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RESUMO

As perdas pos-colheita em frutiferas representam uma preocupagdo mundial, a exemplo das
ocorridas em mamao (Carica papaya L.), reconhecido como umas das principais frutas
tropicais de importancia econdmica, porém suscetivel ao desenvolvimento de doengas fungicas,
destacando-se a antracnose causada por espécies de Colletotrichum. O controle da antracnose
em mamao tem ocorrido por meio da aplicacdo de fungicidas sintéticos, os quais podem causar
danos ao meio ambiente e a saude dos consumidores, além de induzirem ao surgimento de cepas
flngicas resistentes. Nesse contexto, o presente estudo teve como objetivo avaliar a eficacia de
revestimentos formulados com quitosana (Qui) e Oleos essenciais de Mentha piperita L.
(OEMP) ou M. x villosa Huds (OEMV) para controle do desenvolvimento de antracnose
causada por isolados de C. gloeosporioides e C. brevisporum em mamao papaya. Para o alcance
desses objetivos, foram realizados testes in vitro onde se avaliou o crescimento micelial e o tipo
de interagao entre a Qui e OEMP ou OEMV, e testes in situ para avaliacao da eficacia dos
revestimentos em inibir o desenvolvimento de lesdes de antracnose em mamoes artificialmente
infectados com os isolados fungicos durante o armazenamento (25 °C, 10 dias). Ainda, foram
avaliadas as caracteristicas fisico-quimicas dos revestimentos por meio das analises de FTIR,
TGA, DSC e rugosidade de superficie, bem como os efeitos da aplicagdo dos revestimentos
sobre parametros fisico-quimicos e sensoriais relacionados a qualidade po6s-colheita do mamao.
Qui (2,5; 5; 7,5 e 10 mg/mL), OEMV e OEMP (0,15; 0,3, 0,6 e 1,25 uLL/mL) inibiram o
crescimento de todos os isolados testados in vitro e as combinagdes de Qui (5 ou 7,5 mg/mL) e
OEMV ou OEMP (0,15; 0,3; 0,6 ou 1,25 mL/mL) apresentaram interacdes aditivas ou
sinérgicas. Os frutos revestidos com as combinacdes de Qui (5 mg/mL) e OEMV ou OEMP
(0,3; 0,6 ou 1,25 uL./mL) apresentaram redugdo do desenvolvimento das lesées de antracnose
durante o armazenamento, sendo esses efeitos similares ou superiores aqueles causados por
uma formulacdo comercial de fungicidas (trifloroxistrobina + tebuconazol). Os resultados das
analises de caracterizagdo dos revestimentos formulados com Qui (5 mg/mL) e OEMV ou
OEMP (0,6 ou 1,2 pLL/mL) mostraram aumento da intensidade das bandas de FTIR, sugerindo
possivel interacdo entre os componentes utilizados na sua formulacdo. O OEMV e OEMP
afetaram positivamente a estabilidade térmica desses revestimentos. A analise da rugosidade de
superficie mostrou que os revestimentos possuem superficies homogéneas, com capacidade de
formagdo de barreira fisica sobre os frutos. Os frutos revestidos com as formulag¢des de Qui (5
mg/mL) e OEMV ou OEMP (0,6 ou 1,2 ul./mL) apresentaram atraso na evolugdo de alguns
parametros fisico-quimicos relacionados ao avango do processo de maturagdo, além de nao
afetarem a aceitacdo da maioria dos pardmetros sensoriais dos frutos ao longo do
armazenamento (12 + 0,5 °C). Esses resultados sugerem que a aplicagao de revestimentos
formulados com combinacdes selecionadas de Qui e OEMV ou OEMP pode representar uma
estratégia no controle pds-colheita da antracnose em mamao, sem afetar negativamente os
aspectos relacionados a qualidade geral do fruto.

Palavras-chave: Revestimentos comestiveis. Biopolimero, Mentha. Efeitos antifingicos.
Qualidade pos-colheita.



ABSTRACT

Postharvest losses of fruits represent a global concern, such as those occurring in papaya
(Carica papaya L.), which is known as one of the most important tropical fruits with remarkable
economic importance, but very susceptible to the development of fungal diseases,
especially,anthrachnose caused by Colletotrichum species. Control of anthracnose in papaya
has been reached with the application of synthetic fungicides, which can cause damage to the
environment and consumers’ health, besides inducing resistant fungal strains occurrence. In
this context, this study aimed to evaluate the efficacy of coatings formulated with chitosan (Chi)
and essential oils from Mentha piperita L. (MPEQO) or M. villosa Huds (MVEO) to control the
development of anthracnose caused by C. gloeosporioides and C. brevisporum isolates in
papaya. To reach these objectives, in vitro tests were conducted to evaluate the fungal mycelial
growth and type of interaction between Chi and MVEO or MPEO, as well as in situ tests to
evaluate the efficacy of the coatings to inhibit the development of anthrachnose lesions in
papaya artifically infected with fungal isolates during storage (25 °C, 10 days) .In addition, the
physicochemical characteristics of coatings with FTIR, TGA and DSC analysis were evaluated,
as well as the surface rugosity and the effects of the application of these coatings on
physicochemical and sensory parameters related to the postharvest quality of papaya. Chi (2.5;
5; 7.5 and 10 mg/mL), MVEO and MPEO (0.15; 0.3, 0.6 and 1.25 pl./mL) inhibited the growth
of C. gloeosporioides and C. brevisporum isolates in vitro, and combinations of Chi (5 or 7.5
mg/mL) and MVEO or MPEO (0.15; 0.3; 0.6 or 1.25 mL/mL) had additive or synergistic
interactions. Fruits coated with combinations of Chi (5 mg/mL) and MVEO or MPEO (0.3; 0.6
or 1.25 p L/mL) showed a reduction in the development of anthracnose lesions during storage
and these effects were similar to or higher than those caused by a commercial synthetic
fungicide formulation (trifloroxistrobin + tebuconazole). The results of the characterization of
the coatings formulated with Chi (5 mg/mL) and MVEO or MPEO (0.6 or 1.2 pL/mL) showed
an increase in intensity of FTIR bands, suggesting a possible interaction between components
used in their formulation. MVEO and MPEOQ affected the coating thermal stability positively.
Surface roughness analysis showed that the formulated coatings (with Chi and MVEO or
MPEOQO) had homogeneous surfaces, being capable of forming a physical barrier on fruit. Fruits
coated with Chi (5 mg/mL) and MVEO or MPEO (0.6 or 1.2 uL/mL) had a delay in the
evolution of some physico-chemical parameters related to the advance in the maturation
process, besides not affecting negatively most of their sensory parameters during storage (12
+ 0.5 °C). These results suggest that the application of coatings formulated with selected
combinations of Chi and MVEO or MPEO could be a strategy to cause postharvest control of
anthracnose in papaya, without affecting negatively aspects related to fruit overall quality.

Keywords: Edible coatings. Biopolymer. Mentha. Antifungal effects. Postharvest quality.
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1 INTRODUCAO

O mamao (Carica papaya L.) é uma fruta tropical originaria da América Central,
cultivada em diversos paises (MONZON-ORTEGA, et al., 2018; SOUZA et al., 2014), sendo
o Brasil um dos maiores produtores mundiais, ocupando o segundo lugar no ranking em 2018,
onde produziu 1 060,392 toneladas, situando-se também entre os principais paises exportadores
(FAOSTAT, 2018; BARBIERI et al., 2019). Apresenta destacavel importancia economica e
social, grandemente valorizada por seus atributos nutricionais e sensoriais, com polpa macia,
rica em agucares soluveis e de sabor agradavel (PAIXAO et al., 2012; RIBEIRO; SERRA;
ARAUIJO et al., 2016).

Entretanto, a preservacdo da qualidade e comercializacdo dessa fruta t€m sido
intensamente comprometidos devido a sua curta vida util pds-colheita. Por ser uma fruta
climatérica, os processos de maturacgao fisioldgica, marcados pela perda de firmeza e alteragdes
de cor ocorrem aceleradamente (WU et al., 2019), além da suscetibilidade ao desenvolvimento
de doencas fungicas (FACANHA, 2019) que levam a depreciagdo de sua qualidade, acarretando
perdas. (JACOMINO, 2013; RIBEIRO; SERRA; ARAUJO, 2016).

A antracnose ¢ a principal doenga pos-colheita causada por fungos em mamao,
tornando-se um dos fatores limitantes a sua comercializacao (RIBEIRO, SERRA; ARAUIJO,
2016; SARKAR, 2016). Sua ocorréncia tem sido atribuida as espécies de fungos do género
Colletotrichum, especialmente ao C. gloeosporioides. Contudo, um estudo filogenético
identificou a prevaléncia de C. brevisporum em lesdes caracteristicas de antracnose em mamaes
cultivados na regido Nordeste do Brasil (VIEIRA et al., 2013). A utilizagao de fungicidas
sintéticos tem sido uma das técnicas empregadas para controle dessas infecgdes fungicas,
garantindo maior sobrevida pos-colheita dos frutos (BAUTISTA-BANOS et al., 2013; PALOU
et al., 2015; VENTURA et al., 2003;). No entanto, o uso desses defensivos agricolas pode
causar prejuizos ao meio ambiente e ainda induzir a selecdo de espécies de fungos com
resisténcia aumentada aos fungicidas (BRISHT et al., 2013; DEMARTELAERE et al., 2015;
LIMA et al., 2014; RAHMAN et al., 2014).

Nessa perspectiva, a aplicagdo de revestimentos comestiveis a base de compostos
naturais com propriedades antimicrobianas tem sido estudada com o intuito de prolongar a vida
util pods-colheita de frutos (DE SOUZA et al., 2015; MONZON-ORTEGA et al., 2018;
SALVADOR-FIGUEROA et al., 2017; OLIVEIRA et al., 2018; VALENCIA-CHAMORRO

et al., 2011), possibilitando a obtencao de produtos mais atrativos ao consumidor (AZEREDO,
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2003; GUERRA et al., 2015; MAIA et al., 2000). Entre os compostos naturais utilizados na
elaboracdo de coberturas comestiveis, destaca-se a quitosana, um biopolimero de baixa
toxicidade e soluvel em solugdes acidas diluidas, com capacidade de formar um gel viscoso, o
qual, quando aplicado na superficie de frutas, pode formar um recobrimento semipermeavel
(YOUSUF et al., 2018). Esse recobrimento pode prolongar a vida util pds-colheita de frutos
ndo s6 por meio da redugiio da taxa de respiracio e da perda de d4gua (BAUTISTA-BANOS et
al., 2006; GRANDE-TOVAR et al., 2018; ROMANAZZI et al., 2015), mas também em virtude
das ja reconhecidas propriedades antifungicas (ALI et al., 2010; de OLIVEIRA et al., 2018;
GUERRA et al., 2015; VAN DEN BROEK et al., 2015; XING et al., 2016).

Os 0dleos essenciais consistem em compostos naturais com destacavel agcdo antifiingica,
constituidos por uma complexa mistura de substancias volateis resultantes do metabolismo
secundario de plantas, caracterizados por forte odor, e que estdo relacionados as fungdes de
defesa da planta frente a patégenos (BURT, 2004; CAMILETTI et al., 2016; DE SOUZA, 2016;
SARKHOSH et al., 2018). Seu uso tem sido considerado um tratamento seguro para o controle
pos-colheita em alimentos vegetais frescos, podendo representar uma alternativa para o controle
de doencas em frutiferas (SIVAKUMAR; BAUTISATA-BANOS, 2014)

Contudo, devido a sua elevada taxa de volatilizacao, a aplicacdo de d6leos essenciais
1soladamente em frutos pode ndo exercer a mesma eficacia, além de causar alteragdes sensoriais
indesejaveis, especialmente quando utilizados em doses elevadas para promover a atividade
antimicrobiana (HYLDGAARD et al., 2012). Nesse sentido, pesquisas tém investigado os
efeitos da aplicacdo combinada de 6leos essenciais com diferentes compostos ou substancias
antimicrobianas, a exemplo da combinacdo com quitosana na formulagdo de coberturas
comestiveis aplicadas em frutas (MUNHUWEYI, et al., 2017; OLIVEIRA et al. 2018;
SEVERINO et al., 2014). Os resultados disponiveis na literatura trazem evidéncias de que a
incorporagao de 6leos essenciais em solugdes de quitosana geralmente resulta em melhora da
atividade antimicrobiana quando aplicada na superficie do fruto e maior extensao do periodo
de efetividade no controle do crescimento microbiano (ALOUI et al., 2014; ATARES;
CHIRALT, 2016; SANCHEZ-GONZALES et al., 2011; SANTOS et al., 2012). Essa aplicago
combinada também melhora as propriedades fisicas do gel de quitosana, conferindo-lhe maior
hidrofobicidade (ELSABEE et al., 2016; SHEN, KANDON, 2015).

No que se refere as plantas produtoras de Oleos essenciais, as espécies do género
Mentha tem sido exploradas em diversos setores, incluindo alimentos, agronomia, cosméticos,
medicina e farmacia, devido, principalmente, as diferentes propriedades do seu dleo essencial,

a exemplo da atividade antibacteriana, antiviral e antifingica (SINGH et al., 2011). O 6leo
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essencial (OE) de Mentha piperita L. (menta, hortela-pimenta ou “peppermint’”) apresenta,
geralmente, como compostos majoritarios o mentol e mentona (FREIRE et al., 2012; GUERRA
et al., 2015; TYAGI; MALIK, 2011). Por sua vez, o OE de Mentha x villosa Huds (hortela da
folha miuda, hortela de cheiro ou hortela da horta) € rico no composto rotundifulona (da CRUZ
ALMEIDA et al., 2018; GUERRA et al., 2015), o qual tem mostrado eficacia em inibir o
desenvolvimento de fungos causadores de doengas em frutas (GUERRA et al., 2016; de
OLIVEIRA et al., 2017; SERVILI et al., 2017).

Perante o exposto, o presente estudo teve como objetivo avaliar a eficacia da aplicagdo
de revestimentos formulados com quitosana e 6leos essenciais de M. piperita L. (OEMP) e M.
villosa Huds (OEMV) como agentes protetores frente a a¢do de diferentes isolados de C.
gloeosporioides e C. brevisporum causadores da antracnose em mamao, avaliar as
caracteristicas fisico-quimicas e de superficie desses recobrimentos, bem como os seus efeitos
sobre diferentes parametros indicadores da qualidade pos-colheita de mamao durante o

armazenamento.
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2 REFERENCIAL TEORICO

2.1 Mamao: Producio e aspectos pos-colheita

A producdo mundial de mamao (C. papaya L.) atingiu aproximadamente 13 290,320
toneladas em 2018, tendo como principais paises produtores a {ndia, Brasil, México, Republica
Dominicana, Indonésia e Nigéria. O Brasil, segundo maior produtor, responde com 1 060,392
toneladas da produ¢dao mundial (FAOSTAT, 2018), com destaque para para os estados do
Espirito Santo, Bahia, Ceara e Rio Grande do Norte, sendo a regido Nordeste responsavel por
mais de 50% produgdo nacional (637.665 toneladas), constituindo-se como uma importante
atividade econdmica, gerando emprego e renda (IBGE, 2018).

O fruto do mamoeiro, 0 mamao, ¢ uma baga de forma e tamanho variado, muito
apreciado pelo sabor adocicado, polpa levemente perfumada e de coloracdo variando de
amarelo a vermelho. Suas caracteristicas sensoriais (textura, cor e aroma), quimicas (baixa
acidez e bom equilibrio entre acucares e adcidos organicos), digestivas, além das propriedades
antioxidantes, tornam essa fruta um alimento atrativo e de grande aceitacao (CHUTICHUDET;
CHUTICHUDET, 2014; FABI et al., 2010; LATA, 2018). O elevado valor nutricional do
mamao estd relacionado, principalmente, com o seu teor de vitaminas, como a pro-vitamina A
(2020 UI) e vitamina C (4cido ascorbico, 35,4 a 187 mg/100 g), além dos compostos fendlicos
e polissacarideos (AYON-REYNA, 2017; BAUTISTA-BANOS et al., 2013; LATA, 2018;
NUNS et al., 2006; WALL, 2006).

Entre as variedades de mamao mais cultivadas comercialmente destacam-se as do grupo
Solo e os hibridos do grupo Formosa. No Brasil, a variedade mais exportada ¢ a “Golden”, do
grupo Solo (JACOMINO et al., 2002; RUGGIERO et al., 2011). A cultivar “Sunrise Solo”
conhecida como mamaéo “papaya”, também chamado de mamao Havai ou mamao da Amazonia,
produz frutos pequenos, com massa média de 500 g, formato variando de piriforme a ovalado,
casca lisa e firme e cavidade interna estrelada. Essa cultivar, geralmente, ¢ consumida in natura,
mas sua industrializa¢do permite o aproveitamento integral do fruto e oferta de uma variedade
de produtos que podem ser utilizados pelas industrias de alimentos, farmacéuticas e de ra¢ao
para animais (MAIA, 2007).

Quanto ao padrdo respiratério, o mamao ¢ classificado como fruta climatérica, ou seja,
pode amadurecer na propria planta ou apos a colheita, passando por mudangas bioquimicas

significativas, iniciadas pela produgdo de etileno, geralmente em concordancia com o aumento
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da atividade respiratéoria mdxima, levando ao rdpido amadurecimento (CHITARRA;
CHITARRA, 2005; JACOMINO et al., 2002; OLIVEIRA; VITORIA, 2011; ONG et al., 2013).
O etileno ¢ um dos princiapis fatores enddgenos capazes de estimular sua propria sintese nos
frutos climatéricos (GONCALVES et al., 2013). O aumento da producdo de etileno esta
relacionado com o estimulo da atividade respiratoria no fruto, que desencadeia uma gama de
transformagdes (YAO et al, 2014), relacionadas com a expressao de genes ligados a resisténcia,
ao estresse bidtico e abiotico, ¢ ao amadurecimento (BARRAGAN-IGLESIAS, 2018;
SIVAKUMAR; WALL, 2013).

Durante o processo de maturagdo do mamao ocorrem transformacdes fisicas, quimicas
e bioquimicas importantes por tornar o fruto mais atrativo para o consumo humano em
decorréncia das modificagdes de textura, da cor da casca e polpa, além do aroma e sabor
(BARRANGAN-IGLESIAS et al., 2018). A mudanga na firmeza estd associada a hidrélise de
protopectinas altamente esterificadas presentes na parede celular a partir da atividade de
enzimas, como a pectinametilesterase (PME). A PME promove a hidrdlise dos grupos metilicos
do 4cido galacturonico, causando amaciamento do fruto (BADUI, 2013; YAO et al., 2014). Ja
a modificacdo da coloragdo de verde para amarelo alaranjado deve-se ao decréscimo da
clorofila na casca, além da sintese e revelacdo de carotenoides responsaveis pela cor do fruto
maduro. O paralelo entre a atividade da clorofilase e o processo de amadurecimento tem sido
estabelecido, sabendo-se que a medida que decresce a concentracao de clorofila, o fruto se
aproxima do climatério (KYING et al., 2013; SCHWEIGGERT et al., 2011). Durante o
amadurecimento, ocorre ainda a sintese de compostos volateis e alteracao do teor de aglcares
e acidos organicos. O aumento no teor de actcares soluveis pode ser resultado da hidrolise dos
carboidratos presentes na parede celular, bem como da conversao dos acidos organicos pelo
processo de gliconeogénese (OLIVEIRA; VITORIA, 2011; YAO et al., 2014)

A intensidade da atividade respiratoria e ocorréncia do pico de emissao de CO; dos
frutos sao dependentes da espécie vegetal e podem variar entre cultivares (KRONGYUT et al.,
2011), podendo ser influenciado por diversos fatores, tais como temperatura € composi¢ao da
atmosfera (CHITARRA; CHITARRA, 2005).

Em virtude de suas caracteristicas ja apresentadas, o0 mamao papaya apresenta vida util
pos-colheita curta, chegando ao estddio de maturacdo final e senescéncia em aproximadamente
sete dias quando mantido a temperatura ambiente. Portanto, para aumentar o tempo de
conservagdo e reduzir as perdas pds-colheita, torna-se importante que se conheca e utilize as
praticas adequadas de manuseio durante as fases de colheita, armazenamento e comercializagdo

do fruto (SOUZA et al., 2014).
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A colheita do mamao ¢ realizada manualmente, torcendo os frutos até a ruptura do
pedinculo. Nessa fase de colheita, ha possibilidade de infec¢dao por fungos, visto que o fruto
apresenta casca fina e delicada e, portanto, grandemente suscetivel a danos mecanicos
(JACOMINO et al., 2003). Quando a colheita ¢ realizada antes dos frutos atingirem a completa
maturagdo fisioldgica ocorre prejuizo no processo de amadurecimento, interferindo na sua
qualidade. Por outro lado, a colheita de frutos totalmente maduros reduz sua vida util e dificulta
0 seu manuseio e transporte devido a sua baixa resisténcia fisica e maior susceptibilidade a
podriddes fingicas, causando perdas quantitativas e qualitativas (OLIVEIRA, 2010).

A vida util pos-colheita curta marcada pela rapida maturacdo que leva a mudangas na
textura, tais como amolecimento da casca e polpa, torna o mamao susceptivel ao estresse bidtico
e abidtico, portanto vulneravel a uma ampla variedade de doencas pods-colheita, como a
antracnose (ONG et al., 2013), resultante da colonizac¢ao dos tecidos do fruto por espécies do

género Colletotrichum (ALI et al., 2015; SARKAR, 2016).

2.2 Antracnose em mamao

A antracnose refere-se a um grupo de doengas fingicas que acomete diferentes
culturas, caracterizada pelo desenvolvimento de lesdes, geralmente com bordas elevadas,
apresentando-se na folhagem, caules , e, principalmente nos frutos, causando répida destrui¢ao
e perda de qualidade. Configura-se como doenca relativamente comum, considerada grave em
frutiferas de todo o mundo devido a sua natureza e variabilidade patogénica (SARKAR, 2016).
Ocorre em todas as regides produtoras de mamao do mundo, e, por causar importantes perdas,
tem sido reconhecia como um dos fatores limitantes para incrementos na exportacao do fruto.
Nos meses mais quentes do ano, na auséncia de medidas de controle, sua incidéncia pode atingir
de 70 a 100% dos frutos (ALI; HEI; KEAT, 2016; LIBERATO; TATAGIBA, 2001).

Diversos estudos relatam que Colletotrichum spp. € o principal agente causador da
atracnose em mamao, em particular, C. gloeosporioides, responsavel por acentuadas perdas da
produgdo desse fruto, sendo estimado volumes entre 25-90% do volume de produgio (AYON-
REYNA, et al., 2017; BAUTISTA-BANOS et al., 2013; MACHADO et al., 2014; MADANI
et al., 2014; RIBEIRO et al., 2016; VALENZUELA et al., 2015). Entretanto, Vieira et al.
(2013), com base em dados morfolégicos e moleculares, identificaram C. brevisporum como
principal causador de antracnose em culturas de mamao cultivados no Nordeste do Brasil.
Espécies patogénicas de Colletotrichum em geral requerem calor e umidade para infectar

plantas hospedeiras. Assim, a antracnose atinge a maior incidéncia da doenga e gravidade em
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areas com umidade relativa e precipitacdo mais altas e temperatura do ar quente, ocorrendo,
geralmente, entre 18 e 25 °C. Sendo bastante severa em regides tropicais e subtropicais,
podendo afetar significativamente frutas destinadas a exportacdo (FERRARI-ROCKENBACH
et al., 2015; SARKAR, 2016; SINGH et al., 2012).

A antracnose no mamao inicia-se no campo quando a fruta ¢ infectada, de modo que
os fungos (Colletotrichum) podem permanecer quiescentes até a pos-colheita e a medida que
amadurecem surgem lesoes caracteristicas da infecc¢ao, reduzindo a qualidade e ampliando as
perdas (MOURA et al., 2013). Os esporos infecciosos sao dispersos em gotas de agua da chuva
através do vento e podem formar tubos germinativos quando depositados nos frutos verdes. Os
apressorios formam-se nas extremidades dos tubos germinativos na superficie do fruto e
penetram na camada epidérmica como um "pino de penetracao" para estabelecer a infeccao
(SINGH, 2012; SARKAR, 2016).

A infecgdo permanece latente no fruto até o periodo pos-climatério, assim, quando o
fruto inicia o processo de amadurecimento, o patdogeno retoma o crescimento € os sintomas
tipicos da antracnose aparecem. O fungo absorve nutrientes da fruta colonizada, entdo,
novamente, forma o acérvulo e esporos para completar o ciclo de vida. Em areas tropicais e
subtropicais, onde as estacdes sdo continuas, o ciclo da doenga ¢ perpetuado. Na auséncia de
uma planta hospedeira o C. gloeosporioides pode sobreviver como saprofito em tecidos mortos
infectados ou em outras matérias organicas (SARKAR, 2016; SINGH, 2012).

Nos frutos infectados, os primeiros sinais surgem como pequenos pontos € manchas
de cor clara e, a medida que essas manchas aumentam, se tornam mais profundas e assumem
aparéncia imida. Esses pontos de infec¢ao podem se fundir, caracterizando o sintoma tipico da
antracnose nos frutos de mamoeiro, ou seja, a presenca de lesdes arredondadas, grandes,
necroéticas, com o centro dos tecidos deprimidos, as quais podem atingir diferentes diametros e
de onde pode emergir esporos fungicos de coloragdo salmao (AJAY KUMAR, 2014; GOMES-
MORAES, 2013; LIBERATO; TATAGIBA, 2001) (Figura 1).

As coldnias de C. gloeosporioides apresentam coloragao variando de cinza claro a
cinza escuro. Os esporos sdo formados em massas de cor salmao, com forma reta, cilindrica e
de 4pice obtuso. Essa espécie apresenta-se muito heterogénea em meio de cultura,

especialmente quanto as caracteristicas miceliais (TAVARES, 2004).
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Figura 1. Caracteristicas da antracnose em mamao papaya.

Fonte: Halfeld-Vieira et al., 2010

O controle da contaminagao fungica em frutas envolve, além de outros mecanismos,
a aplicacdo de fungicidas de diferentes grupos quimicos, tais como ditiocarbamatos
(Mancozeb), tiazois (tebuconazol), benzimidazois, estrobirulina (trifloxistrobina) e
carboxiamidas (AGROFIT; AMIRI et al., 2008;USALL et al., 2016). No entanto, o uso
indiscriminado e excessivo desses defencivos agricolas sobre as culturas tem sido uma das
principais causas para o desenvolvimento de fungos resistentes. Isso tem levado ao uso de
maiores quantidades de antifungicos na agricultura e, consequentemente, a deteccao de
quantidades aumentadas de residuos toxicos nos produtos alimentares, favorecendo a
contaminagao ambiental (AYON-REYNA et al., 2017; BAJWA, SANDHU, 2014; CABRAL
et al., 2013). Além disso, a utilizagdo de produtos quimicos sintéticos destinados a preservar a
qualidade de frutos na pds-colheita tem sido restrita em alguns paises (CHAVEZ-SANCHEZ
et al., 2013; SHARMA; SINGH; PAL, 2013).

De acordo com Romanazzi et al. (2016), essa perspectiva tem gerado a tendéncia
mundial de reduzir o uso de fungicidas sintéticos em busca de novas alternativas para o controle
de patdégenos em frutos. Desta forma, estudos tém sido desenvolvidos com o objetivo de
investigar a eficacia de revestimentos comestiveis como tecnologicas pos-colheita com o intuito
de reduzir a utilizacdo de fungicidas sintéticos em frutiferas (GUERRA et al., 2015; LIU et al.,
2007; MAQBOOL et al., 2011; OLIVEIRA et al., 2014; SANTOS et al., 2012; de SOUZA et
al., 2015; TOKATLI, DEMIRDOVEN, 2020).
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2.3 Revestimentos comestiveis em frutas

Revestimentos e filmes comestiveis sdo definidos como camadas finas de materiais
comestiveis aplicados em produtos alimentares, cuja finalidade ¢ prolongar sua vida util,
mantendo e/ou melhorando os aspectos de qualidade, garantindo sua conservacao, distribuicao
e comercializacdo (FALGUERA et al., 2011; HASSAN et al., 2017). Os filmes sdo preparados
separadamente e depois aplicados sobre a superficie dos alimentos, enquanto os revestimentos
sao formados a partir da sua deposicao direta sobre as superficies desses produtos (CORDEIRO
DE AZEREDO, 2012).

Geralmente, os revestimentos comestiveis sdo aplicados na forma liquida, podendo-se
utilizar diferentes métodos como pulverizagdo, eletro-pulverizagao ou imersao (FALGUERA;
QUINTERO; JIMENEZ; MUNOZ; IBARZ, 2011; HASSAN et al., 2017). Sendo a Imersao nas
solucdes formadoras de filme a maneira mais simples de se obter produtos revestidos. Nesse
processo, o alimento deve absorver quantidade adequada de solucao, a qual quando seca forma
uma camada protetora sobre a sua superficie (GALLUS et al.,, 2015). A aplicacao de
revestimentos em frutas tem se destacado pela eficacia na ampliacao do tempo de conservacgao,
atuando como barreira a gases e vapor de agua, bem como exercendo efeitos antimicrobianos
(ASSIS et al., 2008; FONSECA; RODRIGUES, 2009; MONZO’'N-ORTEGA et al., 2018;
MORADI et al., 2012; SANCHEZ GONZALES et al., 2011;).

Segundo Arnon e Poverenov (2018), os revestimentos comestiveis usados para
preservacao de frutas devem apresentar propriedades de permeabilidade a gases (CO; e O»),
permeabilidade limitada ao vapor de 4gua, atividade antimicrobiana e boa adesao a superficie.
Ainda, ndo devem promover alteragcdes no sabor, odor e na aparéncia natural do fruto e serem
biodegradaveis (ASSIS et al., 2009).

Nesse contexto, revestimentos a base de proteinas, lipideos e carboidratos, bem como
de combinagao de diferentes compostos tém sido propostos (GALLUS et al., 2015; GRANDE-
TOVAR, 2018). Além do custo, fatores relacionados as propriedades mecanicas e sensoriais
podem influenciar na escolha de revestimentos comestiveis (FALGUERA et al., 2011; KALIA;
PARSHAD, 2015; MALHOTRA; KESHWANI; KHARKWAL, 2015).

Filmes e revestimentos formulados com quitosana tém sido considerados sistemas
promissores para aplicacdo em frutas (YUAN; CHEN; LI, 2016), entretanto, cabe ressaltar que
a quitosona pode gerar revestimentos com limitagdes em relacdo a suas propriedades de barreira
devido a sua natureza hidrofilica (HAMBLETON, et al., 2012). Nesse sentido, os revestimentos

podem ser formulados a partir da associagdo de uma matriz hidrofilica com um componente
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hidrofoébico, resultando em melhora das propriedades de barreira 8 umidade (HASSAN et al.,
2017).

Diferentes substancias ativas com propriedades antimicrobianas e antioxidantes podem
ser combinadas com materiais formadores de filmes com o proposito de obter sistemas de
liberagdo controlada (GRANDE-TOVAR, 2018). A exemplo dos 6leos essenciais, os quais tém
recebido atengdo devido as suas propriedades biologicas e quando incorporados na matriz de
quitosana, por meio de processo de emulsificagdo, podem desempenhar papel importante como
materiais ativos (YUAN; CHEN; LI, 2016)

Porém, a aplicagdo de recobrimentos comestiveis ainda requer avangos tecnoldgicos e
mais estudos para o estabelecimento do real potencial de uso na conservagao pos-colheita de

frutos como o mamao, importantes no mercado.

2.3.1 Quitosana

A quitosana (Figura 2) consiste em um polissacarideo de cadeia linear, composto por
unidades de 2-acetamido-2-desoxi-D-glicopiranose e 2-amino-2-desoxi-D-glicopiranose,
caracterizado por ser biodegradavel, biocompativel e possuir baixa toxicidade. Embora ocorra
naturalmente nas paredes celulares de algumas espécies de fungos e exoesqueleto de insetos, ¢
produzida industrialmente a partir da N-desacetilagdo do seu copolimero quitina (B-1,4 N-
acetilglicosamina), a qual ¢ conhecida como sendo um polimero fibroso e constituinte base que
fornece estrutura ao exoesqueleto de crustaceos, insetos ¢ parede celular de fungos (AIDER,
2010; ANDRADE et al., 2003; DOMARD, 2011; ESCAMILLA-GARCIA, 2018; MUJITABA
et al., 2019).

A desacetilacao da quitina corresponde a hidrolise alcalina dos grupos acetoamido (-
NHCOCH3), transformando-os em grupos amino (-NHz). Nestas condigdes, o grupo N-acetil
da quitina pode sofrer varios graus de desacetilagdao, sendo necessario adequado processo de
conversao a fim de garantir elevado grau de pureza e auséncia de contaminantes (proteinas,
endotoxinas e metais toxicos) no produto final. Posteriormente, a quitosana deve ser
caracterizada quanto ao grau de desacetilagdo e massa molar, visto que sdo os determinantes
principais das suas propriedades funcionais, tais como viscosidade, porosidade das
membranas/coberturas/filmes e propriedades mecanicas (BERGER et al.,, 2014; DE
OLIVEIRA et al., 2014).
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Figura 2. Estrutura quimica da quitina e quitosana
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Fonte: Azevedo et al., 2007.

A quitosana apresenta configuracao tridimensional helicoidal estabilizada por ligacdes
de hidrogénio intramolecular, sendo soltvel em solucdes aquosas diluidas de acidos organicos
e inorganicos, o que tem sido atribuido a a protonacao dos grupos NH> em meio 4cido,
induzindo a transformagao do polissacarideo em polieletrolito, com numerosas cargas positivas
ao longo das cadeias (DOMARD, 2011; ESCAMILLA-GARCIA et al., 2018; ELSABEE;
ABDOU, 2013). A presenga de grupos funcionais, como os grupamentos amino, permite a
quitosana sofrer modificagdes quimicas, além de desempenharem papel importante sobre
algumas caracteristicas fisico-quimicas, incluindo solubilidade e atributos mecanicos gerais
(MUJTABA et al., 2019).

A fécil dissolugdo de quitosana em solugdes aquosas de acidos organicos (acético,
formico e citrico) e inorganicos (4cido cloridrico), formando um gel com viscosidade varidvel,
determina sua capacidade de formacao de coberturas e filmes (AKYUZ et al., 2013), tornando
um polimero adequado para grande ntimero de aplicacdes (MUJTABA et al., 2019). Esse
biopolimero tem sido estudado e aplicado em diferentes areas, como agricultura, medicina e
cosmética, em virtude de suas variadas propriedades, tais como: biodegradabilidade,
biocompatibilidade, bioadesividade, policationicidade, antimicrobianas, imunoadjuvantes,
anti-trombogénica, formadora de filme, hidratante e hipolipemiante (AKYUZ et al., 2013).

Na industria alimenticia, a quitosana oferece amplo espectro de possiveis aplicagoes,

além da formacgado de revestimentos biodegradaveis, tais como a recuperacdo de subprodutos;
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purificagdo de agua; clarificagdo de sucos; agdo emulsificante de aromas; agente antioxidante e
estabilizante, destacando-se a sua eficdcia na preservagdo da qualidade de alimentos (ALOUI
et al., 2014; CHEN et al., 2014; ESCAMILA-GARCIA et al., 2018; MUJTABA et al., 2019).

Quando utilizada na forma de revestimentos, a quitosana pode ampliar a vida 1til de
frutiferas ao promover uma barreira a trocas gasosas, reduzindo os niveis de O2 e aumentando
os niveis de CO», além de causar redugdo da perda de dgua e atraso da atividade enzimatica,
com consequente reducao do metabolismo vegetal e desaceleracao do processo de maturagao
ao longo do armazenamento (APAIL et al., 2009; BASSETTO et al., 2005; GALLUS et al.,
2015; PICHYANGKURA; CHADCHAWAN, 2015). Tem sido comprovado que a estrutura
microporosa de revestimentos de quitosana contribui consideravelmente na manutengdo da
coloragdo natural de frutos, na reducao da taxa respiratoria, perda de massa e manuten¢ao dos
compostos nutricionais e funcionais ao longo do armazenamento (LUVIELMO, LAMAS,
2013; XING et al., 2016).

Com relacdo a atividade antimicrobiana, a quitosana tem sido avaliada frente a uma
diversidade de microrganismos, incluindo espécies de bactérias e fungos (LI et al., 2019sendo
importante destacar que essa propriedade pode ser influenciada por varios fatores, tais como
peso molecular e grau de desacetilagdo (HASSAN et al., 2018). Alguns autores associam o
efeito antifingico da quitosana com sua capacidade de interagir, por meio da sua cadeia
cationica, com residuos carregados negativamente na superficie da célula fingica (GRANDE-
TOVAR et al., 2018; De OLIVEIRA et al., 2012). Esta interagdo altera a permeabilidade da
membrana celular, causando perda de componentes intracelulares e perturbagdo da sintese de
proteinas (MARQUEZ et al., 2013), inibindo o crescimento micelial e germinagio de conidios
e induzindo alteragdes morfologicas em algumas espécies de fungos (LIU et al., 2007; WANG
et al., 2011). Ademais, tem sido sugerido que a quitosana, quando aplicada em frutos, pode
induzir a ativacdo de mecanismos de defesa, com a produg¢do de enzimas e compostos
antioxidantes, ativando respostas que repercutem em maior tolerancia as acoes de patdogenos
pos-colheita (RAPPUSSI et al., 2011).

Resultados de estudos com revestimentos comestiveis de quitosana combinadas ou nao
com outras substancias ativas, como os 0leos essenciais, tém mostrado a sua efic4cia na inibi¢ao
do crescimento de fungos patdgenos em diferentes frutos, diminuindo a severidade de doencas
pos-colheita (GUERRA et al., 2015; MONZO’'N-ORTEGA, 2018; MUNHUWEYT et al., 2017;
OLIVEIRA et al., 2018; dos SANTOS et al., 2012). Além de melhorar as propriedades dos
revestimentos, otimizando sua aplicabilidade. (SHAHBAZI et al., 2018; SHEN, KANDEM,
2015; SOUZA etal., 2017; ZHANG et al., 2019).
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2.4 Oleos essenciais e suas propriedades antimicrobianas

Os dleos essenciais (OEs) sdo descritos como produtos obtidos a partir de matérias-
primas naturais de origem vegetal ( flores, brotos, sementes, folhas, galhos, cascas, ervas,
madeira, frutos e raizes) por meio de destilacdo a vapor, tratamento mecanico do epicarpo de
citrinos ou destilacdo seca apds a separacao da fase aquosa (caso esteja presente) por processos
fisicos (ISO 9235; 2013). Sao sintetizados naturalmente como metabdlitos secundarios em
diferentes partes das plantas (EL ADBAHANIA et al., 2015), sendo constituidos por uma
mistura complexa de componentes aromaticos em diferentes concentragdes.

A aplicabilidade dos OEs envolve diferentes setores, tais como, as industrias
farmaceéuticas, sanitarias, cosméticas e de alimentos (BAKKALI et al., 2008; BURT, 2004;
GRANDE-TOVAR etal., 2016; HOSSAIN, 2016), podendo, em algumas situagdes, apresentar
toxicidade a humanos, logo seu uso deve obedecer as doses recomendadas conforme o uso a
que se destina (MALEKMOHAMMAD et al., 2019).

Os compostos volateis que compdem os OEs sdo uma mistura de terpenos, terpendides,
constituintes aromaticos e alifaticos caracterizados pela baixa massa molar, sendo que os
compostos terpénicos representam a segunda maior classe de compostos encontrados em
relagdo ao numero de constituintes ativos (BAKKALI et al., 2008). Os terpenos sao resultantes
da combinagao de varias unidades de cinco carbonos (C5), chamadas isoprenos, dentre os quais
se destacam os monoterpenos (C10) e os sesquiterpenos (C15). Os terpenoides sao terpenos que
contém moléculas de oxigénio na sua composicdo em razao de modificagdes enzimaticas, os
quais se dividem em alcodis, ésteres, aldeidos, cetonas, éters e fendis. Suas estruturas quimicas
estdo estreitamente relacionadas com as dos terpenos e suas propriedades podem ser atribuidas,
na maioria das vezes, aos seus grupos funcionais (HYLDGAARD; MYGIND; MEYER, 2012).

Segundo Mazzarrino et al. (2015) a composi¢ao dos OEs pode diferir amplamente entre
espécies e de acordo com a parte da planta utilizada na extragdo, condigdes climaticas,
fotoperiodo, intensidade luminosa, sazonalidade e método de extracdo empregado para sua
obten¢do. Embora alguns autores tenham sugerido que os efeitos antimicrobianos dos OEs
possam ser atribuidos, principalmente, aos compostos mais abundantes, existe a possibilidade
de ocorréncia de outros fenomenos, como sinergia ou antagonismo, entre 0os componentes
encontrados em menores quantidades (GRANDE-TOVAR et al., 2016; WANG et al., 2011).

As propriedades antimicrobianas dos OEs estdo associadas a sua participacdo nos
sistemas de defesa dos vegetais (MALDONADO; SCHIEBER; ANZLE, 2015). Sendo que os

principais mecanismos de a¢do antimicrobiana relatados na literatura sdo: desestabilizacdo e
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interrup¢do das fungdes da membrana (LAMBERT et al., 2001); inibi¢do das reagdes
metabolicas (COX MANN, MARKHAM, 2001; PICONE et al., 2013); danos as proteinas de
membrana (ULTEE et al., 2000); esgotamento de for¢a motriz de protons (ULTEE; TFE;
SMID, 2001) e perda de constituintes citoplasméticos, metabélitos e ions (AZEREDO et al.,
2012; GUSTAFSON et al., 1998). O mecanismo subjacente a acdo antifungica de OEs pode
envolver a interrup¢do entre a fase vegetativa e reprodutiva do desenvolvimento fingico. Essas
substancias sdo citadas por causarem impacto negativo na esporulacdo fungica devido ao
impedimento do desenvolvimento micelial e da percepcao de diferentes sinais fisiologicos
envolvidos na sintese de moléculas necessarias ao funcionamento da célula fingica na forma
vegetativa, com vistas ao desenvolvimento da forma reprodutiva (TZORTZAKIS;
ECONOMAKIS, 2007).

A exploragcdo das propriedades antimicrobianas dos OEs tem se constituido em
alternativa potencial para controle de fungos e bactérias patogénicas em diversos setores (DE
SOUZA, 2016; SHARIFI-RAD et al., 2017), incluindo o seu uso no controle do crescimento
de fungos fitopatogénicos em frutos (SERVILLI ; FELZIANI; ROMANAZZI, 2017; SEFU et
al., 2015;; SARKHOSH et al., 2018).

2.4.1 Oleos essenciais de Mentha spp.

As espécies do género Mentha pertencem a familia Lamiaceae e diferem entre si ndo
sO0 em relagdo aos aspectos morfologicos, mas também quanto a producao e composi¢ao do oleo
essencial (DESCHAMPS et al., 2013) . O qual ¢ produzido e armazenado em tricomas
glandulares peltados, presentes em maiores quantidades em folhas e flores, € em menores
quantidades nos caules das planta.

Quanto a composic¢ao, os OEs das espécies de Mentha sao, geralmente, constituidos por
uma mistura de terpenos, de modo que a prevaléncia de um ou mais desses componentes
determina o quimiotipo (DESCHAMPS et al., 2013). Estudos tém relatado que esses OEs
possuem agdo antibacteriana, antiviral e antifingica, sendo tais atividades associadas,
principalmente, aos compostos majoritarios mais frequentemente identificados, tais como
mentol, mentona, acetato de metila e iso-mentona (SINGH et al., 2011; MAKKAR et al., 2018;
PARK et al., 2016).

A espécie Mentha piperita L. (Figura 3) ¢ um hibrido natural entre M. aquatica e M.
spicata. Trata-se de uma erva aromatica de haste ramosa e quadrangular, verde ou roxo-

purpurea, cultivada em larga escala em regides temperadas e tropicais para a producao de 6leo
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essencial (SOUZA, 2006). Nativa da Europa, porém no Brasil, seu cultivo ¢ difundido em todas
as regides, especialmente no Nordeste (PRAMILA et al., 2012; SOUZA, 2006).

O ¢6leo essencial de Mentha piperita L. (OEMP) € considerado um dos mais populares,
amplamente utilizado em virtude dos seus principais componentes, como o mentol e a mentona
(DERWICH et al., 2010). No setor de alimentos, o OEMP ¢ utilizado primariamente como
agente flavorizante em alimentos e bebidas (BURT, 2004; MAHBOUBI; KAZEMPOUR,
2014), embora estudos t€m revelado propriedades antioxidantes e antimicrobianas (GUERRA
et al., 2015; RIACHI et al., 2013; SAHARKHIZ et al., 2012).

A espécie Mentha x villosa Huds (Figura 3) ¢ uma planta aromatica e hibrida de M.
spicata L. e M. suaveolens. Ehrh, conhecida popularmente como hortela-rasteira, horteld da
folha miuda, hortela de cheiro ou hortela da horta, sendo frequentemente utilizada na medicina
popular brasileira contra protozarios (LAHLOU et al., 2002; MATOS, 1999). Ao passo que,
pesquisas tém mostrado que o uso do OE de M. villosa (OEMV) apresentou efeito larvicida
(LIMA et al., 2014) e antimicrobiano (ALMEIDA et al., 2018; ARRUDA et al., 2006). Segundo
Freitas et al. (2014) o OEMYV apresenta, geralmente, como compostos majoritarios a mentona

e 1,2 — epoxipulegona, os quais tém sido avaliados quanto ao seu potencial antimicrobiano.

Figura 3. Mentha piperita L. (A) e M. x villosa Huds (B).

Fonte: Florafaunaweb

Na Figura 5 sdo apresentadas as estruturas quimicas dos principais constituintes

encontrados no OEMP e OEMV.
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Figura 4. Estrutura quimica dos principais constituintes encontrados nos 6leos essenciais de
Mentha piperita L. e M. x villosa Huds.
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Fonte: GONZALEZ-MARTINEZ, 2014.

O mentol (C10H200) ¢ um alcool terpénico ciclico, e, embora este tipo de alcool ocorra
extensamente na natureza, sao poucos que possuem propriedades quimicas de fragrancia e
sabor. O mentol apresenta trés atomos de carbono assimétricos em seu anel de ciclohexano, e,
consequentemente, ocorre como quatro pares de isomeros 6ticos, a citar: (-) - € (+) - menthol,
(-) - e (+) - neomenthol, (-) - e (+) - isomenthol e (-) - e (+) - neoisomenthol (-) (OZ et al.,
2017). O mentol ¢ considerado o principal componente do OEMP (HUSSAIN et al., 2010;
MAHBOUBI; KAZEMPOUR, 2014), seguido, geralmente, por mentona, limoneno, mentil
acetato, mentofurano, cariofileno, carvona e beta-pineno (HUSSAIN et al., 2010). Durante a
progressao da estacdo de crescimento da planta , as quantidades de mentol e mentil acetato
aumentam na espécie M. piperita, enquanto as quantidades de mentona diminuem (LORENZI;
MATOS, 2008).

A mentona, 5-metil-2-(1-metiletil) ciclohexanona (CioH130), € uma cetona analoga ao
mentol e existe na forma de dois isdmeros (mentona e isomentona), sendo encontrada com
frequencia nos OEs de espécies do género Mentha, especialmente em M. piperita. Esse
composto apresenta forte tendéncia a interconversdo de mentol e, por esse motivo, ndo ¢ facil
obté-lo com alto grau de pureza (KAMATOU et al., 2013; SCHIMITZ et al., 2015).

O limoneno, de nomenclatura I1-metil-4-isopropenilciclohex-1-eno, ¢ um

hidrocarboneto ciclico insaturado que pertence a familia dos terpenos. Com exce¢do do alfa-
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pineno, ¢ o mais importante e mais frequente dos monoterpenodides, sendo formado a partir do
alfa-terpineol. Apresenta duas formas Opticas ativas, D e L-limoneno (DE SOUZA BARROS,
2015). Apresenta-se como precursor-chave dos principais monoterpenos encontrados nas
espécies de Mentha, sendo obtido a partir do pirofosfato de geranil por isomerizagdo cis-trans
da ligagdo dupla (GARLET, 2007). O limoneno ¢ o precursor da carvona e pulegona, que por
reacdes sucessivas pode formar mentofurano, mentona, isomentona, mentol e seus isomeros e
acetato de mentila (CROTEAU et al., 2000). Estudo realizado com plantas que apresentam o
limoneno como composto majoritario revelou atividade antimicrobiana eficaz frente bactérias
Gram-positivas, Gram-negativas e fungos (SHARIFI RAD et al., 2015).

O mentofurano (CioH140) ¢ um monoterpenoide presente em espécies de Mentha e se
forma como um metabdlito do monoterpeno pulegona. Em espécies de Mentha, as cetonas
mentona e pulegona ¢ o mentofurano possuem fragrancia menos agradavel que os demais
terpenos, € aparecem em maior propor¢ao em folhas jovens, sendo sintetizadas preferentemente
em dias curtos (THOMASSEN et al. 1992).

O oxido de piperitenona consiste em um monoterpeno também frequentemente
encontrado no OEMV, o qual geralmente determina o quimiotipo (LIMA et al., 2014).
Apresenta-se como liquido transparente e levemente amarelado, com foérmula molecular
Ci0H140, sendo soluvel em agua e solventes organicos (SILVA, 2014). Uma possivel rota
metabolica para a formacao de 6xido de piperitenona partiria da pulegona, da qual derivaria a
cis-pulegona e piperitenona. A piperitenona daria origem ao 6xido de piperitenona (VASQUEZ
et al., 2014), o qual tem sido descrito como possuidor de propriedades antimicrobiana e
inseticida (AIT-QUAZZOU et al., 2012; DIAS et al., 2011; GUERRA et al., 2015).

Estudos tém revelado que a utilizagdo do OEMP e OEMV mostrou-se eficdz quanto a
inibicdo de fungos fitopatogénicos (DE OLIVEIRA et al., 2017; GUERRA et al., 2015;
GUERRA et al., 2016; RIAHI et al., 2013).

2.5 Uso de revestimentos de quitosana incorporados de 6leos essenciais em frutas

O uso de OEs emulsionados incorporados em filmes e/ou revestimentos comestiveis
biodegradaveis, como aqueles a base de quitosana, tem contribuido para o fortalecimento da
atividade antimicrobiana, reduzindo o crescimento de fungos patogénicos na superficie de
frutos, enquanto mantém a qualidade desses produtos, conservando os compostos nutricionais
e garantindo a aceitacdo pelo consumidor (ROMANAZZI; SMILANICK; FELIZIANI;
DROBY, 2016; SANCHEZ-GONZALEZ et al., 2011).



33

Embora os OEs possuam, geralmente, destacavel atividade antimicrobiana, algumas
desvantagens do seu uso de forma isolada em frutas relacionam-se a elevada taxa de
volatilidade, altera¢des no odor e sabor e possivel fitotoxicidade (MOHAMMADI, HASHEMI,
HOSSEINI, 2015). Nos revestimentos de quitosana incorporados com OEs, o possivel
aparecimento de interagdes fracas, por meio de pontes de hidrogénio, entre os compostos
terpénicos presentes nos OEs e quitosana (MAYACHIEW; DEVAHASTIN; MACKEY;
NIRANIJAN, 2010; YUAN; CHEN; LI, 2016) pode reduzir a quantidade liberada de oleo
essencial, mantendo concentracdes mais elevadas de compostos ativos em contato com a
superficie do alimento por periodos mais longos (SANCHEZ-GONZALEZ et al., 2011; WANG
et al., 2011).

Outrossim, quando OEs s3o incorporados na matriz polimérica podem ocorrer
interacoes quimicas entre grupos funcionais, possibilitando o surgimento de alteragdao das
propriedades fisico-quimicas dos revestimentos (YUAN; CHEN; LI, 2016). Essas interagdes
podem levar ao aumento das propriedades interfaciais dos revestimentos, as quais sao
primordiais para ampliar a aderéncia da matriz do filme ou revestimento a superficie dos
alimentos, eventualmente aperfeicoando a eficiéncia antimicrobiana do material (KUREK;
GALUS; DEBEAUFORT, 2014). Por apresentarem caracteristicas hidrofobicas, os OEs podem
melhorar as propriedades fisicas dos revestimentos, tais como estabilidade térmica e reducao
da permeabilidade ao vapor de 4gua, diminuindo as caracteristicas hidrofilicas e repercutindo
no aumento da resisténcia a solubilidade em agua (SHEN; KAMDOM, 2015).

Nessa perspectiva, revestimentos de quitosana contendo OEs tém revelado melhor
eficacia na reducao da taxa respiratéria de frutos quando comparados aqueles formulados
somente com quitosana (MOHAMMADI et al., 2015; PASTOR et al., 2011; PERDONES et
al., 2012; SANCHEZ-GONZALEZ, 2011).

Por sua vez, o efeito da combinacao de quitosana e OEs sobre o crescimento de fungos
depende da capacidade da matriz polimérica em liberar o composto antimicrobiano, do tipo de
OE utilizando na formulacao, da espécie de fungo alvo e do tipo de fruto revestido (PARK et
al., 2008; GALLUS et al., 2015). Ademais, outros fatores podem afetar a atividade bioldgica
de certos compostos quando em contato com o tecido do fruto, o que depende do complexo
sistema hospedeiro/composto antimicrobiano/patégeno. (YUAN et al., 2016). Embora o
mecanismo de acdo de revestimentos de quitosana incorporados de OEs ndo estejam bem
esclarecido, segundo Mohammadi et al. (2015), a quitosana e os OEs podem agir

sinergicamente potencializando a atividade antimicrobiana. A Figura 6 mostra uma proposta de
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mecanismos de acdo de revestiments ou filmes formulados com combina¢des de quitosana e

OEs em células fungicas (GRANDE-TOVAR et al., 2018).

Figura 5. Proposta de efeitos de revestimentos de quitosana incorporados de 6leos essenciais
sobre células fingicas.

Parede
celular

Membrana
celular

Fonte: GRANDE-TOVAR et al., 2018 (1 - Alteracdo da superficie e estrutura da parede celular; 2 - Aumento
na captagdo de oxigénio; 3 - Interrupcdo da quitina; 4 - Alteragdo conformacional da quitina-sintase; 5 -
Desestabilizagdo da membrana citoplasmatica; 6 - Interagdo com proteinas e porinas e vazamento de ions
citoplasmaticos; 7 - Interrupcdo da membrana celular (nicleo e mitocondrias); 8 - Produc@o de espécies reativas
de oxigénio (ROS); 9 - Interagdo com DNA e inibicdo da sintese de RNA; e 10 - Inibi¢do da sintese de

proteinas).

Alguns estudos tém relatado a eficacia da utilizagdo de revestimentos a base de
quitosana ¢ OEs no controle pds-colheita de frutos e outros vegetais, repercutindo na
manuten¢do da qualidade desses produtos e prolongamento da vida de prateleira, sendo esses
efeitos diretamente relacionados a inibi¢do do crescimento de fungos causadores de doencas

e/ou desaceleracao dos processos relacionados a maturagao dos frutos (Quadro 1).
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Quadro 1. Estudos relacionadas ao uso de revestimentos a base de quitosana e 6leos

essenciais no controle de doengas em frutas.

citratus (D.C. ex Nees) (0,15;
0,3; 0,6 uL/ mL)

Mamaéo Quitosana (1,5 € 2,0 %)

Manga Quitosana (5 e 7,5 mg/mL) +
6leo essencial de M. piperita
(0,6 ¢ 1,25 uLL/mL)

Pimenta Quitosana (1,0%) + dleo
essencial de Cymbopogon
citratus (0,5%)

Roma Quitosana + 6leo essencial de
Cinnamon verum, Cymbopogon
citratus e Origanum vulgare
(10, 50 or 100 g/L)

Uvas Isabella Quitosana (4,8 mg/mL) + 6leo
essencial de M. piperita e M.
villosa (1,25,2 ¢ 5 uL/ mL)

Frutas Composicao do Principais resultados Referéncia
revestimento encontrados

Goiaba, mamao, Quitosana (5 mg/mL) + 6leo Redugdo da lesdo de antracnose Oliveira et al.,

manga essencial de Cymbopogon causada por espécies de 2018

Colletotrichum (C. asianum,
Csiamense, C. fructicola, C.
tropicale and C. karstii).

Redugao dos sinais de
antracnose causada por C.
gloeosporioides; Ampliou o
tempo de maturacdo de mamao.

Redugao da severidade da lesdo
de antracnose causada por
espécies de Colletotrichum.

Eficaz na inibi¢do da antracnose
e extencdo da vida de prateleira.

Inibiu o crescimento de
patogenos (Botrytis sp.,
Penicillium sp., e Pilidiella
granati).

Reduziu a incidencia de
infec¢des causadas por fungos
(Aspergillus niger, Botrytis
cinerea, Penicillium expansum
and Rhizopus stolonifer) e
manteve a qualidade fisico-
quimica e sensorial das uvas.

Alietal., 2010

de Oliveira et
al., 2017

Alietal., 2015

Munhuweyi et
al., 2017

Guerra et al.,
2016

Sabendo-se da potencial eficacia de coberturas comestiveis formuladas com quitosana

e OEs de Mentha para manutencao da qualidade pos-colheita de frutos, torna-se necessario a

realizagdo de estudos que avaliem os seus efeitos no controle pos-coheita de mamao, o que pode

representar um avango nas tecnologias disponiveis para a conservagao desse fruto.



3 MATERIAIS E METODOS

O presente estudo foi desenvolvido em duas etapas como mostra o esquema apresentado
na Figura 6. Na primeira etapa foram realizados os testes in vitro e in situ, quando foram
avaliados os efeitos da quitosana, OEMP e OEMYV frente diferentes isolados de Colletotrichum,
bem como dos revestimentos formulados com essas substancias sobre o desenvolvimento de
lesdes de antracnose em mamao. Na segunda etapa foram realizadas analises referentes a

caracterizagdo dos revestimentos formulados com quitosana e OEMP ou OEMV, bem como os

seus efeitos sobre caracteristicas relacionadas a qualidade pds-colheita de mamao.

Figura 6. Etapas do desenho experimental do estudo.
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3.1 Locais de execucido das analises

Os testes in vitro referentes a avaliacdo da eficacia da quitosana e dos OEs frente aos
isolados de Colletotrichum, assim como as analises in sifu destinadas a avaliar o percentual de
inibi¢do do crescimento das lesdes de antracnose em mamao, além de parte das anélises fisico-
quimicas foram realizados no Laboratorio de Microbiologia e Bioquimica de
Alimentos/Departamento de Nutricao/CCS/UFPB. A identificagdo dos constituintes dos OEs
foi realizada na Unidade de Caracterizagao e Analise/IPeFarm/UFPB.

As andlises de cor e textura, bem como o perfil de aclicares e acidos organicos nos
frutos foram realizadas no Laboratério de Analises Quimica de Alimentos e Laboratorio de
Flavor/Departamento de Engenharia de Alimentos/CT/UFPB. As anélises de caracerizagdo dos
revestimentos, a citar espectroscopia no infravermelho por transformada de Fourier (FTIR),
termogravimetria e calorimetria exploratéria diferencial, foram realizadas no Laboratorio de
Materiais e Biossistemas/Departamento de Engenharia de Materiais/CT/UFPB, enquanto as
analises de rugosidade da superficie foram realizadas no Laboratorio Integrado de
Biomateriais/Departamento de Odontologia Restauradora/CCS/UFPB. A avaliacdo sensorial
das frutas revestidas e ndo revestidas foram conduzidas no Laboratério de Analise

sensorial/CTDR/UFPB.

3.2 Obtencao das matérias-primas

Os mamoes (C. papaya L.) foram adquiridos em supermercados da cidade de Joao
Pessoa - Paraiba - Brasil, apresentando grau de maturacdo 2 (20% da superficie da casca
amarela) e selecionados de acordo com uniformidade de cor, tamanho e auséncia de injarias
mecanicas e fisiologicas visiveis (MAQBOOL, 2011). Em seguida, foram transportados para o
laboratério onde foram realizados os experimentos. Antes dos ensaios, os frutos foram
higienizados com agua potavel e detergente neutro, sanitizadas por meio de imersao em solugao
de hipoclorito de sodio (150 ppm, pH 7,2 ajustado com NaOH a 1 M) durante 5 minutos, lavados
novamente com agua destilada esterilizada e deixadas por 2 horas sob temperatura ambiente
(25 £ 0,5 °C) para secar.

A quitosana (QUI) de médio peso molecular (5,6 x 10° g/mol, grau de desacetilagio 75
- 85%) foi obtida da Sigma-Aldrich Corp. (St Louis, CA, EUA). O 6leo essencial da espécie
Mentha piperita L. (OEMP), extraido por hidrodestila¢do, foi obtido da empresa Ferquima Ind.

Ltda (Vargem Grande Paulista, Sdo Paulo, Brazil), enquanto o 6leo essencial de Mentha x
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villosa Huds (OEMV), também extraido por hidrodestilagdo, foi fornecido pela Hebron®
Company (Caruaru, Pernambuco, Brazil). A formulacdo comercial de fungicidas,
trifloroxistrobina (100 g/L) e tebuconazol (200 g/L) comumente utilizada em pomares de
mamao papaya no Brasil foram utilizadas como controle positivo (COSTA et al., 2017;
TATAGIBA et al., 2002).

Os isolados de C. gloeosporioides (CMM 1767, CMM 24 ¢ CMM 320) ¢ C.
brevisporum (CMM 1642, CMM 1728 ¢ CMM 1936) foram fornecidos pela Colecao de
Culturas de Fungos Fitopatogénicos — Professora Maria Menezes (Universidade Federal Rural
de Pernambuco, Recife, Pernambuco, Brasil). Esses isolados foram recuperados de lesdes de
antracnose em mamao papaya cultivados no Nordeste do Brasil e identificados por meio de
inferéncia filogenética (VIEIRA et al., 2013). Antes dos ensaios, cada isolado foi inoculado em
um mamao e apds o desenvolvimento das lesdes caracteristicas de antracnose cada estirpe foi
re-inoculada e cultivada em agar batata dextrose (ABD, HiMedia, Mumbiai, india) a25+0,5
°C por sete dias (DE OLIVEIRA et al., 2017; OLIVEIRA et al., 2018). As lesdes induzidas por
todos os isolados foram geralmente semelhantes e consistiram de manchas marrom-escuro,
deprimidas e/ou proeminentes, arredondadas e com aparéncia encharcada (VIEIRA et al.,
2013). Os isolados estoque foram mantidos sob temperatura ambiente em microtubos contendo
1,5 mL de solugdo de NaCl a 1%. Para os ensaios de atividade antiflingica, foram utilizadas

culturas subcultivadas em ABD mantidas a 25 = 0,5 °C durante sete dias.

3.3 Identificacdo dos constituintes do oleo essencial de Mentha piperita L. e M. villosa

Huds.

A identificagdo dos constituintes do OEMP ¢ OEMV foi realizada com o uso de
cromatdgrafo gasoso acoplado a espectrometro de massa (CG/MS), modelo CGMS-QP2010
Ultra (Shimadzu, Kyoto, Japao), com coluna capilar RTX- SMS (30 m comprimento x 0,25 mm
de didmetro interno x 0,25 um de espessura do filme) sob as seguintes condi¢des analiticas:
temperatura programada, 60 - 240 °C, 3 °C/minuto; temperatura do injetor, 250 °C; temperatura
do detector, 220 °C; impacto de elétrons, 70 eV; gés de transporte, Hélio; Taxa de fluxo, 0,99
mL/min; velocidade linear, 36,4 cm/s; pressdo, 57 kPa; e faixa de massa (m/z), 40 a 500. O
volume injetado foi de 1 mL de uma solugdo contendo aproximadamente 0,1 mL do 6leo
essencial em 1 mL de acetato de etila. Cada componente foi identificado apds a comparacao
dos espectros de massa com a base de dados das bibliotecas NIST/EPA/NIH (Instituto Nacional
de Tecnologia de padrdes, Norwalk, CT, Estados Unidos) e FENS C1.3 (Flavor and Fragrance
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Natural and Synthetic Compounds), bem como o indice de reten¢do de Kovats (ADAMS, 2001).
A quantificac¢do dos constituintes do OEMP e OEMYV foi obtida apds normalizacdo das areas e

expressos em porcentagem total de area (%) (DE SOUSA GUEDES et al., 2016).

3.4 Preparo das solucoes de Quitosana (Qui) e do revestimento com incorporacio do oleo

essencial de M. piperita L. ou M. x villosa.

Diferentes concentracdes de quitosana (QUI) (2,5; 5; 7,5 e 10 mg/mL) foram obtidas
por meio da dissolugdo do polimero em solugdo aquosa de acido acético (1 mL/100 mL, pH
5.6; Quimica Moderna, Sao Paulo, Brazil) sob constante agitacdo a temperatura ambiente
durante 18 h. Com intuito de obter dados que viessem a garantir que o acido acético nao
causasse interferéncia na atividade antifungica dos compostos testados, o pH da solugao foi
ajustado para 5 - 5,6 com adi¢do de NaOH 3 M ou HCl a 0,1 M (Quimica Moderna, Sao Paulo,
Brazil). As solugdes do OEMP e OEMV em diferentes concentragdes (0,15; 0,30; 0,6; 1,25 ¢ 5
uL/mL) foram obtidas por dissolugdo de cada oleo essencial em agua destilada esterilizada
seguido de adicdo de Tween 80 (1%, v/v; Sigma Aldrich) como agente estabilizador
(MAQBOOL et al., 2011). Para avaliar o uso das combinag¢des de QUI com OEMP ou OEMV
como revestimentos em mamao, adicionou-se glicerol (2,5 mL/100mL) como agente
plastificante logo apos a adicdo do 6leo essencial na dispersdo formadora do revestimento

(OJAGH et al., 2010)

3.5 Efeito da quitosana e dos oOleos essenciais de M. piperita L. e M. x villosa sobre o

crescimento micelial radial fungico

O efeito da QUI, OEMP e OEMV sob o crescimento micelial radial dos isolados de
Colletotrichum foi avaliado por meio do procedimento de diluicdo em meio solido
(CAMILETTI et al., 2014). Um disco (5 mm de diametro) contendo micélios dos isolados
testados foram retirados da margem de uma cultura mantida por sete dias em ABD a 25 + 0,5
°C, transferido para o centro de uma placa de Petri contendo ABD com QUI, OEMP ou OEMV
na concentra¢do final desejada (QUI: 2,5; 5,0; 7,5 e 10 mg/mL; OEMP e OEMV: 0,15; 0,3; 0,6
e 1,25 pL/mL) e incubados a 25 +£5 °C. ABD sem QUI, MPEO e MVEO (pH 5,6) foi utilizado
como controle negativo. Adicionalmente, ABD contendo solu¢do de acido acético a 0,1 M (1
mL/100 mL, pH 5,6) foi testada como controle para garantir que ndo causaria efeito inibitorio

sob o crescimento micelial radial dos isolados de Colletorichum testados.
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O crescimento micelial radial foi medido durante sete dias ou quando as placas de Petri
contendo o controle negativo estavam totalmente cobertas com os micélios fungicos. As
medidas foram tomadas em duas dire¢des perpendiculares para o calculo do didmetro médio
das colonias. A percentagem de inibi¢ao do crescimento micelial (%ICM) foi calculada usando
a formula ICM = [(C - T) / C] % 100, onde C ¢ o diametro da coldnia crescida no experimento
controle e T ¢ o diametro da colonia crescida no ABD adicionado de QUI, OEMP ou OEMV
(CAMILETTTI et al., 2014; LIMA et al., 2015).

3.6 Determinacido do tipo de interacao das combinacées de quitosana e dleo essencial

de M. piperita 1. ou M. x villosa Huds.

A determinagdo do tipo de interacdo das diferentes combinagdes de QUI e OEMP ou
OEMYV foi realizada a partir do método de Abbott (CAMILETTI et al., 2016; KOSMAN;
COHEN, 1996). Para isso, foi calculado o percentual de inibigdo do crescimento micelial
(%ICM) causado por essas substancias quando testadas em combinacao (QUI: 5 ou 7,5 mg/mL;
OEMP e OEMV: 0,15; 0,3; 0,6 ou 1,25 uL/mL) frente a cada isolado de Colletotrichum. O
valor encontrado foi denominado de %ICM observado (ICM% obs). Em seguida, calculou-se

0 ICM% esperado (ICM% esp) para cada combinacao utilizando a férmula:

ICM%esp = ICMQUI%obs + ICMOEMP%0bs 0u ICMOEMYV%0bs — (ICMQUI%gbs x ICM
OEMP%0bs ou OEMV %0bs)/100

onde, ICMQUI%gbs, [CMOEMP1s% ¢ ICMOEMV%bs sdo os valores individuais de ICM%
causados por QUI, OEMP e OEMYV nas diferentes concentracdes ensaiadas, respectivamente.
O estabelecimento do tipo de interagdo das combinagdes sobre o crescimento micelial
fingico foram determinados por meio do calculo do Indice de Abbott (IA), como segue: IA =
ICM% obs/ICM% esp. A classificagdo como efeito sinérgico foi designada quando encontrado
valor de IA >1,5; como efeito aditivo quando encontrado valor de IA > 0,5 — <1,5; e antagonista

quando encontrado valor de A <0,5 (CAMILETTI et al., 2016; KOSMAN; COHEN, 1996).
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3.7 Efeitos da combinacio de quitosana e oleo essencial de M. piperita L. ou M. x villosa

Huds sobre o desenvolvimento da antracnose em mamao

Para realizacdo dos ensaios, a superficie (epiderme) do mamao foi perfurada (cinco
perfuragdes por fruto) com o auxilio de agulhas esterilizadas (3 mm de profundidade e 2 mm
de largura) em pontos especificos na regido equatorial. Posteriormente, cada fruto foi
cuidadosamente imerso em 500 mL das dispersdes formadoras dos revestimentos contendo as
combinagdes das diferentes concentragdes de QUI e OEMP ou OEMYV que apresentaram efeitos
sinérgicos ou aditivos (QUI: 5 mg/mL; OEMP: 0,3; 0,6; ¢ 1,25 uL/mL; OEMV: 0,3; 0,6 ¢ 1,25
plL/mL). Os frutos foram mantidos a 25 & 0,5 °C sobre papéis de filtro absorvente e mantidos
em camara de biosseguranca por 2 h para secagem. Em seguida, um disco de agar (5 mm de
diametro) contendo os micélios do isolado de Colletotricum testado, obtidos da margem de uma
colonia cultivada durante sete dias em ABD a 25 £+ 0,5 °C, foi transferido para o ponto do
ferimento no fruto com o auxilio de pingas de ago inoxidavel esterilizadas. O &gar foi fixado na
superficie do fruto com o auxilio de fita adesiva (DE OLIVEIRA et al., 2017; OLIVEIRA et
al., 2018).

Cada mamao foi acondicionado individualmente em recipientes de polietileno,
contendo toalhas de papel umedecidas com agua destilada esterilizada (formando uma camara
umida), recoberto com saco pléstico para gerar umidade relativa satisfatoria ¢ mantidos em
incubadora tipo BOD (25 + 0,5 °C). As camaras de umidade foram removidas apos 48 h de
armazenamento (LIMA et al., 2015; de OLIVEIRA et al., 2017). Em diferentes intervalos de
armazenamento (4°, 7° e 10° dia), os frutos foram examinados quanto ao surgimento dos
sintomas visiveis caracteristicos de antracnose, sendo realizada a medida do didmetro das
lesdes. Controles positivos e negativos foram incluidos nos experimentos e analisados de forma
semelhante. Para o controle negativo, foi utilizada agua destilada esterilizada adicionada de
glicerol (2,5 mL/100 mL; pH 5,6). Para o controle positivo, foi utilizada formulacao comercial
composta por uma mistura dos fungicidas quimicos trifloroxistrobina (100 g/L) e tebuconazol
(200 g/L) (Nativo, AgroBayer, Brasil) com dilui¢ao final de 0,1 e 0,2 g/L, respectivanente.

Os resultados foram expressos como porcentagem da reducdo do didmetro da lesdo
de antracnose (% PRLA) determinada pela diferenga do didmetro da lesdo em frutos revestidos
com as combinagdes QUI e OEMP ou OEMV ou tratados com a formulag¢do dos fungicidas
sintéticos quando comparada ao didmetro da lesdo nos frutos ndo revestidos/ndo tratados
(controle negativo) (MUNHUWEYT et al., 2017), de acordo com a férmula: % PRLA = [(N -

F/N] % 100, onde N ¢ o diametro da lesdo de antracnose no controle negativo e F ¢ o diametro
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da lesdo de antracnose em frutos revestidos com as combinagdes de QUI e OEMP ou OEMV
ou tratados com a formulac¢do de fungicidas sintéticos. Essas medidas foram determinadas a
partir do 4° até o 10° dia de armazenamento, pois 0s primeiros sinais visiveis das lesdes nos
frutos ndo revestidos/ndo tratados surgiram somente a partir do 4° dia de armazenamento

(Figura 8) .

Figura 7. Esquema da aplicacdo de revestimento de quitosana (QUI) e Oleo essencial

de M. piperita L. (OEMP) e M. x villosa Huds (OEMV) em frutos artificialmente feridos.
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3.8 Avaliacdo das caracteristicas fisico-quimicas e da rugosidade de superficie dos

revestimentos

As caracteristicas fisico-quimicas de revestimentos formulados com QUI (5 g/L) e QUI
(5 g/L) + OEMV ou OEMP (0,6 e 1,2 mL/L) foram avaliadas por meio de analises de
espectroscopia na regido do infravermelho, calorimetria diferencial exploratéria e
termogravimetria. As diferentes dispersdes formadoras dos revestimentos foram vertidas em
placa de Petri esterilizadas e mantidas por 48 h sob temperatura ambiente (25 + 0,5 °C) para
secagem (ABDOLLAHI et al., 2012; PENG et al., 2013). A escolha das concentragdes de QUI,

OEMP e OEMV utilizadas para a formulagdo dos revestimentos submetidos as andlises de
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caracterizagdo se deu com base nos melhores resultados obtidos nos ensaios antifiingicos in

vitro ¢ de inibi¢ao do desenvolvimento de lesdes de antracnose em mamao.

3.8.1 Espectroscopia no infravermelho por transformada de Fourier

Os espectros foram obtidos em um intervalo de comprimento de onda de 400 e 4000
cm!, com resolucio de 4 e 64 varreduras usando equipamento FTIR Shimadzu (Modelo

Prestige-21 IR Affinity-1 FTIR 84008, Kyoto, Japao) (GUO et al., 2019).

3.8.2 Calorimetria diferencial exploratoria (DSC)

As andlises de DSC foram realizadas com um analisador térmico (DSC-60 Plus,
Shimadzu). Amostras dos revestimentos de aproximadamente 3 a 5 mg foram dispostas em
cadinho de aluminio hermeticamente fechado, o qual foi submetido a taxa de aquecimento e
resfriamento de 10 °C/min e fluxo de gas de 50 mL/min em atmosfera de argonio inerte. As
analises foram realizadas em duas rampas de aquecimento, partindo da temperatura ambiente

até 300 °C, seguidas por rampa de resfriamento (VELO et al., 2019).

3.8.3 Analise termogravimétrica (TGA)

A estabilidade térmica dos revestimentos foi avaliada por termogravimetria usando
analisador termogravimétrico (DTG-60H, Shimadzu) com programa de temperatura de 25-500
°C, taxa de aquecimento de 10 °C/min e vazao de 50 mL/min em atmosfera de nitrogénio

(MENDES et al., 2015)

3.8.4 Analise da rugosidade da superficie

A andlise da rugosidade da superficie dos revestimentos foi realizada com perfildometro
optico 3D sem contato (Talysurf CCI MP, Leicester, Reino Unido) conectado a uma unidade
computadorizada. Foi utilizado um ponto de corte para os revestimentos de 8§ pm com lente de
50x, abertura numérica de 0,4 e velocidade de varredura de 1x no modo XY (0,3 um x 0,3 pum).
Foram realizadas cinco medidas para cada amostra, sendo uma na érea central e duas de acordo

com o movimento da lente (2 mm para a direita, esquerda, abaixo e acima), seguindo um
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desenho cruzado. A rugosidade final dos padrdes Ra e Sz (um), indicando rugosidade média e
altura, respectivamente, foi obtida pela média de cinco pontos das amostras dos revestimentos
(SOARES et al., 2019). Também foram analisados os parametros de rugosidade da superficie
de mamao nao revestido, bem como quando revestido com QUI, QUI + OEMV e QUI + OEMP
(SOARES et al., 2019).

3.9 Efeitos da aplicacao dos revestimentos de quitosana e 6leo essencial de M. piperita L.

ou e M. x villosa Huds sobre parametros de qualidade de mamao

Para avaliacao dos parametros gerais de qualidade (fisico, fisico-quimicas e sensoriais),
os mamoes foram revestidos com as dispersoes de Chi (5 g/L) + MVEO (0,6 ¢ 1,2 mL/L) e QUI
(5 g/L) + MPEO (0,6 e 1,2 mL/L) que apresentaram os melhores resultados nos ensaios
antifiingicos in vitro ¢ de inibi¢do do desenvolvimento de lesdes de antracnose em mamao.
Apos a aplicagdo dos revestimentos, os frutos (revestidos e nao revestidos) foram armazenados
a 12 £ 1 °C e em diferentes intervalos de tempo (0, 10 e 20 dias) foram analisados quanto aos

aspectos fisicos, fisico-quimicos e sensoriais, os quais sao descritos a seguir.

3.9.1 Determinagdo das caracteristicas fisicas e fisico-quimicas

Perda de peso: determinada por meio da diferenca obtida entre a pesagem inicial dos
frutos e a pesagem a cada periodo de armazenamento, sendo os valores expressos em
porcentagem de perda de peso (ALI, HEI, KEAT, 2016).

Cor: As medidas de cor foram tomadas a partir de quatro pontos equidistantes da casca
e polpa ap6s a remoc¢dao da epiderme. Estas medigdes foram realizadas usando-se um
colorimetro portatil Konica Minolta CR400 (Osaka, Japao) apos a calibracdo com uma placa
de porcelana (CR-A43) (HAMZAH et al., 2013). Utilizou-se o sistema CIELab: L* (0: escuro,
100: branco), a* (valor negativo: verde, valor positivo: vermelho) e b* (valor negativo: azul,
valor positivo: amarelo) de acordo a Comissao Internacional de Iluminagao (CIE, 1986).0
calculo do angulo Hue (°Hue) e croma (C) foi realizado por meio das seguintes equagdes (LIU
et al., 2010): °Hue = arctan (b* /a*) e C = (a*2 + b*2)1/2 (WILLS; WIDJANARKO, 1995)

Firmeza: A firmeza dos frutos foi medida com uso de analisador de textura TA-XTplus
(Stable Micro Systems Ltd., Inglaterra) contendo probe cilindrico de aco inoxidavel de 8§ mm
de didmetro no modo de compressdao com velocidade de pré-teste, teste e pos-teste de 0,5, 10 e

10 mm/s, respectivamente, e distancia de 15 mm (FACANHA et al., 2019; LIU et al., 2013;
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WAGHMARE; ANNAPURE, 2013). Para obter boa estimativa da firmeza global, as medi¢des
foram realizadas na posi¢@o superior, média e inferior de ambos os lados dos frutos (JHA et al.,
2010). Cada valor de firmeza relatado representou a média de seis medidas individuais tomadas
nos pontos equidistantes, sendo os resultados expressos como forca em Newton (N).

pH: O pH foi determinado por meio de leitura direta em pHmetro digital a partir de
filtrado da polpa triturada (AOAC, 2016).

Solidos soluveis (SS): Amostras de cinco gramas dos frutos trituradas com processador
doméstico (Philips Walita, Sao Paulo, Brasil) foram analizadas utilizando refratometro digital
Modelo digital Brix/RI Chek (Reichert Analytical Instruments, Nova lorque, EUA), sendo os
resultados expressos como °Brix (GUERRA et al., 2016).

Acidez titulavel (TA): Foi determinada em 10 mL da polpa homogeneizada por meio de
titulometria com NaOH 0,1 M na presenga de fenolftaleina como indicador de modificagao de
pH. O calculo foi realizado a partir da formula: TA (%) = (C x V2 x K/ V1) x (V0/ P) x 100,
onde C ¢ a concentragdo padronizada de NaOH (0,1 M), P € o peso total da amostra (g), V2 ¢
o volume de NaOH utilizado (mL), V1 ¢ o volume de amostra utilizado (mL), VO ¢ o volume
total de amostra (mL) e K ¢ o fator de conversao de acido. O resultado foi expresso em gramas

de acido citrico por 100 g de amostra de fruta (LIU et al., 2013; CISSE et al., 2015).

3.9.2 Determinagdo de agucares e acidos organicos

Extratos aquosos dos frutos foram utilizados para quantificar agticares (glicose, sacarose
e frutose) e acidos organicos (acético, citrico, latico, malico, succinico e tartarico). Para
obten¢do desses extratos, uma amostra de 2 g das polpas dos mamdes revestidos e nao
revestidos foram homogeneizadas em 10 mL de 4gua ultra-pura por 10 minutos usando mini-
Turrax, centrifugadas (4000 x g, 15 minutos, 4 °C) e filtradas com uso de filtro 45-pum Millex-
HA (Millipore Co., Bedford, MA) (BARRETO et al., 2016).

O conteudo de agucares e acidos organicos dos extratos soluveis foram determinados
usando cromatografo liquido de alta eficiéncia (Varian, Waters, California, EUA) equipado
com sistema de solvente bindrio, valvula "Rheodyne" com alga de 20 pL., acoplado a detector
de indice de refragdo (Varian 330, Waters, California, EUA) em comprimento de onda de 220-
275 nm e sistema de bombeamento com ajuste de gradiente de alta pressdao (Varian 230). Os
dados foram processados utilizando software GALAXIE Chromatography Data System. A
separacao de agucares e acidos organicos foi realizada em coluna Agilent Hi-Plex Ca (7,7 x 300

mm, § um) a temperatura de 65 °C, com agua ultra-pura como fase movel em fluxo de 0,6
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mL/minuto para agucares e acido sulfurico (0,009 M) como fase moével em fluxo de 0,7
mL/minuto para 4cidos organicos. A quantificagdo foi realizada por meio da equacdo construida
a partir da injecao de padrdes de agtlicares e acidos organicos (Sigma Aldrich Corp) e expressa

em g/100 g de polpa de fruta (BARRETO et al., 2016).

3.9.3 Determinacdo da atividade enzimatica

A atividade da polifenoloxidase e peroxidase foi avaliada a partir de extrato preparado
com a polpa do mamao triturada em processador doméstico. Para isso, 10 g da polpa foram
homogeneizados com 10 mL de tampao fosfato 0,02 M (pH 6,5) e polivinil polipirrolidona a
4% (PVPP) por 2 minutos utilizando Vortex (Tecnal, Sao Paulo, Brasil), deixando descansar
por 1 hora (4 £ 0,5 °C), seguido por centrifugacdo (9000 x g, 20 minutos, 4 °C). O sobrenadante
obtido foi utilizado como extrato enzimatico para a medicao da atividade da polifenoloxidase e

peroxidase (LIU et al., 2007; ONG et al., 2014).

3.9.3.1 Atividade da polifenoloxidase (PPO)

Para determinac¢ao da atividade da PPO utilizou-se uma mistura de 0,5 mL de extrato
enzimatico com 2,5 mL de catecol 0,07 M em solugdo tampao fosfato de sodio 0,02 M (pH
6,5), que foi mantida a 30 + 1 °C por 20 segundos antes das medi¢des de absorvancia a 420 nm
(A420) com uso de espectrofotdometro (Bel Engineering, Monza, Italia). Uma unidade de PPO
foi definida como um aumento de 0,01 em A420 por minuto por grama de amostra (U/min/g)

(LIU et al., 2013; NDIAYE et al., 2009).

3.9.3.2 Atividade da peroxidase (POD)

A atividade de POD foi determinada a partir de uma mistura de 0,1 mL de extrato
enzimatico com 3 mL de guaiacol a 1% (v/v) dissolvido em tampao fosfato 0,02 M (pH 6,5) +
0,2 mL de H20; a 1,5% (p/v, dissolvido em agua destilada) e mantida a 30 = 1 °C por 20
segundos antes das medi¢des de absorbancia a 470 nm (A470). Uma unidade de POD foi
definida como um aumento de 0,01 em A470 por minuto por grama de amostra (U/min/g) (LIU

etal., 2013).

3.9.3.3 Atividade de pectinametilesterase (PME)
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A extragdo de PME foi realizada com uma mistura de tampao Tris-6 M HCI 0,02 M (pH
7,5) e NaCl 0,01 M. A propor¢ao de tampao (mL) para amostra do fruto (g; casca e polpa) foi
de 2:1. A solu¢do do ensaio foi deixada em repouso por 12 horas (4 + 0,5 © C), centrifugada
(9000 x g, 4 ° C, 15 minutos) e o sobrenadante foi coletado como extrato enzimatico. O
principio da reagdo consistiu em remover os grupos metoxila especificos localizados em C6 de
alguns grupos galacturonil da PME. A atividade da PME foi medida através de um pHmetro
digital, por titulagdo de grupos carboxila liberados da pectina (Quimis, Sao Paulo, Brasil).
Extratos de PME (5 mL) foram misturados com 60 mL de pectina a 1% (p/v, pH = 7,5) + NaCl
0,01 M. A titulagdo foi realizada com NaOH 0,05 M para atingir pH constante de 7,5 durante
10 minutos (30 = 1 °C). Uma unidade de atividade da PME foi definida como a quantidade de
enzima capaz de catalisar a desmetilagdo da pectina correspondente ao consumo de 1 mmoL de

NaOH por minuto. Os resultados foram expressos em mmoL/L (JEN; ROBINSON, 1984).

3.9.4 Avaliacdo sensorial

As analises sensoriais foram realizadas apés aprovagdo pelo Comité de Etica em Pesquisa
com Seres Humanos do Centro de Ciéncias da Saude/UFPB (Parecer niimero: 3.218.936)
(ANEXO A).

Os parametros sensoriais do mamao revestido € ndo revestido foram avaliadas por 60
individuos nao treinados (Estudantes e servidores da UFPB, do sexo masculino e feminino,
maiores de 18 anos) em dois intervalos de tempo de armazenamento (5 e 10 dias), os quais
responderam aos testes de aceitagdo e intencao de compra (ANEXO C). Para avaliagao da
aceitagdo, quanto aos parametros de aparéncia, cor, sabor, firmeza, sabor residual e avaliagao
global utilizou-se uma escala hedonica estruturada de nove pontos ancorados em 1 (desgostei
muitissimo), 5 (nem gostei/ nem desgostei) € 9 (gostei muitissimo). A intencao de compra foi
avaliada utilizando uma escala hedonica estruturada de cinco pontos ancorados em 1
(certamente ndo compraria), 3 (talvez comprasse/talvez ndo comprasse) e cinco (certamente
compraria). As analises foram realizadas sob condi¢des de temperatura (25 = 0,5 °C) e
iluminagdo controladas em cabines individuais. Cada participante do painel recebeu uma
porcdo de fruta (dois cubos com aproximadamente 3,5 cm de borda) de mamao ndo revestido e
revestido, imediatamente apos a retirada do armazenamento a frio (12 + 0,5 °C), servido em

pratos descartaveis brancos, codificadas com nimero de trés digitos aleatdrios, acompanhados
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de biscoito dgua e sal e 4gua mineral para serem utilizados entre as amostras de modo a limpar

o paladar (SANTOS et al., 2012).

3.10 Analises estatisticas

A avaliagdo dos efeitos sobre o crescimento micelial dos fungos, bem como as
caracteriticas fisico-quimicas dos frutos revestidos e nao-revestidos foram executadas em
triplicata em dois experimentos independentes. As analises do desenvolvimento das lesdes de
antracnose nos frutos foram realizadas em delineamento experimental inteiramente
casualizado, composto por trés repeti¢des para cada grupo experimental (tratamentos) e seis
frutos por repeti¢ao, em trés experimentos independentes. Todos os resultados foram expressos
como os valores médios dos dados obtidos em cada réplica. Inicialmente, os dados foram
avaliados por meio de analise descritiva (média e desvio padrao) para obter a ordem de
descrigao das variaveis. Posteriormente, foram efetuadas analises inferenciais (teste ¢ de Student
ou ANOVA seguida do teste post hoc de Tukey) para verificar a ocorréncia de diferencas (p
<0,05) entre os resultados obtidos. As analises estatisticas foram realizadas utilizando o

software computacional Sigma Stat 3.5 (Jandel Scientific Software, San Jose, CA, EUA).



49

4 RESULTADOS E DISCUSSAO

Conforme as normas estipuladas pelo colegiado do Programa de Pds-graduagdo em
Ciéncias da Nutricao/CCS/UFPB, a secdo de Resultados e Discussao dessa tese sera
apresentada na forma de dois artigos originais, presentes no apéndice A e B, os quais estdo
formatados de acordo com as revistas de publicacdo ou submissao.

O artigo apresentado no Apéndice A intitulado “Application of coatings formed by
chitosan and Mentha essential oils to control antracnose caused by Colletotrichum
gloesporioides and C. brevisporum in papaya (Carica papaya L.)” aborda a eficacia de
revestimentos comestiveis formulados com QUI ¢ OEMP ou OEMV no controle do
desenvolvimento de lesdes de antracnose em mamao papaya artificialmente contaminados com
diferentes isolados de C. gloesporioides e C. brevisporum. Os resultados apresentados nesse
artigo mostraram que combinac¢des de QUI e MPEO ou MVEO foram capazes de inibir o
crescimento de isolados de C. gloesporioides ¢ C. brevisporum em meio laboratorial, com o
establecimento de interagdes do tipo aditiva ou sinérgica para inibi¢cao desses isolados. Ainda,
combinacodes selecionads de QUI e MPEO ou MVEO foram eficazes em retardar o
desenvolvimento de lesdes de antracanose em mamoes artificialmente contaminados com
diferentes isolados de C. gloesporioides e C. brevisporum durante o armazenamento. Este artigo
foi publicado no [International Journal of Biological Macromolecules (doi:
10.1016/j.ijbiomac.2019.08.010).

O artigo apresentado no Apéndice B, intitulado “Characterization of coatings
formulated with chitosan and Mentha essential oils and their use to preserve postharvest
quality of papaya (Carica papaya L.)”, aborda sobre as caracteristicas fisico-quimicas e de
superficie dos dos revestimentos formulados com QUI e OEMP e OEMV, os quais mostraram
os melhores resultados nos ensaios de controle do desenvolvimento das lesdes de antracnose
em mamao papaya, bem como os seus efeitos sobre parametros fisico-quimicos e sensoriais
indicadores de qualidade pds-colheita de mamao. Os resultados revelaram possivel interagao
entre os constituntes dos revestimentos possibilitando a formagao de barreira fisica sobre os
frutos, bem como que a adicdo do OEMP ou OEMV ndo interferiu de forma negativa na
estabilidade térmica desses revestimentos. Os frutos revestidos com os revestimentos
formulados com QUI e OEMP ou OEMV apesentaram atraso na evolu¢do dos valores de
parametros fisico-quimicos relacionados ao amadurecimento, tais como firmeza, perda de peso

e cor, bem como ndo apresentaram alteracdo nos seus parametros sensoriais ao longo do



50

armazenamento. Este artigo foi publicado no periddico Innovative Food Science and Emerging
Technologies (doi: https://doi.org/10.1016/].ifset.2020.102472).

De forma geral, os resultados obtidos nesses estudos mostraram que revestimentos
formulados com combinag¢des aditivas ou sinérgicas de QUI e OEMP ou OEMYV frente isolados
de C. gloesporioides e C. brevisporum apresentam-se como estratégias alternativas para o
controle do desenvolvimento de antracnose em mamao papaya, bem como para manter ou
melhorar parametros relacionados a qualidade pos-colheita desses frutos, resultando em periodo

de armazenamento mais prolongado.
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Colletotrichum gloeosporioides and C. brevisporum. Chi (2.5-10 mg/mL), MPEO and MVEO (0.15-1.25 pL/mL)
alone effectively inhibited the growth of C. gloeosporioides and C. brevisporum isolates in laboratory media. Com-
binations of Chi (5 and 7.5 mg/mL) and MPEO or MVEO (0.15-1.25 mL/mL) inhibited the growth of
Colletotrichum isolates and mostly presented additive or synergistic interactions. Development of anthracnose le-

l;gi;‘;?ar o sions caused by C. gloeosporioides and C. brevisporum isolates was reduced by coatings formed by Chi (5 mg/mL)
Colletotrichum spp. and MPEO or MVEO (0.3-1.25 pL/mL) combinations during storage (10 days, 25 4 0.5 °C). Decreases in anthrac-
Edible coating nose lesion development in papaya coated with Chi (5 mg/mL) and MPEO or MVEO (0.6 and 1.25 pL/mL) were
similar or higher than those caused by a comercial fungicides formulation. The application of coatings formed
by combinations of selected Chi and MPEO or MVEO concentrations could be considered an alternative strategy

to control papaya anthracnose caused by C. gloeosporioides and C. brevisporum.
© 2019 Published by Elsevier B.V.
1. Introduction C. brevisporum (previously named C. magna) as an important etiological

Papaya cv papaya (Carica papaya L.) is an important fruit cultivated
in tropical and subtropical areas [1]. Brazil is the second world largest
papaya fruit (papaya) producer, reaching a total production of
13,016,281 tonnes in 2017 [2]. Papaya has high nutritional value and at-
tractive sensory characteristics, in addition to present a variety of
health-related bioactive compounds [3,4]. However, the overall quality
and safety of papaya are commonly affected by postharvest diseases
caused by pathogenic fungi [5].

Anthracnose is the most important disease attacking papaya, caus-
ing important postharvest losses [6]. Colletotrichum gloesporioides has
been commonly reported as the main causal agent of papaya anthrac-
nose [7,8]. However, other Colletotrichum species have been also associ-
ated with papaya antrachnose in field and postharvest conditions in
different countries [9]. A recent phylogenetic study characterized

* Corresponding author at: Universidade Federal da Paraiba, Centro de Ciéncias da
Satde, Departamento de Nutri¢do, Laboratdrio de Microbiologia de Alimentos, Campus I,
58051-900, Cidade Universitéria, Jodo Pessoa, Paraiba, Brazil.

E-mail address: evandroleitesouza@ccs.ufpb.br (E.L. de Souza).
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0141-8130/© 2019 Published by Elsevier B.V.

agent of anthracnose in papaya cultivated in Northeastern Brazil [10].

Postharvest fungal infections in papaya have been traditionally con-
trolled by combining heat treatments and chemical fungicide. The ex-
cessive and continuous use of chemical fungicides has been associated
with toxicity to human and environment [9], as well as with the devel-
opment of antifungal resistance in Colletotrichum species [7]. Conse-
quently, alternative strategies for reducing the occurrence of
postharvest disease in fruit have been demanded [8,11].

Chitosan (Chi) is a natural polysaccharide derived from
deacetylation of chitin mostly obtained from crustacean shells and
fungi cell wall [12,13]. In addition to the well-known antifungal proper-
ties, the film-forming abilities of Chi have become this polysaccharide a
candidate for use in the formulation of edible coatings to be used as a
postharvest technology on fruit [ 14-16]. Essential oils (EOs) are charac-
terized as complex mixtures of compounds naturally synthesized as
secondary metabolites in different organs of aromatic plants, with im-
portant role in plant defence against pathogens [17]. EOs have received
increasing attention for use as food preservatives because of their strong
and wide spectrum antimicrobial properties and low resistance-
inducing effects in target microorganisms [18,19].
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The combined use of Chi and EOs for the formulation of edible coat-
ings has received increasing interest primarily because of the possibili-
ties of exploiting enhancing antifungal effects from the interaction of
these substances. These enhanced antifungal effects should allow the
decrease of the effective doses of Chi and EOs to inhibit target organisms
when compared to their use separately [20,21]. Furthermore, the com-
bined use of low effective antifungal doses of Chi and EOs should be use-
ful to decrease potential negative impacts on coated fruit [5,12,19].

Among the EOs reported as having inhibitory properties against
fungi contaminating fruit, stand out the EOs from Mentha species
[20-23]. Mentha piperita L. essential oil (MPEO) has a long safe use as
a flavoring agent in foods and beverages [24], in addition to have been
exploited in different sectors because of their antioxidant and antimi-
crobial properties [25,26]. Mentha x villosa Huds. (MVEQ) is an aromatic
plant hybrid of M. spicata L. and M. suaveolens Ehrh. with few studies ex-
ploring its biological activities when compared to other Mentha species,
but with antioxidant and antimicrobial properties also reported in liter-
ature [25-27]. The available literature has shown the efficacy of coatings
formed by Chi and Mentha EOs to inhibit antrachnose development in
mango [14] and mold decay in grape and tomato [20,21], as well as of
coatings formed by Chi and lemongrass and cinnamon EO to inhibit
antrachnose development in bell pepper [28], guava, mango and papaya
[12,28]. Nevertheless, studies on the effects of coatings formed by Chi
and Mentha EOs to control anthracnose development caused by
C. gloesporioides or C. brevisporum in papaya are still lacking.

This study assessed the efficacy of Chi, MPEO and MVEO alone or in
combinations for controlling the growth of different isolates of
C. gloeosporioides and C. brevisporum associated with anthracnose in pa-
paya. The efficacy of coatings formed by combined concentrations of Chi
and MPEO or MVEO to control the development of anthracnose caused
by these Colletotrichum isolates in papaya during storage was also
evaluated.

2. Materials and methods
2.1. Materials

Papayas (Carica papaya L.) with color index of two (i.e. green peel
with a trace of yellow) were purchased from EMPASA (Supplies and
Services Company of Paraiba, Jodo Pessoa, Brazil) on the same day of
harvest. Fruit with uniform shape, size, maturity and free from physical
injury and insect or pathogen infection were selected for the experi-
ments. Prior to the assays, fruit were washed using domestic detergent
and running water, surface disinfected via immersion in sodium hypo-
chlorite (150 ppm, pH 7.2 adjusted using 1 M NaOH) for 5 min, rinsed
with potable water and air-dried at room temperature (25 + 0.5 °C).

Chi of medium molecular weight (extracted from shrimp cells,
deacetylation degree >75%, batch MKBH1108V) was obtained from
Sigma-Aldrich Corp. (St. Louis, MO, USA). MPEO and MVEO extracted
using hydrodistillation were gently supplied by Ferquima Ind. Ltda.
(Vargem Grande Paulista, Sdo Paulo, Brazil) and Hebron® company
(Caruaru, Pernambuco, Brazil), respectively. A commercial formulation
containing trifloxystrobine (100 g/L) and tebuconazole (200 g/L) com-
monly used in papaya orchard in Brazil was used as a standard chemical
fungicide [29,30]. The fungicides formulation (1 mL) was diluted in ster-
ile distilled water (1 L) to reach a final concentration of 0.1 and 0.2 g/L
for trifloroxistrobine and tebuconazole, respectively, following the
manufacturer instructions.

Three isolates of C. gloeosporioides (CMM 1767, CMM 24 and CMM
320) and C. brevisporum (CMM 1642, CMM 1728 and CMM 1936) asso-
ciated with papaya anthracnose in were gently provided by Culture Col-
lection of Phytopathogenic Fungi - Prof. Maria Menezes (Federal Rural
University of Pernambuco, Recife, Brazil) and used as target fungi.
These isolates were recovered from lesions of anthracnose in papaya
in orchards from Northeastern Brazil and identified through phyloge-
netic inference [10]. Before assays, each isolate was inoculated in one

papaya, and, after the development of characteristic anthracnose le-
sions, the isolate was re-isolated and cultured in potato dextrose agar
(PDA, HiMedia, Mumbai, India) at 25 4 0.5 °C for seven days [12,14].
Antrachnose lesions induced by all Colletotrichum isolates in papaya
were overall similar and comprised water-soaked, prominent and gen-
erally rounded dark brown lesions. The presence of orange conidial
masses on lesions was also observed [10].

2.2. Identification of the constituents of MPEO and MVEO

The constituents of MPEO and MVEO were identified using a gas
chromatography coupled to mass spectrometer (model CGMS-QP2010
Ultra, Shimadzu, Kyoto, Japan). The analysis was performed under the
following conditions: capillary column RTX-5MS (30-m column, inter-
nal diameter: 0.25 mm, film thickness: 0.25 pm); temperature pro-
grammed from 60 to 240 °C at 3 °C/min; injector temperature, 250 °C;
detector temperature, 220 °C; electron impact, 70 eV; carrier gas,
helium adjusted to 0.99 mL/min speed; linear velocity, 36.4 cm/s; pres-
sure, 57 kPa; and mass range (1m/z), 40 to 500. Identification of each con-
stituent was performed by comparing their mass spectra with the NIST/
EPA/NIH Mass Spectral Database (National Institute of Standards Tech-
nology, Norwalk, CT, United States) and FFNSC1.3 (Flavor and Fragrance
Natural and Synthetic Compounds) libraries as well as the Kovats reten-
tion index [31]. Quantification of MPEO and MVEOQ constituents was ob-
tained after normalizing the areas of each detected constituent and
expressed as a percentage of area (%) [32].

2.3. Preparation of Chi dispersions, MPEO or MVEO emulsions and coatings

Chi dispersions were prepared at different concentrations (2.5, 5, 7.5
or 10 mg/mL) after dissolving the polymer in an aqueous 0.1 M acetic
acid (1 mL/100 mL, pH 5.6; Quimica Moderna, Sdo Paulo, Brazil) solu-
tion for 24 h at room temperature under stirring (120 rpm). To ensure
that the antifungal activity was due to the assayed Chi and not acetic
acid, the pH values of all solutions used in control assays were adjusted
to 5.6 by adding 3 M NaOH (Quimica Moderna, Sdo Paulo, Brazil) or
0.1 M HCI (Quimica Moderna, Sdo Paulo, Brazil). MPEO and MVEO emul-
sions at different concentrations were obtained after dissolving EO in
sterile distilled water (~45 °C) containing Tween 80 (1%, v/v; Sigma- Al-
drich Corp., St. Louis, MO, USA) as a stabilizing agent [33].

For the use in combination, Chi (final concentration of 5 or
7.5 mg/mL) was initially diluted in aqueous 0.1 M acetic acid
(1 mL/100 mL) solution (pH 5.6) with constant stirring (120 rpm) for
6 h at room temperature. Subsequently, the MPEO or MVEO was
added (final concentration of 0.15, 0.3, 0.6 or 1.25 puL/mL) to the Chi dis-
persions, followed by stirring for an additional 18 h at room tempera-
ture. To assay the combined use of Chi and MPEO or MVEO to coat the
fruit, glycerol was added (2.5 mL/100 mL) as a plasticizer immediately
after the MPEO or MVEO was incorporated into the coating-forming dis-
persions [34].

2.4. Effects of Chi, MPEO and MVEO on fungal mycelial growth

The effects of Chi, MPEO and MVEO on the radial mycelial growth of
the Colletotrichum isolates were assessed using a dilution in solid media
procedure. Colletotrichum isolates were grown on PDA during seven
days at 25 °C. Mycelial agar plugs (5 mm diameter) were taken from
the margin of the cultures and transferred to the centre of a Petri dish
containing PDA with Chi, MPEO or MVEO at the desired final concentra-
tion (i.e., Chi: 2.5, 5, 7.5 or 10 mg/mL; MPEO and MVEO: 0.15, 0.3, 0.6,
1.25 and 2.5 pL/mL) and incubated at 25 + 0.5 °C. PDA without Chi,
MPEO or MVEO (pH 5.6) was similarly tested as a negative control. Ad-
ditionally, PDA containing aqueous 0.1 M acetic acid (1 mL/100 mL) so-
lution (pH 5.6) was tested as a control and exhibited no inhibitory
effects on the radial mycelial growth of the tested Colletotrichum iso-
lates. Measures of orthogonal diameters of the colonies were taken
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daily during 10 days or up to the negative control Petri dishes were fully
covered with fungal mycelia. The percentage of mycelial growth inhibi-
tion (MGI%) was calculated using the formula: MGI% = [(C — T)/C]
x 100, where C is the colony diameter in the control assay, and T is
the diameter of the colony growing in PDA supplemented with Chi,
MVEO or MPEO [35,36].

2.5. Evaluation of the type of interaction of Chi and MPEO or MVEO

To evaluate the type of interaction from the combination of different
concentrations of Chi and MPEO or MVEQ, first the MGI% caused by Chi,
MPEO or MVEO alone (Chi: 5 and 7.5 mg/mL; MPEO and MVEO: 0.15,
0.3, 0.6 and 1.25 pL/mL) and in combinations (Chi: 5 or 7.5 mg/mL;
MPEO and MVEO: 015, 0.3, 0.6 or 1.25 pL/mL) on each Colletotrichum
isolate, named MGI% observed (MGI%obs), was determined using the
same procedures described in Section 2.4. The type of interaction from
Chi and MPEO or MVEO combinations was determined using the Abbott
method [37,38], which considers the calculation of the expected MGI%
(MGI%exp) for each combination using the equation:

MGI% exp = MGIChi%obs
+ MGIEO0bs%(MPEO or MVEO)— (MGIChi%obs
x MGIEO%obs (MPEO or MVEO),/100.

MGIChi%obs, MGIMPEO%obs and MGIMVEO%obs are the individual
values of MGI% caused by Chi, MPEO and MVEO alone at the given con-
centrations, respectively. The effects of Chi and MPEO or MVEO combi-
nations on fungal mycelial growth were achieved using the Abbott
index (Al), as follow: Al = MGI%obs/MGl%exp. A synergistic effect was
assigned for Al >1.5, additive effect for Al >0.5 to 1.5 and antagonistic ef-
fect for Al <0.5 [3,38].

2.6. Evaluation of the effects of Chi and MPEO or MVEO on anthracnose le-
sion development in papaya during storage

For these assays, the surface (epidermis) of papaya was wounded
(five wounds per fruit) using a sterilized needle (3 mm-deep and
2 mm-wide) in the middle region on the same fruit side. Subsequently,
each fruit was carefully immersed in 500 mL of the coating-forming dis-
persions containing the combinations of different Chi and MPEO or
MVEO concentrations (Chi: 5 mg/mL; MPEO and MVEO: 0.3, 0.6 or
1.25 pL/mL) for 1 min. Fruit were air-dried and kept in a biosafety cabi-
net for 2 h. Afterwards, for the tested Colletotrichum isolate, an agar plug
(5 mm diameter) containing mycelia obtained from the margin of a
seven-day-old colony grown on PDA at 25 °C was inoculated on the
puncture point of an individual fruit. The agar plug was fixed with the
aid of a tape on the fruit surface [12,14].

Fruit were immersed for 1 min in sterile distilled water with glycerol
(2.5 mL/100 mL; pH 5.6) or in sterile distilled water with the commer-
cial formulation of trifloroxistrobina (0.1 g/L) and tebuconazole
(0.2 g/L), which were used as negative and positive control, respec-
tively. The fruit were individually covered with a polyethylene plastic
bag to avoid direct contact and placed in containers with a moistened
paper towel to generate satisfactory relative humidity and stored
under 25 4 0.5 °C[14,36]. During different storage time intervals (4th,
7th and 10th days), the fruit were examined for visible symptoms of an-
thracnose and anthracnose lesion diameter measurement. Fruit were
evaluated from the 4th to 10th day of storage because the first visible
signs of anthracnose lesions in all uncoated/untreated fruit only arose
from the 4th day of storage onward.

The results were expressed as percentage of anthracnose lesion di-
ameter reduction (%ALDR) determined by the difference in lesion diam-
eter in fruit coated with the Chi-MPEO or Chi-MVEO combinations or
treated with the fungicide formulation (positive control) compared to
lesion diameter in uncoated/untreated fruit (negative control) [39], cal-
culated using the formula: ALDR = [(N - F / N)] x 100, where N is the

lesion diameter in negative control, and F is the lesion diameter in fruit
coated with Chi-MPEO or Chi-MVEO combinations or treated with the
fungicide formulation.

2.7. Statistical analysis

The analysis of the effects on fungi mycelial growth was performed
in triplicate in three independent experiments. The analyses of the de-
velopment of anthracnose lesions on fruit were performed using a
completely randomized experimental design that consisted of three
replicates for each experimental group (treatments) and six fruit per
replicate in three independent experiments. All results were
expressed as the average values of the data obtained in each replicate.
Initially, the data were assessed via descriptive analysis (average and
standard deviation) to obtain the description order of the variables.
Subsequently, inferential analyses (ANOVA followed by post hoc
Tukey's test) were performed to determine differences (p < 0.05) be-
tween the obtained results. The statistical analyses were performed
using the computational software Sigma Stat 3.5 (Jandel Scientific
Software, San Jose, CA).

3. Results
3.1. Identification of the constituents of MPEO and MVEO

Seven and ten different constituents were identified in amounts >1%
in MPEO and MVEO, respectively. Menthone (52.91%), pulegone
(12.81%), menthol (11.42%) and eucalyptol (10.84%) were the constitu-
ents identified in the highest amounts in MPEO, while piperitenone
oxide (43.38%) and limonene (6.62%) were identified in the highest
amounts in MVEO (Table 1). Other constituents identified in MPEO
and MVEO were in the range of 1.70% (o-pinene) to 5.21%
(caryophyllene) and 1.03% (o-pinene) to 2.31% (sabinene),
respectively.

3.2. Effects of Chi, MPEO and MVEO on mycelial growth of C. brevisporum
and C. gloeosporioides

All tested Chi, MPEO and MVEO concentrations caused mycelial
growth inhibition toward all C. gloesporioides and C. brevisporum iso-
lates (Table 2). Chi at 2.5 and 5 mg/mL Chi caused MGI% in the
range of 7.5 to 44.0% and 23.3 to 77.1%, respectively. Chi at 7.5 and
10 mg/mL caused total mycelial growth inhibition (i.e., MGI: 100%)
toward the three tested C. brevisporum isolates as well as toward
C. gloeosporioides CMM 1767, and caused %MGI in the range of 56.0
to 82.9% toward C. gloeosporioides CMM 320 and C. gloeosporioides
CMM 24.

MPEO and MVEO at 0.15, 0.3 and 0.6 pL/mL caused MGI% lower than
55% toward all tested C. gloeosporioides and C. brevisporum isolates
(6.1-38.2%). MGI% values casued by 1.25 pL/mL MPEO and MVEO to-
ward the tested C. gloeosporioides and C. brevisporum isolates were in
the range of 35.4 to 83.7%. MPEO and MVEO at 2.5 pL/mL caused total
mycelial growth inhibition toward all tested C. brevisporum isolates
and toward C. gloeosporioides CMM1767, in addition to cause ¥MGI
values in the range of 77.0 to 89.0% toward C. gloeosporioides CMM 24
and C. gloeosporioides CMM 320.

Overall, the MGI values caused by Chi, MPEO or MVEO varied
with tested concentrations and target Colletotrichum isolate. Still, the
%MGI values increased when the concentrations of Chi, MPEO and
MVEO increased. Concentrations of Chi, MPEO and MVEO that caused
MGI% <100% when tested alone were selected for use in assays to ver-
ify their type of interaction against C. gleosporioides and
C. brevisporum.
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Table 1
Constituents identified in the essential oil from Mentha piperita L. (MPEO) and Mentha x villosa Huds. (MVEO) in amounts >1%.
MPEO MVEO
Retention time (min) Kovats index Constituent % Retention time (min) Kovats index Constituent %
5.949 934 a-Pinene 1.70 5.845 930 a-Pinene 1.03
7.460 988 [>-Pinene 3.65 7.075 974 Sabinene 231
7.553 991 Eucalyptol 10.84 7.438 987 Myrcene 1.19
12.116 1112 Menthone 5291 7.542 990 Eucalyptol 2.08
12.549 1122 Menthol 11.42 8.862 1028 Limonene 6.62
18.131 1250 Pulegone 12.81 14.834 1176 Isomenthone 1.78
23.498 1372 Caryophyllene 5.21 19.811 1289 Piperitone 117
23.665 1376 Piperitenone oxide 43.38
25.561 1419 Caryophyllene 1.46
28.163 1481 Germacrene 1.22

3.3. Effects of Chi-MPEO and Chi-MVEO combinations on the mycelial
growth of C. brevisporum and C. gloeosporioides and their type of
interaction

Combination of 5 mg/mL Chi + 0.6 or 1.25 pL/mL MPEO caused total
mycelial growth inhibition (%MGI: 100%) toward the tested
C. brevisporum and C. gloeosporioides isolates, with the exception of
C. gloeosporioides CMM 320 (5 mg/mL Chi + 0.6 pL/mL caused %$MGI
of 83.3%) (Table 3). The combination of 7.5 mg/mL Chi + 0.3, 0.6 or
1.25 pL/mL MPEO caused total mycelial growth inhibition (%¥MGI:
100%) toward C. gloeosporioides CMM 24 and C. gloeosporioides CMM
320. The combinations of 5 mg/mL Chi + 0.15 puL/mL MPEO and
5 mg/mL Chi + 0.3 pL/mL MPEO caused %MGI values varying from
16.0% (C. gloeosporioides CMM 320) to 38.1% (C. brevisporum CMM
1728) and 27.4% (C. brevisporum CMM 320) to 100% (C. gloesporioides
CMM 24, C. brevisporum CMM 1936 and C. brevisporum CMM 1642),
respectively.

All combined concentrations of Chi and MVEO caused total mycelial
growth inhibition (%MGI: 100%) toward C. gloeosporioides and
C. brevisporum isolates (Table 4). These data indicate that the combina-
tions of the lowest tested combined concentrations of Chi (5 mg/mL)
and MVEO (0.15, 0.3 and 0.6 pL/mL) had overall higher efficacy to inhibit
the target isolates in comparison with the same combined concentra-
tions of Chi and MPEO.

Table 2

The different combined concentrations of Chi and MPEO or MVEO
presented synergistic, additive or antagonistic effects considering the
determined Abbott index values (Tables 3 and 4). Synergistic effects
were observed when Chi and MPEO were combined in a range of con-
centrations, to cite: 5 mg/mL Chi + 0.3 pL/mL MPEO toward
C. gloeosporioides CMM 24, C. brevisporum CMM 1936 and
C. brevisporum CMM 1642; 5 mg/mL Chi + 0.6 or 1.25 pL/mL MPEO,
7.5 mg/mL Chi + 0.3 or 0.6 uL/mL MPEO toward C. gloeosporioides
CMM 320; and 5 mg/mL Chi + 0.3 or 0.6 uL/mL MPEO toward
C. brevisporum CMM 1936. Only the combination of 5 mg/mL Chi +
0.15 pL/mL MPEO presented antagonistic effects against
C. gloeosporioides CMM 1767, C. gloeosporioides CMM 24 and
C. gloeosporioides CMM 320.

All the tested combinations of Chi and MVEO presented additive ef-
fects against C. gloeosporioides CMM 1767 and C. brevisporum CMM
1728, and presented synergistic effects against C. brevisporum CMM
1936. However, synergistic effects were achieved by 5 or 7.5 mg/mL
Chi 4 0.15 or 0.3 pL/mL MVEO against C. gloeosporioides CMM 24 and
C. gloeosporioides 320; 5 mg/mL Chi + 0.6 pL/mL MVEO
C. gloeosporioides CMM 320; and 5 mg/mL Chi + 0.15 or 0.3 pL/mL
MVEO against C. brevisporum CMM 1642.

The combinations of 5 mg/mL Chi and +-0.3, 0.6 or 1.25 pL/mL MPEO
or MVEO presented synergistic or additive interactions against the
tested C. gloeosporioides and C. brevisporum isolates, being selected for

Percent of mycelial growth inhibition (MGI%) of different isolates of Colletotrichum gloesporioides and Colletotrichum brevisporum after a seven-day exposure to different concentrations of
chitosan (Chi), Mentha piperita L. essential oil (MPEO) and Mentha x villosa Huds. essential oil (MVEO) in solid medium (25 °C).

Chi MGI %

C. gloeosporioides CMM C. gloeosporioides CMM C. gloeosporioides CMM C. bresvisporum CMM C. brevisporum CMM C. brevisporum CMM

1767 24 320 1936 1642 1728
25mg/mL  21.7% (£1.0)C 44.0% (+0.8)9" 37.1% (£0.7)98 10.8% (£0.3)<¢ 7.8% (+0.8)P 7.5% (+0.4)°
5 mg/mL 72.5% (+0.4)°* 52.5% (+£0.3)C 45.0% (+0.8)P 23.3% (+0.4)°F 57.2% (£0.4)°® 77.1% (£2.1)°
75mg/mL  100% (£0.0)** 56.2% (+1.5)°8 56.0% (+1.6)°® 100% (£0.0)** 100% (£0.0)** 100% (+£0.0)**
10 mg/mL 100% (£0.0)** 82.9% (£1.2)® 64.3% (£0.9) 100% (£0.0)** 100% (£0.0)* 100% (£0.0)**
MPEO
0.15uL/mL  11.5% (£0.2)980 14.0% (+£0.4)°® 7.0% (+1.0)9P 6.1% (£+0.4)°P 10.0% (£0.6)% 10.4% (£0.3)%¢
0.3 uL/mL 15.8% (+1.2)9¢ 23.7% (+1.8)98 10.8% (£0.7)9° 16.2% (£0.7)4¢ 12.5% (£1.1)9° 30.0% (£2.0)*
0.6 uL/mL 21.3% (£1.8)F 38.2% (£1.4)A 22.7% (£0.4)P 22.6% (£2.0)P 27.5% (£0.8)C 32.1% (£2.2)®
1.25u/mL  35.4% (+£2.9)° 64.4% (£+0.5)°F 51.3% (£1.8)°C 83.7% (£4.4)"A 55.8% (+4.4)°C 58.8% (£1.2)°¢
2.5 uL/mL 100% (£0.0)** 84.6% (£1.1)*® 82.4% (£2.2)® 100% (£0.0)** 100% (£0.0)" 100% (£0.0)**
MVEO
0.15uL/mL  7.5% (£0.2)E 17.8% (+£0.6)°* 11.0% (£1.2)%¢ 6.3% (+0.2)P 15.8% (+£0.8)® 12.1% (£0.2)%¢
0.3 uL/mL 20.8% (£0.7)49¢ 24.6% (£1.2)98 23.5% (£1.4)9¢ 11.7% (£1.2)9° 25.8% (+0.6)98 44.6% (+0.5)97
0.6 uL/mL 26.2% (£0.9) 44.6% (+£1.4) 32.2% (£0.8)P 19.2% (+0.7)E 46.7% (+£1.6)® 53.3% (£0.7)A
125u/mL  47.6% (+0.3)° 55.3% (+1.5)°C 53.0% (+0.8)°C 45.4% (+£1.7)8¢ 80.8% (+1.2)°4 65.4% (+0.6)"8
2.5 puL/mL 100% (£0.0)** 89.0% (£1.2)*® 77.0% (£1.5) 100% (£0.0)** 100% (£0.0)** 100% (£0.0)**

The results are expressed as percent inhibition rates of radial mycelial growth compared with the control treatment (0 pL/mL of Chi, MPEO or MVEO).
#~¢Average values in the same column with different lowercase letters are significantly different (p < 0.05) based on Tukey's test.
A-EAverage values in the same row with different uppercase letters are significantly different (p < 0.05) based on Tukey's test.
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Table 3

Effects of chitosan (Chi) and Mentha piperita L. essential oil (MPEQ) alone or in combination on the mycelial growth (expressed as percent of mycelial growth inhibition, MGI%) of different
isolates of Colletotrichum gloesporioides and Colletotrichum brevisporum, and their type of interaction as measured by the Abbott method.

Isolates Combinations CHI or MPEO alone CHI and MPEO combination Abbott method
MGI%? Chi MGI% MPEO MGI%" observed MGI% expected Abbott index  Effect

C. gloeosporioides CMM 1767 Chi 5 mg/mL + MPEO 0.15 pL/mL 75.0% 11.5% 25.4% 77.9% 0.3 Antagonism
Chi 5 mg/mL + MPEO 0.3 pL/mL 75.0% 15.8% 38.3% 79.0% 0.5 Additive
Chi 5 mg/mL + MPEO 0.6 pL/mL 75.0% 21.3% 100% 80.3% 1.2 Additive
Chi 5 mg/mL + MPEO 1.25 uL/mL 75.0% 35.4% 100% 83.9% 12 Additive

C. gloeosporioides CMM 24 Chi 5 mg/mL + MPEO 0.15 pL/mL 52.5% 14.0% 23.3% 59.2% 0.4 Antagonism
Chi 5 mg/mL + MPEO 0.3 pL/mL 52.5% 23.7% 100% 63.8% 1.6 Synergism
Chi 5 mg/mL + MPEO 0.6 pL/mL 52.5% 41.2% 100% 72.1% 14 Additive
Chi 5 mg/mL + MPEO 1.25 pL/mL 52.5% 64.4% 100% 83.1% 1.2 Additive
Chi 7.5 mg/mL + MPEO 0.15 pL/mL  56.0% 14.0% 61.5% 62.2% 1.0 Additive
Chi 7.5 mg/mL + MPEO 0.3 uL/mL 56.0% 23.7% 100% 66.4% 15 Synergism
Chi 7.5 mg/mL + MPEO 0.6 pL/mL 56.0% 41.2% 100% 74.1% 13 Additive
Chi 7.5 mg/mL + MPEO 1.25 uL/mL  56.0% 64.4% 100% 84.3% 12 Additive

C. gloeosporioides CMM 320 Chi 5 mg/mL + MPEO 0.15 uL/mL 45.0% 7.0% 16.0% 48.9% 0.3 Antagonism
Chi 5 mg/mL + MPEO 0.3 pL/mL 45.0% 10.8% 27.4% 50.9% 0.5 Additive
Chi 5 mg/mL + MPEO 0.6 pL/mL 45.0% 22.7% 83.3% 57.5% 1.5 Synergistic
Chi 5 mg/mL + MPEO 1.25 uL/mL 45.0% 31.3% 100% 62.2% 1.6 Synergistic
Chi 7.5 mg/mL + MPEO 0.15 uL/mL ~ 56.0% 7.0% 54.7% 59.1% 0.9 Additive
Chi 7.5 mg/mL + MPEO 0.3 pL/mL 56.0% 10.8% 100% 60.7% 1.6 Synergistic
Chi 7.5 mg/mL + MPEO 0.6 uL/mL 56.0% 22.7% 100% 66.0% 1.5 Synergistic
Chi 7.5 mg/mL + MPEO 1.25 uL/mL ~ 56.0% 31.3% 100% 69.8% 14 Additive

C. bresvisporum CMM 1936 Chi 5 mg/mL + MPEO 0.15 uL/mL 23.3% 6.1% 37.2% 28.0% 13 Additive
Chi 5 mg/mL + MPEO 0.3 pL/mL 23.3% 16.2% 100% 35.7% 2.8 Synergistic
Chi 5 mg/mL + MPEO 0.6 pL/mL 23.3% 22.6% 100% 40.6% 2.5 Synergistic
Chi 5 mg/mL + MPEO 1.25 pL/mL 23.3% 83.7% 100% 87.5% 1.1 Additive

C. bresvisporum CMM 1642 Chi 5 mg/mL + MPEO 0.15 puL/mL 57.2% 10% 37.8% 61.5% 0.6 Additive
Chi 5 mg/mL + MPEO 0.3 pL/mL 57.2% 12.5% 100% 62.6% 1.6 Synergistic
Chi 5 mg/mL + MPEO 0.6 pL/mL 57.2% 27.5% 100% 69.0% 15 Additive
Chi 5 mg/mL + MPEO 1.25 pL/mL 57.2% 55.8% 100% 77.5% 13 Additive

C. bresvisporum CMM 1728 Chi 5 mg/mL + MPEO 0.15 uL/mL 77.1% 10.4% 38.1% 79.5% 0.5 Additive
Chi 5 mg/mL + MPEO 0.3 pL/mL 77.1% 30.0% 85.4% 84.0% 1.0 Additive
Chi 5 mg/mL + MPEO 0.6 pL/mL 77.1% 32.1% 100% 84.4% 1.2 Additive
Chi 5 mg/mL + MPEO 1.25 uL/mL 77.1% 55.8% 100% 89.7% 1.1 Additive

2 MGI%: Percent of radial mycelial growth inhibition.

b Results expressed as average. Standard deviations were always in a range of 0.4 to 43.9%.

use in assays to evaluate the control of antrachnose lesions develop-
ment in papaya.

3.4. Effects of coatings comprising Chi and MPEO or Chi and MVEO combi-
nations on anthracnose lesion development in papaya during storage

The results of the efficacy of coatings formed by different concentra-
tions of Chi and MPEO or MVEOQ, as well as of commercial fungicides for-
mulation, to inhibit the development of antrachnose lesion in papaya
artificially infected with C. gloeosporioides and C. brevisporum isolates,
during a 10-days storage at 25 °C are presented in Tables 5 and 6,
respectively.

For the combinations of Chi and MPEO, the highest ¥ALDR values
were observed in papaya coated with 5 mg/mL Chi + 0.6 pL/mL MPEO
(%ALDR: 33-100%) and 5 mg/mL Chi + 1.25 pL/mL MPEO (%ALDR:
49-100%). Total inhibition of the antrachnose lesion development (%
ALDR: 100%) during the measured storage period was observed in pa-
paya coated with 5 mg/mL Chi + 0.6 or 1.25 pL/mL MPEO and inocu-
lated with C. gloeosporioides CMM 1767 or C. brevisporum CMM 1728.
Total inhibition of the antrachnose lesion development was observed
up to the 7th day of storage in papaya coated with 5 mg/mL Chi
+ 1.25 pL/mL and inoculated with C. gloeosporioides CMM 320 or
C. brevisporum CMM 1936. Total inhibition of the antrachnose lesion de-
velopment was also observed up to the 4th day of storage in papaya
coated with 5 mg/mL Chi + 0.6 or 1.25 pL/mL MPEO and inoculated
with C. gloeosporioides CMM 24, as well as in papaya coated 5 mg/mL
Chi + 0.6 pL/mL and inoculated with C. gloeosporioides CMM 320 and
C. brevisporum CMM 1936. %ALDR values caused by 5 mg/mL Chi +

0.3 uL/mL MPEO were in range of 23 to 88% during the measured storage
period (Table 5).

For the combinations of Chi + MVEQO, the highest %ALDR values dur-
ing storage were observed in papaya coated with 5 mg/mL Chi + 0.6 L/
mL MVEO (%ALDR: 29-100%) and 5 mg/mL Chi + 1.25 pL/mL MVEO (%
ALDR: 39.3-100%). Total inhibition of the antrachnose lesion develop-
ment (%ALDR: 100%) during the measured storage period was observed
in papaya coated with 5 mg/mL Chi + 1.25 pL/mL MVEO and inoculated
with C. gloeosporioides CMM 24; in papaya coated with 5 mg/mL Chi +
0.6 or 1.25 uL/mL MVEO and inoculated with C. gloeosporioides CMM
1767 up to the 7th day of storage; in papaya coated with 5 mg/mL Chi
+ 1.25 pL/mL MVEO and inoculated with C. gloeosporioides CMM 24 or
C. gloeosporioides CMM 320 up to the 7th day of storage; in papaya
coated with 5 mg/mL Chi + 0.6 or 1.25 pL/mL MVEO and inoculated
with C. brevisporum CMM 1936; 5 mg/mL Chi + 1.25 pL/mL MVEO
and inoculated with C. brevisporum CMM 1728; coated with 5 mg/mL
Chi 4 0.6 pL/mL MVEO and inoculated with C. gloeosporioides CMM 24
and C. gloeosporioides CMM 320 up to the 4th day of storage. ALDR
values caused by 5 mg/mL Chi + 0.3 pL/mL MVEO were in range of 15
to 95.2% during the measured storage period (Table 6).

The commercial fungicides formulation used as a positive control
only caused a total inhibition of the antrachnose lesion development
in papaya inoculated with C. brevisporum CMM 1728 up to the 4th day
of storage. %ALDR values observed for papaya coated with 5 mg/mL
Chi + 0.6 or 1.25 pL/mL MPEO or MVEO were in most cases similar (p
> 0.05) or higher (p < 0.05) than those observed for papaya treated
with the fungicides (17.9-100%). Futhermore, the coatings formed by
5 mg/mL Chi + 0.3, 06 or 1.25 pL/mL MPEO or MVEO presented no phy-
totoxic effects on papaya (figure in supplementary data).
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Table 4
Effects of chitosan (Chi) and Mentha x villosa L. Huds. essential oil (MVEO) alone or in combination on the mycelial growth (expressed as percent of mycelial growth inhibition, MGI%) of
different isolates of Colletotrichum gloesporioides and Colletotrichum brevisporuma and their type of interaction as measured by the Abbott method.

Isolates Combinations Chi or MVEO alone Chi and MVEO combination Abbott method
MGI%? Chi MGI% MVEO MGI%" observed MGI% expected Abbott index Effect

C. gloeosporioides CMM 1767 Chi 5 mg/mL + MVEO 0.15 pL/mL 75.0% 7.5% 100% 76.9% 13 Additive
Chi 5 mg/mL + MVEO 0.3 pL/mL 75.0% 20.8% 100% 80.2% 12 Additive
Chi 5 mg/mL + MVEO 0.6 pL/mL 75.0% 26.2% 100% 81.6% 12 Additive
Chi 5 mg/mL + MVEO 1.25 pL/mL 75.0% 47.6% 100% 86.9% 1.1 Additive

C. gloeosporioides CMM 24 Chi 5 mg/mL + MVEO 0.15 pL/mL 52.5% 17.8% 100% 50.9% 2.0 Synergistic
Chi 5 mg/mL + MVEO 0.3 pL/mL 52.5% 24.6% 100% 64.2% 1.6 Synergistic
Chi 5 mg/mL + MVEO 0.6 pL/mL 52.5% 44.6% 100% 73.7% 14 Additive
Chi 5 mg/mL + MVEO 1.25 pL/mL 52.5% 55.3% 100% 78.8% 13 Additive
Chi 7.5 mg/mL + MVEO 0.15 uL/mL ~ 56.2% 17.8% 100% 63.8% 1.6 Synergistic
Chi 7.5 mg/mL + MVEO 0.30 uL/mL ~ 56.2% 24.6% 100% 66.8% 1.5 Synergistic
Chi 7.5 mg/mL + MVEO 0.60 pL/mL ~ 56.2% 44.6% 100% 75.6% 13 Additive
Chi 7.5 mg/mL + MVEO 1.25 uL/mL ~ 56.2% 55.3% 100% 80.3% 12 Additive

C. gloeosporioides CMM 320 Chi 5 mg/mL + MVEO 0.15 uL/mL 45.0% 11.0% 100% 51.1% 1.9 Synergistic
Chi 5 mg/mL + MVEO 0.3 pL/mL 45.0% 23.5% 100% 57.9% 1.7 Synergistic
Chi 5 mg/mL + MVEO 0.6 pL/mL 45.0% 32.2% 100% 62.7% 1.6 Synergistic
Chi 5 mg/mL + MVEO 1.25 pL/mL 45.0% 53.0% 100% 74.2% 13 Additive
Chi 7.5 mg/mL + MVEO 0.15 uL/mL ~ 56.0% 11.0% 100% 60.8% 16 Synergistic
Chi 7.5 mg/mL + MVEO 0.30 uL/mL ~ 56.0% 23.5% 100% 66.3% 15 Synergistic
Chi 7.5 mg/mL + MVEO 0.60 uL/mL  56.0% 32.2% 100% 70.2% 14 Additive
Chi 7.5 mg/mL + MVEO 1.25 uL/mL  56.0% 53.0% 100% 79.4% 13 Additive

C. bresvisporum CMM 1936 Chi 5 mg/mL + MVEO 0.15 pL/mL 23.3% 6.3% 100% 28.1% 3.6 Synergistic
Chi 5 mg/mL + MVEO 0.3 pL/mL 23.3% 11.7% 100% 32.3% 3.1 Synergistic
Chi 5 mg/mL + MVEO 0.6 pL/mL 23.3% 19.2% 100% 38.0% 2.6 Synergistic
Chi 5 mg/mL + MVEO 1.25 pL/mL 23.3% 45.4% 100% 58.1% 1.7 Synergistic

C. bresvisporum CMM 1642 Chi 5 mg/mL + MVEO 0.15 pL/mL 57.2% 15.8% 100% 64.0% 1.6 Synergistic
Chi 5 mg/mL + MVEO 0.3 pL/mL 57.2% 25.8% 100% 68.2% 1.5 Synergistic
Chi 5 mg/mL + MVEO 0.6 pL/mL 57.2% 46.7% 100% 77.2% 13 Additive
Chi 5 mg/mL + MVEO 1.25 pL/mL 57.2% 80.8% 100% 91.8% 1.1 Additive

C. bresvisporum CMM 1728 Chi 5 mg/mL + MVEO 0.15 pL/mL 77.1% 12.1% 100% 79.9% 13 Additive
Chi 5 mg/mL + MVEO 0.3 pL/mL 77.1% 44.6% 100% 87.3% 1.1 Additive
Chi 5 mg/mL + MVEO 0.6 pL/mL 77.1% 53.3% 100% 89.3% 1.1 Additive
Chi 5 mg/mL + MVEO 1.25 pL/mL 77.1% 65.4% 100% 92.1% 1.1 Additive

2 MGI%: Percent of radial mycelial growth inhibition.
b Results expressed as average. Standard deviations were always in a range of +0.4 to +2.6%.

Table 5

Percentage (average + standard deviation) of anthracnose lesion diameter reduction in papaya fruit coated with combinations of chitosan (Chi) and Mentha piperita L. essential oil (MPEO)
or treated with a commercial chemical fungicide formulation (trifloroxistrobina + tebuconazole) and inoculated with different isolates of Colletotrichum gloesporioides or Colletotrichum
brevisporum, during 10 days of storage (25 =+ 0.5 °C).

Isolates Treatments Days of storage
4th 7th 10th
C. gloeosporioides CMM 1767 Chi 5 mg/mL + MPEO 0.3 pL/mL 67.0% (£1.9)°® 76.0% (£3.6)°A 67.0% (+4.5)"®
Chi 5 mg/mL + MPEO 0.6 uL/mL 100% (£0.0)** 100% (£0.0)** 100% (£0.0)**
Chi 5 mg/mL + MPEO 1.25 pL/mL 100% (£0.0)** 100% (£0.0)** 100% (£0.0)**
Chemical fungicides formulation 17.9 (+1.4)4¢ 31.7 (£2.9)¢ 42.0% (£3.0)
C. gloeosporioides CMM 24 Chi 5 mg/mL + MPEO 0.3 pL/mL 78.3% (£3.8)°A 46.0% (+1.5)"® 25.0% (+2.4)4¢
Chi 5 mg/mL + MPEO 0.6 uL/mL 100% (£0.0)** 45.0% (£1.7)°8 38.0% (£3.3)°¢
Chi 5 mg/mL + MPEO 1.25 pL/mL 100% (£0.0)** 63% (+1.6)® 49.0% (+4.9)*¢
Chemical fungicides formulation 59.6% (£2.1)4 40.0% (+3.6)® 20.6% (+1.8)
C. gloeosporioides CMM 320 Chi 5 mg/mL + MPEO 0.3 uL/mL 82.0% (£1.0)°A 35.0% (£3.0)® 23.0% (£2.6)°
Chi 5 mg/mL + MPEO 0.6 puL/mL 100% (4+0.0)** 53.0% (+£4.4)°8 33.3% (£3.1)°¢
Chi 5 mg/mL + MPEO 1.25 pL/mL 100% (4+0.0)** 100% (£0.0)** 73% (+5.8)%°
Chemical fungicides formulation 48.5% (+1.0)® 51.5% (+3.8)°* 31.4% (+2.2)°¢
C. bresvisporum Chi 5 mg/mL + MPEO 0.3 pL/mL 86.0% (£4.0)°A 88.0% (£5.1) 41.0% (+5.5)%®
CMM 1936 Chi 5 mg/mL + MPEO 0.6 puL/mL 100% (+0.0)** 71% (+2.8)F 64.0% (£2.5)
Chi 5 mg/mL + MPEO 1.25 pL/mL 100% (+£0.0)** 100% (+£0.0)** 75.0% (+5.0)"8
Chemical fungicides formulation 74.5% (£3.3)® 77.3% (+£4.5) 80.2% (+£4.3)*
C. bresvisporum Chi 5 mg/mL + MPEO 0.3 pL/mL 35.0% (£2.9) 36.0% (£2.5)" 33.5% (£0.5)"
CMM 1642 Chi 5 mg/mL + MPEO 0.6 uL/mL 55.0% (+2.6)%8 60.0% (+5.2)%A 33.0% (+0.2)
Chi 5 mg/mL + MPEO 1.25 pL/mL 90.0% (+5.0)* 88.0% (+5.8)* 58.0% (+£1.7)*®
Chemical fungicides formulation 38.5% (+1.7)® 40.0% (£2.9)* 40.7% (£2.5)°*
C. bresvisporum Chi 5 mg/mL + MPEO 0.3 pl/mL 61.0% (+£4.1)" 45.0% (£+2.5)B 43.0% (+5.8)<C
CMM 1728 Chi 5 mg/mL + MPEO 0.6 uL/mL 100% (+0.0) 100% (+£0.0)** 100% (+£0.0)**
Chi 5 mg/mL + MPEO 1.25 pL/mL 100% (£0.0)** 100% (£0.0)** 100% (£0.0)*
Chemical fungicides formulation 100% (4+0.0)** 76.4% (+£3.6)*8 58.0% (£5.9)°®

The results are expressed as percentage reduction rates of anthracnose lesion diameter in coated/treated fruit compared with the uncoated/untreated fruit, according to the formula: %
ALDR = [(N - F/N)] x 100, where N is the anthracnose lesion diameter in negative control fruit and F is the anthracnose lesion diameter in fruit coated with Chi-MPEO combinations
or treated with the chemical fungicides [40].

#“Average values in the same column with different lowercase letters are significantly different (p < 0.05), based on Tukey's test.

A-CAverage values in the same row with different uppercase letters are significantly different (p < 0.05), based on Tukey's test.
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Table 6

Percentage (average + standard deviation) of anthracnose lesion diameter reduction in papaya fruit a coated with combinations of chitosan (Chi) and Mentha x villosa Huds. essential oil
(MVEO) or treated with a commercial chemical fungicides formulation (trifloroxistrobina + tebuconazole) and inoculated with different isolates of Colletotrichum gloesporioides or

Colletotrichum brevisporum, during 10 days of storage (25 4 0.5 °C).

[solates Treatments

Days of storage

4th 7th 10th

C. gloeosporioides CMM 1767 Chi 5 mg/mL + MVEO 0.3 pL/mL
Chi 5 mg/mL + MVEO 0.6 pL/mL
Chi 5 mg/mL + MVEO 1.25 pL/mL
Chemical fungicides formulation
Chi 5 mg/mL + MVEO 0.3 pL/mL
Chi 5 mg/mL + MVEO 0.6 pL/mL
Chi 5 mg/mL + MVEO 1.25 uL/mL
Chemical fungicides formulation
Chi 5 mg/mL + MVEO 0.3 pL/mL
Chi 5 mg/mL + MVEO 0.6 pL/mL
Chi 5 mg/mL + MVEO 1.25 pL/mL
Chemical fungicides formulation
Chi 5 mg/mL + MVEO 0.3 pL/mL
Chi 5 mg/mL + MVEO 0.6 pL/mL
Chi 5 mg/mL + MVEO 1.25 pL/mL
Chemical fungicides formulation
Chi 5 mg/mL + MVEO 0.3 pL/mL
Chi 5 mg/mL + MVEO 0.6 pL/mL
Chi 5 mg/mL + MVEO 1.25 pL/mL
Chemical fungicides formulation
Chi 5 mg/mL + MVEO 0.3 pL/mL
Chi 5 mg/mL + MVEO 0.6 pL/mL
Chi 5 mg/mL + MVEO 1.25 uL/mL
Chemical fungicides formulation

C. gloeosporioides CMM 24

C. gloeosporioides CMM 320

C. bresvisporum
CMM 1936

C. bresvisporum
CMM 1642

C. bresvisporum
CMM 1728

93.1% (£5.1)"A 47.0% (£3.0)*8 22.0% (£1.2)¢
100% (£0.0)* 100% (£0.0)* 47.0% (+4.4)°8
100% (£0.0)** 100% (£0.0)** 60.0% (+0.0)*®
17.9% (£1.2)<C 31.7% (£2.3)B 42.0% (+£1.6)**
85.7% (£4.2)"A 48.0% (+2.4)® 42.0% (£1.0)C
100% (£0.0)** 80.3% (£0.2)"A 75.0% (£1.4)"A
100% (£0.0)** 100% (£0.0)* 100% (£0.0)**
59.6% (£0.9)% 40.0% (4+2.9)%8 20.6% (+1.4)%8
95.2% (+4.3)"A 22.0% (£3.8)48 15.0% (+0.9)
100% (£0.0)* 34.0% (£2.2)® 35.0% (+1.0)*8
100% (£0.0)** 100% (£0.0)* 46.0% (+3.4)%
60.1% (+£0.8)" 45.1% (+3.5)°8 33.7% (£1.9)°¢
93.0% (£2.9)"* 33.0% (£1.1)4¢ 47.0% (+3.3)°

100% (+£0.0)*A 59.0% (£1.5)"® 45.0% (£5.0)°C
100% (£0.0)** 52.0% (£2.6)® 48.0% (+2.5)°8
74.5% (£3.3)A 77.3% (£2.6)* 80.2% (£4.3)™
)
)
)
)
)
)
)
)

w©

42.0% (+2.8)"* 34.0% (+£0.9)® 31.0% (£2.3)®
45.0% (£3.0)°A 43.0% (£2.5)*

)

) 29.0% (+2.6)®
65.0% (+4.9)3 48.0% (+2.7)®

)

)

39.3% (£1.5)°¢
40.7% (£2.5)*
33.0% (+3.8)*
41.0% (£1.1)¢
44.0% (+0.6)>¢
58.0% (£5.9)

38.5% (£5.7)" 40% (40.1)°A
35.0% (£3.2)” 23.0% (4+2.1)48
63.0% (£4.1)"A 46.0% (+2.3)8
100% (£0.0)** 61.0% (+4.9)¥8
100% (40.0)** 76.4% (+£3.6)®

The results are expressed as percentage reduction rates of anthracnose lesion diameter in coated/treated fruit compared with the uncoated/untreated fruit, according to the formula: %
ALDR = [(N - F/N)] x 100, where N is the anthracnose lesion diameter in negative control fruit and F is the anthracnose lesion diameter in fruit coated with Chi-MVEO combinations

or treated with the chemical fungicides [40].

2~Average values in the same column with different lowercase letters are significantly different (p < 0.05), based on Tukey's test.
A-CAverage values in the same row with different uppercase letters are significantly different (p < 0.05), based on Tukey's test.

%ALDR values overall increased when the concentration of MPEO or
MVEO in the coating increased and %ALDR values decreased when the
storage time increased.

4. Discussion

The oxygenated monterpenes methone and piperitinone-oxide
(also named rotundifolone) were identified as the most prevalent con-
stituents in MPEO and MVEO used in this study, respectively, character-
izing these EOs as belonging to the chemotypes most commonly
reported in literature [40,27].

Chi at the tested concentrations (2.5, 5, 7.5 and 10 mg/mL) was capa-
ble of inhibiting the mycelial growth of all C. gloeosporioides and C.
brevisporum isolates in in vitro assays. However, the highest inhibitory
effects were caused by 7.5 and 10 mg/mL Chi, when a total mycelial
growth inhibition was observed for most of the tested Colletotrichum
isolates. The amounts of Chi capable of causing total mycelial growth in-
hibition on C. gloeosporioides and C. brevisporum in this study are lower
than those reported by previous investigations using C. gloesporioides
[9,41] and C. asianum, C. fructicola, C. tropicale, C. siamense and
C. karstii [14]. The antifungal properties of Chi have been commonly as-
sociated with the interactions between positively charged Chi mole-
cules and negatively charged fungal cell membranes, causing
alterations in membrane permeability and loss of electrolytes and
other intracellular constituents important for fungal growth and sur-
vival [20,14,42,43].

MPEO and MVEO (0.15-2.5 pL/mL) also exerted inhibitory effects on
the mycelial growth of all tested C. gloesporioides and C. brevisporum iso-
lates. The highest inhibitory effects were caused by 1.25 and 2.5 pL/mL
MPEO and MVEO. The inhibitory effects on fungal mycelial growth ob-
served in this study were higher or close to those reported by early in-
vestigations evaluating the effects of Mentha EOs on the mycelial

growth of fungi associated with fruit decay. The results of these early in-
vestigations also revealed overall that the inhibitory effects on fungal
growth increased when the Mentha EOs concentrations increased
[21,44].

The antifungal properties of MPEO and MVEO could be primarily as-
sociated with the abilities of their most prevalent constituents,
menthone and piperitinone-oxide, respectively, to induce depolariza-
tion and physical or chemical alterations in fungal cell membranes,
disrupting various metabolic activities [45]. However, terpenes present
in MPEO and MVEO (e.g., eucalyptol, menthol, 3-pinene, limonene and
caryophyllene) in lower amounts can also disturb enzymatic reactions
and synthesis in fungal cells, discontinuing the energy metabolism
and, consequently, affecting the morphogenesis and hyphae/mycelial
growth [46,47]. No study reporting the effects of MPEO and MVEO on
the mycelial growth of C. gloeosporioides, as well as of Chi, MPEO or
MVEO on the mycelial growth of C. brevisporum was found in available
literature.

Different combinations of Chi (5 and 7.5 mg/mL) and MPEO or
MVEO (0.15, 0.3, 0,6 and 1.25 pL/mL) showed overall higher inhibitory
effects on the myecelial growth of tested C. gloeosporioides and C.
brevisporum isolates when compared to these substances acting alone,
which resulted in additive or synergistic interactions. These results indi-
cate the possibility of reducing the active doses of Chi and MPEO or
MVEO when applied in combination to inhibit pathogenic
C. gloeosporioides and C. brevisporum. The results obtained in this study
are in agreement with the available literature that commonly report in-
creased efficacy of the combined use of Chi and EOs against phytopath-
ogenic fungi [39,48-51].

The occurrence of additive or antagonistic interactions from the
tested combined concentrations of Chi and MPEO or MVEO should be
associated with the high inhibition rates toward the target fungi ob-
served when Chi was tested alone. This high inhibition rate increases
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the possibility to reach an additive or antagonistic interaction rather
than a synergistic interaction when Chi is tested in combination with
other antifungal substances, mostly when the type of interaction is de-
termined using the Al [14,38].

The coating formed by tested combined concentrations of Chi
(5 mg/mL) and MPEO or MVEO (0.3, 0.6 and 1.25 uL/mL) were effective
to decrease the development of anthracnose lesion in papaya artifi-
cially contaminated with pathogenic C. gloeosporioides and C.
brevisporum isolates during 10 days of storage. These findings are in
agreement with the results of previous investigations that showed
the efficacy of combinations of Chi and MPEO to reduce the develop-
ment of anthracnose lesions in mango artificially inoculated with
Colletotrichum asianum, C. fructicola, C. tropicale, C. siamense or
C. karstii isolates [14]. No early study reporting the effects of coatings
comprising Chi and MPEO or MVEO on the development of anthrac-
nose caused by C. gloeosporioides or C. brevisporum in fruit was found
in available literature.

The coatings formed by 5 mg Chi + 0.6 or 1.25 uL/mL MPEO or MVEO
was overall similarly or more effective to inhibit the development of an-
thracnose lesions induced by either of the tested C. gloeosporioides and
C. brevisporum isolates in papaya during storage when compared to a
commercial fungicide formulation (trifloroxistrobina + tebuconazole).
For most of the tested combined Chi and MPEO or MVEO concentra-
tions, as well as for the commercial fungicides formulation, the reduc-
tion of anthracnose lesion development decreased when the storage
time increased. These findings should be related with the increase in
fruit ripening during the measured storage period, since it has been typ-
ically associated with increased fruit susceptibility to pathogenic
Colletotrichum species [12].

Furthermore, losses of MPEO and MVEO constituents into coatings
due to volatilization should be also related to decreased efficacy of the
tested coatings to control anthracnose in papaya with the increase of
the storage time [19,20]. However, it has been reported that incorpora-
tion of EOs into Chi-based coatings reduces the diffusion process of EOs
constituents on fruit surface, extending their efficacy to inhibit fungal
infection and fruit decay compared to the application of EOs alone
[51,52].

In conclusion, the combination of different concentrations of Chi and
MPEO or MVEO exerted additive or synergistic interactions toward dif-
ferent isolates of C. gloeosporioides and C. brevisporum previously identi-
fied as causative agents of papaya anthracnose. Coatings formed by
combined additive or synergistic concentrations of Chi and MPEO or
MVEO caused partial or total inhibition of anthracnose lesion develop-
ment in papaya artificially inoculated with these isolates during
10 days of storage. The application of coatings formed by selected Chi
and MPEO or MVEO concentrations could be considered in strategies
for the management of papaya anthracnose caused by
C. gloeosporioides and C. brevisporum. The use of these coatings may re-
duce the amount of fungicides used to control postharvest diseases in
papaya and also increase the fruit shelf-life.
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ARTICLE INFO ABSTRACT

Keywords: This study evaluated physicochemical and roughness surface characteristics of edible coatings formulated with
Edible coating chitosan (Chi, 5 g/L) and Mentha x villosa Huds (MVEOQ, 0.6 and 1.2 mL/L) or M. piperita L. essential oil (MPEO,
Polymer 0.6 and 1.2 mL/L) and measured the effects of these coatings on quality parameters of papaya during cold
Mentha storage. MVEO and MPEO affected positively coating thermal stability. Chi + MVEO or MPEO coatings had
g:;;;ztenzanon homogeneous surfaces. Papaya coated with Chi + MVEO or MPEO had decreased firmness, weight loss, total
Quality soluble solids and enzymatic activity, as well as delayed evolution of pulp and peel colour during storage when

compared to uncoated papaya. Formulated coatings did not affect papaya sensory acceptability. These results
indicate occurrence of interactions and molecular compatibility among Chi and MVEO or MPEO to form coat-
ings. Application of Chi + MVEO or MPEO coatings caused delayed maturation without negative effects on
papaya postharvest quality.

Industrial relevance: Papaya is a fruit with important market value and good acceptance by consumers, but with
short shelf life due to a fast maturation process and susceptibility to phytopathogenic fungi, being necessary the
use of effective strategies to preserve this fruit. Edible coatings formulated with antifungal additive or synergistic
mixtures of Chi and MVEO or MPEO had satisfactory thermal stability, homogeneous surfaces and ability to form
physical barriers on papaya, causing maintenance or improvements of physical, physicochemical and sensory
characteristics of papaya during cold storage. Formulated edible coatings could be innovative strategies to
preserve papaya with functionalities related to the control of fungal rot and parameters indicative of postharvest
quality and more prolonged fruit storability.

1. Introduction

Papaya (Carica papaya L.) is a tropical fruit appreciated worldwide
(Wu et al., 2019) and an economically important crop in many coun-
tries. Papaya is a climacteric fruit with a maturation process after
harvest characterized by a range of metabolic processes, causing phy-
sical and chemical alterations mainly perceived by consumers because
of pulp softening and skin colour alterations (Escamilla-Garcia et al.,
2018). Typical intense metabolic activity in papaya after harvest results
in fast maturation and short shelf life (Batista et al., 2020), besides to

increased papaya susceptibility to fungal diseases (Sivakumar &
Bautista-Banos, 2014), demanding the application of effective post-
harvest strategies to preserve this fruit.

Edible coatings are thin layers of edible components self-assembled
when applied directly on fruit by spraying or dipping with the purpose
of prolonging fruit storability (Ali et al., 2011; Batista et al., 2020).
Chitosan (Chi) has been used to formulate edible coatings because of its
capability of forming dispersions when solubilized in acidic solutions
with viscosity enough to form a continuous coating layer on fruit
(Mujtaba et al., 2019). Use of Chi-based coatings to maintain the
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postharvest quality of fresh fruit has been linked to their ability to delay
metabolic processes and control microbial infections in coated fruit
(Rajoka et al., 2019). However, Chi has relatively poor mechanical and
barrier properties primarily due to abundance of hydrophilic groups in
its molecule, increasing the reactivity of this polymer with water and
causing dissolution or swelling of Chi-based coatings. Strategies to
improve these features in Chi-based coatings could consider the re-
inforcement of these matrices (Souza et al., 2017).

Incorporation of hydrophobic substances, such as essential oils, in
Chi-based coatings could improve the physical properties of the
coating-forming matrices when applied on fruit (Shen & Kamdem,
2015; Souza et al., 2017). Essential oils have shown to decrease opacity,
solubility and swelling properties, besides to improve light barrier and
protection against oxidative process in Chi-based coatings (Souza et al.,
2017). Essential oils are substances naturally found in aromatic plants,
being formed by a complex mixture of components, many of which with
hydrophobic characteristics and antimicrobial properties (Shetta et al.,
2019; Sivakumar & Bautista-Banos, 2014), which could improve phy-
sicochemical and functional features of Chi-based coatings (Shetta
et al., 2019). High volatility of essential oils has been a possible dis-
advantage for their direct application on fruit (Shen & Kamdem, 2015).
However, the incorporation of essential oils into Chi-based coatings
could be a strategy to reduce their volatility and maintain an effective
dose of active constituents in contact with fruit for a more prolonged
period (Sanchez-Gonzalez et al., 2011).

An early study found additive or synergistic interactions from
combined application of Chi (5 g/L) and Mentha villosa Huds or M. pi-
perita L. essential oil (0.6 and 1.2 pL/mL) to inhibit different
Colletotrichum species capable of inducing anthracnose development in
papaya. Additionally, these synergistic or additive antifungal mixtures
of Chi and M. villosa (MVEQ) or M. piperita essential oil (MPEO) de-
creased anthracnose severity in papaya during cold storage, with in-
hibition rates similar or higher than those caused by a commercial
synthetic antifungal formulation ordinarily used in papaya orchards
(Braga et al., 2019). However, the characterization of coatings for-
mulated with these antifungal mixtures of Chi and MVEO or MPEO, as
well as the measurements of their effects on parameters indicative of
overall postharvest quality of papaya have been lacking.

This study evaluated the physicochemical and surface roughness
characteristics of coatings formulated with additive or synergistic an-
tifungal mixtures of Chi and MVEO or MPEO, as well as the effects of
these coatings on physical, physicochemical and sensory parameters of
papaya during cold storage.

2. Material and methods
2.1. Materials

Papaya cv papaya (C. papapya L.) were purchased at a local super-
market (Jodo Pessoa, Paraiba, Brazil) with a degree of maturity two
(fruit with up to Y of the surface yellow, surrounded by light green
colour) (Pereira et al.,, 2009) and selected based on uniformity of
colour, size and absence of visible infection and mechanical and phy-
siological injuries (Braga et al., 2019). Chitosan (Chi) with medium
molecular weight (5.6 x 10° g/mol, deacetylation degree 75-85%) was
obtained from Sigma-Aldrich (St. Louis, MA, USA). MVEO and MPEO
extracted from leaves and branches of respective plant species using
steam distillation were obtained from Ferquima Ind. Ltda (Vargem
Grande Paulista, Sao Paulo, Brazil) and Hebron® (Caruaru, Pernam-
buco, Brazil), respectively. Piperitone-oxide (43.4 g/100 g) and men-
thone (52.9 g/100 g) were identified as the major constituents in MVEO
and MPEO, respectively (Braga et al., 2019). MVEO and MPEO were
tested separately in experiments.
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2.2. Formulation and application of coatings on papaya

Coatings were prepared by dissolving Chi (5 g/L) in a 10 mL/L
acetic acid aqueous solution under stirring (120 rpm) at room tem-
perature (25 * 0.5 °C) for 18 h, after which the pH was adjusted to 5.6
with 3 M NaOH (Quimica Moderna, Barueri, Sao Paulo, Brazil) or 0.1 M
HCI (Quimica Moderna). MVEO and MPEO (final concentrations 0.6
and 1.2 mL/L) were directly incorporated into the Chi dispersion,
stirred (120 rpm) for 6 h at room temperature (25 * 0.5 °C) and added
of Tween 80 (10 mL/L, Sigma-Aldrich) as a stabilizing agent and gly-
cerol (25 mL/L; Sigma-Aldrich) as a plasticizing agent just after MVEO
or MPEO incorporation (Braga et al., 2019).

Each fruit was immersed into 500 mL of a coating dispersion (5 g/L
Chi +0.6 or 1.2 mL/L MPEO or MVEO). Immersion of fruit in sterile
distilled water with glycerol (25 mL/L; pH 5.6) was used for a fruit
control group. Fruit were air-dried, placed on polyethylene trays and
stored at 12 + 0.5 °C. This temperature was selected because 12-13 °C
is the recommended storage temperature of papaya with degree of
maturity two for reaching aproximatelly 21 days of storability (Kader
et al., 2002; Pereira et al., 2009). On different storage time intervals
(day 1, 10 and 20), uncoated and coated fruit were evaluated for
physical and physicochemical characteristics. Sensory parameters of
uncoated and coated fruit were evaluated on day 10 and 20 of storage.
A coating with only Chi (5 g/L) was formulated for evaluation of its
physicochemical characteristics and surface roughness parameters
when applied on papaya.

2.3. Measurements of physicochemical characteristics of coatings

Physicochemical characteristics of coatings formulated with only
Chi (5 g/L) and Chi (5 g/L) + MVEO or MPEO (0.6 and 1.2 mL/L) were
examined with spectroscopic analyzes in infrared region, differential
scanning calorimetry and thermogravimetry. For preparation of coat-
ings subjected for physicochemical analyses, Chi, Chi + MVEO and Chi
+ MPEO dispersions (15 mL) were layered on a sterile Petri dish and
allowed to dry for 48 h at room temperature (25 = 0.5 °C) (Abdollahi
et al., 2012; Peng et al., 2013).

2.3.1. Fourier transform infrared spectroscopy

Spectra were obtained for a wavenumber range of 400 and
4000 cm ~ ! with a resolution of 4 and 64 scans using a Shimadzu FTIR
(Model Prestige-21 IR Affinity-1 FTIR 8400S, Kyoto, Japan) (Guo et al.,
2019).

2.3.2. Differential scanning calorimetry

Differential scanning calorimetry measurements were done with a
thermal analyzer (DSC-60 Plus, Shimadzu). Differential scanning ca-
lorimetry curves were obtained under dynamic N, atmosphere.
Coatings were arranged in a hermetically sealed aluminum crucible of
approximately 3-5 mg, subjected to a heating and cooling rate of 10 °C/
min and gas flow of 50 mL/min under inert argon atmosphere. Analyses
were done on two heating ramps from room temperature to 300 °C,
followed by a cooling ramp (Velo et al., 2019).

2.3.3. Thermogravimetric analysis

Thermal stability of coatings was measured with thermogravimetric
curves using a thermogravimetric analyzer (DTG-60H, Shimadzu) with
temperature program of 25-500 °C, heating rate of 10 °C/min and flow
rate of 50 mL/min under a nitrogen atmosphere (Mendes et al., 2015).

2.3.4. Surface roughness analysis

Surface roughness analysis of coatings was done with a non contact
3D optical profiler (Talysurf CCI MP, Leicester, UK) connected to a
computerized unit. An 8 um-coating cut-off was used with a 50 X lens,
numerical aperture of 0.4 and 1X scanning speed in XY mode
(0.3 ym x 0.3 pm). Five measurements were done for each sample,
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being one on central area and two according to the movement of lens
(2 mm to the right, left, down and up) following a cross design. Final
roughness of Ra and Sa standards (um), indicating average roughness
and average height of the coating surfaces, respectively, was obtained
by averaging five points of coating samples (Soares et al., 2019). Sur-
face roughness of papaya, as well as of coatings with Chi, Chi + MVEO
and Chi + MPEO formed on papaya were also analyzed.

2.4. Measurements of physical, physicochemical and instrumental colour
parameters in papaya

Weight loss measurements were expressed as a percentage of fruit
weight loss on each pre-established storage time compared to initial
weight (time zero) (Oliveira et al., 2020). Fruit firmness was measured
with a TA-XTplus texture analyzer (Stable Micro Systems Ltd., Gold-
alming, UK) using a P-6 mm diameter stainless steel cylinder probe in
compression mode with pre-test, test and post-test speed of 2, 1 and
10 mm/s, respectively. Results were expressed as force Newton (N)
(Mendy et al., 2019).

Peel and pulp colour was measured with a CIELab system: L* (0:
dark, 100: hite), a* (negative value: green, positive value: red) and b*
(negative value: blue, positive value: yellow). Measurements were
taken from four equidistant points of peel and pulp after removal of
fruit epidermis. Readings were done at room temperature
(25 = 0.5 °C) with a CR400 portable Konica Minolta colorimeter
(Osaka, Japan) after calibration with a porcelain plate (CR-A43).
Calculation of Hue angle ("Hue value) and Chroma (C) values were
done with the equations: °Hue value = arctan (b*/a*) and C
value = (a*2 + b*2)1/2 (Liu et al., 2007).

pH was measured with a digital pHmeter (Quimis, Diadema, Sao
Paulo, Brazil) calibrated with a buffer at pH 7 and 4 before use (AOAC,
2016). Total soluble solids (TSS) were measured in papaya pulp with a
digital refractometer Brix/RI Chek Model (Reichert Analytical Instru-
ments, Depew, NY, USA) calibrated with distilled water before read-
ings. Results were expressed in % of TSS (AOAC, 2016). Titrable acidity
(TA) was measured by titration. Ten g of papaya pulp was homogenized
with 50 mL of distilled water and filtered with a qualitative filter paper.
Filtrate (10 mL) was titrationed with 0.1 M NaOH using phenolphtha-
lein as an indicator. Results were expressed as g citric acid equivalent
per 100 g of pulp (AOAC, 2016).

2.5. Measurements of sugar and organic acid contents

Aqueous extracts of uncoated and coated papaya were prepared
with homogenization of 2 g of pulp with 10 mL of ultra-pure water
(Milli-Q® Type 1 Ultrapure Water Systems, Merk, Darmstadt, Germany)
for 10 min using a mini-Turrax apparatus (Tecnal, Piracicaba, Sao
Paulo, Brasil), centrifuged (4000 xg, 15 min, 4 °C) and filtered with an
0.45-um filter (Millipore, Bedford, MA, USA). Sugar and organic acid
contents were measured in aqueous extracts with high performance
liquid chromatography using a chromatograph (Varian, Waters, CA,
USA) equipped with a binary solvent system, ‘Rheodyne’ valve with a
20-pL loop, coupled with a diode array detector (Varian 330) at wa-
velengths of 220-275 nm and a pumping system with high pressure
gradient setting (Varian 230). Sugar and organic acid separation was
done with an Agilent Hi-Plex Ca column (7.7 x 300 mm, 8 pm, Agilent
Technologies, Santa Clara, CA, USA) at 65 °C. Sugar separation was
done with ultra-pure water as mobile phase and flow rate of 0.6 mL/
min. Organic acid separation was done with sulphuric acid (0.009 M) as
mobile phase and flow rate of 0.7 mL/min. Data were processed with
GALAXIE Chromatography Data System software (Varian). Sugar and
organic acid quantification was done with the equation of the line
constructed from injection of external standards of sugars (glucose,
fructose and sucrose) and organic acids (citric, malic and oxalic)
(Sigma-Aldrich). Results were expressed as g/kg on a fruit pulp weight
basis (Barreto et al., 2016).
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2.6. Measurements of enzymatic activity

Activity of polyphenoloxidase and peroxidase was measured from
an extract prepared from papaya pulp crushed in a domestic processor
(Philco S.A., Manaus, Amazonas, Brazil). Papaya pulp (10 g) was
homogenized with 10 mL of 0.2 M phosphate buffer (pH 6.5) and 4%
polyvinyl polypyrrolidone (PVPP) for 2 min with a Vortex (Tecnal),
allowed to rest for 1 h (4 + 0.5 °C) and centrifuged (9000 xg, 20 min,
4 °C). Obtained supernatant was used as an enzyme extract for mea-
surement of polyphenol oxidase and peroxidase activity (Kying Ong
et al., 2014; Liu et al., 2007).

2.6.1. Polyphenol oxidase (PPO) activity

PPO activity was measured using a mixture of 0.5 mL of enzyme
extract with 2.5 mL of 0.07 M catechol in 0.2 M sodium phosphate
buffer solution (pH 6.5), which was maintained at 30 + 1 °C for 20 s
before measurements of absorbance at 420 nm (A420) with a spectro-
photometer (Bel Engineering, Monza, Italy). One unit of PPO was de-
fined as an increase of 0.01 in A420 per min per sample gram (U/min/
g) (Liu et al., 2013; Ndiaye et al., 2009).

2.6.2. Peroxidase (POD) activity

POD activity was measured using a mixture of 0.1 mL of enzyme
extract with 3 mL of 1% (v/v) guaiacol dissolved in 0.2 M phosphate
buffer (pH 6.5) + 0.2 mL of 15 g/L H,0, (w/v, dissolved in distilled
water) and maintained at 30 + 1 °C for 20 s before measurements of
absorbance at 470 nm (A470). One unit of POD was defined as an in-
crease in A470 per min per sample gram (U/min/g) (Liu et al., 2013).

2.6.3. Pectin methylesterase (PME) activity

PME extraction was done with a mixture of 0.02 M Tris-6 M HCl
buffer (pH 7.5) and 0.1 M NacCl. Ratio of buffer (mL) to fruit sample (g;
peel and pulp) was 2:1. Assay solution was allowed to rest for 12 h
(4 = 0.5 °C), centrifuged (9000 xg, 4 °C, 15 min) and supernatant was
collected as an enzyme extract. Reaction principle consisted of re-
moving the specific methoxyl groups located on C6 of some PME ga-
lacturonyl groups. PME activity was measured by titration of carboxyl
groups released from pectin with a digital pHmeter (Quimis). PME
extracts (5 mL) was mixed with 60 mL of 10 g/L pectin
(pH = 7.5) + 0.1 M NaCl. Titration was done with 0.05 M NaOH to
achieve a constant pH of 7.5 during 10 min (30 + 1 °C). A unit of PME
activity was defined as the amount of enzyme capable of catalyzing
pectin demethylation corresponding to the consumption of 1 mmoL
NaOH per min. Results were expressed as mmoL/L (Jen & Robinson,
1984).

2.7. Evaluation of sensory characteristics of papaya

Sensory characteristics of uncoated and coated papaya were eval-
uated by 100 untrained panelists, which responded to acceptability and
purchase intention tests. Acceptability of appearance, colour, flavor,
texture, residual flavor and global impression was evaluated with a
structured hedonic scale of nine points anchored in 1 (very disliked), 5
(neither liked nor disliked) and 9 (liked very much). Purchase intention
was evaluated with a structured hedonic scale of five points anchored in
1 (certainly not buy), 3 (maybe buy/maybe not buy) and five (certainly
buy) (Guerra et al., 2016; Santos et al., 2012). Evaluations were done in
individual cabins under controlled temperature (25 = 0.5 °C) and
lighting conditions. Each panelist received a portion of fruit (two cubes
with approximately 3.5 cm of edge) of uncoated and coated papaya.
Fruit samples were served simultaneously on disposable white plates
coded with a random three-digit number, with a blind and random
sequence immediately after removal from cold storage (10 + 0.5 °C).
Panelists were asked to eat a salty biscuit and drink mineral water
among samples (Guerra et al., 2016).
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2.8. Statistical analysis

Experiments for evaluation of physicochemical and surface rough-
ness parameters of coatings were done in triplicate in three independent
experiments. Experiments for evaluation of physical, physicochemical
and sensory parameters of papaya were done in a completely rando-
mized design with three replicates for each fruit group (treatment) and
eight fruit per replicate in three independent experiments. On each
monitored storage time interval, two fruit were randomly chosen from
each fruit group replicate and analyzed. Results were expressed as
average * standard deviation. Data were evaluated with Students t-
test or analysis of variance (ANOVA) followed by Tukey's test to de-
termine significant differences (P < .05). Statistical analyses were done
with Sigma Stat 3.5 (Jandel Scientific Software, Sao Jose, CA, USA).

3. Results and discussion
3.1. Physicochemical and surface roughness characteristics of coatings

3.1.1. Fourier transform infrared spectroscopy

Fourier transform infrared spectroscopy (FTIR) spectra of coatings
formulated with Chi (5 g/L), Chi (5 g/L) + MVEO (0.6 or 1.2 mL/L)
and Chi (5 g/L) + MPEO (0.6 or 1.2 mL/L) are shown in Fig. 1.
Spectrum of coating formulated with only Chi had a broad band at
approximately 3400 cm ~ ! typical of stretch of OH group superposition
on NH (primary amine) of Chi molecule (Jahed et al., 2017). An N—H
stretch of primary amine and symmetrical and asymmetrical stretches
of CH, were found in the range of 2980-2840 cm~'. An amine folding
movement was found in the range of 1660-1380 cm ™' and transmit-
tance of C—O group of ether and alcohol (overlaps) was found in the
range of 1180-940 cm ™~ '. A stretching referring to C—O group was
found at 1080 cm ! (Gursoy et al., 2018; Jahed et al., 2017).

FTIR spectra of coatings formulated with Chi + MVEO had an in-
crease in band intensity between 3600 and 3010 cm ™! characterizing
an overlap of primary N-amine and OH and CH stretching typical of
piperitenone, the major constituent in MVEO (Abdollahi et al., 2012).
Characteristic bands of MVEO were found at 1700 cm ™! referring to
stretching of cyclohexene (C=C), as well as at 1660 cm ™! referring to
carbonyl stretching of ketone with displacement to the right due to

5 /L Chi

5 g/L Chi + 0.6 mL/L MVEO

5 g/L Chi+ 1.2 mL/L MVEO

Transmitance (%)

5 g/L Chi+ 0.6 mL/L MPEO

5 g/L Chi + 1.2 mL/L MPEO

1 1 1 1 1 1 1
3500 3000 2500 2000 1500 1000 500
Wavenumber (cm’)

Fig. 1. FTIR spectra of coatings formulated with chitosan (Chi) and Chi +
Mentha villosa (MVEO) or M. piperita L. essential oil (MPEO).
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hybridization of double bond atoms. Stretching of C=C was confirmed
at 1560 cm ~ ! and folding out of the plane (=C-H) with overlapping of
C—H of alkene (945 cm ™ ') was characterized at 1000-650 ¢cm ~ . FTIR
spectra of coatings formulated with Chi + MPEO had a CH stretching of
cyclohexane overlapping with NH stretching of Chi amine and
stretching of methyl group (C—H) at 2930 cm~ L Stretching of C=0
typical of ketone was found at approximately 1720 cm ™~ * and CH, fold
of cyclohexane typical of mentone, the major constituent found in
MPEO (Abdollahi et al., 2012), was found at 1400 cm™ 1.

FTIR spectra of examined coatings had similar characteristics, with
most of the typical peaks of Chi (Zhang et al., 2019). Presence of Chi,
MVEO and MPEO specific bands were found with increased intensity of
bands typical of functional groups of Chi, as well as of MVEO and MPEO
constituents. These results indicate occurrence of intermolecular in-
teractions among hydroxyl and amino groups of Chi with functional
groups of MVEO and MPEO constituents forming the coatings (Shen &
Kamdem, 2015).

3.1.2. Thermogravimetric analysis

Curves generated by thermogravimetric analysis (TGA) of coatings
formulated with Chi (5 g/L), Chi (5 g/L) + MVEO (0.6 or 1.2 mL/L)
and Chi (5 g/L) + MPEO (0.6 or 1.2 mL/L) are shown in Fig. 2A. TGA
curves of coatings formulated with only Chi had four thermal events:
the first starting at 25 °C and following up to 100 °C with a mass loss of

A

100 ——5 g/L Chi

——5 g/L Chi + 0.6 mL/L MVEO
5 g/L Chi + 1.2 mL/L MVEO

——5 g/L Chi + 0.6 mL/L MPEO

304 ——5 /L Chi + 1.2 mL/L MPEO
S
< 604
g
g

40-

20

T T T T T 1
100 200 300 400 500 600
Temperature (°C)
B
4 —— 5 g/L Chi

——5 g/L Chi + 0.6 mL/L MVEO
——5 g/L Chi+ 1.2 mL/L MVEO
24 ——5 g/L Chi + 0.6 mL/L MPEO
——5 g/L Chi+ 1.2 mL/L MPEO

Heat flow (mW)
9

T T T T T T T
100 200 300 400
Temperature (°C)

o A

Fig. 2. TGA (A) and DSC curves (B) of coatings formulated with chitosan (Chi)
and Chi + Mentha villosa (MVEO) or M. piperita (MPEQO) essential oil.
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Fig. 3. Images captured with roughness analysis of papaya surface (A), as well as of coatings formulated with 5 g/L chitosan (Chi) (B and G), 5 g/L Chi + 0.6 mL/L M.
villosa essential oil (MVEO) (C and H), 5 g/L Chi + 1.2 mL/L MVEO (D and I), 5 g/L Chi + 0.6 mL/L M. piperita L. essential (MPEO) (E and J) and 5 g/L Chi +1.2 mL/

L MPEO (F and K) when formed on papaya (B - F) and glass slide (G - K).

25.3%; a second between 100 and 280 °C with a mass loss of 49.6%; a
third between 280 and 420 °C with a mass loss of 8.5%; and a fourth
between 420 and 600 °C with a residual mass of 2.8%.

TGA curves of coating formulated with Chi +0.6 mL/L MVEO had
four thermal events: a first starting at 25 °C and following up to 105 °C
with a mass loss of 15.8%; a second between 105 and 280 °C with a
mass loss of 42.1%; a third between 280 and 380 °C with a mass loss of
8.3%; and a fourth between 380 and 600 °C with a residual mass of 7%.
Coating formulated with Chi +1.2 mL/L MVEO had five thermal
events: a first starting at 25 °C and following up to 94 °C with a mass

loss of 18.4%; a second between 94 and 210 °C with a mass loss of
24.8%; a third between 210 and 285 °C with a mass loss of 15.6%; a
fourth starting at 285 °C and following up to 375 °C with a mass loss of
11.9%; and a fifth between 375 and 600 °C with a residual mass of
7.3%.

TGA curves of coating formulated with Chi +0.6 mL/L MPEO had
three thermal events: a first starting at 25 °C and following up to 97 °C
with a mass loss of 16.3%; a second between 97 and 430 °C with a mass
loss of 58.5%; and a third between 430 and 600 °C with a residual mass
of 1.8%. Coating formulated with Chi +1.2 mL/L MPEO had four
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thermal events: a first starting at 25 °C and following up to 105 °C; a
second between 105 and 295 °C with a mass loss of 46.2%; a third
between 295 and 420 °C with a mass loss of 15.9%; and a fourth be-
tween 420 and 600 °C with a residual mass of 1%.

In the first thermal event, which usually occurs due to evaporation
of water and acetic acid, coating formulated with only Chi had a greater
weight loss when compared to coatings formulated with Chi + MVEO
or MPEO. These results were probably related to the lower amount of
water in coatings with MVEO or MPEO because of the hydrophobic
nature of the main constituents of these essential oils (Shen & Kamdem,
2015). Loss of mass found in the second thermal event could be asso-
ciated with degradation of compounds with lower molecular weight,
bound water and glycerol (Dou et al., 2009; Gursoy et al., 2018; Shen &
Kamdem, 2015). Third thermal event could correspond to Chi de-
gradation (Gursoy et al., 2018; Hong et al., 2007). Additional thermal
events found in coatings formulated with Chi + MVEO could be asso-
ciated with degradation of volatile constituents making up this essential
oil. Last thermal event could be associated with degradation of more
thermostable substances, such as Tween (Shen & Kamdem, 2015). Re-
sults of TGA indicate that coatings formulated with Chi + MVEO or
MPEO had satisfactory thermal stability because the alterations were
found only after the exposure of coatings to 25 °C and the primary
purpose of this study was to develop coatings to be applied on papaya
stored commonly at low temperatures (e.g., 12 °C).

3.1.3. Differential scanning calorimetry

Curves generated with differential scanning calorimetry (DSC)
analysis of coatings formulated with Chi (5 g/L), Chi (5 g/L) + MVEO
(0.6 and 1.2 mL/L) and Chi (5 g/L) + MPEO (0.6 and 1.2 mL/L) are
shown in Fig. 2B. Endothermic peaks were found at 64 and 128 °C for
coating formulated with only Chi; at 70, 77 and 144 °C for coating
formulated with Chi +0.6 mL/L MVEO; and at 77 and 210 °C for
coating formulated with Chi +1.2 mL/L MVEO. Only one endothermic
peak was found at 81 and 146 °C for coatings formulated with Chi +0.6
or 1.2 mL/L MPEO, respectively. An exothermic peak was found at
325 °C for coating formulated with only Chi and at 330 and 333 °C for
coatings formulated with Chi +0.6 or 1.2 mL/L MVEO, respectively.
Coatings formulated with Chi +0.6 or 1.2 mL/L MPEO had exothermic
peaks at 334 and 328 °C, respectively.

Endothermic peaks indicate loss of water or energy needed for water
evaporation from coatings (Gursoy et al., 2018), which occurred due to
hydrophilic groups of Chi (Rodrigues et al., 2020). Endothermic peaks
of coatings formulated with Chi + MVEO or MPEO reached a higher
temperature when compared to coating formulated with only Chi,
which could be associated with a lower residual content of the former
because of the hydrophobic characteristic of MVEO and MPEO con-
stituents (Amalraj et al., 2020). Exothermic peaks were associated
probably with structural degradation of Chi to glucosamine units
(Rodrigues et al., 2020). An increased thermal stability was found in
coatings formulated with Chi + MVEO or MPEO, indicating contribu-
tion of the incorporated essential oils to this feature in examined
coatings (Shen & Kamdem, 2015).

3.1.4. Surface roughness analysis

Roughness (microgeometric defects) is defined as the set of irregu-
larities related to small protrusions (peaks) and recesses (valleys)
characterizing a surface (Fabra et al., 2009). Roughness analysis (to-
pographic visualization) of surfaces of coatings formulated with Chi
(5 g/L) and Chi (5 g/L) + MVEO (0.6 or 1.2 mL/L) and Chi (5 g/
L) + MPEO (0.6 or 1.2 mL/L) formed on papaya and on a glass slide, as
well as of papaya surface are shown in Fig. 3. Highest values for Ra
(average roughness) and Sa (average height) were found for papaya
surface (P < .05) when compared to coatings with only Chi and Chi +
MVEO or MPEO when formed on papaya surface or a glass slide. When
formed on papaya surface, the highest Ra values were found for coating
formulated with Chi +0.6 mL/L MPEO (P < .05); however, there was
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no difference among Sa values found for examined coatings (P > .05).
When formed on a glass slide, examined coatings had similar Ra values
(P > .05), while coatings formulated with Chi + MPEO had the
highest Sa values (P < .05) (values of roughness surface parameters for
examined coatings are also shown as supplementary material data, S1).

Roughness is an important characteristic of film surfaces, influen-
cing their mechanical resistance, adhesion and appearance (Fabra et al.,
2009). Results of roughness surface analysis of coatings formulated
with Chi + MPEO formed on a glass slide showed an increase in
average height, mainly when MPEO concentration increased, which
was confirmed by surface topographical visualization. The greater the
roughness the greater the hydrophobicity of a surface, indicating that
MPEO hydrophobic constituents acted compatibly with Chi to form
coatings with superior roughness, in addition to increase the contact
angle on coated surface (Shahbazi, 2018). Coatings formulated with Chi
+ MVEO or MPEO had homogeneous surfaces probably because of the
presence of MVEO and MPEO between Chi chains with intramolecular
interactions among them (Jahed et al., 2017). These results indicate
overall that MVEO and MPEO could improve the barrier properties of
Chi-based coatings (Shen & Kamdem, 2015). Higher Ra and Sa values
found for papaya surface in relation to those found for coatings for-
mulated with Chi + MVEO or MPEO indicated that these coatings
could be capable of reducing surface irregularities naturally found on
papaya (Xing et al., 2011).

3.2. Physical, physicochemical and instrumental colour parameters in
bapaya

Results of physical and physicochemical parameters in papaya un-
coated and coated with Chi (5 g/L) and Chi (5 g/L) + MVEO (0.6 or
1.2 mL/L) and Chi (5 g/L) + MPEO (0.6 or 1.2 mL/L) during 20 days of
cold storage are shown in Table 1. Uncoated and coated papaya had
weight loss and decreased firmness during storage. Papaya coated with
Chi + MVEO or MPEO had lower weight loss and higher firmness than
uncoated papaya during storage (P < .05). Papaya coated with Chi +
MVEO or MPEO had lower pH than uncoated papaya on day 20 of
storage (P < .05). TA values were similar in uncoated and coated pa-
paya during storage (P > .05). Coated papaya had lower TSS values
than uncoated papaya on day 10 and 20 of storage (P < .05).

Coatings formulated with Chi + MVEO or MPEO led to reduced
physicochemical alterations typical of metabolic processes involved in
fruit maturation. It probably occurred because of the barrier to gases
function exerted by examined coatings, promoting a reduction in re-
spiratory rate and oxidation reactions in papaya. Weight loss is an
important aspect for quality and storability of papaya, being a con-
sequence of alterations in fruit peel permeability and increased water
loss (Batista et al., 2020; Yousuf et al., 2018). Decreased weight loss in
papaya indicated that coatings formulated with Chi + MVEO or MPEO
also acted as barriers for water diffusion, decreasing fruit perspiration
(Monzoén-Ortega et al., 2018). Firmness loss (softening) is another
characteristic of papaya maturation linked to enzymatic degradation of
cell wall components and decomposition of intracellular materials (Ali
etal., 2011). Reduced firmness loss in papaya coated with Chi + MVEO
or MPEO could be caused by decreased enzymatic activity in fruit as a
consequence of lowered endogenous ethylene production and re-
spiratory rate (Monzoén-Ortega et al., 2018). Decreased weight loss
could be linked to decreased firmness loss in papaya coated with Chi +
MVEO or MPEO during storage.

Reduced alterations in pH of papaya coated with Chi + MVEO or
MPEO could be caused by decreased use of some organic acids to be
converted to sugars in these fruit over time because of the delayed
maturation progress (Kelebek et al., 2015). Overall, fruit quickly lose
acidity during maturation, but in some cases a small increase in fruit
acidity can be found during maturation, which could justify pH varia-
tions in uncoated and coated papaya during the measured storage
period. Results of TSS contents also indicate that coatings formulated
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Results of physical and physicochemical parameters of papaya uncoated and coated with chitosan (Chi) + Mentha villosa (MVEO) or M. piperita essential oil
(MPEO) during 20 days of cold storage (12 * 1 °C). Results are expressed as average + standard deviation (n: 3).

Coating formulation Days of storage

1

10 20

Wheight loss (%)

Control nd
5 g/L Chi +0.6 mL/L MVEO nd
5 g/L Chi +1.2 mL/L MVEO nd
5 g/L Chi +0.6 mL/L MPEO nd
5 g/L Chi +1.2 mL/L MPEO nd

Firmness (N)

Control

5 g/L Chi +0.6 mL/L MVEO
5 g/L Chi +1.2 mL/L MVEO
5 g/L Chi +0.6 mL/L MPEO
5 g/L Chi +1.2 mL/L MPEO

119.20 ( + 3.23)*
118.25 ( + 1.00)*®
116.76 ( + 4.28)"
114.55 ( + 5.24)*
117.74 ( £ 3.79)**

pH

Control

5 g/L Chi +0.6 mL/L MVEO
5 g/L Chi +1.2 mL/L MVEO
5 g/L Chi +0.6 mL/L MPEO
5 g/L Chi +1.2 mL/L MPEO

5.76 ( = 0.02)"
5.72 ( £ 0.02)*
5.70 ( £ 0.04)"°
5.70 ( + 0.05)*
5.74 ( + 0.03)**

TA

Control

5 g/L Chi +0.6 mL/L MVEO
5 g/L Chi +1.2 mL/L MVEO
5 g/L Chi +0.6 mL/L MPEO
5 g/L Chi +1.2 mL/L MPEO

0.19 ( + 0.02)*
0.18 ( + 0.02)**
0.18 ( + 0.03)"
0.18 ( + 0.02)*
0.17 ( + 0.02)**

TSS** (%)

Control

5 g/L Chi +0.6 mL/L MVEO
5 g/L Chi +1.2 mL/L MVEO
5 g/L Chi +0.6 mL/L MPEO
5 g/L Chi +1.2 mL/L MPEO

8.17 (£ 0.29)
8.30 ( + 0.44)%
8.27 (+ 0.32)"
8.40 (£ 0.36)%
8.70 ( + 0.26)"®

8.93 (£ 0.13)%
6.58 (+ 0.13)%
5.11 (+ 0.12)%
6.88 (= 0.11)%
4.73 ( + 0.09)%°

19.76 ( = 0.05)**
14.64 ( + 0.13)*"
15.14 ( + 0.15)*"
14.87 ( + 0.15)*"
13.48 ( + 0.15)*"

58.54 ( + 1.79)%°
67.66 ( + 5.98)%°
70.84 ( + 2.89)%
59.37 ( + 4.18)%®
73.34 ( + 3.98)%

22.95 ( + 0.19)°¢
32.96 ( + 0.25)°
42,71 (£ 0.72)®
30.88 ( + 2.08)®
42.16 ( + 2.55)*

5.87 (£ 0.25)%
5.80 (+ 0.10)®*
5.53 (+ 0.15)"FP
5.38 (= 0.03)"®
5.46 ( = 0.08) B°

6.51 (£ 0.02)"
6.14 ( = 0.03)®
5.39 ( = 0.04)"¢
5.45 ( = 0.02)"¢
5.35 ( + 0.02)"¢

0.14 ( £ 0.01)®
0.16 ( £ 0.03)**
0.15 ( + 0.00)*
0.15 ( + 0.02)*
0.15 (£ 0.03)**

0.12 ( £ 0.02)%
0.15 ( £ 0.03)**
0.15 ( + 0.02)*
0.16 ( £ 0.03)*
0.13 (£ 0.02)*

11.47( + 0.32)™
9.60 ( = 1.00)%®
9.17 ( + 0.38)""
9.70 ( + 0.75)%°
7.20 (£ 0.10)°

13.23 (% 0.32)*
12.00 ( + 0.11)*°
9.70 ( % 0.40)7°

11.23 ( + 0.57)A°
10.00 ( % 0.70)*¢

nd: Not determined.
Control: 25 g/L glycerol.

A-C: Average values in the same row with different capital letters are significantly different (P < .05), based on Tukey's test.
a-c: Average values in the same column, for the same physicochemical parameter and day of storage, with different small letters are significantly different

(P = .05), based on Tukey's test.
* Titrable acidity (g citric acid equivalent per 100 g of pulp).
** Total soluble solids.

with Chi + MVEO or MPEO induced a delayed production of meta-
bolites in papaya, lowering the increase of soluble solids (Mendy et al.,
2019).

Results of instrumental colour parameters in papaya uncoated and
coated with Chi (5 g/L) and Chi (5 g/L) + MVEO (0.6 and 1.2 mL/L)
and Chi (5 g/L) + MPEO (0.6 and 1.2 mL/L) during 20 days of cold
storage are shown in Table 2. L (luminosity) and Chroma (colour in-
tensity) values increased in peel of uncoated papaya during storage
(P < .05). L values of peel did not alter overall in coated papaya during
storage (P > .05), in addition to be lower when compared to uncoated
papaya (P < .05). Chroma values of peel did not alter overall in coated
papaya during storage (P > .05). Hue values of peel decreased overall
in uncoated and coated papaya during storage (P < .05). Hue values of
peel were higher in papaya coated with Chi + MVEO or MPEO when
compared to uncoated papaya on day 10 and/or 20 of storage.

L values of pulp of papaya coated with Chi + MVEO and MPEO did
not alter during storage (p > .05), while these values decreased in pulp
of uncoated papaya on day 20 of storage when compared to day 1
(P = .05). L values were higher in pulp of coated papaya on day 20 of
storage when compared to uncoated papaya (P < .05). Chroma values
of pulp of coated papaya increased on day 10 of storage when compared
to day 1 (P < .05), which remained similar up to day 20 (p > .05).
Chroma values of pulp of uncoated papaya were increased on day 10
and 20 of storage when compared to day 1 (P > .05). Hue values were
higher in pulp of coated papaya when compared to uncoated papaya on

day 10 and 20 of storage (P < .05) (illustration of different colour
characteristics of uncoated and coated papaya on day 10 of storage are
shown as supplementary material data, S2).

Evolution of peel colour from green to yellow is one of the most
remarkable alterations during papaya maturation (Barragan-Iglesias
et al., 2018). Differences in hue and colour intensity in peel of uncoated
and coated papaya were probably due to distinct levels of pigments
(e.g., lycopene and carotene) synthesized in these fruit during the
measured storage period (Ali et al., 2011). No alteration in Hue values
(green to yellow) up to day 10 of storage in peel of papaya coated with
Chi + MVEO or MPEO could be linked to reduced enzymatic and
chemical reactions involved in chlorophyll degradation and/or synth-
esis of pigments (Jinga et al., 2015). Increased luminosity and colour
hue in peel and pulp of coated papaya in comparison with uncoated
papaya indicate lowered carotenoid content in the former (Oliveira &
Vitoria, 2011).

3.3. Sugar and organic acid contents in papaya

Content of sugars and organic acids in papaya uncoated and coated
with Chi (5 g/L), Chi (5 g/L) + MVEO (0.6 and 1.2 mL/L) and Chi (5 g/
L) + MPEO (0.6 and 1.2 mL/L) during 20 days of cold storage are
shown as supplementary material data (S3). In most cases, glucose and
fructose contents were higher on day 20 of storage in uncoated and
coated papaya when compared to day 1 (P < .05). Lowest glucose and
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Results of colour parameters in papaya uncoated and coated with chitosan (Chi) + Mentha piperita (MPEO) or M. villosa essential oil (MPEO) during 20 days of

cold storage (12 * 1 °C). Results are expressed as average * standard deviation (n: 3).

Coating formulation

Days of storage

1

10

20

Fruit peel

L value

Control 41.13 ( + 3.32)%°
5 g/L Chi +0.6 mL/L MVEO 54.10 ( + 1.24)%2

5 g/L Chi +1.2 mL/L MVEO 53.74 (= 0.91)**
5 g/L Chi +0.6 mL/L MPEO 55.15 ( + 0.23)%*
5 g/L Chi +1.2 mL/L MPEO 53.75 ( + 2.47)"°

Chroma value

Control 37.41 ( = 4.00)®®
5 g/L Chi +0.6 mL/L MVEO 47.91 (= 3.42)*
5 g/L Chi +1.2 mL/L MVEO 53.90 ( + 2.80)"°
5 g/L Chi +0.6 mL/L MPEO 54.51 ( + 2.42)%
5 g/L Chi +1.2 mL/L MPEO 49.17 (£ 4.549)"
°Hue value

Control 85.89 ( + 3.02)*
5 g/L Chi +0.6 mL/L MVEO 69.47 ( + 2.20)*°
5 g/L Chi +1.2 mL/L MVEO 67.83 (+ 1.36)""
5 g/L Chi +0.6 mL/L MPEO 70.58 ( + 1.55)AP
5 g/L Chi +1.2 mL/L MPEO 69.35 (£ 1.36)""
Fruit pulp

L value

Control 65.72 ( + 4.75)*
5 g/L Chi +0.6 mL/L MVEO 60.34 ( + 3.02)°
5 g/L Chi +1.2 mL/L MVEO 64.47 (+ 2.30)"°
5 g/L Chi +0.6 mL/L MPEO 60.24 (+ 2.29)"
5 g/L Chi +1.2 mL/L MPEO 65.88 (+ 1.24)A

Chroma value

Control 24.31 ( + 2.95)%

5 g/L Chi +0.6 mL/L MVEO 27.76 ( + 1.79)®

5 g/L Chi +1.2 mL/L MVEO 27.29 ( + 2.23)8

5 g/L Chi +0.6 mL/L MPEO 28.01 ( + 3.22)%

5 g/L Chi +1.2 mL/L MPEO 23.63 ( + 3.35)%

°Hue value

Control 71.78 ( + 1.51)A°

5 g/L Chi +0.6 mL/L MVEO 76.20 (£ 1.69)**

5 g/L Chi +1.2 mL/L MVEO 75.48 ( + 5.20)*P
5 g/L Chi +0.6 mL/L MPEO 74.69 ( * 4.99)A
5 g/L Chi +1.2 mL/L MPEO 76.73 ( £ 3.63)*

67.61 (= 0.92)%
53.61 ( = 2.07)A°
54.28 ( + 2.76)""
59.14 ( + 2.64)"°
58.06 ( + 4.42)"°

53.31 ( + 0.92)%
46.41 ( = 2.07)*°
55.29 ( + 3.57)"
57.27 ( + 4.65)**
55.71 ( + 1.51)"

77.62 ( + 1.54)%
70.99 ( + 1.46)"°
67.01 (= 1.21)A°
71.36 ( + 1.85)A
71.99 ( + 1.28)A

67.38 ( + 4.35)*
64.93 ( + 3.85)"
66.78 ( + 3.35)*
61.63 ( + 1.49)*
65.71 ( + 3.33)"

36.19 ( + 4.13)A
44.15 ( + 5.25)A
45.45 ( + 1.90)A°
4555 ( + 1.83)*
43.58 ( + 3.89)"P

67.09 (+ 1.18)AB¢
71.99 ( + 1.60)%°
74.75 ( + 0.84)"
71.36 ( = 1.09)A°
75.25 ( + 1.25)AB2

72.38 ( + 1.97)*
55.71 ( + 3.72)A°
58.17 ( + 3.10)*°
62.02 ( + 1.98)"°
54.42 ( + 1.59) AP

60.26 ( + 2.15)*
48.30 ( + 2.88)*¢
58.25 ( + 2.80)*
60.12 ( + 3.68)*
52.14 ( + 1.83)*°

58.84 ( + 0.27)®
57.28 ( + 0.68)""
59.55 ( + 3.00)""
67.83 (+ 1.83)"
61.38 ( + 0.15)®

55.70 ( + 2.09)®
62.79 ( + 1.55)*
61.95 ( + 0.97)*
65.94 ( + 3.60)**
64.19 ( + 1.04)*

42,94 ( + 2.62)*
42.60 ( + 4.04)7
43.99 ( + 1.40)**
42.19 ( + 3.80)*
41.03 ( + 4.59)*

64.84 (= 1.71)%¢
71.83 ( + 1.59)
73.06 ( + 4.39)*
67.33 ( + 0.56)"°
69.39 ( + 0.31)*

Control: 25 g/L glycerol.

A-C: Average values in the same row with different capital letters are significantly different (P < .05), based on Tukey's test.
a-c: Average values in the same column, for the same physicochemical parameter and day of storage, with different small letters are significantly different

(P =< .05), based on Tukey's test.

fructose contents were found in papaya coated with Chi +1.2 mL/
L MVEO (P = .05). Sucrose contents did not alter in uncoated and
coated papaya during storage (P > .05). Oxalic and malic acid con-
tents were similar in uncoated and coated papaya during storage
(P > .05). Citric acid content was lower in papaya coated with Chi +
MVEO or MPEO when compared to uncoated papaya on day 20 of
storage (P < .05). There was not a clear overall effect of examined
coatings on contents of measured sugars and organic acids in papaya
during storage. Increase in metabolic activity during maturation is a
characteristic of climacteric peak of papaya, causing consumption of
substrates to produce sugars. Sweet taste of papaya is conditioned
partially by a balance between contents of sugars and other substances,
including organic acids, in ripe fruit (Kelebek et al., 2015). Eventual
decreases in contents of some measured sugars or organic acids in pa-
paya coated with Chi + MVEO or MPEO could be linked to reduced
metabolic activity in these fruit during storage.

3.4. Enzymatic activity in papaya

Results of peroxidase (POD), polyphenoloxidase (PPO) and pecti-
namethylesterase (PME) activity in papaya uncoated and coated with

Chi (5 g/L) and Chi (5 g/L) + MVEO (0.6 and 1.2 mL/L) and Chi (5 g/
L) + MPEO (0.6 or 1.2 mL/L) during 20 days of cold storage are shown
in Table 3. POD activity increased in uncoated and coated papaya on
day 10 of storage when compared to day 1. POD activity was lower in
papaya coated with Chi +1.2 mL/L MVEO and Chi + 0.6 mL/L MPEO
when compared to uncoated papaya (P < .05) on day 10 of storage.
POD activity was lower in papaya coated with Chi +0.6 or 1.2 mL/
L MVEO and Chi +1.2 mL/L. MPEO when compared to uncoated pa-
paya on day 20 of storage.

PPO activity increased in uncoated and coated papaya during sto-
rage (P < .05). PPO activity was lower in papaya coated with Chi +
MVEO or MPEO when compared to uncoated papaya (P < .05). PME
activity increased in uncoated papaya during storage (P < .05). Papaya
coated with Chi + MVEO or MPEO had decreased PME activity on day
10 of storage when compared to day 1, being followed by an increase
on day 20 (P < .05). PME activity was lower in coated papaya when
compared to uncoated papaya during storage (P < .05).

Maturation of papaya is associated with increased activity of POD
and PPO because of the increased oxidative metabolism and ethylene
accumulation in fruit (Pandey et al., 2013). Decreased POD and PPO
activity in papaya coated with Chi + MVEO or MPEO on day 10 and/or
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Results of peroxidase (POD), polyphenol oxidase (PPO) and pectinmethylesterase (PME) activity in papaya uncoated and coated with chitosan (Chi) + Mentha
villosa (MVEO) or M. piperita essential oil (MPEO) stored during 20 days of cold storage (12 = 1 °C). Results are expressed as average * standard deviation

(n:3).

Coating formulation

Days of storage

1

10

20

POD (U/min/g)

Control

5 g/L Chi +0.6 mL/L MVEO
5 g/L Chi +1.2 mL/L MVEO
5 g/L Chi +0.6 mL/L MPEO
5 g/L Chi +1.2 mL/L MPEO

PPO (U/min/g)

Control

5 g/L Chi +0.6 mL/L MVEO
5 g/L Chi +1.2 mL/L MVEO
5 g/L Chi +0.6 mL/L MPEO
5 g/L Chi +1.2 mL/L MPEO

PME (mmolL/L)

Control

5 g/L Chi +0.6 mL/L MVEO
5 g/L Chi +1.2 mL/L MVEO
5 g/L Chi +0.6 mL/L MPEO
5 g/L Chi +1.2 mL/L MPEO

4.83 (£ 0.29)%
4.27 (+0.31)%
4.32 (£ 0.28)%
4.30 (£ 0.30)*
4.70 (£ 0.17)%

18.50 ( + 0.50)*
15.50 ( + 2.21)<*
19.00 ( £ 0.57)<*
17.52 (£ 1.53)<®
16.25 ( * 2.54)%

0.11 ( £ 0.01)*
0.13 ( = 0.01)"
0.12 ( + 0.02)®2
0.13 ( £ 0.02)"
0.10 ( + 0.02)"

5.80 ( + 0.26)*
5.53 ( * 0.15)A
4.89 ( + 0.37)AB°
5.05 ( * 0.25)A°
5.40 ( + 0.30)A"

45.00 ( + 2.36)"
29.12 ( + 0.50)®
16.50 ( + 0.50)"°
41.67 ( + 0.58)"
17.00 ( + 0.25)%°

0.32 (£ 0.01)"
0.09 ( + 0.02)°
0.09 ( % 0.02)®
0.11 ( = 0.02)*®
0.09 ( + 0.02)%®

5.60 ( + 0.26)**
4.87 (+0.12)"°
5.20 (* 0.10)"®
4.23 (* 0.31)%
5.47 ( * 0.06)"?

117.00 ( + 3.00)**
45.00 ( + 2.00)*
74.00 ( + 5.29)*°
57.67 ( + 4.36)"¢
90.00 ( + 1.15)*"

0.39 ( + 0.02)*
0.25 ( % 0.03)*°
0.28 (* 0.04)A®
0.34 ( + 0.02)*
0.33 ( + 0.02)*

Control: 25 g/L glycerol.

A-C: Average values in the same row with different uppercase letters are significantly different (P < .05), based on Tukey's test.
a-c: Average values in the same column, for the same physicochemical parameter and day of storage, with different lowercase letters are significantly different

(P =< .05), based on Tukey's test.

20 of storage is an important result because these enzymes are related
to fruit defence from oxidative processes, as well as to production of
lignin and phytoalexins involved in plant resistance against diseases
(Kying Ong et al., 2014). Decreased PME activity in papaya coated with
Chi + MVEO and MPEO could be linked to decreased firmness loss
during storage found for these fruit. PME causes desesterification of
galacturonans in fruit cell wall leading to fruit softening during ma-
turation (Chavez-Sanchez et al., 2013). Phenolic antioxidants found
ordinarily in essential oils could reduce activity of cell wall degrading
enzymes (Alikhani, 2014), contributing to decreased PME activity in
papaya coated with Chi + MVEO or MPEO.

3.5. Sensory characteristics of papaya

Results of sensory evaluation of papaya uncoated and coated with
Chi (5 g/L) and Chi (5 g/L) + MVEO (0.6 and 1.2 mL/L) and Chi (5 g/
L) + MPEO (0.6 or 1.2 mL/L) on day 10 and 20 of cold storage are
shown in Table 4. There was no difference among scores for appear-
ance, odor, taste, aftertaste, firmness, overall impression and purchase
intention for uncoated and coated papaya on day 10 and 20 of storage
(P > .05). Uncoated papaya received higher scores than papaya coated
with Chi + MVEO or MPEO only for colour (P < .05). This particular
effect on colour could be linked to the capability of examined coatings
to preserve the green colour of papaya for a more prolonged storage
time, which was also indicated by results of measurements of instru-
mental colour parameters. Scores of uncoated and coated papaya for
appearance, colour, odor, taste, aftertaste, firmness and overall im-
pression corresponded to “liked slightly” or “liked moderately”. Scores
of uncoated and coated papaya for purchase intention corresponded to
“maybe purchase/maybe not purchase” or “possibly purchase”.

4. Conclusion

Use of combined selected concentrations of Chi (5 g/L) + MVEO or
MPEO (0.6 or 1.2 mL/L) allowed the development of coatings with
homogeneous surfaces and improved thermal stability and barrier
properties, indicating occurrence of interactions among Chi and MVEO

or MPEO functional groups. Application of coatings formulated with
Chi + MVEO or MPEO on papaya resulted in delayed maturation
during a 20-day cold storage without affecting negatively fruit overall
postharvest quality, including sensory characteristics. Particularly,
coatings formulated with Chi + MVEO or MPEO reduced weight loss,
firmness loss and enzymatic activity besides to delay colour alteration
in papaya during storage. Coatings formulated with the different con-
centrations of Chi + MVEO or MPEO selected for this study exerted
similar effects on most of the measured quality parameters of papaya.
Coatings formulated with combined additive or synergistic antifungal
concentrations of Chi + MVEO or MPEO have additional functionalities
related to their capability of maintaining or improving parameters in-
dicative of postharvest quality and more prolonged storability of pa-
paya.

Acknowledgements

Authors thank CAPES (Brazil) for partial funding (Finance code
001) and CNPq (Brazil) for financial support of this research (Grant
number 403122/2016-3).

Author contribution

Conceptualization: ELS, SPB; Data curation: ELS, SPB; Formal ana-
lysis: ELS, SPB; RTAD, MM, LRF; Funding acquisition: ELS, SPB;
Investigation: SPB, RTAD, MM, MSG, LLM; MSM, AUDB, ESM;
Methodology: ELS, SPB, RTAD, MM, MSG, MSM, AUDB, ESM; Project
administration: ELS, SPB; Resources: ELS, SPB, RTAD, MM, MSG, MSM,
AUDB, ESM; Supervision: ELS; Validation: ELS, SPB, MM, MSM, ESM;
Visualization; Writing — original draft: ELS, SPB, MM, RTAD; Writing —
review & editing: ELS, SPB.

Declaration of competing interest

The authors of the paper “Characterization of edible coatings
formulated with chitosan and Mentha essential oils and their use
to preserve papaya (Carica papaya L.)” submitted to Innovative Food



S. dos Passos Braga, et al.

Table 4

Scores for sensory attributes in acceptability tests and purchase intention of
papaya uncoated and coated with chitosan (Chi) + M. villosa (MVEO) or M.
piperita essential oil (MPEO) on day 10 and 20 of cold storage (12 + 1 °C).
Results are expressed as average =+ standard deviation (n:3).

Coating formulation Days of storage

10 20
Appearance

Control 7.35 (= 2.11)" 7.22 (+ 3.61)"
5 g/L Chi +0.6 mL/L MVEO 7.13 (+ 1.53)"® 7.33 (+ 2.41)"
5 g/L Chi +1.2 mL/L MVEO 6.81 (+ 1.70)* 6.58 ( + 3.69)"
5 g/L Chi +0.6 mL/L MPEO 6.90 (+ 1.92)* 6.80 ( + 2.35)*
5 g/L Chi +1.2 mL/L MPEO 6.85 ( * 2.50)" 6.62 (+ 1.53)"
Colour

Control 7.53 (£ 1.10)** 7.10 (£ 1.62)*
5 g/L Chi +0.6 mL/L MVEO 6.82 (= 1.70)"® 6.62 (= 1.40)®
5 g/L Chi +1.2 mL/L MVEO 7.02 ( + 1.36)A° 6.65 (= 1.49)A®
5 g/L Chi +0.6 mL/L MPEO 6.93 (+ 1.83)"° 6.70 (= 1.41)"°
5 g/L Chi +1.2 mL/L MPEO 6.78 (= 1.50)"" 6.40 (= 1.73)®
Odor

Control 7.10 ( £ 2.50)* 6.58 ( + 3.65)"
5 g/L Chi +0.6 mL/L MVEO 6.87 (* 1.66)* 6.33 (* 1.35)"
5 g/L Chi +1.2 mL/L MVEO 6.52 ( * 2.40)* 7.18 ( £ 2.59)*
5 g/L Chi +0.6 mL/L MPEO 6.55 ( + 3.47)" 6.98 ( + 2.38)"
5 g/L Chi +1.2 mL/L MPEO 6.28 (+ 1.65)" 6.43 ( * 2.66)"
Taste

Control 7.48 (£ 1.20)* 6.97 (£ 1.67)*
5 g/L Chi +0.6 mL/L MVEO 6.90 ( * 1.47)" 7.22 (+ 1.52)"*
5 g/L Chi +1.2 mL/L MVEO 7.25 ( + 1.35)" 7.38 (% 1.76)"
5 g/L Chi +0.6 mL/L MPEO 7.48 (+ 1.56)* 6.97 (+ 1.66)**
5 g/L Chi +1.2 mL/L MPEO 7.18 (= 1.67)" 7.03 ( + 1.39)"
Aftertaste

Control 6.97 (+ 1.65)* 6.77 (£ 1.71)*
5 g/L Chi +0.6 mL/L MVEO 6.63 ( 1.49)" 6.97 (+ 1.55)"
5 g/L Chi +1.2 mL/L MVEO 6.92 ( + 1.58)" 6.63 (= 1.97)"
5 g/L Chi +0.6 mL/L MPEO 7.10 (= 1.41)* 6.68 (+ 1.56)*
5 g/L Chi +1.2 mL/L MPEO 7.08 (= 1.73)" 6.72 (= 1.41)"
Firmness

Control 7.33 (£ 1.27)" 7.38 ( + 3.26)**
5 g/L Chi +0.6 mL/L MVEO 6.65 (= 1.79)* 6.92 (*+ 1254)"
5 g/L Chi +1.2 mL/L MVEO 7.30 (  1.52)* 7.68 (+ 1.37)"
5 g/L Chi +0.6 mL/L MPEO 7.25 (  1.49)* 7.30 ( + 1.62)**
5 g/L Chi +1.2 mL/L MPEO 7.17 (£ 1.20)* 6.95 (+ 1.77)*

Overall impression

Control 7.43 (£ 1.12)* 7.10 ( + 1.34)"
5 g/L Chi +0.6 mL/L MVEO 7.10 ( = 1.50)* 6.63 (= 1.19)"
5 g/L Chi +1.2 mL/L MVEO 7.17 (£ 1.24)" 7.05 ( + 1.49)"
5 g/L Chi +0.6 mL/L MPEO 6.97 (£ 1.49)" 6.77 (+ 1.38)"
5 g/L Chi +1.2 mL/L MPEO 6.77 (= 1.49)* 6.50 (+ 1.57)*

Purchase intention

Control 3.95 ( + 1.10)** 3.58 (+ 2.10)**
5 g/L Chi +0.6 mL/L MVEO 3.57 (+ 2.14)" 3.35 (+ 1.34)"
5 g/L Chi +1.2 mL/L MVEO 3.82 (+ 1.10)" 4.03 (£ 2.34)M
5 g/L Chi +0.6 mL/L MPEO 3.87 (+1.23)" 3.57 (+ 1.34)"
5 g/L Chi +1.2 mL/L MPEO 3.82 (+ 1.05)* 3.30 (+ 1.34)%

Control: 25 g/L glycerol.

A-B: Average values in the same row with different uppercase letters are sig-
nificantly different (P < .05), based on Students t-test.

a-c: Average values in the same column, for the same physicochemical para-
meter and day of storage, with different lowercase letters are significantly
different (P < .05), based on Tukey's test.
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PARECER CONSUBSTANCIADO DO CEP

DADODS DO PROJETO DE PESQUISA

Titulo da Pesquisa: REVESTIMENTOS DE QUITOSANA INCORPORADOS DE éLEDi ESSENCIAIS DE
Mentha piperita L. e Mentha x vilosa Huds PARA O CONTROLE POS-COLHEITA DA
ANTRACHOSE EM MAMAO (Carica papaya L.)

Pesquisador: SELMA DOS PASS0S BRAGA

Area Tematica:

Versdo: 2

CAAE: 03011318.3.0000.5158

Instituigio Proponente: Centro De Ciéncias da Salde
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Hamero do Parecer: 3.218.936

Apresentagio do Projeto:
Trata-ze de analisar o projeto de tese da aluna SELMA DOS PASS0S BRAGA do Programa de Pos-
graduagdo em Ciéncias da Mutrigdo do Centro De Ciéncias da Salde da Universidade Federal da Paraiba.

Objetivo da Pesquisa:

Objetiva Primario:

Avaliar a eficacia de revestimenios de quitosana incorporados de dleos essenciais de Mentha piperita L.
(OEMP) & Mentha x villosa Huds (OEMV) como tratamentos pos-colheita no controle de antracnose em
mamao papaya.

Objetivo Secundario:

| - Avaliar os efeitos da aplicagdo de quitosana e dos OEs ensaiados, de forma izclada e em
combinagfo, sobre o crescimento micelial radial de cepas de C. gleosporicides e C. brevisporum;
Il — Determinar o tipo de interagdo estabelecida quande da aplicag8o combinada de guitosana OEMP e
QEMY frente &s cepas de C. gleosporioides e C. brevisporum;

Il - Verificar a eficdcia da aplicag8o de revestimentos de guitosana incorporados com OEMP e OEMY no
controle de antracnose causada por cepas de C. glososporicides & C. brevisporum em mamao papaya;

IV - Avaliar os efeitos da aplicag8o dos revestimentos sobre alguns pardmetros fisico-quimicos
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indicadores de qualidade e de estagio de maturagdo de mamé#o papaya durante o armazenamento;
V - Avaliar os efeitos da aplicacdo dos revestimentos sobre as caracteristicas sensorials dos frutes ao longo
do armazenamento.

Avaliagio dos Riscos e Beneficios:

Riscos:

Apesar das frutas serem submetidas a avaliagdo prévia e 36 ser oferecida apds comprovada a seguranga
alimentar, o provador pode ndo gostar (sabor, textura, aroma) efou sentir-se constrangido em preencher o
guestionario efou sentir algum desconforte ao prova-lo, o gue constitui um risco, mesmo gue minimo, ja gue
o revestimento permanece na casca do mamao, a qual ndo serd consumida.

Beneficios:

A aplicagdo do revestimento de quitosana com adig@o de dleos essenciais de Mentha piperita L. (OEMP) e
Mentha x villosa Huds (OEMV) como agente protetor frente & agdo do C. gloeosporicides e C. brevisporum,
consiste numa proposta inovadora, onde se utiliza compostos naturais, biodegradaveis e atoxicos gue
podem representar um avango na tecnclogia de preservagio do maméo, atendendo desta forma aspectos

mercadologicos, tecnologicos, cientificos e ambientais.

Comentarios & Consideragdes sobre a Pesquisa:

O referido projeto de pesquisa incluira na sua metodologia a analise sensorial do produto proposto, no caso
mamaio com revestimento de quitosona.

Para a realizagic da andlise sensorial os participantes provadores (alunos elou

Servidores da UFPB, Campus |) devem apresentar idade maior de 18 anos, independente do sexo.
Consideragies sobre os Termos de apresentagio obrigatoria:

O referide projeto se encontra bem instruido conforme a Resolugéo 466/12 do Conselho Nacional de Sadde
que rege as pesquizas envolvendo seres humanos.

Recomendagdes:

Recomenda-se manter a metodologia proposta.

Conclusdes ou Pendéncias e Lista de Inadequagoes:

Sem pendéncias.

Consideragoes Finais a critério do CEP:

Certifico que o Comité de Etica em Peszquisa do Centro de Ciéncias da Salde da Universidade Federal da

Paraiba — CEP/CCS aprovou a execugdo do referido projeto de pesguisa.

Enderego: UMNIVERSITARID S/N

Bairro: CASTELO BRANCO CEP: 58.051-000
UF: PB Municipio: JOAD PESSOA
Telefone: (B3}3216-7701 Fax: {332216-7701 E-mail: comitedesticafices ufpb br

Fagina 02 de 03

95



UFPB - CENTRO DE CIENCIAS
DA SAUDE DA UNIVERSIDADE
FEDERAL DA PARAIBA

Coninuagdo do Parecer: 3.215.936
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Outressim, informo gue a autorizag@o para posterior publicagdo fica condicionada & submissdo do Relatério

Final na Plataforma Brasil, via Motificac8o, para fins de apreciaco e aprovacdo por este egrégio Comité.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situagdo
Informagdes Basicas PB_INFDRMAQ@ES_E;&SICAS_DG_P 06/02/2019 Aceito
do Projeto ROJETO 1256377 pdf 15:58:29
TCLE { Termos de | Termo_de_consentimento_livre_e_escla| 06/02/2019 [SELMA DOS Aceito
Assentimento [ recido.docx 15:57:18 PASS0S BRAGA
Justificativa de
Auséncia
Outros 03071500.P0OF 06/022019 [SELMA DOS Aceito

15:17:02  |PASSOS BRAGA
Folha de Rosto 00000001.PDF 1211142018 [SELMA DOS Aceito
15:37:21 PASSOS BRAGA
Declaragdo de 00000100.POF 1211142018 [SELMA DOS Aceito
Instituigio e 14:01:08 |PASS0OS BRAGA
Infraestrutura
Projeto Detalhado ! | projetotese. pdf 12M11/2018 | SELMA DOS Aceito
Brochura 14:00:40 PASS0S BRAGA
Investigador

Situagdo do Parecer:
Aprovado

Necessita Apreciagio da CONEP:

Mo
JOAD PESSOA, 25 de Margo de 2019
Assinado por:
Eliane Marques Duarte de Sousa
{Coordenadoria))
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ANEXO B

UNIVERSIDADE FEDERAL DA PARAIBA
CENTRO DE CIENNCIAS DAASAUDE N
PROGRAMA DE POS-GRADUACAO EM CIENCIAS DA NUTRICAO

Termo de Consentimento Livre e Esclarecido

Prezado (a) Senhor (a)

Eu, Selma dos Passos Braga, orientada pelo prof Evandro Leite de Souza, vimos
convida-lo (a) a participar da presente pesquisa, a qual faz parte do projeto de Doutorado
intitulado: “REVESTIMENTOS DE QUITOSANA INCORPORADOS DE OLEOS
ESSENCIAIS DE Menttha piperita L. e Mentha x villosa Huds PARA O CONTROLE POS-
COLHEITA DA ANTRACNOSE EM MAMAO (Carica papaya L.)” que tem como um dos
principais objetivos avaliar o efeito da aplicagdo dos revestimentos sobre 0s aspectos sensoriais,
cor, aroma, sabor e aparéncia, indicadores de qualidade e de estdgio de maturacdo de mamao
papaia durante 0 armazenamento.

Solicitamos a sua colaboracdo para preenchimento dos formularios de aceitabilidade
dos produtos elaborados, como também sua autorizacdo para apresentar os resultados deste
estudo em eventos da &rea de salde, e em revistas cientificas. Por ocasido da publicagdo dos
resultados, seu nome sera mantido em sigilo. Informamos ainda que essa pesquisa ndo oferece
riscos, previsiveis, para a sua saude.

A sua participagdo implica em realizar a analise sensorial de amostras de maméo as
quais foram submetidas a aplicagdo dos revestimentos contendo quitosana e OE, que consiste
em provar e registrar sua avaliacao através de perguntas e respostas de multipla escolha.
Esclarecemos que sua participacdo no estudo € voluntaria e, portanto, o(a) senhor(a) ndo é
obrigado(a) a fornecer as informacGes e/ou colaborar com as atividades solicitadas pelo
Pesquisador(a). Caso decida ndo participar do estudo, ou resolver a qualquer momento desistir
do mesmo, ndo sofrera nenhum prejuizo. Lembrando que ndo havera nenhum custo ou beneficio
financeiro para voceé.

Os pesquisadores estardo a sua disposicéo para qualquer esclarecimento que considere
necessario em qualquer etapa da pesquisa.

Diante dos esclarecimentos prestados, concordo em participar da pesquisa e dou meu
consentimento para publicacdo dos resultados, ciente que receberei uma coOpia desse
documento.

Assinatura do Participante da Pesquisa

Caso necessite de maiores informacdes sobre o presente estudo, favor ligar para o ()
pesquisador (a) SELMA DOS PASSOS BRAGA. Telefone: 99924-4920. E-mail:
selmaufpb@yahoo.com.br

Comité de ética em Pesquisa (CEP/CCS/UFPB): Bairro: Castelo Branco, s/n, Jodo Pessoa —
PB, CEP: 58051-900. Tel.: (83) 3216-7791, e-mail: comitedeetica@ccs.ufpb.br
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ANEXO C

UNIVERSIDADE FEDERAL DA PARAIBA
CENTRO DE CIENCIAS DA SAUDE )
PROGRAMA DE POS-GRADUAGAO EM CIENCIAS DA NUTRIGAO

Nome Data:
Idade: Sexo: Telefone:
Escolaridade e-mail:

TESTE DE ACEITACAO, INTENCAO DE COMPRA E PREFERENCIA

1) Vocé esta recebendo 05 amostras codificadas de mamao papaia com e sem revestimento de
quitosana e 6leo essencial de Mentha (Mentha piperita L. e Mentha x villosa Huds) . Por favor, avalie
as amostras e use a escala abaixo (1 ao 9) para indicar o quanto vc gostou ou desgostou de cada um dos
atributos.

e Antes de cada avaliacdo, vocé deverd fazer uso da agua e da bolacha.

9- gostei muitissimo Amostra Atributos

8- gostei muito (codigo) | Aparéncia | Cor Aroma
7- gostei moderadamente

6- gostei ligeiramente

5- nem gostei / nem desgostei
4- desgostei ligeiramente

3- desgostei moderadamente
2- desgostei muito

1- desgostei muitissimo

Atributos
Amostra Sabor Sabor Firmeza Avaliacao
(cbdigo) residual global

Se achar necessario, faga um comentario:
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2) Por favor, indique sua atitude ao encontrar essas frutas no mercado

Amostra Intencdo de compra

5- compraria (Codigo)
4- possivelmente compraria

3- talvez comprasse/ talvez ndo comprasse
2- possivelmente ndo compraria

1- jamais compraria

Comentarios:

3) Por favor, de acordo com a avaliacéo global, qual fruta vocé consideraria melhor? Circule a melhor
e anote os cddigos conforme a colocagdo

451 - 537 - 398 - 246 - 815

Posto
1° lugar 2° lugar 3° lugar 4° lugar 5° lugar

Cédigos

Comentarios:

OBRIGADA!
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