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RESUMO

A banana é popular devido ao sabor e textura agradaveis e facilidade de consumo. No entanto,
entra rapidamente em senescéncia devido a alteracbes bioquimicas e ocorréncia de
deterioracdes microbianas, com destaque para a antracnose, caracterizada como doenca pos-
colheita de elevada severidade causada pelo fungo Colletotrichum musae. A aplicacdo de
compostos naturais com atividade antifungica, a exemplo de 6leos essenciais, tem sido estudada
como alternativa para o controle de doengas pds-colheita, principalmente na formulacdo de
revestimentos comestiveis. Conyza bonariensis é uma planta encontrada em todo territorio
brasileiro e seu dleo essencial (OE) tem demonstrado atividade antimicrobiana. Esse estudo
teve como resultado dois produtos, um teérico, com desenvolvimento de um artigo de revisdo
com o objetivo de auxiliar a pesquisa em revestimentos comestiveis elaborados com
polissacarideos e OEs e auxiliar na sua aplicacdo otimizada como tratamento p6s-colheita de
frutas. Os resultados deste trabalho tedrico indicaram que a aplicacdo de revestimentos
elaborados com polissacarideos e OEs reduzem as perdas pds-colheita e mantém as
caracteristicas fisico-quimicas e sensoriais em frutas durante o armazenamento. Um segundo
produto de natureza experimental teve como objetivo avaliar desenvolver e aplicar
revestimentos com goma arabica (GA) e 6leo essencial de C. bonariensis (OECB) para o
retardo do desenvolvimento de antracnose em bananas cv. ‘Prata’. Foram realizadas andlises de
identificacdo dos constituintes do OECB, dos efeitos antifungicos in vitro da GA e OECB sobre
o crescimento micelial radial de seis isolados de C. musae, dos efeitos do OECB sobre a
permeabilidade de membrana e atividade enzimatica dos conidios de C. musae, dos efeitos de
revestimentos formulados com GA e OECB sobre o desenvolvimento de antracnose em bananas
artificialmente contaminadas com os isolados de C. musae testados durante 0 armazenamento
sob temperatura ambiente (25 £ 0.5 °C), bem como sobre aspectos fisico-quimicos (pH, sélidos
sollveis, acidez titulavel, cor e perda de peso) indicadores de qualidade pds-colheita destas
frutas. Os compostos majoritarios no OECB foram sesquicineol (48,43%), sesquisabineno
(10,87%), limoneno (9,63%) e timol (6,15%). A GA (0,1 g/mL) nédo foi eficaz de inibir o
crescimento micelial de C. musae, enquanto o OECB (0,1; 0,2; 0,4; 0,6; 0,8 e 1 pL/mL) foi
eficaz em inibir o crescimento micelial fungico. O OECB (0,6 puL/mL) causou alteracdo da
permeabilidade de membrana (28,8 — 43,2%) e atividade enzimética (59,5 — 84,6%) dos
conidios de C. musae. A aplicacdo de revestimentos com GA (0,1 g/mL) e OECB (0,4; 0,6; 0,8;
1 pL/mL) causou reducdo do desenvolvimento das lesdes de antracnose em bananas, com
valores de reducdo do didametro da lesdo de até 45,8% no 5° dia de armazenamento, 0s quais
foram, em sua maioria, similares aos efeitos causados pelo fungicida comercial utilizado como
controle positivo. As bananas nao-revestidas demonstraram maiores indices de severidade da
doenca. O revestimento com GA + OECB foi capaz de retardar as alteracdes em parametros
fisico-quimicos indicadores de qualidade p6s-colheita em bananas, particularmente da perda de
massa e da mudanca de cor. Estes resultados indicam que a aplicagdo de revestimentos
formulados com GA e OECB pode ser considerada uma possivel estratégia para retardar o
desenvolvimento da antracnose e prolongar o periodo de armazenamento de bananas.

Palavras-chave: Musa acuminata, Colletotrichum, efeito antifingico, doencas pés-

colheita, revestimento comestivel.



ABSTRACT

Banana is a popular fruit because of its pleasant taste and texture and ease of consumption.
However, bananas rapidly enter into senescence due to biochemical alterations and the
occurrence of microbial deterioration, especially anthracnose, which is characterized as a highly
severe postharvest disease caused by the fungus Colletotrichum musae. The application of
natural compounds with antifungal activity, such as essential oils, has been studied as an
alternative for the control of postharvest diseases in fruits, mainly in the formulation of edible
coatings. Conyza bonariensis is a plant found throughout Brazil and its essential oil has shown
antimicrobial activity. This study resulted in two products, one theoretical, with the
development of a review article with the aim of assisting research on edible coatings made with
polysaccharides and essential oils and assisting in their optimized application as a post-harvest
treatment of fruits. The results of this theoretical work indicated that the application of coatings
made with polysaccharides and essential oils reduce post-harvest losses and maintain the
physicochemical and sensory characteristics of fruits during storage. A second experimental
product aimed to evaluate the development and application of coatings with gum arabic (GA)
and essential oil of C. bonariensis (OECB) to delay the development of anthracnose in bananas
cv. 'Silver'. Identification analyzes of OECB constituents, in vitro antifungal effects of GA and
OECB on radial mycelial growth of six C. musae isolates, OECB effects on membrane
permeability and enzymatic activity of C. musae conidia were carried out. , of the effects of
coatings formulated with GA and OECB on the development of anthracnose in bananas
artificially contaminated with C. musae isolates tested during storage at room temperature (25
+ 0.5 °C), as well as on physical-chemical aspects (pH, soluble solids, titratable acidity, color
and weight loss) indicators of postharvest quality of these fruits. The major compounds in the
OECB were sesquicineol (48.43%), sesquisabinene (10.87%), limonene (9.63%) and thymol
(6.15%). GA (0.1 g/mL) was not effective in inhibiting the mycelial growth of C. musae, while
OECB (0.1;0.2; 0.4; 0.6; 0.8 and 1 puL/ mL) was effective in inhibiting fungal mycelial growth.
OECB (0.6 pL/mL) caused changes in membrane permeability (28.8 — 43.2%) and enzymatic
activity (59.5 — 84.6%) of C. musae conidia. The application of coatings with GA (0.1 g/mL)
and OECB (0.4; 0.6; 0.8; 1 pL/mL) caused a reduction in the development of anthracnose
lesions in bananas, with reduced values of lesion diameter of up to 45.8% on the 5th day of
storage, which were mostly similar to the effects caused by the commercial fungicide used as a
positive control. Uncoated bananas showed higher rates of disease severity. The coating with
GA + OECB was able to delay changes in physicochemical parameters indicative of postharvest
quality in bananas, particularly of mass loss and color change. These results indicate that the
application of coatings formulated with GA and CBEO can be considered a possible strategy
to delay the development of anthracnose and prolong the storage period of bananas.

Keywords: Musa acuminata, Colletotrichum, antimicrobial, antifungal, postharvest diseases,
edible coating
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1. INTRODUCAO

A banana é uma fruta tropical largamente cultivada, e, devido ao seu sabor, textura, valor
nutricional e presenca de diferentes compostos bioativos benéficos a satde, tem sido uma das
frutas mais consumidas no mundo. Caracteriza-se, como fonte de compostos fendlicos,
carboidratos, vitaminas e minerais (SINGH et al., 2016). No entanto, a banana é uma fruta
climatérica com vida de prateleira relativamente curta em decorréncia de transtornos
fisioldgicos, doencas pds-colheita e rapida senescéncia (AHMED; PALTA, 2016; SINGH et
al., 2016) caracterizada por escurecimento da casca, amaciamento da polpa e alteracdes de sabor
e aroma (CAMPELDO et al., 2020).

A antracnose pos-colheita, causada pelo fungo Colletotrichum musae (Berk. E M. Curtis)
Arx, é a doenca mais importante em bananas, causando até aproximadamente 30% de perdas
de frutas comercializaveis (RANASINGHE; JAYAWARDENA; ABEYWICKRAMA, 2003;
SILVA et al., 2016). A antracnose é causada por uma infeccao latente, onde os esporos de C.
musae infectam a banana ainda imatura no campo, embora os sintomas s6 aparecam durante o
estagio de amadurecimento. A antracnose em banana inclui uma variedade de sintomas, como
manchas na casca, lesdes marrons a negras deprimidas na polpa, e, em condicGes de alta
umidade, podem apresentar frutificacbes rosadas do fungo apdés o amadurecimento
(SIVAKUMAR,; BAUTISTA-BANOS, 2014).

Os produtores de frutas de importancia comercial tém feito amplo uso de fungicidas
convencionais para o controle de doencas decorrentes de infecgdes fungicas (VIEIRA et al.,
2017). A imersdo das frutas em soluces de fungicidas a base de tiabendazol, tiofanato metilico,
prochloraz e imazalil tem sido a principal forma de controle da antracnose em diversas frutas
(BRAGA et al., 2019a). No entanto, preocupagdes crescentes continuam a existir em relacéo
aos riscos para a satde humana impostos pelo uso destes fungicidas, como, por exemplo, 0 risco
de causar cancer nos manipuladores e consumidores em decorréncia da exposicao continua,
bem como a preocupacdo com a poluicdo ambiental (RIVERO et al., 2015). Além disso, 0 uso
continuado destes compostos sintéticos tem induzido o surgimento de bidtipos resistentes de
patdgenos fangicos (FISHER et al., 2018).

Portanto, a fim de minimizar o uso de fungicidas comerciais na agroindustria de bananas,
qualquer medida de controle alternativo sustentdvel que tenha o potencial de retardar
efetivamente o surgimento dos sintomas da infec¢do por antracnose pode representar papel

importante na extensao da vida de prateleira destas frutas e, consequentemente, na expansao
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das possibilidades de comercializagdo (THAKUR et al., 2019). Nesta perspectiva, 0 uso de
revestimentos comestiveis a base de polimeros adicionados de dleos essenciais tem sido
investigado como estratégia de diminuir do uso de fungicidas comerciais na pés-colheita de
frutas (ANDRADE et al., 2017; OLIVEIRA et al., 2018; BRAGA et al., 2019a).

A goma arébica é um biopolimero obtido a partir de caules e ramos da espécie vegetal
Acacia senegal (Linne), Leguminoseae, com toxicidade oral aguda baixa e auséncia de
genotoxicidade, sendo reconhecido como polissacarideo biodegradavel de alto potencial
biotecnoldgico para formulacdo de filmes ou revestimentos em decorréncia das suas propriedades
emulsificantes (MAQBOOL et al., 2011; ANDRADE et al., 2017; EFSA, 2017). Contudo, a
atividade antimicrobiana da goma arabica tem sido reportada como fraca ou inexistente frente a
fungos fitopatégenos (MAQBOOL et al., 2011; ANDRADE et al., 2017), necessitando da sua
combinacdo com compostos ou substancias possuidoras de propriedades antimicrobianas para
aplicacdes com o propdsito de controle do crescimento flngico.

Os 0leos essenciais sdo 0s compostos mais importantes entre a ampla gama de substancias
naturais com propriedades antifingicas extraidas de plantas, sendo formados por uma
combinacdo de metabolitos secundarios volateis que apresentam atividade direta contra
fitopatdgenos (GUERRA et al., 2016). Conyza bonariensis (L.) Crong. € uma planta perene e
bem difundida em todo o mundo, com crescimento espontaneo e considerada altamente
prolifica (BLAINSKI et al., 2015; THABIT et al., 2015), o que facilita a obtencdo de material
para a producdo de 6leo essencial. Além disso, estudos tém demonstrado que extratos de C.
bonariensis apresentam baixa toxicidade pré-clinica, embora apresentem atividade
antibacteriana e antifangica (SHAH et al., 2013; DE PAULA et al., 2018). Entretanto, ainda
existem poucos estudos na literatura sobre as propriedades antimicrobianas do 6leo essencial
de C. bonariensis (ARAUJO et al., 2013; LOMBARDO et al., 2016).

A combinacdo de goma arabica e 0leos essenciais tem sido explorada como uma possivel
estratégia de potenciacdo e extensdo das suas propriedades antifingicas quando utilizados na
formulacdo de recobrimentos possiveis de uso em frutas de interesse comercial (MAQBOOL
et al., 2011; ANDRADE et al., 2017). No entanto, estudos verificando a eficacia da
incorporagéo do oleo essencial de C. bonariensis em revestimentos a base de goma arabica para
controlar doencas flngicas em banana sdo escassos ou inexistentes.

Com isso, 0 objetivo do presente estudo foi avaliar o efeito inibitdrio do 6leo essencial de
C. bonariensis sobre diferentes isolados de C. musae e a sua incorporacdo em revestimentos a

base de goma arabica empregados paro o retardo do desenvolvimento de antracnose em banana
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cv. Prata ao longo do armazenamento, bem como a avaliagdo de alguns parametros fisicos e

quimicos indicadores de qualidade pos-colheita.
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2. REFERENCIAL TEORICO

2.1 BANANAS: ASPECTOS MERCADOLOGICOS E DE QUALIDADE

Acredita-se, que a banana foi domesticada h& mais de dez mil anos nas regides tropicais
do sul da Asia e, em seguida, se disseminou pelos trépicos (DENHAM, 2003; ZHANG et al.,
2005). As bananeiras que produzem frutos comestiveis pertencem a classe das
Monocotyledoneae e familia Musaceae, incluindo véarios hibridos do género Musa
(CORDEIRO, 2000). Dentro do género, as bananas podem ser divididas em grupos genémicos
diploides (AA), triploides (AAA, AAB, ABB) e tetraploides (AAAA, AAAB, AABB, ABBB),
de modo que esses genomas sao denominados A e B, referindo-se as espécies M. acuminata
Colla e M. balbisiana Colla, respectivamente. Além dos grupos genémicos, também foram
estabelecidos subgrupos para denominar um complexo de cultivares originarios de diversas
mutacdes de uma Unica cultivar original, como no caso do grupo AAA, subgrupo Cavendish, e
grupo AAB, subgrupos Prata e Terra (ALVES, 1999; GASPAROTTO et al., 2006). Estas duas
espécies sdo as mais conhecidas comercialmente, sendo o subgrupo Cavendish o ponto de
partida de todas as bananeiras de frutas comestiveis (BORGES, 2006).

As principais cultivares de banana difundidas no Brasil séo Prata, Pacovan, Prata Ana,
Maga, Mysore, Terra, D’ Angola, Nanica, Nanicao ¢ Grand Nine. Dentre estas, as cultivares
Nanica, Nanicdo e Grand Nine sdo destinadas, principalmente, para exportacdo (BORGES,
2006).

A banana € uma das frutas mais presentes na dieta dos consumidores brasileiros, sendo
considerada importante fonte de calorias (QAMAR; SHAIKH, 2018). A banana possui
composi¢do com aproximadamente 22% de carboidratos, tendo baixa quantidade de proteinas
e lipideos e presenca de vitaminas A, B, Bz, B3, C, D e E, sendo as vitaminas D e E encontradas
nos mais baixos teores. Ainda, possui em sua composi¢do a presenca dos minerais potassio,
fosforo, calcio, magneésio e ferro. A textura macia da polpa, sabor doce e baixa acidez s&o
aspectos importantes relacionados com a ampla aceitacdo da banana por consumidores de
diferentes faixas etarias (MATSUURA, 2001; FORSTER et al., 2003; FASOLIN et al., 2007;
AURORE; PARFAIT; FAHRASMANE, 2009; SALOMAO; SIQUEIRA, 2015). Na Tabela 1
sdo apresentadas informacdes relacionadas a composicdo nutricional de uma porcdo de 100 g

de banana (cv. Prata), segundo a Tabela Brasileira de Composicéo de Alimentos (TACO, 2011).
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A polpa de banana contém diferentes compostos bioativos, como flavonoides,
carotenoides e aminas biogénicas, repercutindo em elevada propriedade antioxidante (SINGH
et al., 2016). Quercetina, miricetina, kaempferol e cianidina fazem parte dos flavonois, os quais
se caracterizam como a principal classe de flavonoides encontrado em bananas (KEVERS et
al., 2007; BORGES et al., 2014). Estes flavonoides podem atuar como protetores da acéo de
radicais livres derivados do oxigénio e das espécies reativas de oxigénio (ROS), embora sejam
ainda escassos 0s estudos sobre os efeitos sinérgicos dos diferentes compostos fenolicos
presentes na banana (SINGH et al., 2016).

Tabela 1 - Composic¢éo nutricional em 100 g de banana cv. Prata

Componente Quantidade
Agua 7199
Energia 98 kcal
Proteina 1,39
Lipidio total 01g
Carboidrato 26,0 ¢
Fibra 2,049
Cinzas 08¢
Célcio 8 mg
Ferro 0,4 mg
Magnésio 26 mg
Fosforo 22 mg
Potassio 358 mg
Sddio 1mg
Manganés 0,42 mg
Cobre 0,05 mg
Riboflavina 0,02 mg
Piridoxina 0,10 mg
Zinco 0,1 mg
Vitamina C 21,6 mg

Fonte: TACO, 2011

Os carotenoides proporcionam beneficios a saude devidos as suas funcdes fisiologicas
como provitaminas e atividade antioxidante, principalmente, na eliminacdo do oxigénio
singlete (SIDHU; ZAFAR, 2018). O contetdo de carotenoides em bananas consiste,
principalmente, em carotenoides provitamina A e podem auxiliar populagfes que apresentem
deficiéncia desse nutriente (FUNGO; PILLAY, 2013; BORGES et al., 2014). Serotonina,
dopamina e norepinefrina sdo algumas das aminas biogénicas presentes na casca e polpa da
banana (GONZALEZ-MONTELONGO; GLORIA LOBO; GONZALEZ, 2010). Estas aminas

biogénicas desempenham func¢des importantes no corpo e cerebro humano, impactando no
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humor, estabilidade emocional e capacidade de concentracdo (SINGH et al., 2016; SIDHU;
ZAFAR, 2018).

A banana € uma fruta climatérica, com vida de prateleira curta entre seis e oito dias apds
madura quando armazenada sob temperatura ambiente (HUANG et al., 2014). Ainda, apresenta
altas taxas respiratorias que desencadeiam intensas modificagdes bioquimicas apos a colheita
(VIVIANI; LEAL, 2007). As elevadas taxas respiratdrias conjuntamente com a producéo de
etileno aceleram o processos de deterioracdo da banana (PRILL et al., 2012). As mudancas que
ocorrem durante 0 amadurecimento e senescéncia da banana envolvem varias vias bioguimicas,
como a degradacdo do amido em agucares simples, modificagdes na textura, cor da casca e da
polpa, bem como na concentracdo de compostos volateis e &cidos organicos, repercutindo em
reducdo da adstringéncia (LOBO; ROJAS, 2020).

O amido é convertido em acucares simples causando aumento no teor de solidos
soliveis ao longo do processo de amadurecimento da banana (MADUWANTHI,
MARAPANA, 2017). A alteracdo na cor da casca ocorre devido & quebra da clorofila, a qual
torna-se ausente em frutas maduras, e da diminuicdo dos carotenoides durante a mudanca de
cor da casca, 0s quais, em seguida, voltam a se elevar até alcancar conteudo similar aquele
encontrado quando da fruta verde (LOBO; ROJAS, 2020). O pH da polpa e acidez total titulavel
sdo atributos de qualidade pos-colheita importantes na avaliacdo do amadurecimento de frutas
e conforme o0 amadurecimento avanca ocorre diminuicdo do pH e elevacédo da acidez (HAILU;
WORKNEH; BELEW, 2013).

A producdo mundial de bananas tem aumentado de forma constante nos tltimos 20 anos,
saindo de aproximadamente 58 milhdes de toneladas em 1996 para alcangar aproximadamente
114 milhdes de toneladas em 2017 (FAOSTAT, 2019). O aumento desta producdo pode estar
relacionado com a maior demanda pelo produto devido ao crescimento populacional, bem como
ao emprego de tecnologias que implicam em aumento da produtividade mesmo ocorrendo
decréscimo da area cultivada entre 2012 e 2016 (FAOSTAT, 2019). No ano de 2017, a producéo
mundial de bananas foi de 113,9 milhdes de toneladas, sendo a india o maior produtor com
producdo anual de 30,4 milhGes de toneladas, seguida por China, Indonésia e Brasil com
producdo anual de 11,1; 7,1 e 6,6 milhGes de toneladas, respectivamente (FAO/WHO, 2019).

O Brasil produziu no ano de 2019 (até o més agosto) aproximadamente 6,9 milhGes de
toneladas de bananas, sendo a regido Nordeste a segunda maior produtora e responsavel por
35,53% da producéo nacional, seguindo a regido Sudeste como a primeira produtora (IBGE,
2019). Porem, o Brasil tem pequena participacdo no comércio internacional de bananas,
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estimado em torno de 3% da producdo, visto que a principal via de escoamento da producéo
ainda € o mercado interno (COLTRO; KARASKI, 2019). Esta pequena participacdo no
mercado externo também ocorre devido, principalmente, aos altos indices de perdas da fruta
durante a producéo e comercializacdo (COLTRO; KARASKI, 2019).

Apesar da alta produtividade brasileira de produtos agricolas, consideravel parte da
producéo é perdida por causa de problemas que ocorrem na fase de producdo e pds-colheita.
Tem sido estimado que as perdas de produtos agricolas nos diferentes seguimentos das cadeias
agroalimentares na América Latina e Caribe sdo de, aproximadamente, 28% na producao, 22%
no manejo e armazenamento, 17% no mercado e distribuicdo e 28% pelos consumidores, sendo
tais perdas decorrentes de diversos fatores fisicos, fisioldgicos e biol6gicos (BORGES, 2006;
SPAGNOL et al., 2018).

2.1. DOENCAS POS-COLHEITA EM BANANAS

A baixa qualidade de bananas produzidas no Brasil tem sido relacionada,
principalmente, aos problemas fitossanitarios. De modo geral, fungos, bactérias, nematoides,
virus e insetos tém contribuido de forma expressiva na reducdo da producdo e nas perdas pés-
colheita de bananas (BORGES, 2006; GASPAROTTO, 2010; SILVA et al.,, 2013). As
principais doencas pds-colheita que afetam a banana séo a antracnose (Figura 1) e “podridao da

coroa” (Figura 2), que se manifestam, principalmente, na fruta madura (BORGES, 2006).

Figura 1- Antracnose causada por Colletotrichum musae em banana

Fonte: Agrolink.
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Figura 2- Podridéo da coroa: podridéo e necrose de tecidos em bananas

Fonte: Don Edwards, UC Davis, 2016

A podriddo-da-coroa, também chamada de podriddo-da-almofada, € uma doenca causada
comumente pelos fungos Fusarium roseum, Verticillum theobromae e Colletotrichum musae,
Lasiodiplodia spp. podendo encontrar-se associados a bactérias oportunistas, durante a préatica
de despencamento das frutas para comercializacdo (SIRIWARDANA et al., 2017). A
antracnose da banana é uma doenca causada por C. musae, sendo as lesGes desenvolvidas nas

frutas consideradas o mais grave problema pds-colheita em bananas (BORGES, 2006).

2.1.1. Colletotrichum musae e desenvolvimento de antracnose em bananas

Cerca de 2.200 espécies de plantas sdo reportadas em associacdo com 0 género
Colletotrichum (FARR & ROSSMAN, 2015), sendo um dos um dos mais importantes agentes
etiologicos de doencas de plantas em todo 0 mundo (DEAN et al., 2012), este género possui
tanto espécies patogénicas como nao-patogénicas (VIEIRA et al., 2014).

A primeira classificacdo da especie C. musae foi como Myxoporium musae Berk. &
M.A. Curtis (BERKELEY, 1874), sendo, em seguida, transferida para o género Gloesporium
Desm. & Montag., passando a ser nomeada Gloesporium musarum Cooke & Massee (COOKE,
1887; BAXTER; VAN DER WESTHUIZEN; EICKER, 1985), e, por ultimo, reclassificada no
género Colletorichum. A classificagcdo taxondmica da espécie C. musae ocorreu com base no
teleomorfo, que esta inserido no filo Ascomycota, classe Sordariomycetes, subclasse
Sordariomycetidae, ordem Incertae sedis e familia Glomerellaceae (INDEX FUNGORUM,
2019).
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Frequentemente, a espécie C. musae apresenta col6nias com micélios aéreos abundantes
e de coloragdo branca, os quais com o passar do tempo tornam-se acinzentados com
consideravel massa de conidios, envoltos em uma mucilagem. N&o ha relatos na literaturad a
presenca de esclerodios e setas. Os conidios sdo, geralmente, hialinos, retos, unicelulares,
cilindricos, obtusos nos &pices, possuindo entre 10 e 18 um de comprimento e entre 3 € 6,5 um
de largura (ARX, 1957a, 1957b; SUTTON, 1980; SU et al., 2011). Os apressorios se
apresentam de forma irregular, médios e com coloracéo castanho-escura (SUTTON, 1980; SU
etal., 2011).

Figura 1- Caracteristicas morfoldgicas de Colletotrichum musae isolado de banana:
frente da placa de Petri (M) e verso da placa de Petri (N) em meio de cultivo agar batata
dextrose, conidios (O-P) e apressorio (Q) (barras = 10 pm)

Fonte: Sakinah, Suzianti e Latiffah, 2014.

A temperatura 6tima para o crescimento, esporulacao e germinacdo dos conidios ocorre
entre 27 a 30 °C. A taxa de germinacdo se torna um pouco mais baixa se no escuro ou na
presenca de luz, sendo mais favoravel a alternancia da luminosidade. O valor de pH 6timo para
o0 seu crescimento é 7 (THANGAMANI et al., 2011).

A antracnose é uma doenca de natureza fungica também denominada como podridao
negra ou podriddo das frutas maduras, tendo C. musae como seu agente etiolégico em bananas.
A infeccdo pode ocorrer de duas formas: i) latente, a qual acorre ainda no campo, permanecendo
dormente até o inicio do amadurecimento; e ii) ndo latente, a qual ocorre pela invasdo de
fitopatogenos em ferimentos nas frutas ainda verdes (CORDEIRO, 2000). O amadurecimento
das frutas atacadas por C. musae acontece de forma mais rapida quando comparado com frutas
sadias, representando risco adicional para a cadeia de producéo e comercializagdo de bananas.
De forma geral, a antracnose néo afeta a polpa da banana, embora esse dano possa ocorrer em
condicBes de altas temperaturas ou em estadio de maturagdo avangado (CORDEIRO, 2000;
PLOETZ, 2003; CORDEIRO; MATOS, 2005).

A antracnose em bananas pode causar perdas de até 40% da producéo, estando o fungo
difundido em todas as regides brasileiras. A infeccdo se inicia na lavoura nos frutas verdes, mas
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0 desenvolvimento da doenca sé ocorre durante o amadurecimento, formando de pequenas a
grandes lesGes necrdticas e deprimidas (OLIVEIRA, 2006; NEGREIROS et al., 2013; VIEIRA
et al., 2017). Os sintomas s0 aparecem em frutas verdes quando ocorre intensa injdria
(PLOETZ, 2003).

Em condicBes de alta umidade, as frutas ficam cobertas de frutificacbes do patdgeno
com coloragdo variando de rosa a salmé&o e presenca de acérvulos acizentados (CORDEIRO;
MATQOS, 2005). A producéo de conidios ocorre em restos culturais sob condicGes favoraveis
de alta umidade e podem ser dispersos pela chuva, vento e insetos (PLOETZ, 2003). A
germinacao ocorre entre 4 e 24 horas com formacao de apressorio em presenca de agua livre.
Entre 24 e 48 horas, ocorre a penetracdo na fruta com acumulo de fitoalexinas devido a reacéo
de hipersensibilidade nas células adjacentes da epiderme, tornando a infeccéo latente até a
maturacdo da fruta. Entretanto, a infeccdo também pode ocorrer por meio de ferimentos nas
frutas (GOWEN, 1995).

Torna-se ideal, que a tomada de medidas de controle da antracnose tenham inicio de
aplicacdo ainda no campo de producdo, conforme as recomendacdes sugeridas para 0 manejo
de doencas (CORDEIRO, 2000), como eliminacdo de folhas velhas, bracteas e restos florais,
cobertura dos cachos com saco polietileno perfurado, limpeza e desinfestacdo dos tanques de
despencamento e renovacao periodica da agua do tanque de lavagem das frutas. Durante a fase
de colheita e pos-colheita é importante a tomada de cuidados a fim de evitar ferimentos nas
frutas, os quais facilitam a penetracdo de fitopatdgenos (AMORIM; BERGAMIN FILHO;
REZENDE, 2018). O ultimo passo para o controle da doenca vem a ser a utilizacdo de
fungicidas, o que pode ser feito por imersdo ou atomizagdo (CORDEIRO, 2000; VENTURA;
HINZ, 2002; CORDEIRO; MATOS, 2005). Atualmente, somente trés produtos séo registrados
no Brasil para uso no controle da antracnose em bananas, dos quais 0s ingredientes ativos sao
imazalil, tiofonato metilico e tiabendazol (MAPA, 2019), com concentracGes de aplicacao entre
200 e 400 ppm (AMORIM; BERGAMIN FILHO; REZENDE, 2018).

Existem diversas restri¢ces relacionadas ao uso de fungicidas na pds-colheita de frutas,
como fitotoxicidade dos produtos aplicados, efeitos residuais, tendéncia dos patdgenos para
desenvolver resisténcia devido ao sitio especifico de acéo, toxicidade e carcinogenicidade
(VIEIRA et al., 2017; HAWKINS; FRAAIJE, 2018). Além disso, tem ocorrido uma tendéncia
de mercado por busca de alternativas de controle de perdas pos-colheita de frutas sem a
utilizacdo de produtos quimicos (TAJKARIMI; IBRAHIM; CLIVER, 2010; DE COSTA,;
GUNAWARDHANA, 2012).
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A adogdo de medidas de controle de doencas pds-colheita torna-se indispensavel como
estratégia de manutencdo da qualidade e aumento de tempo de prateleira de frutas,
especialmente quando o periodo entre a colheita e o consumo for espacado (LINS et al., 2011,
YAHIA; CARRILLO-LOPEZ, 2019). Diante disso, pode-se inferir que o potencial de
conservacao das frutas esta diretamente relacionado, ndo s6 ao manejo adequado, mas também
ao seu ponto de colheita e aos tratamentos fitossanitarios de campo e pés-colheita, 0s quais

podem interferir na velocidade da sua deterioracdo (NABI et al., 2017).

2.2.  APLICACAO DE REVESTIMENTOS COMESTIVEIS EM FRUTAS

A tecnologia de aplicacdo de revestimentos comestiveis tem ganhado destaque como
ferramenta para ampliar o tempo de preservacao de frutas (OLIVEIRA et al., 2018; BRAGA et
al., 2019a; MACEDO et al., 2020). O principal objetivo de aplicacdo de revestimentos
comestiveis é exercer papel funcional e coadjuvante, contribuindo para a preservacao da textura
e valor nutricional da fruta revestida, reduzindo as trocas gasosas superficiais e a perda ou ganho
excessivo de agua e ndo substituindo o uso de embalagens ou emprego do frio em definitivo
(JONGEN, 2002; TURHAN, 2010).

Os revestimentos devem ser formulados com materiais considerados como GRAS
(geralmente reconhecidos como seguros), ou seja, serem atOXicos e Sseguros para 0 UsO em
alimentos. Essa premissa € de importancia, visto que serdo aplicadas ou formados diretamente
sobre a superficie das frutas, sendo, muitas vezes, imperceptiveis ao olho nu e com
caracteristicas estruturais que dependem da formulacdo da solugdo filmogéncia precursora
(FDA, 2011).

Uma das vantagens mais importantes do uso de revestimentos comestiveis é a
possibilidade de incorporacdo de aditivos que podem aumentar a sua eficacia, como
antioxidantes, antimicrobianos e flavorizantes. A incorporagédo destes agentes pode repercutir
em vida de prateleira mais prolongada do produto revestido devido a inibi¢do do crescimento
de microrganismos e retardo de alteracbes bioquimicas, repercutindo em menores perdas
nutricionais (HASSAN et al., 2018).

Polissacarideos, lipidios e proteinas sdo as matérias-primas mais empregadas na
formulacdo de revestimentos comestiveis, de modo que a escolha da formulacdo depende
fundamentalmente das caracteristicas do produto a ser revestido e do objetivo da aplica¢do do

revestimento. Atualmente, existe a tendéncia de classificar os materiais empregados na
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formulacdo de revestimentos em hidrofébicos e hidrofilicos (ZARITZKY, 2010; HASSAN et
al., 2018).

Os materiais hidrofobicos contém moléculas que ndo configuram regifes polares
definidas, incluindo grupos aromaticos e alquilas (CHs, CH2-CHs). Quando na presenca de
agua, estes materiais se aglomeram e excluem as moléculas polares ao seu redor. Proteinas
hidrofdbicas, 6leos e &cidos graxos sdo alguns dos materiais inseridos na categoria de materiais
hidrofobicos utilizados na formulacdo de revestimentos (ASSIS; BRITTO, 2014).

Os materiais hidrofilicos possuem estruturas com predominancia de grupos hidroxila,
carboxila ou amino (OH, COO-NH3). Em funcgéo das caracteristicas destes grupos, a cadeia
carbbnica apresenta sitios parcialmente carregados positivamente e outros carregados
negativamente. Esta caracteristica da estrutura quimica favorece o acimulo e o rearranjo de
moléculas polares e, principalmente, da dgua em torno destes sitios. Alguns exemplos de
materiais hidrofilicos sdo os polissacarideos, como celulose, quitina, goma xantana, goma guar,
goma ardbica, pectina e amido, além dos polissacarideos polieletrolitos, como
carboximetilcelulose, quitosana e alginato. Os materiais hidrofilicos favorecem a disperséo do
soluto e formacdo mais homogénea do filme. Dependendo da estrutura quimica, podem formar
géis ou até mesmo requerer alteracBes quimicas para se alcancar completa solubilizacdo
(ASSIS; BRITTO, 2014).

A camada formada pelo revestimento nas frutas causa preenchimento parcial dos
estdmatos e lenticelas das células vegetais, e, com isso, diminuem a transferéncia de umidade
e as trocas gasosas (transpiracdo e respiracao, respectivamente) (MANNOZZI et al., 2017). A
degradacdo da textura e a perda de peso ocorrem devido os produtos frescos serem muito
sensiveis a perda de agua, de forma que os revestimentos comestiveis formam uma barreira
entre a casca e 0 ambiente externo, evitando a perda excessiva de agua (NAWAB; ALAM,;
HASNAIN, 2017; ARNON-RIPS; POVERENOQV, 2018).

Esta modificacdo na atmosfera também é capaz de manter a firmeza e retardar a
senescéncia das frutas, visto que o processo de amadurecimento esta diretamente relacionado
ao aumento da producdo de etileno. O etileno necessita do oxigénio para ser produzido,
portanto, a permeacdo do oxigénio para o interior da fruta, causada pelo revestimento, reduz a
producéo de etileno dificultando o amadurecimento (ZHANG et al., 2019). O revestimento
também pode melhorar a aparéncia da fruta armazenada, visto que confere brilho, 0 que é um
aspecto atraente para o consumidor. Ademais, 0 atraso no amadurecimento também causa

retardo da quebra da clorofila e sintese de carotenoides (ULLAH et al., 2017).
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As duas formas mais conhecidas de aplicacdo de revestimento em vegetais séo: i) por
meio de imersdo rapida do vegetal na solucdo filmogénica, de modo que, ap0s a retirada da
imersdo, 0 vegetal é colocado em repouso até que a pelicula seja formada por meio da
evaporacdo da agua contida na solucdo; e ii) por meio de aspersdo, onde a solucdo dos
ingredientes utilizados na formulacdo do revestimento é aspergida sobre o vegetal. Outras
formas de aplicacdo podem ser a escovacdo, leito fluidizado, aplicacdo eletrostatica e
eletrospray (SILVA-VERA et al., 2018).

2.2.1 Goma Arébica

O exsudato de troncos e ramos da Acacia senegal (Linne), apos dessecado de forma
espontanea, gera um produto conhecido como goma ardbica ou goma acécia (Figura 4). A goma
arébica é um polissacarideo acido de estrutura ramificada, cuja cadeia principal é formada por

unidades de D-galactopiranose unidas por ligagoes glicosidicas p-D-(1—3). A esta cadeia

Figura 2: Exsudato de tronco da Acacia senegal

Fonte: Google images.

principal, por meio de ligagdes P(1—6), estdo ligadas as cadeias laterais com diferentes
estruturas quimicas formadas de D-galactopiranose, L-ramnose, L-arabinofuranose
(SHIRWAIKAR et al., 2008; PATEL; GOYAL, 2015). A goma arabica contém 12 a 15% de
agua e varias enzimas ocluidas (oxidases, peroxidases e pectinases), e, em base seca, possui de
1 a 2% de diferentes de proteinas. Além disso, pode apresentar substancias associadas como
polifenois e minerais (magnésio, potassio, calcio e sodio) em cerca de 3 a 4%. Embora tenha

elevado peso molecular, a goma arabica apresenta comportamento reoldgico newtoniano em
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meio aquoso (10% na formulagéo), sendo consequéncia da sua estrutura molecular compactada
e altamente ramificada (MATHIAS et al., 2013).

Para se obter a goma arabica, as arvores sdo sujeitas as condicOes de seca ou sdo feridas.
No entanto, a producdo do exsudato é condicionada, fazendo-se uma incisdo transversal no
cortex e descascando-0 acima e abaixo do corte, expondo uma area de trocas. Entre duas a oito
semanas, as lagrimas formadas na superficie de exposicdo sdo colhidas, sendo o intervalo de
tempo dependente das condicdes climaticas (PATEL; GOYAL, 2015).

A goma arabica ¢ amplamente utilizada pela industria devido a sua capacidade de
emulsificacdo, formacgédo de filme, sabor suave e propriedades de encapsulamento. Ainda,
possui excelente solubilidade em agua, propriedades tensoativas e produz solugdes com baixa
viscosidade em altas concentracdes de sélidos. O seu uso tem ocorrido em alimentos (doces,
bolos, biscoitos, bebidas e produtos secos embalados), medicamentos (como transportador em
capsulas e suplementos de alto teor de fibra soltvel), produtos cosméticos (cremes e locGes) e
tintas litogréaficas (BALDWIN, 2016).

Os trés grandes campos de aplicacfes da goma arabica sdo na elaboracéo de produtos
de confeitaria, emulsdo de aromas em bebidas e encapsulamento de aromas. Destaca-se, a sua
aplicacdo na industria de confeitos, sendo utilizada como ingrediente para formulacéo de uma
variedade de produtos, tais como gomas, pastilhas, marshmallows e caramelos (toffees). A
goma arabica é estavel em condicdes acidas, sendo extensamente utilizada como emulsificante
na producdo de 6leos aromatizantes concentrados de cola e citricos. A goma é capaz de inibir a
floculacdo e a coalescéncia de gotas de 6leo durante longos periodos. Além disso, as suas
emulsBes permanecem estaveis por até um ano quando diluidas em até aproximadamente 500
vezes. A goma ardbica tem sido empregada em microencapsulamento para transformar os
compostos responsaveis pelo aroma em alimentos da forma de liquidos volateis para pds com
0 objetivo de facilitar a incorporacdo em formulagdes de produtos alimenticios (YE et al.,
2012).

Além disso, a goma arabica tem sido estudada para aplicagdo como revestimento em
algumas frutas com o intuito de aumentar a vida de prateleira e manter a qualidade pés-colheita.
A aplicacdo de goma ardbica (12%, p/v) em pimentdes verdes demonstrou efeitos positivos
sobre a manutencdo da qualidade pds-colheita do produto ao longo do armazenamento (ULLAH
et al., 2017). Mangas revestidas com dispersdo de goma arabica enriquecida com cloreto de
calcio tiveram redugdo do dano oxidativo e apresentaram melhores indicadores de qualidade
pos-colheita (KHALIQ et al., 2016).
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Muirtilos revestidos com dispersdes de goma arébica enriquecidas com extratos de rosela
vermelha e branca apresentaram menor crescimento de leveduras e bactérias, reduzindo a sua
deterioracdo (YANG et al., 2019). Ameixas revestidas com dispersdes de gomara arabica e
oOleos essenciais de Origanum vulgare L. e Rosmarinus officinalis L. apresentaram retardo na
ocorréncia de podriddo mole causada por Rhizopus stolonifer, bem como maior realce de cor e
sabor, manutencgédo da firmeza e diminuicdo da perda de peso ao longo do armazenamento
(ANDRADE et al., 2017).

Devido a goma arabica ja existir em uso comercial facilita o seu uso como revestimento,
porém ndo foi comprovado até o0 momento que ela apresenta atividade antimicrobiana por este

motivo seria interessante atribuir aditivos ao seu uso como revestimento comestivel.

2.3.  OLEOS ESSENCIAIS

Os 06leos essenciais sdo compostos de metabdlitos vegetais secundarios lipofilicos e
altamente volateis, que podem ser fisicamente separados de outros componentes vegetais ou
tecidos membranosos (TUREK; STINTZING, 2013; BASER; BUCHBAUER, 2020). Sao
definidos pelas normas 1SO 4720:2009 (ISO, 2018) e 1SO 9235:2013 (ISO, 2013) como o
“produto obtido por destilacdo a vapor de partes de plantas (folhas, flores e ramos), por
prensagem a frio de epicarpos (casca) de citrinos ou por destilacdo a seco, apos separacdo da
fase aquosa (se existir) por processos fisicos”. O principal processo de separacdo usado
atualmente pela industria de 6leos essenciais € a destilacdo fracionada a vacuo (SILVESTRE et
al., 2019).

Os constituintes dos dleos essenciais podem variar na quantidade e na diversidade e esse
fendmeno pode ocorrer devido a diversos fatores, como variabilidade genética, clima,
temperatura, altitude, sazonalidade, fotoperiodismo, localizagdo geografica, horario da colheita,
uso de agroquimicos e tipo de procedimento de extracdo. Estes fatores podem também
influenciar no rendimento do 6leo essencial (SIMOES; SCHENKEL; MELLO, 2017;
SILVESTRE et al., 2019).

Além de seu uso difundido como material aromatizante (TUREK; STINTZING, 2013),
0s Oleos essenciais representam uma alternativa "natural™ para uso pela industria alimenticia,
farmacéutica e agricola devido as suas propriedades antimicrobianas, antivirais, nematicidas,
antifungicas, inseticidas e antioxidantes (POURGHANBARI et al., 2016; PAVELA; SEDLAK,
2018; TAHIR et al., 2018; BARROS et al., 2019; BRAGA et al., 2019a; BARBOSA et al.,
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2020) ou mesmo atividades que alterem o sistema nervoso central (LOPEZ et al., 2017;
SMERIGLIO et al., 2018). Estas caracteristicas compiladas resultam em amplo espectro de
aplicacdes como conservantes em alimentos (PATRA; KIM; BAEK, 2015; ALMEIDA et al.,
2019) ou mesmo quando incorporados em embalagens ou revestimentos aplicados em
alimentos (DE OLIVEIRA et al., 2017; BRAGA et al., 2019a; MACEDO et al., 2020).

A variedade de possiveis aplicacdes de 6leos essenciais resulta da grande diversidade
de componentes comumente encontrados na sua composi¢cdo (TUREK; STINTZING, 2013).
Os principais constituintes dos 0leos essenciais podem ser categorizados em duas familias
estruturais com relacdo ao seu esqueleto de hidrocarbonetos, ou seja: Terpendides, que sdo
produzidos pela combinacdo de duas, trés ou quatro unidades de isopreno (monoterpenos,
sesquiterpenos ou diterpenos, respectivamente); e fenilpropanoides. Estas duas familias tém
precursores metabolitos primarios distintos e sdo biossintetizados por diferentes vias
(JUGREET et al., 2020).

Acredita-se, que a atividade antifungica dos componentes de Gleos essenciais se
estabeleca devido a alta hidrofobicidade dos seus componentes, causando danos na membrana
celular dos fungos (YU; ZHANG; WANG, 2021). Porém, outros mecanismos de acdo tém sido
relatados para explicar a atividade antifungica de 6leos essenciais, tais como: desestruturacéo
da mitocondria fangica, inibicdo do transporte de elétrons e inibicdo da atividade de ATPase
mitocondrial (TIAN etal., 2012; LAGROUH; DAKKA; BAKRI, 2017; YU; ZHANG; WANG,
2021).

Os Oleos essenciais, quando incorporados em revestimentos comestiveis, sao
continuamente liberados na superficie das frutas, mantendo uma concentracdo adequada dos
componentes antimicrobianos ao longo do tempo e, consequentemente, estendendo o periodo
de armazenamento (SOUZA et al., 2019). Estudos com a aplicacdo de revestimentos
incorporados com o6leos essenciais tém se mostrado eficazes no controle de espécies de
Colletotrichum, a exemplo de revestimentos formulados com quitosana e 6leo essencial de
Cymbopogon citratus, 0s quais apresentaram capacidade de controlar o crescimento micelial de
cinco espécies patogénicas de Colletotrichum in vitro e quando aplicados em goiaba, maméo e
manga (OLIVEIRA et al., 2018); cera de abelha enriquecida com 6leo essencial de manjericdo,
a qual reduziu o desenvolvimento de antracnose em mangas (KARUNANAYAKE et al.,
2020); e revestimentos formulados com goma arabica e extratos de frutos secos de Garcinia
atroviridis, os quais causaram inibicdo do crescimento micelial de Colletotrichum
gloeosporioides (MUSTAFA; BORDOH; AHMAD, 2018).
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2.3.1 Oleo essencial de Conyza bonariensis (L.) Cronquist

A espécie vegetal C. bonariensis (L.) Cronquist (Asteraceae) (Figura 5) é uma erva
daninha dicotilednea de folha larga (LOURA et al., 2020), com origem na Ameérica do Sul,
embora atualmente seja amplamente distribuida em todo o mundo. No Brasil, € conhecida como
buva, voadeira, margaridinha-do-campo, rabo-de-foguete, arnicéo, lagarteira, rabo-de-raposa,
capicoba, acatoia, entre outras denominagdes (MAIA et al., 2002; LORENZI, 2014). E uma
planta nativa que ocorre em todas as regides brasileiras e pode ser encontrada em todos 0s
biomas (ZAPPI et al., 2015).

Figura 3: Parte aérea de Conyza bonariensis (L.) Cronquist: A) Caule e folhas,
B) Folhas e flores.
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Fonte: (A) Mangolin, Oliveira Junior e Machado, 2014; (B) European Enviroment Agency

As folhas de C. bonariensis sdo utilizadas em preparacfes culinarias, podendo ser
consumida refogada, crua ou como especiaria devido a sua caracteristica picante, sendo
considerada uma planta alimenticia ndo convencional (PANC) (KINUPP; LORENZI, 2014;
DA SILVA et al., 2018). Caracteriza-se como planta rica em compostos espasmogénicos e
espasmoliticos, o que se relacionada ao seu amplo uso medicinal na Asia para tratamento de
diarreia e obstipacdo (BUKHARI et al., 2013). Extratos de C. bonariensis administrados por
via oral foram considerados seguros em doses de até 5000 mg/kg em modelos animais (DE
PAULA et al., 2018) e seu 0leo essencial tem sido considerado possuidor de baixa toxicidade
(DELORENZI et al., 2017).

O primeiro estudo que analisou o 6leo essencial de diferentes partes de C. bonariensis

foi publicado em 2005, sendo relatado rendimento entre 0,04 e 0,32% de acordo com a parte da
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planta utilizada para extracdo. Foram detectados 31 diferentes componentes no 6leo essencial,
dos quais 17 foram identificados, embora apenas um (Matricaria metil-éster) tenha sido
identificado no material extraido de todas as partes da planta, sendo majoritario no 6leo
essencial extraido das raizes. Os demais componentes mais prevalentes no oOleo essencial
extraido do caule, folhas e inflorescéncias foram manool, limoneno e carvona, respectivamente
(BARBOSA et al., 2005).

Outro estudo determinou os constituintes do Oleo essencial de amostras de C.
bonariensis coletadas em cinco diferentes localidades no Brasil, sendo identificados (E)-B-
farneceno e/ou limoneno como constituintes majoritarios, com concentracdes variadas de
acordo com a regido de origem (MAIA et al., 2002). Outro estudo encontrou elevadas
concentracdes de limoneno e/ou 6xido de cariofileno no éleo essencial obtido das folhas de C.
bonariensis, as quais variaram de acordo com a estacdo do ano da coleta do material vegetal
utilizado para extracdo do 6leo essencial (MABROUK et al., 2011). Estes dois compostos sdo
utilizados pela planta como defesa, sendo relatada acdo inseticida para o limoneno e acao
antifangica para o 6xido de cariofileno (THABIT et al., 2014; DA SILVA et al., 2018).

Foi relatado efeito antibacteriano do extrato metandlico de C. bonariensis e suas fragdes
de solvente subsequentes contra Escherichia coli e Pseudomonas aureginosa e efeito
antifungico contra Cladosporium cucumerinum e Candida albicans (SHAH et al., 2013). Cepas
de diferentes bactérias causadoras de doengas transmitidas por alimentos (Shigella dysenteriae,
Escherichia coli, Salmonella typhimurium, Streptococcus pyogenes e Staphylococcus aureus)
foram utilizadas para avaliar o efeito antibacteriano do extrato etandlico de C. bonariensis,
sendo reportado forte efeito inibitério das cepas testadas (THABIT et al., 2015). Estudo anterior
também demonstrou que o extrato metandlico de C. bonariensis exerceu atividade
antimicrobiana de moderada a fraca frente cepas de diferentes bactérias patogénicas
(Enterococcus faecalis, Enterobacer aerogene, Escherichia coli, Klebsiella pneumonia,
Pseudomonas aeruginosa, Proteus mirabilis, Shigella flexneri, Staphylococcus aureus e
Streptococcus pyogenes) e fungos patogénicos (C. albicans, Candida grablata, Candida kruzei
e Candida parapsilosis) (DE PAULA et al., 2018). Extratos etandlicos de C. bonariensis em
concentragdes abaixo de 10% também demonstraram atividade antimicrobiana contra cepas de
bacterias (S. aureus) e fungos patogénicos (Malassezia spp. e Candida spp.) (MUSSIN et al.,
2017). Alguns poucos estudos tém demonstrado que o 6leo essencial de C. bonariensis possuli
efeito inibitorio frente bactérias (Bacillus cereus e Staphylococcus epidermidis) e fungos
(Candida albicans e Phyllosticta citricarpa) (ARAUJO et al., 2013; LOMBARDO et al., 2016).
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Entretanto, ainda existem poucas informacBes disponiveis na literatura sobre os efeitos
antimicrobianos do 6leo essencial de C. bonariensis, sendo necessario avangar em estudos sobre
sua acao antifungica, particularmente frente fungos fitopatdgenos e somente dois géneros de
fungos fitopatogénicos foram avaliados (Cladosporium e Phyllosticta).

Portanto, considerando os aspectos anteriormente citados, que caracterizam o potencial
bioldgico do 6leo essencial de C. bonariensis e a sua possivel incorporagdo em revestimentos
formulados com goma arabica, a aplicacdo combinada destes compostos pode representar uma
alternativa de melhoria na tecnologia de preservacdo pos-colheita de bananas destinadas ao

consumo interno e/ou exportagéo.
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3. MATERIAL E METODOS
3.1. OBTENCAO DE DADOS PARA ELABORAGCAO DE ARTIGO DE REVISAO DE
LITERATURA

A selecdo dos artigos se iniciou a partir da busca nas bases de dados Pubmed e Scopus de
artigos publicados entre os anos de 2010 e 2019 no idioma inglés. Os termos descritores
utilizados de forma isolada ou em combinacéo foram:

“coating,” “edible films,” ‘“composition,” “essential o0il,” “phytoconstituents,”
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“antimicrobial activity,” “antifungal,” “antibacterial,” “postharvest diseases,” “microbiological
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safety,” “effects,” “effectiveness,” “application,” “fruit,” “vegetable,” “quality standards,”
“sensory aspects,” and “nutritional aspects”.

Os artigos selecionados para uso na elaboracdo da revisdo foram avaliados de forma
independente por cinco avaliadores e ap0s a leitura do titulo e resumo foram selecionados 30
artigos.

A revisdo limitou-se a pesquisar artigos originais que avaliaram a eficicia de
revestimentos comestiveis formados por polissacarideos e 6leos essenciais com o intuito de
preservar frutas frescas. Os artigos que utilizaram revestimentos comestiveis formados por
polissacarideos e constituintes individuais presentes nos Gleos essenciais também foram
avaliados, pois estes compostos normalmente apresentam propriedades antimicrobianas
semelhantes as dos dleos essenciais.

Os estudos incluidos abordaram: (i) a atividade antimicrobiana e os efeitos dos
revestimentos comestiveis na infeccdo e deterioracdo quando aplicados em frutas; e (ii) a
influéncia dos revestimentos comestiveis sobre parametros fisico-quimicos e sensoriais de
frutas revestidas mesmo que ndo tenham sido avaliados os efeitos antimicrobianos. Artigos
originais utilizando apenas ensaios in vitro frente microrganismos fitopatogénicos e
deteriorantes ndao foram utilizados. Estudos que utilizaram proteinas (por exemplo, gelatina,
caseina, zeina e proteina de soja) e lipidios (por exemplo, cera de carnauba e cera de abelha)
como materiais de base para a producao de revestimentos comestiveis também foram excluidos.

Foram descritos aspectos metodoldgicos relativos a producdo de revestimentos formados
por polissacarideos, 6leos essenciais ou constituintes individuais, como: (i) tipo e caracteristica
do polissacarideo, 6leo essencial ou constituinte individual; e (ii) concentracGes testadas dessas
substancias (ou compostos) e seu uso combinado para formular os revestimentos. Também
foram apresentados e discutidos aspectos metodologicos empregados para a producdo e

aplicacdo de coberturas comestiveis em frutas.
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Considerando a aplicacdo de revestimentos comestiveis em frutas, foram avaliados os
microrganismos patdgenos utilizados nos ensaios antimicrobianos in situ, os principais efeitos
contra esses microrganismos e a influéncia dos revestimentos comestiveis nos parametros
gerais de qualidade das frutas revestidas, como: pH, acidez titulavel, sélidos sollveis totais,
cor, firmeza, perda de peso, taxa respiratoria, compostos fendlicos, &cido ascorbico, atividade
enzimatica e caracteristicas sensoriais.

Diferentes tabelas foram montadas organizando as informaces e considerando: (i) 0s
materiais, como o tipo de material de revestimento e frutas; (ii) a concentracao de materiais de
revestimento, o microrganismo alvo, os tipos de ensaios realizados e o0s principais efeitos
antimicrobianos exercidos pelos materiais usados para preparar 0s revestimentos (ensaios in
vitro) e/ou por revestimentos formulados quando aplicados em frutas (em ensaios situ); e (iii)
os efeitos dos revestimentos formulados nos pardmetros fisico-quimicos e sensoriais

relacionados a qualidade geral das frutas revestidas.

3.2. LOCAL DE EXECUCAO DOS EXPERIMENTOS

Os experimentos de avaliacdo dos efeitos da solucdo de GA e emulsdo de OECB sob os
isolados fungicos, a andlise de citometria de fluxo, a avaliagdo dos revestimentos sob o
desenvolvimento da lesdo de antracnose em bananas e os pardmetros fisico-quimicos foram
realizados no Laboratdrio de Bioquimica e Microbiologia de Alimentos (LMBA) pertencente
ao Departamento de Nutricdo/Centro de Ciéncias da Saude, enguanto as analises de
caracterizacdo do Oleo essencial foram realizadas no Laboratério Multiusuario de
Caracterizacdo e Analises pertencente ao Instituto de Pesquisa em Farmacos e Medicamentos
(IPeFArM), ambos da Universidade Federal da Paraiba e situados no campus | (Jodo Pessoa —
PB).

3.3. MATERIAL
3.3.1. Obtencido do oleo essencial de C. bonariensis e da goma arabica

O oleo essencial de C. bonariensis (OECB) foi extraido no IPeFArM/UFPB. As folhas
de C. bonariensis foram coletadas pela manha (antes das 8:00 horas) no horto de Plantas

Medicinais do IPeFArM/UFPB. A espécie foi identificada e depositada no Herbario Lauro Pires
Xavier - JPB (UFPB) sob o0 nimero JPB 26391 e registrado no SISGEN com cddigo ABB39C8.
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Para a extracdo do 6leo essencial utilizou-se o metodo de hidrodestilacdo por aparelho
de Clevenger. O periodo de extragdo durou aproximadamente 8 horas, e, posteriormente, 0 6leo
essencial foi filtrado com sulfato de sddio anidro e armazenado em recipientes ambar com
vedacdo sob temperatura de refrigeracdo (4 + 0,5°C) (GUERRA et al., 2016).

A goma arabica (GA) (CAS 9000-01-5, densidade 0,424 g/cm?, pureza de 99,98%, brilho
> 250 °C) foi obtida da Dindmica Quimica Contemporanea Ltda. (Diadema, S&o Paulo, Brasil).

3.3.2. Isolados fungicos e preparagdo do indculo

Seis isolados de Colletotrichum musae (RP3, RP4, RP10, MM5, GM20 e LN2) foram
utilizados como micro-organismos teste, os quais foram cedidos pela Colecdo de Culturas de
Fungos Fitopatogénicos "Profa. Maria Menezes" (Universidade Federal Rural de Pernambuco,
Recife, Pernambuco, Brasil). Estes isolados foram recuperados de bananas acometidas de
antracnose e identificados com o uso de inferéncia filogenética, os isolados com as siglas
iniciando em RP sdo resistentes ao fungicida comercial e os demais sdo susceptiveis ao
fungicida comercial (VIEIRA et al., 2017).

Os isolados estoques foram mantidos em discos de 5 mm de batata dextrose agar — BDA
(HiMedia, Mumbai, india) em microtubos contendo 1,5 mL de agua destilada esterilizada,
sendo mantidos a 5 £ 0,5 °C no escuro. Para o0s ensaios de atividade antifingica, foram
utilizadas as culturas fangicas crescidas em BDA (25 £ 0,5 °C) durante 7 dias. Antes dos
ensaios, cada isolado foi inoculado em uma banana, e, ap6s o desenvolvimento de lesdes
caracteristicas de antracnose, foram re-isolados e cultivados em BDA (25 £+ 0,5 °C) durante sete
dias. As lesdes induzidas foram semelhantes para todos os isolados testados, sendo
caracterizadas como manchas marrom-escuro/pretas, geralmente, arredondadas e levemente
deprimidas (VIEIRA et al., 2017).

3.3.3.Obtencéo das frutas

As bananas (Musa sp., cv. Prata) foram adquiridas de uma fazenda agricola localizada
no municipio de Jodo Pessoa (7 ° 0829 " S, 34 ° 50’48 " W, Paraiba, Brasil), no estadio de
maturagdo comercial (casca amarela com pontas verdes e indice de maturidade cinco)
(BHUIYAN et al., 2020) e selecionadas considerando uniformidade de tamanho, forma,

aparéncia e auséncia de danos mecanicos ou infecc¢Ges fungicas visiveis.
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Antes da realizacdo dos ensaios, as frutas foram lavadas com detergente neutro e agua
corrente, sendo, em seguida, imersas em solucdo de hipoclorito de sodio para desinfeccdo da
superficie (1 mL/100 mL, pH 7,2 ajustado com NaOH a 1 M) durante 5 minutos, lavadas com

agua destilada esterilizada e secas em temperatura ambiente (25 + 0,5 °C).

3.3.4.0btencéo dos fungicidas

A formulacdo comercial de fungicidas composta por trifloxistrobina (100 g/L) +
tebuconazol (200 g/L) (Bayer S.A., Rio de Janeiro, Brasil), a qual tem sido aplicada para
controle de antracnose em diversas frutas no Brasil (BRAGA et al., 2019b; MACEDO et al.,
2020), foi utilizada como fungicida padrdo nos experimentos in situ. A formulagdo foi diluida
em agua destilada esterilizada (1:1000, v/v) para atingir a concentracdo de final de 0,1 g/L de

trifloroxistrobina e 0,2 g/L de tebuconazol, de acordo com as instrucdes do fabricante.

3.4. METODOS

3.4.1.ldentificacdo dos constituintes do 6leo essencial de C. bonariensis

Os constituintes do OECB foram identificados por cromatografia gasosa utilizando
cromatdgrafo gasoso acoplado a espectrometro de massas (CGMS-QP2010 Ultra Shimadzu,
Kyoto, Japdo), utilizando as seguintes condicdes analiticas: coluna capilar RTX-5MS
(proporcdes de 30 m x 0,25 mm x 0,25 um); temperatura do programa: 60 a 240 °C (3 °C/min);
temperatura do injetor: 250 °C; temperatura do detector: 220 °C; gas de transporte: hélio, com
taxa de fluxo de 0,99 mL/min; impacto de elétrons: 70 eV; e faixa de massa (m/z): 40 a 500. A
identificacdo de cada constituinte foi realizada comparando seus espectros de massa com as
bibliotecas NIST/EPA/NIH Mass Spectral Database (Instituto Nacional de Padrbes
Tecnologicos, Norwalk, CT) e FFNSC1.3 (Sabor e Fragancia Natural e Compostos Sintéticos),
bem como com o indice de retencdo linear. Por sua vez, a quantificacdo dos constituintes do
OECB foi obtida ap6s a normalizacdo das areas de cada constituinte identificado, sendo 0s

resultados expressos como porcentagem da area (%) (BRAGA et al., 2019a)

3.4.2. Preparo da solucdo de goma arabica, emulsdes de 0leo essencial de C. bonariensis e

revestimentos
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Para obter a dispersdo de GA, foi utilizado 0.1 g de para cada mL de agua purificada, os
quais foram dissolvidos com agitacdo (150 rpm) a 40 °C durante 60 minutos, sendo 0s materiais
insoltveis removidos por filtragdo (ANDRADE et al., 2017).

As emulsbes do OECB foram obtidas por dissolucéo da substancia (1,6 pL/mL) em agua
destilada esterilizada (temperatura de aproximadamente 45 + 1 °C) contendo Tween 80 [1%,
v/v] como agente de estabilizagdo (BRAGA et al., 2019a), com dilui¢fes sucessivas (1:1) no
mesmo meio para se obter solucdes com diferentes concentracdes (0,1; 0,2; 0,4; 0,6; 0,8; 1,0
pL/mL).

Para a aplicagdo combinada de GA e OECB na formulagdo dos revestimentos,
inicialmente, a GA (0,1 g/mL) foi diluida em &gua purificada sob agitacdo (150 rpm) a 40 °C
durante 60 minutos. Em seguida, diferentes quantidades do OECB, as quais foram suficientes
para alcancar as concentracdes escolhidas ap6s obtencdo dos resultados de inibicdo de
crescimento micelial fungico, foram adicionadas, seguindo-se por agitacdo (150 rpm) durante
18 horas sob temperatura ambiente. Glicerol (2,5 mL/100 mL) foi adicionado a dispersao como
agente plastificante imediatamente apés a adicdo do OECB na dispersdo de GA (ANDRADE
etal., 2017).

3.4.3. Auvaliacdo dos efeitos de goma arabica e do dleo essencial de C. bonariensis sobre o

crescimento micelial radial fingico

A inibicdo provocada pela GA e OECB sobre o crescimento micelial dos isolados de C.
musae foi determinada utilizando-se a técnica de diluicdo em meio sélido. Para isso, discos de
5 mm, retirados de culturas dos isolados de C. musae em BDA a 25 + 0,5 °C com sete dias de
idade, foram colocados no centro de uma placa de Petri contendo BDA + GA (0,1 g/mL) ou
BDA + OECB (OECB: 0,1; 0,2; 0,4; 0,6; 0,8 ou 1 uLL/mL). O crescimento micelial radial (mm)
foi medido com um paquimetro considerando os diametros ortogonais das coldnias por meio
do uso de paquimetro, sendo a leitura realizada a cada 24 h durante sete dias ou ate que as placas
de Petri do experimento controle negativo estivessem totalmente cobertas com micélios
fangicos. O meio de crescimento (pH 5,6) sem GA ou OECB foi testado de forma semelhante
como experimento controle.

A porcentagem de inibicdo do crescimento micelial fangico (ICM%) foi calculada com
a equacao:

ICM% =[(C-T)/C]x100 (Eqg.1)
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onde C é o diametro da coldnia no experimento controle e T € o didmetro da col6nia no
experimento com BDA + GA ou OECB na concentracdo testada (BRAGA et al., 2019a).

As concentragdes de OECB que causaram ICM% superiores a 40% foram selecionadas
para uso posterior nos experimentos de avaliacdo dos efeitos de revestimentos com GA e OECB

combinados sobre o desenvolvimento de lesdes de antracnose em bananas.

3.4.4. Avaliacdo dos efeitos do oleo essencial de C. bonariensis sobre a integridade da

membrana citoplasmatica e atividade enzimatica de C. musae

Para avaliar a resposta fisiologica de conidios de C. musae quando expostos ao OECB foi
utilizada a técnica de citometria de fluxo multiparamétrica. Para isso, trés sistemas foram
testados para os isolados C. musae RP10 e MM5 isoladamente: (i) controle negativo (conidios
suspensos em solucdo tampéo fosfato (8 g/L NaCl, 0,2 g/L KCI, 1,44 g/L Na;HPOQOg4, 0,24 g/L
KH2POg4, pH 7,4); (ii) sistema teste (conidios expostos ao OECB em solucdo tampao fosfato);
e (iii) controle ndo-marcado (PBS com solugédo de conidios sem os marcadores). As suspensdes
(10 mL) de conidios de C. musae (retirados de uma col6nia cultivada em PDA durante sete dias
a 25 + 0,5 °C, aproximadamente 10° conidios/mL, contagem de conidios padronizada com uso
de hemocitdmetro) em solucdo tampéo fosfato foram expostas a concentragdo de 0,6 pL/mL de
OECB por trés e cinco dias (25 = 0,5 °C). Apds o periodo de incubagdo, os materiais dos
diferentes sistemas foram centrifugados (4500 g x 10 min, 4 °C), os pellets obtidos foram
lavados duas vezes e ressuspensos em solucao tampdo fosfato, e, imediatamente, marcados com
iodeto de propidio (PI, Sigma-Aldrich, St. Louis, EUA) para avaliar a integridade da membrana
citoplasmatica e diacetato de fluoresceina (FDA; ThermoFisher Scientific, Molecular Probes,
F1303) para avaliar alteracdo na atividade enzimatica (KIM; KIM; KANG, 2017; CARRILLO;
LABAJO, 2018; ALMEIDA et al., 2019).

3.4.5. Procedimento de coloragao

Para avaliar a integridade de membrana, os pellets suspensos em solucdo tampao fosfato
(100 pL) foram incubados por 30 minutos na presenca de 0,1 puL de PI (1 mg/mL), resultando
em concentracdo final de 1 pg/mL (KIM et al., 2017). Para avaliacdo da atividade enzimatica,
os pellets suspensos em solucdo tampéo fosfato (200 pL) foram incubados por 30 minutos na
presenca de 0,1 uL de FDA (5 mg/mL), resultando em concentracdo final de 2,5 pg/mL
(ALMEIDA et al., 2019). Apo6s o periodo de incubacgdo sob temperatura ambiente e abrigo de
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luz, as amostras foram centrifugadas (4500 g x 10 min, 4 °C), lavadas em solugdo tampéo
fosfato e os pellets ressuspensos novamente em solugdo tampdo fosfato (100 e 200 pL,

respectivamente), seguindo-se por analise em citémetro de fluxo.

3.4.6. Anélises de citometria de fluxo

As analises de citometria de fluxo foram realizadas com uso de citdmetro de fluxo
equipado com laser de ion argénio com emissdo a 488 nm, possuindo dois detectores de
dispersdo de luz (FSC e SSC) e quatro detectores de fluorescéncia (BD Accuri C6, Becton
Dicknson e Company, Franklin Lakes, New Jersey, EUA). Os sinais de fluorescéncia verde e
vermelha foram coletados nos canais FL1 (533 nm + 30 nm) e FL3 (> 670 nm). Os sinais de
dispersdo e fluorescéncia de conidios individuais que passaram pela zona do laser foram
coletados como sinais logaritmicos. Os sinais de fluorescéncia foram coletados pelo filtro 6tico
no canal FL1 para FDA e FL3 para PI. O nivel dos limiares (threshold) para aquisicdo de dados
foi definido para FSC igual a 30000, com o intuito de eliminar ruidos ou particulas consideradas
muito menores que os conidios intactos. Os conidios fungicos foram identificados por
parametros FSC/SSC. Cada aquisicdo de amostra foi operada em baixa taxa de fluxo (14
pL/minuto) e um total de 10000 eventos foram analisados. Todos os citogramas de emissées de
fluorescéncia foram registrados usando o Software BD Accuri C6 (Becton Dicknson e
Company). A analise de grafico de pontos de FL1 versus FL3 foi empregada para medir as
propriedades de fluorescéncia dos conidios. O fenétipo Pl+ correspondeu a conidios corados
com membranas citoplasmaticas danificadas; enquanto o fen6tipo PI- correspondeu a conidios
ndo corados com membranas citoplasmaticas intactas. A analise do grafico de densidade de
SSC versus FL1 foi utilizada para determinar as propriedades de fluorescéncia de FDA. O
fendtipo FDA- correspondeu a conidios com atividade enzimatica alterada, enquanto o fenotipo
FDA+ correspondeu a conidios com atividade enzimética ndo alterada (ALMEIDA et al.,
2019).

3.4.7. Avaliacdo dos efeitos dos revestimentos contendo goma arabica e 6leo essencial de C.

banariensis sobre o desenvolvimento de lesGes de antracnose em bananas

A avaliagéo dos efeitos dos revestimentos formulados com GA e OECB na inibigéo do
desenvolvimento da infeccao (antracnose) causada por C. musae foi realizada utilizando-se dois

ensaios in situ para simular efeitos preventivos e curativos. A superficie de cada banana foi
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ferida (duas feridas por fruta) em sua regido de extremidade com uma agulha esterilizada (3
mm de profundidade e 2 mm de largura), cuidadosamente imersa em 500 mL de disperséo
formadora de revestimento com GA (0,1 g/mL) + OECB (0,4; 0,6; 0,8 ou 1 uL/mL) e a fruta
girada suavemente dentro da imersdo por 5 minutos com auxilio de bastao de vidro esterilizado.
Um grupo de frutas foi revestido antes da contaminacdo artificial com o isolado testado para o
ensaio preventivo, enquanto outro grupo de frutas foi revestido ap6s contaminacao artificial
com o isolado testado para o ensaio curativo. Para cada isolado de C. musae, um plug de agar
(5 mm de diametro) com estruturas do patdégeno obtido da margem de uma colénia cultivada
por sete dias em BDA (25 + 0,5 °C) foi inoculado no ponto ferido de cada fruta. As frutas foram
imersas por um minuto na solucdo de fungicidas comercial (trifloroxistrobina: 100 g/L +
tebuconazol: 200 g/L) como ensaio controle positivo. As frutas revestidas foram submetidas a
secagem da superficie durante 2 horas sob temperatura ambiente (25 = 0,5 °C,
aproximadamente 85% de umidade relativa) em cdmara de biosseguranca.

As frutas revestidas foram cobertas individualmente com um saco plastico de polietileno
com o intuito de evitar o contato direto entre diferentes frutas (unidades experimentais),
colocadas em recipientes com papel toalha umedecido para gerar umidade relativa satisfatoria
e armazenadas (25 + 0,5 °C). Apds 24 horas, 0s sacos plasticos e toalhas de papel foram
retirados (LIMA et al., 2015).

Nos dias 2, 3, 4 e 5 de armazenamento, o didmetro das lesdes de antracnose (mm) foram
medidos com uso de paquimetro (média de duas medicGes diametralmente opostas). Os
resultados foram expressos como porcentagem de reducdo do didametro da lesdo de antracnose
(%RDLA) determinada pela diferenca do didmetro da leséo nas frutas revestidas com GA +
OECB ou tratadas com a formulagdo comercial de fungicidas quando comparados ao diametro
da leséo em frutas ndo revestidas/ndo tratadas (controle negativo), o qual foi calculado com a
equacéo:

% RDLA = [(N - F/ N] x 100 (Eq. 2)

onde N é o diametro da lesdo de antracnose medido nas frutas relativas ao controle

negativo e F é o didmetro da lesdo de antracnose medido nas frutas revestidas com GA + OECB

ou tratadas com a solucdo comercial de fungicidas (OLIVEIRA et al., 2018).

3.4.8. Avaliacdo dos efeitos dos revestimentos de goma ardbica e oOleo essencial de C.

bonariensis sobre parametros fisico-quimicos de bananas ao longo do armazenamento
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Bananas que ndo foram contaminadas artificialmente com C. musae revestidas e ndo
revestidas com as dispersdes contendo GA e OECB foram avaliadas quanto a perda de peso,
solidos sollveis, acidez titulavel, pH e cor logo apés a aplicacdo do revestimento (dia zero) e
nos dias 1, 3, 5, 7 e 9 de armazenamento (25 + 0,5 °C).

Perda de peso: As bananas foram pesadas e, em seguida, armazenadas, de modo que
permaneceram separadas para posterior acompanhamento da diferenca de peso final durante os
diferentes intervalos de tempo pré-estabelecidos. Os resultados foram expressos como
porcentagem relativa ao peso inicial da fruta (BRAGA et al., 2020).

Sélidos Soltveis: Amostras da polpa das frutas foram trituradas com uso de processador
domeéstico (Philips Walita, S&o Paulo, Brasil) e a polpa foi analisada utilizando refratbmetro
digital Modelo digital Brix/RlI Chek (Reichert Analytical Instruments, NY, EUA). Os
resultados foram expressos como °Brix (BRAGA et al., 2020).

Acidez Titulavel (AT): A AT foi determinada em 10 mL da polpa da fruta
homogeneizada em agua destilada por meio de titulometria com NaOH 0,1 M na presenca de

fenolftaleina como indicador. A AT foi calculada com a formula:

AT (%) = (C x V2 x K/ V1) x (VO/ W) x 100 (Eq. 3)

onde C é a concentracdo padronizada de NaOH (0,1 M), P € o peso total da amostra (g),
V2 é o volume de NaOH utilizado (mL), V1 é o volume de amostra utilizado (mL), VO é o
volume total de amostra (mL) e K é o fator de conversdo de acido. Os resultados foram
expressos em gramas de acido malico por 100 g de amostra de fruta (AOAC, 2016).

pH: Os valores de pH foram determinados em 10 mL da polpa da fruta homogeneizada
em agua destilada utilizando um potenciémetro com eletrodo de vidro combinado (Modelo
Q400AS, Séo Paulo, Brasil), calibrado com solucéo tampéo pH 7,0 e 4,0 (AOAC, 2016).

Cor: A cor da casca das frutas foi medida pelo sistema CIELab utilizando os seguintes
parametros: L* (Luminosidade 0: escuro, 100: branco), a* (valor negativo: verde, valor
positivo: vermelho) e b* (valor negativo: azul, valor positivo: amarelo) de acordo com a
Comisséao Internacional de lluminacdo (CIE, 1986). Os valores de a* foram desconsiderados
porgue as bananas utilizadas nos experimentos ndo apresentavam mais tonalidades de cor verde
no inicio do experimento. As medidas foram tomadas a partir de trés posicdes equatoriais das
frutas. Estas medidas foram realizadas usando colorimetro portatil Konica Minolta CR400
(Osaka, Japdo) apos a calibragdo com placa de porcelana (CR-A43) (BRAGA et al., 2020).
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3.4.9. Anélises estatisticas

Os ensaios para mensuracdo do crescimento micelial fungico foram realizados em
triplicata em trés experimentos independentes. Os ensaios para avaliar os efeitos dos
revestimentos sobre o desenvolvimento da lesdo de antracnose foram realizados utilizando
delineamento experimental inteiramente randomizado com quatro repeti¢ces para cada grupo
experimental em dois experimentos independentes.

Foram realizadas andlises descritivas (medidas de tendéncia central e distribuicdo de
frequéncia) para obter a descri¢do das variaveis observadas. Posteriormente, foram realizados
testes paramétricos (analise de variancia — ANOVA seguida por teste de Tukey ou Teste t de
Student) para determinacéo de diferencas estatisticamente significativas (p <0,05). Para avaliar
a severidade do desenvolvimento da antracnose em bananas foi realizada a anélise da &rea
abaixo da curva do progresso da doenca (MACEDO et al., 2020). Os graficos foram construidos
utilizando o software GraphPad Prism versdo 8. As analises estatisticas foram realizadas
utilizando o software SISVAR verséo 5.7 - DEX-UFLA (UFLA, Lavras, Minas Gerais, Brasil).

4. RESULTADOS

Os resultados desta tese serdo apresentados na forma de artigos. O artigo apresentado no
apéndice A intitulado “An Analysis of the Published Literature on the Effects of Edible Coatings
Formed by Polysaccharides and Essential Oils on Postharvest Microbial Control and Overall
Quality of Fruit” (https://doi.org/10.1111/1541-4337.12498) aborda os diversos revestimentos
formulados com polissacarideos e 6leos essenciais e utilizados in vitro e in situ com foco em
seus efeitos antimicrobianos quando aplicados em uma variedade de frutas. No total, 30 artigos
publicados no periodo de 2010 e 2019 foram analisados e as informacGes organizadas
considerando os tipos de materiais (utilizados na formulagdo dos revestimentos e frutas), as
concentracdes dos materiais utilizados nos revestimentos, 0os microrganismos alvo, os tipos de
ensaio, os principais efeitos antimicrobianos (in vitro e in situ) e efeitos dos revestimentos sobre
parametros fisico-quimicos e sensoriais relacionados a qualidade geral das frutas revestidas. A
analise das informages contidas nestes estudos indicou que os revestimentos formulados com
polissacarideos (ou seja, quitosana - o Unico polissacarideo usado como antimicrobiano, amido

de mandioca, goma de linhaca, goma arabica, hidroxipropilmetilcelulose, goma de alfarroba,
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goma de algaroba, pectina, pululano e alginato de sddio) e diferentes 6leos essenciais (ou seus
constituintes individuais) sdo eficazes para reduzir as perdas pos-colheita em frutas e,
geralmente, ndo afetam negativamente suas caracteristicas fisico-quimicas e sensoriais durante
0 armazenamento.

O artigo apresentado no apéndice B intitulado “In vitro antifungal effects of Conyza
bonariensis (L.) Cronquist essential oil on Colletotrichum musae and its incorporation in gum
Arabic coating to control anthracnose in banana” aborda o efeito do OECB na inibi¢do do
crescimento micelial de diferentes isolados de C. musae em meio de cultura laboratorial, as
alteracOes causadas na membrana citoplasmatica e atividade enzimética dos conidios fungicos,
bem como o efeito inibitorio de revestimentos de GA + OECB sobre o desenvolvimento de
lesbes de antracnose em bananas contaminadas artificialmente com C. musae durante o
armazenamento. Ainda, foram avaliados os efeitos da aplicacdo destes revestimentos sobre
alguns aspectos fisico-quimicos indicadores da qualidade pos-colheita das frutas durante o
armazenamento. O OECB (0,4 - 1 pL/mL) inibiu o crescimento micelial dos isolados de C.
musae testados, enquanto GA (1 mg/mL) ndo apresentou efeito inibitério. A exposicdo ao
OECB (0,6 uL/mL) resultou em danos na membrana citoplasmética e perda de atividade
enzimatica em elevado percentual de conidios de C. musae. Houve reducdo no desenvolvimento
de lesBes de antracnose em bananas artificialmente contaminadas com C. musae e revestidas
com GA (0,1 mg/mL) e OECB (0,4 - 1 uL/mL) nos ensaios de efeito preventivo e curativo. Na
maioria dos casos, os indices de severidade da doenca encontrados para bananas revestidas com
GA+OECB foram menores ou semelhantes aos encontrados para bananas tratadas com uma
formulacdo comercial de fungicidas. Bananas revestidas com GA + OECB apresentaram
menores alteracbes em pardmetros fisico-quimicos indicadores de qualidade durante o
armazenamento, bem como de retardo na evolucdo do processo de amadurecimento e
possibilidade de armazenamento mais prolongado quando comparadas com as frutas néo
revestidas. A aplicacdo de revestimentos formulados com GA + OECB pode ser considerada
uma estratégia para retardar o desenvolvimento da antracnose e prolongar o tempo de
armazenamento em bananas.

No apéndice C, € apresentado o pedido de deposito de patente junto ao Instituo Nacional
de Propriedade Intelectual (INPI) intitulado “Revestimento a base de goma arabica ¢ 6leo
essencial para protecdo de frutos pos-colheita, processo e produto” (Pedido de deposito BRI
1020200131060), o qual foi derivado do desenvolvimento desta tese.
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An Analysis of the Published Literature on the
Effects of Edible Coatings Formed by
Polysaccharides and Essential Oils on Postharvest
Microbial Control and Overall Quality of Fruit

Evandro L de Souza "%, Giovanna A. Lundgren, Kataryne & R. de Ofiveira, Licia R. A. Barger, and Marciane Magnani

Abstract: Consumen have shown increased concern about the imporance of adopting regular fresh fruit consamption.
B canse fresh froit are hi_g]ﬂym:ph‘hl:tupud}mﬂdm;m:] mﬂiulumfucm:dmﬂuduﬂnplmntufalt:nﬁim
technologies to extend ther market peniod. The apphicaton of polysccharides in combinabon wath esental sils (EOs)
to formuolate edible coatings has been considered an imnovative strategy o meduce postharvest bosses 10 fru. Howeever,
available stodies have wsed different mcﬂ:ludu]ngu:] ptu-c:dln'll:i related to the prndun:linn amd a.ppl:ia.l:iun of these :m]:ingl
on frnt, which could be potenhal influental fartors on the achievement of the desired effects in coated fnnt. This revicw
summarmed the studies focusing on the apphocation of edible coatings formed by polysaccharides and EOs to preserve
frnt, in addition to examine and discoss possable factors sffecting their fonchonahties. The apprach given in thes mnew
covisages to contribute to research in edible coatngs formed by polysacchanides and EOs and help to their opomized
apphcation as a postharvest treatment: of fant. Diespite of the different methods selected for use in expenmental z=ays, data
of available htrrature demonstrate hcuﬁ:@.fmmdhlpnlyuﬂﬂuﬁdﬂi [t]'l.i:u., chitosan—ithe uul'grp-u-}jnl::hil'i.d:u:ﬂ‘l
as an antimcrobial, cassava srch, Aaoseed gum, gum ambic, hydmocypropylmethylccllulose, locost bean gum, mesquite
gum, pectin, pollolan, and sodiom almnate) and different EOs {or thar imdividal constitoens) are effectove to reduce
p-ud'}mc;t losses 1 frmt and E;:mnﬂy do nnl::l‘l\r:ml'g,r:ﬂ’:n:tnﬂ hwﬂqmmhﬂmnl mds:'lum'].' characteristics dlrring
SEOTREE.

Keywords: coating, frunt decay, plant compounds, polysaccharides, postharvest treatment

Introduction

Consumers have shown inonessing concern on the importance
of adopting a healthy diet with megolar fresh frodt consumption.
Fruit are rich sounces of 2 waricty of notrients and bicactive com-
pounds capable of exerting health-promoting effects {Septembre-
Malaterre, Remire, & Poodheret, 2018). However, an Important
problem of fresh fruit & their short shelf hife mosily because mi-
cmbial infection and decay (Poverenow et al., 2014).

Traditional srategics to contml postharvest decay in froit have
incloded the nse of chemical fangicides, bot fungal strains nesis-
tant to these treatments have emerged (Goema et al, 2015). The
we of same chemicals to control fmgal infection and decay of
ﬁ'n.itfﬁ:u':l:mph. rlﬂllj']hrn'mﬂ:rl:undimmmdd.rﬂ\]umﬂ has

CRF3- 301 %01 08 Submitted 57102009, .m!?(?ﬂfi‘. Anthors de Souza,
Landgren, de Oliveinr, ond Beyper ave wih of Foad Mevodinlogy, Dept.
of Muintion, Fleslth Seemcer Cemter, Fedemi Ut of Fusalba, oo Pesrpa, Bzt
Anthor Magnand ir seith Labosadory of Mioobal Processer in Foods, Degt. of Foed
Eonginceving, Fedesad Uiy, of Firealba, jale Persay, B, Direst dnquivies Ip author
de Souzea [iE-mail: evandmlettesoneagie o nfpbobr).

Fll ]

nstitute of Food Technologist®

. K 7 17408
dai: 10 541-4337.11458

Vol 16,

been banned in many countries because of their potential neg-
ative impacts on emvironment and homan health (Alowi et al.,
2014). Other postharwest techmiques, sach as microwave, heat-
ing, ozronation, and contmalled 'modified atmosphere packaging,
have been proposed 2= albernatives to replice the treatment of froit
with chemical fungicides. However, their negative impacts on froit
quality characteristics are considered drawhacks for 2 practical wse
[Aloui et al., 7 4; Botondi, Moscetii, & Massantind, 201 6; Castel-
Lanee, Mendoza, Gavar, & Herrer, 2017; Boaodriguer & Zoffoli,
2016},

A number of studies have been pedformed to develop =fe, en-
vimnmentally friendly, and efective technolegies to preserve the
pastharvest quality of fuit Maturally ecomring substances with
mecognized antdmicmobial and antioxidant propertics have been
comsidered to v i the formolition of edible coatings cpable
ﬁm;&:mmﬁdﬁﬁn&[ﬂmwnd, 2012
Guerma et al., 2M5). Edible coatings are thin bhyers composed
mainky by polymccharides, proteins, and hipids that are formed
directly on the froit sorface (Azarakbeh, Osman, Ghazali, Tan,
& Mohd Adzzhan, 2014; Guerm et al., 2015). This preservation
technique plays a doal function in foit: () it controls the growth
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of spoilage and pathogenic microorganism due to the common
presence of antimicrobial substances in edible coatings composi-
tion; and (ii) it controls the occurrence of undesirable physical
and biochemical alterations in fruit because the reduction in wa-
ter loss and respiration rate (RR; Guerra ct al., 2015; Magbool
et al., 2011; Sinchez-Gonzilez et al., 2011). Edible coatings can
also improve mechanical and textural properties of fruit, as well as
prevent flavor loss (Azarakhsh et al., 2014; de Aquino, Blank, &
de Aquino Santana, 2015; Magbool et al., 2011).

Considerable attention has been directed to the use of polysac-
charides and essential oils (EOs) in the formulation of edible coat-
ings to be used on fruit (Aloui et al., 2014; Azarakhsh ct al., 2014;
dos Santos et al., 2012; Sinchez-Gonzilez et al., 2011; Shao et al.,
2015; Xing et al., 2015). EOs are generally recognized as safe and
present the feature of low resistance inductive effects in a range of
microorganisms (Anderson, 1986; Burt, 2004; Calame, Weseler,
Viebke, Flynn, & Siemensma, 2008; Kean & Thanou, 2010).

Polysaccharides ordinarily provide transparent and homogenous
edible coatings with moderate mechanical properties, but the ap-
plication of these materials alone on fruit is commonly limited
by their poor water solubility and water vapor permeability. To
solve these shortcomings, studies have proposed the use of EOs (as
hydrophobic substances) for the formulation of polysaccharides-
based coatings (Campos, Gerschenson, & Flores, 2011). EOs in
edible coatings are continuously released on fruit surface, main-
taining a suitable concentration of the antimicrobial components
over time and, consequently, extending the fruit shelf life (Suhr &
Niclsen, 2003; Tian et al., 2015; Wilkinson & Cavanagh, 2005;
Xing et al., 2015). However, the available studies that assessed
the eftects of coatings formulated with polysaccharides and EOs
on postharvest microbial control and overall quality of fruit have
used different methodological approaches for their production and
application, which should be potential factors to influence the
achievement of the desired effects in fruit.

Considering these aspects, this review summarizes and discusses
the studies focusing on the application of edible coatings com-
prising polysaccharides and EOs to preserve distinct fruit, as well
as the possible factors affecting the antimicrobial efficacy of these
coatings and their properties to preserve the physicochemical char-
acteristics in fruit. The information presented in this review en-
visages to contribute to the research in edible coatings comprising
polysaccharides and EOs and help to their optimized application
as a postharvest treatment of fresh fruit.

Methods

PubMed and Scopus database were searched for English-
language articles published during the period 2010 to 2019, us-
ing keyword combinations as search strategy. Keywords included
“coating,” “edible films,” “composition,” “essential oil,” “phy-
toconstituents,” “antimicrobial activity,” “antifungal,” “antibac-
terial,” “postharvest diseases,” “microbiological safety,” “effects,”
“effectiveness,” “application,” “fruit,” “vegetable,” “quality stan-
dards,” “sensory aspects,” and “nutritional aspects.” A total of 30
articles were selected from this search.

This review was limited to search original articles evaluating
the efficacy of edible coatings formed by polysaccharides and
EOs to preserve fresh fruit. The researches that used edible coat-
ings formed by polysaccharides and individual constituents (I1Cs)
present in EOs were also evaluated because these compounds typ-
ically present antimicrobial properties similar to the EO. Difterent
studies were included approaching (i) the antimicrobial activity
and the effects of edible coatings on microbial spoilage and in-
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fection when applied on fruit; and (ii) the influence of edible
coatings on physicochemical and sensory parameters of coated
fruit without antimicrobial analyses. Original articles using only
in vitro assays against spoilage and pathogenic microorganisms were
not included. Studies that used proteins (for example, gelatin, ca-
sein, zein, and soy protein) and lipids (for example, carnauba wax
and beeswax) as base materials for edible coatings production were
also excluded.

Methodological aspects regarding the production of coatings
formed by polysaccharides and EOs or ICs, such as (i) type and
characteristics of the polysaccharide and EO or IC, and (ii) the
concentrations of these substances/compounds and their com-
bined use to formulate the coatings, were described. Additionally,
the methodological aspects employed for the production and ap-
plication of edible coatings on fruit were presented and discussed.

Considering the application of the edible coatings on fruit, the
pathogen microorganisms used in the antimicrobial assays in sifu,
the main effects against these microorganisms, and the influence
of the edible coatings on overall quality parameters of coated fruit
were evaluated, to cite: pH, titratable acidity, total soluble solids
(TSS), color, firmness, weight loss, RR, phenolic compounds,
ascorbic acid, enzymatic activity, and sensory characteristics.

Results

Considering the established criteria, the present review iden-
tified a total of 30 studies (articles) published during the period
2010 to 2019, which examined either the efficacy of edible coat-
ings formed by polysaccharides and EOs or ICs to avoid the de-
velopment of postharvest infection and microbial decay in fruit,
as well as to maintain or improve physicochemical and sensory
parameters of fresh fruit.

Thereby, to evaluate each of the retrieved studies, this review
organized the information considering: (i) the materials, such
as the type of coating materials and fruit, as presented in Table 1;
(ii) the concentration of coating materials, the target microor-
ganism, the type of assays performed, and the main antimicrobial
effects exerted by the materials used to prepare the coatings (in vitro
assays) and/or by formulated coatings when applied on fruit (in situ
assays), as presented in Table 2; and (iii) the effects of the formu-
lated coatings on physicochemical and sensory parameters related
to the overall quality of coated fruit, as presented in Table 3.

Edible coatings characteristics

Coating-base material: Polysaccharides. Chitosan (CH) was
identified as the polysaccharide most commonly used to formulate
edible coatings, being included in 22 studies. Two of these studies
cevaluated the influence of different concentrations of CH and cas-
sava starch (CS) on the antimicrobial properties of the formulated
edible coatings through a response surface methodology (Azevedo
et al.,, 2014; de Aquino et al., 2015). Ten studies used only CH
as a coating-base material (Table 1), and two studies compared
the application of CH with other polymeric matrices, that is,
locust bean gum (Aloui et al., 2014) and hydroxypropylmethylcel-
lulose (Sinchez-Gonzilez et al., 2011), using in vitro and/or in situ
assays.

Most of the retrieved studies used commercial crustacean CH,
with the exception of three studies that used fungal CH from Mu-
cor circinelloides and Cunninghamella elegans (Mucorales order, Zy-
gomycetes; de Oliveira et al., 2014a, 2014b; de Souza et al., 2015),
and two studies that used crustacean CH extracted in laboratory
from shells of the shrimp Litopenacus vannamei Boone (Guerra
et al., 2015, 2016). CH used in most of these studies had similar
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Table 1-Studies assessing the effects of coatings comprising polysaccharides and essential oils or their individual constituents plant compounds on

postharvest microbial control and quality of fruit.

Coating-base materials

Number of Essential oil/individual
articles Polysaccharide constituent Fruit Reference
1 Gum arabic (GA) Cinnamon essential oil Guava Etemadipoor et al. (2019)
2 Chitosan (CH) (deacetylation Lemongrass (Cymbopogon Guava, mango, and Oliveira et al. (2018)
degree [DD] 75% to 85%), citratus (D.C.) Stapf.) papaya
medium molecular weight
(MW)
3 Gum arabic (density Oregano (Origanum Plum Andrade et al. (2017)
0.424 g/cm’) vulgare L)
Rosemary (Rosmarinus
officinalis L.)
4 CH (DD 75% to 85%, medium Peppermint SMentha Mango de Oliveira et al. (2017)
MW) piperita L.
5 Flaxseed gum Lemongrass Pomegranate arils Yousuf and Srivastava (2017)
6 CH (DD 75% to 85%, medium Lemongrass Tomato Athayde etal. (2016)
MW
7 CH (DD 75% to 85%, medium Oregano Tomato Barreto et al. (2016)
MW
8 Shrimp CH (DD 83%) Peppc&rmint, Mentha x villosa  Table grape cv. Isabella Guerra et al. (2016)
Huds
9 Pectin Oregano (Lippia graveolens) Tomatoes Rodriguez-Garcia et al. (2016)
10 CH (DD =95%) Cinnamon (Cinnamomum "Brooks" sweet cherry Xing et al. (2016)
zeylanicum Blume)
11 Shrimp CH (DD 83%) Peppermint, M. villosa Tomato Guerra et al. (2015)
12 Pectin Sodium alginate Citral and eugenol Raspberry Guerreiro et al. (2015)
13 CH (DD 85.9%) + Cassava starch Lippia gracilis Schauer Guava de Aquino et al. (2015)
CS,
14 Fungal CH from Mucor Carvacrol Tomato de Souza et al. (2015)
circinelloides (DD 82%)
15 CH (DD 95%) Clove (Syzygium aromaticum Satsuma mandarin Shao et al. (2015)
(L) Merr.)
16 CH (DD =95%) Cinnamon Lingwu jujube Xing etal. (2015)
17 CH (DD >75%, MW Bergamot (Citrus bergamia), Tunisian date Alouiet al.(2014)
approximately 150,000 Da) bitter orange (C.
Locust bean gum (MW aurantium), sweet orange
approximately 310,000 Da) (C. sinensis (L.) Osbeck),
mandarin (C. reticulata),
and lemon (C. femon)
18 CH (DD 85.9%) + CS Lippia gracilis Schauer Strawberry Azevedo et al. (2014)
19 Fungal CH from Cunninghamella Not used Table grape de Oliveira et al. (2014a)
elegans (DD 81%)
20 Fungal CH from M. circinelloides Not used Table grape de Oliveira et al. (2014b)
(DD 82%)
21 CH (DD 75% to 85%, medium Carvacrol, cinnamaldehyde, Blueberry Sunetal. (2014)
MW) eugenol, trans-
cinnamaldehyde, and
eucalyptol
22 CH (DD 82.7%, high MW) Bergamot, thyme, and tea Orange Chaferetal. (2012)
tree (Melaleuca alternifolia)
23 CH (DD 75% to 85%, medium Oregano Table grape dos Santos et al. (2012)
MW
24 CH (DD 75.6%, high MW) Lemon Strawberry Perdones et al. (2012)
25 Pullulan Thymol Apple and mandarin Gniewosz and Synowiec (2011)
26 GA Lemongrass and cinnamon Banana and papaya Magbool et al. (2011)
27 CH (DD 82.7%) and Bergamot Table grape Sanchez-Gonzalez et al., 2011
hydroxypropylmethylcellulose
(high MW)
28 CH (DD 85% to 89%) Oregano, red thyme (Thymus Strawberry Vuetal.(2011)
vulgare L), peppermint,
lemongrass, and limonene
29 CH (DD =95%) Cinnamon Sweet pepper Xingetal.(2011)
30 Mesquite gum Thyme, Mexican lime (Citrus Papaya Bosquez-Molina et al. (2010)
aurantiifolia (Christ.)
Swingle)

deacetylation degree (that is, >75%). Seven studies used medium
molecular weight (MW) CH (Aloui ct al., 2014; Athayde ct al.,
2016; Barreto etal., 2016; de Oliveira, Berger, de Aratjo, Camara,
& de Souza, 2017; dos Santos et al., 2012; Oliveira, de Oliveira,
Vieira, Camara, & de Souza, 2018; Sun et al., 2014) and two stud-
ics used high MW CH (Chafer, Sanchez-Gonzilez, Gonzalez-
Martinez, & Chiralt, 2012; Perdones, Sinchez-Gonzilez, Chiralt,

© 2019 Institute of Food Technologists®

& Vargas, 2012). Eight studies did not cite the MW of tested
CH (Azevedo et al, 2014; de Aquino ct al., 2015; Sanchez-
Gonzilez et al., 2011; Shao et al., 2015; Vu, Hollingsworth, Ler-
oux, Salmieri, & Lacroix, 2011; Xing et al., 2011; Xing et al.,
2015, 2016). CH was the only polysaccharide used as an antimi-
crobial ingredient to formulate the edible coatings in retrieved
studies.
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Table 2-Studies assessing the in vitro and/or in situ (in fruit) antimicrobial effects of coatings comprising polysaccharides and essential oils or their
individual constituents and main observed effects.

Coating material

Essential oil (EO)
or individual

Polysaccharide(s) constituents
and tested and tested Target
concentration(s) concentration(s) microorganism(s) Assays Main effects Reference
Chitosan (CH) (2.5 Lemongrass (0.15t0 2.5 Colletotrichum In vitro: Mycelial In vitro: The lowest concentrations Oliveira et al.
to 7.5 mg/mL) uL/mL) asianum, growth achieving synergistic effects against (2018)
C. siamense, measurement most of the tested Colletotrichum
C. fructicola, In situ: Lesion species were 5mg/mLCH + 0.15,
C. karstii, and development in 0.3, 0r 0.6 uL/mL lemongrass EO
C. tropicale fruit In situ: Coating comprising 5 mg/mL

CH + 0.6 uL/mL lemongrass EO
caused the largest reductions in
anthracnose lesions development in
fruit. CH + lemongrass EO coating
controlled fungal growth in fruit up
to the 6th or 9th day of storage
Gum arabic (GA) ~ Oregano (0.25 uL/mL), Rhizopus stolonifer In vitro: Macrodilution  [n vitro: GA (1 mg/mL) and oregano EO An(drade)et al.
L 2017

(1 mg/mL) oregano (0.06 to in broth and alone (0.25 uL/mL) or oregano EO
0.12 pL/mL) + mycelial growth (0.12 and 0.6 uL/mL) + rosemary
rosemary (0.25 or measurement EO (0.5 uL/mL) inhibited mycelial
0.5 puL/mL) In situ: Fungal growth

infection In situ: Coatings comprising GA +

oregano EO alone or GA + oregano
EO + rosemary EO controlled
Rhizopus soft rot in plums

CH(2.5t0 Peppermint (0.3 to C. asianum, C. dianesei, In vitro: Mycelial In vitro: All tested CH + peppermint EO de Oliveira et al.
10 mg/mL) 5puL/mL) C. fructicola, growth mixtures presented additive or (2017)
C. tropicale, and In situ: Lesion synergistic effects on tested
C. karstii development in Colletotrichum species
fruit In situ: All tested CH + peppermint EO

mixtures decreased the anthracnose
severity in fruit

Flaxseed gum Lemongrass (2-8 Mesophilic and In situ: Yeasts and In situ: FSG alone decreased yeast and ~ Yousufand
(FSG; 0.3% or ul/mL) yeasts/molds counts  molds counts mold counts in fruit. Mesophilic and Srivastava
0.6%) yeasts/molds counts decreased (2017)

when lemongrass EO concentration
increased in FSG-based coating

CH(0.25t0 8 Lemongrass (0.3 to R. stolonifer In vitro: Macrodilution /n vitro: CH (4 mg/mL) + lemongrass  Athayde et al.
mg/mL) 40 ul/mL in broth technique EO (1.25 uL/mL) alone or in (2016)
and mycelial combination caused strong
growth inhibition of R. stolonifer growth and
measurement spore germination
In situ: Fungal In situ: Tomato coated with CH +
infection lemongrass EO presented delayed
Rhizopus soft rot development
CH(2to Oregano (1.25to R. stolonifer and In vitro: Mycelial In vitro: CH and oregano EO exhibited ~ Barreto etal.
16 mg/mL) 20 ul/mL) Aspergillus niger growth MIC of 8 mg/mLand 10 uL/mL, (2016)
measurement respectively. CH (4 mg/mL) + OVEO
In situ: Fungal (1.25to 5 uL/mL) strongly inhibited
infection R. stolonifer (75% to 84%) and A.
niger (90% to 100%) spore
germination

In situ: Cherry tomato coated with CH
+ oregano EO presented visible signs
of soft rot only after 8 days of storage
at room temperature and after 21
days of storage at cold temperature

Crustacean CH (4  Pippermint, Mentha x  A. niger, Botrytis In situ: Fungal In situ: Fruit coated with CH + Guerra et al.
and 8 mg/ml) villosa (1.25 to cinerea, Penicillium infection peppermint EO or CH + M. villosa EO  (2016)
5ul/mL) expansum, and R. presented decreased fungal infection
stolonifer rates. Fruit coated with CH +

peppermint EO or CH + M. villosa EO
presented no mold infections during
24 days of low temperature storage.
Fruit coated with 8 or4 mg/mL CH
+ 5 uL/mL peppermint EO or M.
villosa EO presented no mold
infection during 12 days of room

temperature storage
Pectin (3%) Oregano EO Alternaria alternata In vitro: Agar dilution  [n vitro: Pectin 4- oregano EO caused Rodriguez-Garcia
(0,15.7,25.9,and method inhibition of A. alternata mycelial etal.(2016)
36.19/1) Insitu: Spray the spore  growth
suspensions In situ: Fruit coated with pectin +
oregano EO (15.7 g/L;)presented no

infection caused by A. alternata
during storage

(Continued)
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Table 2—-Continued.

Coating material
Essential oil (EO)

or individual

Polysaccharide(s) constituents

and tested and tested Target

concentration(s) concentration(s) microorg (s Assays Main effects Reference

CH (1%) Cinnamon (0.1%) A. flavus and In vitro: Disk diffusion  /n vitro: Cinnamon EO caused A. flavus ~ Xing et al. (2016)

Penicillium citrinum method; exosmosis cell exosmosis. The spore growth was
rate of fungal cells completely inhibited by cinnamon EO
(A. flavus);
morphology of cell
at the edge of the
inhibition zone
(scanning electronic
microscopy)

CH (0.5%to 2%) Lippia gracilis Schauer  Pseudomonas In vitro: Agar diffusion /n vitro: Combinations of 2% CH + 2% de Aquino et al.
+ cassava (1% to 3% aeruginosa, In situ: Microbial CS + 1%, 2%, or 3% L. gracilis EO (2015)
starch (CS; 2%) Staphylococcus counts in fruit were the most effective to inhibit

aureus, Bacillus tested bacteria

cereus, B. subtilis, In situ: Coatings formed by 2% CH +
Serratia marcescens, 2% CS + 1% or 3% L. gracilis EO
Escherichia coli, decreased the counts of mesophilics,
Listeria molds, and yeasts in fruit
monocytogenes,

Salmonella

Enteritidis,

mesophllic,

yeasts/molds, and

thermotolerant

coliforms

Fungal CH from Carvacrol (Car) (1.250r  A. flavus and In vitro: Minimum Invitro:MIC,CH: 7.5 mg/mL, Car: 10 de Souza et al.
Mucor 5ul/ml) autochthonous inhibitory ul/mL. CH (7.5 0r 3.75 mg/mL) + (2015)
circinelloides microflora concentration CAR (5 or 2.5 pL/) inhibited mycelial
(3.750r7.5 (MIC), mycelial growth (77.2% to 100%) and spore
mg/mL) growth, and spore germination (86.3 to 100 mL %). 7.5

germination mg/mL CH + 5 pL/mL Car caused
In situ: Fungal the highest rates of mycelia growth
infection (mold and spore germination inhibition
appearance) and In situ: Coating comprising 3.75
Autochthonous mg/mLCH + 2.50r1.25 uL/mL Car
microflora inhibited A. flavus and
autochthonous microflora in fruit

CH from shrimp Peppermint, M. villosa  A. niger, B. cinerea, P.  In vitro: MIC, mycelial  /n vitro: MIC for all tested fungi: CH:8  Guerraet al.
shells of (1.250r 2.5 pL/mL) expansum, and R. growth mg/mL, peppermint and M. villosa (2015)
Litopenaeus stolonifer measurement, and EO: 5 uL/mL. Mixtures of CH (4
vannamei spore germination mg/mL) + peppermint EO (1.25 or
Boone (0.125 to Insitu: Fungal 2.5 uL/mL) or M. villosa EO (1.25 or
8 mg/mL) infection (mold 2.5 pL/mL) caused strong mycelial

Pectin (1% or 2%) Citral (0.15% or 0.3%)  Aerobic mesophilic and

or sodium or eugenol (0.1% or psychrophilic
alginate (1% or 0.2%3’ or Citral bacteria and molds
2%) (0.15%) + Eugenol and yeasts
(0.1%)
CH (1%) Clove (0.5to2 mL/L) P digitatum
CH (1%) Cinnamon (0.1%) E. coli, S. aureus, R.
nigricans,
Penicillium citrinum,
A. flavus, and P.
expansum

appearance) growth (90.1% to 97.5%) and spore
germination inhibition (>75%)

In situ: Fruit coated with CH +
peppermint or M. villosa EO had no
visible signs of mold infection during
low temperature storage. Fruit
coated with CH + peppermint or M.
villosa EO had infection rates <40%
after 12 days of room temperature
storage

In situ: Pectin or sodium alginate +
citral reduced the counts of aerobic
mesophilic bacteria and molds and
yeasts in fruit up to 14 days of
storage.

In vitro: Combinations of CH (1%) +

In situ: Microbial
counts in fruit

In vitro: Mycelial

growth clove EO (0.5, 1,and 2 mL/L)
measurement and inhibited mycellal growth and caused
membrane cellular material leakage in fungi
permeability In situ: Coating formed by CH SI %) +
analysis clove EO (0.5 or 2 mL/L) delayed

In situ: Mold mold decay development in fruit up
development in to 7 days of cold storage. CH (1%) +
artificially clove EO (0.5 mL/L) decreased lesion

inoculated fruit,
disease severity in
artificially
inoculated fruit

In vitro: Agar diffusion
method

severity in fruit over time

In vitro: CH + cinnamon EO was more
effective to inhibit bacteria than
fungi

Guerreiro et al.
(2015)

Shaoetal.(2015)

Xing et al. (2015)
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Table 2—Continued.

Coating material
Essential oil (EO)

or individual
Polysaccharide(s) constituents
and tested and tested Target
concentration(s) concentration(s) microorganism(s) Assays Main effects Reference
CH (1%) or Locust Bergamot, bitter A. flavus In vitro: Mycelial In vitro: Bergamot and bitter orange EO Alouiet al. (2014)
bean gum (LBG;  orange, sweet orange, growth (=2%) were most effective in
0.5%) tangerine, and lemon measurement and reducing mycelial growth and
(0.5% to 2%) conidial conidial germination. Combinations
germination of CH (1%) + bergamot or bitter
In situ: Mold orange EO (2%) reduced conidial
development in germination.
fruit In situ: Coatings formed by CH (1%) +
bergamot or bitter orange EO (2%)
delayed mold decay in fruitupto 12
days under room temperature.
Coating comprising LBG (0.5%) +
bergamot or bitter orange EO (2%)
were less effective to delay mold
decay in fruit
CH (0.6%t0 3%) (0.6% to 3%) P.aeruginosa, S. In vitro: Disk-diffusion  In vitro: Coating formed by CH (0.6% or Azevedo etal.
+ CS (0.4%to aureus, B. cereus, B.  In situ: Microbial 1. 5%) +CS ?1 % or 1.6%) + L. (2014)
2%) subtilis, S. counts in fruit gracilis EO (3% or 2.4%) caused the
marcescens, E. coli, largest growth inhibition zones in
Enterococcus tested bacteria
faecalis, S. In situ: Strawberry coated with CH
Enteritidis, (0.6%) + CS (1.6%) + L. gracilis EO

psychrophilic
yeasts/mold, and
thermotolerant
coliforms

CH from Cunning- Not used B. cinerea and P.

In vitro: Mycelial

(2.4%) maintained psychrophilic
aerobic bacteria counts at <10
CFU/g during 7 days at 4° C.
Yeast/molds counts in fruit
decreased on the 3th dayto <10
CFU/g and no recovery was
observed up to the 7th day of
storage in coated fruit
In vitro: CH inhibited (65.2% t0 96.7%) de Oliveira) etal.
4,

hamella elegans expansum growth the mycelial growth of tested fungi (2014a
(3.75to0 measurement and and spore germination in tested
15 mg/mL) spore germination fungi
In situ: Fungal In situ: Grapes coated with CH (15,
infection 7.75, or 3.75 mg/mL) presented
delayed appearance of infection
caused by both fungi over room and
cold temperature storage
CH from Mucor Not used A. niger and R. In vitro: Mycelial In vitro: CH inhibited the mycelial de Oliveira et al.
circinelloides stolonifer growth growth of R. stolonifer and A. niger. (2014b)
(3.75to measurement and Fungal mycelial growth inhibition
15 mg/mL) spore germination ranged from 68.3% to 92.8% and
In situ: Fungal 59.2% to 90.2% for R. stolonifer and
infection A. niger. Rates of spore germination
inhibition caused by CH was >73%
In situ: Fruit coated with CH had
decreased visible fungal infection at
the end of the storage at room and
cold temperature
CH (1%) Car, cinnamaldehyde E. coli, P. digitatum, In vitro: Disk-diffusion  In vitro: Car, Cin, and t- Cin at 0.5% and Sun et al. (2014)
(Cin), eugenol, mesophlhc and assay 2.5% caused the largest inhibition
trans-cinnamalde yeasts/molds In situ: Microbial zones against P. digitatum and E.
hyde (t-Cin), and counts in fruit coli, respectively
benzaldehyde In situ: Coatings formed by CH (1%) +
(0.25% to 2.5%) Car, Cin, or t-Cin (0.5%) decreased
total mesophilic and yeasts/mold
countsin fruit storedat 5 and 10 °C
CH (1%) Bergamot, tea tree,and  P. italicum In situ: Mold In situ: Coating formed by CH (1%) +  Chafer et al.
thyme (2%) development in teatree EO (2%) or thyme (2%) were ~ (2012)
fruit more effective to delay mold
development in fruit stored under
room temperature for 26 days
CH (5% and 10%) Oregano (1.25 to R. stolonifer, A. niger,  In vitro: MIC, mycelial  In vitro: Combinations of CH (10% and dos Santos et al.
5 ul/mL) and native fungi growth 5%) and oregano EO (1.25%, 2.5%, (2012)
measurement, and and 5%) inhibited the mycelial
spore germination growth and fungi spore germination.
In situ: Mold Combinations of CH (5%) and
development in oregano EO (1.25%, 2.5%, and 5%)
artificially caused morphological changes in
inoculated fruit spores and fungal mycelia
In situ: Coatings formed by CH (5%) +
oregano EO (2.5% and 5%) delayed
mold development in fruit stored at
25and12°C
(Continued)
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Table 2—-Continued.

Coating material

Essential oil (EO)

or individual
Polysaccharide(s) constituents
and tested and tested Target
concentration(s) concentration(s) microorganism(s) Assays Main effects Reference
CH (1%) Lemon (3%) B. cinerea In situ: Mold Coating comprising CH (1%) and lemon Perdones et al.

Pullulan (5%) Thymol (Thy) (0.14% to
3%)

GA (10%) Lemongrass (0.05%)

and cinnamon (0.4%)

CH (1%) or Bergamot (2%)
hydroxypropyl-
methylcellulose
(1%)

CH (2%) Oregano, red thyme,

peppermint,
lemongrass, and
limonene (0.2%)

Mesquite gum

Thyme (0.015% to
(MG; 10%)

0.104%) and
Mexican lime EO
(0.014%t0 0.1%)

B. subtilis, S. aureus, S.
Enteritidis, and E.
coli

C. musae and C.
gloeosporioides

Mesophilic and
yeasts/molds

Total flora, total molds,

R. stolonifer, and B.
cinerea

C. gloeosporioides and
R. stolonifer

development in
fruit
In vitro: MIC

In vitro: Mycelial
growth
measurement and
spore germination

In situ: Incidence and
disease severity in
fruit

In situ: Microbial
counts in fruit

In vitro: Paper disk
method

In situ: Fruit decay and
native mold
development

In vitro: Agar diffusion

In situ: Mold
development in
fruit and incidence
and disease severity
in fruit

EO (3%) delayed the mold decay in
fruit stored at 5 °C for 7 days
All bacteria were susceptible to Thy.

(2012)

Gniewosz and

Stronger inhibitory activity was Synowiec
observed for films prepared with (2011)
pullulan and >0.9% Thy

In vitro: Mycelial growth and spore Magbool et al.
germination decreased by (20171)

combinations of GA + lemongrass
EO or cinnamon EO

In situ: Disease incidence and disease
severity mostly decreased in fruit
coated with GA + cinnamon EO

In situ: Coating formed by CH and
bergamot EO was effective to reduce
total mesophilic bacteria and
yeasts/molds counts in fruit stored
at cold temperature

In vitro: Oregano and red thyme EO
caused the highest inhibition of total
microflora, as well as of total
yeast/molds

In situ: Red thyme EO, peppermint EO,
and limonene were the most
effective to delay fungal decay in
fruit stored at 4 °C. Coating formed
by CH + limonene was the most
effective to delay fungal decay in
fruit stored at 4 °C

In vitro: Thyme (>0.060%) and
Mexican lime EO (0.085% or 0.1%)
completely inhibited fungal mycelial
growth

In situ: Thyme (0.15%) and Mexican
lime EO (0.14%) reduced mold decay

Sanchez-Gonzalez
etal. (2011)

Vuetal.(2011)

Bosquez-Molina
etal. (2010)

in fruit stored at 20 °C. Coating
formed by MG + thyme EO (0.1%)
and Mexican lime EO (0.05%) were
more effective to reduce disease
incidence and severity in fruit stored
at20°C

Twelve studies used other polysaccharides or gums combined
with CH, such as CS (de Aquino et al., 2015), hydroxypropyl-
methyleellulose (Sanchez-Gonzalez et al., 2011), and locust bean
gum (Aloui et al., 2014), or as the only ingredient to formu-
late coatings, such as gum arabic (GA; Andrade et al., 2017;
Etemadipoor, Ramezanian, Mirzaalian Dastjerdi, & Shamili, 2019;
Magbool et al., 2011), mesquite gum (Bosquez-Molina, Jesus,
Bautista-Barios, Verde-Calvo, & Morales-Lopez, 2010), flaxseed
gum (Yousuf & Srivastava, 2017), pullulan (Gniewosz & Synowiec,
2011), pectin (Guerreiro, Gago, Faleiro, Miguel, & Antunes, 2015;
Rodrigucz-Garcia ct al., 2016), and sodium alginate (Guerreiro
et al., 2015).

EOs or ICs were primarily used with the purpose of enhanc-
ing the antimicrobial effects of the formulated coatings, although
their abilities to increase the barrier properties of these coatings
have also commonly cited. ICs (for example, carvacrol, thymol,
cinnamaldehyde, eugenol, frans-cinnamaldehyde, citral, and eu-
calyptol) used in coating formulation are typically recognized as
prevalent constituents in EOs with well-known strong and wide-
spectrum antimicrobial properties.

Coating-base material: EOs and ICs. Twenty-four out of the 30
selected studies used EOs for the formulation of edible coatings,

© 2019 Institute of Food Technologists®

such as the EO from cinnamon (Etemadipoor et al., 2019;
Magbool et al., 2011; Xing, Li et al., 2011; Xing et al., 2015,
2016), lemongrass (Athayde et al.,, 2016; Magbool et al., 2011;
Oliveira et al., 2018; Vu et al., 2011; Yousuf & Srivastava, 2017),
peppermint (de Oliveira et al., 2017; Guerra et al., 2015, 2016;
Vu et al.,, 2011), bergamot (Aloui et al., 2014; Chifer et al., 2012;
Sanchez-Gonzalez et al.,, 2011), oregano (Andrade et al., 2017;
Barreto et al., 2016; dos Santos et al., 2012; Rodriguez-Garcia
et al., 2016; Vu et al., 2011), rosemary (Andrade et al., 2017),
clove (Shao et al.,, 2015), thyme (Bosquez-Molina et al., 2010;
Chiafer et al., 2012), tea tree (Chafer ct al., 2012), Mexican lime
(Bosquez-Molina et al., 2010), and Lippia gracilis (Azevedo et al.,
2014; de Aquino et al., 2015). Only five studies used ICs to
formulate edible coatings, to cite: carvacrol (de Souza et al., 2015;
Sun etal., 2014), cinnamaldehyde and trans-cinnamaldehyde (Sun
et al., 2014), thymol (Gniewosz & Synowiec, 2011), citral and
eugenol (Guerreiro et al., 2015), and limonene (Vu et al., 2011).

Twelve studies tested more than one EO or IC to select the
concentration most effective to inhibit the target microorganism
and/or with improved abilities to preserve the quality parameters
of coated fruit (Aloui et al., 2014; Andrade et al., 2017; Azevedo
et al., 2014; Bosquez-Molina et al., 2010; Chifer et al., 2012;
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Table 3-Studies assessing the effects of coatings comprising polysaccharides and essential oils or their individual constituents on physicochemical
and/or sensory quality attributes of fruit and mains observed effects.

Coating materials

Polysaccharide and

Essential oil (EO) or
individual constituent
and tested

Measured quality

tested concentration(s) concentration(s) parameters Main effects Reference
Gum arabic (GA; 5% or Cinnamon EO (1% or 2%)  Weight loss, firmness, GA (10%)-cinnamon EO (1%)-coated Etemadipoor et al.
10%) chlorophyll, carotenoid fruit showed the lowest weight loss, (2019)
content, total soluble greater firmness, greater value for b*
solids (TSS), titrable in skin color, maximum amount of
acidity (TA), pH, and chlorophyll content, and minimum
ascorbic acid amount of carotenoid. GA
(10%)-cinnamon EO (1%)-coated fruit
showed the highest SSC.
GA (10%) Oregano EO (0.25 uL/mL)  Weight loss, firmness, TSS, ~ GA-oregano EO or GA-oregano + Andrade et al.
or oregano EO (0.06 to organic acids, sugars, rosemary EO coated fruit showed (2017)
0.12 ul/mlL) + phenolic compounds, decreased weight loss and
rosemary EO (0.25 to color, and sensory improvement in firmness during
0.5 ulb/mL) analysis storage. GA- oregano EO or
GA-oregano + rosemary EQ coated
fruit exhibited decreased TSS and TA;
GA-oregano EO or GA-oregano +
rosemary EO coatings delayed the loss
of phenolic compounds and enhanced
the flavor in fruit; lightness/brightness
was higher in coated fruit
Flaxseed gum (FSG; 0.3% Lemongrass EO Weight loss, color, and FSG-lemongrass EO coated fruit had Yousuf and

or 0.6%)

Chitosan (CH)

CH (4 mg/mL)

Crustacean CH
(4 mg/mL)

Pectin (3%)

CH (1%)

CH (2%) + cassava starch
(CS; 2%)

(2-8puL/mlL)

Lemongrass EO
(1.25 pL/mL)

Oregano EO (1.25 plL/mL)

Peppermint EO, Mentha x
villosa Huds EO (2.5 or
5 pul/mL)

Oregano EO (0, 15.7,
25.9,and 36.1 g/L)

Cinnamon EO (0.1%)

Lippia gracilis Schauer EO
(1% or 3%)

sensory analysis

Weight loss, firmness,
color, soluble solids,
titratable acidity,
ascorbic acid, pH, and
sensory analysis

Weight loss, firmness, TSS,
TA, lycopene, color,
phenolic compounds,
and sensory analysis

Weight loss, color,
firmness, TSS, TA, and
sensory analysis

TSS, pH, TA, color,
firmness, total
phenolics, antioxidant
capacity, and sensory
analysis

Respiration rate and
polyphenol-oxidase
(PPO)

pH, TA, TSS, color, and
firmness

decreased weight loss during storage,
as well as smaller changes in Chroma
values. Changes in Hue angle over
time were smaller in FSG-lemongrass
coated fruit

No difference in most of the evaluated
quality parameters between coated
and uncoated fruit. Only b* parameter
in colorimetry analysis was higher in
coated than uncoated fruit. Color was
the only sensory parameter that
coated fruit had better performance
than uncoated fruit; most of the other
measured attributes were similar in
coated and uncoated fruit

CH-oregano EO coating decreased
weight, firmness and lycopene loss,
besides to decrease TA and TSS values
in fruit during storage at room or cold
temperature. CH-oregano coating
increased the amounts of some
phenolic compounds in fruit during
storage

CH-peppermint or M. villosa EO coated
fruit displayed lower weight loss during
cold temperature storage. Coated fruit
presented improvement in firmness
during storage. TA, SS, color ax, and
color b« did not differ between coated
and uncoated fruit. The intent to
purchase was the same (possibly
?u(chase) for coated and uncoated

Tuit

Fruit coated with pectin + oregano EO
(25.9 g/L) showed the highest amount
of total phenolics at the end of storage
period. Fruit coated with pectin +
oregano EO (15.7 g/L) presented the
better flavor acceptability during
storage

0, concentration was reduced and CO;
production increased within packaging
during storage in uncoated and coated
fruit. CO, production was higher in
coated fruit. Coated fruit had
decreased PPO activity at the end of
the storage period

Fruit coated with CH + CS (2%) + L.
gracilis EO (1% or 3%) showed lower
TA and a* and b* values, and higher L*
values during storage
No differences were observed for TSS,
pH, and firmness between coated and
uncoated fruit after 10 days of storage

Srivastava (2017)

Athayde et al.
(2016)

Barreto etal. (2016)

Guerra et al. (2016)

Rodriguez-Garcia
etal.(2016)

Xing etal. (2016)

de Aquino et al.
(2015)

1954 Comprehensive Reviewsin Food Science and Food Safety  Vol. 18,2019
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Table 3-Continued.

Coating materials

Polysaccharide and

Essential oil (EO) or
individual constituent
and tested

Measured quality

tested concentration(s) concentration(s) parameters Main effects Reference
CH from Mucor Carvacrol (CAR; Weight loss, color, CH-CAR-coated fruit showed decreased de Souza et al.
circinelloides 1.25to 5 ul/mL) firmness, TSS, and TA weight loss and improvement in (2015)

(3.750r 7.5 mg/mL)

CH from shrimp shells
(Litopenaeus vannamei
Boone (4 mg/mL)

Pectin (1% or 2%) or
sodium alginate (1% or
2%)

CH (1%)

CH (1%)

CH (1%) and Locust bean
gum (LBG) (0.5%)

CH (1%)

CH(1%)

CH (5%)

CH (1%)
Pullulan (5%)

GA (10%)

Peppermint EO and M.
villosa EO
(1.250r 2.5 pL/mlL)

Citral (0.15% or 0.3%) or
eugenol (0.1% or
0.2%) or citral (0.15%)
+ eugenol (0.1%)

Clove EO (0.5t0 2 mL/L)

Cinnamon EO (0.1%)

Bergamot EO and bitter
orange EO (2%)

CAR, cinnamaldehyde
(Cin) and
trans-cinnamaldehyde
(t-Cin) (=0.5%)

Bergamot EO, thyme EO,
and tea tree EO (2%)

Oregano EO (2.5 to
5ul/mL)

Lemon EO (3%)
Thymol (Thy; 0.14% to
39%)

Lemongrass EO (0.05%)
and cinnamon EO
(0.4%)

Weight loss, color,
firmness, TSS, TA, and
sensory analysis

Color, firmness, TSS, and
sensory analysis

Phenylalanine
ammonia-lyase (PAL),
B-1,3-glucanase, and
chitinase

Weight loss, TA, vitamin
C, polyphenol-oxidase
(POD),
superoxide-dismutase
(SOD), TSS, total
phenolic compounds

malondialdehyde
(MDA), and sensory
acceptance

Sensory profile (off-odors,
off-flavors, color, and
glossiness)

Firmness

Weight loss, respiration
rate (RR), TA, TSS, pH,
color, ascorbic acid, and
texture

Weight loss, color,
firmness, TSS, TA,
anthocyanin, and
sensory analysis

Surface density, water
vapor resistance, TA,
pH, TSS, maturity index,
RR, and sensory
analysis

Appearance and aroma

Weight loss, firmness, TSS,
and TA

firmness during storage, as well as
decreased TSS and TA and
improvements in lightness/brightness

CH-peppermint and CH-M. villosa EO
coated fruit showed decreased weight
loss over time. TSS and TA were not
different for coated and uncoated fruit.
Coated and uncoated fruit received
“liked slightly” or “liked moderately”
for all sensory parameters. Intention to
purchase was “possibly purchase” for
coated and uncoated fruit

Fruit coated with pectin or alginate +
eugenol and/or citral presented lower
decreases in TSS and alterations in
color and firmness during storage.
Pectin treatments preserved SSC
values. Only fruit coated with alginate
or pectin + eugenol or citral presented
low acceptance in appearance on the
14th day of storage

CH—clove EO coated fruit had increased
PAL and B-1,3-glucanase activity in
some monitored storage time points

CH-cinnamon EO coated fruit had lower
weight loss and RR and better sensory
acceptance. Coated fruit had lower
decrease in TA and vitamin C contents
over time. PPO activity decreased in
coated fruit. Coated fruit had higher
TPC and slower increase in MDA
contents over time

CH-bergamot EO and CH-bitter orange
EO coating fruit had reduced glossiness

CH-CAR or CH-t-CIN coated fruit had
improvements in firmness during
storage

CH-bergamot EO coated fruit had
reduced weight and water losses
during cold storage. CH-bergamot EO
or CH-tea tree EO delayed weight loss
for 26 days in fruit stored under room
temperature. Tested coatings did not
affect fruit RR pattern during storage

No difference in TA, TSS, anthocyanin
content, weight loss, and firmness in
uncoated and CH-oregano EO coated
fruit during cold storage. Coated fruit
had lower TSS and anthocyanin
content after 12 days of storage at
room temperature

CH-lemon EO coated fruit had decreased
RR and lower maturation index and pH
during storage

Pullulan—Thy-coated films presented
transparent and shiny appearance on
fruit. Coated fruit had no change in
color. A typical Thy aroma was
detectable in coated fruit

Coated fruit had lower weight and
firmness loss, as well as lower
reduction in TA and SSC during
storage. GA—cinnamon + lemongrass
EO coated fruit had higher scores for
overall acceptability

Guerra et al. (2015)

Guerreiro et al.
(2019)

Shaoetal.(2015)

Xing et al. (2015)

Aloui et al. (2014)

Sunetal. (2014)
Chéferetal. (2012)

dos Santos et al.
(2012)

Perdones et al.
(2012)

Gniewosz and
Synowiec (2011)

Magbool et al.
(20171)
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Table 3—Continued.

Coating materials

Essential oil (EO) or
individual constituent

Polysaccharide and and tested Measured quality
tested concentration(s) concentration(s) parameters Main effects Reference
CH (1%) or hydroxypropy- ~ Bergamot EO (2%) TSS, pH, TPC, weight loss, CH-bergamot EO coating was the most Sanchez-Gonzalez

Imethylcellulose

(1%)
CH (2%) Peppermint EO and Visual appearance
limonene (0.2%)
CH (1%) Cinnamon EO (0.25%) Color, vitamin C, MDA,

membrane

permeability, and
sensory acceptability

texture, color, and RR

effective to delay weight, water, and
firmness loss in fruit over time.
CH-bergamot EO coated fruit had
decreased respiration rate

CH-peppermint EO or CH-limonene
coated fruit had better visual
appearance

CH-cinnamon EO coating delayed
vitamin and color loss in fruit. Coated
fruit presented lower MDA levels and
electrolyte leakage

etal.(2011)

Vuetal.(2011)

Xingetal. (2011)

de Aquino et al., 2015; Guerra et al., 2015, 2016; Guerreiro et al.,
2015; Magbool et al., 2011; Sun et al., 2014; Vu et al., 2011).

Edible coating formulation. The type and concentration of the
polysaccharide as well as of the EO or IC used to formulate the
edible coatings used in in situ assays were selected overall consider-
ing their antimicrobial effects determined firstly in in vitro assays, as
measured through the determination of the minimum inhibitory
concentration (MIC; Aloui et al., 2014; Andrade et al., 2017;
Azevedo et al., 2014; Bosquez-Molina et al., 2010; de Aquino
etal., 2015; de Souza etal., 2015; dos Santos et al., 2012; Gniewosz
& Synowiec, 2011; Guerreiro et al., 2015; Magbool et al., 2011;
Sun et al., 2014; Xing et al., 2016).

The studies have ordinarily used sub-MICs of these sub-
stances/compounds to formulate the coatings (de Oliveira et al.,
2017; de Souza et al., 2015; Guerra et al., 2015, 2016; Oliveira
et al., 2018). Only five studies did not perform in vitro assays to
select the concentrations of EOs or ICs used to formulate the coat-
ings (Chafer etal., 2012; Etemadipoor et al., 2019; Perdones et al.,
2012; Xing et al., 2011; Xing et al., 2016) and two studies used
the same concentration in both in vitro and in situ assays (Magbool
et al., 2011; Rodriguez-Garcia et al., 2016), which were selected
considering data of previous published studies.

The selection of the amounts of polysaccharides or gums (CS,
flaxseed gum, GA, hydroxypropylmethylcellulose, locust bean
gum, mesquite gum, pectin, pullulan, and sodium alginate) used
to formulate coatings has primarily considered the amounts of
these substances capable of providing dispersions with viscosity
enough to form coatings when applied on fruit (Andrade et al.,
2017; Bosquez-Molina et al., 2010; Gniewosz & Synowiec, 2011;
Magbool et al., 2011; Rodriguez-Garcia et al., 2016; Yousuf &
Srivastava, 2017).

CH-coating forming dispersions were usually prepared by dis-
solving this polymer in an aqueous 0.1 M acetic acid solution
under stirring (mostly 150 rpm) for a variable time period, to cite:
1 hr (Xing et al., 2011; Xing et al., 2015, 2016), 6 hr (Guerra
et al., 2016), 12 hr (Aloui et al., 2014; Sanchez-Gonzilez et al.,
2011), or 24 hr (Athayde et al., 2016; de Oliveira et al., 2017; de
Souza et al., 2015; dos Santos et al., 2012; Oliveira et al., 2018).
Some studies have used an overnight stirring (Chéfer et al., 2012;
Sun et al., 2014; Vu et al., 2011) or have not reported the stirring
time (Azevedo et al., 2014; de Aquino et al., 2015; Perdones etal.,
2012; Shao et al., 2015).

The stirring of CH-coating forming dispersions has been mostly
performed at room temperature (Athayde et al., 2016; Chéfer

1956 Comprehensive Reviewsin FoodScience and Food Safety ¢ Vol. 18,2019

et al., 2012; de Oliveira et al., 2017; de Souza et al., 2015; dos
Santos et al., 2012; Guerra et al., 2016; Oliveira et al., 2018;
Sun et al., 2014; Vu et al., 2011; Xing et al., 2011; Xing et al.,
2015, 2016), although two studies have performed this operation
at 40 °C (Aloui et al., 2014; Sanchez-Gonzilez et al., 2011). Four
studies have not reported the stirring temperature (Azevedo et al.,
2014; de Aquino et al., 2015; Perdones et al., 2012; Shao et al.,
2015). Sixteen studies incorporated glycerol or glycol as plasticizer
ingredient in CH coating-forming dispersions in concentrations
of 0.25% to 2.5% (Azevedo et al., 2014; de Aquino et al., 2015;
de Oliveira et al., 2017; de Souza et al., 2015; dos Santos et al.,
2012; Gniewosz & Synowiec, 2011; Guerra et al., 2016; Oliveira
et al., 2018; Sun et al., 2014; Xing et al., 2011; Xing et al., 2015,
2016), 5% (Bosquez-Molina et al., 2010), or 20% to 30% (v/v)
(Chafer et al., 2012; Perdones et al., 2012; Vu et al., 2011).

CS dispersion (2%, w/v) was prepared with glycerol (0.64%)
and heated in a water bath (temperature not exceeding 70 °C)
under stirring. After cooling to 25 °C, chitosan was added to the
CS dispersion and stirred up to complete dissolution (de Aquino
ctal., 2015). Flaxseed gum powder was dissolved in distilled water
with stirring up to complete dissolution; however, only one study
used this polysaccharide to formulate coating (Yousuf & Srivastava,
2017). Hydroxypropylmethylcellulose (1%, w/v) was dissolved in
distilled water (80 C for 2 hr) under overnight stirring at room
temperature (Sinchez-Gonzilez et al., 2011). Three studies used
GA to formulate coatings and this polysaccharide was firstly dis-
solved in ultra-purified water and stirred at 40 °C for 60 min
(Andrade et al., 2017; Etemadipoor et al., 2019; Magbool et al.,
2011). One study used pullulan or mesquite gum to formulate
coatings. Pullulan was dissolved in distilled water with glycerol
at 80 °C (Gniewosz & Synowicc, 2011) and mesquite gum was
dissolved in distilled water at 70 °C (Bosquez-Molina et al., 2010);
the stirring time was not reported for these two polysaccharides
forming dispersions. Two studies used pectin and pectin 4 sodium
alginate to formulate coatings. Pectin was dissolved in distilled wa-
ter with 1% glycerol (v/v) for 15 min (Rodriguez-Garcia et al.,
2016); pectin + sodium alginate was dissolved in distilled water
with heating at 70 °C, stirred up to the dispersion became clear,
followed by addition of 1.5% glycerol (v/v) and 1% ascorbic acid
(v/v) as antibrowning agents (Guerreiro et al., 2015).

Tween 20 and 80 are commonly used (17 studies) to homog-
enize the EOs or ICs into the polysaccharides dispersions (Aloui
et al., 2014; Andrade et al., 2017; Athayde et al., 2016; Azevedo
et al., 2014; Barreto et al., 2016; Chafer et al., 2012; de Aquino
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ct al., 2015; de Oliveira et al., 2017; Etemadipoor ct al., 2019;
Magbool et al., 2011; Oliveira et al., 2018; Shao et al., 2015; Sun
et al., 2014; Vu et al,, 2011; Xing et al., 2011; Xing et al., 2015,
2016). Three studies used only vigorous stirring for homogenizing
EOs or ICs into the polysaccharides dispersions (Bosquez-Molina
etal., 2010; Guerra et al., 2016; Yousuf & Srivastava, 2017). Three
studies adjusted the pH of the coating-forming dispersion to 5.5
or 5.6, which were referred as suitable pH for fungal growth
(Aloui ct al., 2014; de Oliveira et al., 2017; Magbool et al., 2011).
Thereby, in these cases, the pH values (5.5 or 5.6) were cited as
being not capable of adversely affecting the growth of target fungi.

Methods used in in vitro assays

Many of the selected studies initially performed in vitro assays
to evaluate the antimicrobial effects of the polysaccharide (specit-
ically of CH) and EO or IC alone or in combination using dif-
ferent methods, to cite: disk diffusion, as the most common; di-
lution in broth (Andrade et al., 2017; de Souza et al., 2015; dos
Santos et al., 2012; Gniewosz & Synowiec, 2011); cavity slide
(Aloui et al., 2014; Magbool et al., 2011) and dilution in agar
(Aloui et al., 2014; Andrade et al., 2017; de Oliveira et al., 2017;
de Souza et al., 2015; dos Santos et al., 2012; Magbool et al., 2011;
Oliveira et al., 2018; Sun et al., 2014).

Two studies assessed the type of interaction among the different
combined concentrations of CH and EOs (specifically peppermint
and lemongrass EO) through the determination of the Abbot
index (de Oliveira et al., 2017; Oliveira et al., 2018).

Sixteen studies used fungi as target organisms in antimicrobial
assays in vitro (Aloui et al., 2014; Andrade et al., 2017; Athayde
et al., 2016; Barreto et al., 2016; Bosquez-Molina et al., 2010; de
Oliveira et al., 2014a, 2014b; de Oliveira et al., 2017; de Souza
ctal., 2015; dos Santos ct al., 2012; Guerra ct al., 2016; Magbool
et al., 2011; Oliveira et al., 2018; Rodriguez-Garcia et al., 2016;
Shao et al., 2015; Vu et al., 2011; Xing et al., 2016). Three studies
used only bacteria as target organisms (Azevedo et al., 2014; de
Aquino ct al., 2015; Gniewosz & Synowiec, 2011) and two studies
used both fungi and bacteria (Sun et al., 2014; Xing et al., 2015).

Methods used in in situ assays

Some studies carried out the microbiological analysis by coat-
ing the fruit and inoculating a specific microorganism (preventive
effect) or by inoculating a specific microorganism and coating the
fruit (curative cffect; Aloui ct al., 2014; Andrade et al., 2017;
Athayde et al., 2016; Barreto et al., 2016; Bosquez-Molina et al.,
2010; Chafer et al., 2012; de Oliveira et al., 2017; de Souza et al.,
2015; dos Santos et al., 2012; Guerra et al., 2015, 2016; Magbool
ct al., 2011; Oliveira et al., 2018; Rodriguecz-Garcia ct al., 2016;
Shao et al., 2015). Other studies performed analysis of the au-
tochthonous microflora on coated fruit (Azevedo et al., 2014; de
Aquino et al., 2015; Guerreiro et al., 2015; Perdones et al., 2012;
Sinchez-Gonzilez et al., 2011; Sun et al., 2014; Vu et al., 2011;
Yousuf & Srivastava, 2017).

Three studies carried out tests only to measure the antimi-
crobial effects of the formulated coatings on fruit, considering
the autochthonous microflora or an artificial contamination (de
Oliveira et al., 2017; Magbool et al., 2011; Oliveira et al., 2018).
Seven studies only measured the effects of the formulated coatings
on overall quality parameters of fruit over time, including physico-
chemical, enzymatic, and/or sensory analyses (Chafer et al., 2012;
Etemadipoor et al., 2019; Gniewosz & Synowiec, 2011; Xing
etal., 2011; Xing et al., 2015, 2016). The other studies measured
the antimicrobial effects of the formulated coatings on fruit, as well
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as their influence on physicochemical and/or sensory parameters
related to overall postharvest quality over time (Aloui et al., 2014;
Andrade et al., 2017; Athayde et al., 2016; Barreto et al., 2016;
Bosquez-Molina et al., 2010; de Aquino et al., 2015; de Souza
ctal., 2015; dos Santos ct al., 2012; Guerra ct al., 2016; Guerreiro
etal., 2015; Perdones et al., 2012; Rodriguez-Garcia et al., 2016;
Sanchez-Gonzilez et al., 2011; Shao et al., 2015; Sun et al., 2014;
Vu et al., 2011; Yousuf & Srivastava, 2017).

In general, fruit are sanitized after a dipping in the coating-
forming dispersions containing polysaccharide and EO or IC for
a preselected time interval considering data of available literature
or results from preliminary experiments. After dipping, fruit are
typically air-dried to form the coating on their surface.

Banana and papaya were dipped for 2 to 3 min in 10% GA,
0.05% lemongrass EO, and 0.4% cinnamon EO alone and in
combination, being maintained at room temperature for drying
(Magbool et al., 2011). Plums were immersed for 1 min in a dis-
persion formed by GA (1 mg/mL), GA (1 mg/mL) + oregano EO
(0.25 pL/mL), or GA (1 mg/mL) + oregano EO (0.06 pL/mL)
+ rosemary EO (0.25 pL/mL) and stored at room and cold tem-
perature (Andrade et al., 2017). Guava was dipped for 2 min in
GA (5% or 10%) + cinnamon EO (1% or 2%), kept to dry for
30 min at room temperature, and transferred to cold storage
(10 °C) (Etemadipoor et al., 2019). Pomegranate arils were im-
mersed for 3 min in flaxseced gum (0.3% or 0.6%) + lemongrass
EO (0, 2, 5 or 8 /mL), kept on a blotting paper for 5 min to
allow excessive coating dispersion to drip off, and stored at cold
temperature (5 °C; Yousuf & Srivastava, 2017). Raspberries were
dipped in sodium alginate or pectin (1% or 2%) + citral (0.15% or
0.3%) or eugenol (0.1% or 0.2%), as well as in alginate or pectin
(1% or 2%) + citral (0.15%) 4+ eugenol (0.1%) for 2 min; the
excessive coating dispersion was allowed to drip off for 30 s and
dipped for a second time in a calcium chloride solution (Guerreiro
etal., 2015).

Different fruit (guava, mango, papaya, tomato, grape, straw-
berry, and blucberry) were immersed in coating-forming disper-
sions containing CH (3.75 to 20 mg/mL) and EOs or IC in a
range of concentrations (alone or in combination) for 30 s (Sun
et al.,, 2014), 1 min (Aloui et al., 2014; Athayde et al., 2016;
Barreto et al., 2016; Chafer ct al., 2012; de Oliveira ct al., 2014a,
2014b; de Souza et al., 2015; dos Santos et al., 2012; Guerra et al.,
2015, 2016; Oliveira et al., 2018; Perdones et al., 2012; Sanchez-
Gonzilez et al., 2011), 2 min (Shao et al., 2015), 3 min (Azevedo
etal., 2014; de Aquino etal., 2015), 5 min (de Oliveira et al., 2017;
Xing et al., 2015, 2016), or for a not-informed dipping time (Vu
et al.,, 2011). Tomatoes were brushed with 5 mL of pectin (3%)
and/or oregano EO (15.7, 25.9, or 36.1 g/L) and allowed to dry
at 25 °C (Rodriguez-Garcia et al., 2016).

Antimicrobial effects in in vitro assays

Eighteen out of the 30 studies selected performed in vitro assays
to evaluate the antimicrobial effects of CH and EOs or ICs alone
or in combination. Thyme EO inhibited the mycelial growth of
Colletotrichum gloeosporioides and Rhizopus stolonifer and these effects
were directly associated with the EO concentrations; in the same
study, Mexican lime EO was not as effective as thyme EO to inhibit
these fungi (Bosquez-Molina etal., 2010). A study assessed the an-
timicrobial effects of limonene (0.02%), as well as of lemongrass,
oregano, peppermint, and red thyme EO against autochthonous
microorganisms in strawberry, being reported medium to strong
antimicrobial effects, with the exception of limonene that pre-
sented weak inhibitory effects (Vu et al., 2011).

Vol.18,2019 = Comprehensive Reviewsin FoodScience and Food Safety 1957

66



Effects of edible coatings on fruit...

Formulations of CH (0.5%, 1%, 1.5%, or 2%) + CS (2%) +
EOs from two genotypes of L. gracilis (0%, 1%, 2% and 3%) were
tested for their efficacy to inhibit Bacillus subtilis, Bacillus cereus,
Staphylococcus aureus, Escherichia coli, Listeria monocytogenes, Serratia
marcescens, and Salmonella Enteritidis. All the tested bacteria were
sensitive to at least one of the examined coating formulations, but
E. coli and S. marcescens were the most sensitive bacteria, being
inhibited by three of the tested formulations (de Aquino et al.,
2015).

Combinations of oregano and rosemary EO inhibited R.
stolonifer more than these EOs alone at either MIC or sub-MIC.
GA (1 mg/mL) and oregano EO alone (0.25 mL/mL) or oregano
EO (0.12 or 0.06 mL/mL) + rosemary EO (0.5 or 0.25 mL/mL)
caused strong inhibition of mycelial growth, spore germination,
and sporulation of R. stolonifer (Andrade et al., 2017). Another
study using GA (10% w/v) reported no inhibition of mycelial
growth of Colletotrichum musae and C. gloeosporioides, but the com-
bination of GA + cinnamon EO (0.4%, v/v) caused strong inhibi-
tion of these fungi (Magbool et al., 2011). Another study reported
a MIC of 10 mg/mL and 10 pL/mL for CH and oregano EO
against R. stolonifer and Aspergillus niger, respectively; the combi-
nation of CH (5 or 10 mg/mL) + oregano EO (1.25, 2.5, or
5 uL/mL) inhibited the mycelial growth (88% to 100%) of R.
stolonifer and A. niger (dos Santos et al., 2012).

Thymol displayed strong inhibitory effects against S. aureus, with
a MIC of 0.012% (w/v). B. subtilis, E. coli, and Salmonella Enter-
itidis were less sensitive to thymol, which presented a MIC of
0.024% (w/v) against these bacteria. Pullulan coatings contain-
ing 0.14% to 0.6% thymol (2.5 to 10.6 mg/cm?) did not display
any additional inhibitory effect on these bacteria when compared
with the film containing only thymol. The highest inhibitory ef-
fects were observed for the coatings containing the highest thymol
amounts (3%; Gniewosz & Synowiec, 2011).

A study assessed the efficacy of EOs from two genotypes of L.
gracilis to inhibit eight bacterial species when used in a formulation
containing CS and CH. The formulations more eftective to inhibit
bacterial growth were those containing 1.6% CS + 0.6% CH +
2.4% L. gracilis EO or 1% CS + 1.5% L. gracilis EO (Azevedo
et al., 2014). The efficacy of cinnamon EO (0.1%, v/v) as well as
of a coating containing CH (1%, w/v) + cinnamon EO (0.1%,
v/v) to inhibit different fungi and bacteria was investigated, being
found a higher antimicrobial effect when CH and cinnamon EO
were tested in combination (Xing et al., 2015).

CH (0.063%, w/v) and clove EO (1.50 mL/L) caused 89.2%
and 99% inhibition of Penicillium digitatum mycelial growth, re-
spectively (Shao et al., 2015). A combination of CH (3.75 or
7.5 mg/mL) + carvacrol (2.5 or 5 pL./mL) caused inhibition in
mycelial growth of Aspergillus flavus in a range of 77.2% to 100%
(de Souza et al., 2015). Cinnamon EO (1% to 4%) and trans-
cinnamaldehyde (1% to 4%) alone were also effective to inhibit
the myecelial growth of A. flavus and Penicillium citrinum, and these
inhibitory effects increased when the concentration of cinnamon
EO and CH increased (Xing et al., 2016).

Pectin (3%, w/v) + oregano EO (15.7, 25.9, or 36.1 g/L)
was tested for inhibitory activity against Alternaria alternata, being
reported that all tested pectin 4 oregano EO combinations caused
total mycelial growth inhibition of A. alternata during 5 days at
28 °C (Rodriguez-Garcia et al., 2016).

Combinations of CH + peppermint EO showed additive effects
against Colletotrichum asianum and synergistic effects against Col-
letotrichum karstii. Mixtures of 5 mg/mL CH + 0.6 or 1.25 mL/mL
peppermint EO and 7.5 mg/mL CH + 0.6 mL/mL peppermint

1958 Comprehensive Reviews in FoodScience and Food Safety ¢ Vol.18,2019

EO showed synergistic effects against Collefotrichum tropicale and
Colletotrichum dianesei. For Colletotrichum fructicola, synergistic ef-
fects were observed when 5 or 7.5 mg/mL CH was combined
with 0.3 or 0.6 mL/mL peppermint EO (de Oliveira et al., 2017).
All the tested Colletotrichum strains were previously identified as
causative agents of anthracnose in different fruit (Lima et al., 2013;
Lima, Lima, Tovar-Pedraza, Michereft, & Camara, 2015). Lemon-
grass EO (2.5 pL/mL) caused a 100% inhibition of the mycelial
growth of five different Colletotrichum species. The combination
of CH (5 mg/mL) + lemongrass EO (0.15, 0.3, or 0.6 nL/mL)
presented synergistic inhibitory effects against the tested Col-
letotrichum species (Oliveira et al., 2018). None of the studies that
assessed the type of interaction among different concentrations of
CH and EOs reported antagonistic interactions toward the target
microorganisms.

Antimicrobial effects in in situ assay

The effects of coatings formed by polysaccharides and EOs or
ICs have been analyzed concerning disease incidence (percent-
age of fruit showing characteristic symptoms of a specific discase)
and disease severity (lesion development) based on a grade scale.
Flaxseed gum ordinarily does not possess any inherent antimi-
crobial property and the incorporation of lemongrass EO was an
effective strategy to retard microbial growth in pomegranate ar-
ils. The initial total plate count of uncoated pomegranate arils
increased from 1.9 to 8.3 log CFU/g during 12 days of storage
(5 °C), whereas counts of 4.3 to 4.5 CFU/g were found when
pomegranate arils were coated with flaxseed gum (0.3% or 0.6%,
w/v) + lemongrass EO (800 ppm) (Yousuf & Srivastava, 2017).

Coatings containing GA (10%) + lemongrass EO (0.05%) or
cinnamon EO (0.4%) were effective to decrease the incidence of
Rhizopus soft rot in these fruit during storage (13 °C for banana
and 12 °C for papaya; Magbool etal., 2011). Conversely, a coating
containing GA (10%) + oregano EO (0.06 or 0.25 uL/mL) +
rosemary EO (0.25 pL/mL) was effective to control Rhizopus
soft rot in plums during storage at room temperature (Andrade
et al., 2017).

The development of R hizopus soft rot in tomato during storage
(25 °C) was also delayed by a coating containing CH (4 mg/mL)
+ lemongrass EO (1.25 pL/mL) (Athayde et al., 2016). A coat-
ing containing CH from shells of L. vannamei Boone shrimp
(4 mg/mL) + peppermint EO or Mentha X villosa EO (2.5 or
1.25 pL/mL) delayed the appearance of visible signs of infection
caused by A. niger, Botrytis cinerea, Penicillium expansum, and R.
stolonifer in tomato during cold and room temperature storage
(Guerra et al., 2015). Tomato coated with CH (4 mg/mL) +
oregano EO (1.25 pL/mL) presented no visible signs of infection
caused by R. stolonifer and A. niger during 8 and 21 days of storage
at room and cold temperature, respectively (Barreto et al., 2016).
A coating formed by CH from Mucor circinelloides (3.75 mg/mL)
+ carvacrol (2.5 or 1.25 pL/mL) also inhibited the development
of infection caused by A. flavus in tomato, as well as controlled the
population of the autochthonous microflora in this fruit during
12 and 24 days of room and cold storage, respectively (de Souza
et al., 2015).

Carvacrol and frans-cinnamaldehyde were tested for use into
CH dispersions to control microbial population in blueberries.
The concentrations of 0.2% and 0.5% of carvacrol and trans-
cinnamaldehyde, respectively, were the most effective to inhibit
bacteria and fungi populations in blueberries. Carvacrol at con-
centrations >0.2% was also effective to inhibit mesophilic bacteria
(Sun etal., 2014). A coating containing CH (0.6%) + CS (1.6%) +
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EOs from two genotypes of L. gracilis (2.4%) decreased the counts
of psychrophilic bacteria and fungi to <10 CFU/g in strawberry
up to 17 days of cold storage (Azevedo et al., 2014). A coating
containing CH (2%) + CS (2%) + EOs from two genotypes of
L. gracilis (1% to 3%) was more cffective to decrease the counts of
mesophilic bacteria and fungi in guava than a coating containing
only CH during 10 days of room temperature storage (de Aquino
et al., 2015).

A study reported that coatings containing CH (1%) + bergamot
EO (2%) or bitter orange EO (2%) were more effective to control
A. flavus in Tunisian dates when compared to coatings contain-
ing locust bean gum (0.5%) + bergamot EO (2%) or bitter orange
EO (2%) during 12 days of room temperature storage (Aloui et al.,
2014). Another study reported that a coating containing CH (1%)
+ bergamot EO (2%) was more effective in reducing the counts of
mesophilic bacteria and fungi in table grapes when compared with
a coating containing hydroxypropylmethylcellulose (1%) + berg-
amot EO (2%) during 22 days of cold storage (Sanchez-Gonzilez
etal., 2011).

The application of coatings containing CH (5 or 7.5 mg/mL) +
peppermint EO (0.3, 0.6 or 1.25 pL/mL) in mango (de Oliveira
et al., 2017), as well as of coatings containing CH (5 mg/mL)
+ lemongrass EO (0.6 uL/mL) in guava, mango, and papaya
(Oliveira et al., 2018), decreased the anthracnose lesion severity in
these fruit during room temperature storage. A coating contain-
ing CH (1%, w/v) + clove EO (1 or 2 mL/L) sharply decreased
the diameter of the lesions caused by P digitatum in citrus when
compared to CH alone during 17 days of cold storage (Shao ctal.,
2015).

A study reported that table grapes coated with CH (4 or
8 mg/mL) + peppermint EQ or M. villesa EO (5, 2.5, or
1.25 pL/mL) displayed no visible signs of infection caused by
A. niger, B. cinerea, P expansum, or R. stolonifer during 24 days
of cold storage. Furthermore, grapes coated with CH (8 or
4 mg/mL) + peppermint EO or M. villosa EO (5 pL/mL) dis-
played no visible signs of mold infection during 12 days of room
temperature storage (Guerra et al., 2016). Two studies reported the
efficacy of coatings containing CH from Cunninghamella elegans or
Mucor circinelloides (3.75, 7.75, and 15 mg/mL) to control infection
caused by B. cinerea, P expansum, A. niger, and R. stolonifer in table
grapes during room or cold storage (de Oliveira et al., 2014a). A
coating formed by CH (1%) + oregano EO (2.5 and 5 pL/mL)
also delayed the development of infection caused by R. stolonifer
and A. flavus in table grapes at room or cold storage (dos Santos
et al., 2012).

Coatings formed by pectin or sodium alginate (1% or 2%) +
citral (0.15% or 0.3%) or eugenol (0.1% or 0.2%), as well by
pectin or sodium alginate (1% or 2%) + citral (0.15%) + eugenol
(0.1%), were capable of decreasing the molds and yeasts counts
in raspberries at the end of 14 days of storage (0.5 °C; Guerreiro
et al., 2015). A coating formed by pectin (3%) + oregano EO
(36.1 g/L) was effective to inhibit the development of infection
caused by A. alternata in tomato during 12 days of storage (28 °C)
(Rodriguez-Garcia et al., 2016).

The results of studies that measured the antimicrobial effects of
tested coatings on fruit stored under room and cold temperatures
have conversely indicated that the inhibitory effects on target mi-
croorganisms are enhanced when the fruit are stored under cold
temperature (Andrade ctal., 2017; Barreto etal., 2016; de Oliveira
et al., 2014a, 2014b; dos Santos et al., 2012; Guerra et al., 2015,
2016).
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Physicochemical and sensory parameters measured in fruit

Fruit coated with polysaccharides and EOs or ICs have been
evaluated concerning a variety of physicochemical parameters
related to quality aspects of fruit when stored under room or
cold temperature for different storage time intervals, to cite: RR
(Chafer et al., 2012; Perdones et al., 2012; Sinchez-Gonzilez
etal.,, 2011; Xing et al., 2016; Yousuf & Srivastava, 2017), weight
loss (Andrade et al.,, 2017; Athayde et al., 2016; Barreto ct al.,
2016; Chafer et al., 2012; de Souza et al., 2015; dos Santos
et al., 2012; Etemadipoor et al.,, 2019; Guerreiro et al., 2015;
Sanchez-Gonzilez et al., 2011; Xing et al., 2015; Yousuf & Sri-
vastava, 2017), firmness (Andrade et al., 2017; Athayde etal., 2016;
Barreto et al., 2016; Chafer et al., 2012; de Aquino et al., 2015;
de Souza et al., 2015; dos Santos et al., 2012; Etemadipoor et al.,
2019; Guerra ct al., 2016; Guerreiro ct al., 2015; Sun ect al.,
2014), pH (Athayde et al., 2016; Chafer et al., 2012; de Aquino
et al., 2015; Perdones et al., 2012; Yousuf & Srivastava, 2017),
TSS (Andrade et al., 2017; Athayde et al., 2016; Barreto et al.,
2016; Chafer et al., 2012; de Aquino et al., 2015; de Souza et al.,
2015; dos Santos et al., 2012; Etemadipoor et al., 2019; Guerra
etal., 2016; Guerreiro et al., 2015; Perdones et al., 2012; Sanchez-
Gonzilez et al., 2011; Yousuf & Srivastava, 2017), titratable acidity
(Andrade et al., 2017; Athayde et al., 2016; Barreto et al., 2016;
Chifer et al., 2012; de Souza et al., 2015; dos Santos et al., 2012;
Etemadipoor et al., 2019; Guerra et al., 2016; Perdones et al.,
2012; Xing et al., 2015; Yousuf & Srivastava, 2017), color (L
value, chroma and hue angle; Andrade et al., 2017; Athayde et al.,
2016; Barreto et al., 2016; Chifer et al., 2012; de Aquino et al.,
2015; de Souza et al., 2015; dos Santos et al., 2012; Etemadipoor
et al., 2019; Guerra et al., 2016; Guerreiro et al., 2015; Perdones
et al., 2012; Sanchez-Gonzilez et al., 2011; Yousuf & Srivastava,
2017), peroxidase activity (Xing et al., 2015, 2016), total phenolic
compounds (Barreto et al., 2016; Rodriguez-Garcia et al., 2016;
Sanchez-Gonzilez et al., 2011; Xing et al., 2015), ascorbic acid
(Athayde ct al., 2016; Etemadipoor ct al., 2019; Xing ct al., 2011;
Xing et al., 2015), antioxidant activity (Guerreiro et al., 2015;
Sanchez-Gonzilez et al., 2011; Rodriguez-Garcia et al., 2016),
and chlorophyll and carotenoid content (Etemadipoor etal., 2019).

Fourteen out of the 30 sclected studies compared the effects of
the formulated coatings on the physicochemical parameters of fruit
stored under room and cold temperatures (Andrade et al., 2017;
Athayde et al., 2016; Barreto ct al., 2016; Chafer ct al., 2012; de
Oliveira et al., 2014a, 2014b; de Souza ct al., 2015; dos Santos
et al., 2012; Gniewosz & Synowiec, 2011; Guerra et al., 2015,
2016; Magbool et al., 2011; Sanchez-Gonzalez et al., 2011; Sun
ctal., 2014). Ten studies measured the physicochemical parameters
in coated fruit stored only under cold temperature (Azevedo et al.,
2014; Etemadipoor et al., 2019; Guerreiro et al., 2015; Perdones
et al., 2012; Vu et al., 2011; Xing et al., 2011; Xing et al., 2015,
2016; Yousuf & Srivastava, 2017), whereas six studies measured
these parameters only in fruit stored under room temperature
(Aloui et al., 2014; Bosquez-Molina et al., 2010; de Aquino et al.,
2015; de Oliveira et al., 2017; Oliveira et al., 2018; Shao et al.,
2015).

Respiration rate. RR is an important factor contributing to
postharvest losses of fruit. However, only five studies evaluated
the influence of the formulated coatings on fruit RR, which is
reflected by Oz and CO; concentrations. Coatings formed by CH
(1%) + cinnamon EO (0.1%) decrcased the O, concentration
besides to increase the CO, concentration in “Brooks” sweet
cherry fruit (Prunus avium L.), indicating a reduction in fruit RR
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and modification of gas concentration inside coated fruit during
storage (Xing et al., 2016). However, RR of orange, measured
by O, consumption and CO, production, was not affected by
a coating formed by CH (1%) + bergamot (2%), thyme (2%),
or tea tree EO (2%) (Chafer ct al., 2012). The same behavior was
induced in pomegranate arils by a coating formed by flaxseed gum
(0.3% or 0.6%) + lemongrass EO (200, 500, or 800 ppm; Yousuf
& Srivastava, 2017).

Table grapes coated with CH (1%) + bergamot EO (2%) de-
creased O, consumption and CO» production during storage,
which could be associated with a decreased gas permeability in
tested coating (Sanchez-Gonzalez et al.,, 2011). Another study
found that a CH (1%) coating reduced gas permeability on straw-
berry surface, affecting gas exchange during fruit respiration.
However, the incorporation of lemon EO (3%) in CH coating
seemed to affect the metabolism of strawberries through the mod-
ification of their respiratory pattern (Perdones et al., 2012).

Weight loss. Fourteen studies measured the weight loss in fruit
coated with polysaccharides and EOs or ICs, being overall ob-
served lower weight losses in coated fruit during storage (Athayde
et al., 2016; Azarakhsh et al., 2014; Barreto et al., 2016; Chifer
et al., 2012; de Oliveira et al., 2014a, 2014b; de Souza et al.,
2015; Etemadipoor et al., 2019; Guerra et al., 2015, 2016; Maqg-
bool et al., 2011; Sinchez-Gonzilez et al., 2011; Xing etal., 2015;
Yousuf & Srivastava, 2017). Only two studies reported no decrease
in weight loss of grapes coated with CH (5 mg/mL) + oregano
EO (5 and 2.5 pL/mL) (dos Santos et al., 2012) and raspberries
coated with alginate or pectin (1% or 2%) + citral (0.15% or 0.3%)
+ cugenol (0.1% or 0.2%) during storage (Guerreiro et al., 2015).

Firmness. Twelve studies evaluated the firmness of coated fruit
using experimental probes (Andrade et al., 2017; Athayde et al.,
2016; Barreto ct al., 2016; Chafer ct al., 2012; de Aquino ct al.,
2015; de Oliveira et al., 2014a, 2014b; de Souza et al., 2015;
dos Santos et al., 2012; Guerra et al., 2016; Guerreiro et al.,
2015). Plums coated with GA (1 mg/mL) + oregano EO (0.06
or 0.25 pL/mL) and/or rosemary EO (0.25 pL/mL) presented
improvements in firmness maintenance during storage (Andrade
et al., 2017). The same behavior was reported in grapes coated
with CH (4 mg/mL) + M. villosa EO (2.5 or 5 pL/mL; Guerra
et al., 2016). One study reported no improvements in firmness
of guava coated with CH (2%) + CS (2%) + L. gracilis EO
(3%; de Aquino et al., 2015), as well as of raspberries coated
with pectin or sodium alginate (1% or 2%) + citral (0.15% or
0.3%) + eugenol (0.1% or 0.2%) during storage (Guerreiro et al.,
2015).

pH, titrable acidity, and TSS. Six studies measured the pH values
in coated fruit, 12 measured the titrable acidity (TA), and 15 the
TSS contents. Five studies observed no effects in pH values over
time in fruit coated with polysaccharides and EOs or ICs (Athayde
etal., 2016; Chiéfer etal., 2012; Etemadipoor etal., 2019; Perdones
et al., 2012; Sinchez-Gonzilez et al., 2011). One study reported
a lower decrease in pH values over time in coated fruit when
compared to uncoated fruit (de Aquino et al., 2015).

Six out of the 12 studies that measured TA observed reductions
in TA values in fruit during storage regardless the coating appli-
cation (Chifer ct al., 2012; de Souza ct al., 2015; Etemadipoor
etal., 2019; Guerra etal., 2015, 2016; Xing et al., 2015), whereas
three studies observed increases in TA values in fruit during storage
regardless the coating application (Barreto et al., 2016; Magbool
etal., 2011; Perdones et al., 2012). Two studies reported decreased
TA values over time in coated fruit when compared to uncoated
fruit (Athayde et al., 2016; de Aquino et al., 2015).
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Only two out of the 15 studies that measured TSS in fruit
reported decreased TSS values in coated fruit when compared
to uncoated fruit over time (de Aquino et al., 2015; dos San-
tos et al, 2012). One study reported no alterations in TSS of
raspberry coated with alginate or pectin + cugenol and/or citral
during storage, being observed similar results for uncoated fruit
(Guerreiro et al., 2015). The other studies reported similar de-
crease (Andrade et al., 2017; Barreto et al., 2016; Chafer et al.,
2012; Etemadipoor ct al., 2019; Guerra et al., 2015, 2016) or
increase of TSS (Athayde et al., 2016; de Souza et al., 2015; Maq-
bool et al., 2011; Perdones et al., 2012; Sanchez-Gonzilez et al.,
2011) over time in coated and uncoated fruit.

Enzymatic activity, phenolics, vitamin C, chlorophyll, and
carotenoids. Only three studies investigated the activity of en-
zymes in fruit coated with polysaccharides and EOs or ICs.
Some coatings exerted antioxidant properties in fruit, which were
demonstrated through the inhibition of peroxidase enzyme ac-
tivity in coated fruit during storage. China jujube fruit coated
with CH (1%) + cinnamon EO (0.1%) showed lowest activity of
polyphenol oxidase (PPO). The superoxide dismutase (SOD) ac-
tivity was also decreased in fruit coated with CH + cinnamon EO
(Xing et al., 2016). A coating formed by CH (1%) + clove EO
(0.5 mL/L) increased the activity of phenylalanine ammonia-lyase
(PAL) in citrus fruit (Shao et al., 2015).

Four studies measured the ascorbic acid contents in fruit. Only
one study showed increases in ascorbic acid content in coated
fruit over time (Etemadipoor et al., 2019). Conversely, the other
studies reported a decrease in ascorbic acid contents over time
in fruit regardless the coating application, although the decreases
were always lower in coated than in uncoated fruit (Chifer et al.,
2012; Xing et al., 2011; Xing et al., 2015). The four studies
that measured individual phenolic compounds reported increased
contents of specific flavonoids and phenolic acids in coated fruit
in comparison with uncoated fruit at the end of the measured
storage time interval (Andrade et al., 2017; Barreto et al., 2016;
Rodriguez-Garcia et al.,, 2016; Xing ct al., 2015). One study
measured the chlorophyll and carotenoids contents in coated fruit,
being reported decrease and increase in chlorophyll and carotenoid
contents in coated fruit, respectively (Etemadipoor et al., 2019).

Instrumental color and sensory parameters. Tweclve studies
measured the instrumental color of coated fruit using the CIELab
system (Andrade et al., 2017; Chafer et al., 2012; de Aquino et al.,
2015; de Oliveira et al., 2014a, 2014b; de Souza et al., 2015; dos
Santos et al., 2012; Etemadipoor et al., 2019; Guerra et al., 2016;
Perdones et al., 2012; Sanchez-Gonzilez et al., 2011) and only
two studies used the HunterLab Colorimeter system to measure
the color in coated fruit (Guerreiro et al., 2015; Yousuf & Srivas-
tava, 2017). Overall, the coating application caused improvements
in lightness/brightness (Lx) of fruit, with no effects on the other
measured color attributes. Delayed alterations (green to yellow) in
instrumental color observed in coated fruit over time have been
associated with lower decrease and increase in chlorophyll and
carotenoid contents, respectively (Etemadipoor et al., 2019).

Thirteen studies performed sensory analysis in fruit. Twelve
studies used a point-based hedonic scale to categorize the analyzed
sensory paramecters (Andrade ct al., 2017; Athayde ct al., 2016;
Barreto et al., 2016; dos Santos et al., 2012; Guerra et al., 2015,
2016; Guerreiro et al., 2015; Perdones et al., 2012; Rodriguez-
Garcia ct al., 2016; Xing ct al., 2015; Xing et al., 2011; Yousuf
& Srivastava, 2017) and one study used a sensory profile method
(Aloui et al.,, 2014). Overall, most of the studies reported that
the coating formed by polysaccharides and EOs or ICs did not
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negatively influence the sensory aspects (for example, appearance,
color, odor, taste, texture, and overall acceptance) and intention
to purchase of fruit.

One study reported that a coating formed by GA (1 mg/mL)
+ oregano EO (0.25 pL/mL) affected negatively the aftertaste of
plums, while the coating formed by GA + 0.06 pL/mL oregano
EO + 0.25 pL/mL rosemary EO enhanced the color and flavor
of plums. Another study reported that different coatings formed
by pectin (3%) + oregano EO (15.7, 25.9, or 36.1 g/L) caused no
negative impacts on odor acceptability of tomato during storage.
Specifically, the coating formed by pectin + 15.7 g/L oregano
EO increased the flavor acceptability of tomato during storage
(Rodriguez-Garcia et al., 2016).

One study observed that raspberries coated with alginate or
pectin (1% or 2%) + eugenol (0.1% or 0.2%) or citral (0.15% or
0.3%) presented low appearance acceptance on the 14th day of
storage. The authors reported that this low acceptance in coated
raspberries could be a consequence of the high weight loss ob-
served in these fruit on the 14th day of storage, because high
weight loss should negatively affect the appearance of fresh fruit
(Guerreiro et al., 2015).

Discussion

In the last years, the development of edible coatings has been
a research focus with a view of increasing the shelf life of fresh
fruit through a partial or total replacement of chemical fungicides
traditionally used to this end (Azevedo et al., 2014; de Aquino
et al., 2015; Elsabee & Abdou, 2013). A number of studies (30
selected in this review) have been published in previous years
approaching the formulation of edible coatings formulated with
polysaccharides and EOs or ICs, being commonly reported as a
strategy to minimize the water insolubility of some film-forming
polymers (Oliveira et al., 2018; Xu, Zhao, Wang, Zhao, & Du,
2007; Yousuf & Srivastava, 2017), as well as to potentiate the
desired functionalities of these coatings when applied on fruit
(Andrade ct al., 2017; Barreto ct al., 2016; Magbool ct al., 2011).

This study is the first systematic review of research assessing the
potential benefits and possible limitations associated with the ap-
plication of edible coatings formed by polysaccharides and EOs or
ICs to preserve fresh fruit, with an additional analysis of possible
factors that could influence the properties of these coatings con-
cerning the preservation of quality characteristics in coated fruit.
Indeed, the data of the retrieved studies support the efficacy of
these coatings to control postharvest losses associated with micro-
bial infection and spoilage in fruit, as well as to maintain the overall
quality of these products during storage.

Most of the retrieved studies have used fungi as target organism
to assess the efficacy of tested coatings to control postharvest disease
in fruit. This fact should be related to the knowledge that fungi
(for example, Penicillium, Aspergillus, Geotrichum, Botrytis, Fusarium,
Alternaria, Rhizopus, Colletotrichum, and Lasiodiplodia) are the most
important causal agents of postharvest diseases in fruit worldwide
(Spadaro & Droby, 2016; Usall, Torres, & Teixido, 2016). Further
investigations on the effects of coatings formed by polysaccharides
and EOs or ICs on bacteria species characterized as important
causal agents of postharvest diseases in fruit should be important
to reveal possible additional functionalities and wide the potential
applications of these coatings.

CH has been the polysaccharide most frequently studied for the
formulation of edible coatings to be used on fruit. CH is a deacety-
lated derivative of chitin, comprising units of 2-amino-2-desoxy-
D-glycopyranose and 2-acetamide-2-desoxy-1)-glycopyranose in-
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terconnected by glycosidic f-1,4 bonds in variable proportions
(Berger et al., 2014; de Oliveira et al., 2014a). The use of
CH-based coatings in fruit has been supported by an array of
properties presented by this polymer, to cite: capacity to form
films, biodegradability, emulsifying properties, acsthetic appear-
ance, wide-spectrum antimicrobial properties, and selective per-
meability to gases (CO, and O,; Azevedo et al., 2014; Elsabee &
Abdou, 2013; Sanchez-Gonzilez et al., 2011).

The antimicrobial action of CH has been typically associated
with its ability to cause extravasation of proteinaceous and other
intracellular constituents from target microorganisms, because of
the interaction between positively charged CH molecules and
negatively charged microbial cell membranes (Jung, Kim, Choi,
Lee, & Kim, 1999; Tayel, Gharieb, Zaki, & Elguindy, 2016). The
ability to penetrate the nuclei and bind to the DNA, causing the
inhibition of the mRNA synthesis in target microorganisms, has
been also cited as a potential mechanism underlying the antimi-
crobial effects of CH (Sudarshan, Hoover, & Knorr, 1992; Tayel
etal., 2016).

The MW is one of the factors that may affect the bioactivities
of CH. Most of the available studies have used medium MW
(MMW) CH to formulate coatings. Although it has been reported
that low MW (LMW) CH can exert stronger antimicrobial effects
than MMW and high MW (HMW) CH (Jing et al., 2007; Tsai,
Zhang, & Shich, 2004), the use of MMW CH has been commonly
justified because of its ability to form dispersions when solubilized
in an acidic solution (pH 5.6) with a such viscosity that enable the
formation of a thin and translucent self-assembled coating when
applied on fruit.

LMW CH at the doses typically found as effective to inhibit
phytopathogenic microorganisms commonly fails to provide dis-
persions with viscosity cnough to form a coating when applied
on fruit. In turn, HMW CH provides high viscous dispersions
that form thick and opaque self-assembled coatings when applied
on fruit (Hosseinnejad & Jafari, 2016). Still, the deacetylation de-
gree (DD) of CH used in the retrieved studies has always been
>70%. DD is a physicochemical characteristic also associated with
the antimicrobial properties of CH, because DD directly affects
the solubility and charges (cationic properties) of this polymer
(Andres, Giraud, Gerente, & Le Cloirec, 2007; de Oliveira ct al.,
2014a, 2014b; Tsai et al., 2004). The higher is the DD, the higher
is the number of free amino groups (-NH») in CH molecule.
These free amino groups can interact with the negatively charged
OH™ groups present on the membranes of target microorganisms,
resulting in enhanced antimicrobial effects (Andres et al., 2007;
Tsai, Su, Chen, & Pan, 2002).

Only three studies have used fungal CH, particularly from C.
elegans and M. circinelloides (Zygomycetes class members), to for-
mulate coatings. These studies reported that fungal CH should
have some advantages in comparison to crustacean CH (the most
traditional commercial source of CH), such as the noninfluence of
seasonal factors and absence of proteins involved in human allergic
reactions to crustaceans, in addition to be amenable to large-scale
production (de Oliveira et al., 2014a, 2014b; de Souza etal., 2015).
However, the effective doses of fungal CH (3.75 to 7.5 mg/mL)
toward target pathogens in fruit have been overall similar to those
reported to crustacean CH (1 to 5 mg/mL); these studies have
produced fungal CH with MMW and/or DI of 75%. Thus, the
origin of the CH per se should not be a factor to influence the
antimicrobial properties of this polymer.

Although the available studies have used different procedures to
prepare the coatings formed by polysaccharides and EOs or ICs,
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specifically considering variable stirring time, exposure to room
or warm temperature, use or not of stabilizing agents (Tween
20 or 80) to homogenize EOs or ICs into the polysaccharides
dispersions, as well as the use or not of plasticizers agents (glycerol
or glycol), there is no clear information about the influence of
these agents/conditions on the functionalities of the formulated
coatings when applied on fruit.

Only five of the selected studies used ICs (carvacrol, cin-
namaldchyde, cugenol, citral, frans-cinnamaldehyde, cucalyptol,
thymol, and limonene) to formulate coatings to be applied on
fruit (de Souza et al., 2015; Gniewosz & Synowiec, 2011; Guer-
reiro et al., 2015; Sun ctal., 2014; Vu et al., 2011), whereas a total
of 16 different EOs have been used to formulate coatings in the
other 21 studies. These data reveal that EOs have been considered
to formulate coatings in combinations with polysaccharides to be
used on fruit rather than ICs.

Other polysaccharides, namely, GA (10%), flaxseed gum (0.3%
and 0.6%), mesquite gum (10%), locust bean gum (0.5%), hy-
droxypropylmethylcellulose (1%), pectin (1% to 2%), sodium al-
ginate (1% to 2%), CS (0.4% to 2%) and pullulan (5%), were
used in few studies to formulate coatings. These polysaccharides
or gums typically have a complex chemical structure being typi-
cally formed by residues of D-galacturonic acid, L-rhamnose, L-
arabinose, D-galactose, D-xylose, L-fucose, D-mannose, and/or
D-glucose (Campos ctal., 2011). The use of these polysaccharides
or gums has been justified because of their natural origin, previous
use in industrial sector (for example, as encapsulating and emulsi-
fying materials), low toxicity, and mostly the abilities to form films.
These polysaccharides or gums are commonly reported to exert
no antimicrobial effects, being used as film-forming materials to
be combined with EOs or ICs during the coating formulation.

The available data have consistently shown that coatings formed
by flaxseed gum, GA, hydroxypropylmethylcellulose, locust bean
gum, mesquite gum, pectin, sodium alginate, or pullulan in com-
bination with EOs or ICs are effective to inhibit pathogenic mi-
croorganisms besides to maintain or improve quality parameters in
coated fruit. The antimicrobial effects of these coatings have been
clearly attributed to the presence of EOs or ICs (namely, cinna-
mon EO and oregano EO + rosemary EO) in their composition
(Andrade ct al., 2017; Magbool et al., 2011). The sclection of the
amounts of these polysaccharides or gums used in coatings formu-
lation has mostly considered their amounts capable of providing
dispersions with adequate viscosity to form thin and translucent
self-assembled coatings on fruit (Andrade et al., 2017; Magbool
et al., 2011).

In addition to improve the functionalities of the polysaccharides
-based coatings, many studies have shown that EOs or ICs alone
exert antimicrobial effects toward a variety of fruit pathogens.
Some mechanisms have been reported to achieve these inhibitory
effects on target microorganisms, such as the disorganization of cell
membrane structures, inducing depolarization, physical and/or
chemical alterations, and disturbance of enzymatic systems and
metabolic activities (Atarés & Chiralt, 2016; Shao et al., 2015;
Xing et al., 2016). These effects are related not only to the action
of the most prevalent 1Cs in the tested EOs but also to the action of
ICs present in minor amounts, which could likely act through syn-
ergistic interactions to achieve the observed antimicrobial effects
(de Oliveira et al., 2017; Oliveira et al., 2018).

Some studies have reported that the inhibitory effects caused
by CH and EOs or ICs on fruit pathogens are higher when these
substances are tested in combination rather than when tested alone
(de Oliveira et al., 2017; Oliveira et al., 2018). The evaluation of
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the type of interaction between different concentrations of CH
and EOs against pathogenic fungi has been performed through
the determination of the Abbott index (Kosman & Cohen, 1996),
indicating synergistic or additive interaction. These results overall
evidence the possibility of possible reductions in the doses of CH
and EOs required in the formulation of the coatings to achieve
the desired inhibitory effects on target pathogens in fruit.

The results of these studies indicated that the combination of
CH and EOs concentrations that cause high inhibition rates to-
ward the target fungi when acting alone could increase the pos-
sibility to reach an additive rather than a synergistic interaction
(de Oliveira et al., 2017; Kosman & Cohen, 1996; Oliveira et al.,
2018). Most of the retrieved studies have not evaluated the type
of interaction achieved by CH and EOs, although commonly is
reported the occurrence of a “like-synergistic” interaction from
the combination of these substances. Indeed, the use of reliable
methods to determine the type of interactions between substances
with antimicrobial properties used in the formulation of coatings
to control postharvest infections in fruit should be considered to
avoid misunderstanding of the obtained data (detailed methods
can be seen in Kosman & Cohen, 19906).

The mechanisms underlying the enhanced antimicrobial effects,
as occur in additive or synergistic interactions, from the combined
use of CH and EOs have been associated with the ability of CH
to alter the permeability of microbial membranes and reduce the
synthesis of cell wall components, causing decreased ability of
target microorganisms to tolerate the disturbing effects on surface
characteristics and microbial cell structure caused by EOs (Athayde
et al., 2016; de Oliveira et al., 2017; dos Santos et al., 2012;
Oliveira et al., 2018). A few studies have proposed that the efficacy
of coatings formed by CH and EOs or ICs in inhibiting fruit
pathogens could be related to their cliciting properties, which
could induce increased production of specific compounds and
defense-related enzymes that enhance the resistance of fruit tissues
to the action of pathogens (Barreto et al.,, 2016; Mohammadi,
Hashemi, & Hosseini, 2016; Shao ct al., 2015; Xing ct al., 2011).

Only few studies have also compared the effects exerted by the
formulated coatings chemical fungicides commonly used to con-
trol postharvest disease on microorganisms of concern in a specific
fruit (de Oliveira et al., 2017; Oliveira et al., 2018). The results
of these studies have conversely shown that synergistic or additive
combined concentrations of CH and EOs caused overall similar
or higher inhibition of postharvest discase development (specifi-
cally of anthracnose) in coated fruit (mango, guava, and papaya) in
comparison with tested chemical fungicides (thiophanate-methyl
10 pg a.i./mL and difenoconazole 0.5 pg ai./mL). Most of the
retrieved studies only use a negative control (distilled sterile water
or distilled sterile water with glycerol) to be compared with the
tested coating formulations.

Similarly, few studies have used target pathogens (fungi) isolated
from fruit presenting characteristic symptoms of a postharvest dis-
ease of concern (Bosquez-Molina et al., 2010; de Oliveira et al.,
2017; Magbool et al., 2011; Oliveira et al., 2018; Shao et al., 2015;
Vu et al., 2011). Although the other studies have commonly used
typed isolates, these isolates were not characterized as being causal
agents of postharvest discase in fruit. The use of chemical fungi-
cides as positive controls, as well as of well-characterized target
isolates associated with the development of postharvest disease in
fruit, should be considered in further studies. Indeed, the use of
these isolate types should more appropriately indicate the potential
practical use of tested coatings to inhibit fruit colonizing microor-
ganisms and postharvest disease development.
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The retrieved studies have consistently reported that the antimi-
crobial effects exerted by coatings formulated with polysaccharides
and EOs or ICs on fruit are higher when the fruit are stored un-
der cold temperature (Aloui et al.,, 2014; Azevedo et al., 2014;
Barrcto ct al., 2016; de Oliveira ct al., 2014a, 2014b; dos Santos
et al., 2012; Guerra et al., 2015, 2016; Shao et al., 2015). Stor-
age at cold temperatures slows physiological processes in fruit and
pathogens have weaker pathogenicity at low temperatures, result-
ing in decreased incidence of infection and decay compared with
fruit stored at room temperature, which rapidly decay. The sup-
pression of fruit decay by tested coatings could also partially reflect
a delay in senescence of coated fruit, as resistance to infection in
fruit might be enhanced through slower senescence (Aloui et al.,
2014; Azevedo et al., 2014; Barreto et al., 2016; de Oliveira et al.,
2014a, 2014b; dos Santos et al., 2012; Guerra et al., 2015, 2016;
Shao et al., 2015).

Still, differences in the results observed for the inhibition of
target pathogens in fruit induced by tested coatings could be as-
sociated with the influence of fruit structure and composition on
fungal-host interaction in each fruit and, consequently, on fun-
gal pathogenicity, affecting the efficacy of antifungal substances to
inhibit fruit colonizing fungi (Lima et al., 2015; Oliveira et al.,
2018). The information presented in Table 4 summarizes the re-
ported antimicrobial action modes of polysaccharides, EOs, and
ICs used in the formulation of edible coatings applied on fruit in
retrieved studies.

The studies that evaluated physicochemical parameters reported
that fruit coated with polysaccharides and EOs or ICs had overall
improvements or maintenance of their overall quality during the
measured storage period. Decreased weight and firmness loss are
among the most common characteristics verified in coated fruit,
which have been primarily associated with decreased water loss
as a consequence of lowered transpiration and respiration in fruit
(Amarante, Banks, & Ganesh, 2001; Gao, Zhu, & Zhang, 2013).

Additionally, decreased firmness loss in coated fruit during
storage has also been related to delayed changes in cell wall
strength and cell-to-cell adhesion because reduced pectin degra-
dation (Ali, Magbool, Ramachandran, & Alderson, 2010; An-
drade et al., 2017). Overall, the protective effects of tested coat-
ings regarding decreased weight and firmness losses in fruit have
been more remarkable in fruit stored under room temperature
rather than under cold temperature (Aloui et al., 2014; Azevedo
et al., 2014; Barreto ct al., 2016; de Oliveira et al., 2014a, 2014b;
dos Santos et al., 2012; Guerra et al., 2015, 2016; Shao et al.,
2015).

Tested coatings are reported to form a protective physical bar-
rier on fruit capable of inducing reduced respiration and tran-
spiration, resulting in delayed ripening and senescence (Hong,
Xie, Zhang, Sun, & Gong, 2012). Available literature has con-
sistently showed decreased RR and modification of gas con-
centrations (O> consumption and CO, production) inside fruit
coated with polysaccharides and EOs or ICs, as a consequence
of lowered gas permeability in tested coatings (Chafer et al.,
2012; Guerra et al., 2015, 2016; Xing et al., 2016; Yousuf &
Srivastava, 2017). These coatings should affect fruit metabolism
through the alteration of their respiratory pattern (Perdones et al.,
2012).

Results of pH values, TA, and TSS contents in fruit coated
with polysaccharides and EOs or ICs have been variable. However,
most of these studies have reported that pH, TA, and TSS values
decreased in coated fruit over time accompanying alterations in
other parameters related to fruit maturation. Decreased pH, TA,
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and T'SS in coated fruit have been also linked to decreased ethylene
production and metabolic activity and delayed maturation (Chafer
etal., 2012; de Aquino et al., 2015; dos Santos et al., 2012).

Coatings formed by polysaccharides and EOs or ICs were also
able to increase or delay losses of some flavonoids and phe-
nolic acids, as well as of ascorbic acid in fruit during storage,
in addition to delay the decrease and increase of chlorophyll
and carotenoid contents, respectively. The coating application
can generate an internally modified atmosphere that affects di-
rectly the synthesis and catabolism of phenolic compounds (as
secondary metabolites) and ascorbic acid in fruit during matu-
ration and storage (Andrade et al.,, 2017; Barreto ct al., 2016;
Xing et al., 2015). The reported impacts on fruit phenolic profile
and ascorbic acid contents in coated fruit should be an additional
consequence of the delayed metabolic activity and maturation
(Andrade et al., 2017; Barreto et al., 2016). Decreased ascorbic
acid loss could be also associated with decreased O, contents in
coated fruit, causing reduced ascorbic acid oxidation (Xing et al.,
2015).

Furthermore, there has been evidence that coatings containing
polysaccharides and EOs or ICs can exert antioxidant proper-
ties in fruit, which were demonstrated through the inhibition of
enzymes (peroxidase, PPO, and SOD) involved in antioxidant de-
fense in fruit (Xing et al., 2016). Coated citrus fruit also presented
increased activity of PAL, which exerts a key role in plant defense
(Shao et al., 2015). The detection of increased enzymatic (PAL)
activity, as well as of greater contents of phenolic compounds and
ascorbic acid in coated fruit, was considered indicative of the ac-
tion of tested coatings as abiotic elicitors, stimulating secondary
metabolites pathways and improvements in defense mechanisms
of fruit (Andrade et al., 2017; Kim & Hwang, 2014; Xing et al.,
2011; Xing ct al., 2015).

A remarkable characteristic in fruit coated with polysaccharides
and EOs or ICs has been an improvement in lightness/brightness
as measured by instrumental techniques, as well as by sensory
analysis using panclists. Higher luminosity has been also reported
for coated fruit, which could be associated with the character-
istic luminosity and high transparency of coatings formed by
polysaccharides and EOs or ICs (de Oliveira et al., 2014a; Guerra
et al., 2015, 2016). The high lightness/brightness in fruit could
be a consequence of the oxygen barrier created by these coat-
ings because oxygen participates actively in biochemical processes
involved in fruit darkening (Pastor et al., 2011). This is an im-
portant finding of the retrieved studies because color is per-
ceived as one of the most important quality parameters of fresh
fruit, affecting the purchase decision of consumers. The informa-
tion presented in Table 5 summarizes the overall positive effects
caused by coatings formed by polysaccharides and EOs or ICs
on physicochemical characteristics of fruit reported in retrieved
studies.

The application of coatings formed by polysaccharides and EOs
or ICs overall did not influence positively or negatively the sensory
characteristics of fruit during storage. These findings are notewor-
thy as the different tested coatings showed strong inhibitory ef-
fects against postharvest pathogens and autochthonous microflora
in fruit, with no noticeable unsatisfactory effects on most of the
sensory properties (for example, appearance, color, odor, taste,
texture, and overall acceptance) and intention to purchase of
fruit. Furthermore, a concern reported in literature specifically
about the use of coatings containing CH is their potential neg-
ative impacts on fruit sensory acceptance due to the develop-
ment of an acidic or even slightly bitter and astringent taste due
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Table 4-Antimicrobial action modes of polysaccharides, essential oils, and individual constituents used in the formulation of edible coatings applied

on fruit in retrieved studies.

Substances/compounds

Reported antimicrobial action modes

References

Essential oils and their individual
constituents

Inhibition of the biosynthesis phospholipids and sterols

Disorganization of cell membrane structures
Disturbance of cell membrane permeability
Loss of intracellular components
Disturbance of enzymatic activity

de Oliveira et al. (2017), Oliveira et al. (2018)
; 6)

Rodriguez-Garcia et al. (201

de Souza et al. (2015)

Shao et al. (2015)

Azevedo et al. (2014)

dos Santos et al. (2012)
Gniewosz and Synowiec (2011)

Oliveiraetal. (2018

)
de Oliveira et al. (2017)
Shaoet al. (2015
dos Santos et al. (2012)

Chitosan Disturbance of cell membrane permeability
Loss of intracellular components
Damage in cell structure
Disturbance of DNA/RNA synthesis
Gum arabic, pullulan, flaxseed gum, None

hydroxypropylmethylcellulose, locust
bean gum, mesquite gum, pectin, and
sodium alginate

Xingetal.(2011)

Kong, Chen, Xing, and Park (2010)
Etemadipoor et al. (2019)

Andrade et al. (2017)

Yousuf and Srivastava (2017)

Rodriguez-Garcia et al. (2016)

Guerreiro et al. (2015)

Aloui et al. (2014)

Gniewosz and Synowiec (2011)

Magbool et al. (2011)

Sanchez-Gonzélez etal. (2011)

Bosquez-Molina et al. (2010)

Table 5-Positive effects caused by coatings formed by polysaccharides, essential oils, or individual constituents on physicochemical characteristics of

fruit reported in retrieved studies.

Reported effects on coated fruit

References

Delayed weight loss

Delayed firmness loss

Delayed decrease of titratable acidity

Increased amounts of phenolic compounds
Decreased polyphenol-oxidase activity
Delayed decrease in total soluble solid contents

Decreased respiration rate
Delayed decrease in ascorbic acid content

Etemadipoor et al. (2019), Andrade et al. (2017), Yousuf and Srivastava (2017), Barreto et al.
(2016), Guerra et al. (2016), de Souza et al. (2015), Guerra et al. (2015), Xing et al. (2015),
Chafer et al. (2012), Magbool et al. (2011), and Sanchez-Gonzélez et al. (2011)

Etemadipoor et al. (2019), Andrade et al. (2017), Barreto et al. (2016), Guerra et al. (2016); de
Souzaetal. (2015), Guerreiro etal. (2015), Sun et al. (2014), Magbool et al. (2011), and
Sanchez-Gonzalez et al. (20

Andrade et al. (2017), Barreto et al. (201 6) de Aquino et al. (2015), de Souza et al. (2015);,
Xing et al. (2015), and Maqgbool et al. (2011)

Andrade et al. (2017), Barreto et al. (2016), and Rodriguez-Garcia et al. (2016)

Xing et al. (2016) and Xing et al. (2015)

Andrade et al. (2017), Barreto et al. (2016), de Souza et al. (2015), dos Santos et al. (2012),
and Magbool et al. (2011)

Xing et al. (2015), Perdones et al. (2012), and Sanchez-Gonzélez et al. (2011)

Xing et al. (2015) and Xing et al. (2011)

to an increase in protonated amine groups related to the use of
diluted acids to dissolve this polymer (dos Santos et al., 2012;
Perdones et al., 2012). However, the retrieved studies have re-
ported overall no negative impacts of coatings containing CH on
taste of fruit. No possible negative impacts of the other polysac-
charides tested in these studies have been reported in available
literature.

Probably, the potential negative effects of the application of EOs
or ICs in sensory aspects of foods reported in literature (Bosquez-
Molina et al., 2010; Chifer et al, 2012; Munhuweyi, Caleb,
Lennox, van Reenen, & Opara, 2017) were diminished because
of the common strategy used in selected studies of combining low
doses of EOs or ICs with polysaccharides in coating formulation.
This strategy could have minimized possible impacts on coated
fruit sensory characteristics, in addition to exert desirable effects
on physicochemical and microbiological characteristics of these
products.

Although the literature has demonstrated an effort to develop
edible coatings formed by polysaccharides and EOs or ICs with
a variety of functionalities that could enable their use to con-
trol fruit postharvest decay, the commercial application of these
coatings could be hindered mainly because the availability of con-
venient, effective, and relatively inexpensive chemical fungicides
(Fagundes, Pérez-Gago, Monteiro, & Palou, 2013). Furthermore,
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COI]]I“eTCi‘Jl post]mrvest treatment to COI)tTOl ﬁ'l.lit decay ordinarily
demands a very high efficacy (>90% disease reduction; Fagundes,
Palou, Monteiro, & Pérez-Gago, 2014), which could be difficult
to achieve with the use of some edible coatings formulated with
polysaccharides and EOs or ICs presenting together low toxicity
to fruit and strong and wide spectrum antimicrobial properties.

Considering that the functionalities of these coatings are in-
fluenced by the characteristics of ingredients used for their for-
mulation, as well as by characteristics of coated fruit and tar-
get organisms, the development of edible coatings composed of
polysaccharides and EOs or IC could be directed for a specific
fruit pathosystem, which could narrow the spectrum of applica-
tion of these treatments, but increase the probability of successful
achievement of the expected fruit decay control. However, the
combined use of these coatings with other postharvest treatments
in an integrated strategy to control fruit decay could also widen
the possibilities for commercial applications.

Conclusion

The focus of this review considered the research focusing on the
use of coatings formulated with polysaccharides and EOs or ICs as
strategy for decreasing the postharvest losses of fresh fruit, which
are mostly associated with microbial infection that accelerates fruit
senescence and decay. Data of available literature demonstrate
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evidence that coatings formed by polysaccharides and EOs or ICs
are effective to control or reduce the deleterious effects of posthar-
vest disease in fresh fruit. CH is the most common polysaccharide
used to formulate these coatings and the only polysaccharide used
also as an antimicrobial ingredient in coating formulation, whereas
the other polysaccharides (CS, flaxseed gum, GA, hydroxypropyl-
methylcellulose, locust bean gum, mesquite gum, pectin, pullulan,
and sodium alginate) are used only because of their film forming
properties. Various EOs and few ICs have been studied in com-
bination with polysaccharides to formulate the coatings, which
have shown effective to inhibit a variety of postharvest pathogens
in different fruit stored under room or low temperatures. The
protective effects of these coatings have been more remarkable in
fruit stored under low temperatures when compared to fruit stored
under room temperature. Overall, fruit coated with polysaccha-
rides and low antimicrobial effective doses of EOs or ICs are not
adversely affected in their physicochemical and sensory parameters
during storage.

Current findings warrant the potential of coatings formed by
polysaccharides and EOs or 1Cs as innovative technologies to pre-
vent microbial infections and reduce postharvest losses in fresh
fruit. In addition to the improvements of the functionalities of the
coatings already investigated in retrieved studies and development
of new eftective coating compositions, further studies should be
directed to evaluate the duration of these coatings on fruit sur-
face, as well as their effects toward well-characterized isolates of
pathogens (fungi and bacteria) associated with postharvest diseases
in economically important fruit and compare these effects with
those exerted by different synthetic fungicides traditionally used
to combat these diseases in such fruit, because only still few studies
have been performed using this approach. Finally, studies to as-
sess the ability of coatings comprising polysaccharides and EOs or
ICs to induce increased antimicrobial resistance in multiple species
of pathogens associated with postharvest loss in agricultural com-
modities are needed.
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Abstract

Aim: This stody evaluated the inhibitory effects on mycelial growth and damage on
membrane integrity and enzymatic actvity caused by Conyzn bonariensis essential
oil (CBED) on distinct pathogenic Colletotrichim musae isolates, as well as the pre-
ventive and curative effects of coatings with gum Arabic (CGA) and CBEQ to reduce
anthracnose development in banana during room temperature storage. The effects
of GA-CBED coatings on some physicochemical parameters of banana were investi-
gated during room temperature storage.

Method and results: CBED (0.4-1 pl ml™") inhibited the mycelial growth of C. musae
isnlates in laboratory media. The exposure of C. musae conidia to CBEO (0.6 pl mi™)
for 3 and 5 days resulted in high percentages of conidia with damaged cytoplasmic
membrane and without enzymatic activity. Coatings with CA (0.1 mg ml™") and
CREO (0.4-1 pl ml™"} reduced the anthracnose development in banana artificially
contaminated with C. musoe during storape. In most cases, the disease severity indexes
found for GA-CEED-coated hanana were lower than or similar to those for hanana
treated with commercial fungicide. GA-CBED-coated banana had reduced alterations
in physicochemical parameters during storage, indicating more prodonged storability.
Conclusion: The application of GA-CBED coatings is effective to delay the an-
thracnose development in banana during storage, which should help to redoce the
amount of fongicides used to control postharvest diseases in this fooit
Significance and Impact of the Stody: This is the first study showing the efficacy
of coatings formulated with GA and CBED to delay the development of anthracnose
in banana, as well as o decrease alterations in physicochemical parameters indica-
tive of postharwest guality of this froit during storage. In a practical point of view,
GA-CBEQ coatings could be innovative strategies to delay the anthracnose develop-
ment and postharvest losses in banana.

EEYWORDS
aniifungal effects, Colletotrichum, conddia damage, edible coabing, froft decay, Muse spp.
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INTRODUCTION

Banana is a ready-to-eat froit appreciated worldwide and
one of the most accessible fruit for human consumption
(Singh et al., 2015). Banana pulp has a good notritonal
value, being a rich source of carbohydrates, fibres, vita-
mins, minerals and binactive compounds, such as pheno-
lic acids and favonoids, with antioxidant activities [ Borges:
et al_, 2014). However, banana is a climacteric fruit with a
fast senescence after harvest, which if not properly con-
trolled is accompanied by fungal infection and fruit decay,
affecting negatively the guality, storability and fruit mar-
ket value (Amyasi et al_, 2013; Chillet et al, 2007; Lobo &
Hunjas, 20200

Anthmacnose is 3 common disease in banana caused
by the fungus Colletotrichum musge and characterized
by browm-back and sunken lesions after harvesting and
during froit ripening leading to losses as high as 30% of
banana production in some producing regions {de Costa
& Ersbadupitiya, 2005; Siddigui & Ali, 2014; Silva et al,
2016; Sivakumar & Bautista-Bafios, 2014), being necessary
o use effective sirategies to reduce the remarkable detri-
menial effects linked to postharvest anthracnose develop-
ment in banana The main strategy to control anthracnose
in banana has been the application of synthetic fungicides
(eg., trifloroxistrobine, tebuconazole and thiabendazole)
in the field and during the postharvest period. However,
the excessive use of synthetic fongicides has been associ-
ated with induction of antimicrobial resistance in phyto-
pathogenic fungi, besides of a growing consumer concern
regarding  their harmful effects on homan health and
environment {Abdel-Rahim & Abo-Elyousr, 2017; Cindi
et al., 2015; Farzaneh et al., 2015; Khaliq et al., 2019)
Consumers have progressively increased the preference to
foods preserved with namral components and refused to
consume foods formulated or preserved with chemically
synthesized compounds (Souza et al, 2019; Vilaplana
et al., 2018). In this context, the development of synthetic
fungicide-free strategies with strong antifungal effects on
C. musaoe and capability of controlling the anthracnose de-
wvelopment in banana should be a research focus.

The use of polymer-based edible coatings has been
considered an emerging technology to reduce or even to
replace the use of synthetic fungicides for frit posthar-
west treatment and preservation (Andrade et al, 2017;
Braga et al., 2019; Guerra et al., 2015; Magbool et al.,
2013). Gum Arabic (GA) iz a natural polysaccharide ex-
tracted from Acocio species, being uwsed in foods as an
emulsifier, flavour intensifier and film-forming agent (Al
et al., 2010; Andrade et al., 2017). The film-forming prop-
erties of GA have been also exploited to coat froit as an
alternative strategy o preserve postharvest fruit quality
{Andrade et al, 2017; Maghool et al., 2000; Saleem et al.,

2020). However, GA alone has not been effective to inhibit
postharvest pathogens in froit, being necessary its combi-
nation with other effective antimicrobial substances, such
a5 ezsential oils (EQ) (Andrade et al_, 2017; Magbool et al.,
2011; Souza et al_, 2019). The incorporation of EO should
improve the fruit preservation properties of polymer-
based coatings because the ED constitbents released
contnuously on fruit surface could inhibit the infection
of fruit by pathogenic micro-organisms over time (Braga
et al., 2019; Guerra et al., 2016)

Conyza bonagriensis (L.) Cronguist (flaxleaf fleabane)
is an aromatic and major crop weed native to South
AmeTica and naturalized in warm areas throughoot the
wrld. The infusion of C. bonariensis aerial parts has been
used in popular medicine a5 an anti-inflammatory, an-
tidiarrheal, diuretic, vermifuge and antiseptic. Extracts
from C. bonariensis leaves and roots have shown low
arute toxicity in animal models {Aranjo et al., 20013; Atta
& Mouneir, 2004; Okello et al., 2009; de Panla et al., 2018).
Conyza bonariensis essential oil (CBEQ) has shown effec-
tive to inhibit different micro-organisms, such as Bacillus
cereus, Staphylococeus epidermidis and Candida albicans
(Araujo et al., 2013; Lombardo et al., 2016). These effects
have been linked to a variety of constituents commaonly
found in CBED, such as limonene, carvone, trans-§-
farnesene, frans-ocimene, S-sesqui-phellandrens and
(E}p-farnecens (Araujo et al., 2013; Barbosa et al., 2005;
Mabrouk et al., 20011; Maia et al., 2002). However, imesti-
gations on the inhibitory effects of CBED, alone or when
incorporated in edible coatings, on phytopathogenic fungi
are shll lacking

This study evaluated the inhibitory effects on mycelial
prowth and damage on membrane integrity and enzymatic
activity caused by CHED on various isolates of pathogenic
C. musae, as well as the preventive and curative effects
of coatings formulated with GA and different concentra-
tions of CBED to delay the development of anthracnose
in banana during room temperature storage. The effects
of these coatings on some physicochemical parameters in-
dicative of overall postharvest quality of banana were also
imestigated during room temperature storage.

MATERIALS AND METHODS
Materials

Bananas (Musa acuminota Cavendish Subgroup, ov.
Prata) at commercial maturity stage (yellow peel colour
with green tips, mamrity index: 5) (BEhuiyan et al., 2020)
were purchased from an agriculiural farm located at the
city of Jodo Pessoa (7T°08'2975, 34°50°'483™W, Parafba,
Brazil). Fruit with uniform shape, size and without
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physical injuries and visible infection signs were selected
and transported into isothermal boxes (25 + 1°C) to labo-
ratory for use in experiments in the same day. Fruit were
washed with domestic detergent and munning water, sur-
face disinfected with immersion in sodium hypochlorite
(150 ppm, pH 7.2 adjusted with 1 mol 17" NaOH) for
5 min, rinsed with potable water and air-dried at room
temperature {25 4+ 0.5%C) before use in the experiments.

The GA (CAS 9000-01-3) was purchased from
Diin&mica Quim. Contemp. Ltda. (DMadema). CRED was
extracted from branches and leaves through hydrodistil-
lation with a Clevenger apparatus (Guerra et al, 2016).
Conyza bonariensis branches and leaves were collected
from Medicinal Plant Garden, Institute of Research in
Drugs and Medicines (Federal University of Parafba,
Jodo Pessoa, Parafba, Brazil). A voucher specimen of C.
bonariensis has been deposited at Herbarium Lauro Pires
Xavier-JPB (Federal University of Paraiba) under number
JPE 24391 and registered with SISGEN ABRI9CE.

A commercial fungicide formulation {rifloxystrobine
[100 g I""] + tebuconazole [200 g 17']) commonly used
to controd anthracnose development in banana in Brazl
was used as a standard fongicide. Fungicide formulation
{1 ml) was diluted in sterile distilled water (1 I} to reach
a final concentration of 0.1 g ™! trifforodstrobine and
02 g I"! tebuconazole, according to the manufacturer's
instructions.

Sixisolates of C. musae, namely C. musae RP3, C. musae
RBP4, C. musae RP10, C. musae MMS, C. musae GM2D
and C. musge LN2, isolated from banana attacked by an-
thracnose and previously identified by genetic phylogeny
(Vieira et al., 2017) were used as target micro-organisms.
These isolates were supplied by Culture Collection of
Phytopathopenic Fungi Prof. Maria Menezes (Federal
Rural University of Pernambuco, Recife, Pernambuco,
Brazil). Before use in the experiments, each isolate was
inoculated separately in one banana and after the dewel-
opment of characteristic anthracnose lesion confirming
their pathogenicity to this fruit, the isolate was recovered
from the lesion and cultured in potato dextrose agar (FDA,
HiMedia) at 25 + 0.5°C for 5 days (Zitter et al_, 1996).

Identification of CEEQ constituents

The CEED constituents were identified with gas chro-
matography using a gas chromatograph coupled to mass
spectrometer (GCMS-QP2010 Ultra, Shimadzu). The ana-
Iytical conditions were as follows: capillary colomn RTX-
5MS (3-m column, internal diameter: (.25 mm, film
thickness: 025 pm}); temperature programmed from &0 o
240°C at 3°C min~"; injector temperature: 250°C; detector
temperature: 2HC; electron impact: 70 eV; carrier gas:

helium (.99 ml min~"}; linear velocity: 36.4 cm 5~'; pres-
=ure: 57 kPa; mass range (m 3'1}: 40-500. Identification of
constitnents was done by comparison of theitr mass spectra
with MIST/EFPA/NIH Mass Spectral Database (Mational
Institute of Standards Technology) and FFNSCL.3 (Flavor
and Fragrance Matural and Synthetic Compounds) li-
braries and KEovats retention index. Quantification of the
constinents was done after normalizing the area of each
constinent identified and expressed as a percentage of
area (%) (Braga et al., 2019).

Preparation of GA dispersions, CREQ
emulsions and coatings

The CA was used at the lowest concentration (0.1 g m1™")
needed to produce a dispersion with viscosity enough to
form a thin coating when applied on fruit (Magbool et al_,
011 CA (D1 ¢ mrlj was dissolved in ultra-purified
water with stirring ({150 rpm ) at 40°C for &0 min to prepare
the dispersions. Emulsions of CEED at different concen-
trations (0.025, 0.05, 0.1, 0.2, 0.4, 0.6, 0.8 and 1 pl ml™")
were obtained after vigorous shaking of CEED with ster-
ile distilled water (—45°C) + Tween 80 (10 m1 17", Sigma-
Aldrich Corp.) as a stabilizing agent using a Vortex mixer.
The range of CEED concentrations used in this study was
selected considering the protocols of previous studies eval-
uating the effects of distinct BD on various Colletotrichum
species (Braga etal., 2019; de Oliveira et al., 2017; Oliveira
et al, 2018),

For the combined use of GA and CEBEQ, the GA
(0.1 g ml_l} was dissolved in ultra-purified water with
stirring (150 rpm) at 40°C for 60 min, the CBED (final
concentrations: 0.1, 0.2, 0.4, 0.6, 0.8 and 1 pl ml™") was
incorporated into the GA dispersion and stirred {150 rpm)
for 18 h at room temperature. For the combined use of GA
and CBED to formulate the coatings, glycerol was added
{2.5 ml 100 m1~") as a plasticizer immediately after the ad-
dition of CRED into the GA dispersions.

Evaluation of the effects of GA and CBED
on C. musae mycelial growth

The effects of GA and CBED on radial mycelial growth of
C. musae isolates were assesced with a solid media dilu-
tion procedure (Braga et al., 2019y Colletotrichum musae
isolates were grown on PDA during 7 days (25 + 0.5°C),
mrycelial agar plugs (5 mm diameter) were taken from the
margin of the cultures, transferred to the centre of a Petri
dish with PDA + GA (0.1 gml™") or CREQ (CEED: 0.1, 0.2,
04,06, 08 or 1 ul mi~") and incubated at 25 + 0.5°C. FDA
without GA or CBED (pH 5.6) was tested as a negative
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control. Measuorements of orthogonal diameters of fungal
colonies were taken daily during 7 days or up to the nega-
tive control Petri dishes were fully covered with fungal

mycelia.
Percentage of mycelial growth inhibition (MGI%) was
calculated with the equation:
MGI% = [@] % 100 (1

where C is the colony diameter in controd assay and T is the
colony diameter in PDA with GA or CBED at the examined
concentration.

The concentrations of CBED cansing MGI% in the
range of 50%-804% were selected for use in experiments
to measure the effects of coatings with combined GA
and CBEQ on anthracnose lesion development in
banana.

Evaluation of the effects of CBED on
membrane integrity and enzymatic
activity of C. musae conidia

The effects of CBEQ on membrane integrity and en-
zymatic activity of . musse RP10 and C. musae MMS5
conidia were evaluated with flow cytometry. A 10-ml sus-
pension of C. musae conidia (taken from a colony grown
on PDA during T days, 25 + 0.5°C) in phosphate-buffered
saline (PBS; 8 g 17" of NaCL 0.2 g 17" of KCI, 1.44 g 17" of
Na;HPO,,0.24 g1 of KH,PO,, pH 7.4; approximately 10°
conidia ml~, conidia count standardized with a haemo-
cytometer) was exposed to 06 @l ml™" of CBEO for 3 and
5 days (25 + 0.5°C), the conidia were harvested with cen-
trifngation (4500 g, 10 min, 4°C), washed two times and
resuspended in PBS and labelled with propidiom iodide
(P1, Sigma-Aldrich) to evaluate cytoplasmatic membrane
integrity and fluorescein diacetate (FDMA; ThermoFisher
Scientific, Molecular Probes F1303) to evaluate enzymatic
activity. These fluorochromes were similarly used with a
negative control conidia suspension of each examined iso-
late not exposed to CRBED (Almeida et al , 2019; Kim etal.,
017).

Staining procedure

Conidia suspended in PBS were incobated with PI
(1 pg mI™") and FDA (2.5 pg m1™") separately for 30 min
(17 £ 0.5°C) in the dark. After the staining period, the co-
nidia suspensions were centrifuged (4500 g, 10 min, 4%C)
and washed with equal volume of PBES to remowe excess
dye. Collected conidia were resuspended again in PRS

and analysed in flow cytometer (Almeida et al_, 2019; Kim
et al_, 217

Flow cytometry analysis

The flow cytometry measurements were done with a
flow cytometer equipped with an arpon-ion laser emit-
ting at 488 nm (BD Accuri C6, Becton Dickinson and
Company). Green and red fluorescences were collected
in FL1 {533 nm +3%0 nm} and FL3 (=670 nm) channels.
Scatter and fluorescence signals of individual conidia
paszing the laser zone were collected as logarithmic sig-
nals. Fluorescence signals (pulse area measurements)
were collected by FL1 (FDA) and FL3 (PI) bandpass fil-
ters. Thresholds level for data acquisition was set on for-
ward scatter light (FSC; 30,000) to eliminate background
and signals from debris considered much smaller than in-
tact conidia. Conidia were gated per FSC/side scatter light
(S5C) parameters. Each sample acguisition was operated
at a bow flow rate setting and a total of 10,000 events were
analysed. Density plots indicating FSC vs. side scatter
light (55C) were obtained along measurements. Dot plot
analysis of FL1 vs. FL3 was employed to measure floores-
cemce properties of conidia. PI* phenotype cormesponded
to stained conidia with damaged cytoplasmic membranes;
and PI” phenotype corresponded to unstained conidia
with intact cytoplasmic membranes. Density plot analy-
sis of 85C v=. FL1 was used to determine the fluorescence
properties of conidia with FDA® phenotype cormespond-
ing to conidia with altered enzymatic activity, whereas the
FDA™ phenotype corresponded to conidia without enzy-
matic activity (Almeida et al., 20019; Eim et al_, 2017).

Evaluation of the effects of GA-CBEO
coatings on anthracnose lesion

development in banana during storage

The surface of each banana was wounded { bao wounds per
fruit)in their extremity region with asterilized needle(3-mm
deep and 2-mm wide), carefully immersed in 500 ml of the
coating forming dispersion with GA (0.1 g mI™") + CBED
(0.4, 06, 08 or 1 pl ml']j. gently rotated for 5 min with
a sterilized glass rod and air-dried in a biosafety cahinet.
A group of fruit was coated before artificial contamination
with tested isolate for preventive assay and another fruit
group was coated after artificial contamination with tested
isolate for curative assay. For each C. musoe isolate, an agar
plug (5 mm diameter) with mycelia obtained from the mar-
gin of a 7-day-old colony grown on PDA (25 + 0.5°C) was
inoculated on the wounded (puncture) point of an indi-
vidual fruit. Fruit were immersed for 1 min in commercial
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fungicide (trifloroxdstrobina: 100 g I’ + tebuconazole:
200 gl"_}asapmil:iwmntml EREAY.

Fruit were individually kept in a polyethylene plastic
bag to avoid direct contact among different fruit (experi-
mental units) and placed in containers with a moistened
paper towel to penerate satisfactory relative humidity and
stored {25 + 0.5°C, relative humidity of approximately
85%). After 24 h, the plastic bags and paper towels were
removed (Lima et al., 20015). On days 2, 3, 4 and 5 of stor-
age, the anthracnose lesion diameters (mm) were mea-
sured with a caliper (average of 2 diametrically opposite
measurements). Results were expressed as percentage of
anthracnose lesion diameter reduction (%ALDR) deter-
mined by the difference in lesion diameter in fruit coated
with GA + CBED or treated with commercial fungicide
when compared to the lesion diameter in uncoated/fun-
treated fruit {negative control), which was calculated with
the equation:

% ALDR = [r; _51 ¢ 100 (2)

where IV is the anthracnose lesion diameter in negative con-
trol fruit and F is the anthracnose lesion diameter in fruit
coated with GA + CBEO or treated with the commercial
fungicide (Oliveira et al., 2018)

Evaluation of the effects of GA-CBEOQ
coatings on physicochemical parameters of
banana during storage

Banana uncoated and coated with GA and CEED but not
artificially contaminated with C. musge isolates were eval-
uated for weight loss, colour, soluble solids (58), titratable
acidity (TA) and pH on day zero {just after coating applica-
tion) and on days 1, 3, 5 and 9 of storage (25 + 0.5%C). The
38 content (in a drop taken from a 5-¢g macerated banana
pulp sample) was measured with a digital refractometer
{Model HI 963801, Hanna Instruments} and results were
expressed as “Brix. The TA (in a 10-g macerated banana
pulp sample previously mixed with 15 ml of boiled distilled
water) was measured using phenolphthalein as an indica-
tor with 0.1 mol 1™ NaDH and results were expressed as
mmol H* 100 g" of fruit (equivalent of malic acid). The
PH was measured with a potentiometer with a combined
glass electrode (Quimis) (AOQAC, 2016, method 981.12).
Fruit peel colour was measured at three different equato-
rial fruit positions with CIELab system (L*a*h*} using a
CR-30 colorimeter {Minolta) and a 10-mmquartz covette
(CIE, 1986). CIELab colour scale (L*a*h*) was used with a
D5 illuminant (standard daylight) at a 10° angle. The ap-
paratus was calibrated in reflectance mode with reference

plates and specular reflection was excluded. Fruit weight
was measured on different selected storage time intervals
and fruit weight loss was calculated as a percentage of the
initial weight (ime zero).

Statistical analysis

The assays to measure the effects of CBEO on fungal my-
celial growth and damage in conidia were done in trip-
licate in three independent experiments. The assays to
measure the effects of coatings with GA and CBEQ on an-
thracnose lesion development in banana were done with
a completely randomized experimental desipn with four
replicates for each experimental group and eight fruit per
replicate in two independent experiments. Results were
expressed as average + standard deviation. Inferential
analyses (ANOVA followed by post-hoc Tukey's test
or Student’s I test) were done to determine differences
{p = 0.05) among results. The area below the disease
progress curve 'was used to measure the disease severity
(Macedo et al, 2020). Statistical anabyses were done with
computational software Sisvar version 5.7—DEX-UFLA
(UFLA, Lavras).

RESULTS
Identification of CBED constituents

HNine different constituents were identified in CEED in
concentration of 21%. Sesquicinecle (48.46%) was found
as the most prevalent constituent in CBED, followed
by sesquisabinene (1087%), limonene (9.63%), thymol
{6.15%) and five other constituents found in concentra-
tHons ranging from 1.27 to 1.60% (Table 1).

TABLE 1 Constluents debermined In Canpga bonarisnsis (1)
Cronguist essential oll (constituents detected 2l a8 concentration af
1%)

Lingar retention index

{LET} %{wv") Constituents
1024 =1 ] Limomene

1290 &15 Thymi

1416 1E3 Caryaphylleng
1451 132 FaImisene

1478 117 Cermacrene D
1493 160 Bicyclogermacens
1504 1.40 B-bizahalens
1516 FLTT Sesquicines
1520 1087 Sesguisabinene
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Effects of GA and CBED on C. musae
mycelial growth

The values of MGI% caused by GA and CBEO separately
on the six tested C. musoe isolates are shown in Table 2.
The examined GA concentration (0.1 g ml™") had no in-
hibitory effect on the mycelial growth of C. musae isolates.
Concentrations of 0.4, 0.6, 0.8 and ljl]ml_]DI'CEEﬂmsad
the highest MG values (44.1%-77.5%) on mast of the tested
. musae isolates. Concentrations of 1025 and 0,05 i mi™!
of CRED cansed no mycelial prowth inhibition on C. musme.
Oy the concentrations of 0.8 and 1wl mI™ of CEED caused
MGI values of >60% on tested C. musae isolates.

Effects of CBEO on membrane
integrity and enzymatic activity of C. musae

The effects of 0.6 pl ml™ of CEBED on membrans integrity
and enzymatic activity of C. musge RP10 and C. musae
MMS35 after 3 and 5 days of exposure are shown in Table
3. The exposure of C. musae RP10 and C. ruisae MM o
CBEO for 2 and 5 days resulted in high percentages of
conidia with damaged cytoplasmic membrane (28.8%—
43.2%) and without enzymatic activity (59.5%-84.6%).
Low percentages of conidia (11.2%) with alterations in
these physiological functions were found in negative con-
trol {conidia not exposed to CREQ). Owverall, the exposure

TABLE 2 FPercenltage of radial myocelz] growth inhibibon (M0 1%, average + standand deviation) of diFerent Colletoerichem muzsas
Isnlabes afer 7 days of expasure i gum Arsbic (CA) or Comppo borarienss (1) Crongulst essential oll (CBECQ) in solld mediom (25 + 0.5T)

MCIE

Concentrations RF3 C. musze RP4 C. mursae EP10 C. musae GM2D C. musae LINZ MM5

CA
olgm? Zam Zarn Zom Zer Zern Zero

CBED
0,025 pl mi~! Zer Zarn Zem Zexn Zero Zero
L35 pl ml™? Zem Zern Zem Zero Zerog Zero
0 mi? MO[+AEF LU (+EIF WA (=23F 3.3 (+24F 148 (+20 02 (=1IF
02 mi 22(+53F 421 (+TO° A (=ROF 6.6 [+29F 04 (+a7) M6 (=508
04 mi™? 545" EL5(rd BN I (£23) 441 (35 4806 (+297F 558 (697"
06 1 mi~? SE5(+54)  GRS(+IA" 571 (=) 4250157 ST ATy 502 (=5 8"
08 p mi™? 656 (+16)"  TLT(+ZOf 733 (=04)" 623 (0.7 660 {+5.5)" TAE (=417
Tmr! TI5(+15" TAG(+LTS T (=16)" 75.2 (+3.07 623 {+207* 711 (=16

a-e: Different small letters in 2 same column for 2 same solade and day of exposore denote sgnificant difference, based on Tukey's fet (p <0 05)

TABLE 31 Fercentage of Collstoerichum muses conkdia (zverage + slandard deviation) with damaged cyloplasmic membrane and albered
resspiralory aciwity afer 3 and 5 days af exposre o Comypa benerienss (L) Cronguist esseniial ol (CREO, 0.6 wl mir*)in PRS (25 + 0.5T)

C. musoe RF10 C. musar MM5
Damaged cytoplasmic Altered respiratory  Damaged cytoplasmic Altered resplratory
Time of EXposUTe  membrane activity membrane activity
CREQ-ireated comidia
3 days A3.2% (+24%)° B46% (+1.7%)" EEE (=095 5,55 (+H0.7%)"
5 days A14% (+1.5%)° SLO% (+25%) 1521% (+27%) TLE (+1.5%)
Control
1 days 10.3% (+0.6%)° 409 (+1.4%)" 11.2% [+ 045 R0% (+0.7%)"
5 days 9.2% (+09%)F 6.6% (0 TR 5% (+0.7%) 66% (+1.%)°

Conitrol: Conddia not treaied with CHEC; Pl-stained comidta: oomidia with demaged cytoplbismic membrane; FI3A non-stxined conidia: conldia with: aliened

EnEymalic activity.

a-br: Diffizrent small betters 1o 2 same ool umm for 2 same isolaie and messored physiological function denoie significant difference, based on Stodents @ iest

(p <o),

Alll perceniage values found for damaged cytoplasmic membrane and aliered enrymatic acsvity for contidia breated with CHEQ difiered from those: found for

comitrnl assrys at the: same exposure Bme, based on Stdent's § s (p £ 0051
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of C. musae isolates to CBED resulted in higher percent-
ages of conidia with altered enzymatic activity than with
damaped cytoplasmic membrane.

Effects of coatings with GA and CBEO on
anthracnose lesion development in banana
during storage

The combinations of GA (0.1 g ml™ ) with different CBED
concentrations (0.4, 0.6, 0.8 and 1 pl mrlj were used to
formulate coatings evaluated for their eficacy to reduce
anthracnose lesion development in banana artificially con-
taminated with C. musoe during 5 days of storage under
room temperature in preventive and curative assays.

In the preventive assays (Table 4), a total inhibition
of anthracnose lesion development (ALDR of 100%) was
found up to day 3 of storage in banana coated with differ-
ent GA+CBED combinations or treated with commercial
fungicide and contaminated with C. musoe MMS3, with
the exception of banana coated with GA +CI.3,|lImI']|:rf
CEBED. Coatings with different GA + CBEQ combinations
caused a total inhibition of anthracnose lesion devel-
opment up to day 2 of storage in banana contaminated
with tested C. musar isolates, with the exception of ba-
nana coated with GA +0.6 jd mI™" of CBED and contam-
inated with C. musaoe RP3. Coating with GA + 04 pl m1™"
of CBEQ caused a total inhibition of anthracnose lesion
development up to day 3 of storage in banana contam-
imated with C. musge RP4. The commercial fungicide
caused a total inhibition of anthracnose lesion develop-
ment only up to day 2 of storage in banana contaminated
with C. musge RP3 and C. musae LN2 and up to day 3
of storage in banana contaminated with C. musae RF10
and C. musoe MMS. ALDRS values caused by examined
GA + CBED coatings and commercial fungicide on day
5 of storage were in the range of 5.5%-45.8% and 38.3%—
53.6%, respectively.

In the curative assays (Table 3), the coatings with differ-
ent GA + CBED combinations and commercial fungicide
caused a total imhibition of anthracnose lesion dewel-
opment up to day 3 of storage in banana contaminated
with C. musze RP 10 and C. musae MM 5. The examined
GA + CBED coatings also caused a total inhibition of an-
thracnose lesion development up to day 2 of storage in
banana contaminated with C. musae RP4 and up to day
iufsmmgeinhma.namntedwidlﬁh+ﬂ.ﬁ;dml_lnf
CBEOD. Coatings with GA + 0.6, 0.8 and 1 pl mI™" of CEEO
were capable of reducing the anthracnose lesion develop-
ment in banana contaminated with tested C. musae iso-
lates from day 3 of storape omwarnd, with the exception of
coating with GA + 0.4 pl mI™ of CBED in banana con-
taminated with C. musae LN2. ALDRE values caused by

commercial fungicide on day 5 of storage were in the range
of 39.8%-53.6%. In most cases, ALDRY values caused by
GA + CBEO coatinps on day 5 of storage were of >20%.

Inhibition rates caused by GA + CBEOQ coatings on an-
thracnose lesion development in preventive and curative
assays were similar (p > 0.05) or higher (p = 0.05) than
those caused by commercial fungicide at some measured
storage time periods. Overall, the efficacy of GA + CEED
coatings and commercial fungicide to reduce the anthrac-
nose lesion development decreased as the storage time pe-
riod increased.

The highest disease severity indexes were found for
banana uncoated with GA + CBED or non-treated with
commercial fungicide. In preventive assays, fruit coated
niﬂlﬂh+ﬂ.4plml_1nfCBEDandnmminmadﬁdl .
musae RPY and C. musge GM20 had the lowest disease se-
verity indexes. For C. musae MMS5 and C. musae LN2, the
lowest disease severity indees were found in fruit coated
with GA + 1 pl ml™" of CBED and GA + 0.6 pd ml™ of
CBED, respectively. For C. musae RP3 and C. musae RP10,
the lowest disease severity indexes were found for fruit
treated with commercial fungicide (Figure 1).

In curative assays, similar disease severity indexes
were found for banana contaminated with C. muesee RP4
and coated with examined GA + CBED combinations or
treated with commercial fungicide. For C. musze MMS,
the lowest disease severity index was found for fruit
coated with GA + 0.6 ul ml™" of CBED. For C. musae RP3,
C. musae BP0, C. musae GM20 and O musae LN2, the
lowest disease severity indexes were found for fruit reated
with commercial fungicide (Figure Z).

Effects of coatings with GA and CEEO on
physicochemical parameters of banana
during storage

The values of physicochemical parameters related to over-
all postharvest quality in banana uncoated and coated
with GA (1 mg mI™") + CBEO (0.4, 0.6,0.8 and 1 pl ml™)
during 9 days of storage under room temperature are
shown in Table 51. A decrease (p = 0.05) in pH values
was found up to day 3 of storage, followed by an increase
from day & of storage onward regardless of GA + CBEQ
coating application. Coated banana had lower pH values
{p % 0.05) than uncoated banana on day 3 of storage, al-
though coated banana had higher pH values on day 9 of
storage. The highest pH value (p = 0,05} on day 9 of stor-
ape was found in banana coated with GA + 1 gl ml™" of
CBED. There was overall a decrease (p = 0.05) in TA val-
ues in uncoated and coated banana from day 3 of storage
onward, with the highest values (p = 0.05) being found
in uncoated banana. Coated banana had lower (p = (L05)
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TABLE 4 Perceniage of anfhracnose leston development reduction (%ALDR, averags + standzrd deviztion) In banana ov. Prala cosled
with comibined gum Arabec ((A) and Comyze bomariensis (L) Cronguist essential ofl (CIED) of irezled wilh & commercial fungicide (triflo
raxisirobing + leheoonare) and artidaly conlaminated with diferent Colleiérichum msne [saksles during 5 days of siorags (25 + 0.57T)
(preventive assay)

Days of storage
Isalates Treatments 2nd th 4th 5th
€. musae RF3
Dlgm oA + 04 mi~ CEED 100 (00} 15({+%0f 5.4 (+24)% 15.7(+15F
Mlgm OA +06p mi~ CEED ZT0 (144 10E (+15F I+ EF 191 (23
Clgm CA+ 08 mli CBED  100(+000" 14.4 (=555 BI(21F 14.4 (+318f
01gmrt oA + 10 m CEED 100 (0.0 G624 (=66 LTy o 371 (=20
Commercial fungiclde 100 (+0.07" a3z 57.2 (=271 507 (=& 11
C. musae RBP4
Mlgmr'CA+ 04 m  CHED  100(+000° 100 (+0.0F 4.4 (+1 8] 154 Rr
Clgm CA+ 06 ml T CBED  100(+000" 59.5 (58] M0 (A1 16.2(+31F
Clgm " CA+ 08 miT CBED  100(+000" 7167 24.E (=307 14.7(+21F
01gmrt GA + 10 m CEED 100 (007 75 (=0 3.6 (=22 0.3 (=15
Commercial funglclde 124 (+52P 0.5 (=718 50.9 {+4 9P 25.0(=18p
C. musae RIF10
0lgm CA+ 04 ml- CEED  100(+007 26.2{=3TP 436 (=298 A5E(=TEP
Clgm CA+ 06 ml T CBED  100(+000" T4 (B4 409 (74" 0 (+55"
01gm-'GA + 08 gl ml-' CAED  100(+00F 900 (+58F 423 (+2 4 352 (4 2
01gm GA + 1 mi CRED 100 (+0.07" T5.0(+63F 5.0 (=15" 43 (+41)
Commercial funglclde 100 (+0.07" 100 (+0.07" 100 (+0.07" 402 (+4.07
. musae OM20
Mlgm oA +04pmi~ CBED 100 {+00)F B0 (B3 205 (+35.7F 18227
Clgm " CA + 06 ml T CBED 100000 5.5(+3.9F 12.2(+31F 13.6(+25F
0lgm'GA + 08 ml' CAED  100(+00)" BLO({+53]" 7 (=TE" 130 {+26F
01 gm A + 1 0 mi CHED 100 {+0.0F e e O R o ns5{zaaf W27
Commercial fungiclde TIE(+04f B33+ 6] 45.0(+4 57" 53.6 (+3 21"
€. musae LN
Clgm T CA+ 04 i ml CBED 100000 36.7 (6T 1L6({+31F 5.5(+0.3F
Clgmri oA+ 06pmiT CEED 100 (+00)" B0 (B3 A (=607 =2
Glgmr' A+ 0B m- CHED 100 (007 5.7 (=691 M2 368 (+RIF"
01gm T GA + 1 0 mi— CRED 100 {+0.07 BLE{=57 437 (=597 321 (6.5
Commerciel funglclde 100 (+0.07 600 (83 0.8 (=4 0" 425 (377
C. musae MM5
0lgmGA + 04l ml' CAED 100007 100 {+0.07" ITE(£TIAF 174 (=15
01gmi-' GA + 06 E mi- CRED 100 (+00F 100 {+0.07 30.3 (+21F 19.1 (=430
Clgm A+ 08 mlT CEED 100000 100 {007 0.5 (+BTf LT (2 4F
0.1 g mi—* GA + 10 mi—* CEED 100 (00" 100 (+0.0F TLT(+53F 3.4 (AP
Commercial fungiclde 100 (+0.07" 100 (+0.07" 55.8 (=270 37.3 (=791

a2 Different small letiers in 2 same colomn for 2 sme isolate and day of exposare denole significant difference, based on Tukey's fest (p <0 05)

TS5 contents than uncoated banana form day 3 of storage and b* the yellow/blue coordinate. The a* values were
omward. disregarded because bananas used in experiments had

The colour parameters L* and b* were measared in un- no longer a green colour at the beginning of the exper-
coated and coated banana, with L* being the luminosity  iments. L* values {luminosity) decreased (p = 0.05) in
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TABLE 5 Porcentsps of anthraomaose lesiom development reduction (%ALDR, average + standard deviabion) in banana cv. Praia
artificlally contaminated with different Colleiodrickum meser BHates and coaled wilth combined gum Arablc {GA) and Comyza benariersis
(L) Cronguist essen izl ol (CREQ) or ireaksd with 2 commencial funglcide (triorodstrobing +iebuconazoie) during 5 days of storage (25 +
OL5'C) (curalive assay)

Days of storage
Isolates Treatments I 3th th Sth
€. musae RF3
01gm~ OA 4+ 04 miT CEED 150 (=407 182 (+31F 9 (+18 13546
01gmi~ CA + 06 mi~ CRED 100 (007" 481 (7T BA£31F 138 (+26)°
01gm~ CA+ 08P miT CBED B3 (+67F 167 (+5.1F 17 (+28F B5(+34y
01gmi~ CA + 1 mit CRED TES(=118)"  ELI(£I15] I3 (55" 1.3 {4 5F
Commerctzl lungicde 100 {+0.00" 413 (138" 553 (£27) 51T (+E1)"
C. musae RBP4
01gmi~ CA + 04 mi~ CRED 100 (+00)° 206 (4T %3 (57 MA(+1EF
01gmi~ OA + 06 mi~ CRED 100 (00" 100 (00" 1Ak ME (27
01lgmit GA+ 05 P m CRED 100 (=007 26.6 (176 IE (118 I (=+LIF
01 gmi GA + 1 m~t CRED 100 {+0.07" 328 (+51)F 158 {+35F 68.3 {+44 B
Commerciz] fungicde 100 {=0.0P 25 (+10¥ 0.9 {40 (=258
C. musae RIF10
olgmi—CA+ 04 mi— CRED  100({+007 100{+0.0F 455 [+ B 43.9 (=508
01gmi~ OA + 06 mi~ CRED 100 (00" 100 (00" 561 405 (447"
01gmi-'GA + 08 P mi- CRED 100 {+0.07 100 (0.0 500 {+4.5F 46.0(+319p"
01 gmi GA + 1 m~t CRED 100 {+0.07" 100 (0.0 409 {+43F 457 (=61
Commercizl fungiclde 100 {+0.07" 100 {+0.07" 100.0{+0.0F 515 ({+2.5)"
. musae OM20
olgmi" oA+ 04 miT CRED  100(+007" 187 (430 465 (+B 9 BO(LTF
01gmi~ GA+ 06 miT CRED 7.7 (<587 17.5 (27 375 (38 4.3 (+36F
0lgmi GA 4 08P m CRED 100 (=007 256 (+8.3)" 165 (+E5)" 0 (=55
01 gm™ &A + 1 gl m~ CRED 547(+128)F BRI (+0E" 151 (24" 125 (£33
Commercizl fungicide 26.1(£55F 20788 450 (458" 536 (+31)"
. musae LNZ
GlgmiT oA+ 04 W miT CRED  100(+000" Zom Zero Zem
lgmit CA+ 06 P mir CEED 30.3(=7.5° 201 (£3TF 176 (£27F A (=15
0lgmi~ OA + 08 miT CEED 100 (<000 125 (+4.50 151 (£3.3F 16.5(+21F
01gmi~t GA + 1w mi~t CRED 100 {+0.07" 568 (+116F 8 (+10.2F 17.5 (B EF
Commerciz] lungiclde IT1(+58" 33 (66 179 (+55" IR (+25"
C. musae MM5
01gmi~ CA + 04 miT CEED 100 (000" 100 {£0.07" 0.7 (+103)= .1 =16
0lgmi-' CA + 06 mi— CHED 100 {000 100{+0.0 483 {+7TP 6 (=28
olpmT oA+ 03P mT CRED  100{+00) 100{+0.0F 353 (+75F 144 {+24F
0.1 gmi~* GA + 1 mi—* CRED 100 {+0.07 100 {+0.0)" EL1{+34) 45.7 (=42
Commercizl lungicide 100 {+0.0)" 100 {+0.07" S5.2(+78)" 38.E (+5.6)

- Diffizrenit small letiers in 2 same colummn for 2 seme isolaie and day of cxposore denote stignificant differenoe, based on Tokey's est {p = 00s).

uncoated and coated banana during the measored stor- day 9 of storage. Uncoated and coated banana had weight
ape perind, with the exception of banana coated with loss during the measured storage period. However, coated
GA + 04 pl mI™" of CBED, which had an increase in L*  banana had overall lower weight loss (p < (L05) than un-
value up to day 6 of storage, followed by a decrease om coated banana over tme.
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FIGURE 1 Severity index (%) of
anihramose lesion In banana cv. Prata
coated with comibined gum Ar=bic (CA)
amd Ehnmbonmiuml:{[..]ﬁn‘uqﬂﬂ
essental ofl (CRED) or troated with

2 commeencial funglclde ormulkztion
{iriMoroxistrobing-+ leho oo nare)

and nerther inoculaled with o Terent
Codletotrickum musaoe 15003105 after 8
5-day slorage (25 + 0.5°C) (preventive
assay). &~ Different small lethers denoke
slgnifcand diffarence, hased on Tokey's
tesl (p S0.05)

C. musge MMS

wages Comtrol e CBEQ 04 pimH &« GADA gmb  pose CHED 08 pl mb! 2 GA D1 gt

L CHEDoaplmh + BA D1 gmb
s N
DISCUSSION

The CBED tested in this study was composad by a variety
mal and limonene found as the most prevalent constients.
meest of the compounds found in CRED are part of this group,
with some of them (e.g. caryophylene and famesene) with
proven antimicrobial properties (Al-Maskri et al., 2011; Celik
et al, 2014; Francomano et al, 2019 Sesquicinecle and ses-
quisabinene have been found in EQ with reported antimi-
crobial properties (Benomari et al_, 2016; Hanbali et al., 2007;
Noriega et al, 2020) and the monoterpenes limonene and
activities (Guimardes et al, AN%; Souza et al, 2019).

The presence of these distinct constilnents with reported
antimicrobial properties in CRED should be related to its

mom CBED 1.0 pl mi-* + G& 01 g mH

inhibitory effects on various . musae isolates tested in this
study. CEED (0.1-1 ! mI™") had inhibitory effects on the
mycelial groeeth of tested C. musae isolates, with the highest
inhibitory rates being caused by 0.4-1 pl ml™" of CRED. The
inhibitory effects of CEEO on C. musoe isolates should be
linked to the abilities of terpenes found in this essential o
cause disturbance in enzymatic reactions and energy metab-
olism of fangal cells, affecting cell wall synthesis and myce-
liad growth (Braga et al, 3019; Oliveira et al, 018). No early
investipation reporting the inhibitory effects of CRED on the
mycelial growth of C. musoe or other Collstotrichum spe-
cies has been found in available literature, CA {1 mg ml™")
was not capable of inhibiting the mycelial growth of any of
the tested C. musae isolates. Previous imvestigations have
found no in vitro inhibitory effects of GA (1-10 mg ml™") on
Colletotrichum gloesporioides, C. musae and Rhizopus stolon-
ifer {Andrade et al., 2017; Magbood et al, 2011},
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FIGURE 2 Soverlly Index (%) of
anihracnss leston development in
anana cv. Frala inoculatad with different
Colletotrichum musar 1solates and

coaled with combined gum Arabic (CA)
and Conypa benariewesis (1) Cronguist
essential oll (CBEQ) of treated with

a commercial fungicide formuslation
(Iifomodsiroiing +etuconamole) aker
8 5-day storage (25 + 0.5"C) (curative
A8sAY). a-d: IMTerent small elters denote
slgnificant difference, based on Tukey's
test {p = 0.05)

Sty index (3) Severty index (%)

Severity hdex (%)

C. musge AP3

Severtty index (%)

Severity index (%)

C. musae MME

Beverlty Index (%)

wess Control === CHED 0-4 dml® s GADG gmi® »we CHEQospimt + GAR1 gmt?!

= CBED p:8 plmi? + GADA gek!

woney CHED 4.0 pl mit* 4 G- gmi®

€ . ..

Isolated staining with PI and FDDA was used to estimate
thie mortality {non-viability) of conidia treated with CEEQ
(Xing et al., 2018). PI is able to pass through dead conidia
with damaged cell membranes and red-stain them, being
the intensity of the fluorescence directly proportional o
the number of dead conidia. FDA is a non-fluorescent dye
comverted metabolically in active conidia by intracellolar
esterase into a green fluorescent membrane-impermeant
compound, being a basis to measure subpopulations of
viable and enzymatically/metabolically active comidia
(Almeida et al_, 2019; Xing et al., 2018). A 3- or 5-day ex-
posure to a fixed amount of CREQ (0.6 ul ml_l} resulted in
a high percentage of PI-stained and non-green fluorescent
C. musae conidia, which is a phenotype indicative of non-
viable {dead) conidia (Yun & Lee, 2017). CEED could be
capable of altering severely the plasma membrane struc-
ture of £ musae conidia from a direct integrity damage,

a5 well as of inducing a metabolic impairment leading to
8 secondary membrane disturbance (Lee et al., 2018). The
primary action mechanism by which CEED inhibits the
. musge mycelial growth could be the disruption of fun-
g2l cell plasma membrane leading to cell death, which is
in agreement with some reports about the disturbing ef-
fects of other ED on fungi cells (Tian et al, 2012; Zeng
et al., 2015). These results have shown that CBED notonly
inhibited mycelial growith but also directly led to a non-
viability state of C. musae conidia.

The inhibitory effects of CBED on C. musae continued
to be reached when this ED was combined with GA to coat
banana. Coatings formulated with GA (1 mg ml™") and
CBED {0.4-1 pd mI™") combinations were effective to delay
the anthracnose lesion development in banana artificially
contaminated with various C. musoe isolates during a 5-day
mom temperare storage in either preventive or curative
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assays. In peneral, coatings with GA + 0.6, 08 or 1 pl mI™"
CRED were the most effective to inhibit the anthmcnose
lesion development in banana during storage, although
the inhibition rates had been variable with tested coating
formulation and C. musae isolate. No study was found in
available literatire imvestigating the efficacy of coatings for-
mulated with GA and CEED to inhibit the anthracnose de-
velopment in banana However, early studies have reported
the efficacy of coatings formulated with GA (10%) and
cinnamon ED {1.4%) to inhibit anthracnose development
in banana artificially contaminated with C. musse and C.
Eloensporioides (Magbool et al., 2011), as well as with GA
{1 pl ml™") and Origamem wadgare L. (0L6 and 0.25 gl m1™)
and Rosmarinus officinolis L. EO (0.25 pl ml™) to inhibit
soft rot development in plum artificially contaminated with
R stodonifer {Andrade et al., 2017).

The disease severity indexes found for banana coated
with GA and CBED were lower than those found to un-
coated banana regardless of the imoculated C. musge
isolate, indicating that a smaller percent area with char-
acteristic anthracnose symptoms was found in GA-CRED-
coated banana in comparison touncoated banana (Chiang
etal, 2017). Farthermore, in most cases, the disease sever-
ity indexes found for GA-CBED-coated banana were lower
than or similar to those found for banana treated with
commercial fungicide used as positive control. Similar
behaviour for disease severity index measurements was
found for melon coated with chitosan (5 mg |J:|l_1}nnd
Cympobogon citratus EO (015 and 0.2 pd ml™) to control
the development of crater rot caused by Poromyrotecium
roridum during a room temperature storage (Macedo
et al., 2020).

For most of the examined coatings with combined GA
and CBED, as well as for the commercial fungicide for-
mulation, the efficacy to reduce the anthracnose lesion
development decreased with the increase in storage time.
These results could be associated with the typical increase
in fruit ripening during storage since the susceptibility
of fruit to pathogenic Colletotrichum species has been
directly related to the ripening stage (Hraga et al., 201%
Oliveira et al, 2018). 5till, loss of CBED constituents with
antifungal properties from coatings due to volatilization
during rom temperature storage could have also con-
tributed with a decrease in efficacy of examined coatings
to inhibit anthracnose development in banana { Andrade
etal, 2017; Guerra et al., 2015).

The application of GA-CBED coatings caused reduced
physicochemical alterations in banana during the mea-
sured room temperature storape period, being indicative
of a delayed ripening process and more prolonged stora-
bility when compared to uncoated fruit. Specifically, GA-
CBEQ-coated banana had lower pH and higher TA and
T3S, besides to smaller weight loss than uncoated banana

during storage. These results should be linked to the ca-
pability of examined GA-CBED coatings to form a semi-
permeable film on banana surface modifying the internal
atmosphere in fruit with redoction of oxygen and/or in-
crease of carbon dioxide levels, decreasing the respiration,
metabolic activity and water loss of fruit over time (Al-
Juhaimi, 20114; Cosme Silva et al., 2017). These delayed
respiratory and metabolic activities in GA-CBEO-coated
banana could have directly affected the typical quick and
continuous comversion of organic acids to sugars with de-
crease in acidity, as well as the comversion of complex to
simple sugars in coated banana as a consequence of the
delayed ripening progress (Al-Juhaimi, 2014). GA-CRED-
coated banana kept the luminosity (L*) for a longer time
petiod than uncoated banana. $till, chroma (b*) had posi-
tive values indicative of yellow component in GA-CBEO-
coated banana for a more prolonged time period. Delayed
alteration in coated fruit colour has been linked to mod-
ified atmosphere induced by coatings slowing down the
ripening process (Thakur et al., 2019).

As a conclusion, the results showed that CEED had in-
hibitory effects on various C. musae isolates, while GA was
not capable to inhibit them. The action mode of CBED to
cause the antifungal effects on C. musae involved damage
in cytoplasmic membrane and distorbance of enzymatic
activity of conidia, which could be linked to cellular dys-
function, non-viability and death. The application of coat-
ings with GA combined with different concentrations of
CBEC was effective o reduce the anthracnose lesion de-
velopment in banana contaminated with C. musae during
8 5-day room temperature storage. Additionally, the coat-
ings with different combinations of GA and CBEO delayed
the alterations in physicochemical parameters indicative
of postharvest guality and more prolonged storability
of banana. The application of coatings formulated with
selected concentrations of GA and CEED could be con-
sidered an alternative strategy to delay the anthracnose
development in banana, a5 well as o reduce the amount
of fungicides used to control postharvest diseases and pro-
long the storability of this froit.
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Thulo da Invenglio ou Modelo de REVESTIMENTO A BASE DE GOMA, ARABICA E OLED
Utiildade (54 ESSENCIAL PARA PROTEGAD DE FRUTOS POS-COLHEITA,
PROCESS0 E PRODUTO
Resumoc A presente invengio tem aplicagaoe na area de tecnologia de

preservacao de produtos horifruticolas e refere-se ao
desenvalvimento de revestimenio composto da combinagao do
biopolimers goma arabica e do dleo essancial de Conyza
bonariensis (L) Cronguist. para uso na conservacio pds-colheita de
frutos in natura, A aplicagdo do revestimento objetiva promover o
controle do desenvolvimento de fungos fitopatdgencs pés-colheita
nestes produtos, bem como manter as suas caracteristicas de
qualidade ao longo do armazenaments em temperatura amblente,
refrigerada ou de resfriamento & apresentar-se como uma alternativa
an use de fungicidas sintéticos na fase pés-colheita nestes produtos,
0 produto apresenta agio comprovada frente ao fungo filtopatdgeno
Calletotrichum musae causador de antracnose, caractenzada como a
principal infecgio pos-colheita em frutos de banana, com
manulengie das caracteristicas dos parametros de gualidade destes
produtos, surgindo como tecnologia alternativa de preservagio e
conservagdo de frulos, com polencial de atender as demandas
correntes do mercado,



