — Acetil-Co
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Aminoacidos
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|
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Via do &acido Via do acido Via do acido Via do metileritritol-
chiquimico mal6nico mevalbnico fosfato
7 .
Aminoacidos 1/ \ /
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nitrogenados
Metabolismo secundério

Compostos fenolicos

Figura 5. Esquema simplificado das principais vias de biossintese envolvidas no metabolismo secundario e suas
inter-relagdes com o metabolismo primério (Adaptado de TAIZ; ZEIGER, 2009).

A principal via para a formagao dos compostos fendlicos inicia-se com 0s aminoacidos
aromaticos L-fenilalanina e, em menor extensdo, L-tirosina. A fenilalanina liberada como
produto da via do &cido chiquimico entra como precursor na via dos fenilpropanoides para dar

origem a diversos compostos fendlicos (Figura 7), que incluem os flavonoides, isoflavonas,
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estilbenos, cumarinas, chalconas, lignanas e lignina (KOYAMA et al., 2012; TREUTTER,
2010; ZHANG et al., 2012).

A transferéncia dos aminoacidos do metabolismo primario para o secundario é
realizada pela atividade das enzimas fenilalanina/tirosina amonia liase (FAL/TAL), que
transformam estes aminoéacidos em 4&cido cindmico, posteriormente metabolizado até 4-
coumaroil-CoA por outras enzimas da via dos fenilpropanoides, como a &cido cindmico 4-
hidroxilase e a 4-coumarato CoA ligase (PETERSEN; HANS; MATERN, 2010).

1.5 Fenilalanina amonia liase (FAL)

A FAL (EC 4.3.1.5) é uma enzima que catalisa a entrada da fenilalanina na via dos
fenilpropanoides pela remogéo do nitrogénio na forma de amonia enquanto introduz uma

dupla ligagdo entre os carbonos 7 e 8 (Figura 6).

ﬁ 0
FAL S
. OH OH + NH3
HN H >
L-fenilalanina Acido trans-cinAmico

Figura 6. Reacdo catalisada pela enzima fenilalanina aménia liase (FAL). Baseada em (PETERSEN; HANS;
MATERN, 2010).

Descrita pela primeira vez em 1961, a FAL é uma das enzimas mais bem estudadas do
metabolismo secundério vegetal e em muitas plantas as isoformas da FAL sao codificadas por
familias multigénicas. Sua forma ativa é uma proteina homotetramérica e que ndo requer co-
fator. Apesar de ser considerada uma enzima soluvel, as diferentes isoformas variam na sua
localizacdo subcelular, podendo ser encontradas no citoplasma ou ligadas as membranas
(PETERSEN; HANS; MATERN, 2010).
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Esta enzima pode ser induzida junto com outros genes e enzimas do metabolismo
fendlico por fatores ambientais, como ataque de patégenos ou luz UV, e, assim, diferentes
rotas de producdo de compostos podem ser ativadas em detrimento de outras dependendo da
planta (PETERSEN; HANS; MATERN, 2010).

O aumento na atividade da FAL em situacOes de estresse pode ocorrer tanto pela
sintese de novo da enzima, como pela liberagdo da FAL de um complexo enzima-inibidor pré-
existente, mas inativo. Cabe destacar que a producdo de etileno em tecidos vegetais
submetidos a um estresse ocorre quase a0 mesmo tempo em que ocorre 0 aumento da
atividade da FAL, mostrando que ambos 0s metabolismos estdo interligados (LATTANZIO;
CARDINALI; LINSALATA, 2012). Tiecher et al. (2013), por exemplo, observou que o
tratamento de tomates com UV-C estimulou a producéo de etileno e sugeriu que a induc¢édo do
acumulo de carotenoides totais pela UV-C seria parcialmente dependente do etileno
produzido, uma vez que a aplicacdo apenas de 1-metilciclopropeno (1-MCP), um inibidor da
sintese de etileno, inibiu esse acimulo e a aplicacdo apenas de UV-C induziu esse acumulo.

A inducdo da atividade da FAL também pode ser dependente da temperatura, ja que o
estresse causado pela baixa temperatura pode ndo levar a um aumento correspondente na
producdo de fendlicos, sendo possivel que etapas subsequentes da biossintese de compostos
fendlicos limitem sua formagdo (LATTANZIO; CARDINALI; LINSALATA, 2012).

1.6 Compostos fenolicos como agentes filtrantes da radiacdo UV

Diversos estudos tém demonstrado que os fendlicos sdo substancias capazes de
absorver a luz UV e que uma radiacdo UV suplementar poderia induzir a producdo desses
compostos nas plantas, em particular as antocianinas (ZHANG et al., 2012). Além disso, um
excesso de radiacdo UV levaria a mudancas na composi¢cdo dos flavonoides e a ativacdo de
genes envolvidos em sua biossintese. Ryan et al. (2001) observaram que mutantes de
Arabidopsis thaliana que tiveram a sintese de flavonoides bloqueada apresentaram
hipersensibilidade a radiacdo UV e sugeriram que outros fenodlicos podem ser tdo importantes
quanto os flavonoides na protecdo contra a radiagdo UV. Kliebenstein (2004) observou que
mutantes deficientes na rota dos fenilpropanoides e expostos a UV-B foram mais sensiveis a

radiacdo e sugeriu que tanto &cidos hidroxicindmicos pré-formados e flavonois-induzidos
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atuariam como protetores contra a UV-B e que a importancia deles estaria diretamente
relacionada as suas concentracdes (LATTANZIO et al., 2008).
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2 OBJETIVOS

O objetivo geral desta dissertacdo foi avaliar o efeito da radiagdo UV-C e do tempo de
armazenagem apoOs a irradiacdo sobre o teor de compostos bioativos e a capacidade
antioxidante de uvas ‘Isabel’, determinando a dose hormética de UV-C.

Os objetivos especificos foram:

e Avaliar indicadores de qualidade, como o teor de solidos soluveis totais e pH das
uvas;

e Avaliar o teor de diferentes classes de compostos bioativos (fendlicos totais,
antocianinas totais, flavonois totais) na casca das uvas;

e Auvaliar o teor de acido ascorbico na uva inteira;

e Auvaliar a atividade da enzima fenilalanina aménia liase;

e Auvaliar a capacidade antioxidante total da casca das uvas.
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3 ARTIGO CIENTIFICO

Os dados resultantes desta dissertacdo estdo em fase final de revisdo pelos autores e
serdo apresentados na forma de artigo cientifico. O artigo serd submetido a revista
International Journal of Food Science and Technology e esta configurado de acordo com as

normas desta, as quais estdo listadas no anexo A.
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Abstract

Ultraviolet light type C (UV-C) has been used to enhance the phytochemical content in
food crops. However, its effects may vary depending on the fruit cultivar, hormetic
dose, and time after exposure. The effects of UV-C irradiation (0.5, 1.0, 2.0 and 4.0 kJ
m?) followed by storage at 20 + 1°C (1, 3 and 5 days) were evaluated on the quality
parameters, bioactive compounds, antioxidant capacity, and phenylalanine ammonia
lyase (PAL) activity of ‘Isabella’ grapes. UV-C effects appeared immediately after the
irradiation and gradually decreased along the storage. The highest UV-C doses (2.0 and
4.0 kJ m™) resulted in a rapid increase of total soluble solids (TSS) and a decrease of pH
values (p<0.05). Total phenolic compounds increased after irradiation at 1.0 and 2.0 kJ
m, whereas anthocyanin content increased after irradiation at 0.5, 1.0, and 2.0 kJ m™
(p<0.05). UV-C treatment had no effect on the flavonol content but decreased ascorbic
acid (AA) and total vitamin C content (0.5-2.0 kJ m™, p<0.05). UV-C irradiation (0.5-
2.0 ki m?) increased PAL activity. UV-C treated grapes had higher antioxidant capacity
than control in the ferric reducing antioxidant power (FRAP) and 2,2-diphenyl-1-
picrylhydrazyl (DPPH) assays (p<0.05). Thus, UV-C irradiation can be used to increase
bioactive compounds and antioxidant activity of ‘Isabella’ grapes and 1.0 k m? was

considered the hormetic dose in the studied conditions.

Keywords

UV-C, grape, postharvest, abiotic stress, anthocyanin, bioactive compounds
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1 Introduction

‘Isabella’ is a black hybrid grape cultivar (Vitis labrusca L.) that represents
about 50% of Brazilian grape production and is largely used for fresh consumption and
for the elaboration of table wine, juice, vinegar, sweets, and jams (Nixdorf & Hermosin-
Gutiérrez 2010). However, even with the great commercial availability, this hybrid has
lower antioxidant capacity than wine grape varieties (Rockenbach et al., 2011).

The consumption of fruits and vegetables has been associated to the reduction of
the risk of cancer, cardiovascular and neurodegenerative diseases, and more recently, to
diabetes (Scalbert et al. 2005). This protective effect has been attributed to the
antioxidant effect and modulatory biological activities of phytochemicals, among them
are the phenolic compounds (Wootton-Beard & Ryan 2011). Grape phenolic
compounds, specially the anthocyanins, flavonols, and resveratrol, have antioxidant,
cardioprotective, anticancer, anti-inflammatory, anti-aging, and antimicrobial activities
(Xia et al., 2010).

Ultraviolet light type C (UV-C) is a non-ionizing radiation, with wavelengths
ranging from 200 to 280 nm and maximum germicide effect at 254 nm. It has been used
in the surfaces disinfection, liquids sterilization, and as an alternative to the use of
fungicides, extending the shelf life of fresh products (Bintsis et al., 2000; Gonzélez-
Aguilar et al., 2001; Shama and Alderson, 2005; Alothman et al., 2009). As a physical,
non-thermal method, UV-C treatment produces no toxic residues (Keyser et al. 2008)
and can be easily associated with other preservation technologies, such as modified
atmosphere and refrigeration.

Despite its germicide effects, UV-C is an abiotic stress that generally has

deleterious effects on plant tissues due to the generation of reactive oxygen species
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(ROS). However, the exposure to low levels of a stressor may stimulate beneficial
physiological defence responses, which contrasts with the detrimental effects caused by
the exposure to high levels. This phenomenon is called hormesis (Shama & Alderson,
2005; Calabrese and Blain, 2009) and has been explored to improve the nutraceutical
potential of some horticultural products (Cisneros-Zevallos, 2003; Shama and Alderson,
2005).

Plants which are able to synthesize flavonoids and other phenolic compounds
that absorb UV light are more tolerant to the UV irradiation than mutants in which this
pathway was impaired (Gill & Tuteja 2010). Thus, UV-C irradiation may trigger a
defence response that results in the accumulation of phenolic compounds in many fruits
and vegetables, as occurred in tomatoes (Bravo et al. 2012), strawberries (Erkan et al.,
2008), mangoes (Gonzalez-Aguilar et al. 2007), and mushrooms (Jiang et al. 2010). The
synthesis of defence compounds is initiated by UV treatment but continues to occur
during the days after the irradiation (Shama & Alderson 2005). Therefore, the
simultaneous postharvest UV-C and storage treatments in table grape varieties has been
scarcely investigated (Crupi et al., 2013).

Phenylalanine ammonia lyase (PAL) catalyses the deamination of L-
phenylalanine into trans-cinnamate, which is the first step in the biosynthesis of
phenylpropanoid compounds, such as chlorogenic acid, flavonoids, and lignin
monomers, and may be induced by abiotic stresses as UV light (Petersen, Hans, &
Matern, 2010; MacDonald & D’Cunha, 2007).

Some works have investigated the effects of UV-C on the synthesis of
anthocyanins in grapes (Zhang et al. 2012). However, the majority of studies primarily
focused on the synthesis of stilbenes in various tissues of Vitis (Bertagnolli et al.,

2007;Wang et al., 2010; Li et al., 2008; Guerrero et al., 2010). To our knowledge, the
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antioxidant capacity and PAL activity in grapes treated with UV-C has not been
described yet. Thus, the purpose of this work was to evaluate the changes in fruit
quality, bioactive compounds levels, antioxidant capacity and PAL activity, along the

storage after UV-C irradiation of ‘Isabella’ grapes.

2 Materials and methods

2.1 Chemicals

6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), 2,2-
diphenyl-1-picrylhydrazyl (DPPH), gallic acid, quercetin-3-rutinoside, 2,4,6-tris(2-
pyridyl)-1,3,5-triazine (TPTZ), polyvinylpyrrolidone (PVPP), and dithiothreitol (DTT)
were purchased from Sigma—Aldrich (St. Louis, MO, USA). The other reagents were of

analytical grade.

2.2 Fruit samples

Grapes cv. Isabella (Vitis labrusca L.) were hand-harvested in January, 2013 at
Itaara, RS, Brazil (29°35°55.39” S and 53°46°13.49” W) from different plants at
commercially mature stage. Immediately after the harvest, grapes were taken to the
laboratory. Ruptured, injured or unripe berries were discarded. ‘Isabella’ grape samples
selected for this study presented the following initial quality parameters: pH was 3.32 +
0.02; titratable acidity was 0.62 + 0.03 mg tartaric acid 100 g™* FW, and total soluble
solids (TSS) was 14.2 + 0.3 (°Brix). Grape berries were cut at level of stem and
randomized one day before the treatment to evaluate the effects of UV-C on the
postharvest fruit metabolism. Each treatment was composed by four replicates

(approximately 300 g fruit each one) at each time point.
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2.3 UV-C treatment

Fruits were placed in aluminum trays and subjected to UV-C irradiation (0.5,
1.0, 2.0, or 4.0 kJ m™) using a Philips® lamp (TUV-30W/G30T8) distant 30 + 1 cm
from samples. Non-irradiated grapes were considered as control. The radiation intensity
of the lamp at 254 nm was determined with a radiometer (International Light® RPS900)
and the UV-C irradiation doses were obtained by changing the exposure time. The
doses of irradiation were chosen based on previous studies that applied UV-C in grapes
(Li et al. 2008). After treatment, samples from each repetition and treatment were stored
in tulle bags under natural light at 20 £ 1°C. After 1, 3, and 5 days in this storage
conditions, treated and untreated (control) samples were immediately frozen in liquid

nitrogen and kept at -20°C for further analyses.

2.4 Preparation of extracts

Grapes were peeled and 5 g (FW) of skin were grinded with 15 mL of
water:ethanol:formic acid solution (27:70:3, v/v/v) for 2 min at 12,000 rpm using an
ultra-turrax. The mixture was centrifuged at 2,300 x g for 10 min and the supernatant
was stored in amber flasks at -20°C until analyses. This skin extract was used to
determine the content of phenolics, flavonols, and anthocyanins and the antioxidant
capacity. The remaining pulp was centrifuged at 2,300 x g for 10 min and total soluble

solids (TSS) and pH were determined in the supernatant.

2.5 TSS and pH
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The TSS was determined in a portable refractometer (Biobrix® mod. 103,
Curitiba, PR, Brazil) and pH was evaluated using a pHmeter (Digimed® DM-22, Sdo

Paulo, SP, Brazil).

2.6 Determination of phenolic compounds, flavonol, and anthocyanin content

These assays were performed in the skin extract. The total content of phenolic
compounds was evaluated using Folin-Ciocateau’s reagent at 765 nm (Singleton &
Rossi, 1965) and results were expressed as mg gallic acid equivalents 100 g™ of skin
(FW).

The total content of flavonols was measured by a colorimetric assay (Zhishen,
Mengcheng & Jianming, 1999) and expressed as mg quercetin-3-rutinoside equivalents
100 g™ of skin (FW). This method is based on the aluminum complexation by the
phenolic compound, which must have a 4-keto group and at least one neighboring (3- or
5-) hydroxyl group. Flavones and flavanones, which are also detected by the method,
are not common in grapes (Tenore et al. 2012).

Total monomeric anthocyanin content was evaluated using the pH-differential
method (Wrolstad & Giusti 2001) and calculated as:

A = (As3s5 nm— A700 nm) pH 1.0 — (As3s nm—A700 nm) pH s (1);

Total monomeric anthocyanin (mg malvidin-3-glucoside equivalents 100 g™* skin (FW))
=A * MW * DF *1000 *100 /¢ * 1 *333  (2);

where: MW=molar weight of malvidin-3-glucoside (493.5); DF= dilution factor; &=

molar extinction coefficient absorption of malvidin-3-glucoside (29500).

2.7 Determination of ascorbic acid
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Whole frozen grape berries without seeds were ground with pestle and mortar in
liquid nitrogen until pulverization. The obtained power (1 g) was extracted with 1 mL of
4.5% meta-phosphoric acid and centrifuged at 23,145 x g at 4°C, for 15 min. The
supernatant was filtered at 0.45 um (Millipore® filter, Bedford, Md., USA) and stored
up to seven days at -20°C prior to the analysis in a high performance liquid
chromatography (HPLC) system (LC-20AT prominence) coupled to an UV-Vis detector
(SPD-20AV prominence) and to a reverse phase Microsorb-MW® C-18 column (4.6 x
250 mm, particle size 5 um). The mobile phase was sulfuric acid and ultrapure water at
pH 2.6 + 0.02 and the flow was maintained at 1 mL min™, as described by Sanchez-
Mata, Camara-Hurtado, Diez-Marqués, & Torija-lsasa (2000). AA was quantified at
245 nm with an eight-point calibration curve (0.03125 — 10 mg L, R? = 0.9995). The
detection and the quantification limits, calculated based on the standard deviation of the
response and the slope of the calibration curve as described by Ribani et al. (2004),
were 0.096 and 0.32 mg kg™ fruit, respectively.

The total AA was determined after adding freshly prepared 10 mM DTT (final
concentration) to the sample to reduce dehydroascorbic acid into AA (Hernandéz, Lobo
& Gonzalez, 2006), whereas reduced ascorbic acid was determined by injecting the

sample with no reaction.

2.8 Antioxidant capacity

The antioxidant capacity assays were performed in the skin extracts. The DPPH
radical scavenging assay was carried out as described by Brand-Williams et al. (1995),
with some modifications. The antiradical power of the extracts was measured as the
decrease of DPPH absorbance against a blank containing the extraction solution at 517

nm and calculated as percent of DPPH inhibition as follow:
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% inhibition = ((AbSpiank — AbSsampie)/AbSpiank)*100  (3)

Trolox, a hydrosoluble analog of alfa-tocopherol, was used as standard for the
calibration curve and results were expressed as mmol Trolox equivalents 100 g™ of skin
(FW).

The ferric reducing antioxidant power (FRAP) assay was assessed at 593 nm
based on the formation of a colored ferrous-TPTZ complex after the reduction of ferric
to ferrous ion (Benzie and Strain, 1996). A curve of Trolox was constructed and results

were expressed as mmol Trolox equivalents 100 g™ of skin (FW).

2.9 Phenylalanine ammonia lyase activity (PAL)

Whole frozen grape berries without seeds were ground with pestle and mortar in
liquid nitrogen until pulverization. The obtained power (0.5 g) was homogenized with
1.5 mL of cold extraction buffer (0.1 M sodium borate buffer, pH 8.8, containing 5 mM
2-mercaptoethanol, 2 mM EDTA, and 3% PVPP). After 30 min at 8°C, the mixture was
centrifuged at 23,145 x g for 20 min at 4°C. The supernatant was used to determine
PAL activity by assessing the production of cinnamate at 290 nm after 0, 0.5, 1, 1.5, 2,
and 2.5 h of incubation with L-phenylalanine at 40 °C (Pombo, Rosli, Martinez &
Civello, 2011). Results were expressed as enzyme activity units (EAU) min™* mg™
protein, where EAU was defined as the amount of enzyme that changes one unit of

absorbance min™.

2.10 Protein determination
Protein content of the enzymatic extracts was determined by the Bradford

method (Bradford 1976), using bovine serum albumin as standard protein.
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2.11 Statistical analyses

All date were submitted to factorial analyses of variance (5 irradiation doses x 3
time points), followed by Tukey’s HSD test, when appropriate. The data were expressed
as mean * standard error of four replicates for each treatment and time point. Results
were considered significantly different when p<0.05. Analyses were carried out using

Statistica 9.0® (StatSoft, Inc., Tulsa, OK, USA).

3 Results and discussion
3.1 Quality assessment

Although the UV-C has a limited penetration in the plant tissues (Jagadeesh et
al. 2011), some pulp quality parameters of ‘Isabella grapes’ were affected by the
irradiation (Table 1). There was a significant interaction effect between the radiation
dose and the storage time after irradiation on the TSS content and pH values of
‘Isabella’ grapes. Grapes treated with 2.0 and 4.0 kJ m™ had a rapid increase (about
10%) on TSS content at the first day after treatment when compared with control and
the other doses (p<0.05). However, this increase was transitory so that at the 3" day
after irradiation no difference was observed among groups and at the 5" day, grapes
treated with 2.0 and 4.0 kJ m™ had lower TSS values than the control (p<0.05; Table 1).
In contrast, the behavior of the lowest doses (0.5 and 1.0 kJ m™) was similar to that of
the control, which had slow increase in TSS along the time, showing TSS values
significantly higher at the 5™ day compared to the previous days of storage.

Some studies found no effect of UV-C on the TSS, pH or acidity values of
blueberry and starfruit (Perkins-Veazie, Collins, & Howard, 2008; Andrade-Cuvi,

Moreno-Guerrero, Henriquez-Bucheli, Gomez-Gordillo & Concelldn, 2010). However,
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boysenberries and pears had increased TSS content after UV-C treatment (Vicente et al.,
2004; Li et al., 2010), whereas strawberries had a rapid and transient increase in sugar
levels (Baka, Mercier, Corcuff, Castaigne & Arul, 1999), as observed in the present
study. The hydrolysis of cell wall polysaccharides also may contribute to this increase
in TSS (Bolouri-Moghaddam et al., 2010). Soluble sugars do not act only as plant
nutrients but also as signaling molecules and may be involved in mechanisms of ROS
removal (Couée et al., 2006). The flux of soluble sugars through the oxidative pentose-
phosphate pathway provides NADPH, which increase the cellular reducing and
antioxidant potential (Bolouri-Moghaddam et al., 2010). Thus, the accumulation of
soluble sugars may be related to the stress induced by UV-C irradiation in ‘Isabella’
grapes and may contribute to the antioxidant defence against this stress.

The lowest UV-C doses had no effect on the pH values (Table 1). In contrast, the
treatment with 2.0 and 4.0 kJ m? UV-C decreased pH values compared to the control
(p<0.05; Table 1). This effect was observed for 4.0 kJ m? UV-C during all storage time
and for 2.0 kJ m? UV-C after the 3" day of storage.

Once UV-C can damage cell membrane, these results suggest a higher disruption
of tissue and a major release of electrolytes (Martinez-Hernandez et al. 2013), which
would reduce the pH after exposure to the higher UV-C doses. A similar result was

found for irradiated boysenberries (Vicente et al., 2004).
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278 Tablel

279  Total soluble solids (TSS) and pH of ‘Isabella’ grapes after UV-C radiation.

UV-C (kJ m'2) Day 1 Day 3 Day 5
TSS (°Brix)

Control 15.0+ 0.3 15.6 + 0.3 *° 17.3+0.2 %4
0.5 15.2+0.1 " 15.2+0.2 % 17.4+05*
1.0 155+ 0.1 " 15.8+0.2 % 17.0 + 0.4 2PA
2.0 16.8+ 0.2 15.2+0.2 % 15.9+0.1
4.0 16.6 +0.3%* 15.7+0.1% 16.0 £ 0.2 >A

pH

Control 3.71+0.04*# 3.73+0.02* 3.75+0.06
0.5 3.67+0.04 3.75+0.04 3.76 £ 0.02*4
1.0 3.61 +0.05 **® 3.76 +0.01 3.63 +0.03 2PAB
2.0 3.65+0.02 2" 3.58 +0.04 "AB 3.51+0.02"®
4.0 3.55+0.02° 3.59 + 0.04 *A 3.53+0.03"A

280 Results show the average of 4 replicates + standard error. Means that have no common lower case letters
281  within the same column and upper case letters within the same line are significantly different (p<0.05;
282 Tukey’s HSD test).

283

284
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3.2 Phenolic compounds

There was a significant effect of the storage time on the content of phenolic
compounds. All samples showed an increase on total phenolics (813.6 + 99.6 in the 1%
day vs. 1016.4 + 79.6 mg gallic acid equivalents 100 g™ skin FW in the 5" day),
flavonols (351.1 + 58.4 in the 1% day vs. 496.9 + 83.1 mg quercetin-3-rutinoside
equivalents 100 g* skin FW in the 5™ day) and anthocyanins (215.3 + 35.4 in the 1% day
vs. 272.2 + 43.5 mg malvidin-3-glucoside equivalents 100 g™ skin FW in the 5™ day)
content along the storage (p<0.05; Figure 1). In the same way, the anthocyanin content
of ‘Monastrell” wine grapes increased after 4 days of storage independent of UV-C
treatment (Cantos et al., 2003).

UV light can induce the synthesis of UV-absorbing compounds, such as
flavonoids and phenolic compounds, mainly in epidermal tissues of fruits (Bravo et al.,
2012). There was a significant effect of the radiation dose on the total phenolic content
of ‘Isabella’ grapes (p< 0.05; Figure 1A), but no interaction between the treatment and
the storage time. Irradiation with 1.0 and 2.0 kJ UV-C m™ enhanced the total phenolic
content (~20%) of grape skin compared to the non-irradiated control samples (p<0.05),
but 0.5 and 4.0 kJ m™ had no effect (Figure 1A). This bell-shaped effect is similar to the
results obtained for the phenolic and anthocyanin contents of blueberries and
strawberries (Wang, Chen & Wang, 2009; Erkan, Wang, & Wang, 2008).

Flavonols are among the most abundant flavonoids in plants. They act as UV
filters and can be accumulated in their glycosylated form after UV-B treatment (Gill &
Tuteja 2010). However, UV-C treatment had no effect on the flavonol content of
‘Isabella’ grapes (Figure 1B), although there was a tendency of effect (p= 0.10).Similar
results were found for red grape (V. vinifera x V. amurensis ‘Beiquan’) skin (Li et al.

2009), for some table grapes (Cantos et al., 2002) or in ‘Monastrell” wine grapes
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(Cantos et al. 2003). In contrast, the amount of quercetin derivatives in ‘Redglobe’ table
grapes (V. vinifera L.) was increased by UV-C when grapes were stored at 4°C during 5
days, but not when grapes were stored at room temperature (Crupi et al., 2013).

Several studies agree that the induction of flavonoids is a specific acclimation
response to different stress, supporting the hypothesis of the existence of different UV-
signaling pathways in plant tissues (Jiang et al. 2010). Although our results do not
support an effect of UV-C in the flavonol compounds content in ‘Isabella’ grapes, we
cannot rule out that changes in some specific flavonol compounds could have been

undetected during the assessment of total flavonol content.
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Figure 1. Effect of UV-C radiation on total phenolics (A), flavonols (B), and anthocyanin content (C) of
'Isabella’ grapes. Results show the average of 4 replicates + standard error. Capital letters above bars
indicate significant differences among the days after treatment, whereas small letters in the right side of
the treatment legend indicate significant differences among treatments (p<0.05; Tukey's HSD test).
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The anthocyanin content of ‘Isabella’ grapes treated with all UV-C doses below
4.0 kJ m™ was greater than control (p<0.05; Figure 1C). The average increase induced
by these UV-C doses amounted to ~40% for the whole storage period. The
accumulation of anthocyanin due to irradiation with UV-C exhibited a bell-shaped
behavior in ‘Isabella’ grapes, because 1.0 kJ m™was the most effective dose. Previous
studies in strawberries and blueberries using similar UV-C doses also showed a bell-
shaped effect on the accumulation of anthocyanins (Erkan et al., 2008; Wang et al.,
2009). According to the results obtained in this study the hormetic dose for 'Isabella’
grape would be around 1.0 kJ m™, because higher doses had smaller or no effect on total
phenolic and anthocyanin content.

In this study UV-C increased the content of total phenolics and anthocyanin
compounds but not flavonols content in ‘Isabella’ grapes. The biosynthesis pathway of
phenylpropanoids is common for anthocyanins and flavonols until the production of
dihydroflavanols. Thus, we propose that this pathway may have diverted to the
synthesis of anthocyanidins (by dihydroflavonol reductase and anthocyanidin synthase
activities) after this step, since these compounds are abundant in grapes.

The effect of UV-C technology on the synthesis of antioxidant compounds and
enzymes in fruits and vegetables is dependent on the cultivar (Charles & Arul 2007).
UV-C treatment did not change non-stilbene phenolic compounds (anthocyanins,
flavonols, and flavan-3-ols) in the skin of table (‘Flame’, ‘Red Globe’, ‘Crimson’,
‘Napoleon’, ‘Superior’, ‘Dominga’, ‘Moscatel Italica’) or wine (‘Monastrell’) grapes
(Cantos et al., 2002; 2003). However, similar to our findings on ‘Isabella’ grapes, UV-C
radiation increased the total content of anthocyanins in ‘Cabernet sauvignon’ grapes
after 4-8 h of treatment and a similar increase with prolonging storage time after UV

radiation was also observed (Zhang et al. 2012). In ‘Redglobe’ grapes the highest
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concentrations of anthocyanins were observed after 24 hours of exposure to 4.1 kJ UV-

C m™ with no difference in storage at 4°C or at room temperature (Crupi et al., 2013).

3.3 Ascorbic acid (AA)

There was a significant interaction effect between the dose of radiation and the
storage time after irradiation on the AA and the vitamin C contents. The level of these
compounds decreased in all samples during the storage time (p<0.05; Table 2). At day
1, the AA content was lower in grape samples treated with 0.5 up to 2.0 kJ UV-C m?,
whereas the vitamin C content was lower in samples treated with 0.5 and 1.0 kJ UV-C
m than in the control and 4.0 k] m*treated samples (p<0.05; Table 2). However, this
difference disappeared in the other storage times (Table 2).

The decrement in AA levels after UV-C irradiation of ‘Isabella’ grapes is
associated to ascorbate degradation rather than to its oxidation, because vitamin C
levels, which also include dehydroascorbate levels, also decreased. Results obtained by
other studies for the content of AA in fruits after irradiation with UV-C are variable.
Some studies found that UV-C had no effect (Artés-Hernandez et al., 2010), retarded
AA decrement (Lemoine, Chaves & Martinez, 2010; Jiang et al., 2010), increased (L.i et
al. 2010) or even decreased (Gonzalez-Aguilar et al. 2007) the AA content along the

storage.
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Table 2

Ascorbic acid and total vitamin C content of ‘Isabella’ grapes after UV-C radiation.

Ascorbic Acid (mg kg™

UV-C dose Total Vitamin C (mg kg™)
(kI m?) Day 1 Day 3 Day 5 Day 1 Day 3 Day 5
Control 0.81+0.04**  0.62+0.03® 050+0.02% 0.92+0.03"" 0.68+0.03**® 054+0.02%
0.5 0.65+0.02°  058+0.02*® 050+0.01® 070+0.02° 068+001*" 053+0.01%®
1.0 0.64+0.03"  058+0.02*8 050+0.03® 070+0.04°" 0.63+0.01"® 054+0.04%
2.0 0.64+0.03"  062+0.01* 052+003® 0.77+0.05** 072+0.02*" 0.55+0.03%
4.0 0.81+0.03*  0.68+0.05*" 056+0.02*® 095+0.03** 0.77+0.05°® 0.62+0.03*

Results show the average of 4 replicates + standard error. Means that have no common lower case letters within the same column and upper case letters within the same line
are significantly different (p<0.05; Tukey’s HSD test).
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3.4 Phenylalanine ammonia lyase (PAL) activity

Figure 2 shows the effect of storage time and UV-C treatment on PAL activity. There
was a significant effect of the storage time and UV-C radiation on PAL activity (p<0.05), but
no interaction between these factors. PAL activity diminished along the storage in all samples
(47.7 + 3.6 in the 1% day vs. 38.4 + 2.7 and 32.4 + 2.1 10* EAU min™* mg protein in 3" and
5" days after treatment, p<0.05), but no difference was observed between the 3 and the 5™
day. The PAL activity of ‘Isabella’ grapes treated with all UV-C doses below 4.0 kJ m™ was
almost 2-fold greater than control (p<0.05). This enhanced PAL activity was parallel to the
increase in total phenolic and anthocyanin content after UV-C treatment of ‘Isabella’ grapes
and may be responsible for the accumulation of these phytochemicals, because PAL is key
enzyme in the phenylpropanoid pathway (MacDonald & D’Cunha, 2007). Similarly,
increased PAL expression and activity has been reported in strawberries and pears after

exposure to UV-C (Nigro et al., 2000; Li et al., 2010).
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Figure 2. Effect of UV-C radiation on phenylalanine ammonia lyase (PAL) activity from ‘Isabella’ grapes.
Results show the average of 4 replicates + standard error. Capital letters above bars indicate significant
differences among the days after treatment, whereas small letters in the right side of the treatment legend
indicate significant differences among treatments (p<0.05; Tukey's HSD test).
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3.5 Antioxidant capacity

There was significant interaction effect between the radiation dose and the storage
time after irradiation on the antioxidant capacity of ‘Isabella’ grapes evaluated by FRAP and
DPPH assays (p<0.05).

Except for grapes treated with a dose of 4.0 ki m?, after one day of treatment, all
treated grapes showed higher antioxidant capacity assessed by the DPPH method than the
control (p<0.05; Figure 3A). No difference between control and UV-C-treated grapes was
observed at the 3" day after treatment, but at the 5™ day after treatment only grapes treated
with 1.0 kJ m? had higher DPPH antioxidant capacity than control (p<0.05).

In the 1% day, UV-C treated grapes showed higher antioxidant capacity assessed by the
FRAP method than control (p<0.05; Figure 3B). In addition, the FRAP values of all samples
increased along the storage time (p<0.05; Figure 3B). The lowest UV-C dose (0.5 ki m™)
improved the antioxidant capacity only at the 1% day, whereas the other doses maintained the
increased FRAP values until the 3" day after treatment (p<0.05; Figure 3B). Five days post-
treatment no significant differences in the FRAP values were observed among samples
(Figure 3B).

The effects of UV-C treatment and storage time on the antioxidant capacity were
parallel to the increase in the content of total phenolic and anthocyanin compounds (Figure
1A and C). Thus, the accumulation of these phytochemicals may underlie the increased
antioxidant capacity of ‘Isabella’ grapes. In fact, the antioxidant activity assessed by the
DPPH and FRAP assays had a positive correlation with total phenolics (r= 0.74 and 0.87,
respectively; p<0.05), anthocyanins (r= 0.77 and 0.73, respectively; p<0.05), and flavonols
(r=0.61 and 0.78, respectively; p<0.05). In contrast, ascorbic acid and total vitamin C content
decreased after UV-C treatment (except 4.0 kJ m™ dose) and along the storage, and therefore,

ascorbic acid is unlikely to contribute to the UV-C-induced increase in the antioxidant
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capacity of ‘Isabella’ grapes. Ascorbic acid and vitamin C were negatively correlated to
FRAP values (r=-0.64 and -0.66, respectively; p<0.05) and did not present significant
correlation with DPPH value. Previous studies have not investigated the effects of UV-C on
the antioxidant capacity of grapes. However, irradiation with UV-C has been shown to
enhance the antioxidant capacity assessed by the FRAP, DPPH, and ORAC methods in
various fruits including blueberries (Perkins-Veazie et al., 2008), tomatoes (Bravo et al.,
2012), mangoes (Gonzalez-Aguilar et al., 2007), and strawberries (Erkan et al., 2008). In most
studies, the effect of UV-C treatment was parallel to the increase in the content of phenolic
compounds as observed in our study (total phenolic and anthocyanin compounds; Figure 1A
and C).

The UV-C stress generates reactive oxygen species, which can activate some
enzymatic and/or non-enzymatic antioxidant systems of fruits and contribute to an adaptation
process to the stressful conditions and a better antioxidant potential (Gonzalez-Aguilar et al.
2010). Thus, the increase in total phenolic compounds and anthocyanins reported in this work
may be part of the defence mechanism of ‘Isabella’ grapes against the stress induced by
irradiation with UV-C. This increase, which seems to be mediated by the increased activity of
the PAL, may contribute to the increased antioxidant capacity of irradiated ‘Isabella’ grapes,
because these compounds have reactive species scavenging capacity.

Most of the health benefits associated with the consumption of red berries has been
attributed to their high content of anthocyanins and polyphenols (Crupi et al., 2013; Scalbert
et al., 2005). Thus, methods able to enhance these bioactive compounds would be useful to

improve the nutraceutical potential of fruits.
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4 Conclusion

UV-C radiation was effective in increasing the synthesis of phenolic compounds and
improving the antioxidant capacity in ‘Isabella’ grapes. The hormetic dose established in the
studied conditions was 1.0 kJ m™. Thus, this technology can be an alternative to increase the

content of phytochemicals with nutraceutical potential.
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4 CONCLUSAO

A aplicacdo pos-colheita de radiacdo UV-C promoveu um aumento no teor de
compostos fenodlicos totais e antocianinas da casca de uvas ‘Isabel’, enquanto o teor de
flavonois aumentou significativamente apenas em funcdo do tempo de armazenagem. Os
teores de &cido ascorbico e de vitamina C total diminuiram em fun¢&o do tratamento com UV-
C. As uvas submetidas a irradiacio com UV-C também apresentaram um aumento
significativo na atividade da enzima fenilalanina amonia liase e uma capacidade antioxidante
superior logo apds o tratamento. As maiores doses de UV-C levaram a um aumento no
conteddo de sélidos sollveis totais e a um decréscimo nos valores de pH. A dose hormética
encontrada nas condicdes estudadas foi 1 kJ m™?. A partir disso, pode-se concluir que a
radiacdo UV-C pode ser usada com sucesso como um tratamento pds-colheita para aumentar

o teor de fitoquimicos com propriedades funcionais em uvas ‘Isabel’.
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6 APENDICES

Apéndice A. Imagem de uvas ‘Isabel’ e das bagas dispostas em calhas de aluminio.

Apéndice B. Imagem da camara de irradiacéo utilizada.
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7 ANEXOS

Anexo A - Normas para a publicacdo de artigos cientificos submetidos a revista International
Journal of Food Science and Technology.

Author Guidelines

Content of Author Guidelines: 1. General, 2. Ethical Guidelines, 3. Submission of
Manuscripts, 4. Manuscript Types Accepted, 5. Manuscript Format and Structure, 6. After
Acceptance.

Relevant Documents: Colour Work Agreement Form

Useful Websites: Submission Site, Author Services, Wiley’s Ethical Guidelines, Guidelines

for Figures

1. GENERAL

Scope
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technology of food and beverages. Contributions are accepted on the strict understanding that
the material in whole or in part has not been, nor is being, considered for publication
elsewhere. Topics of only narrow local interest will not be accepted unless they have wider
potential or consequences. If accepted, papers will become the copyright of the journal.
Please read the instructions below carefully for details on the submission of manuscripts, the
journal's requirements and standards as well as information concerning the procedure after a
manuscript has been accepted for publication in the International Journal of Food Science &
Technology. Authors are encouraged to visit Wiley-Blackwell's Author Services for further
information on the preparation and submission of articles and figures.

2. ETHICAL GUIDELINES
The International Journal of Food Science & Technology adheres to the below ethical
guidelines for publication and research.

2.1. Authorship and Acknowledgements

Authorship: Authors submitting a paper do so on the understanding that the manuscript has
been read and approved by all authors and that all authors agree to the submission of the
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conception and design and/or analysis and interpretation of the data and/or the drafting of the
paper and ALL must have critically reviewed its content and have approved the final version
submitted for publication. Participation solely in the acquisition of funding or the collection of
data does not justify authorship.

The International Journal of Food Science & Technology adheres to the definition of
authorship set up by The International Committee of Medical Journal Editors (ICMJE).
According to the ICMJE authorship criteria should be based on 1) substantial contributions to
conception and design of, or acquisition of data or analysis and interpretation of data, 2)
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drafting the article or revising it critically for important intellectual content and 3) final
approval of the version to be published. Authors should meet conditions 1, 2 and 3.

It is a requirement that all authors have been accredited as appropriate upon submission of the
manuscript. Contributors who do not qualify as authors should be mentioned under
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study and any potential conflict of interests if appropriate. Suppliers of materials should be
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2.2 Clinical Trials
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(http://www.consort-statement.org/mod_product/uploads/fCONSORT 2001 checklist.doc).
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2.4 Appeal of Decision
The Editor’s decision on a paper is final and cannot be appealed.

2.5 Permissions

If all or parts of previously published illustrations are used, permission must be obtained from
the copyright holder concerned. It is the author's responsibility to obtain these in writing and
provide copies to the Publishers.

2.6 Copyright Assignment and OnlineOpen

If your paper is accepted, the author identified as the formal corresponding author for the

paper will receive an email prompting them to login into Author Services (see 6.3 below);
where via the Wiley Author Licensing Service (WALS) they will be able to complete the

license agreement on behalf of all authors on the paper.

For authors signing the copyright transfer agreement
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If the OnlineOpen option is not selected the corresponding author will be presented with the
copyright transfer agreement (CTA) to sign. The terms and conditions of the CTA can be
previewed in the samples associated with the Copyright FAQs below:

CTA Terms and Conditions http://authorservices.wiley.com/bauthor/fags_copyright.asp
For authors choosing OnlineOpen

If the OnlineOpen option is selected the corresponding author will have a choice of the
following Creative Commons License Open Access Agreements (OAA):

Creative Commons Attribution License OAA
Creative Commons Attribution Non-Commercial License OAA
Creative Commons Attribution Non-Commercial -NoDerivs License OAA

To preview the terms and conditions of these open access agreements please visit the
Copyright FAQs hosted on Wiley Author

Services http://authorservices.wiley.com/bauthor/fags_copyright.aspand

visit http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html.
If you select the OnlineOpen option and your research is funded by The Wellcome Trust and
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compliant self-archiving policy please visit: http://www.wiley.com/go/funderstatement.

2.7 Manuscript Referrals to the Open Access Journal Food Science & Nutrition

This journal works together with Wiley's open access journal, Food Science & Nutrition, to
enable rapid publication of good quality research that is unable to be accepted for publication
by our journal. Authors may be offered the option of having the paper, along with any related
peer reviews, automatically transferred for consideration by the Editor of Food Science &
Nutrition. Authors will not need to reformat or rewrite their manuscript at this stage, and
publication decisions will be made a short time after the transfer takes place. The Editor

of Food Science & Nutrition will accept submissions that report well-conducted research
which reaches the standard acceptable for publication. Food Science & Nutrition is a Wiley
Open Access Journal and article publication fees apply. For more information, please go

to www.foodscience-nutrition.com.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be submitted electronically via the online submission site. Go to

the journal home page and click on 'Online Submission®. The use of an online submission
and peer review site enables rapid distribution of manuscripts and consequentially speeds up
the review process. It also allows authors to track the status of their own manuscripts.
Complete instructions for submitting a paper are available online and below.

Manuscript submission is a step-by-step process, and little preparation is required beyond
having all parts of your manuscript in an electronic format and a computer with an Internet
connection and a Web browser. Full help and instructions are provided on-screen. As an
author, you will be prompted for author and manuscript details and then to upload your
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manuscript file(s).

To avoid postal delays, all correspondence is by e-mail. A completed manuscript submission
is confirmed by e-mail immediately and your paper enters the editorial process with no postal
delay. Your manuscript will have a unique manuscript number and you can check the progress
of your manuscript at any time by returning to the online submission site via the journal home
page. When a decision is made, revisions can be submitted online, with an opportunity to
view and respond to all comments.

Peer review is also handled online. Referees are given full instructions and access to the paper
on the online submission site. The review form and comments are completed online and
immediately made available to the Editor-in-Chief.

Full instructions and support are available on the site and a user ID and password can be
obtained on the first visit. If you require assistance then click the Get Help Now link which
appears at the top right of every ScholarOne Manuscripts page. If you cannot submit online,
please contact the Editorial office.

3.1. Getting Started

« Launch your web browser (supported browsers include Internet Explorer 6 or higher,
Netscape 7.0, 7.1, or 7.2, Safari 1.2.4, or Firefox 1.0.4) and go to the journal's online
Submission Site via thejournal home page and click on *Online Submission® .

* Log-in or click the 'Create Account' option if you are a first-time user.

« If you are creating a new account.

- After clicking on 'Create Account’, enter your name and e-mail information and click 'Next'.
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- Enter your institution and address information as appropriate, and then click 'Next.'

- Enter a user ID and password of your choice (we recommend using your e-mail address as
your user ID), and then select your area of expertise. Click 'Finish'.

« If you have an account, but have forgotten your log in details, go to Password Help on the
journals online submission system http://mc.manuscriptcentral.com/ijfst and enter your e-mail
address. The system will send you an automatic user ID and a new temporary password.
 Log-in and select 'Author Centre.'

3.2. Submitting Your Manuscript

« After you have logged in, click the 'Submit a Manuscript' link in the menu bar.

« Enter data and answer questions as appropriate. You may copy and paste directly from your
manuscript and you may upload your pre-prepared covering letter.

« Click the 'Next' button on each screen to save your work and advance to the next screen.

* You are required to upload your files.

- Click on the 'Browse' button and locate the file on your computer.

- Select the designation of each file in the drop-down menu next to the Browse button.

- When you have selected all files you wish to upload, click the 'Upload Files' button.

* Review your submission (in HTML and PDF format) before sending to the Journal. Click
the 'Submit' button when you are finished reviewing.
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Graphical abstract - Please upload the Graphical Abstract as the first file in the Manuscript.
Please ensure that it is clearly sub-titled ‘Graphical Abstract.” The Graphical Abstract should
be designed to be read on-line in conjunction with the text abstract, it should be
approximately square, ideally in colour and should contain a high impact Figure, Graph or
Photograph that summarises the key findings of your research.

3.3. Manuscript Files Accepted

Manuscripts should be uploaded as Word (.doc) or Rich Text Format (.rft) files (not write-
protected) plus separate figure files. GIF, JPEG, PICT or Bitmap files are acceptable for
submission, but only high-resolution TIF or EPS files are suitable for printing. The files will
be automatically converted to HTML and PDF on upload and will be used for the review
process. The text and the figures should be uploaded as separate files. The text file must
contain the entire manuscript including title page, summary, keywords, text, references,
tables, and figure legends, but no embedded figures. Figure tags should be included in the file.
Manuscripts should be formatted as described in the Author Guidelines below.

3.4. Blinded Review

[Version 1 (Single-blinded Review):]

All manuscripts submitted to the International Journal of Food Science & Technology will be
reviewed by at least two experts in the field. The International Journal of Food Science &
Technology uses single-blinded review. The names of the reviewers will thus not be disclosed
to the author submitting a paper.

3.5. Suspension of Submission Mid-way in the Submission Process

You may suspend a submission at any phase before clicking the 'Submit’ button and save it to
submit later. The manuscript can then be located under 'Unsubmitted Manuscripts' and you
can click on 'Continue Submission’ to continue your submission when you choose to.

3.6. E-mail Confirmation of Submission

After submission you will receive an e-mail to confirm receipt of your manuscript. If you do
not receive the confirmation e-mail after 24 hours, please check your e-mail address carefully
in the system. If the e-mail address is correct please contact your IT department. The error
may be caused by spam filtering software on your e-mail server. Also, the e-mails should be
received if the IT department adds our e-mail server (uranus.scholarone.com) to their
whitelist.

3.7. Manuscript Status
You can access ScholarOne Manuscripts any time to check your 'Author Centre' for the status
of your manuscript. The Journal will inform you by e-mail once a decision has been made.

3.8. Submission of Revised Manuscripts
Revised manuscripts must be uploaded within 1 month of authors being notified of
conditional acceptance pending satisfactory revision. Locate your manuscript under
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'‘Manuscripts with Decisions' and click on 'Submit a Revision' to submit your revised
manuscript. Please remember to delete any old files uploaded when you upload your revised
manuscript. Please also remember to upload your manuscript document separate from your
title page.

Correspondence regarding manuscripts should be sent by e-mail to the Editor-in-Chief.
General and IFST correspondence should be sent to:

Institute of Food Science and Technology

5 Cambridge Court

210 Shepherds Bush Road

London, W6 7NJ, UK

When preparing a manuscript, authors should refer to a recent issue of the Journal and follow
the detailed instructions given below. Please keep a copy of the original manuscript for
reference. An e-mail acknowledging the online submission of a manuscript will be sent by the
Journal. Any material sent to the Editorial Office will not be returned.

4. MANUSCRIPT TYPES ACCEPTED

Original Papers: These are reports of substantial research (typically less than 6000 words
equivalent, including tables, figures, references), and comprise:

(a) a concise Summary (fewer than 150 words) containing the main results and conclusions;
(b) up to ten keywords that accurately identify the paper's subject, purpose and focus;

(c) an Introduction giving essential background but no subheadings; objectives must be
clearly stated;

(d) Materials and methods with sufficient full experimental detail (where possible by
reference) to permit repetition; sources of material must be given and statistical methods must
be specified by reference, unless non-standard:;

(e) Results should be presented concisely, using well-designed tables and/or figures; the same
data may not be used in both; appropriate statistical data should be given. All data must be
obtained with attention to statistical detail in the planning stage. If a sufficiently large number
of replicates are not organized before the experiment is undertaken, biological variation is not
eliminated satisfactorily. As replicate design has been recognised to be important to biological
experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate mathematical treatment of the data will be returned un-refereed;

(f) Discussion should cover the implications and consequences, not merely recapitulating the
results; conclusions should be concise;

(9) brief Acknowledgements;

(h) References as shown below.

Reviews: (fewer than 8000 words) These are concise, critical but constructive and conclusive
topical accounts written for non-specialists. References must be in the form shown below. A
small honorarium may be given.

Short Communications: (fewer than 2000 words) These describe smaller investigations and
applications, useful techniques and apparatus. They have no summary, a brief Introduction,
Materials and methods, Results, Discussion, Acknowledgements and References. They can
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provide accelerated publication if needed.
Letters: These are brief comments on material published in previous issues; they are published
at the discretion of the Editor. They are the only items not subject to multiple peer review.

5. MANUSCRIPT FORMAT AND STRUCTURE

Authors should very carefully consider the preparation of papers to ensure that they
communicate efficiently. Papers are much more likely to be accepted if they are carefully
designed and laid out, have few or no errors, are concise, and conform to the style and
instructions. They will also be published with much less delay than those that require much
scientific and editorial correction.

The Editor reserves the right to make literary corrections and to make suggestions to improve
brevity.

It is important that authors take care in submitting a manuscript that is written in plain
language and adheres to published guidelines (see the new Fowler's Modern English

Usage 3rd ed. Oxford: Clarendon Press, 1996; Hall G.M. How to write a paper. London: BMJ
Publishing, 1994).

5.1. Page Charge

From the 1st March 2007 all manuscripts submitted are subject to a charge of 200GBP for
each page in excess of seven printed journal pages (approximately 21 pages of double-spaced
typescript). The editor may decide to waive this charge in exceptional circumstances.

5.2. Format

Language: The language of publication is UK English. Authors for whom English is a second
language must have their manuscript professionally edited by an English speaking person
before submission to make sure the English is of high quality. It is preferable that manuscripts
are professionally edited. A list of independent suppliers of editing services can be found
athttp://authorservices.wiley.com/bauthor/english_language.asp. All services are paid for and
arranged by the author, use of one of these services does not guarantee acceptance or
preference for publication.

Standard Usage, Abbreviations and Units: Spelling and hyphenation should conform to The
Concise Oxford English Dictionary. Statistics and measurements should always be given in
figures, e.g. 10 min, except when the number begins a sentence. When the number does not
refer to a unit of measurement it should be spelt in full unless it is 100 or greater.
Abbreviations should be used sparingly and only if a lengthy name or expression is repeated
throughout the manuscript, and never in the title. The abbreviated name or expression should
be cited in full at first usage, followed by the accepted abbreviation in parentheses.

Metric Sl units should generally be used except where they conflict with current practice or
are confusing. For example 1.5 | rather than 1.5 x 10> m®, or 3 mm rather than 3 x 10 m.
Chemical formulae and solutions must specify the form used, e.g. anhydrous or hydrated, and
the concentration must be in clearly defined units. Common species names should be
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followed by the Latin binomial (underlined) at the first mention. For subsequent use the
generic name should be contracted to a single letter if it is unambiguous.

Main Text: Text files should be formatted double-spaced with no hyphenation and automatic
wordwrap (no hard returns within paragraphs). Please type the text consistently e.g. take care
to distinguish between '1' (one) and 'I' (lower case L) and '0" (zero) and 'O’ (capital O), etc.

5.3. Structure

All manuscripts submitted to The International Journal of Food Science & Technology should
include:

Title Page: The title page should carry an informative title that reflects the content, a running
title (less than 46 characters including spaces), the names of the authors, and the place(s)
where the work was carried out. The full postal address plus e-mail address of the indicated
corresponding author must be given. Up to ten keywords or very brief phrases must be given
to aid data retrieval and indexing.

Summary (or Abstract), used in Original Papers and Reviews:

Optimizing Your Abstract for Search Engines

Many students and researchers looking for information online will use search engines such as
Google, Yahoo or similar. By optimizing your article for search engines, you will increase the
chance of someone finding it. This in turn will make it more likely to be viewed and/or cited
in another work. We have compiled these guidelines to enable you to maximize the web-
friendliness of the most public part of your article.

Statistical Methods: Statistical methods used should be defined and, where appropriate,
supported by references. Useful statistical references are as follows:

Statistical Textbooks

Cochran, W.G., Cox, G.M. (1992). Experimental Designs, 2nd edn. New York: Wiley.
Cox, D.R. (1992). Planning of Experiments. New York: Wiley.

Draper, N.R., Smith, H. (1998). Applied Regression Analysis, 3rd edn. New York: Wiley.
Sokal, R.R., Rohlf, F.J. (1994) Biometry, 3rd edn. San Francisco: W.H. Freeman.

Steel, R.G.D., Torrie J.H., Dickey, D. (1996). Principles and Procedures of Statistics.
McGraw-Hill.

General Papers

Chatfield, C. (1985). The initial examination of data. Journal of the Royal Statistical Society
A, 148, 214-253

Preece, D.A. (1987). Good statistical practice. The Statistician, 36, 397-408.

Repeated Measures
Kenward, M.G. (1987). A method for comparing profiles of repeated measurements. Applied
Statistics, 36, 296-308.

Acknowledgements: please make these as brief as possible.

5.4. References
References follow the Harvard system of referencing. References in the text should cite the
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authors' names followed by the date of their publication, unless there are three or more
authors when only the first author's name is quoted followed by et al. e.g. Smith et al. (1999)
or Jones and Smith (2000). Add a, b, ¢ etc. to distinguish between two or more references
with the same author name and year date (e.g. Jones 1999a,b). References at the end of the
paper should be listed in alphabetical order with the title of the article or book and the title of
the journal given in full, as shown:

Bucky, A. R., Robinson, D.S. & Hayes, P. R. (1987). Enhanced deactivation of bacterial
lipases by a modified UHT treatment. International Journal of Food Science and
Technology, 22, 35-40.

Stone, H. & Sidel, J. L. (1985). Sensory Evaluation Practices. Pp. 56-59. Orlando, USA:
Academic Press.

Dubois, P. (1983). Volatile phenols in wines. In: Flavour of Distilled Beverages (edited by J.
R. Piggott). Pp. 110-119. Chichester, UK: Ellis Horwood.

Unpublished work must only be cited where necessary, and only in the text. Copies of
references in press in other journals must be supplied with submitted typescripts. It is
essential that all citations and references are carefully checked before submission, as mistakes
or omissions will cause delays.

References to material on the World Wide Web can be given, but only if the information is
available without charge to readers on an official site. Authors will be asked to provide
electronic copies of the cited material for inclusion on the International Journal of Food
Science and Technology homepage at the discretion of the Editors. The format of citations is:
Beckleheimer, J. (1994). Online reference included in article [Internet document]
URLhttp://www.sample_url.bibliography/html. Accessed 01/04/2004.

The editor and publisher recommend that citation of online published papers and other
material should be done via a DOI (digital object identifier), which all reputable online
published material should have - see www.doi.org/ for more information. If an author cites
anything which does not have a DOI they run the risk of the cited material not being
traceable.

We recommend the use of a tool such as Reference Manager for reference management and
formatting.

Reference Manager reference styles can be searched for here:
www.refman.com/support/rmstyles.asp

5.5. Tables, Figures and Figure Legends

Tables: Tables should be few in number, carefully designed, uncrowded, and include only
essential data. Each must have an Arabic number, e.g. Table 3, a self-explanatory caption and
be on a separate sheet. Vertical lines must not be used.

Figures: Figures should be submitted as separate files. Always include a citation in the text for
each figure using Arabic numbers, e.g. Fig. 3. Artwork should be submitted online in
electronic form. Detailed information on our digital illustration standards is available on the
Wiley-Blackwell website here. Approval for reproduction/modification of any material
(including figures and tables) published elsewhere should be obtained by the
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authors/copyright holders before submission of the manuscript. Contributors are responsible
for any copyright fee involved.

Preparation of Electronic Figures for Publication

Although low quality images are adequate for review purposes, print publication requires high
quality images to prevent the final product being blurred or fuzzy. Submit EPS (line art) or
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