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BARRETO, T.A. Efeitos da aplicacédo de revestimento de quitosana e 6leo essencial
de orégano no controle da qualidade pds-colheita em tomates cereja. 2016.
Orientadora Marciane Magnani

RESUMO

Tomates cereja (Lycopersicon esculentum L.) sdo frutos altamente pereciveis. A
contaminacdo destes frutos com os fungos patogénicos Aspergillus niger e Rhizopus
stolonifer é associada a elevadas perdas pos-colheita e a reducéo da qualidade durante o
armazenamento. Este estudo avaliou a eficacia de um revestimento comestivel
composto de quitosana (QUI; 4 mg/mL) e oleo essencial de Origanum vulgare L.
(OEQV; 1.25 pL/mL) na manutencdo da qualidade de frutos de tomate cereja durante o
armazenamento em temperatura ambiente (25 °C; 12 dias) e refrigerada (12 °C; 24 dias)
considerando os aspectos fisicos, fisico-quimicos e sensoriais. A concentracao inibitdria
minima (CIM) da QUI e do OEOV foram 4 mg/mL e 10 pL/mL, respectivamente,
contra R. stolonifer e A. niger. A incorporacdo de QUI a 4 mg/mL e OVEO a 5 pL/mL,
2,5 pL/mL e 1,25 pL/mL no meio de crescimento mostrou efeito fungicida e inibiu
fortemente a germinacdo dos esporos, o crescimento micelial e esporulacdo das cepas
teste. O revestimento de QUI-OEQV reduziu a incidéncia de bolor negro e podridao-
mole causada por estes fungos em frutos de tomate cereja artificialmente contaminados
durante o armazenamento em ambas as temperaturas estudadas. Frutos revestidos com
QUI-OEOQV mostraram maior firmeza e menor perda de peso. O revestimento de QUI-
OEOV retardou a reducdo de licopeno, acido ascérbico e citrico, glicose e frutose
durante o armazenamento em temperatura ambiente ou refrigerada. Ao final do
armazenamento, o0s frutos revestidos com QUI-OEOV apresentaram maiores
quantidades de catequina, miricetina, acido cafeico e acido siringico em comparacdo aos
frutos ndo revestidos. Nos testes sensoriais, os frutos revestidos com QUI-OVEO
receberam maiores escores para 0s atributos aparéncia, sabor e cor quando comparados
aos frutos sem revestimento. Estes resultados indicam que o revestimento comestivel de
QUI-OEQV é um tratamento viavel para manter a qualidade de tomates cereja durante o
armazenamento.

Palavras-chave: Lycopersicon esculentum L., Aspergillus niger, Rhizopus stolonifer,
revestimentos comestiveis, qualidade pds-colheita, deterioragdo fungica.



BARRETO, T.A. Effects of application of coating comprising chitosan and oregano
essential oil for controlling postharvest quality in cherry tomato fruit. 2016.
Orientadora Marciane Magnani

ABSTRACT

Cherry tomato (Lycopersicon esculentum L.) fruit are higly perishable. The infection of
cherry tomato fruit with the pathogenic fungi Aspergillus niger and Rhizopus stolonifer
Is associated with high postharvest losses and decreased quality during storage. This
study evaluated the efficacy of an edible coating comprising chitosan (CHI; 4 mg/mL)
and Origanum vulgare L. essential oil (OVEO; 1.25 puL/mL) for keeping the quality of
cherry tomato fruit during storage at room (25 °C; 12 days) and cold (12 °C; 24 days)
temperatures, considering the physical, physicochemical and sensory aspects. The
minimum inhibitory concentrations (MIC) of CHI and OVEO were 4 mg/mL and 10
pL/mL respectively, against R. stolonifer and A. niger. The incorporation of CHI 4
mg/ml and OVEO 5 pL/mL, 2.5 pL/mL and 1.25 pL/mL in the growth media showed
fungicidal effect and strongly inhibited the germination of spores, mycelial growth and
sporulation of fungal strains test. CHI-OVEO coating reduced black mold and soft-rot
incidence caused by these fungi in artificially contaminated cherry tomato fruit during
storage at both temperatures. Fruit coated with CHI-OVEO showed higher firmness and
lower weigth loss. CHI-OVEO coating delayed the decrease of lycopene, ascorbic and
citric acid, glucose and fructose during storage at room or cold temperatures. Fruit
coated with CHI-OVEO showed increased amounts of catechin, myricetin, caffeic and
syringic acids at the end of storage. CHI-OVEO coating is a feasible treatment for keep
the storage quality of cherry tomato fruit. These results indicate that the CHI-OVEO
edible coating is a viable treatment for maintaining quality during storage cherry
tomatoes.

Keywords: Lycopersicon esculentum L., Aspergillus niger, Rhizopus stolonifer, edible
coatings, postharvest quality, mold decay.
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1 INTRODUCAO

O tomate (Solanum lycopersicum) é um dos frutos mais consumidos no mundo
(FAO, 2016). No Brasil, o tomate é cultivado em praticamente todas as regides, em
sistemas de manejo adaptados as diferentes condigdes climaticas. Disponivel no
mercado durante todo o ano, o tomate é reconhecido como a principal fonte de licopeno
da dieta humana, além de ser considerado rico em vitamina C e compostos fendlicos
(PINHEIRO et al., 2013; FAGUNDES et al., 2015; WU et al., 2016).

Nos ultimos anos o consumo do tomate cereja tem aumentado, particularmente,
devido seu sabor adocicado e tamanho reduzido, sendo consumido principalmente na
forma de scnaks (SOUZA et al., 2015; D"AQUINO et al., 2016). Entretanto, este tipo de
tomate apresenta alta perecibilidade, em parte devido a fragilidade dos seus tecidos e
elevada atividade metabdlica apds a colheita. A principal causa de perdas pés-colheita
de tomates cereja deve-se a doengas causadas por fungos patogénicos, que ao atacar 0s
frutos podem causar desde pequenas manchas até a deterioracdo completa
(FAGUNDES et al., 2013).

A contaminacdo com os fungos patogénicos Aspergillus niger Tiegh. e Rhizopus
stolonifer (Ehrenb.: Fr.) Vuill. e posterior desenvolvimento de doencas resulta em
elevadas perdas na qualidade pds-colheita em frutos de tomate cereja (GUERRA et al.,
2015). Os sintomas caracteristicos do bolor negro causado por A. niger em tomates
cereja sdo escurecimento e amolecimento no local infectado do fruto, seguido de ruptura
da casca e desenvolvimento de micélio negro (PLASCENCIA-JATOMEA et al., 2014).
Por outro lado, os sinais da podriddo mole causada por R. stolonifer sdo identificados
como areas Umidas cobertas por micélio cinza abundante que apresenta uma massa de
esporos negros em suas pontas (BAUTISTA-BANOS et al., 2014).

As perdas pos-colheita causadas por contaminacdo fungica em tomates cereja
sdo controladas principalmente com aplicacdo de fungicidas sintéticos (por exemplo,
benzimidazoéis, hidrocarbonetos aromaticos e inibidores da biossintese de esterol) no
campo e durante o periodo de pos-colheita (SOUZA et al., 2015; GUERRA et al.,
2015). Estes agentes antifungicos ndo prejudicam a aparéncia ou afetam a qualidade dos
frutos tratados (AMIRI et al., 2008), entretanto, seu uso indiscriminado e excessivo

durante e pds-cultivo tem sido a principal causa do desenvolvimento de populacfes



13

fangicas resistentes (OLIVEIRA et al., 2014). Além disso, h& um aumento da
preocupacdo dos consumidores no que diz respeito a presenca de residuos quimicos
toxicos em culturas alimentares (FAO, 2016).

O uso de revestimentos comestiveis com o objetivo de reduzir a contaminagéo
por fungos e alteragdes das caracteristicas fisico-quimicas em vegetais tem sido
sugerido como um tratamento pds-colheita (WANG et al., 2009). Os revestimentos
comestiveis formam uma barreira semipermeavel a troca de agua e gases entre o
alimento e o ambiente circundante, reduzindo a taxa respiratdria e a perda de umidade
durante o armazenamento (FAGUNDES et al., 2013).

Revestimentos comestiveis formados por polissacarideos sdo considerados uma
tecnologia eco sustentavel e podem substituir o uso de fungicidas sintéticos aplicados
para tratamentos pos-colheita (EL-ANANY et al., 2009; ALI et al., 2011). Diversos
estudos relatam os revestimentos a base de QUI como alternativas promissoras para
prolongar o periodo de vida Util de frutos (GUERRA et al., 2015). A quitosana (QUI) é
um polissacarideo reconhecido como um produto ndo toxico, biodegradavel e possuidor
de propriedades antimicrobianas (SANTOS et al., 2012; ELSABEE; ABDOU, 2013). A
aplicacdo dos revestimentos de QUI controla o apodrecimento por fungos em frutos,
como uvas (OLIVEIRA et al., 2014), tangerinas (SHAO et al., 2015) e morangos
(PERDONES et al., 2012). A incorporacdo de 6leos essénciais em revestimentos de
QUI pode ampliar os efeitos na qualidade pds-colheita sobre o fruto recoberto. Quando
0s Oleos essenciais sdo incorporados na matriz de QUI seus constituintes sao
continuamente liberados ao longo do tempo sobre a superficie do fruto, mantendo uma
concentracdo adequada de componentes antimicrobianos durante o periodo de
armazenamento (GUERRRA, et al., 2015; SANTOS et al., 2012).

O OE obtido a partir da espécie Origanum vulgare L. (orégano - OEOV), usado
principalmente como agente aromatizante em alimentos (LLANA-RUIZ-CABELLO et
al., 2015) tem sido citado como eficaz para controlar o crescimento de fungos
patogénicos poés-colheita (SOUSA et al., 2013). Estudos anteriores mostraram
resultados interessantes quando o OEOV foi incorporado em revestimentos a base de
QUII para controlar a deterioracdo fungica em uvas (SANTOS et al., 2012; SOUSA et
al., 2013). Além disso, foi observado que a aplicacdo do revestimento de QUI e OEQV,

ndo afeta negativamente alguns aspectos de qualidade dos frutos (SANTOS et al.,
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2012). No entanto, a eficacia dos revestimentos de QUI contendo OEOV na preservagdo
da qualidade pds-colheita de tomate cereja ainda ndo é totalmente conhecida.
Considerando esses aspectos, 0 presente estudo foi realizado com o objetivo de
avaliar os efeitos in vitro da aplicacdo de QUI e/ou OEQV frente A. niger e R. stolonifer
bem como a eficacia de um revestimento de QUI contendo OEOV no controle da
deterioracdo fungica e da qualidade pds-colheita de tomates cereja durante o

armazenamento a temperatura ambiente e refrigerada.
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2 REVISAO DE LITERATURA

2.1 QUALIDADE POS-COLHEITA DE TOMATE

O tomate (Solanum lycopersicum) é um dos frutos mais consumidos no Brasil.
Atuamente, o Brasil é considerado o oitavo maior produtor mundial de tomates (FAO,
2014). A producédo brasileira deste fruto para o consumo in natura sofreu grandes
transformacdes tecnoldgicas ao longo dos ultimos 25 anos, incluindo o melhoramento
genético, com desenvolvimento de novas cultivares. Cerca de dois tercos da producédo
nacional de tomates sdo destinados a mesa e um terco para o processamento industrial
(SEAGRI, 2010).

Os cultivares de tomate de mesa sdo divididos em cinco grupos, Santa Cruz,
Salada ou Caqui, Saladinha, Saladete ou Italiano e Cereja (ALVARENGA, 2004). Nos
ultimos anos no Brasil vem se destacando producdo do tomate cereja da variedade
cerasiforme, uma forma ancestral de tomate, devido ao tamanho e a forma dos frutos (2
a 2,5 cm de didmetro) serem intermediarios entre o tomate selvagem e ao cultivado
(FAO, 2014; FILGUEIRA, 2000). A producdo comercial de tomates cereja no Brasil
teve inicio nos anos de 1990 e despertou o interesse de muitos agricultores devido a alta
produtividade e retorno financeiro (PRECZENHAK, 2013).

Os tomates do tipo cereja podem presentar forma redonda, periforme ou ovalada,
a coloracéo varia do amarelo ao vermelho, e a massa varia de 5 a 30g. Na maioria das
vezes, apresentam frutos biloculares e formam cachos que podem apresentar de 6 a 18
frutos (ALVARENGA, 2004). O tomate cereja apresenta em sua composicao baixo teor
de massa seca, baixo valor calorico, alto contetdo de vitamina C e calcio, sendo
também boa fonte de acido folico. Além destes nutrientes, contém vitamina E, vitamina
K e flavonoides em guantidades consideraveis (GOMES, 2014). A composicdo quimica
dos frutos sofrem alteracdes devido a origem genética, periodo de maturagdo, época de
cultivo e condi¢des endocliméaticas (ROCHA, 2010; ALVARENGA et al., 2004).

O sabor do tomate, independente da variedade, resulta de uma interagédo
complexa entre aglcares, acidos organicos, minerais e componentes do aroma. A fragédo
volatil neste fruto é constituida por mais de 400 substancias, entre as quais se encontram

hidrocarbonetos, éteres, aminas e uma ampla gama de moléculas heterociclicas (SELLI
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et al., 2014). Os agUlcares constituem a maioria dos sélidos sollveis nas variedades
comerciais de tomate, com valores de 1,5 a 4,0% do peso seco, 0 que equivale a
aproximadamente 65% dos sélidos soltveis totais. Os acUcares livres mais abundantes
sdo a glicose e a frutose, que se encontram em proporc¢des similares (BECKLES, 2012;
SELLI etal., 2014).

A coloracdo do fruto maduro deve-se particularmente a presenca de licopeno
(vermelho) e B-caroteno (amarelo), a propor¢do em que estes carotenoides se encontram
determina a intensidade de cor dos frutos. A distribuicdo dos pigmentos € diferente na
pele e na polpa e pode ser influenciada pela intensidade e qualidade da luz.
(ODRIOZOLA-SERRANO et al., 2009).

Apds a colheita, o tomate apresenta-se como um fruto altamente perecivel,
devido apresentar elevada quantidade de agua, por ser um fruto climatérico e possuir
casca muito fina, 0 que o torna extremamente sensivel. A perda de 4gua ocasiona perda
de massa e danifica a aparéncia do fruto (FAGUNDES et al., 2015; GUERRA et al.,
2015). Estima-se que as perdas pds-colheitas chegam até 21% do total colhido
(CHIUMARELLI; FERREIRA, 2006).

Os principais fatores que afetam a qualidade pés-colheita dos frutos incluem o
cultivar (BECKLES, 2012), crescimento na pré-colheita, condi¢des de colheita,
maturidade do fruto na colheita, manuseio durante a pos-colheita, contaminacéo fungica
e 0 armazenamento. No periodo pos-colheita, os frutos sdo submetidos a modificacdes
fisico-quimicas e bioquimicas que afetam principalmente a cor, sabor e textura,
reduzindo a qualidade do produto (TOOR et al., 2006).

A aceitacdo do tomate depende de inimeros fatores, porém frutos que mantém a
firmeza e o turgor sdo altamente desejaveis porque 0s consumidores associam esses
atributos de textura ao frescor do vegetal in natura (MODOLON et al.,, 2012). A
firmeza é um dos aspectos da textura de um fruto, que se relaciona com a forca
necessaria para que o produto atinja uma dada deformacdo. Nos frutos “verdes”, o
material péctico, encontra-se principalmente na forma de protopectina, insolivel em
agua, que promove a resisténcia dos tecidos (PINHEIRO et al., 2013). Ao longo da
maturacdo ocorre reducdo da cadeia polimérica da pectina, formando uma pectina
solGvel em agua e com pouca resisténcia, diminuindo a rigidez do fruto (SAAVEDRA
etal., 2016).
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A mudanga da textura do tomate € um processo complexo onde ocorre alem da
reducdo do tamanho e distribuicdo dos polimeros das paredes celulares, mas também
devido a perda de turgor celular, acdo de enzimas hidroliticas e mecanismos néo
enzimaticos como a perda excessiva de agua pela transpiracdo (ALI et al., 2010;
FAGUNDES et al., 2015). Esse amolecimento ocorre em razdo da diminui¢cdo das
forgas coesivas que mantém as células unidas decorrentes da decomposicdo da
protopectina pela acdo das enzimas poligalacturonase e pectinametilesterase (KHALIQ
etal., 2015; GUERRA et al., 2015).

A perda de agua pode ser uma das principais causas de deterioracdo de vegetais,
ja que resulta em perdas quantitativas, na aparéncia (murchamento), na textura
(amolecimento) e consequentemente na qualidade nutricional. O processo de respiracao
estd associado ao da transpiracao, principal fator responsavel pela perda de peso de
vegetais. Estes dois processos sdo considerados vitais para as frutas e hortalicas
(CHITARRA; CHITARRA, 2005). A perda de peso, associada diretamente a perda de
agua, é prejudicial principalmente nos casos em que é suficientemente alta para afetar a
aparéncia e a aceitabilidade do produto. Os produtos pereciveis, mesmo quando
colocados em condigdes ideais, sofrem alguma perda de peso durante 0 armazenamento
devido ao efeito combinado da respiracéo e da transpiragdo (FAGUNDES et al., 2015;
GUERRA et al., 2015; KHALIQ et al., 2015; SOUZA et al., 2015; SAAVEDRA et al.,
2016).

A mudanca de cor ocorre durante a maturacdo dos tomates, e compde um dos
critérios mais importantes utilizado pelo consumidor para julgar sua maturidade. A
mudanca mais comum consiste no desaparecimento da cor verde pela degradacdo da
clorofila, sequido do aparecimento de varias cores que variam do amarelo ao vermelho
(BARRETO et al., 2014). Essas alteracGes na coloracdo do produto sdo freqientemente
acompanhadas de mudancas indesejaveis na aparéncia e nas propriedades sensoriais do
produto, ocasionando a diminui¢do da vida de prateleira e do valor de mercado. Para
tomates maduros, as caracteristicas desejadas de coloragdo do fruto, s&o a cor vermelha
intensa e uniforme, em ambas porcbes externa e interna (STINCO et al.,, 2013;
FAGUNDES et al., 2015).

De acordo com Chitarra e Chitarra (2006), os so6lidos soltveis correspondem

principalmente aos agucares, minerais e as pectinas, 0s quais se encontram em solucao
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no vacutolo. Sendo compostos principalmente por agucares, representam indiretamente o
teor destes compostos no produto. Grande parte dos solidos solUveis totais em tomate é
composta por acucares (glicose e frutose) formados a partir da hidrolise do amido, os
quais constituem importantes componentes do sabor e docura dos frutos por meio do
equilibrio com os &cidos organicos. O teor de aglUcares usualmente aumenta com o
amadurecimento dos frutos através dos processos bioquimicos de degradacdo de
polissacarideos. (BECKLES, 2012; D"AQUINO et al., 2016). Esse aumento varia com a
taxa de respiracdo do fruto, j& que os polissacarideos sdo substratos utilizados no
processo respiratério (ALl et al., 2010; OLIVEIRA et al., 2014; SOUZA et al., 2015).

A acidez titulavel é o conjunto de compostos acidos livres presentes nos tecidos
vegetais. A acidez total em frutos pode estar relacionada a adstringéncia do tomate
(GIORDANO; SILVA, 2000; CHITARRA; CHITARRA, 2006). E um parametro de
grande importancia para o sabor e aroma dos frutos e é atribuida, principalmente, aos
acidos organicos dissolvidos nas células, tanto na forma livre como combinada. Alguns
desses acidos sdo volateis por isso que se espera uma reducdo da acidez no valor no
periodo de pos-colheita do tomate. O consumo de acidos organicos no processo
respiratorio é o principal responsavel pela diminui¢do de acidez e o aumento de pH
(WU et al., 2016). A acidez pode ser utilizada, em conjunto com a dogura, como ponto
de referencia do grau de maturacdo (BECKLES, 2012; SAAVEDRA et al., 2016). Essa
relacdo tende a aumentar durante o amadurecimento, devido ao aumento dos teores de
acucar e a diminuicdo dos acidos. Sendo assim, todos os fatores, sejam eles ambientais
ou fisiologicos, que interferem no metabolismo dos acUcares e &cidos, estardo
interferindo na relacdo solidos sollveis/acidez titulavel e, consequentemente no sabor
do tomate (OEY et al., 2008; PONCE-VALADEZ et al., 2016).

Os tomates sdo fonte dietética de compostos fendlicos, particularmente de
flavondides (SANCHEZ-RODRIGUEZ et al., 2012). Estes compostos tem se destacado
devido ao seu potencial antioxidante, que varia de acordo com a estrutura quimica
apresentada. Segundo Gahler, Otto e Bohm (2003), a distribuicdo dos compostos
fenolicos varia nas diferentes partes do fruto do tomate, sendo que a parte externa
apresenta maiores teores de fenolicos, quando comparada a parte interna. Ainda, 0s
compostos fendlicos também estdo relacionados as caracteristicas sensoriais, tais como
adstringéncia, amargor e aroma do tomate (SANCHEZ-RODRIGUEZ et al., 2012).
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2.2 DOENCAS FUNGICAS EM TOMATES

De maneira geral, os frutos devido ao seu baixo pH, elevado teor de umidade e
composicao de nutrientes, sdo muito susceptiveis a acdo de patogenos fungicos, os quais
em adicdo a sua acdo deteriorante, podem tornar os produtos improprios para 0 consumo
devido a producdo de micotoxinas (LIU et al., 2007; VU et al., 2011). Os fungos
apresentam uma grande versatilidade para crescerem em substratos e em condic¢des que
outros micro-organismos ndo sdo capazes de se reproduzir, tais como: atividade de agua
(Aw) reduzida (0,65 até 0,99); pH reduzido; ampla faixa de temperatura (< 0 °C a 40
°C); Ainda os fungos podem utilizar grande versatilidade de substrato, como fonte de
carbono e nitrogénio e possuem capacidade de esporulacdo (TANIWAKI; SILVA,
2001).

Consideraveis perdas pds-colheita, com consequente diminuicdo da qualidade de
mercado dos frutos, sdo causadas em decorréncia da agdo de fungos fitopatégenos. A
presenca de fungos e seus metabdlitos estd entre as principais causas bioldgicas
primarias de perdas de produtos pereciveis de origem vegetal, como o tomate
(BERGER et al., 2011). A deterioracdo microbiana varia amplamente de acordo com o
tipo de fruto, area de producédo e aspectos sazonais, € embora seja dificil determinar a
total magnitude das perdas pos-colheita devido a este tipo de deterioracdo, sabe-se que
até 25% da producdo mundial de frutos esta sujeita ao ataque de micro-organismos em
paises industrializados, enquanto que em paises em desenvolvimento este dano é
frequentemente mais elevado, podendo atingir até 50% da producdo (SPADARO;
GULLINO, 2004; SOUZA et al., 2015).

Em tomates cereja as principais doencas pos-colheita sdo ocasionadas por
fungos patogénicos, particularmente Aspergillus niger e Rhizopus stolonifer, que
causam o bolor negro e a podriddo-mole, respectivamente. Estes fungos estdo entre os
patdégenos mais comumente responsaveis pela deterioracdo pos-colheita em frutos de
tomate em todo o0 mundo (GUERRA et al., 2015; FAGUNDES et al, 2014; WANG et
al, 2010; LIU etal, 2007).

O género Aspergillus pertence a familia Trichocomaceae, da ordem Eurotiales e
filo Ascomycota. Este género apresenta mais de 185 espécies de fungos filamentosos

encontradas nos mais diversos habitats, que constituem um grupo de micro-organismos
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aerobios fisiologicamente diversos (ELIZEI, 2009). A espécie A. niger da classe dos
fungos mitosporicos, possui coloracdo negra (niger: preto em latim) e abriga uma
grande variedade de subespécies. Em meio favoravel, esporos de A. niger deixam seu
estado de dorméncia e passam para a etapa de germinacéao, que consiste em um conjunto
de fendmenos morfol6gicos e metabdlicos, permitindo o desenvolvimento de hifas que
formam o micélio, usualmente observado sobre frutos e vegetais infectados (TIAN et
al.,, 2015). Em tomates, o bolor negro causado por A. niger caracteriza-se pelo
amolecimento do local infectado, seguido pelo desenvolvimento do mofo escuro que
corresponde as estruturas de frutificacdo dos fungos (LICHTER et al., 2002; TIAN et
al., 2015).

O género Rhizopus pertence a familia Mucoraceae, da ordem Mucorales e filo
Zygomicota. Considerado um fungo polifago, devido a variedade de matrizes que pode
colonizar, R. stolonifer causa a podriddo mole pds-colheita em inumeros vegetais e
frutos (AGRIOS, 2005). O fungo produz rizides amarelos ou marrom-claros, os quais
ficam submersos em substrato e a partir dos quais se desenvolvem hifas aéreas, 0s
estaldes, que ao tocar o substrato formam novos rizéides (MASSOLA JUNIOR;
KRUGNER, 2011). R. stolonifer causa sérias perdas na pés-colheita de tomate, pois
cresce rapidamente produzindo micélio branco hapléide, que se torna, com o tempo, de
coloracdo marrom-acinzentada, com hifas asseptadas ou raramente septadas
(MASSOLA JUNIOR; KRUGNER, 2011).

R. stolonifer tem grande capacidade saprofitica, e apds a penetracao,
rapidamente coloniza o fruto, causando uma podriddo-mole e aquosa, geralmente nao
incidindo em frutos imaturos, e raramente vista no campo (CARVALHO et al., 2009).
As infeccdes em frutos caracterizam-se por zonas amolecidas, rapidamente cobertas por
um micélio grosso formando uma massa de esporangios pretos em suas pontas
(BAUTISTA-BANOS, MOLINA e BARRERA NECHA, 2014).

Antifungicos  sintéticos pertencentes ao grupo de benzimidazoles,
hidrocarbonetos arométicos e inibidores da biossintese do esterol tem sido
freqiientemente utilizados como tratamento para evitar a deterioragdo fingica em
tomates. Entretanto, relatos de carcinogenicidade, teratogenicidade, toxicidade aguda,
longo periodo de degradacdo, poluicdo ambiental, influéncia sobre os caracteres

sensoriais dos alimentos, e efeitos colaterais em humanos tém restringido o uso de
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fungicidas quimicos no controle da deterioracdo pos-colheita (UNNIKRISHNAN;
NATH, 2002; GUERRA et al., 2016). Ainda, devido ao surgimento de cepas de fungos
fitopatdgenos resistentes a estes agentes, muitos dos compostos fungitdxicos sintéticos
amplamente empregados estdo tornando-se gradualmente menos efetivos (OLIVEIRA
etal., 2014).

Neste contexto, 0 uso revestimentos comestiveis a base de polissacarideos
adicionados de substancias naturais com propriedades antifungicas tém sido relatados
como uma alternativa promissora em substituicdo a fungicidas sintéticos na prevencéo
de doencas fungicas pds-colheita de vegetais, a citar propolis, Oleos essenciais
(GUERRA et al., 2015; OLIVEIRA et al., 2014; SUN et al., 2014; SOUSA et al., 2013;
LATHA et al., 2009; MAGRO et al., 2006).

2.3 REVESTIMENTOS COMESTIVEIS DE QUITOSANA

Os revestimentos comestiveis podem ser definidos como uma fina camada
continua formada ou depositada no alimento, preparada a partir de polimeros que agem
como barreira a fatores externos (umidade, 6leo e gases) e, consequentemente, protegem
o alimento, aumentando a sua vida Util. As coberturas comestiveis podem ser obtidas de
diferentes tipos de materiais, sendo mais utilizados os polissacarideos, tais como goma
arabica, amido e quitosana (ELSABEE; ABDOU, 2013).

A quitosana ¢ um heteropolimero natural, composto por unidades B-1,4 D-
glucosamina ligadas a residuos de N-acetilglucosamina. Apresenta baixa toxicidade, e é
inerte no trato gastrointestinal de mamiferos. Além disso, é biodegradavel, devido a
ampla distribuicdo de quitinases na natureza, que sdo encontradas em bactérias, fungos,
plantas e no sistema digestivo de muitos animais. A quitosana é comercialmente obtida
da N-deacetilagdo da quitina (B-1,4 N-acetilglucosamina) encontrada no exoesqueleto
de crustaceos, insetos e parede celular de fungos (OLIVEIRA et al., 2014).

Dentre as caracteristicas que distinguem a quitosana e seus derivados dos demais
polissacarideos, destaca-se a sua potencialidade antifingica. O mecanismo de agédo
antimicrobiana da quitosana ndo esta completamente elucidado, porém diversas
hipbteses tém emergido. Alguns pesquisadores correlacionam a atividade da quitosana a

formacédo de complexos polieletroliticos, uma vez que seus grupos aminicos protonados,
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provavelmente, se ligam a superficie celular, interferindo na atividade celular e na
permeabilidade da membrana, causando perda de componentes intracelulares, sem a
formacéo de poros (AVADI et al., 2004; YADAV; BHISE, 2004; KONG et al., 2010).
Além disso, pode haver o comprometimento da geracao de energia pela desestabilizacdo
celular da cadeia transportadora de elétrons, interferindo no aporte adequado de
oxigénio, forcando as células a produzirem energia anaerobica, desencadeando a
disfuncédo do aparelho celular (KONG et al., 2010). Outra acdo seria a penetracdo da
sintese de RNA e de proteinas (RABEA et al., 2003; ZHENG; ZHU, 2003). Ou ainda,
formacdo de camada impermeavel ao redor da célula, bloqueando o transporte
intracelular (EATON et al., 2008).

Como revestimento de vegetais, a quitosana pode apresentar dupla funcéo na
interacdo patdgeno-hospedeiro, podendo apresentar atividade antifingica como retardar
o crescimento micelial, diminuir a germinagdo de conidios e acarretar em alteracdes
morfoldgicas no tubo germinativo de algumas espécies de fitopatogenos (LIU et al.,
2007). Ainda, a quitosana pode induzir a ativacdo de mecanismos bioquimicos de
defesa do vegetal, como 0 aumento na producdo de compostos fendlicos e a diminuicéo
da ac&o de enzimas, como a polifenoloxidase (BADAWI e RABEA, 2009).

A quitosana ndo altera as propriedades sensoriais dos produtos devido ao fato de
apresentar-se como um composto inodoro, insipido e capaz de formar um filme
transltcido quando aplicado sobre a superficie de alimentos (CAMPANA-FILHO et al.,
2007; SHAO et al.,, 2015). Estudos realizados utilizando-se a quitosana como
revestimento em frutos, em diferentes concentra¢fes, mostram resultados satisfatorios
tanto em relacdo ao potencial antifingico, como também como agente de manutencéo
da qualidade pds-colheita de vegetais revestidos. Em estudos com tomate e tomate-
cereja os autores, Mufioz e Garcés (2009); Badawi e Rabea (2009); Chen et al. (2014) e
Souza et al. (2015) avaliaram o potencial antifingico da quitosana frente aos fungos
Colletotrichum gloesporioides, Botritys cinerea, Alternaria alternata e A. flavus,
respectivamente, e concluiram que o revestimento de quitosana inibiu o crescimento
micelial, a germinagéo de esporos e/ou a elongacao do tubo germinativo dos especimes

fangicos estudados.
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2.4 POTENCIAL ANTIFUNGICO DE OLEOS ESSENCIAIS

Os oleos essenciais (OEs) sdo misturas complexas de compostos volateis
produzidos em diferentes partes (folhas, caule, frutos, folhas e flores) de plantas
aromaticas, sendo estocados em células secretorias, cavidades, canais, células
epidérmicas ou tricomas glandulares (BURT, 2004). Estes compostos tém grande
importancia para os vegetais, promovendo resisténcia a doencas e acdo de micro-
organismos fitopatogenos, além de atuarem como inibidores de germinacdo, na atracdo
de polinizadores, além de inibirem a perda de &gua e aumento da temperatura (FENG;
ZHENG, 2007). A atividade antimicrobiana dos Oleos essenciais depende da sua
composicao quimica e suas atividades bioldgicas sdo frequentemente atribuidas aos seus
componentes majoritarios (TEIXEIRA et al., 2012; AIT-OUAZZOU et al., 2012).
Alguns autores, no entanto, referem que a atividade antimicrobiana se deve ao equilibrio
entre 0s constituintes majoritarios e os demais constituintes que aparecem em menor
proporcdo (AIT-OUAZZOU et al., 2012; RIAHI et al., 2013).

Os OEs sdo hidrofobicos e o seu sitio de acdo principal € a membrana celular da
celula microbiana. Estas substancias se acumulam na bicamada lipidica causando
desarranjo na funcdo e na estrutura da membrana, penetrando na célula onde exercem
atividade inibitéria no citoplasma celular e provocam lise e liberacdo do ATP
intracelular, aumentando sua permeabilidade, com posterior liberacdo de constituintes
intracelulares vitais, e danos em seus sistemas enzimaticos (TURINA et al., 2006).

De modo geral, a acdo dos OEs sobre os fungos compreende coagulacéo
citoplasmatica, desorganizacdo dos conteudos celulares, ruptura da membrana
plasmatica, inibicdo das enzimas fungicas, disturbio da funcionalidade do material
genético, culminando na inibicdo da germinacdo esporica e do crescimento micelial
(BURT, 2004; LIU et al., 2007; HERNANDEZ-LAUZARD et al., 2008; RABEA et al.,
2009; MENG et al., 2010).

Compostos lipofilicos como OEs séo absorvidos pelos fungos, pois o micélio
fangico apresenta larga natureza lipofilica, associado a grande area superficial relativa
em comparacdo ao volume do fungo (REGNIER et al., 2008; SANTOS, 2012). O
mecanismo subjacente a acdo antifungica de OEs serve como interruptor entre a fase

vegetativa e reprodutiva do desenvolvimento fangico. Os compostos presentes nos OEs
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impactam a esporulagdo por impedir o desenvolvimento micelial (reconhecida como
‘plataforma’ que suporta a produgdo esporica) e/ou a percepgao/transducao de diferentes
sinais fisiologicos envolvidos na sintese de moléculas do funcionamento da forma
vegetativa com vistas ao desenvolvimento da forma reprodutiva (TZORTZAKIS;
ECONOMAKIS, 2007). Como consequéncia da supressdo da produgdo esporica,
resultante do tratamento com OEs ocorre limitacdo da propagacdo do patodgeno,

diminuindo a liberacdo de esporos pela atmosfera do ambiente e superficies.

2.4.1 Oleo essencial de Origanum vulgare L.

O género Origanum pertence a familia Lamiaceae, que é composta por 3 grupos,
10 seccgOes, 38 espécies, 6 subespécies e 17 hibridos, sendo caracterizada por uma larga
diversidade morfoldgica e quimica. As diferentes espécies sdo largamente empregadas e
tém diferentes nomenclaturas, sendo os mais conhecidos o orégano grego (Origanum
vulgare L.), orégano turco (Origanum onites L.), orégano espanhol (Coridothymus
capitatus L.) e o orégano mexicano (Lippia graveolens HBK) (KOKKINI et al., 1994;
ARCILA-LOZANO et al., 2004).

O Oleo essencial de O. vulgare (orégano) é amplamente utilizado como
flavorizante em alimentos. Este composto apresenta em torno de 34 constituintes ativos,
sendo que a soma dos fendis como carvacrol, timol, gama-terpeno e p-cimeno podem
alcancar entre 80,2% a 98% da composicdo total do éleo (BAMPIDIS et al., 2005). As
concentragcbes dos constituintes majoritarios tém influéncia na sua atividade
antimicrobiana, entretanto os constituintes secundarios (linalol, a-terpenol, etc) dessa
espécie tem demonstrado significativa relevancia, visto que a eficiéncia dos
constituintes majoritarios carvacrol e timol isolados, ndo atingem a mesma eficiéncia do
oleo essencial (ARCILA-LOZANO et al.,, 2004). A concentragdo e a eficacia dos
constituintes do 6leo essencial de orégano podem variar de acordo com a parte da planta
utilizada, espécie da planta e condicdes de cultivo (BAMPIDIS et al., 2005).

O oleo essencial de orégano possui atividade antifingica frente a diferentes
especies de fungos filamentosos. Muitos estudos tem demonstrado a significativa
capacidade do Oleo de orégano de inibir o crescimento de fungos patogénicos poés-
colheita como A. niger, R. stolonifer e A. flavus (SANTOS et al., 2012; SOUSA et al.,
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2013; OLIVEIRA et al., 2014; SOUZA et al., 2015). Além de inibir o crescimento estes
estudos demonstram o retardo do crescimento micelial e da germinacao.

A aplicacdo do 6leo essencial de orégano como agente conservante em sistemas
alimentares tem sido sugerida, ndo s6 devido a sua efetividade, como também porque
este 6leo ndo demonstrou capacidade de induzir tolerancia direta e cruzada em micro-
organismos contaminantes de alimentos (LUZ et al., 2014). Considerando a
potencialidade do 6leo essencial de orégano como agente antifingico, sua aplicagdo em
revestimentos comestiveis para controle da infeccéo fungica pos-colheita pode ser uma

alternativa promissora.

3 MATERIAIS E METODOS

3.1 MATERIAIS

A quitosana (QUI) de médio peso molecular (grau de deacetilacdo 75 — 85%,
lote 03318AJ) utilizada nos ensaios foi adquirida da Sigma-Aldrich Co. (St. Louis,
EUA). O dleo essencial de Origanum vulgare (OEOV) (Lote OREORGO1, densidade a
20°C: 0,90; indice de refracdo a 20°C: 1,47)] foi obtido da Empresa Aromalandia Ind.
Com. Ltda. (Minas Gerais, Brasil). Os componentes individuais de OEOV foram
identificados através de cromatografia em fase gasosa acoplada a espectrometria de
massa - GC-MS (CGMS-QP2010 Ultra Shimadzu), conforme andlise realizada
anteriormente (TARGINO et al., 2016) e permitiu a identificacdo de 22 constituintes
individuais. Os constituintes presentes em maiores quantidades no OEOV foram
carvacrol (64,42%), o-cimol (12,50%) and y-terpineno (6,78%). Outros constituintes,
como timol (3,82%), linaalol (2,85%) and a-pineno (1,69%) foram encontrados em
menores quantidades (Tablela 1).

Tomates cereja (Lycopersicon esculentum L.) comercialmente maduros foram
obtidos na EMPASA (Empresa Paraibana de Abastecimento e Servigos, Jodo Pessoa,
Brasil). Os frutos foram adquiridos sem sinais visiveis de danos mecénicos ou infecgao
fangica, sendo selecionados e padronizados de acordo com o tamanho, cor, aparéncia e
forma. Antes dos ensaios, 0os tomates cereja foram lavados e higienizados através de

imersdo em uma solugdo de hipoclorito de sédio (1 mL/100 mL, pH 7,2 ajustado com
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NaOH a 1 M) durante 15 min. Em seguida foram enxaguados em &gua destilada
esterilizada e secos durante 2 h em uma cabine de fluxo laminar previamente
esterilizada (SOUSA et al., 2013).

Tabela 1. Analise GC-MS do oléo essencial de Origanum vulgare L.

Picos Constituintes Area (%)
1 2-hexanona 0,04
2 2- hexanona, 3,3-dimetil 0,57
3 etanona 1-(3-etiloxiranil) 0,42
4 a-tujeno 0,36
5 a- pineno 1,69
6 biciclo[2.2.1]heptano, 2,2 dimetil-3-metil 0,57
7 3-hexen-2-one 0,29
8 B-pineno 0,69
9 Mirceno 1,15
10 Pseudolimoneno 0,12
11 a-terpineno 0,93
12 o-cimol 12,50
13 Limoneno 0,11
14 Eucaliptol 0,30
15 y-terpineno 6,78
16 Linalol 2,85
17 Timolmetileter 0,17
18 Anetol 0,60
19 Timol 3,82
20 Carvacrol 64,42
21 cariofileno (E) 1,23
22 oxido de cariofileno 0,39

*A quantificagdo dos constituintes foi obtida ap6s normalizar as areas de cada constituinte detectado, expresso como
uma area percentual.

3.2 CEPAS FUNGICAS

As cepas de R. stolonifer URM 3728 e A. niger URM5162 foram obtidas a partir
da colecdo de culturas da Micoteca da Universidade de Recife (Centro de Ciéncias
Biologicas da Universidade Federal de Pernambuco, Recife, Brasil). Para os ensaios de
atividade antifungica foram utilizados repiques das culturas estoque subcultivadas em

4gar Sabouraud (Himedia, India) a 25 °C durante sete dias para permitir a esporulacio
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suficiente. Os esporos fungicos foram colhidos numa solugédo de soro fisiologico estéril
(0,85 g/100 mL de NaCl) no meio de crescimento flngico e a suspensdo obtida foi
filtrada através de uma tripla camada de gaze estéril para retencdo dos fragmentos de
hifas. O nimero de esporos presentes na suspensdo foi quantificado utilizando
hemocitdmetro. A concentracdo obtida de esporos foi ajustada com uma solugéo de soro
fisiologico estéril para prover um in6culo fingico de aproximadamente de 10°
esporos/mL (OLIVEIRA et al., 2014).

Antes dos ensaios, foi verificada a capacidade de crescimento de infec¢do por
bolor negro ou podriddo mole em frutos de tomate cereja de cada cepa fungica utilizada
no ensaio. Ap6s o desenvolvimento do bolor negro e da podriddo mole, as cepas
fangicas foram re-isoladas e identificadas com chaves taxondmicas. Continuas re-
inoculacbes e re-isolamento foram realizados em tomates cereja para manter a
patogenicidade das cepas fungicas teste (GUERRA et al., 2015; PLASCENCIA-
JATOMEA et al., 2014).

3.3 METODOS

3.3.1 Preparo das solucbes de QUI e OEQV

As solucdes de QUI foram obtidas por dissolugdo do polimero (16 mg/mL) em
acido acetico (1 mL/100 mL) durante 24 h & temperatura ambiente com agitacdo (120
rpm) (SANCHEZ-GONZALES et al., 2011). Diluicdes sucessivas (1:1) foram
realizadas em caldo Sabouraud para obter solucdes de diferentes concentracdes (16, 8,
4, 2 e 1 mg/mL). Para assegurar que a atividade antifungica foi devido a QUI e ndo ao
acido acético, o pH de todas as solucGes de QUI para o ensaio foram ajustadas para 5.0
adicionando NaOH 1 M. Solucdes de OEQV foram obtidas por dissolucdo da substancia
(80 puL/mL) contendo Tween 80 [2%, v/v (Himedia, India)] como agente estabilizante
(SANTOS et al., 2012; SOUSA et al., 2013) com dilui¢des sucessivas (1:1) no mesmo
caldo até se obter solugbes de diferentes concentragbes (20, 10, 5, 2,5, 1,25, 0,06
pL/mL). Tween 80 na sua concentracdo final mais elevada, apds diluicdo em caldo
Sabouraud (2%, v/v), ndo causou inibicdo do crescimento fungico. Para a aplicagéo
combinada de QUI e OEOV, a QUI (4 mg/mL) foi inicialmente diluida em &cido
acetico (1 mL/100 mL), com agitacdo constante (120 rpm) durante 6 h a temperatura
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ambiente. Em seguida, diferentes concentracbes de OEOV foram adicionadas (5,
2,5,1,25 pL/mL), e a mistura foi agitada durante um periodo adicional de 18 h a
temperatura ambiente. Para ensaiar a aplicacdo da solucdo formada pela combinacgéo de
QUI como revestimento, foi adicionado glicerol (2 mL/100 mL) como um plastificante
devido ao 6leo essencial ser incorporado na solugdo de revestimento (OJAGH et al.,
2010).

3.3.2 Determinacdo da concentracéo inibitéria minima (CIM) da QUI e do OEQV

Os valores CIM da QUI e OEOV contra A. niger e R. stolonifer foram
determinados por meio da técnica de macrodiluicdo em caldo. Inicialmente, 1 mL de
suspensdo flngica (aproximadamente 10° esporos/mL) foi inoculado em 4 mL de caldo
Sabouraud e 5 mL de solugdes contendo diferentes concentragcdes de QUI (16 — 1
mg/mL) ou (20 — 0,03 pL/mL) de OEQV foram adicionados. A mistura foi incubada a
25 °C durante 7 dias, e ao término do periodo de incubacdo, a menor concentracédo de
QUI ou OEOV (diluicdo mais elevada) que ndo exibiu crescimento fungico visivel foi
considerado a CIM (SANTOS et al., 2012).

3.3.3 Efeitos antifungicos in vitro da QUI e OEOV

Os efeitos antifngicos in vitro da QUI e do OEQV foram mensurados pela inibicdo do
crescimento micelial radial, da germinacdo de esporos e da esporulacdo das cepas
fangicas teste. A inibicdo do crescimento micelial radial de A. niger e R. stolonifer foi
determinada usando a técnica de substrato envenenado (diluicdo em meio solido). Para
tanto, discos de 2 cm de didametro foram retirados a partir de uma cultura fangica de 7
dias, cultivada em &gar Sabouraud a 28 °C, e colocados no centro de placas de Petri
contendo Sabouraud suplementado com apenas QUI (4 mg/mL) ou OEQV (1,25
pL/mL) ou QUI (4 mg/mL) combinado com OEOV (5, 2,5 and 1,25 pL/mL) e
incubados a 25 °C. O crescimento micelial radial (cm) foi medido utilizando paquimetro

a cada 24 h durante um periodo de 72 h. Como controle, cepas fangicas cultivadas em
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meio de crescimento sem QUI ou OEOV foram igualmente testadas. Os resultados
foram expressos como inibicdo da taxa de crescimento micelial radial (cm) em relacéo
ao controle (OLIVEIRA et al., 2014).

Para avaliar os efeitos sobre a germinacdo de esporos, aliquotas de 0,1 ml de
suspensdo esporica de A. niger ou R. stolonifer (aproximadamente 10° esporos/ml)
obtida a partir de uma cultura de 7 dias, cultivadas em agar Sabouraud a 25 °C foram
colocados em tubos Eppendorf contendo 0,1 mL de dispersédo contendo QUI (4 mg/mL)
ou OEQV (1,25uL/mL) ou QUI (4 mg/mL) combinada com OEOV (5, 2,5 and 1,25
puL/mL). Subsequentemente, 0,1 mL das misturas foram colocadas no centro de uma
ldmina de vidro esterilizada e incubadas numa cdmara umida a 25 °C durante 24 h.
Cada lamina foi fixada e tratada com corante azul lactofenol algoddo e a germinacéo de
esporos foi observada por meio de microscopia optica. Cerca de 200 esporos foram
contados em cada lamina. Como controle, as suspensdes de esporos de fungos
cultivados em meio de crescimento sem QUI e OEOV foram ensaiadas de forma
semelhante. A eficacia da inibicdo da germinacdo de esporos foi avaliada por
comparagdo do numero de esporos germinados no meio contendo dispersdes de QUI e
ou OEQV com a do ensaio de controle. Os esporos (conidios) foram considerados
germinados quando o tubo de germinagdo desenvolvido era pelo menos duas vezes o
seu diametro original (GUERRA et al., 2015).

A produgéo de esporos por A. niger e R. stolonifer foi avaliada de acordo com
procedimentos descritos anteriormente (BARBOSA et al., 2002). O fungo foi cultivado
durante 7 dias a 25 °C em &gar Sabouraud ou nas mesmas condi¢des em agar Sabouraud
suplementado apenas com QUI (4 mg/mL) ou OEOV (1,25 uL/mL) ou QUI (4 mg/mL)
combinada com OEOV (5, 2,5 and 1,25 pL/mL). A partir de cada placa de Petri
contendo o micélio, trés discos de 2 cm foram retirados em diferentes regides do halo de
crescimento (central, médio e regido periférica) usando um furador de cobre. Os discos
foram transferidos para tubos de ensaio individuais contendo 10 mL de uma mistura
(1:1) de solugéo salina (NaCl a 0,85% v/v) e solugdo de Tween 80 (0,1% v/v). ApdGs
agitacdo vigorosa das misturas, os esporos foram contados numa camara de Newbauer.

O controle ndo exposto a QUI e OEOV foi analisado de forma semelhante. Os
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resultados foram expressos como nimero total de esporos em relacdo ao tratamento

controle.

3.3.4 Aplicacéo dos revestimentos de QUI e OEOV nos frutos de tomate de cereja

Os tomates cereja foram primeiramente imersos em 500 mL da solugdo de
indculo (aproximadamente 10° esporos/mL) fngico durante 1 min, com suave agitacao,
utilizando um bastdo de vidro estéril, em seguida, os frutos foram secos em uma cabine
de fluxo laminar previamente esterilizada por 1 h (25 °C). Subsequentemente, os frutos
foram imersos em 500 mL de solugdo de revestimento formado apenas de QUI (4
mg/mL) ou OEQOV (1,25 pg/mL) ou CHI (4 mg/mL) combinada com OEOQOV (1,25
pg/mL) com suave agitacdo usando um bastao de vidro estéril durante 1 min. Os frutos
foram colocados sobre um filtro de nylon para drenar o excesso de liquido, ap6s
secagem, foram embalados em recipiente de polietileno com tampa. Um grupo de frutos
foi armazenado a temperatura ambiente (25 °C), enquanto o outro grupo foi armazenado
a temperatura refrigerada (12 °C) comumente aplicada durante o transporte e o
armazenamento no mercado em frutos de tomate cereja (LI et al., 2016). Além disso,
um experimento controle foi realizado, no qual a QUI e ou 0 OEOV foram substituidos
por agua destilada estéril contendo glicerol (2 g/100 mL). Cada tratamento incluiu 40
frutos. Em intervalos de tempo de armazenamento diferentes (temperatura ambiente 1,
4, 8 e 12 dias; temperatura refrigerada 1, 6, 12, 18 e 24 dias), os frutos foram
examinados para avaliar a presenca de sinais caracteristicos de podriddo mole ou bolor
negro (FENG; ZENG, 2007; LIU et al., 2007). Os resultados foram expressos como
percentual de aparecimento de sinais visiveis de podriddo mole ou bolor negro e de
frutos podres (incidéncia da doenca) no final do tempo de armazenamento avaliado
(GUERRA et al., 2015).

3.3.5 Analises fisico-quimicas dos frutos de tomate cereja

Os tomates cereja revestidos e ndo revestidos foram avaliados quanto a perda de

peso e parametros de qualidade gerais, tais como firmeza, sélidos solUveis totais (SST),
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acidez tituldvel (AT), conteddo de licopeno e cor nos mesmos periodos de
armazenamento avaliados para infec¢do fungica. Para determinar a perda de peso dos
frutos durante o periodo de estocagem, a perda de peso em cada periodo avaliado foi
calculada como porcentagem do peso inicial (OLIVEIRA et al., 2014). A firmeza foi
determinada utilizando um probe 1/8 de 3 mm de didmetro acoplado a um TA-XT2
Texture Analyzer (Stable Micro Systems, Haslemere, Reino Unido), e os resultados
foram expressos como N/mm (GUERRA et al., 2015). Antes das analise de SST, AT e
licopeno, oito frutos de cada grupo foram escolhidos aleatoriamente, macerados e
homogeneizados para posterior uso nos diferentes ensaios. O teor de SST foi
determinado usando um refratbmetro digital (Modelo HI 96801, Hanna Instruments,
Sdo Paulo, Brasil), e os resultados foram expressos em ° Brix (ALl et al., 2010). A AT
foi determinada por meio de titulacdo com NaOH 0,1 N até o ponto de viragem da
fenolftaleina, os resultados sdo expressos como percentagem de acido citrico (AQUINO
et al., 2015). A cor da pele foi medida em trés diferentes posi¢Oes equatoriais do fruto
usando o sistema CIELab (L * a * b *). O angulo Hue (h * ab) e croma (C * ab) foram
medidos em um colorimetro Minolta Modelo CR-300 (Osaka, Japdo), de acordo com a
Comisséo Internacional de lluminagéo (CIE, 1986). A escala de cores CIELab (L * a *
b *) foi usado com um iluminante D65 (luz do dia normal) a um angulo de 10 °. Usando
placas de referéncia, o aparelho foi calibrado no modo de reflectancia, e a reflexdo
especular foi excluida (GUERRA et al., 2015). O licopeno foi extraido utilizando uma
mistura de hexano: acetona: etanol (2: 1: 1). O teor de licopeno dos frutos de tomate
cereja foi medido por meio do uso de espectrofotdmetro a 472 nm utilizando um
coeficiente de extincdo (E%) de 3450. Os resultados foram expressos em mg/100 g de
fruta (LI et al., 2016).

3.3.6 Determinacdo de acUcares e acidos organicos dos frutos de tomate cereja

AcUcares e acidos organicos foram determinados no 1° e 12° dias de
armazenamento a temperatura ambiente e no 1°, 12° e 24° dias a de armazenamento a
temperatura refrigerada. Dos frutos macerados obtidos para as analises fisico-quimicas
uma aliquota de 2 g, foi homogeneizada em agua ultra pura (10 mL) durante 10 min,

utilizando um dispositivo de mini-Turrax. O material foi centrifugado (4000 rpm, 15
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min, 4 °C) e o sobrenadante foi recolhido e filtrado através de uma membrana de 0,45
mm. Os acUcares (xilose, glicose, frutose e sacarose) e os acidos organicos (ascorbico,
acetico, citrico, formico, latico, malico, propionico e succinico) foram separados e
identificados em um sistema cromatografico liquido usando [Varian Waters 2690
(Califérnia, EUA)] equipado com um sistema binario de solventes "valvula Rheodyne"
com 20 pL por ciclo; a uma temperatura de 65 °C, acoplado a um detector IR (Varian
330) em comprimentos de onda de 220-275 nm, sistema de bombeamento com
configuracdo de gradiente de alta pressdo (Varian 230) e software de processamento de
Cromatografia GALAXIE Data System. As outras condi¢des analiticas foram como se
segue: uma coluna Agilent Hi-Plex H (7,7 x 300 milimetros, 8 um); fase mdvel 0,009
H2S04; taxa de fluxo, 0,7 pL/ min. Os picos de HPLC da amostra foram identificados
por comparacdo dos seus tempos de retencdo com os de padrdes de referéncia de

acucares ou acidos organicos (Sigma Aldrich) (ZEPPA et al., 2001).

3.3.7 Determinacdo dos compostos fendlicos dos frutos de tomate cereja

Os compostos fendlicos foram determinados em frutos de tomate cereja nos
mesmos intervalos de tempo de armazenamento da analise dos agucares e dos acidos
organicos. Uma aliquota de 5 g foi homogeneizada em metanol (50 mL) durante 4 h,
agitada a temperatura ambiente em mesa agitadora e filtrada em papel filtro Whatman n
°4. Os solventes foram evaporados em rotaevaporador e 0s extratos obtidos foram
dissolvidos em agua. Os &cidos fendlicos e flavondides foram determinados usando
Shimadzu LG20AT HPLC equipado com um detetor IR (SPDM20) e coluna de fase
reversa (Shimpack CLCODS, 4,6 mm x 250 mm x 5 mm). Para os derivados do &cido
cindmico e benzoico (2,4-di-hidroxibenzdico, 3,4-di-hidroxibenzdico, ferdlico, elégico,
acido trans-cindmico, p-cumarico, siringico), a fase maével foi constituida por uma
mistura de acido acético aquoso a 2% em agua (A) e acetonitrila: metanol (2: 1) (B) a
uma taxa de fluxo de 1 mL/ min. Um gradiente de eluigéo foi utilizado, comecando com
20% de B até 15 min, 30% de B em 20 min, 40% de B em 30 min e isocratica a 40% de
B até 45 min. Os flavondides (miricetina, quercetina, catequina, rutina, kaempferol,
hesperetina, naringenina, crisina) foram separados utilizando uma fase moével de 1% de

acido acético aquoso (A) e metanol (B) a uma taxa de fluxo de 1 mL/min. A fase mével
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utilizou o seguinte gradiente de solvente: 0-3 min 40% B, 5-15 min 45% B, 17-25 min
50% de B, 27-35 min 55% de B e de 35-40 min 70% B. O volume de injecéo foi de 10
puL. A identificacdo de compostos fenolicos foi baseada nos tempos de retencao,
espectros da radiacdo UV e uma comparacdo cromatografica (co-injeccdo) com

marcadores auténticos de Sigma Aldrich.

3.3.8 Andlise sensorial

Amostras de tomate cereja ndo revestidas ou revestidas foram submetidos a
testes de aceitagcdo e preferéncia em intervalos de tempo diferentes (1, 6 e 12 dias) a
temperatura refrigerada em todo o armazenamento (para garantir a seguranca
microbiologica das amostras oferecidas para os membros do painel). Um total de cem
provadores ndo treinados participaram dos testes de aceitacdo e preferéncia. As analises
sensoriais foram realizadas apds aprovacdo do Comité de Etica em Pesquisa (protocolo
712.884/2014) sobcondicGes de temperatura e iluminacdo controladas em cabines
individuais. Cada membro do painel recebeu quatro tomates cereja, sendo trés tratados
com os diferentes revestimentos e o controle. As amostras foram servidas em pratos
descartaveis brancos codificados com um ndmero aleatério de trés digitos, sendo
simultaneamente servidas em sequéncia aleatoria, imediatamente ap0s a saida do
armazenamento a temperatura refrigerada. Os provadores foram aconselhados a comer
um biscoito salgado e beber agua entre as amostras para evitar contradicdo com o sabor
residual anterior. Para o teste de preferéncia, os provadores foram instruidos a escolher
as amostras mais e menos apreciadas com base na avaliacdo global. A intencdo de
compra foi avaliada em uma escala hedonica estruturada de cinco pontos variando de
um (certamente ndo compraria) a cinco (certamente compraria). Para a aceitabilidade da
aparéncia, cor, aroma, textura, sabor residual e avaliagcdo global, uma escala heddnica
estruturada de nove pontos foi utilizada, variando de um (desgostei muito) a nove
(gostei muito) (SOUSA et al., 2013).
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3.4 ANALISES ESTATISTICAS

Todas as analises foram realizadas em triplicata, em trés repeticdes. Os dados
foram analisados usando o software Sigma Stat 2.03 (Jandel Scientific Software, San
Jose, California). Os resultados foram avaliados por ANOVA seguido por teste de
Tukey ou student t. Os resultados foram apresentados como média + desvio padréo, e

uma probabilidade p < 0,05 foi considerada significativa.
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Abstract

The efficacy of an edible chitosan coating (CHI; 4 mg/mL) and Origanum vulgare L.
essential oil (OVEO; 1.25 pL/mL) for maintaining the quality of cherry tomato fruit
during storage at room (25 °C; 12 days) and cold (12 °C; 24 days) temperatures was
assessed. CHI and OVEO in combination showed in vitro fungicidal effects against R.
stolonifer and Aspergillus niger. CHI-OVEO coating reduced black mold and soft rot
incidence caused by these fungi in artificially contaminated cherry tomato fruit during
storage at both temperatures. Fruit coated with CHI-OVEO showed higher firmness and
lower weight loss. CHI-OVEO coating delayed the decrease of lycopene, ascorbic and
citric acid, glucose and fructose during storage at room or cold temperatures. Fruit
coated with CHI-OVEO showed increased amounts of catechin, myricetin, caffeic and
syringic acids at the end of storage. CHI-OVEO coating is a feasible treatment for

maintaining the storage quality of cherry tomato fruit.

Keywords: Lycopersicon esculentum L., edible coatings, phenolic compounds, storage

quality
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1. Introduction

Cherry tomato (Lycopersicon esculentum L.) fruits have increased in popularity
due to their high content of sugars and health promoting compounds as well as their
convenience of use; they are consumed either as an ingredient (such as in salads) or
alone (D Aquino et al., 2016; Wu, Lu & Wang, 2016).

The infection of cherry tomato fruit with the pathogenic fungi Aspergillus niger
and Rhizopus stolonifer is associated with most postharvest losses and decreased storage
quality in these fruit (Fagundes, Palou, Monteiro & Pérez-Gago, 2015a). Black mold,
caused by A. niger, is a postharvest disease characterized by softening and darkening of
the fruit infected site, followed by breaking of the peel and development of a dark
mycelia (Plascencia-Jatomea, Yépez-Gomes & Velez-Haro, 2014). R. stolonifer is the
etiological agent of the soft rot in cherry tomato fruit, a disease recognized by watery
areas covered by coarse, gray hairy mycelium that forms a mass of black sporangia at its
tips (Bautista-Barios, Velaquez-Del Valle, Hernandez-Lauzardoa & Barka, 2008).

The postharvest decay caused by fungal contamination or by the ripening
process in cherry tomato fruit has been primarily controlled by the application of
synthetic fungicidal agents in the field and during the postharvest period (Fagundes et
al., 2015; Guerra et al., 2015). These agents do not adversely affect the appearance or
quality of the treated fruit (Amiri, Dugas, Pichot & Bompeix, 2008). However, its
indiscriminate and excessive use on crops has been a major cause of the development of
resistant fungal pathogen populations (Oliveira et al., 2014). In addition, there is an
increased awareness the potentially harmful nature of these chemical compounds on
human health and the environment due to the use of chemical preservatives in food

crops (Aquino, Blank, & Santana 2015; FAO, 2016).
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Edible coatings based on polysaccharides (e.g., hydroxypropylmethylcellulose,
locust bean gum, cassava starch or chitosan) are considered environmentally friendly
alternatives and can reduce the use of chemical preservatives applied for postharvest
treatments (Ali, Mahmud, Sijam & Siddiqui, 2011; EI-Anany, Hassan & Rahab, 2009).
Chitosan (CHI) has favorable characteristics for use as an edible coating because it is a
biodegradable cationic hydrocolloid that possess antifungal activity in addition to its
film-forming ability (Elsabee & Abdou, 2013; Shao et al., 2015).

The incorporation of essential oils (EOs) in CHI-coatings reduces the water
permeability and can improve the coating-efficacy because the EO constituents are
released onto the fruit surface over time (Sanchez-Gonzélez et al., 2011). The EO
obtained from Origanum vulgare L. (oregano - OVEO) has received increased attention
because it possesses strong inhibitory effects against a variety of phytopathogenic fungi
and low resistance-inducing effects in microorganisms (Llana-Ruiz-Cabello et al., 2015;
Luz et al., 2012; Santos et al., 2012).

A previous study showed interesting results when OVEQO was incorporated into
CHI-coatings to control mold decay in grapes (Santos et al., 2012). However, the
efficacy of CHI-coating containing OVEO for controlling black mold and soft rot or for
preserving the storage quality in cherry tomato fruit is unknown. Thus, the present study
was performed to assess the following: i) the in vitro effects of CHI and/or OVEO on
mycelial growth, spore germination and sporulation of A. niger and R. stolonifer; ii) the
efficacy of a coating comprised of CHI and OVEO to control dark mold and soft rot in
cherry tomato fruit during storage at room and cold temperature, and iii) the effects of

this coating on cherry tomato fruit quality parameters.
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2. Materials and methods

2.1. Materials

Chitosan (CHI) of medium molecular weight (deacetylation degree 75-85%,
batch 03318AJ) was obtained from Sigma-Aldrich Co. (St. Louis, USA). Origanum
vulgare L. essential oil (OVEQ) (Batch OREO0O01 density at 20 °C: 0.90, refractive index
at 20 °C: 1.47) was supplied by Aromaléndia Ind. Com. Ltda. (Minas Gerais, Brazil).
The GC-MS analysis of the OVEO was performed following previously described
procedures (Targino et al., 2016). A total of 22 different constituents were identified in
the OVEO. The constituents present in the highest amounts in OVEO were carvacrol
(64.42%), o-cymol (12.50%) and vy-terpinene (6.78%). Other constituents, such as
thymol (3.82%), linalol (2.85%) and a-pinene (1.69%) were found in minor amounts
(Supplementary Table 1).

Mature, commercially available cherry tomato (Lycopersicon esculentum L.)
fruit were purchased from EMPASA (Supplies and Services Company of Paraiba, Jodo
Pessoa, Brazil). Fruit without signs of fungal infection or mechanical damage were
selected according to homogeneous size, shape and color. Prior to the tests, the cherry
tomato fruit were disinfected via immersion in a sodium hypochlorite solution (1
mL/100 mL; pH 7.2) for 15 min, rinsed with sterile water and dried for 2.5 h in a safety

cabinet (Sousa et al., 2013).

2.2. Fungal strains
R. stolonifer URM 3728 and A. niger URM5162 were obtained from the
Mycology Culture Collection of the Federal University of Pernambuco, Recife, Brazil.

The stock cultures were grown in Sabouraud agar (Himedia, India) at 25 °C for seven
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days to allow for sufficient sporulation. Spores were collected in a sterile saline solution
(0.85 g/100 mL NaCl), and the obtained suspension was filtered through triple gauze to
retain hyphal fragments. The number of spores was verified using a hemocytometer and
adjusted with a sterile saline solution to yield an inoculum of approximately 10°
spores/mL (Guerra et al., 2015).

Prior to the assays, each test fungal strain was verified for its ability to cause the
dark mold or soft rot infection in cherry tomato fruit (virulence) with a characteristic set
of symptoms. After black mold or soft rot development, the strains were re-isolated and
identified with taxonomical keys. Continuous re-inoculations and re-isolations on
cherry tomato fruit were carried out to maintain the pathogenicity of the test fungal

strains (Guerra et al., 2015; Plascencia-Jatomea, Yépez-Gomez, & Velez-Haro, 2014).

2.3. Experimental
2.3.1. Preparation of CHI and/or OVEO solutions

CHI solutions were obtained by dissolving the powder (16 mg/mL) in acetic acid (1
mL/100 mL) with stirring (120 rpm) at room temperature (28 °C) for 24 h (Sanchez-
Gonzaélez et al., 2011). Successive serial dilutions (1:1) were performed in Sabouraud
broth (Himedia, India) to obtain solutions of different concentrations (16, 8, 4, 2, and 1
mg/mL). The pH of the CHI solutions used in the in vitro antifungal activity assays was
adjusted to 5.0 by adding 1 M NaOH. OVEO solutions were obtained by dissolving the
substance (80 pL/mL) in Sabouraud broth containing Tween 80 [2%, v/v (Himedia,
India)] as a stabilizing agent (Santos et al., 2012), and successive dilutions (1:1) in the
same broth were prepared to obtain solutions of different concentrations (20, 10, 5, 2.5,

1.25, and 0.06 pL/mL). Tween 80 at the highest final concentration tested (2%, v/v) did
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not interfere with the fungal growth. For the combined application, CHI was diluted in
acetic acid (1 mL/100 mL) (as described above) and OVEO was added at the desired
concentration. The combined solution was obtained by stirring for 18 h at room

temperature (Ojagh, Rezaei, Razavi, & Hosseini, 2010).

2.3.2. Determination of the minimum inhibitory concentration (MIC) of CHI and OVEO

The MIC values of CHI and OVEO against A. niger and R. stolonifer were
determined by macrodilution in broth. An aliquot of 1 mL of the spore suspension
(approximately 10° spores/mL) was inoculated in 4 mL of double-concentrated
Sabouraud broth, and 5 mL of the CHI solutions at different concentrations (16 - 1
mg/mL) or OVEO (20 - 0.03 pL/mL) were added. The mixture was incubated at 25 °C
for 7 days. At the end of this period, the lowest CHI or OVEO concentration that caused

inhibition of the visible fungal growth was considered as the MIC (Santos et al., 2012).

2.3.3. In vitro antifungal effects of CHI and OVEO

The in vitro antifungal effects of CHI and OVEO were measured by the
inhibition of the radial mycelial growth, spore germination and sporulation of the test
fungal strains. The inhibition of the radial mycelial growth of A. niger and R. stolonifer
was determined using the poisoned solid substrate technique. For this method, 2-mm
disks taken from a 7-days fungal culture (grown on Sabouraud agar at 28 °C) were
placed on the center of Petri dishes containing Sabouraud supplemented with only CHI
(4 mg/mL) or OVEO (1.25 uL/mL) or CHI (4 mg/mL) combined with OVEO (5, 2.5
and 1.25 pL/mL). The material was incubated at 28 °C for 7 days and the radial

mycelial growth (mm) was measured using calipers every 24 h over a 72 h period.
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Fungal cultures cultivated in growth media without addition of CHI or OVEO were
similarly tested (controls). The results were expressed in inhibition rates (percentage) of
mycelial radial growth (mm) relative to the control (Oliveira et al., 2014).

To assess the effects on spore germination, 0.1 mL aliquots of the A. niger or R.
stolonifer spore suspensions (10° spores/mL) obtained from a 7-day-old culture
cultivated on Sabouraud agar at 28 °C were placed in tubes with 0.1 mL of the solution
containing CHI (4 mg/mL) or OVEO (1.25uL/mL) or CHI (4 mg/mL) combined with
OVEO (5, 2.5 and 1.25 pL/mL). The mixture (0.1 mL) was placed on a glass slide and
statically incubated in a moist chamber for 24 h at 28 °C. The slides were treated with
lactophenol cotton blue stain and observed under light microscopy. On each slide, 200
spores were counted. As controls, spore suspensions obtained from fungal cultures
grown in media without the addition of CHI and/or OVEO were similarly assayed. The
results were expressed as the percent inhibition of spore germination by comparing the
number of germinated spores in the media supplemented with CHI and/or OVEO with
those obtained in the control assay (Guerra et al., 2015).

The sporulation by A. niger and R. stolonifer was evaluated according to a
previously described procedure (Barbosa, Monteiro, Correia, & Pereira, 2002). The
fungi were grown for 7 days at 25 °C in Sabouraud agar or under the same conditions in
Sabouraud agar supplemented with CHI (4 mg/mL) or OVEO (1.25uL/mL) or CHI (4
mg/mL) combined with OVEO (5, 2.5 and 1.25 plL/mL). From each Petri dish
containing the mycelium, three 8 mm-mycelium plugs were taken from different
regions of the colonies (central, middle and peripheral regions) using a copper awl. The
plugs were transferred to individual test tubes containing 10 mL of a mixture (1:1) of

saline (NaCl 0.89% w/v) and Tween 80 solution (0.1% v/v). After vigorous shaking of
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the mixtures, the spores were counted in a Neubauer chamber. As a control, mycelium
plugs not exposed to CHI and/or OVEO were similarly assayed. The results were

expressed as the number of total spores relative to the control treatment.

2.3.4. Application of CHI and OVEO coatings to cherry tomato fruit

The fruit was first immersed in an inoculum solution (10° spores/mL) of A. niger
or R. stolonifer for 1 min and then maintained in a biosafety cabinet for 1 h (25 °C).
Then, the fruit was immersed in 500 mL of the solutions composed of only CHI (4
mg/mL) or OVEO (1.25 pg/mL) or CHI (4 mg/mL) combined with OVEO (1.25
pg/mL), with mild shaking for 1 min. The fruit were air-dried and packed in a
polyethylene container. One fruit group was stored at 25 °C (room temperature), and the
other at was stored at 12 °C, the cold temperature commonly applied during
transportation and market storage of cherry tomato fruit (Li, Yin, Song, & Zheng,
2016). In the control experiment, CHI and OVEO solutions were replaced with sterile
distilled water containing glycerol (2 g/100 mL). Each treatment included 40 fruit. At
different time intervals (room temperature at 1, 4, 8 and 12 days; cold temperature at 1,
6, 12, 18 and 24 days), the fruit were examined for characteristic signs of Rhizopus soft
rot and Aspergillus black mold (Feng & Zeng, 2007; Liu, Tian, Meng & Xu, 2007). The
results were expressed as the storage time needed for the visible signs of fungal
infection and the disease incidence (percent of infected fruit) at the assessed time

intervals (Guerra et al., 2015).
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2.3.5. Physicochemical analyses of cherry tomato fruit

The uncoated or coated cherry tomato fruit were evaluated for weight loss,
firmness, total soluble solids (TSS), titratable acidity (TA), lycopene content and color
at the same time intervals evaluated for fungal infection. To determine the weight loss
of the cherry tomato fruit during storage, the fruit weight loss during each assessed
period was calculated as a percentage of the initial weight (Oliveira et al., 2014). The
firmness was measured in a TA-XT2 Texture Analyzer (Stable Micro Systems, United
Kingdom) using a 3 mm diameter probe (1/8). The results were expressed as N/mm
(Guerra et al., 2015). Prior to the TSS, TA and lycopene analysis, ten fruit from each
group were randomly chosen, macerated and homogenized to remove the required
amount of sample for each experiment. The TSS was determined using a digital
refractometer (H196801, Hanna Instruments, Sdo Paulo, Brazil), and the results were
expressed as °Brix (Ali, Magbool, Ramachandran, & Alderson, 2010). The TA was
determined via titration with 0.1 N NaOH to the phenolphthalein-end point, and the
results are expressed as a percent of anhydrous citric acid (Aquino et al., 2015). The
peel color was measured at three different equatorial points of the fruit using the
CIELab system (L* a* b*). The chroma (C*ab) and hue angle (h*ab) were measured in
a Minolta colorimeter (CR-300 Co., Osaka, Japan) using a 10-mm quartz cuvette
according to the International Commission on Illumination (CIE, 1986). A D65
illuminant (standard daylight) at a 10° angle was used for the CIELab color scale
(L*a*b*). Lycopene content in the cherry tomato fruit was determined according to
procedures described by Li, Yin, Song and Zheng (2016). Lycopene was extracted using

a mixture of hexane:acetone:ethanol (2:1:1). The lycopene content of cherry tomato
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fruit was measured spectrophotometrically at 472 nm using an extinction coefficient

(E%) of 3450. The results were expressed in mg/100 g of fruit.

2.3.6. Determination of sugars and organic acids in cherry tomato fruit

Sugars and organic acids in the cherry tomato fruit were determined at the 1
and 12" day of storage at room temperature or at the 1%, 12" and 24™ days of storage at
cold temperature. From the fruit-macerate obtained for the physicochemical analyses, an
aliquot of 2 g was homogenized in ultra-pure water (10 mL) for 10 min using a mini-
Turrax apparatus. The mixture was centrifuged (4000 rpm, 15 min, 4 °C), and the
supernatant was collected and filtered through a 0.45 mm membrane. Sugars (xylose,
glucose, fructose and sucrose) and organic acids (ascorbic, acetic, citric, formic, lactic,
malic, propionic and succinic acids) were measured in the extract by HPLC using a
Varian Waters chromatograph (model 2690, Varian, California, USA) equipped with a
binary solvent system "valve Rheodyne" with a 20-uL loop at a temperature of 65 °C,
coupled with a diode array detector (Varian 330) at wavelengths of 220 to 275 nm, a
pumping system with high pressure gradient setting (VARIAN 230) and GALAXIE
Chromatography Data System processing software. The other analytic conditions were
as follows: Agilent Hi-Plex H column (7.7 x 300 mm, 8 pm); mobile phase 0.009
H.SO4; and flow rate, 0.7 mL/ min. The HPLC sample peaks were identified by
comparing their retention times with those of organic acid and sugar standards (Sigma
Aldrich®). The results were expressed in mg per 100 g of fresh weight (Zeppa,

Conterno, & Gerbi, 2001).



56

2.3.7. Determination of phenolic compounds in cherry tomato fruit

Phenolic compounds in the cherry tomato fruit were determined at the same
storage time intervals as the sugar and organic acid analyses. An aliquot of 5 g was
homogenized in methanol (50 mL) for 4 h, stirred at room temperature on a shaker
table, filtered through Whatman no. 4 paper, and dried by evaporation. The phenolic
extracts obtained in this way were then dissolved in water. Phenolic acids and
flavonoids were measured using a Shimadzu Prominence LG20AT HPLC equipped
with a photodiode array detector (SPDM20) and a reversed-phase column (Shimpack
CLCODS, 4.6 mm x 250 mm x 5 mm). For the benzoic and cinnamic acid derivatives
(2,4-dihydroxybenzoic, 3,4-dihydroxybenzoic, ferulic, ellagic, trans-cinnamic, p-
coumaric, syringic), the mobile phase consisted of a mixture of 2% aqueous acetic acid
in water (A) and acetonitrile: methanol (2:1) (B) at a flow rate of 1 mL/min. A gradient
elution was used, starting with 20% B up to 15 min, 30% B at 20 min, 40% B at 30 min
and isocratic at 40% B up to 45 min. The flavonoids (myricetin, quercetin, catechin,
rutin, kaempferol, hesperetin, naringenin, chrysin) were separated using a mobile phase
consisting of 1% aqueous acetic acid (A) and methanol (B) at a flow rate of 1 mL/min.
The mobile phase was delivered using the following solvent gradient: 0-3 min 40% B;
5-15 min 45% B; 17-25 min 50% B; 27-35 min 55% B; and 35-40 min 70% B. The
injection volume was 10 pL. The identification and quantification of phenolic
compounds was based on the retention times, the UV spectra and a chromatographic
comparison (co-injection) with authentic markers from Sigma Aldrich®. The results
were expressed as changes in mg per g of fresh weight during the storage time (Borges

etal., 2011).
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2.3.8. Sensory analysis

Uncoated or coated cherry tomato fruit were subjected to sensory tests at the 1,
6" and 12" days of the cold temperature storage (to ensure the microbiological safety of
the samples offered to the panelists). The acceptance and preference tests were
performed with one hundred untrained panelists after approval from an Ethics Research
Committee (protocol 712.884/2014). The tests were performed in individual booths
under controlled temperature and lighting conditions. Each panelist received the
uncoated or coated cherry tomato fruit served on white plates codified with a three-digit
number in a blinded and random sequence. The panelists were advised to eat a salty
biscuit and drink water between samples to avoid aftertaste interference. For the
acceptance of attributes (appearance, flavor, texture, color, aftertaste and overall
evaluation), a 9-point structured hedonic scale was used, ranging from one “dislike very
much” to nine “like very much”. For the preference test, the panelists were oriented to
select the most and least appreciated samples considering the overall evaluation. The
purchase intent was assessed using a 5-point structured hedonic scale ranging from one

“certainly would not buy” to five “certainly would buy”. (Sousa et al., 2013).

2.4. Statistical analysis

All analyses were performed in triplicate on three different occasions. The data
were analyzed using Sigma Stat software 2.03 (Jandel Scientific Software, San Jose,
California). The results were evaluated by ANOVA followed by Tukey’s post-hoc test
or Student’s t test. The results were presented as the means + standard deviation, and a

probability p < 0.05 was considered significant.
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3. Results

3.1. In vitro antifungal effects of CHI and OVEO

CHI and OVEO exhibited a MIC of 8 mg/mL and 10 pL/mL, respectively,
against both R. stolonifer and A. niger. CHI was tested at 4 mg/mL (1/2 MIC) in assays
of inhibition of mycelial growth, spore germination and sporulation because this is the
lowest concentration needed to form a viscous solution with coating features for
application in cherry tomato fruit (Guerra et al., 2015).

The incorporation of CHI at 4 mg/mL combined with OVEO at 5, 2.5 or 1.25
puL/mL, or OVEO at 10 pL/mL in growth media resulted in a fungicidal effect toward
R. stolonifer and A. niger with the complete inhibition of fungal mycelial growth
throughout the 48 h-incubation time. During the same period of incubation, the
incorporation of only CHI at 4 mg/mL or OVEO at 1.25 pyL/mL in growth media
inhibited less than 50% of the mycelial growth of both R. stolonifer and A. niger.

The application of CHI at 4 mg/mL combined with OVEO at 5 puL/mL, 2.5
puL/mL or 1.25 puL/mL strongly inhibited the spore germination of R. stolonifer (75 -
84%) and A. niger (90 - 100%). Lower inhibition (p < 0.05) of the spore germination of
R. stolonifer or A. niger was observed when assays were performed with only CHI at 4
mg/ mL (< 50%) or OVEO at 1.25 uL/mL (< 30%) (Supplementary Table 2).

The sporulation of the tested fungal strains was completely inhibited by CHI at 4
mg/mL combined with OVEO at 5, 2.5 or 1.25 pL/mL. Similar to the results observed
in the assays of mycelial growth inhibition, there were no differences (p > 0.05) in the

inhibition of the spore germination or the sporulation of both fungi induced by the
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combination of CHI with OVEO at the different tested concentrations (Supplementary

Table 2).

3.2. Effects of CHI and OVEOQ coatings on cherry tomato fruit

Considering that CHI combined with the different concentrations of OVEO
showed similar in vitro antifungal effects against both A. niger and R. stolonifer, the
assays with cherry tomato fruit were performed with a CHI-coating containing OVEO
at 1.25 pL/mL, the lowest OVEO concentration assayed.

Cherry tomato fruit artificially contaminated and coated with CHI-OVEO
presented visible signs of soft rot after 8 days of storage at room temperature, and after
21 days of storage at cold temperature (Table 1). The first visible signs of black mold
on fruit coated with CHI-OVEO were observed after 8 days and 15 days of storage at
room and cold storage temperature, respectively. Uncoated cherry tomato fruit or coated
fruit with only CHI or OVEO presented the first visible signs of black mold and soft rot
in a shorter period of storage at room or cold temperatures (Table 1).

The incidence of black mold in cherry tomato fruit coated with CHI-OVEO at
the end of the storage at room and cold temperature was 19% and 10%, respectively;
whereas for the uncoated fruit the incidence was greater than 85% (Table 1). At the end
of the storage time at room and cold temperatures, the incidence of soft rot in cherry
tomato fruit coated with CHI-OVEO was 12% and 5%, respectively. In uncoated cherry
tomato fruit, the incidence of soft rot was greater than 87% in fruit stored at room or
cold temperature (Table 1). The incidence of black mold or soft rot in fruit coated with

only CHI or OVEO was > 50% for storage at either room or cold temperature (Table 1).
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3.3. Effects on the physicochemical parameters of cherry tomato fruit

The physicochemical parameters in uncoated and coated cherry tomato fruit
were evaluated during storage at room (25 °C) and cold temperatures (12 °C). The
weight loss of the cherry tomato fruit coated with CHI-OVEO was lower (p < 0.05) than
that observed for uncoated fruit or fruit coated with only CHI or OVEO (Table 2).

The firmness decreased (p < 0.05) with increasing storage time in coated and
uncoated cherry tomato fruit. The firmness of fruit coated with CHI-OVEO was higher
(p £0.05) in all assessed storage time points when compared with that of uncoated fruit
or fruit coated with only CHI or OVEOQ (Table 2).

The TA and TSS decreased in uncoated fruit (p < 0.05) stored at both room and
cold temperatures, whereas no changes (p > 0.05) were observed in TA or TSS in fruit
coated with CHI-OVEO (Table 2).

The content of lycopene decreased (p < 0.05) in uncoated and coated fruit during
storage at room or cold temperature. However, cherry tomato fruit coated with CHI-
OVEO showed the minor (p < 0.05) decrease of lycopene when compared with the
other fruit groups (Table 2).

The uncoated and coated cherry tomato fruit were predominantly red throughout
storage at room and cold temperatures (Supplementary Table 3). The a* values
decreased (p < 0.05) over time in uncoated fruit stored at both temperatures, whereas
they did not change in fruit coated with CHI-OVEO. The b* values decreased (p < 0.05)
in uncoated and coated fruit during storage at room and cold temperature. The lightness
values (L* value) were higher (p < 0.05) in fruit coated with CHI-OVEO or those
coated only with CHI at all time intervals assessed in both room and cold temperature

storage (Supplementary Table 3).
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3.4. Effects on sugars and organic acids in cherry tomato fruit

The sugar present in the highest (p < 0.05) amounts in uncoated or coated cherry
tomato fruit was xylose (Figure. 1). This sugar decreased in all fruit groups during
storage at room or cold temperature; however, the greater (p < 0.05) decrease was

observed in uncoated fruit compared with fruit coated with CHI-OVEO.

Cherry tomato fruit coated with CHI-OVEO exhibited an increase in the amount
of glucose (p < 0.05) during storage at room and cold temperatures, whereas the other
fruit group decreased (p < 0.05) in the amount of this sugar (Figure 1). No changes in
the amount of fructose (p > 0.05) were observed in fruit coated with CHI-OVEO stored
at room or cold temperature. Uncoated fruit or fruit coated with only CHI or OVEO
stored at both temperatures showed decreases (p < 0.05) in fructose contents (Figure 1).
Sucrose amounts decreased (p < 0.05) in all fruit groups during storage at both room
and cold temperatures (Figure 1).

Ascorbic and citric acids were the organic acids detected in highest (p < 0.05)
amounts in all fruit groups stored at both room and cold temperatures (Figures 2 and
3). The decrease (p < 0.05) in ascorbic acid was greater in uncoated fruit or fruit coated
with only OVEO or CHI than that in fruit coated with CHI-OVEO during storage at
both room and cold temperature (Figures 2 and 3). The amounts of citric acid
decreased (p < 0.05) in all fruit groups during cold storage, whereas it increased (p <
0.05) in fruit coated with CHI-OVEO during storage at room temperature (Figures 2
and 3).

During storage at both room temperature or cold temperatures, pyruvic, succinic,

propionic and lactic acids amounts decreased (p < 0.05) in uncoated cherry tomato fruit
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and in fruit coated with only CHI or OVEO. No changes in the amounts of these organic
acids were observed in fruit coated with CHI-OVEO stored at room or cold
temperatures (Figures 2 and 3). The increases observed in the amounts of formic and
acetic acids were higher (p < 0.05) in uncoated fruit than those detected in fruit coated

with CHI-OVEO during storage at room or cold temperature (Figures 2 and 3).

3.5. Effects on phenolic compounds in cherry tomato fruit

During storage at room and cold temperatures, uncoated and coated fruit
exhibited decreases in the amount of 2.5-dihydroxybenzoic acid. The minor decrease (p
< 0.05) in the amount of this phenolic acid was observed in fruit coated with CHI-
OVEO (Table 3). The amount of 4-dihydroxybenzoic, salicylic, syringic and caffeic
acids increased (p < 0.05) in all fruit groups during storage at both temperatures (Table
3). However, cherry tomato fruit coated with CHI-OVEO always exhibited the most
significant increase (p < 0.05) in the levels of these compounds (Table 3). The decrease
(p < 0.05) of sinapinic acid and the increase (p < 0.05) of p-coumaric and trans-
cinnamic acids amounts were similar (p > 0.05) among the fruit groups (Table 3).
Vanillic acid amounts increased (p < 0.05) only in fruit coated with CHI-OVEO during
storage at room or cold temperature (Table 3). Ellagic acid amounts decreased (p <
0.05) in uncoated fruit and fruit coated with only CHI or OVEO stored at both
temperatures. No changes (p > 0.05) in the amount of this acid were observed in fruit
coated with CHI-OVEO (Table 3).

Regarding flavonoids, rutin amounts decreased (p < 0.05) in uncoated fruit or
fruit coated with only CHI or OVEO stored at room or cold temperatures; however, they

did not change (p > 0.05) in fruit coated with CHI-OVEO (Table 3). Catechin and
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myricetin amounts increased in all fruit groups during storage at both temperatures;

however, the greatest increases (p < 0.05) occurred in fruit coated with CHI-OVEO

(Table 3).

3.6. Effects on sensory aspects of cherry tomato fruit

The uncoated and coated cherry tomato fruit received similar scores (p > 0.05)
for flavor, texture, aftertaste and overall evaluation at the different storage times
assessed (Supplementary Table 4). The scores fell between “liked slightly” or “liked
moderately” for all sensory parameters tested. Fruit coated with CHI-OVEO received
higher scores (p < 0.05) for appearance, taste and color (corresponding to "liked very
much”) in tests performed after 6 and 12 days of storage. When the panelists were asked
to indicate the intent to purchase the cherry tomato fruit, the responses were generally

“possibly purchase” for all fruit groups and assessed storage periods.

4. Discussion

The combined incorporation of CHI and OVEO at different concentrations in
growth media resulted in fungicidal effects against both R. stolonifer and A. niger and
inhibited the spore germination and sporulation of these fungi over time. OVEO acts
primarily on the fungal cell wall and, after an initial disturbance, can attack intracellular
targets causing thinning and wrinkling of mycelia upon the loss of cytoplasmic material,
resulting in mycelium death and lack of sporulation (Moreira, Lima, Wanderley, Carmo,
& Souza, 2010; Vesentini et al.,, 2007). CHI can change the fungal membrane
permeability through interactions with the negatively charged phospholipids of the

plasma membrane. The enhanced antifungal effects observed for the combined
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application of CHI and OVEO likely occurred because the initial disturbance of the cell
exterior is promoted by CHI, which facilitates cellular uptake of OVEO (Ojagh et al.,
2010; Santos et al., 2012).

The CHI-OVEO coating delayed the occurrence of black mold and soft rot in
cherry tomato fruit during storage at room and cold temperatures and reduced the
incidence of rotten fruit at the end of storage. These results support the antifungal
effects observed in in vitro assays. Interestingly, antifungal efficiency of CHI combined
with EOs has not always been observed in in vitro studies with fruit, probably due to the
high volatility of the EOs constituents and the possible interactions between the coating
components and the vegetative tissue (Chéafer, Sdnchez-Gonzalez, Gonzalez-Martinez &
Chiralt, 2012; Perdones, Sanchez-Gonzalez, Chiralt & Vargas, 2012; Shao et al., 2015).

Control of postharvest fungal diseases using CHI-coatings containing EOs seems
to occur through a direct inhibitory effect on fungi cells and an indirect effect of
inducing defense mechanisms in the fruit tissue (Aquino et al., 2015; Shao et al., 2015).
It has been proposed that the efficacy of CHI-EOs in inhibiting pathogenic fungi in fruit
could be partially related to their ability to induce production of defense-related
enzymes, e.g., polyphenoloxydase, peroxidase, chitinase, and B-1,3-glucanase, in coated
fruits (Shao et al., 2015).

Great antifungal efficacy was observed when CHI-OVEO coating was applied in
cherry tomato fruit stored at cold temperature. These results are probably associated
with the slowing of physiological maturation processes in fruit stored at cold
temperatures, which consequently led to a higher resistance to mold infection (Sanchez-
Gonzélez et al., 2011). Another important reason could be the weaker pathogenicity of

the fungal strains at low temperatures because the antifungal activity of CHI and EOs
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on fruit increases with decreased storage temperature (Oliveira et al., 2014; Santos et
al., 2012).

Fruit coated with CHI-OVEO had higher firmness and lower weight loss during
storage at room or cold temperatures. The firmness of fruit during storage is directly
related to softening resulting from the cell wall modification caused by the hydrolysis of
starch and degradation of pectin during respiration (Ali et al., 2010). Otherwise, weight
loss in fruit is primarily associated with the water loss caused by transpiration and
respiration (Wu et al., 2016). The observed results are probably related to the effects of
CHI-OVEO coating as a semi-permeable barrier to O,, CO,, water and solutes (Aquino
et al., 2015). Because of its hydrophobicity, OVEO improved the physical barrier
properties of CHI-coatings (Perdones et al., 2012). Consequently, the respiration rates
may be decreased in fruit coated with CHI-OVEO, as well as the water loss and
softening. The antifungal effects of the CHI-OVEO coating may also contribute to the
maintenance of firmness because this coating may protect the fruit against fungal cell
wall-degrading enzymes used for colonization and infection (Oliveira et al., 2014).

TA decreased in uncoated cherry tomato fruit, whereas fruit coated with CHI-
OVEDO did not change this parameter during storage at both studied temperatures. The
TA decreases with the fruit ripening; however, a delay of this decrease is interesting
because low amounts of TA induce faster senescence of fruit (Khaliq et al., 2015). TA
indexes are related to amounts of organic acids present in tomato fruit, and acidity
found in the early stages of maturation tends to decrease by degradation of these
compounds (Wu et al., 2016). Organic acids are used as substrates for enzymatic
reactions, as a major source of ATP, or as intermediate metabolites in biochemical

reactions during fruit respiration (Khaliq et al., 2015; Wu et al., 2016). In the present
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study, organic acids directly related to respiration metabolism (e.g., citric, pyruvic,
succinic and lactic acids) decreased only in uncoated fruit during the storage at both
room and cold temperatures, explaining the observed TA decrease (Wu et al., 2016).
Because the metabolism was slowed, the degradation of organic acids in fruit coated
with CHI-OVEO was reduced and contributed to maintenance of the TA values during
storage. Additionally, the increase of formic and acetic acids amounts only in uncoated
fruit indicated the effectiveness of the CHI-OVEO coating to delay the senescence in
cherry tomato fruit (Shao et al., 2015). Overall, the CHI-OVEO coating slowed the
decrease of ascorbic acid levels, an important bioactive compound of cherry tomato
fruit. The inhibition of gas exchange between the fruit tissues and the environment near
the CHI-OVEO coating probably reduced the O, penetration and, consequently, the
oxidation of ascorbic acid (Shao et al., 2015).

The TSS amounts decreased in uncoated fruit and did not change in fruit coated
with CHI-OVEO during storage at room or cold temperature. Sugars are the major
components of the TSS in tomato fruit (Wu et al., 2016). The CHI-OVEO coating most
likely prevented the reduction of TSS because it delayed the hydrolysis of
carbohydrates to sugars due the slower ripening (Elsabee & Abdou, 2013). The
reduction in fruit metabolism could also explain the higher amounts of glucose and
fructose observed in fruit coated with CHI-OVEO because these sugars are the
predominant sugars metabolized during fruit respiration (Beckles, 2012; D’Aquino et
al., 2016). The higher content of glucose, fructose, and citric acid in fruit coated with
CHI-OVEO could explain the higher scores attributed to this fruit group for “taste” in

the sensory test. They likely exhibited a better balance between sugars and acids
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because the ratio of sugars to acids defines the taste of a ripe tomato fruit (Beckles,
2012).

The application of CHI-OVEO positively affect the color of the cherry tomato
fruit because the coating helped maintain the red intensity (a* values) during storage.
The red color of the in cherry tomato fruit is one of the most important quality criteria
used in market or by consumers to judge the commercial quality of the fruit (Fagundes,
Moraes, Pérez-Gago, Palou, Maraschin & Monteiro, 2015b). The increased red color
observed in the cherry tomato fruit coated with CHI-OVEO was most likely related to
the higher quantities of lycopene present in those fruit during storage. Lycopene is the
main colored carotenoid in red tomato fruit, and these fruit are the most important
sources of lycopene in the human diet (Stinco, Rodriguez-Pulido, Escudero-Gilete,
Gordillo, Vicario, & Meléndez-Martinez, 2013). The efficacy of CHI-OVEO coating in
slowing the degradation of lycopene is noteworthy and similar to that observed for
ascorbic acid. These observations were probably related to the barrier for gas exchange
and slower metabolism. Increased respiration rates result in the ability of reactive
oxygen groups to oxidize the lycopene (Bensinela Junior, Monarim, Camargo, Mahl,
Simdes, & da Silva, 2010).

The cherry tomato fruit coated with CHI-OVEO or only with CHI presented
increase in lightness (L*) compared to the uncoated fruit or fruit coated with only
OVEDO. Greater lightness/brightness has been described for fruit coated with polymer-
based dispersions, which can be associated with characteristics brightness and high
transparency of the formed coating (Oliveira et al., 2014). This increased lightness of
the CHI and CHI-OVEO coated fruit was positively perceived by panelists who

assigned higher scores for appearance and color attributes to fruit from these groups.
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The phenolic acids and flavonoids detected in cherry tomato fruit were similar
among the uncoated or coated fruit. However, the CHI-OVEO coating delayed any
decreases and even increased specific phenolic acids or flavonoids. It is known that
during the tomato fruit maturation, a variety of phenolic compounds are synthetized by
hydroxylation, methylation and dehydrogenation reactions (Bicudo, Ribani & Beta,
2014; Choi et al., 2014; Sanchez-Rodriguez, Ruiz, Ferreres & Moreno, 2012). The
synthesis or degradation of phenolic compounds is clearly associated with the ripening
process, and the regulatory events in climacteric fruit (e.g., cherry tomato) depend on
the action of ethylene (Alexander & Grierson, 2002). Thus, the CHI-OVEO coating
interfered within the metabolism of phenolic compounds in cherry tomato fruit likely
due to the creation of an internal modified atmosphere leading to the biosynthesis and
accumulation of these secondary metabolites (Beckles, 2012). Overall, fruit coated with
CHI-OVEOQO exhibited higher amounts of several phenolic compounds at the end of
storage at both room and cold temperatures. Thus, given the knowledge that phenolic
compounds are related to protection against fungal infection in plant tissues (Pane et al.,
2016), the CHI-OVEO coating could enhance the resistance to pathogenic fungi in

cherry tomato fruit during storage.

Conclusions

CHI and OVEO in combination inhibited spore germination and showed fungicidal in
vitro effects against R. stolonifer and A. niger. The application of CHI-OVEO coating
delayed the mold decay in cherry tomato fruit and enhanced important quality and
sensory aspects of these fruit during storage at room or cold temperatures. The tested

CHI-OVEQO increased the amounts of phenolic compounds retained during the storage
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time assessed. CHI-OVEOQ coating is a feasible treatment for maintaining the quality of

cherry tomato fruit during storage.
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Figures

Figure 1. Changes in sugar concentrations in cherry tomato fruit uncoated and coated
with chitosan (CHI) and/or O. vulgare L. essential oil (OVEO), followed by storage at
room temperature (25 °C, 12 days) or cold temperature (12 °C, 24 days). () 0 uL/ mL
of chitosan and essential oil (control); (1) CHI 4: CHI 4 mg/ mL; (M) OVEO 1.25:
OVEO 1.25 uL/ mL; () CHI 4 + OVEO 1.25: CHI 4 mg/ mL + OVEO 1.25 uL/ mL.
A-C For each trial, different superscript letters denote differences (p < 0.05) among the
mean values (for the same treatment at different storage periods) according to Tukey's
test or Student’s t test t. a-d: For each trial, different superscript letters denote
differences (p < 0.05) among the mean values (for the different treatments at a same

storage period) according to Tukey's test.

Figure 2. Changes in organic acid concentrations in cherry tomato fruit uncoated and
coated with chitosan (CHI) and/or O. vulgare L. essential oil (OVEO), followed by
storage at room temperature (25 °C, 12 days). ( }) 0 uL/ mL of chitosan and essential
oil (control); () CHI 4: CHI 4 mg/ mL; (M) OVEO 1.25: OVEO 1.25 pL/ mL; ()
CHI 4 + OVEO 1.25: CHI 4 mg/ mL + OVEO 1.25 uL/ mL. A-D: For each trial,
different superscript letters denote differences (p < 0.05) among the mean values (for
the same treatment at different storage periods) according to Tukey's test or Student’s t
test. a-d: For each trial, different superscript letters denote differences (p < 0.05) among
the mean values (for the different treatments at a same storage period) according to

Tukey's test.

Figure 3. Changes in organic acids concentrations in cherry tomato fruit uncoated and
coated with chitosan (CHI) and/or O. vulgare L. essential oil (OVEO), followed by
storage at cold temperature (12 °C, 24 days). ( Jj) 0 uL/ mL of chitosan and essential
oil (control); (I ) CHI 4: CHI 4mg/ mL; ([} ) OVEO 1.25: OVEO 1.25 uL/ mL; ( )
CHI 4 + OVEO 1.25: CHI 4 mg/ mL + OVEO 1.25 uL/ mL. A-C For each trial,
different superscript letters denote differences (p < 0.05) among the mean values (for
the same treatment at different storage periods) according to Tukey's test or Student’s t

test. a-d: For each trial, different superscript letters denote differences (p < 0.05) among
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the mean values (for the different treatments at a same storage period) according to

Tukey's test
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Table 1. Occurrence of Rhizopus soft rot and Aspergillus black mold in cherry tomato
fruit uncoated and coated with chitosan (CHI) and/or O. vulgare L. essential oil
(OVEO) followed by storage at room temperature (25 °C, 12 days) or low temperature
(12 °C, 24 days).

Days of storage for detection of Percent of infected fruit at
first signs of mold infection the end of the storage time
Treatments

Room Cold Room Cold

temperature temperature temperature temperature

R. stolonifer
Control 2nd 9th 100.0% (+0.00)*  87.50% (+0.00)*
CHI 4 4th 15th 53.75% (+0.02)°  68.75% (+0.09)"
OVEO 1.25 4th 12th 63.81% (+0.09)"  67.52% (+0.00)°
CHI4+OVEO 1.25 8th 21th 12.02% (£0.00)°  5.05% (+0.04)°

A. niger
Control 2nd 6th 100.0% (+0.00)*  87.53% (+0.00)*
CHI 4 4nd 9th 62.75% (+0.04)°  52.50% (£0.04)°
OVEO 1.25 4nd 6th 75.01% (+0.00)"  62.51% (+0.00)°
CHI4+0OVEO 125 8th 15th 10.05% (+0.03)°  19.00% (+0.05)°

Control: OuL/mL of chitosan and essential oil; CHI 4 + OVEO 1.25: CHI 4 mg/mL + OVEO 1.25 puL/mL; a-d For
each trial, different superscript letters in the same column denote differences (p < 0.05) among the mean values (for
each fungus submitted for the different treatments at the same storage condition).
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Table 2. Mean values of the physicochemical quality parameters in cherry tomato fruits uncoated and coated with chitosan (CHI) and O. vulgare

L. essential oil (OVEO), followed by storage at room temperature (25 °C, 12 days) or cold temperature (12 °C, 24 days).

Days of storage at room temperature (25°C)

Days of storage at cold temperature (12 °C)

Treatments
1 4 8 12 1 6 12 18 24
WeigthLoss (%)
Control 0.00(0.00)° 1.99 (+0.01)2¢  6.22 (+0.01)*®  10.85 (x0.02)*~  0.00 (+0.00)F 0.52 (+0.06)*®  2.39 (+0.06)*C  4.49 (+0.08)*%  6.21 (+0.03)**
CHI 4 0.00 (+0.00)°  1.75(+0.02)°¢  6.01 (+0.04)°®  8.01 (+0.03)°" 0.00 (+0.00)F 0.36 (+0.06)’°  1.32 (+0.04)°¢ 223 (+0.07)’®  4.19 (+0.02)**
OVEO 1.25 0.00 (x0.00)°  1.94 (¥0.01)*°¢  6.11 (+0.02)*B  9.82 (x0.02)°* 0.00 (+0.00)% 0.49 (0.04)*®  1.54 (£0.05)°¢  2.44 (x0.03)’®  4.81 (x0.01)"*
CHI4 + OVEO 1.25  0.00 (x0.00)° 1.20 (£0.01)°¢  4.37 (+0.03)°®  6.58 (x0.01)?" 0.00 (+0.00)F 0.30 (0.03)°°  1.02 (+0.05)°¢  1.74 (+0.02)°®  3.80 (+0.02)°”
Firmness (N/mm)
Control 10.55 (+0.05)°"  8.63 (+0.03)°B  7.94 (x0.07)°¢  6.40 (+0.04)°° 10.15 (0.07)™#  10.01 (+0.04)*~ 9.23 (+0.04)*®  8.51 (+x0.03)°¢  6.31 (+0.03)°°
CHI 4 8.94 (+0.05)'A  7.54 (£0.03)°B  7.47 (x0.01)°®  7.19 (x0.02)°° 10.09 (+0.04)°A  8.98 (+x0.02)’®  8.61 (+0.03)°C  8.06 (+x0.04)°°  7.54 (+0.03)°°
OVEO 1.25 9.65 (+0.02)°A  8.44 (+0.08)°%  7.30 (+0.04)°®  6.54 (x0.03)°B 10.33 (+0.03)°*  8.75 (+x0.04)°® 834 (+0.03)°®  7.34 (+x0.04)'C  6.40 (+0.04)°°
CHI4+OVEO 1.25  11.36 (x0.03)°" 9.26 (x0.02)°®  8.17 (x0.05)°¢  8.07 (x0.02)*¢ 12.68 (+0.04)°A  10.22 (x0.05)%%  9.94 (+0.02)*¢  9.15 (+0.05)*°  8.77 (x0.01)°F
Titrable acidity (mg/100g of citric acid)
Control 12.39 (+0.05)**  10.26 (x0.06)*%  9.40 (+0.03)*B¢  8.43 (+0.03)°¢ 11.71 (0.08)**  10.59 (x0.07)°®  9.05 (+0.21)’¢  8.51 (x0.05)°°  8.11 (+0.03)°F
CHI 4 9.87 (+0.09)°A  9.56 (+0.15)*  9.50 (+0.06)**  9.33 (x0.04)°* 11.10 (#0.01)B”  11.04 (x0.07)**  11.02 (x0.09)**  10.99 (x0.01)**  10.97 (+0.01)*
OVEO 1.25 9.67 (x0.01)°A  9.47 (x0.06)**  9.37 (x0.02)**  9.11 (x0.09)*~ 11.09 (+0.05)°4  10.99 (x0.01)*%  10.95 (+0.05)*%  10.93 (x0.02)*%  10.92 (+0.03)"®
CHI4+O0OVEO 125  10.86 (+0.14)°* 10.44 (+0.18)** 10.37 (+0.06)**  10.34 (+0.05)*  11.06(+x0.04)°*  11.09 (+0.01)*®  10.98 (+0.01)*®  10.97 (+0.02)*%  10.95 (+0.01)® B
Total Soluble Solids (°Brix)
Control 7.15 (£0.07)*  6.85 (+0.08)°"®  6.60 (+0.01)°B  6.10 (+0.14)°€ 6.70 (0.02)* 6.35 (£0.05)2®  6.05 (+0.07)*®  5.70 (+0.00)*€ 5.40 (+0.09)* €
CHI 4 7.10 (£0.14*  7.05 (x0.06)®~  6.90 (+0.02)°A  6.85 (x0.07) 6.05 (+0.01)°A  6.00 (x0.03)°*  5.96 (+0.03)**  5.90 (+0.04)** 5.85 (+0.07)*
OVEO 1.25 7.08 (£0.14)*  7.00 (+0.07)®~  6.95 (+0.07)®#  6.90 (+0.01)"* 6.00 (£0.01)’A 597 (+0.07)°A 595 (+0.02)**  5.93 (+0.07)* 5.75 (+0.06)®A
CHI4+OVEO 125  7.20 (x0.00)*  7.15(+0.05)*  7.08 (x0.04)*  7.05 (x0.07)" 6.05 (x0.07)’ 598 (x0.04)**  5.92 (+0.03)°*  5.90 (+0.02)** 5.85 (£0.04)*
Lycopene (u1g/g) 1-12 days 1-24 days
Control CHI 4 OVEO 1.25 CHI4+0V 125  Control CHI 4 OVEO 1.25 CHI4+0V 125
-8.80 (+0.02)*  -6.25 (+0.01)°  -6.24 (+0.03)°  -4.21 (+0.02)° -7.77 (0.04) -5.10 (£0.01)°  -5.64 (x0.02)  -3.49 (+0.02)
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Control: 0 uL/mL of chitosan and essential oil; CHI 4 + OVEO 1.25: CHI 4 mg/mL + OVEO 1.25 uL/mL. A-E For each trial, different superscript letters in the same row denote differences (p < 0.05) among the mean
values (for the same treatment at different storage periods) according to Tukey's test. a-d For each trial, different superscript letters in the same column denote differences (p < 0.05) among the mean values (for the
different treatments at a same storage period) according to Tukey's test.



Table 3. Changes in phenolic compounds determined in cherry tomato fruits uncoated and coated with chitosan (CHI) and O. vulgare L.
essential oil (OVEOQO), followed by storage at room temperature (25 °C, 12 days) or cold temperature (25 °C, 24 days).

80

Room temperature (25° C)

Cold temperature (12° C)

Phenolic Control CHI 4 OVEO 1.25 CHI4+OVEO125  Control CHI 4 OVEO 1.25 CHI 4 + OVEO 1.25
1-12 days 1-12 days 1-12 days 1-12 days 1-24 days 1-24 days 1-24 days 1-24 days
4-hydroxybenzoic acid +3.00 (+0.05)° +1.00 (+0.02) +2.00 (+0.05)° +5.00 (+0.02)? +3.00 (+0.01)° Zero +3.00 (+0.02)° +5.00 (+0.01)?

Salicylicacid
Sinapinicacid

Syringicacid

2.5-dihydroxybenzoic acid

Vanillicacid
Feluricacid
Ellagicacid
p-coumaricacid

Caffeicacid

trans-cinnamicacid

Rutin
Myricetin
Catechin

Naringenin

+11.00 (x0.01)°
- 4.00 (+0.01)°
+4.00 (£0.02)°
-39.00 (+0.03)"
Zero

-3.00 (+0.05)°
-1.00 (x0.02)°
+1.50 (+0.02)°
+35.00 (+0.01)°
+1.00 (+0.03)°
-1.00 (x0.01)°
+8.00 (+0.03)°
+7.00 (x0.01)"
+2.00 (£0.02)°

+12.00 (¢0.03)°
- 3.50 (+0.02)°
+3.00 (x0.02)°
- 22.00 (20.04)°
Zero

Zero

-1.00 (+0.02)°
+1.40 (£0.01)%
+33.00 (+0.02)°
+1.00 (20.01)°
-2.00 (+0.01)°
+4.00 (+0.01)
+4.00 (x0.02)
+2.80 (¢0.03)®

+14.00 (20.01)°
-2.00 (+0.02)°
+7.00 (£0.02)°
- 21.00 (x0.02)°
Zero

-2.00 (0.03)
-1.00 (+0.05)"
+1.30 (+0.03)
+36.00 (+0.02)"
+1.00 (+0.01)*
-1.00 (x0.01)°
+5.00 (+0.01)°
+5.00 (£0.01)°
+3.00 (£0.02)

+16.00 (x0.01)*
- 4,00 (0.02)°
+13.00 (+0.03)*
-16.00 (x0.01)*
+1.00 (x0.05)°
-3.00 (x0.02)°
Zero

+1.20 (£0.01)%
+37.00 (+0.04)*
+1.00 (20.02)°
Zero

+10.00 (+0.03)?
+14.00 (x0.02)*
+3.00 (x0.01)°

+13.00 (+0.03)°
- 4.00 (£0.03)°
+2.00 (£0.05)°
- 76.00 (+0.05)°
zZero

-3.00 (£0.01)°
-1.00 (x0.02)°
+1.00 (+0.01)"
+34.00 (£0.03)"
+1.00 (£0.01)°
+12.00 (+0.02)°
+7.00 (£0.01)°
+3.00 (£0.02)°
+2.00 (£0.01)°

+15,00 (£0.04)°
- 6.00 (+0.01)¢
Zero

- 35.00 (+0.01)°
Zero

Zero

-1.00 (£0.02)"
+1.00 (+0.01)"
+37.00 (x0.02)°
+1.00 (£0.02)°
+7.00 (£0.05)"
+5.00 (+0.05)°
+3.00 (£0.02)°
+2.00 (£0.01)°

+16.00 (£0.02)°
- 1.00 (+0.05)°
+3.00 (+0.01)"
- 31.00 (+0.03)°
Zero

- 2.00 (£0.02)°
-1.00 (#0.01)°
+1.00 (+0.01)"
+36.00 (+0.02)°
+1.00 (£0.03)°
+15.00 (+0.03)°
+9.00 (x0.01)°
+6.00 (£0.03)"
+2.00 (£0.01)°

+19.00 (x0.01)*
- 2.00 (+0.05)°
+7.00 (+0.04)°
- 26.00 (+0.02)*
+1.00 (x0.01)°
-3.00 (x0.01)°
Zero

+1.50 (£0.01)°
+41.00 (+0.05)?
+1.00 (£0.01)°
+17.00 (x0.04)*
+15.00 (+0.02)*
+11.00 (+0.03)
+3.00 (+0.02)°

Mean values (mg/g of cherry tomato fruit) from two repetition + standard deviations; (+ increase of compounds during the storage period; - decrease of compounds during the storage period);

Control: 0 uL/mL of chitosan and essential oil CHI 4 + OVEO 1.25: CHI 4 mg/mL + OVEO 1.25 uL/mL. a-d For each trial, different superscript letters in the same row denote differences (p <

0.05) among the mean values (for the different treatments at a same storage period) according to Tukey's test.
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Supplementary Table 1. GC-MS analysis of the essential oil Origanum vulgare L.

Peaks Constituents Area (%)
1 2-hexanone 0.04
2 2- hexanone, 3,3-dimethyl 0.57
3 ethanone 1-(3-ethyloxiranyl) 0.42
4 a-thujene 0.36
5 a- pinene 1.69
6 bicyclo[2.2.1]heptane, 2,2 dimethyl-3-methyl 0.57
7 3-hexen-2-one 0.29
8 [-pinene 0.69
9 myrcene 1.15
10 pseudolimonene 0.12
11 a-terpinene 0.93
12 o-cymol 12.50
13 limonene 0.11
14 eucalyptol 0.30
15 y-terpinene 6.78
16 linalool 2.85
17 thymolmethylether 0.17
18 anethole 0.60
19 thymol 3.82
20 carvacrol 64.42
21 caryophyllene (E) 1.23
22 caryophyllene oxide 0.39

84

*- The quantification of the constituents was obtained after normalizing the areas of each detected constituent, expressed as

a percentage area (%).
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SupplementaryTable 2. Effects of chitosan (CHI) and O. vulgare essential oil (OVEQ) alone
or in combination on R. stolonifer URM 3728 and A. niger URM 5842 spore germination and
sporulation after 24 h-incubation (25 °C).

Inhibition of spore germination (%) N° espores/ mL (10%)
Treatments

R. stolonifer A. niger R. stolonifer A. Niger
Control 0.00% (+0.00)° 0.00% (+0.00)" 18.20(+0.10)* 75.63(x0.30)*
CHI 4 82.00% (+0.10)® 26.00 (+0.10)° 16.60(+0.25)° 36.80(+0.40)"
OVEO 1.25 61.00% (+0.10)" 11.00 (+0.10)° 0.00(+0.00)° 0.00(+0.00)°
CHI 4 + OVEO 5 84.00% (+0.10)* 100.00% (+0.00) 0.00(x0.00)° 0.00(x0.00)°
CHI 4 + OVEO 2.5 83.00% (+0.30)° 90.00% (+0.10)? 0.00(+0.00)° 0.00(+0.00)°
CHI 4 + OVEO 1.25 75.00% (£0.20)* 90.00% (+0.10)* 0.00(x0.00)° 0.00(x0.00)°

The results expressed as percent inhibition rates of spore germination compared with the control treatment (0 pL/mL of
chitosan and essential oil). CHI 4 + OVEO 5: CHI 4mg/ mL+ OVEO 5 pL/ mL; CHI 4 + OVEO 2.5: CHI 4mg/ mL + OVEO
2.5 ulL/ mL; CHI 4 + OVEO 1.25: CHI 4 mg/ mL + OVEO 1.25 pL/ mL; a—d For each trial, different superscript letters in the
same column denote differences (p < 0.05) among the mean values (for each fungus submitted for the different treatments)
according to Tukey's test.
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Supplementary Table 3. Mean values of the color in cherry tomato fruit uncoated and coated
with chitosan (CHI) and O. vulgare L. essential oil (OVEOQ), followed by storage at room
temperature (25 °C, 12 days) or cold temperature (12 °C, 24 days).

Treatments
Parameters Days of storage
Control CHI 4 OVEO 1.25 CHI 4 + OVEO 1.25
Room temperature
0 35.70 (+0.18)® B 35.21 (+0.21)°¢ 36.27 (+0.13)%B 35.02 (+0.08)°¢
L 4 35.93 (+0.23)®8 35.51 (+0.07)°€ 36.74 (+0.12)3B 36.45 (+0.19)®8
8 37.33 (+0.22)%~ 37.13 (+0.20)%B 37.01 (+0.21)%"8 36.89 (+0.17)%B
12 38.18 (+0.12)°A 41.71 (+0.22)*A 37.94 (0.11)°A 42.26 (+0.18)*A
0 17.32 (+0.16)4 13.88 (+0.17)™A 13.08 (+0.02)°~ 14.28 (+0.08)°4
. 4 16.77 (+0.22)°A 14.16 (0.18)"A 12.96 (+0.06)°A 14.17 (0.16)°A
8 13.85 (£0.10)%B 14.37 (¥0.10)*# 13.00 (+0.15)°~ 14.10 (£0.18)*A
12 11.90 (+0.06)°© 14.37 (+0.09)*A 13.04 (+0.03)°# 14.07 (+0.13)*A
0 19.90 (x0.17)*A 18.07 (x0.15)°A 19.61 (+0.04)*A 18.66 (+0.08)"#
b 4 18.73 (£0.07)%B 17.88 (0.06)*A 18.07 (£0.16)%B 17.83 (£0.05)%B
8 17.30 (+0.14)"€ 17.62 (x0.07)®A 18.05 (+0.12)*B 17.14 (x0.16)"B
12 15.77 (+0.09)™P 15.20 (+0.16)°® 17.42 (+0.23)3¢ 16.00 (+0.09)°€
0 21.11 (+0.13)3B 22.85 (+0.12)* A8 23.09 (+0.11)*48 23.63 (+0.13)*A
Crab 4 23.69 (£0.06)*4® 24.10 (£0.24)*4 22.35 (£0.16)%B 22.40 (£0.17)248
8 25.73 (£0.20)*~ 24.32 (£0.16)*~ 26.27 (£0.21)*# 24.14 (£0.02)*#
12 23.45 (+0.15)* "8 20.85 (+0.18)* B 21.71 (+0.20)* B 20.24 (+0.14)°®
0 55.70 (+0.01)*# 52.66 (£0.20)*# 51.51 (x0.22)*# 53.00 (£0.13)*#
b 4 53.57 (+0.11)%AB 47.27 (0.18)° A 5474 (£0.19)*4 50.96 (+0.05)* A
8 49.91 (+0.04)*B 47.93 (+0.24)*~ 49.96(+0.06)*A 48.23 (+0.16)* A
12 43,53 (£0.13)°¢ 47.16 (0.15)* 4 54.30 (+0.09)*# 53.16 (+0.23)* A
Cold temperature
0 36.08 (+0.12)** 34.86 (+0.07)°¢ 35.63 (£0.13)*P 33.94 (+0.5)°P
6 36.33 (£0.08)** 35.08 (£0.13)"°¢ 36.22 (+0.18)*“P 35.51 (+0.12)° ¢
L 12 36.76 (£0.13)°* 35.98 (+0.22)"B 36.91 (£0.09)° B¢ 38.05 (£0.18)%F
18 36.86 (+0.18)™ A 36.13 (+0.21)°B 37.16 (+0.03)°~8 38.59 (+0.15)*B
24 36.94 (+0.09)°* 38.15 (+0.19)°~ 37.95 (+0.16)° A 40.24 (+0.04)* A
0 15.72 (£0.15)*4 13.10 (+0.08)°A 12.20 (£0.07)°4 12.98 (+0.16)°A
6 15.13 (£0.08)* "8 13.30 (x0.10)°4 12.21 (20.14)°4 13.00 (+0.14)°A
a 12 14.73 (+0.18)%B 13.07 (+0.13)°A 12.21 (x0.16)° 4~ 13.04 (+0.09)°A
18 13.02 (+0.19)*¢ 13.09 (x0.09)*# 12.25 (x0.11)°4 13.07 (¥0.10)*#
24 12.26 (+0.20)°€ 13.15 (+0.15)*A 12.26 (+0.07)°~ 13.84 (+0.14)®A
0 22.51 (+0.05)*4 20.95 (+0.17)°A 21.19 (+0.21)°A 19.75 (+0.04)° 4
6 22.05 (x0.16)*# 20.17 (20.06)°® 20.80 (+0.13)° "8 18.95 (+0.15)"B
b 12 20.18 (£0.04)%B 19.17 (+0.07)°¢ 20.18 (£0.08)%B 18.67 (+0.16)"B
18 17.44 (+0.12)°¢ 18.72 (+0.12)°¢ 20.15 (£0.14)%B 18.55 (+0.13)"EC
24 17.15 (+0.11)°¢ 17.12 (+0.13)°P 18.05 (+0.19)*¢ 18.17 (+0.09)%¢
0 21.15 (+0.15)3€ 21.56 (+0.21)%B 21.01 (+0.13)%8 23.38 (+0.08)*4
6 21.89 (+0.11)*B¢ 22.16 (+0.16)%B 23.38 (+0.07)* 48 24.86 (+0.04)*4
C*ab 12 25.07 (+0.18)*48 24.27 (+0.12)*48 24.64 (+0.09)* "8 22.83 (+0.19)*4
18 27.49 (+0.02)*4 24.40 (+0.05)%"8 26.44 (+0.14)*4 23.66 (+0.15)**
24 26.89 (+0.12)%4 26.53 (+0.18)*~ 25.58 (+0.13)®A 23.59 (+0.22)°A
0 54.65 (+0.06) 52.80 (+0.16)"# 60.91 (+0.15)A 53.13 (+0.16)°~
6 53.40 (+0.15)*4 58.92 (+0.10)*4 58.53 (+0.16)* A8 52.74 (+0.12)*~
h*ab 12 54.11 (x0.20)*# 57.06 (£0.09)*# 59.93 (x0.12)*48 54.85 (x0.15)*#
18 55.43 (+0.05)*# 52.58 (+0.13)*# 52.02 (+0.08)*8 50.45 (+0.08)*4
24 55.96 (+0.21)*4 52.30 (£0.22)*4 53.07 (+0.13)*48 54.12 (+0.15)*4
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Control: 0 pL/mL of chitosan and essential oil; CHI 4 + OVEO 1.25: CHI 4 mg/mL + OVEO 1.25 pL/mL. A-D For each trial, different
superscript letters in the same column denote differences (p < 0.05) among the mean values (for the same treatment at different storage
periods) according to Tukey's test. a-c For each trial, different superscript letters in the same row denote differences (p < 0.05) among the
mean values (for the different treatments at a same storage period) according to Tukey's test.



88

Supplementary Table 4. Mean values of the sensory attributes in cherry tomato fruit uncoated and
coated with chitosan (CHI) and O. vulgare L. essential oil (OVEO), followed by storage at room

temperature (25 °C, 12 days) or cold temperature (12 °C, 24 days).

Attributes Storage time (days) Control CHI 4 OVEO 1.25 CHI 4 + OVEO 1.25
0 7.93 (+0.13)28 7.87 (+0.02)2¢ 8.10 (+0.10)* 7.73 (+0.13)*B
Appearance 6 8.03 (+0.15)8 8.23 (+0.07)PA 8.17 (+0.13)°A 8.80 (+0.14)*
12 8.20 (+0.06)°A 8.00 (+0.11)"8 8.00 (+0.04)°4 8.60 (+0.01)*
0 7.70 (+0.05)28 7.70 (+0.22)?B 7.77 (+0.16)*B 7.50 (+0.14)*B
Color 8.03 (+0.15)PAB 8.07 (+0.17)°A 8.07 (x0.13)°4 8.95 (+0.17)*
12 8.30 (+0.09)°A 7.90 (+0.26)PAB 8.10 (+0.01)°4 8.89 (+0.07)*
0 7.20 (+0.22)2B 6.97 (+0.11)28 7.20 (+0.16)* 7.30 (+0.19)?8
Flavor 7.77 (£0.07)* 7.70 (x0.19)* 7.70 (20.19)* 7.87 (£0.17)*78
12 8.20 (0.19)* 7.80 (+0.06)* 7.70 (+0.09)* 8.00 (+0.21)28
0 7.43 (£0.24)?B 7.43 (+0.16)* 7.67 (+0.18)** 7.37 (+0.16)*B
Taste 7.50 (£0.14)%8 7.73 (£0.21)°A 7.60 (£0.19)°A 8.70 (x0.17)*
12 7.90 (0.16)°A 7.67 (0.14)°A 7.40 (0.07)°A 8.37 (+0.14)*
0 7.40 (+0.23)* 7.13 (#0.17)* 7.47 (+0.14)* 7.00 (+0.13)*8
Aftertaste 7.73 (£0.08)* 7.50 (£0.12)* 7.37 (20.11)* 7.60 (£0.17)*
12 7.80 (+0.19)* 7.40 (£0.23)*A 7.20 (£0.01)°A 7.80 (£0.06)*
0 7.50 (+0.20)?® 7.37 (+0.06)* 7.83 (+0.13)* 7.50 (+0.16)**
Firmness 7.53 (+0.17)® 7.77 (£0.20)* 7.73 (£0.08)* 7.63 (£0.09)*
12 8.20 (0.19)* 7.70 (£0.22)* 7.70 (+0.09)* 8.00 (+0.09)**
0 7.57 (+0.07)* 7.53 (+0.12)* 7.43 (+0.17)* 7.03 (+0.16)*8
Overall
evaluation 7.63 (+0.19)* 7.67 (+0.16)* 7.63 (+0.11)* 7.70 (+0.09)**
12

7.80(x0.16)**

7.30(x0.22)**

7.40(x0.23)**

7.73(x0.21)*

Control: OuL/mL of chitosan and essential oil; CHI 4 + OVEO 1.25: CHI 4 mg/mL + OVEO 1.25 pL/mL. A-C For each trial, different
superscript letters in the same column denote differences (p < 0.05) among the mean values (for the same treatment at different storage
periods) according to Tukey's test. a-b For each trial, different superscript letters in the same row denote differences (p < 0.05) among the
mean values (for the different treatments at a same storage period) according to Tukey's test.



