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RESUMO

O revestimento de frutas e legumes com filmes e/ou coberturas comestiveis tem
chamado a atencdo na darea de pods-colheita de frutos, principalmente como uma
oportunidade promissora para a criagdo de novos mercados no setor. O objetivo deste
estudo foi o de desenvolver e otimizar revestimentos comestiveis a base do
polissacarideo extraido da goma do cajueiro Anacardium occidentale L. (Policaju),
visando aumentar o tempo de prateleira de frutas. Para tal, o efeito da concentragdo do
Policaju, do surfactante (Tween 80) e de diferentes plastificantes (sorbitol, polietileno
glicol e glicerol) foi avaliado sobre a formacao dos filme. Os resultados mostraram que
os melhores filmes foram obtidos com concentra¢des do Policaju de 1,5 e 3,0% (p/v),
com o Tween 80 de 0-0,2% (p/v), contendo sorbitol como plastificante na concentra¢éo
de 0,4 % (p/p). A influéncia das interagGes entre o Policaju e o Tween 80 nos filmes
¢/ou coberturas contendo sorbitol foi avaliada quanto a molhabilidade em superficies de
macas (cv. Golden) e mangas (cv. Tommy Atkins), a permeabilidade ao vapor de agua,
a opacidade e¢ as propriedades mecanicas (resisténcia a tracdo e alongamento de
ruptura). Os efeitos das variaveis estudadas (concentragdes do Policaju e do Tween 80)
foram analisados de acordo com um modelo fatorial 2. Quatro revestimentos diferentes
a base de policaju (1,5 % e 3,0 %) com ¢ sem Tween 80 (0,05%) foram aplicados em
mangas ‘Tommy Atkins’ e comparados com o grupo controle (sem revestimento); todos
os grupos foram armazenados a 4 °C com 82% de humidade relativa, durante 28 dias.
As mangas com e sem os revestimentos foram avaliadas quanto a perda de massa, pH ¢
teor de solidos soluveis totais. Os resultados mostraram que as propriedades
(molhabilidade, permeabilidade ao vapor de agua, opacidade e propriedades mecénicas)
dos revestimentos a base de Policaju podem ser afetadas pela concentragdo do
polissacarideo e pela presenca de Tween 80, sendo o ultimo o fator mais significativo.
A adig¢do do Tween 80 reduziu as forg¢as de coesdo, reduzindo a tensdo superficial e
aumentando a molhabilidade, o que resultou em uma compatibilidade melhorada entre a
solu¢do e a superficie da pele das frutas. Os resultados de cada uma das propriedades
fisicas dos revestimentos foram ajustados a um modelo multifatorial polinomial o qual
apresentou uma boa precisdo de ajuste. Este modelo mostrou ser importante, uma vez
que reduzira o trabalho de caracterizagcdo necessario em aplica¢des subsequentes destes
filmes/coberturas sobre alimentos. A perda de massa observada foi significativamente
mais baixa em todas as mangas tratadas com revestimentos a base de Policaju. Para
todos os tratamentos aplicados, ndo houve variacdo significativa nos sélidos soluveis
totais ¢ no pH ao longo do tempo experimental. A partir do 15° dia, a concentracdo de
Policaju parece ser determinante para a perda de massa observada, que foi superior para
os filmes com 1,5% de polissacarideo quando comparada com os filmes com 3,0 % de
polissacarideo, independentemente da presenca de Tween 80. Estes resultados
mostraram que os revestimentos a base de Policaju tém um efeito positivo sobre a
extensdo da vida util das mangas a baixa temperatura de armazenagem (4 °C).

Palavras-chave: revestimentos comestiveis, Anacardium occidentale L., propriedades
mecanicas, tempo de prateleira.
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ABSTRACT

The coating of fruits and vegetables with edible films and/or coatings has attracted
attention in this business segment, mainly as a promising opportunity for the creation of
new markets in the sector. The aim of this study was to develop and optimize edible
coatings based on the polysaccharide extracted from the gum of Anacardium
occidentale L. cashew (Policaju), to increase the shelf life of fruits. In order to achieve
this goal, the effect of concentration of Policaju, surfactant (Tween 80) and different
plasticizers (sorbitol, polyethylene glycol and glycerol) was evaluated on the formation
of the film. The results showed that the best films were obtained with Policaju
concentrations of 1.5 and 3.0% (w / v), Tween 80, 0-0.2% w/v, containing sorbitol as a
plasticizer at a concentration of 0.4 % (w / w). The influence of interactions between
Policaju and Tween 80 on films and/or coatings containing sorbitol was evaluated in
terms of the wettability measured on the surface of apples (cv. Golden) and mangoes
(Tommy Atkins), the films’ permeability to water vapor, their opacity and mechanical
properties (tensile strength and elongation at break). The effects of the studied variables
(Policaju and Tween 80 concentrations) were analyzed according to a 2° factorial
design. Four different coatings (1.5% and 3.0% of Policaju without Tween 80 and 1.5 %
and 3.0 % of Policaju with Tween 80) were applied on 'Tommy Atkins' mangoes and
compared with the control group (without coating). The samples were stored at 4 °C
with 82 % of relative humidity for 28 days. The mangoes with and without coatings
were evaluated for weight loss, pH and total soluble solids. The results showed that the
properties (wettability, permeability to water vapor, opacity and mechanical properties)
of Policaju -based coatings may be affected by the concentration of polysaccharide and
the presence of Tween 80, the latter being the most significant factor. The addition of
Tween 80 reduced the cohesive forces, reducing the surface tension and increasing the
wettability, resulting in an improved compatibility between the solution and the surface
of the skin of the fruit. The results of each of the physical properties of coatings
analyzed were adjusted to a multifactorial polynomial design which presented a good
precision of fit. This experimental design was important, since it will reduce the work of
characterization needed in subsequent applications of these films/coatings on foods. The
mass loss was significantly lower in all mangoes treated with Policaju -based coatings.
For all applied treatments, no significant variation in total soluble solids and pH during
the experimental period was found. From the 15th storage day onwards, the
concentration of Policaju seems to be decisive for the mass loss observed, which was
higher for films with 1.5% Policaju when compared to those containing 3.0 % Policaju,
regardless of the presence of Tween 80. These results showed that Policaju -based
coatings have a positive effect on extending shelf life of mangoes at low storage
temperature (4 “C).

Keywords: edible coatings, Anacardium occidentale L., mechanical properties, shelf
life.
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INTRODUCAO

O aumento da demanda por frutas e legumes frescos, forca a industria de
alimentos a desenvolver novos e¢ melhores métodos de preservagdo de modo a
maximizar o tempo de vida nas prateleiras, em decorréncia das grandes perdas de
qualidade que ocorrem a partir da colheita até o consumo final. Além disso, em todo o
mundo, os consumidores exigem alimentos de alta qualidade sem conservantes
quimicos ¢ com longo tempo de conservagdo. Esses fatores, tomados em conjunto,
aumentam a procura por novos conservantes naturais e antimicrobianos (Chien et al.
2007; Lin & Zhao, 2007).

Durante mais de cinquenta anos, os polimeros plasticos t€ém sido a solugdo
utilizada, mais pratica e econdmica, para aplicagcdes em embalagens devido ao seu baixo
custo, pronta disponibilidade, excelentes propriedades opticas, mecanicas ¢ de barreira,
e de resisténcia contra a dgua e gorduras. Apesar destas vantagens, os ambientalistas
protestam ¢ reclamam a substituicdo dos polimeros plasticos por outros materiais,
provenientes de fontes renovaveis, uma vez que os polimeros até agora utilizados ndo
sdo totalmente reciclaveis nem biodegradaveis (Siracusa et al., 2008). O aumento dos
precos dos produtos petroliferos e o carater limitado deste recurso fazem surgir mais um
incentivo, de natureza econdmica, para a exploracdo de alternativas renovaveis, com
base em biomateriais. Do mesmo modo, o desenvolvimento de novas técnicas e
métodos que proporcionem vantagens especificas com as caracteristicas Unicas e
individuais dos biopolimeros, imediatamente disponiveis, ¢ bastante atraente (Farris et
al, 2009).

A implementacdo de melhores condi¢des de armazenagem através de
refrigeracdo e atmosfera modificada ou combinacio de ambos podem ser bastante
eficazes na maximizagdo da vida util e qualidade dos produtos alimentares. Isso requer
o controle de fatores como temperatura, umidade relativa, composi¢do de gazes, luz ¢
estresses mecéanicos / fisicos. No entanto, existe a necessidade de desenvolver novos
métodos que sejam facilmente aplicaveis em pequenas quantidades do produto a prego
mais baixo, mantendo a eficiéncia de preservag¢do. Dentre estes, podemos destacar os
revestimentos comestiveis, que criam uma atmosfera modificada em torno do alimento,
com um efeito semelhante ao obtido por condigdes de armazenagem por atmosfera

controlada ou modificada. A criacdo de uma atmosfera modificada por revestimentos
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comestiveis protege o alimento desde o momento em que ¢é aplicado até chegar ao
consumidor final (Durango et al., 2006, Ribeiro et al., 2007).

Varios pesquisadores tém estudado a aplicacdo de revestimentos em frutas como
a magd (Rojas-Grau et al., 2007), morango (Ribeiro et al., 2007), manga (Chien et al.
2007; Dang et al., 2008; Souza et al., 2010), meldo minimamente processado (Oms-Oliu
et al. 2008), tomate (Casariego et al., 2008) e abacate (Maftoonazad & Ramaswamy,
2005). Revestimentos a base de polissacarideos sdo incolores com uma aparéncia ndo
oleosa e de baixo teor calorico e podem ser utilizados para aumentar a vida util de
frutas, legumes, mariscos ou de carnes, evitar ou reduzir significativamente a
desidratacéo, rango oxidativo, e escurecimento da superficie. Outras caracteristicas que
os tornam atrativos sdo suas propriedades de transporte, permeabilidade ao CO,, O e
vapor de agua, reduzindo, por exemplo, a perda de massa e a contaminagdo
microbiologica dos alimentos (Dang et al., 2008).

Neste contexto, este trabalho visou o desenvolvimento de revestimentos
comestiveis a base do polissacarideo da goma do cajueiro (Anacardium occidentale 1..)

de modo a prorrogar o periodo de vida util de frutas.

15



OBJETIVOS

Objetivo Geral

O objetivo deste estudo foi o de desenvolver e otimizar revestimentos
comestiveis a base do polissacarideo da goma do cajueiro Anacardium occidentale L.

(Policaju), visando melhorar a qualidade pds-colheita de frutas.

Objetivos Especificos

= Otimizar o método de extracdo do Policaju;

= Desenvolver revestimentos a base do Policaju;

= (aracterizar os revestimentos quanto a sua capacidade molhante em macas e
mangas, resisténcia mecénica, permeabilidade ao vapor de agua e opacidade;

= Avaliar o efeito pds-colheita das mangas Tommy Atkins revestidas com Policaju,

em relacdo aos teores de solidos soluveis totais, pH e perda de massa.

16



CAPITULO 1 - REVISAO BIBLIOGRAFICA

1. Revestimentos comestiveis

Os revestimentos comestiveis sdo peliculas de variadas espessuras constituidas
por diferentes substancias naturais e/ou sintéticas que se polimerizam e isolam o
alimento, sem riscos para a saude do consumidor (Maia et al.,, 2000; Bravin et al.,
2006).

Aos revestimentos comestiveis sdo dados os nomes de filmes e coberturas.
Embora estes termos sejam muitas vezes utilizados indiscriminadamente, a diferenga
basica ¢ que os filmes sdo pré-formados separadamente do produto. As coberturas sdo
formadas sobre a propria superficie do produto, o que pode ser efetuado, por exemplo,
por imersao ou aspersao (Assis & Leoni, 2003; Carneiro-da-Cunha et al., 2009).

A utilizacdo de revestimentos em frutos e legumes com o objetivo de aumentar o
seu tempo de prateleira ndo ¢ uma pratica recente. Revestimentos derivados de 6leos
minerais ja eram utilizados pelos chineses no século XIII na conservagdo de frutos
citricos (laranjas e limdes) ¢ em outros produtos transportados para longas distdncias
por via maritima (Hardenburg, 1967). Desde entdo os revestimentos comestiveis t€ém
sido amplamente utilizados.

Nos Estados Unidos a utilizagdo de revestimentos comestiveis em frutos
remonta a década de 1910. Hoffman, em 1916, patenteou um método para preservar
frutas refrigeradas com agua fria, esterilizadas com raios ultravioletas e em seguida
revestidas com cera derretida. Na década de 1950, a cera de carnatiba foi amplamente
empregada para este fim, mas devido a aparéncia fosca resultante da sua aplicacdo
foram adicionados polietileno e parafinas para um melhor resultado na aparéncia. Nos
anos de 1960, ceras e vernizes processados a partir de gomas soluveis em agua
tornaram-se populares no revestimento de frutas em geral. As coberturas denominadas
comestiveis, como hoje as conhecemos, sdo mais recentes ¢ datam das ultimas décadas
do século passado. Estas coberturas comestiveis ganharam espago como consequéncia
da expansdo da oferta de produtos processados e¢ da necessidade de uma maior
preservacdo (Assis et al., 2003).

As principais fungdes dos revestimentos comestiveis sdo: inibir a migragdo de
umidade, oxigénio, didoxido de carbono, aromas, lipidios e outros solutos; carrear
aditivos alimentares, tais como: nutrientes, pigmentos, agentes antioxidantes e agentes

antimicrobianos; atrasar as mudancgas de cor, melhorar a integridade mecénica e as
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caracteristicas de manuseio de alimentos (Palmu et al., 2005). Estas fun¢6es de protegio
tétm como objetivo melhorar a qualidade dos produtos alimentares, resultando na
extensdo da sua vida 1til e na melhoria da sua seguranga.

A utilizagdo de revestimentos comestiveis tem sido bastante explorada para
recobrir frutas e hortalicas frescas, visando minimizar a perda de umidade, reduzir as
taxas de respiracdo e evitar assim processos fermentativos resultantes da anaerobiose,
além de conferir uma aparéncia brilhante e atraente (Debeaufort & Voilley, 1994;
Azeredo, 2003). A utilizacdo de revestimentos com este propdsito constitui uma
vantagem econdmica por evitar a necessidade de armazenagem em atmosfera controlada
com os respectivos custos operacionais ¢ de equipamento. A fungio a ser desempenhada
pelo revestimento depende do produto alimenticio e principalmente do tipo de
deteriorag@o a que este produto normalmente esta submetido (Maia et al., 2000). Assim,
para produtos suscetiveis a oxidacdo, as peliculas devem apresentar baixa
permeabilidade ao O,.

A aplicabilidade dos revestimentos comestiveis tem-se mostrado bastante viavel,
uma vez que, embora o processo de preparacdo das solugdes requeira protocolos e
seqiiéncias especificas, o revestimento em si ¢ um procedimento simples e passivel de
aplicagdo em larga escala. Os frutos ou legumes, inteiros ou cortados, sdo diretamente
mergulhados ou submetidos a nebulizagdo com sistema de pressdo manual (spray) do
composto protetor em condicdo liquida. Apds o escoamento do excedente, parte do
material aderido a superficie ¢ parcialmente absorvido e a fra¢do superficial sofre o
processo de cura (polimerizag¢do) por evaporagdo espontanea ou forcada do solvente
formando uma pelicula incolor (Assis & Leoni, 2003). Observa-se na literatura que os
melhores resultados na formacdo de filmes sio conseguidos com solugdes com
concentracdes de polissacarideos e proteinas ndo superiores a poucos gramas por litro, o
que torna o processo economicamente atrativo (Bravin et al., 2006; Chien et al., 2007;
Rojas-Grau et al., 2008; Tapia et al., 2008; Carneiro-da-Cunha, et al., 2009; Souza et al.,
2010).

2. Composicao dos revestimentos

A sele¢ao da composi¢do dos revestimentos comestiveis ¢ muito importante para
a determinagdo das propriedades funcionais desejadas dos filmes no produto a ser
revestido (Fabra et al., 2008; Carneiro-da-Cunha et al., 2009). Os principais

componentes constituintes dos revestimentos sdo os biopolimeros, tais como proteinas,
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polissacarideos, lipideos e resinas. Eles podem ser utilizados sozinhos ou combinados.
As caracteristicas fisicas e quimicas dos biopolimeros geralmente influenciam as
propriedades dos filmes e das coberturas (Sothornvit & Krochta, 2000). A obtenc@o dos
revestimentos estd baseada na dispersdo ou solubilizacdo dos biopolimeros em um
solvente (dgua, etanol ou acidos organicos) com a adi¢do de aditivos (plastificantes ou
agentes de liga) obtendo-se uma solu¢@o ou dispersdo filmogénica. Apds a preparacéo,
os revestimentos passam por uma fase de secagem de acabamento tanto para a formacao

dos filmes como para as coberturas (Gontard et al., 1992).

2.1. Revestimentos comestiveis a base de polissacarideos

Nos ultimos anos tem crescido o interesse pela utilizagdo dos polissacarideos na
formulagdo de revestimentos comestiveis. Estes polimeros naturais podem impedir a
deteriorag@o dos alimentos, prolongando o tempo de prateleira e mantendo a qualidade
sensorial e a seguranca de varios produtos (Rojas-Grau et al., 2007; Oms-Oliu et al.,
2008a). Geralmente estes sistemas sdo projetados de acordo com as necessidades do
produto a ser revestido e com as propriedades especificas dos polissacarideos, tais como
barreira seletiva aos gases, propriedades antioxidantes e antimicrobianas (Oms-Oliu et
al., 2008a).

A aplicagiio de revestimentos comestiveis polissacaridicos tornou-se popular
devido a permeabilidade ao CO; e/ou ao O, 0 que permite a criagdo de atmosferas
modificadas, aumentando o tempo de prateleira do produto sem criar condi¢des de
anaerobiose (Baldwin et al., 1995). Certos filmes de polissacarideos podem
proporcionar uma protegdo eficaz contra o escurecimento da superficie dos alimentos, e
contra a oxida¢do de lipideos e de outros componentes alimentares (Nisperos-Carriedo,
1994; Oms-Oliu et al., 2008Db).

Estes revestimentos sdo bastante utilizados na conservagio pos-colheita de frutos
e legumes. Eles apresentam bom aspecto, nio sdo pegajosos, sdo brilhantes e
transparentes melhorando a aparéncia dos alimentos. Como ndo sdo téxicos, podem ser
ingeridos juntamente com o produto protegido ou serem removidos com agua (Cereda
et al., 1992).

A utilizacdo de polissacarideos também ¢é vantajosa devido a sua
disponibilidade, baixo custo e biodegradabilidade. O ultimo em especial, é de grande
interesse, uma vez que conduz a uma reducdo nas quantidades de materiais néo

biodegradaveis utilizados nas embalagens tradicionais. Além disto, os polissacarideos
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podem ser facilmente modificados quimicamente de modo a melhorar as suas
propriedades fisico-quimicas (Han, 2005).
Entre os polissacarideos utilizados para a produ¢@o de revestimentos podem-se

citar:

e Alginato (Rojas-Grau et al., 2008; Oms-Oliu et al., 2008b);

o Amido e derivados (Lopez et al., 2008;Vasconez et al., 2009);

e (Carragenato (Nussinovitch e Kampf, 2000; Park et al., 2003);

e Celulose e derivados (Kittur et al., 2001);

e Pectina (Shimoni et al., 2004; Oms-Oliu et al., 2008);

e Policaju (Carneiro-da-Cunha, et al. 2009; Souza et al., 2010);

e Quitosana (Casariego et al., 2007; Chien et al., 2007).

Os revestimentos comestiveis a base de gelana, pectina ou alginato melhoraram
a qualidade dos meldes processados ao aumentarem a resisténcia dos frutos ao vapor de
agua, impedindo a perda de textura ao longo do tempo de armazenagem. Por outro lado
estes revestimentos ndo apresentaram boas barreiras para a difusdo de gases e ndo
reduziram o crescimento de microrganismos (Oms-Oliu et al., 2008b).

Rojas-Grau et al. (2008) desenvolveram revestimentos tanto a base de alginato
(2% p/v) quanto a base de gelana (0,5% p/v), ambos acrescidos de N-acetilcisteina,
cloridrato de calcio e glicerol. Estes foram aplicados em magas descascadas nas quais
foram observadas uma diminui¢do na producdo de etileno, redugdo do crescimento de
microrganismos e manuteng@o da cor original durante duas semanas.

Revestimentos a base de quitosana ndo afetaram as caracteristicas sensoriais das
mangas fatiadas durante um periodo de exposi¢do de sete dias. Além disto, as mangas
revestidas apresentaram menor deterioragdo e menor perda de agua em relagdo aos
frutos sem revestimento (Chien et al., 2007).

Maftoonazad & Ramaswamy (2005) observaram que ao revestirem abacates
com metil-celulose ocorreu uma desaceleracdo no processo de amadurecimento. A
cobertura atuou como uma barreira fisica para a troca gasosa entre o fruto e o ambiente
0 que ocasionou uma redugdo nas taxas de catabolismo dos substratos e
conseqlientemente a capacidade de gerar a energia necessaria para conduzir as reagdes
bioquimicas associadas a matura¢do dos frutos. O revestimento diminuiu a taxa de

respiragdo, alteragcdes de coloragdo na superficie dos frutos, o amolecimento dos tecidos
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e aumentou o tempo de prateleira. Enquanto que o periodo maximo de armazenagem
dos frutos sem revestimento foi de seis dias a temperatura ambiente, as amostras

revestidas com metil-celulose mantiveram sua aceitabilidade durante 10 dias.

2.2. Revestimentos comestiveis a base de proteinas

Os revestimentos a base de proteinas t€ém geralmente propriedades mecanicas e
de barreira superiores aos formados por polissacarideos, devido a estrutura das proteinas
que sdo capazes de conferir maiores propriedades funcionais (Cuq et al., 1995). Além de
serem produzidos a partir de recursos renovaveis e degradarem-se mais rapidamente do
que os outros tipos de materiais poliméricos (Baldwin et al., 1995).

Algumas das proteinas que sdo utilizadas em formulacdes de revestimento para
frutas e legumes sdo a proteina de soja (Kokoszka et al, 2010), as proteinas do soro do
leite (Perez-Gago et al., 2005), a caseina (Tien et al., 2001) e zeina de milho (Park et al.,
1994), colageno (Lima et al., 2010) e o gluten de trigo (Tanada-Palmu & Grosso ,
2005).

De acordo com Maia et al. (2000), os revestimentos comestiveis com gelatina
reduzem a migracdo de oxigénio, umidade e dleo além de poderem carrear agentes
antioxidantes ou antimicrobianos. Segundo Tien et al. (2001) a utilizagdo de
revestimentos a base das proteinas do leite poderia controlar o escurecimento
enzimatico das fatias de frutas e legumes. As proteinas do soro do leite possuem acidos
graxos que melhoram significativamente as propriedades de barreira a umidade.

O colageno, proteina fibrosa encontrada no tecido animal, é o filme comestivel
de proteina mais usado comercialmente, pois tem sido empregado como involucro
natural em salsichas e enchidos em geral. Os filmes de colageno apresentam-se como
excelente barreira ao oxigénio (Maia et al., 2000). Estes autores também relataram o
estudo do efeito do filme comestivel de zeina de milho em tomates e verificaram que o
filme afetou positivamente a troca de oxigénio, evidenciado pelo retardamento na
mudanga de cor, perda da firmeza e de peso durante a armazenagem, estendendo o

tempo de prateleira em seis dias, quando comparado ao controle.

2.3. Revestimentos comestiveis a base de lipideos
Alguns dos lipideos que tém sido utilizados de forma eficaz em formulacdes de
revestimento s3o a cera de abelha, o6leo mineral, dleo vegetal, surfactantes,

monoglicerideos acetilados, cera de carnaiba ¢ a parafina (Kester & Fennema, 1986).
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Os revestimentos lipidicos oferecem uma fraca barreira ao oxigénio, devido a presenca
de poros microscdpicos, solubilidade elevada e difusividade (Banker, 1966). Os filmes
lipidicos tém boas propriedades de barreira ao vapor de agua, devido a sua baixa
polaridade, mas geralmente sdo opacos e relativamente inflexiveis (Guilbert et al.,
1996).

O grau de saturagdo ¢ o comprimento da cadeia dos acidos graxos também
influenciam a permeabilidade dos revestimentos ao vapor de agua. Os acidos graxos
saturados de cadeia longa formam revestimentos com as melhores propriedades de
barreira a vapor de adgua porque eles produzem uma estrutura mais densa e tém menos
mobilidade do que os acidos graxos insaturados de cadeia curta (Kamper & Fennema,
1984).

As ceras aumentam o periodo de conservagdo de frutas e hortaligas, através da
diminui¢do da taxa de transpiragdo ¢ da atividade metabdlica (Oliveira, 1996). De
acordo com Chitarra e Chitarra (1990), a taxa da perda de agua pode ser reduzida de
30% a 50% com a utilizagdo de ceras. A aplicagcdo de ceras ou outros filmes lipidicos
em produtos pereciveis exige que estes ndo sejam muito impermeaveis para ndo
interferir na respiragdo aerdbia. Filmes que impecam a entrada de oxigénio ou a saida de
gas carbonico podem induzir a respiragdo anaerdbia, que acarreta desordens fisiologicas

¢ a diminuigdo do tempo de prateleira do produto (Maia et al., 2000).

2.4. Aditivos

As propriedades (funcionais, nutritivas, organolépticas e mecanicas) dos
revestimentos podem ser melhoradas com a utilizagdo de aditivos. As formulagdes
podem conter aditivos tais como, plastificantes, surfactantes, antimicrobianos,
antioxidantes, real¢adores de textura (Olivas et al., 2005; Ribeiro et al., 2007; Souza et
al. 2010). Os aditivos podem igualmente ser auxiliados pelos revestimentos a realizar
seu trabalho. Alguns aditivos sdo mais eficazes quando aplicados na composi¢do do
revestimento comestivel do que quando aplicados separadamente como solucdes

aquosas (Vojdani & Torres, 1990; Baldwin et al., 1996).

2.4.1. Plastificantes
Os plastificantes sdo compostos pouco volateis que podem ser adicionados para
conferir alguma flexibilidade ao revestimento. Alguns dos plastificantes mais utilizados

para moldar os revestimentos sdo o polietileno glicol, o glicerol, o sorbitol, o manitol e
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o propileno glicol (Kester & Fennema, 1986; Chillo et al, 2008; Souza et al., 2010). A
agua também pode desempenhar o papel de plastificante em revestimentos hidrofilicos
(Cisneros-Zeballos & Krochta, 2002).

A formagio de revestimentos depende de dois tipos de interacdo: coesdo (forgas
de atracdo entre as moléculas do polimero que constituem o revestimento) e adesdo
(forcas de atragfo entre o filme e o substrato). As propriedades dos polimeros, tais como
peso molecular, polaridade e estrutura da cadeia sdo relevantes para a coesdo e
aderéncia. As forgas de coesdo em filmes poliméricos podem resultar em propriedade
indesejavel de fragilidade. Para superar esta limitagdo, plastificantes sdo adicionados a
formulacdo dos filmes para diminuir as for¢as intermoleculares decorrentes da interagéo
entre as cadeias poliméricas. A maioria dos plastificantes contém grupos hidroxila que
formam pontes de hidrogénio com os biopolimeros, e assim, aumentam o volume livre e
a flexibilidade da matriz do filme (Han, 2005).

A fungio dos plastificantes é a diminuicdo das forcas de interacdo entre as
cadeias poliméricas adjacentes, resultando num decréscimo da for¢a de tensdo e num
aumento da flexibilidade do revestimento (Banker, 1966). No entanto, a adi¢do de
plastificantes geralmente aumenta a permeabilidade aos gases e ao vapor de agua e
podem também diminuir a resisténcia mecanica dos revestimentos (Gontard et al., 1993;

Mali et al., 2004).

2.4.2. Surfactantes

Os surfactantes sio substincias anfifilicas, ou seja, s3o simultancamente
hidrofilicas e hidrofobicas. Uma abordagem relativamente nova para melhorar as
propriedades de barreira de umidade de filmes hidrofilicos ¢ através da adicdo de
surfactantes (Chen et al., 2008). Villalobos et al. (2006) relataram que a adicdo de
misturas de surfactantes (Span 60 and sucrose ester P-1570) em solu¢des formadoras de
filmes aumentou a permeabilidade ao vapor de agua em filmes de hidroxipropil
metilcelulose quando uma concentracdo critica de surfactante foi adicionada. Em
contraste, Rodriguez et al. (2006) relataram que os filmes de fécula de batata com
surfactantes, tais como o Tween 20, Span 80 ¢ lecitina, nio mostraram qualquer efeito
significativo sobre a barreira de umidade, mas mostraram um efeito significativo nas
propriedades mecanicas.

Souza et al. (2010) verificaram que a adi¢do de Tween 80 em revestimentos a

base de Policaju e sorbitol melhorou a compatibilidade entre a solugdo filmogénica e a
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superficie das mangas (Tommy Atkins) por reduzir as for¢as de coesdo, resultando em
um aumento do coeficiente de espalhamento. Resultados similares foram encontrados

por Carneiro-da-Cunha et al. (2009) para superficies de macgas (cv. Golden).

2.4.3. Antimicrobianos

O crescimento de microrganismos é o principal problema na deterioracdo dos
alimentos, levando a perda de qualidade, menor tempo de prateleira, e mudancas na
microflora natural que podem induzir problemas patogénicos. A contaminagdo dos
alimentos ¢ causada por varios tipos de bactérias, leveduras e fungos, que podem gerar
odores indesejaveis, toxinas, mudan¢a de cor, de sabor e da textura, reduzindo assim a
vida 1util do produto. O desenvolvimento destes microrganismos depende de nutrientes,
pH, presenca de agua e oxigénio (Han, 2005).

Atualmente, € crescente o nimero de estudos para o desenvolvimento de filmes
com atividades antimicrobianas (Coma et al., 2005; Rojas-Grau et al., 2007; Ponce et
al., 2008). Estes filmes podem prolongar a vida util e a seguranga dos alimentos,
impedindo o crescimento de microrganismos deteriorantes ¢ patogénicos, como
resultado da extensdo da fase de adaptacdo (fase lag) e/ou a reducdo da taxa de
crescimento desses microrganismos (Quintavalla & Vicini, 2002). Além disto, os
agentes antimicrobianos presentes nos filmes podem ser liberados gradualmente na
superficie dos alimentos exigindo, por conseguinte, menores quantidades destas
substancias para alcancar o efeito desejado (Min & Krochta, 2005).

Varios tipos de antimicrobianos podem ser incorporados em revestimentos
comestiveis, incluindo acidos orgénicos (acético, benzoico, latico, sorbico, propidnico),
¢steres de 4acidos graxos (monolaurato de glicerina), polipeptideos (lisozima,
peroxidase, lactoferrina, nisina), 6leos essenciais de plantas (orégano, canela, erva-
cidreira), nitritos e sulfatos (Franssen & Krochta, 2003). Revestimentos de carboximetil
celulose contendo sorbato de potéssio e benzoato de sddio foram utilizados com sucesso

por Baldwin (1996) para reduzir o crescimento microbiano em magas.

2.4.4. Antioxidantes

Os antioxidantes sdo adicionados aos revestimentos comestiveis para aumentar a
estabilidade, conservar o valor nutricional e a cor dos produtos alimentares. Sdo dois os
tipos de antioxidantes alimentares: os acidos (incluindo os seus sais e ésteres) € os

compostos fendlicos (Sherwin, 1990).
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O acido ascorbico atrasa o escurecimento em magds fatiadas de forma mais
eficaz quando aplicado como parte de um revestimento comestivel do que por imersao
direta em uma solug¢@o aquosa deste acido (Baldwin et al., 1996). Revestimentos de
caseinato de calcio e maltodextrina transportando acido ascorbico também tém sido
empregados com sucesso para preservar a cor das fatias de magas (Brancoli & Barbosa-
Canovas, 2000; Tien et al., 2001). Filmes a base de proteina de soro de leite ¢ carragena
transportando agentes anti-escurecimento e cloreto de calcio preservaram com sucesso a

cor ¢ a textura das fatias de maca (Lee et al., 2003).

3. Mecanismos de controle das propriedades dos revestimentos comestiveis

O biopolimero e o tipo de aditivo utilizado sdo decisivos na biodegradabilidade
do revestimento assim como na determinagdo das suas propriedades funcionais. O
estudo de filmes a base de biopolimeros ¢ focado em suas propriedades mecanicas, na
taxa de transferéncia de vapor de agua e no controle das trocas gasosas. Pouca atencdo
tem sido dada as propriedades de superficie, que podem ser essenciais para o
comportamento dos filmes em relagdo a agua e aos solventes organicos. Além disso,
elas contribuem substancialmente para a estrutura dos proprios filmes (Bialopiotrowicz,
2003).

Outro ponto importante sdo os efeitos das interagdes dos revestimentos com o0s
parametros de qualidade dos frutos revestidos que tém que ser cuidadosamente
analisados. Alteragdes da cor, perda de firmeza, fermentagdo, taxa de deterioracdo e
perda de peso de frutos envoltos com revestimentos comestiveis sdo caracteristicas
gerais importantes que devem ser monitoradas. Se o revestimento for muito espesso a
concentracdo de oxigénio poderd ficar abaixo do valor desejavel e paralelamente a
concentracdo de dioxido de carbono podera ficar acima do valor critico, sendo possivel
o aparecimento de efeitos negativos nos frutos revestidos. Estas condi¢des poderdo levar
a fermentag¢@o anaerdbia. S8o varios os mecanismos para controlar esta situacdo (Park,
1999):

e Controle da capacidade molhante dos revestimentos comestiveis;

e Medigdo das propriedades de permeabilidade gasosa;

o Medigdo das propriedades difusionais da pele e da polpa do fruto;

e Previsio da composi¢do interna dos gases de frutos envoltos nos

revestimentos comestiveis;
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e Observagio dos efeitos do revestimento nos parametros de qualidade dos

frutos.

3.1. Capacidade molhante e eficiéncia do revestimento

A eficiéncia dos revestimentos comestiveis nos frutos e legumes depende
primariamente do controle da capacidade molhante da solu¢do formadora de
revestimento afetando a espessura do revestimento (Park, 1999). As formulagdes dos
revestimentos comestiveis deverdo molhar e espalhar-se uniformemente na superficie
do fruto. Apods secagem, os revestimentos deverdo ter uma adesdo, coesdo e
durabilidade adequadas (Krochta & Mulder-Johnston, 1997).

A termodindmica entre um liquido e uma superficie sélida é baseada no conceito
fundamental de tensdo de superficie, definida como a metade da variagdo da energia
livre devido a coesdo do material no vacuo. A tensdo superficial depende de uma série
de forcas relativamente independentes, como a de dispersdo, dipolar, indugéo, ponte de
hidrogénio, e as interacdes metalicas (Fowkes, 1963). Segundo a teoria tradicional, a
tensdo superficial de particulas coloidais é determinada por um componente apolar
(forcas de van der Waals), um componente polar (for¢as acido-base de Lewis), ¢ um
componente eletrostatico. O componente apolar depende do desnivel da nuvem de
elétrons em torno das moléculas, o componente polar esta relacionado com a formagéo
de ligacdes covalentes coordenadas entre os acidos de Lewis (receptores de par de
elétrons) e bases de Lewis (doadores de par de elétrons), € o componente eletrostatico é
descrito através do potencial zeta - uma medida da carga elétrica de superficie (van Oss,
1994; Rijnaarts et al, 1995; Besseling, 1997).

As propriedades de molhabilidade sdo caracteristicas essenciais das superficies
dos alimentos e dos materiais utilizados nos revestimentos. A molhabilidade de uma
superficie solida pode ser determinada de maneira relativamente simples, medindo o

angulo de contato (Kiery & Olson, 2000).

3.1.1. Angulo de contato

O angulo de contato de uma interface liquida depende apenas das propriedades
fisicas dos trés meios de contato [sélido (S), liquido (L) e vapor (V)] que resultam nas
tensdes superficiais representadas por yrLv, YsL, Ysv, para as interfaces liquido-vapor,
solido-liquido e s6lido-vapor, respectivamente, as quais sdo as responsaveis pelas forgas

superficiais que agem tangencialmente na interface. Considerando-se uma gota de
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fluido em contato com um sélido num meio de vapor, como ilustrado na figura 1, a

linha pelas quais as trés fases se encontram é denominada “linha de contato”.

Figura 1 - Esquema representativo das tensdes interfaciais existentes num sistema
trifasico, em que duas das fases estdo condensadas. Onde ysy € a tens@o interfacial
solido-vapor, ysp. a tensdo interfacial solido liquido, yrv a tensdo liquido-vapor ¢ 6 é o

angulo de contato formado pelas tensdes interfaciais (Ribeiro et al, 2007).

O angulo de contato 0 ¢ determinado a partir de um balango de forgas devido as
tensdes superficiais ao longo da linha de contato. Desta forma, o angulo 0 é a prova das
interagcdes ndo-covalentes que ocorrem entre o liquido ¢ uma superficie. Esta medida
pode ser obtida pela expressdo conhecida por equagdo de Young (equagdo 1), que
estabelece a relagdo de equilibrio entre o angulo de contato 6 ¢ as trés tensdes

interfaciais (Ornebro et al., 2000).

Cos 0= (ysv—17sr)/ Yiv [Eq. 1]

De acordo com esta equagdo, uma gota de alta tensdo superficial que repouse
sobre um so6lido de baixa energia tende a adotar uma forma esférica, reduzindo a area de
interface soélido-liquido. A esta situagdo correspondera um elevado angulo de contato.
Inversamente, quando a energia da superficie solida ultrapassa a tensio de superficie do
liquido, a gota tende a adotar uma forma mais plana a que correspondera um menor
angulo de contato.

Assim para uma superficie ser molhada, o angulo de contato formado pelo
liquido e pelo sélido tem de ser quase zero (Figura 2A) de modo a que o liquido se
espalhe facilmente sobre o solido, ou ainda pode ocorrer um espalhamento parcial onde

0° < 0 < 90° (Figura 2B). Do mesmo modo, para uma superficie nio ser molhada o
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angulo de contato terd de ser maior do que 90° para o liquido se contrair e afastar-se

facilmente da superficie (Figura 2C) (Adamson & Gast, 1997).

A B cC
VLY YLV
VL VY ¥sL vey  ¥EL
Molhamento Molhamento a0 ha
6= 0° parcial molhaments
0° =g < 30° B = an°

Figura 2 - Esquema representativo das caracteristicas macroscopicas de molhabilidade

de diferentes liquidos em uma interface. (A) 6 =0°, (B) 0°<0< 90°¢ (C) 6> 90°.

Portanto os angulos de contato (¢) que sdo formados entre um liquido ¢ uma
superficie sdo utilizados como caracteristicas macroscopicas da molhabilidade. Para
liquidos molhantes, as for¢as de coesdo (forgas liquido-liquido) sdo menores do que as

forcas de adesdo (forgas sdlido-liquido), para liquidos ndo molhantes o oposto ocorre.

3.1.2. Coeficiente de Espalhamento

A capacidade molhante de um sélido por um liquido é determinada pelo balango
entre as forcas adesivas (coeficiente de adesdo, W, equacdo 2) do liquido no solido e as
forcas coesivas (coeficiente de coesdo, W, equacdo 3) do liquido. Enquanto que as
forcas adesivas fazem com que o liquido se espalhe sobre a superficie solida, as forgas

coesivas fazem com que o fluido se contraia (Rulon and Rorbert, 1993).

Wa=vrv +7ysv - ysu [Eq. 2] We= 2.viv  [Eq.3]
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A condigdo para o espalhamento de um liquido sobre uma superficie sélida ¢é
definida pelo coeficiente de espalhamento (W.). O coeficiente de espalhamento no
equilibrio ¢ definido pela diferenca entre o coeficiente de adesdo (Wa) e coesdo (Wc),
como representado na equacgdo 4. Para que o espalhamento ocorra espontaneamente a
energia livre do processo (AG), dada pelo produto do coeficiente de espalhamento (W.)
pela area de superficie (A), terd que ser inferior a zero, segundo a equacdo 5 (Rulon and
Rorbert, 1993):

We= W,-W.=vsv-7Lv - YsL [Eq.4] AG=W..A [Eq.5]

3.1.3. Tenséo superficial critica

Zisman (1964) desenvolveu um método pratico para caracterizar a capacidade
molhante de superficies solidas. O sistema baseia-se na observagdo de que em
superficies solidas com uma tensdo superficial inferior a 100 mN/m (geralmente
classificadas como superficies de baixa energia) o angulo de contato formado por uma
gota de liquido na superficie sélida seria fungdo aproximadamente linear de y v (onde a
fase V € o ar saturado com o vapor do liquido). Para liquidos ndo polares observa-se
uma ligeira curvatura.

Construindo um grafico cos 0 versus yLy pode-se obter o valor da tensio
superficial do liquido para o qual cos 6 = 1. Este valor denomina-se tensdo superficial
critica do processo de humidifica¢do (y.), sendo definido como o valor de yLy de um
liquido abaixo do qual o espalhamento desse liquido em determinada superficie solida ¢
completo. Na figura 3 pode-se observar o estudo da tensdo superficial critica da
superficie do morango, feita por extrapolagdo do grafico de Zisman, realizado por

Ribeiro et al. (2007).
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Figura 3 - Grafico de Zisman, para a superficie do morango (Fonte: Ribeiro et al.,
2007).

Portanto yc torna-se uma propriedade caracteristica, e fornece um meio util de
resumir o comportamento de molhamento. Liquidos com tensdo superficial menor do
que yc espalhar-se-a sobre a superficie, molhando completamente o s6lido (McGuire &
Kirtley 1988). No entanto, ¢ importante lembrar que a tens@o superficial critica ndo ¢é a
tensdo superficial do solido; a tensdo superficial do so6lido é provavelmente maior,
especialmente quando se considera os materiais polares como o amido (Toussaint &
Luner, 1993; Lawton, 1995). Este fato também foi comprovado por Ribeiro et al. (2007)
para morango e por Souza et al. (2010) para manga, onde obtiveram valores de tensdo
superficial critica de 18,84 mN/m e 22,7 mN/m e de tengéo superficial de 28,94 mN/m e

29,04 mN/m, respectivamente.

3.2. Controle da permeabilidade aos gases

As propriedades sensoriais dos alimentos embalados dependem de diferentes
vias fisioldgicas e bioquimicas que sdo induzidas pelas condi¢des atmosféricas. A
oxidag¢do lipidica e o escurecimento ndo-enzimatico sdo as principais reagdes quimicas
que levam a deterioracdo da qualidade sensorial dos alimentos embalados. As respostas
as alteragdes atmosféricas podem variar de acordo com o alimento, e incluem tanto
efeitos indesejaveis quanto as alteragdes fisioldgicas benéficas. As respostas desejaveis
incluem uma redugfo na respiragdo, no dano oxidativo de tecidos ou descoloragdo, na
taxa de degradag¢do da clorofila e na sensibilidade ao etileno, com a concomitante
reducdo da taxa de maturacdo. Reacdes indesejaveis incluem a inducdo da fermentacao,

desenvolvimento de sabores desagradaveis, uma redu¢do na biossintese do aroma, a
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inducdo de lesdo tecidual, e uma alteracdo na composi¢do da flora microbiana (Han,
2005).

O oxigénio da atmosfera geralmente tem um efeito negativo sobre a qualidade
nutricional dos alimentos e, por conseguinte, ¢ desejavel manter varios tipos de
alimentos em uma baixa concentracdo de oxigénio ou, pelo menos, evitar um
fornecimento continuo de oxigénio. No entanto, na presenca do oxigénio suficiente, as
qualidades sensoriais sdo menos afetadas (Watkins, 2000). Ao penetrar nas embalagens,
o oxigénio afeta a taxa de degradag@o dos carotendides e, assim, a cor ¢ a degradagdo do
acido ascorbico (Nagy, 1980; Gvozdenovic et al., 2000). A producdo de componentes
que levam a perdas de aroma e sabor vai depender do tempo de exposigdo as condi¢des
abaixo da concentragdo minima exigida de oxigénio e/ou acima da concentracdo
maxima tolerada de didxido de carbono (Watkins, 2000). A difusdo dos gases através
dos materiais das embalagens depende da estrutura fisico-quimica da barreira.

Os revestimentos comestiveis sdo capazes de produzir uma atmosfera
modificada em frutos revestidos pelo isolamento do produto revestido do meio
ambiente. Revestimentos com permeabilidade seletiva aos gases sdo capazes de
diminuir a transferéncia de O, e CO; entre os frutos revestidos € o ambiente, retardando
0 metabolismo, diminuindo a concentra¢o interna de O, ¢ aumentando a concentragio
de CO,. A alta concentragdo de CO; nos tecidos do fruto também retarda a maturacio,
diminuindo a sintese do etileno, um hormonio essencial para o amadurecimento
(Saltveit, 2003). Tem sido demonstrado que a taxa de respiragdo de fatias de maca
diminui 20% quando revestida com um filme a base de proteina de soro de leite (Lee et
al., 2003).

3.3. Propriedades mecanicas do revestimento

As propriedades mecénicas dos revestimentos sdo caracteristicas determinantes
para a sua utilizagdo nos alimentos, devido a0 manuseio a que estdo sujeitos os produtos
durante a sua distribui¢do e comercializacdo (Olivas et al., 2005). Estas propriedades
dependem do tipo de polimero e dos aditivos utilizados. Os revestimentos a base de
hidrocoloides apresentam menor resisténcia a tragdo em relagdo aos polimeros sintéticos
e o seu alongamento ¢ dependente principalmente do tipo e da concentragdo do
plastificante utilizado (Han, 2005).

A forca de tensdo, o alongamento ¢ o mddulo elastico sdo as propriedades

mecanicas mais comumente avaliadas em filmes comestiveis. A for¢ca de tensio
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determina o esfor¢o maximo desenvolvido no revestimento em um teste elastico no
momento de ruptura. O alongamento indica a capacidade de estiramento do filme
(Gennadios et al., 1994).

Outro fator do qual dependem os valores da for¢a de tensdo e o alongamento dos
filmes comestiveis ¢ a umidade relativa. Quando a umidade relativa aumenta, a forga de
tensdo e o alongamento aumentam também, devido ao acumulo de agua no revestimento
(Olivas & Barbosa-Canovas, 2004). Do mesmo modo a quantidade de plastificante

utilizada afeta as propriedades mecanicas dos filmes (Gennadios et al., 1994).

3.4. Parametros de qualidade dos frutos revestidos

Apobs a selegdo e a caracterizagdo de um determinado revestimento faz-se
necessario avaliar o seu efeito sobre o tempo de prateleira do alimento revestido. Entre
as andlises realizadas para as frutas podem-se citar: perda de dgua, alteracdes de textura
e cor, mudangas na acidez e sdlidos soliveis, crescimento microbiano e producgdo de

compostos volateis (etanol, etileno).

3.4.1. Perda de agua

A evolugdo do peso dos frutos revestidos deve ser monitorada durante o periodo
de armazenagem para se poder determinar a eficacia do revestimento como barreira a
umidade. A perda de peso corresponde quase que exclusivamente a perda de agua, dado
que os outros componentes que podem ser perdidos, tais como os componentes de
sabor, aroma e os gases produzidos pela respiragdo sdo praticamente indetectaveis em
termos de peso (Olivas & Barbosa-Canovas, 2005).

A perda de agua ¢ uma das principais causas de deterioracdo dos frutos, pois
resulta em perdas na aparéncia (murchamento), na textura (amolecimento) e na

qualidade nutricional (Kader, 1986).

3.4.2. Textura

A textura ¢ um indicador muito importante da qualidade dos frutos (Huxoll,
1989). A perda da textura deve-se a acdo de proteases ¢ enzimas pectinoliticas dos
compostos da parede celular para o interior do produto (Varoquaux & Wiley, 1997).

O tratamento mais comumente utilizado para controlar os fendmenos de perda
de textura dos frutos ¢ a utilizagdo de sais de calcio (Ribeiro et al., 2007; Garcia,

Herrera, & Morilla, 1996). Os ions de calcio interagem com os polimeros das pectinas
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para formar uma rede de ligacdes cruzadas que aumenta a resisténcia mecanica,
retardando a senescéncia e controlando desordens fisioldgicas nas frutas e legumes
(Poovaiah, 1986).

Hernandez-Munoz,et al (2008) observaram que a adi¢do de 1% gluconato de
calcio na formulagio de revestimentos de quitosana aumentou a firmeza de morangos
durante a armazenagem refrigerada. Lee et al. (2003) relataram que a incorporacio de
1% de cloreto de calcio em revestimento a base da proteina do soro de leite ajudou a

manter a textura das fatias de maca.

3.4.3. Cor

As alteracdes na cor ¢ na aparéncia dos produtos, principalmente os
minimamente processados, durante a armazenagem e comercializagdo ¢ um fendmeno
causado pela enzima polifenol oxidase, que na presenga de oxigénio, converte 0s
compostos fenolicos em pigmentos escuros (Zawistowski et al.,1991; Rojas-Grau et al.,
2009). O efeito dos revestimentos sobre a cor da fruta é um parametro importante, pois
estd diretamente relacionada com a percep¢do da qualidade por parte do consumidor
(Olivas & Barbosa-Canovas, 2005).

A incorporagdo dos agentes que evitam o escurecimento de frutas frescas em
revestimentos comestiveis tem sido estudada por varios autores, principalmente nas
minimamente processadas que sdo mais suscetiveis a este tipo de deterioracdo. Perez-
Gago et al. (2006) relataram uma redug@o substancial do escurecimento de magés
descascadas ao utilizar um revestimento a base de proteina do soro do leite, concentrado
de cera de abelhas, dcido ascorbico, cisteina ou 4-hexilresorcinol. Eles observaram uma
melhoria significativa da eficiéncia dos agentes antioxidantes, quando incorporados na
formulacdo dos revestimentos, sendo o mais eficaz o tratamento com 0,5% de cisteina.
Rojas - Grau et al. (2008) observaram que as coberturas comestiveis a base de alginato
ou gelana contendo N-acetilcisteina impedem o escurecimento enzimatico de magas

descascadas durante 21 dias de armazenagem (Figura 04).
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Figura 04: Efeito de revestimentos comestiveis a base de alginato e N-acetilcisteina na
coloracdo de magas descascadas apds 21 dias de armazenagem sob refrigeracdo. Fonte:

Rojas-Grau et al (2009).

3.4.4. Acidez titulavel e solidos soluiveis totais

O teor de acido nas frutas tende a diminuir com a maturagdo assim como o
conteudo de agucar (solidos soluveis) tende a aumentar (Sadler & Murphy, 1998). O
teor de acidos pode ser medido por titulacdo direta do suco das frutas com hidroxido de
sodio, enquanto que o contetdo de solidos soliveis pode ser determinado com o auxilio
de um refratdmetro. A perda de agua nos frutos durante a maturagdo e armazenagem
deve ser sempre considerada para a interpretacdo dos valores de acidez titulavel e dos
solidos soluveis. A perda de agua faz com que um aparente aumento na concentracio de
ambos os parametros mencionados possa ser interpretado incorretamente como uma
verdadeira mudanca na quantidade de 4cidos ou de agucares presentes (Souza et al.,

2010).

3.4.5. Analise microbiologica

As alteragdes microbiologicas que ocorrem nos vegetais variam segundo a
composi¢do da microflora de cada alimento, que por sua vez estd relacionada com
outros fatores. O ambiente, a manipulacdo, a d4gua disponivel, a umidade, a temperatura,
a atmosfera e a acidez sdo os mais importantes. De maneira geral as alteragdes s@o
causadas por: mesofilos, bactérias acido lacticas, coliformes totais e fecais, bactérias
pectinoliticas, leveduras e fungos (Watada et al., 1996).

Um parametro fundamental na sele¢do da microflora presente nos alimentos ¢ a

atmosfera no interior da embalagem. Elevadas concentragdes de CO, e reduzidas
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concentragdes de O, exercem um efeito bacteriostatico cujo impacto efetivo sobre os
microrganismos depende do organismo em si, da concentracdo de gases, da temperatura

e da tolerancia fisioldgica do alimento (Daniels et al., 1985).

4. Goma do cajueiro (Anacardium occidentale L.)

O cajueiro (Anacardium occidentale 1.) é uma arvore nativa do Brasil,
pertencente a familia Anacardiaceae. E uma das plantas mais utilizadas na medicina
popular por possuir agdo comprovada contra alguns géneros bacterianos e até mesmo
sobre algumas moléstias, como a leishmaniose (Akinpelu, 2001). A casca do seu tronco
tem efeito adstringente e capacidade tintorial (vermelho-escuro), sendo utilizada nos
curtumes ¢ no tingimento de roupas e fios de redes de pesca (Gontijo et al., 2004).

Por exsudacdo natural ou através de incisdes, aparece no tronco ¢ nos ramos da
arvore do cajueiro uma goma de coloracdo amarelada (figura 5), soluvel em agua, a qual
apresenta grande potencial de industrializagdo. Por possuir caracteristica semelhante a
goma arabica (De Paula & Rodrigues, 1995) pode vir a substitui-la nas industrias
farmacéuticas, cosméticas e alimenticias. Propriedades adesivas, emulsificantes

atividade inseticida também foram relatadas (Pontes, 1971; Venkaiah, 1985).

Figura 5 - Goma do cajueiro (Anacardium occidentale 1..)

A utilizacdo de gomas naturais provenientes dos exsudatos e dos extratos de
plantas vem adquirindo grande impulso pelas multiplas e lucrativas possibilidades de
industrializagdo ¢ pelo excelente mercado internacional. O cajueiro (Anacardium
occidentale, 1.) é encontrado em paises tropicais ¢ a sua exploragdo econdmica
restringe-se, principalmente, a India, Brasil, Mogambique, Quénia e Tanzania (Lima et

al., 2001). A goma pode vir a ser mais uma fonte de lucros para o produtor, além da
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castanha e¢ do pedunculo, inclusive até para o aproveitamento dos cajueiros
improdutivos, em fase de declinio e senescéncia.

O principal constituinte da goma do cajueiro (figura 6) ¢ um polissacarideo
acido complexo (arabinogalactana 4cida) com massa molecular de 1,6 x 10° Da,
composto por uma cadeia principal formada por unidades de D-Galp unidas por ligagdes
glicosidicas B-(1—3) substituidos em O-6, tendo como residuos terminais a arabinose,
raminose, acido glucurdnico, acido 4-O-metilglucuronico, xilose, glicose ¢ manose (De

Paula & Rodrigues, 1995).
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Figura 6 - Esquema de um fragmento da goma de cajueiro. R representa D-manose,
D—xilose, L-raminose, L—arabinose ou cadeias de arabinose com ligacdo 1,2; R”’

representa D-glicose ou acido D - glucurénico (Anderson & Bell, 1975).

Poucos foram os estudos reoldgicos realizados com a goma do cajueiro (Monthé
& Correia, 2002). De Paula & Rodrigues (1995) e Botelho (1999) sugeriram que a
goma teria comportamento newtoniano. Porém, Zakaria & Rahman (1996) constataram

que a goma do cajueiro possuia comportamento pseudoplastico. Mothé & Rao (1999),
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em estudos sobre o comportamento reoldgico de dispersdes de gomas de cajueiro e
arabica, confirmaram o mesmo comportamento pseudoplastico observado por Zakaria &
Rahman (1996), para ambas as gomas, em uma faixa de taxas de cisalhamento de 1 a
3005

O Polissacarideo proveniente da goma da Anacardium occidentale L. (Policaju)
vem sendo utilizado em algumas pesquisas e tem apresentado resultados terap&uticos
satisfatorios, potencializando o processo de cicatrizagdo de lesdes cutdneas em
camundongos (Schirato et al., 2006; Monteiro et al., 2007), atividade antiparasitaria
bem como atividade antitumoral in vitro frente a células HeLa e a células do sarcoma
180 (Floréncio et al., 2007).

O interesse no desenvolvimento de filmes e/ou coberturas do polissacarideo da
goma do cajueiro (Policaju) vem crescendo nos ultimos anos. Monteiro et al. (2007)
desenvolveram um curativo utilizando celulose com tripsina imobilizada em filmes do
Policaju, visando a sua aplicacdo terapéutica em processos cicatriciais. O
desenvolvimento e a caracterizagdo de filmes a base de Policaju também foi alvo de
estudo por Carneiro-da-Cunha et al. (2009), onde filmes constituidos de Policaju,
sorbitol ¢ Tween 80 apresentaram importantes propriedades fisicas ¢ mecanicas que
possibilitam a sua utilizagdo na industria de alimentos. Souza et al. (2010) avaliaram o
efeito de revestimentos de Policaju no tempo de prateleira de mangas Tommy Atkins
refrigeradas. Neste estudo, observou-se que nos frutos revestidos com Policaju ocorreu

uma redugéo na perda de agua, evitando a desidratagdo e consequente perda de textura.
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The effect of the concentrations of the polysaccharide from Anacardium occidentale L (Policaju) and a sur-
factant { Tween 80) on relevant properties of edible coatings/films, in view of their application on apples
{ev. Gobden) was evaluated. The influence of the interactions between those two constituents on apples”
surface properties and on the coating/flm’s wettability, water vapor permeability, opacity and mechan-
ical properties was evaluated. The effects of the studied variables (polysaccharide and surfactant concen-
trations) were analyzed according to a 2° factorial design. Pareto bar charts were used to understand the
maost significant factors on the studied properties. The addition of surfactant reduced the cobesion forces,
therefore reducing the surface tension and increasing the wettability; this resulted in an improved com-
patibility between the solution and the fruit skin surface. The opacity was also reduced. The resulis of
eiachof the analyzed properties were adjusted to a polynomial, multifactor model, which provided a good
fitting accuracy. This model is important once it will reduce the characterization work needed in subse-
quent applications of these coatings/films on foods.

© 2009 Elsevier Ltd. All nghts reserved.

1. Introduction

In the most recent years, food and packaging industries have
been joining efforts to reduce the amount of food packaging mate-
rials. This attitude is closely connected with the growing impor-
tance of the environmental issues at the consumer level, which
are being translated to increasingly restrictive policies by the gov-
emments of many countries worldwide. As an answer to these is-
sues, the commercial use of bio-based primary food packaging
materials is being implemented, based on the research efforts
which are being made by many groups all over the world. Related
with the concemns for a safer and healthier environment, consum-
ers also demand for high quality food, without chemical preserva-
tives, and with an extended shelf life, leading to additional efforts
to get new natural preservatives and antimicrobials,

The modified atmosphere created by edible coatings protects
the food from the moment it is applied until it reaches the final con-
sumer (Durango et al., 2006; Ribeiro et al., 2007 ). Several research-
ers have studied the application of coatings on fruits such as apples
(Rojas-Grau et al, 2007), strawberries (Mali and Grossmann, 2003;
Tanada-Palmu and Grosso, 2005; Ribeiro et al, 2007), mangoes

* Corresponding author. Tel: +55 81 21268547 fax: +55 81 2 1268576,
E-mumil address: mgoo@ulpebr (MG, Carneino-da-Cunha)

M2G0-BTT4(8 - gew front matter © 2000 Elvevier Lud. All rights reserved.
dok: 10,10 6] jfood eng 2009.05.000

(Chien et al., 2007; Dang et al. 2008), tomato (Casariego et al.,
2008) and kiwi (Xu et al., 2001). Polysaccharide-based coatings
are colorless, have an oily-free appearance and a low caloric content
and can be used to increase the shell life of fruits, vegetables, shell-
fish or meat products avoiding or significantly reducing dehydra-
tion, oxidative rancidity and darkening of the surface. Other
characteristics that make them attractive are their transport prop-
erties (permeability to water vapor), through which they can re-
duce eg., the weight loss and the microbial spoilage of the fruits
{Dang et al., 2008 ). The knowledge of the wettability of the coatings
is also of particular importance, as it is a parameter that defines the
ability of a coating to be uniformly distributed on the surface of the
fruit (Lin and Zhao, 2007}, thus directly affecting its performance as
a preservation agent.

Policaju gum is a bark exudate from Anacardium occidentale L, a
tree that grows in tropical and subtropical countries. This gum is a
complex polysaccharide, has a highly branched galactan frame-
work consisting of chains of (1 - 3)-linked p-p-galactopyranosyl
units with interspersed p (1 — 6) linkages. The main aldobiouronic
acid present is 6-0-(f-o-glucopyranosyluronic acid)-o galactose
{Zakaria and Rahman, 1996).

The easy access to this inexpensive, non-toxic, hydrophilic, bio-
compatible and biodegradable polysaccharide from A occidentale L
{cashew tree) gum, presenting interesting biological activity and
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good rheological properties are factors that also make viable its po-
tential use as immobilization matrix in other applications such as,
e.g, cutaneous dressing (Monteiro et al,, 2007}

The development of applications from natural products and their
use at production sites to increase the fruits’ shelf life might be an
important contribution for the economy of countries like Brazil.

The objective of this work was to evaluate the effect of Policaju
and Tween 80 concentrations on relevant properties of edible coat-
ings/films, in view of their application on apple fruit. In view of
this, the influence of the interactions between those constituents
on the coatings'/films’ wettability, work of adhesion and cohesion,
water vapor permeability, opacity, tensile strength and on elonga-
tion at break was evaluated. A polynomial model was used to de-
scribe the results obtained for each of these properties.

2. Materials and methods
2.1. Materials

The polysaccharide from A occidentale L. tree gum (collected in
the South coast of Pernambuco, Brazil) was obtained according to
Menestrina et al. (1998) and termed Policaju. Sorbitol 97% and
Tween 80 were obtained from Acros Organics (Belgium). Apples
{ov. Golden) were purchased from a local supermarket (Braga,
Portugal).

22, Coatings and films preparation

Edible coatings/films were prepared using water, Policaju, sor-
bitol and Tween BO0. Coatings/films solutions were based on a two
level factorial design with Policaju concentrations of 1.5% and
3.0% (w/v) and Tween 80 concentrations of 0.0% and 0.1% (w/v], to-
gether with sorbitol, always present at the concentration of 0.4%
{wiw). Policaju was dissolved in distilled water under agitation,
using a magnetic stirrer at 200 rpm for 24 h at room temperature
{20 *C), sorbitol (and, eventually, Tween 80) was subsequently dis-
solved in this solution. A constant amount (13 mL) of each of the
solutions obtained was cast onto a 5.7 on diameter glass plate.
The films were then dried in an oven at 35°C for 16 h and main-
tained at 20 °C and 50% relative humidity ( RH) until characteriza-
tion. Although the raw materials and the production methods are
the same, the designation coatings/films is used throughout the
text once the form under which they are characterized varies
depending on the test being performed (eg.. mechanical tests
and permeabilities need to be made on films, while the tests on
wettability need to be performed on the coated fruits),

2.3. Film thickness

Film thickness was measured with a digital micrometer (No,
293-561, Mitutoyo, Japan). The measurements were performed
as follows: each film obtained as described in the previous section
was divided into five pieces; on each piece, five different, randomly
chosen points were measured, thus rotaling 25 measurements for
each film. The mean values were used to calculate films properties.

24, Fruit and their preparation for contact angle measurements

The apples were selected for their uniformity, size, color ( paying
particular attention at their ripeness state) and absence of physical
damages and fungal infection. Before testing, the fruits were left at
moom temperature (20 “C) and their surface was cleaned with dis-
tilled water. Thin portions of the outer surface (skin) of the fruits
were cut with a knife and placed on a glass plate for contact angle
measurements,

25, Critical surface rension

According to Zisman (1964, in systems having a surface tension
lower than 100 mN m ™" (low-energy surfaces), the contact angle
formed by a drop of liquid on a solid surface will be a linear func-
tion of the surface tension of the liguid, i (were phase V is air
saturated with the vapor of the liguid, L), Zisman's method is appli-
cable only for low-energy surfaces; therefore it is necessany to
determine the surface energy of the apple.

For a pure liquid, if polar () and dispersive (3{) interactions
are known, and if @ is the contact angle between that liquid and
a solid. the interaction can be described in terms of the reversible
work of adhesion, Wa, as:

Wo=Wi+ W2 o= W, =2. (id ot + A1) m

where 7§ and 47 are the polar and dispersive contributions of the
surface of the studied solid. Rearranging Eq. (1), yields:

1+cn5ﬂli‘_=“h_g,aﬁ+ﬁ (2)
I i

The contact angle determinations of at least three pure com-
pounds: bromonaphthalene (Merck. Germany), formamide (Merck,
Germany) and ultra pure water, on the surface (skin) of the apple
combined with the respective dispersive and polar component val-
ves, will allow the calculation of both the independent variable,

(ﬁ) .and the dependent variable, (11?“ ; —\7;) from Eq.(2).

The surface tension, the dispersive and the polar component
are, respectively, 7210, 19.90 and 5220mNm™' for water,
44,40, 44.40 and 0,00 mN m " for bromonaphthalene and 56.90,
23.50 and 3340 mN m ' for formamide (Busscher et al., 1984).

The estimation of the critical surface tension (yo) was per-
formed by extrapolation from Zisman plots (Zisman, 1964} The
critical surface tension (yc) is defined as:

ve=limyy,, as0 -0 (3)

2.6. Wettabiliry

The wettability was obtained by determining the values of the
spreading coefficient (Ws) and the works of adhesion (Wa) and
cohesion (We). The surface tension of the coating solution was
measured by the pendant drop method using the Laplace=Young
approximation (Song and Springer, 1996),

The contact angle (@) of a liquid drop on a solid surface is de-
fined by the mechanical equilibrium of the drop under the action
of three interfacial tensions: solid-vapor () solid=liquid (vg).
and liguid-vapor (). The equilibrium spreading coefficient
(Ws) is defined by Eq. (4) (Rulon and Robert, 1993) and can only
be negative or 2ero.

Ws =Wa -We=1g — - Va (4}
where Wa and We are the works of adhesion and cohesion, defined
by Eqs. (5) and (6). respectively.
Wa =73, + ¥y~ Ya (5)
We=2-3, 6}
Contact angle (6) and liquid-vapor surface tension (yu) were
measured in a face contact angle meter (OCA 20, Dataphysics, Ger-
many ) The samples of the coatings were taken with a 500 pL syr-

inge (Hamilton, Switzerland), with a needle of 0.75mm of
diameter. The contact angle at the fruit surfaces was measured
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by the sessile drop method (Mewman and Kwok, 1999) Measure-
ments were made in less than 30 s, Twenty replicates of contact
angle and surface tension measurements were obtained ar 21.1
(+0.4) *C.

2.7. Water vapor permeability [WVP) measurement

Water vapor permeability (WVP) was determined gravimetri-
cally based on ASTM E96-92 method (Guillard et al, 2003). The
film was sealed on the top of a permeation cell containing distilled
water (100% RH; 2337 Pa vapor pressure at 20 °C), placed in a des-
jccator at 20 *C and 0% RH (0 Pa water vapor pressure) containing
silica. The cells were weighted at intervals of 2 h during 10 h. Stea-
dy-state and uniform water pressure conditions were assumed by
keeping the air circulation constant outside the test cell by using a
miniature fan inside the desiccator. The slope of the weight loss
versus time was obtained by linear regression. The thicknesses val-
ues used in WVP calculus were presented in Table 1. Three repli-
cates were obtained for each film.

2.8. Opaciry

The films were whitish and not completely opaque. Their opac-
ity was determined using a Minolta color meter (CR 400; Minolta,
Japan) and according to the Hunterlab color scale, Following this
method the opacity (¥) was calculated as the ratio between the
opacity of each sample on the black standard (Y, ) and the opacity
of each sample on the white standard ( ¥, L From three replicates of
each film sample were determined ar random three Y, and ¥, and
an average of them were used for calculations. The results were ex-
pressed as a percentage: ¥ (%)= 100 [ Yy/V..).

29, Tensile strength (T5) and elongation at break (EB)

7% and EB were measured with an Instron Universal Testing Ma-
chine (Model 4500, Instron Corporation ) following the guidelines
of ASTM Standard Method D 882-91. The initial grip separation
was setat 30 mm and the crosshead speed was set at 5 mm min .
15 was expressed in MPa and calculated by dividing the maximum
load {N) by the initial cross-sectional area (m?) of the specimen. EB
was calculated as the ratio of the final length at the point of sample
rmupture to the initial length of a specimen (30 mm ) and expressed
a5 a percentage. According to the ASTM standard, film strips with a
length of 45 mm and a width of 20 mm were used. 75 and EB tests
were replicated at least five times for each type of film,

210 Seatistical analysis

2101, Design of experiments
A design of 2-levels was applied, giving a total of four non-cen-
ter-points runs The independent variables were Policaju concen-

Tale 1

tration (1.5% and 3.0% (w/v)) and Tween B0 concentration (0.0%
and 0.1% (w/v]),

2102 Data and graphical enalysis

All data and graphical analyses were performed using Microsoft
Windows Excel 2003 and Statistica software (release 7, edition
2004, Statsoft, Tulsa, DK, USAL Pareto charts were used to evaluate
the statistical significance of each factor and the interactions be-
tween the factors.

2.10.3. Modelling
The experimental data were fitted to a multifactor model, rep-
resented by Eq. (7):

Y=a+DbX;+cXs+e-XiX; i?l

where Y represents the dependent variables: Ws, Wa, We, WP,
Opacity. TS and EB; and X;. Xz are the independent variables, Polic-
aju and Tween B0 concentrations, respectively.

The fitting accuracy of the models was evaluated by the deter-
mination of the following coeMicients: coefficient of determination
(R*), mean relative deviation modulus {E) and by the accuracy fac-
tor (Af]. The goodness of fit was quantified by the B* which gives
the percentage of the variance of the data that is explained by
the model:

R’;i—gg (8)

where S50 is the variance times the degrees of freedom:
=

S0 =Yy, - % (9)
i=

with ¥, being the average of all experimental data points:

}'r' = E‘:I-lyl t 'ID!
n

The higher the B value, the better the model fits the experimental

data (Neter et al, 1996).

The mean relative percentage deviation modulus, E, in Eqg. (11
indicates the goodness of fit between the observed and predicted
values of the analyzed parameters for the independent variables
used, being N the number of data points, R, the observed values
of each parameter, and By, the values predicted by the model. Val-
wes below 10% are indicative of a good fit (McLaughlin and O'Bei-
me, 1999),

100 X |(Ri = Ruve
EHT.EI:— (11

R

Valued of wettabity, adhesion and cohesion coefficients, water vapor permeabiity, opacity, temile strength, elongation at break and thickness obtained for Molicaju coatingfilm

Properties 1.5% Policaju + 0LOT Tween B0 1.5% Policaju + 01X Tween B0 3.0 Policaju + 0 Tween BO 20% Pobcaju + 01K Tween B0
Wi lmNm™') -53B5% 141° —20.01 +051" ~52.88 & 0.1 —26.16 + (48"

Wi (mdm=") IR 5541144 I6.09 + DET* 4269 +091° 3540 + DRI

We (mNm') T2 00 6547 £+ 014* 9587 01T 6161 £033*

WP 10 gm s pa! 783+ 0563 1083 £ 0.22* BB4£031" 1356 £ 067

Opaciry (%) EA1+ 056" 416 +028" B+ 1214 489 + 066"

TS (M) 461+033* B6T=041" 3502 091° 5402 037"

EB (%) 1501 £1.12* 1524 £ 1,54 908 & 1.94° 55831 077°

Thickness = 10°* [m) U083 & LODGE* 0.109 £ 0.002" 0.122 + D.006" LRTSES T

*Different sipemneript letiers in the same line ndicate a watistically signiflcans difference [Turkey tes p < 005). Data are averages & standard deviation: Wi, Wa and We,

n=20 WP n = 3; opacity and mechanical properties, n=5.
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Fig. 1. Pareto chars for the analyzed properties: Wi (al Wa [b), We (), water vapor permeabilicy (d), opacity (&), tensile strengrh (1) and clongation ar break (g).

racy. The closer the Af value is to 1, the better the accuracy (Ross,

Also the accuracy factor (Af) gives us information of the fitting accu- : gﬁﬁﬂ
1996): A =10 j=123,..J

(12}
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3. Results and discussion

Preliminary experiments (data not shown) have shown that a
Policaju content lower than 1.5% (wjv) would render the film too
brittle, therefore only polysaccharide concentrations of 1.5% or
above were used here, Different plasticizers such as glycerol, poly-
ethylene glycol and sorbitol were also subjected to a preliminary
evaluation, being sorbitol the one that provided a better fexibility
to the film, at a concentration of 0.4 g/g of Policaju. It is known that
the plasticizer decreases the interaction forces between adjacent
pelymeric chains and increases the chain mobility, becoming the
coating/film more flexible. The addition of sorbitol therefore im-
proves the mechanical properties of the coating/film once it is
formed, and made it possible to form stand-alone films with good
flexibility and easily removable from the Petri dishes where they
were cast, making them easier to handle, Tween 80 was added to
the solution due to its surface active properties, aiming at improv-
ing the wettability of the coatings/films,

31. Surfoce tension and critical surface tension

Az described in the Materials and Methods, the determination
of the surface tension and of the critical surface tension allows
the characterization of the surface properties of the apples’ skin.
The critical surface tension values that are reported in the litera-
ture are generally lower than the surface tension values. In our
work, the apple surface presents values of the critical surface ten-
sion and of the surface tensionof 254 mNm " and 27.81 mNm ",
respectively, The apple surface is therefore a low-energy surface
{values well below 100 mN m~'). Being so, its surface interacts
with liquids primarily through dispersion forces as reported by Ru-
lon and Robert (1993}, Under this circumstance, Zisman's method
was used to determine the wettability of the apples’ surface, which
presented a high dispersive component (27.13 mN m "), and a low
polar component {068 mN m '), demonstrating the ability of the
apple’s surface to participate in non-palar interactions.

3.2 Wettabiliny (Ws), work of adhesion (Wa) and work of cohesion
(W)

Wettability (WSs) is one of the most important properties when
evaluating the capacity of a solution to coat a surface of interest,
where higher values of Ws (closer to zero) are considered the most
suitable to coat the surface, The obtained results are reported in
Table 1. Summarizing the best Ws values were found with the
addition of 0.1% (w/v) Tween 80 as follows: —29.01 £ 051 and
~26.16 £ 0.48, for 1.5% and 3.0% (w/v) Policaju. respectively. The
addition of Tween 80 to the solution reduced the surface tension
of the liquid through a reduction of the cohesion forces; this pro-
voked an increase of Ws thus improving the compatibility between
the solution and the fruifs skin surface.

This behavior has already been found by Zhang and Quantick
(1997) when working with chitosan coatings. They have added,
as reported, 0.1% (v/v) Tween 80 to improve the wettability. Choi

et al. (2002]) have also reported that the addition of 0.1% (wjv) of
Tween 80 improved the compatibility of the chitosan coating solu-
tion and the apple skin

The Pareto bar charts of standardized effect estimates (absolute
values) showed the magnitude of the positive effect of Tween 80
concentration on Ws (Fig. 1a). Pareto charts also showed that the
Policaju concentration and the interaction between Tween 80
and Policaju influences the Ws values,

The influence of the addition of Tween 80 on Wa was relatively
poor (Table 1) The Pareto bar chart of effects showed a negative ef -
fect of Tween 80, thus reinforcing the idea that this factor does not
have a favorable influence on that variable (Fig. 1b). Also in this
case the interaction between Tween 80 and Policaju concentration
influences the Wa values, The best Wi values, compatible with the
best Ws values, were found to be 36.09 + 063 and 35.40 +0.83 for
the films containing 1.5% and 3.0% (w/v) Policaju, respectively,

The influence of Tween 80 concentration on We was consider-
able (Table 1). The Pareto bar chart of effects (Fig. 1) showed that
Tween 80 was by far the most important factor influencing the
values of We, with a negative effect, followed by the interaction
of Tween 80 and Policaju, also showing a negative effect. Policaju
concentration. in tum, has only a marginal effect when compared
with the other two. The addition of Tween 80 decreased
substantially the cohesion forces, thus increasing the spreading
coefficient

Table 2 shows the parameters of the model presented in Eq. (7)
that provided the better fit to the obtained results. The quality of
the fitting for Ws, Wa and Wc is also displayed, being the values
of R* always above 0,93, those of E always below 10% and those
of Af very close to 1 at all times, showing that the models provide
a very good fit to the data. Casariego et al. (2008) used a similar
maodel to adjust the values of Ws. Wa and We in tomato and carrot,
with values of R* higher than 0.85.

33 Water vapor permeability (WVP)

The water vapor permeability is the most extensively studied
property of edible films, mainly because of the importance of the
water in deteriorative reactions. The Pareto bar chart (Fig. 1d)
shows that Tween 80, followed by Policaju and by the interaction
of both {in a lesser extent) are important factors influencing the
value of WVP The addition of surfactant provoked an increase of
WVP (Table 1), this was somewhat unexpected since the surfactant
has a hydrophobic component.

Similar behaviors were reported by Rodriguez et al. (2006) and
Ziani et al. (2008), These authors also reported the considerable
synergetic effect between the plasticizer and the surfactant both
under low and high levels of surfactant However Chen et al
(2009) found a decrease of WVP In starch/decolorized hsian-tsao
gum (dHg) composite films in the presence of sucrose ester surfac-
tant. According to these authors the effect of surfactant on the WAVP
aof edible films would be strongly dependent on the types and con-
centrations of surfactants as well as the material properties of the
film-forming materials.

Table 2

Mode] equations and the cormesponding qualiny of the fit evaluation pardmeters,

Model equations B E Ay
W= - 54.7252 + 05811 « Policaju + 228.5957 = TweenB0 + 1312060 » Policaju « Tween80 0459 00001 1,00
Wi = 344107 + 2.7506 » Policaj » 23,7146 « TweenB0-I21912 « Policaju = TweenB0 093 0,000 o949
Wi = 90,4440 + 1.843 = Policaju -213.1600 = TweenB0-42 8770 = Policaju = Tween80 0s9 00407 099
WVP= G.8229 + 06745 = Policaju + 1 29828 « Tween80 # 113770 « Policaju = Tween80 oa7 0.5957 0.5
Dpucity = 8.9868 -0.1 155 = Policaju-522887 = Tween20 + 40130 = Policaju = TweenB0 054 00013 100
15 = 05438 + 27079 » Policaju + 9,1820 = Tween80- 135107 = Policaju » Tweens0 a7 00015 059
ER = 14. 7800 + 0.1 547 « Policaju -25.5340 » TweenS0 -22.5347 =« Policaju « TwoeenB0 oo 10,0008 0.9
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The WP of edible films depends on many factors including, the
integrity of the films, the polymeric chain mobility and the hydro-
philic=hydrophobic ratio. The properties of the surfactant mole-
cules are differently affected by the hydrophilic head group and
hydrophobic tail. Their total effect is known as the Hydrophilic=
Lipophilic Ralance (HLE). This Balance is defined by a number that
ranges from 0 to 40, Generally, an HLB number <10 indicates thata
surfactant has low solubility in water while an HLB number be-
tween 10 and 20 indicates that the surfactant is readily soluble
in water. The HBL of the Tween 80 surfactant is 15 and the WVPin-
crease on Policaju film suggests that the hydrophilic part of the
surfactant was probably the responsible for permeability increase
as discussed in the section on mechanical properties, below.

Also the thickness of the films can influence the values of WVP.
With the increase of Policaju concentration, the solid content in the
films increased and the films presented higher values of thickness
(Table 1). Other works were performed to better understand the
influence of film thickness in the WVP valoes (Morillon et al.,
2002). Further work has to be done to understand how the thick-
ness of Policaju films can influence their WVP values, and if a cor-
relation exists between the obtained WVF values and the increase
of thickness.

The WVP values obtained in the present work are in agreement
with other polysaccharide based films. Cerqueira et al. (2009) pre-
sented values of WVP for galactomannan and glycerel films, rang-
ing between 489 and 605 = 107" gm~"' 57! Pa~"; in the same
work Souza et al, (2009) obtained values of WVP for chitosan films
with Tween 80 of 369 « 10-Vgm~'s~"Fa~!,

When the model equation (Eq. (7]) was fitted to the WP exper-
imental data a good fit, with & above 0,97, E below 10% and Af very
close to 1, was obtained (Table 2 ), thus satisfactorily describing the
behavior of WVP under the influence of the factors under
consideration.

34. Opacity

The average values of opacity of Policaju and sorbitol films in
the presence and in the absence of the surfactant Tween 80, were
reported in Table 1. The presence of Tween 80 in the solution re-
duced the opacity (or increased the transparency)l The higher
reduction of opacity was found with 1.5% (w/v) Policaju and 0.1%
{wiv) of Tween 80, reaching an expressive 473 reduction.

The opacity is an important element o control the light inci-
dence on a food (apple, in this case), being a relevant property
since it has a direct impact on the appearance of the coated prod-
uct. The opacity of starch/dHg films in the presence of different su-
crose ester surfactants was evaluated by Chen et al. (2009) and
they did not find a significant opacity change; however, the opacity
values of those films were lower when compared with other biode-
gradable films without addition of surfactants. These authors also
found that the concentration increase of 5-1170 surfactant from
0% to 25% led to an increase of opacity of abour 43%,

The decrease of the opacity with the addition of Tween 80 can
b related with the influence of the surfactant on the film plastici-
zation. The presence of surfactants could reduce the interactions
between polymer molecules, which resulted in a microstructure
with apparent cracks (Chen er al, 2009}, increasing the light thar
passes through the film, thus decreasing the overall opacity. This
does not mean that opacity would be the same all over the film;
in fact, it may increase locally in the area between the cracks. How-
ever, once these are micro-cracks our equipment does not allow
determining the opacity values for such small areas in order to
avold crack presence.

The Pareto bar chart (Fig. 1e) showed that Tween 80 concentra-
tion was the most important factor influencing the value of opacity
{with a negative effect. meaning that the surfactant decreased the

opacityl The effect of the concentration of Tween 80 in opacity is
evident, however it is also evident that Policaju concentration (or
its interaction with Tween 80) do not significantly inflluence that
property (Fig. ie).

The fitting of the model equation (Eq. (7)) to the experimental
values of opacity shows very good results (Table 2), with values
of B above 0.94, Af very close to 1 and E always above 10%,

3.5. Mechanical properties

The tensile strength (T5) is the ability of a material to resist
breaking under tensile stress, The Pareto bar chart (Fig. 1) shows
that Policaju concentration is the most important factor influenc-
ing this property, with a positive effect. Tween 80 concentration
also has an influence on TS but with a negative effect (an increase
of Tween 80 concentration decreases the value of T5).

The fitting of the model equation (Eg. (7)) to the experimental
values of TS shows a very good quality of the fit, with values af
R*® above 0.97 and Af very close to 1; E presented values above
10% in both cases (Table 21

The elongation at break (EB) of an engineering material is the
length increase, expressed as a percentage, which occurs before it
breaks under tension. The Pareto analysis (Fig. 1g) demonstrates
that Tween 80 concentration is by far the most important factor,
showing a negative effect on the values of EB,

The fitting of the model equation (Eg. (7)) to the experimental
values of EB shows quite good results, with values of ¥ above
0.91%, F below 10% and Af very close to 1 in both cases (Tahle 2).

A reduction on 75 values from 4.61 £0.33 to 3.50 +0.31 MPa
and from 8.67 +0.41 to 540 £ 037, was observed when Policaju
concentration was increased from 1.5% to 3.0% in films without
and with Tween 80, respectively (Table 1) Equally, a correspond-
ing reduction was also found on EB, from 1501 £1.12% to
9.08 + 1.94% and from 15.24 + 1.54% to 5.93 + 027X, respectively.

Similar behaviors were reported by Rodrguez et al, (2008), Zia-
ni et al. (2008) and Chen et al. (2009} Both 75 and EB decreased by
incorporation of a surfactant. The loss of mechanical strength may
be a significant disadvantage for films in some applications but its
importance is relatively lower if the material is used for coatings
on a supporting material The surfactants hold hydrophilicity and
hydrophobicity simultancously and one possible explanation for
the behavior observed In our work is that the hydrophilic part of
the surfactant established interactions with the solvent (water)
or with the hydrophilic parts of the polysaccharide [e.g. through
Hydrogen bonding), a further possibility is that the establishment
of these interactions caused a disruption of the structure as it
was prior to their occurrence that affected the mechanical proper-
ties of the material. The values obtained for mechanical properties
are in agreement with those of other polysaccharide based films.
Cergueira et al. (2009) presented values of for TS values that ranged
between 2.56 and 3.96 MPa and EF values ranging from 28.26% to
46.36%. Casariego et al (2009) obtained values, for films of 1% of
chitosan, of approximately 10MPa and 14% for T5 and EB,
respectively.

4. Conclusion

This work shows how Policaju-based coating/films properties
can be affected by the concentration of Policaju and the presence
of Tween 80 in coating/film. Tween 80 was found to be the most
significant factor in these coating/films properties.

The obtained values of the measured properties were: the
spreading coelficient ranged from —26.16 to —-53.85 mNm™"; the
adhesion work ranged from 3540 o 4269 mN m~"; the cohesion
work ranged from 61.61 to 95.97 mMN m~'; the water vapor perme-
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ability ranged from 7.83 < 107" to 1356 x 107" gm"s " Pa~";
the opacity ranged from 4.16% to 8.81%; the tensile strength ranged
from 3.50 to 8.67 MPa; and the elongation at break ranged from
5.93% to 15.24% The multifactor model gave good fitting accuracy
with coefficient of determination above 091, a mean relative devi-
ation modulus below 0,60 and an accuracy factor with values be-
tween 099 and 1.00, allowing the further optimization of this
kind of coating/films, depending on the desired optimum value,
This model is important once it will reduce the characterization
work needed in subsequent applications of these coatings/films
on foods,

These findings provided important information on properties of
Policaju-based coating/films in view of their use by the food indus-
try e.g., as coatings and films for the improvement of fruits storage
conditions.
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Policaju-based coatings were applied on “Tommy Atkins” mangoes and the effects of four different
trentiments on mango shelf=life were evalunted under storage condition at 4°C and 82 % of relative
humidity over 28 days. The surfiuce tension of mangoes was found to be 20,04 mN m™"; the dispersive

and polnr components were 27.57 mN m

'and L47 mN m

!, respectively, and the critical surface

tension was 227 mN m~!. A significantly lower mass loss was observed in all mangoes treated
with Policaju-based coatings. For all applied treatments, no significant variation in the total soluble
solids and pH was detected over the experimental storage time. The results show that Polica ju-based
coatings have o positive effect on the shelf-life oxtension of mangoes at low storage temporatures

{4°C).
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Introduction

Increasse of the demand for fresh fruits and vegeta-
biles, preat losses of quality ocourring from the har-
vesting to the final consumption, and short shelf-life
of fruits force the food industry to develop new and
better methods of food quality preservation and to ex-
tend the shelf-life as well, Besides, all over the world,
consumers dewand high quality food without chemi-
cal preservatives and with extended shelf-life. These
factors, taken together, raise the demand for new uat-
ural preservatives and antimicrobials (Chien et al.,

*Corresponding author, e-mail: mgeeiufpe. hr

2007; Lin & Zhao, 2007). Implementation of optimuam
storage conditions through refrigeration and modified
atmosphere or combination of both can be quite ef-
fectlve in maximizing shelf-life and quality of food
products, This requires the control of factors such as
temperature, relative humidity, gas composition, light,
and mechanical/physical stress. However, there Is a
nesd for new methods that can be easily applied to
smaller amounts of the product at o lower price, while
maintaining the preservation efficiency. Edible coat-
ings creating a wodificd atmosphere surrounding the
commodity, with a similar effect to that achieved by

59



476 M. P. Souzs et al./Chemical Papers 64 [4) 475-481 (2010)

controlled or modificd atmospheric stornge conditions,
have heen considered. Modified atmosphere ereated
by edible coatings protects the food from the moment
it is applied until it reaches the final consumer (Du-
rango ¢t al., 2006; Ribeiro et al., 2007). Several re-
searchers have studied the application of coatings on
fruits such as apple (Rojas-Graii et al., 2007), straw-
berries (Ribeiro et al., 2007), mango (Chien et al.,
2007; Dang et al., 2008), fresh-cut melon (Oms-Olin
et al., 2008), tomato (Casariego et al., 2008), avocados
(Maftoonazad & Ramaswamy, 2005), and litchi fruit
{Jiang et al., 2005). Polysaccharide-based coatings are
colorless with an oil-free appearance and low caloric
content and can be used to increase the shelf-life of
fruits, vegetables, shellfish or meat products avoiding
or significantly reducing dehydration, oxidative ran-
cldity, and darkening of the surface. Other character-
istics that make them attractive are their transport
properties, permeability to COg, Os, and water vapor,
reducing e.g. the mass loss and the microbial spollage
of fruits ( Dang et al., 2008). The knowledge of the wet-
tability of coatings 15 also of particular importance as
it is a parameter that defines the ability of a coating
to be uniformly distributed on the surface of the fruit
(Lin & Zhao, 2007) thus directly affecting its perfor-
mance as a preservation agent.

Mango Is a seasonal fruit that ripens quickly af-
ter harvest (between 3 days and 9 days) and, conse-
quently, presents serfons restrictions to long distance
marketing (Gomez-Lim, 1997}, Sensitlvity to disease
and low temperature as well as the deterioration duoe
to ripening or softening of the fruit, limit its potential
in terms of storage, packaging, and transport (Mitra &
Baldwin, 1997). However, Shivashankara et al. (2004)
showed that lower storage temperatures can be used
with Irwin mangoes to improve their shelf-life.,

The polyssacearide obtained from eashew gum
(Policaju) is a complex polysaccharide formed by
galactose (73.0 %), glucose (11.0 %), arabinose (5.0 %),
rhamnose (4.0 %), mannose (1.0 %), and glucuronic
acid (6.3 %) with a highly branched galactan frame-
work consisting of chains of (1—3)-linked G-p-galacto-
pyrancsyl units with Interspersed 8 (1—6) link-
nges (Panln & Rodrignes, 1995). This nontoxic, ly-
drophilic, biocompatible, and biodegradable polysac-
charide presenting interesting biological activities such
as anti-inflammatory and wound healing, has been
reported as a potentinl constituent agent of films
(Carneiro-da-Cunha et al., 2000) and suggested as a
support for the immobilization of biomolecules (Schi-
rato et al., 2006; Monteiro et al., 2007).

This polysaccharide Is o cheap alternative to ex-
isting (mostly synthetic) substances and has the ad-
vantage of being produced locally, near the harvesting
gites of mango. The development of these applications
from natural products and its use in the production
sites to increase the fruit shelf-life can be an important
contribution to the economy of countries like Brazil.

In this work, coatings based on the polysaccharide
from Anacardium ecccidentale L. tree gum (Policaju)
were evaluated as edible coatings extending the shelf-
life of mangoes, at a low storage temperature of 4°C,
following closely the chemical changes of mangoes over
28 days of storage. Prior to the application of different
coatings, the mangoes surface properties were evalu-
ated and the coating composition was optimized in
terms of its wettability.

Exporimental

“Tommy Atkins” mangoes were purchased from a
local producer (Pernambuco, Brazil). Sorbitol 97 %
and Tween 80 were obtained from Acros Organies,
Belgium. Polysaccharide from A. occidentale L. tree
gum (collected from cashew in the South coast of Per-
nambuco, Brazil) was obtained aceording to the mod-
ificd method of Menestrina et al. (1998) and termed
Policaju. Briefly, cashew gum (20 g) was crushed and
dissolved in distilled water (100 mL) under magnetic
stirring (200 min=') for 2-3 h at room temperature
(25°C). The solution was filtered through a Vual tis-
sue followed by o new filtration using screen printing
cloth (90 thread type), and precipitated with ethanol
{1:3). The precipitate (Policaju) was dissolved in dis-
tilled water, filtered using sereen printing eloth (110
thread type) and fnally dried at 30°C to remove resid-
ual ethanol.

Properties of mangoes

As uniform as possible, the mangoes were selected
according to the same semi-mature state (color and
amell) with similar size, absence of damage and fungal
infection and then washed with distilled water. Thin
portions of the outer surface (skin) of mangoes wore
cut with a knife and placed on a glass plate for contact
angle measurement.

According to Zisman (1964}, in systems with a sur-
face tenslon lower than 100 mN m~! (low-energy sur-
faces), the contact angle formed by a liquid drop on
a solid surface will be a linear function of the surluce
tension of the liquid, sy, (where phase V is air satu-
rated with the vapor of liquid L). The Zisman method
is applicable only for low energy surfaces; therefore it
is necessary to determine the surface energy of man-
goes,

For a pure liquid, if polar (7f) and dispersive (4¢)
interactions are known, and if # is the contact angle
between that liguid and o solid, the interaction can be
described in terms of the reversible work of adhesion,
W, as

Wa=Wd+ WP e W,=2 (\;’vé—rﬂ + \fa«é’-f'.;) (1)

where 45 and 4€ are the polar and dispersive contribu-
tions of the surface of the stodied solid. Rearranging
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Eq. (1), the following equation is obtained

14 cosf P
B~ Ve E RS T

Clontact angle determinations of at least three pure
compounds: bromonaphthalene {Merck, Germany),
formamide (Merck, Germany), and ultra pure water,
on the surface of mangoes (fruit skin) combined with
the dispersive and polar component values allow cal-

culating both the independent ( -EE and the de-

YL

pendent (1+—;M L) variables in Eq. (2).
Vi

Surface tension, the dispersive and the polar
component were, respectively, 72,10 mN m™!, 19.90
mN m~', and 52,20 mN m™' for water, 44.40 mN
m~!, 44.40 mN m~—?!, and 0,00 mN m—! for hromon-
aphtalene, and 56.90 mN m~1, 23.50 mN m—!, and
33.40 mN m~! for formamide (Busscher ot al., 19584).

Estimation of the critical surface tension (¢ ) was
performed by extrapolation from Zisman plots (Zis-
man, 1964). These plots allow calculating the critical
surface tension (o) defined as

yo=limyy as #—0° (3)

Wettability was studied determining the values of
the spreading coeflicient { W) and the works of ad-
hesion ( W,) and cobesion ( W, ). Adhesive [orces pro-
mote the liguid spreading in a solid surface and cohe-
sive forees promote their contraction. Wetting behav-
ior of the solutions mainly depends on the balanee be-
tween these forces. Surface tension of the coating solu-
tion was measured by the pendant drop method asing
the Laplace-Young approximation (Song & Springer,
1996).

The contact angle (#) of a liguid drop on a
solid surface is defined by the mechanical equilib-
rinm of the drop under the action of three interfacial
tensions: solid-vapor (4sv), solid-liquid (vsp), and
liquid-vapor {~py). The equilibrinm spreading coef-
ficlent (W}) Is defined by Eq. (4) (Rulon & Robert,
1993) and its value can only be negative or zero

W= W, =W, =9v — v — 5L (4)

where the works of adhesion, Wy, and cohesion, W,
are defined by Eqs. (5) and (G), respectively,

Wa = v + 95v — 5L (5)
W = 27wy (6)

The contact angle (#) and the liguid-vapor surface
tension (5py) were measured in a face contact angle

meter (OCA 20, Dataphysics, Germany). Samples of
the contings were taken with o 0.75 mm diameter 500
ul syringe (Hamilton, Switzerland). The contact an-
gle at the mangoes’ skin surface was measured by the
sessile drop method (Kwok & Neumann, 1999), Mea-
surements were done in less than 30 s. Ten replicates of
contact angle and surface tension measurements were
obtained at (21.3 £ 0.5)%C. Wettability determina-
tions were performed with Policaju concentrations of
0.015 g mL~! and 0.03 g mL~"'. Tween 80 was used as
surfactant to Improve the wettability of the solution
on the mangoes' surface, five different concentrations
were used (0.25 x 1072 g mL~}, 0.5 x 10~% g mL~!,
0.75 % 10~% g mL~1, 1.0 x 10 g mL-!, and 2.0
» 10~ g mL-1}. All coatings contained sorhitol as a
plasticizer at the concentration of 0.004 g g~

Mangeaoes treatment and shelf-life analysis

Coating solutions were prepared by dissolving
0.015 g mL~? or 0.03 g mL~? Policaju in distilled wa-
ter under agitation using a magnetic stirrer for 24 h at
room temperature (259C). Subsequently, sorbitol as a
plasticizer and Tween 80 were added to the Policaju
solution in concentrations of 0.004 g g~ and between
0-2 = 10~3 g mL~!, respectively.

Whashed mangoes were dipped into a 0.5 vol. %
sodinm hypochlorite solution for 3 min, washed twice
with distilled water and left to dry. After drying, they
were kept at room temperature (25%C, close to the
temperature of the wettability tests) and at the rela-
tive humidity (RI) of 66.6 % until coating application.

Mangoes were arranged lnto five groups accord-
ing to the applied coatings: 0.015 ¢ mL=1 of Policaju
(P1.5%), 0,03 g mL~! of Polleaju (P3.0%), 0.015 g
mL~! of Policaju with Tween 80 (P1.5%tw), 0.03 g
mL~! of Policaju with Tween 80 (P3.0%tw), and the
control group without coating. All coatings contained
sorhitol as a plasticizer at the concentration of 00004
g gt Each group was dipped into the correspond-
ing treatment solution for 2 min, the residual coating
being allowed to drip off.

The mangoes were randomly divided into five
groups of twelve mangoes each and they were stored at
4°%C and 82 % RH for 28 days. On the 1st, Tth, 15th,
and 28th day of storage, three mango samples were
peeled off and cut lengthwise to remove the stones,
The juice samples were squeezed from the two slices
of each mango and collected In sterilized jars in asep-
tic conditions. Afterwards, the juice was centrifuged
at 402 ¢ for 5 min and the flesh total soluble solids
(TSS) were determined on the supernatant using a
refractometer (Atago Automatic — Master T, Japan).
For pH determination, mango flesh was triturated and
ganged with o potentiometer (Analyses pH 300 M,
Brazil).

The mass loss was evaluated with a semi-precision
balance (B-TEC-500, Brazil); all mangoes were indi-
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vidually weighed at the beginning of the study and
during the storage time, The mass loss was expressed
ns

ey = g

Wy=AW = 100 % (7)

my

where my 15 the initlal mass and me is the mass at
time f. Each physico-chemical analysis was performed
in three replicates.

All data for the varinbles were analyvzed and com-
pared using ANOVA (for W, W., W,, mass loss, TSS)
and the Tukey test (p = 0.05) (for pH) (SigmaStat,
trial version, USA) to determine the significance of dif-
ferences found between the treatments (corresponding
to the five groups described here). Regression analysis
used for determination of the surface and eritical sur-
face tension was performed using SigmaStat (USA).

Results and discussion

The mangoes’ skin dispersive component ((27.57
£ 0.01) mN m~*) is higher than the polar component
((1.47 + 0.01) mN m~—'), which shows the ability of
this fruit's surface to participate in non-polar inter-
actions; the surface tension of mangoes was (29,04 -£
0.02) mN m~1 The obtained value of the mangoes'
critical surface tension was (22.7 + 0.02) mN m~',
allowing to conclude that the mangoes have o low-
encrgy surface (Le., below 100 mN m=1) and that the
Zisman method is therefore applicable. On the other
hand, values of critical surface tension must be lower
than those of the surface tension (Dann, 1970}, which
holds true for all mangoes used in Ghis stady.

The wettability of mangoes® skin was studied de-
termining the values of the work of adhesion (W,),
work of cohesion [ W.), and the spreading coefficient
{ W5). The presence of Tween 80 decreases the values
of W, and W (Fig. 1) and allows a better (higher)
value of W, to be achieved (Fig. 2). The addition of
Tween 80 to the solution decreased the cohesion forces
substantially, as expressed by Wo (Fig. 1), with a sta-
tistically significant difference (p < 0.05). Tween S0
recduces the surface tension of the liguid and inereases
W, Improving thus the compatibility of the solution
and the fruit's skin surface. Other authors show the
ability of Tween 80 to decrease We in the fruits m-
proving the wettability of the solutions (Ribeiro et al.,
2007). Fig. 2 shows that with the increase of Tween S50
concentration, the value of W, increascs ns well rench-
ing an optimal value at the Tween 50 concentration of
2.0 = 10~" g mL~", both with Policaju concentrations
of 0.015 ¢ mL=! and 0,03 g mL=2, Similar findings
wore reported by Carneiro-do-Cunha et al. (2009) us-
ing the Tween 80 concentration of 1.0 = 10~* g mL~t,
In our work, a statistically significant difference (p <
0.05) was also found between these Polieaju eoncen-
trations and values of W, obtained in the absence of
Tween 80,

100
80 :
B
z @ )
g ]
= 40 ]
= r
=

20 ;

0
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c . 10% g mL™"y

Fig. 1. Values of the work of adheslon ( W) and work of cohe-
ston { W) of Policaju-based coatings applied on man-
goes: Policaju econcentrations of 0,016 g mL—' and
0,02 g mL~! and different concentrations () of Twean
80, Key: (o) W. PL5%tw, (m) W. PI.0%tw, (A) W,
PL6%tw and (&) Wi P3.0%tw. Each data point is an
average of 10 experiments; error bars showy standard

deviation.
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Fig. 2. Values of the spreading cocfficient | Wa) of Policaju-
based coatings applied on mangoes; Policaju concentra-
tlons of 0.015 g mL~! and 0.03 g mL~! and different
concentrations (¢) of Tween 50, Key: (0) Ws PLS5 %tw
and (m) Ws P32.0 %tw. Each data point s an average of
10 experiments; error bars show standard deviation.

Four solutions were chosen for further application
on mangoes’ skin and for the study of the effect of
Policaju coatings on mango shelf-life. The solutions
were prepared with Policaju concentrations of 0.015
g mL~! and 0.03 g mL~!, both without and with
0.5 x 10~% g mL~! Tween 80. This concentration of
Tween 80 was selected because no statistically signifi-
cant difference wons observed between the values of W,
for coatings with the Policaju concentration of 0,015
g mL~! containing 0.5 x 10~% g mL~! or more of
Tween 80, For coatings with the Policaju concentra-
tion of 0.03 ¢ mL~!, the optimal value of Tween 80
concentration was found to be 2.0 = 10~% g mL—1,
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0 7 15 28
Storage time/day

Fig. 2. Mass loss of “Tommy Atkins” mangoes treated with
the following coatings: (Q) contrel, (A) PLG%, (A)
P1.6%tw, (O) P3.0%, and (@) P3.0%tw. Each data point
Iz an average of 3 axperiments; error bars show standard
devintion.

corresponding to the Wy value of (—23.48 + 2.09) mN
m~ L. Though being statistically different from the W,
value abtained for the Tween B0 concentration of 0.5
% 10-3 g mL—! (-27.92 £+ 1.55) mN m~?, the gain
in W, does not justify a four-fold increase in the con-
centration of Tween 80. Therehy, the Tween 80 con-
centration of 0.5 = 107 g mL~! was chosen for both
Policaju solutions (0.015 ¢ mL~! and 0.03 ¢ mL—*)
thus reducing the cost of the coating. Coatings with
lower values of W (Le., those without Tween 80) were
also tested on mangoes to evaluate the influence of o
decrease of approximately 30 % of the W, value on
the shelf-life of the coated mangoes.

Physico-chemical analysia

Change in the mass of the coated fruit has to be
monitored during the storage time to determine how
eifective the coating is as a molsture barrler. It can
be considered that mass loss corresponds almost ex-
clusively to water loss since other components that
can be lost, such as aromas or flavors, and gaseous
products of respiration, are practically undetectable
in terms of mass (Olivas & Barbosa-Canovas, 20005).
Fig. 3 shows that on the 258th day of storage there are
statlstically significant differences (p = 0.05) between
the mangoes without conting (control group) and the
mangoes with coating. The mangoes with conting pre-
sented lower mass loss in comparison with the control
group and the difference ranged between 53.2 % and
T0.6 %, The best value in terms of mass loss reduc-
tion was obtained with the coating containing 0.03
g mL™! Policaju. These differences can be related to
the water vapor permeability of the Policaju coating
which decreases the water loss of the mango and, con-
sequently, the mass loss. Similar results were obtained
by Sothorpvit and Rodsamran (2008), showing that

a mango film applicd on the whole fruit reduces its
mass Joss significantly. Assis and Leoni (2003) showed
that the mass loss of apples was reduced by 10 %
when a chitosan-based coating was used. Further-
more, Ribeiro et al, (2007) presented good results us-
ing starch- and carrageenan-based contings on straw-
berries and Dang et al. (2008) showed that the mass
loss In mangoes coversd with a carnauba-based coat-
ing was reduced compared with the control group ancd
other contings,

Differences between the coatings with and without
Tween 80 can also be observed in Fig. 3. Coatings with
Tween 80 showed a lower mnss loss of coated mangoes
until the 15th day of storage. However, such difference
becomes not statistically significant on the 28th day
of storage. As explained by Carneiro-da-Cunha et al.
(2009}, it is expected that the presence of Tween 80
lowers the WYEP of the films, which was observed In
the present work.

It is also worthwhile to notice that from the 15th
day of storage onwards, the concentration of Pollcaju
seeins to be determinant for the ohserved mass loss,
which is higher for 0,015 g mL™! Polieaju flins than
for 0.04 g mL~! Policaju films.

Total soluble solids (TSS) are used as an indica-
tor of total sugar content in fruits providing informa-
tion about the fruit maturation state. TSS is formed
by water-soluble compounds of substances like sug-
ars, acids, vitamin O, and some pectins (Oliveira et
al., 1999), In the present work, no significant differ-
ences (p > 0.05) of the obtained TSS values, rang-
ing between 11.00° Brix and 12.66° Brix, were ab-
served indicating that the coating had no effect on
this parameter. These values are In agreement with
Brunini et al. (2002) for “Tommy Atkins” mangoes,
where the TSS values were also found to be constant
during the storage time for all treatments considered.
Chien et al. {2007) presented similar results, without
variation of TS5, when chitosan-based coatings were
used to extend the shelf-life of mangoes. Also Ribelro
et al. (2007) showed that the content of solids in straw-
berries did not vary significantly during the storage.
Sothornvit and Rodsamran (2008) found that the stor-
age temperature was the only etor aflecting the 1TSS
in mangoes ( Mangifern indica L.) during the ripening.
Shivashankara et al. (2004) working with mangoes (ev.
Irwin) previously exposed to high electric field treat-
ment and then stored for 20 days and 30 days at 5°C,
did not Gnd changes in TSS and concluded that man-
goes of ev. Irwin are more suitable for low tempera-
ture storage and can be successfully stored for up to
20 days at 5°C without any siguificant losses in the
funetional properties and guality attributes,

According to Olivas and Barbosa-Cénovas (2005),
water content and water loss in the fruits during the
storage should always be considered for the interpre-
tation of soluble solids values. Water loss causes an
apparent increase of the concentration of soluble solids

63



480

Table 1. pH of “Tommy Atkins” mangoes depending on storage tme at 4 C

M. P. Souza et al /Chemical Papers 64 (4) 475481 (2010}

pH
Storage
time/days Control P1.5% PLA Stw PR.0% Pa.0 %tw
3 4.02 £ 0.38% 5.02 £ 0.02° 4.76 + p.22¢ 5.06 + 0.15% 1.66 £ 0.18°
7 4.93 £ 0.10° 5.10 + 0.10° 5.11 + 0.18° 4.80 4 0.259 4.62 4+ 0.21°
15 5.31 £ 0.30° 5.28 & 0.15° 5.01 & 0,04 4.90 + 0.41° 4.74 £ 0310
18 5.11 £ 0.14% 5.22 4 0.267 617 + 004" 5.4 £ 0.02° 6.23 £ 0.41°

a) Equal superscript lotters indicate the absence of statistically significant differences (Tukey test p < 0.05).

that may be incorrectly interpreted as a true change
in the amount of sugar present in the fruits. Sinee
the mangoes without Policaju-based coatings (con-
trol group) showed a higher mass loss, consequently,
higher soluble solids concentration oceurred in them,
As the TSS values were found to be equal for all four
treatments and the control group (data not shown),
it can be concluded that higher consumption of the
previously cited components occurred in the uncoated
mangoes during the ripening.

Usually during the storage, an lnerease of pH oe-
curs as a consequence of the fruits’ ripening ( Antunes
et al., 2003). In general, food decomposition processes
caused by hydrolysis, oxidation, or fermentation mod-
ify almost always the concentration of hydrogen ion
in the food (Oliveira et al.,, 1999). Therefore, pH is
an important parameter in the fruit ripening evalua-
tion. The final organic acid content of the froit is de-
termined by the net balance of acid syothesis, degra-
dation, utilization and compartmentalization (Miiller
et al., 1996). Both the citric and the malic acids are
the major organic acids present in mangoes and their
content decreases during the ripening (Medlicott &
Thompson, 1985; Selvaraj et al., 1989; Chen et al.,
2004).

Despite the statement above, pH did not change
(no statistically significant difference was observed)
during the experimental time (Table 1) in all tested
groups of mangoes,

The content decrease of Oy and the consequent
increase of OOy caused by modified atmosphere de-
crease the loss of acidity during the storage due to
the reduction of enzyvmatic activity related to respi-
ratory metabolism, increasing the pH of fruits under
lower relative humidity (Lima et al., 199G). The fact
that the mangoes covered with Policaju-based coat-
ings were stored at 4°C suggests that such low tem-
perature induced the diminution in the activity of en-
zymes of the citric acid cycle (Krebs' eyele). Antunes
et al. (2003) found similar results when studying the
shelf-life of blackberries at the storage temperature of
29, In this way, in our work, the low storage temper-
ature (4°C) was the cause of pH stability.

Conclusions

Mangoes skins are low-energy surfaces with the

surface tension of (20.04 + 0.02) mN m™! (with po-
lar and dispersive components of 1.47 mN m~—! and
27.57 mN m~!, respectively). Critical surface tension
for mangoes is (22.7 + 0.02) mN m—'. Increasing con-
centrations of Tween 20 resulted in decreasing values
of cohesion and adhesion coefficlents, thus improving
wettability.

Throughout the experiments, mangoes treated
with Policaju-based coatings showed lower mass loss
in all tested groups, no statistically significant varia-
tion was observed for TSS and pH.

Results show that Policaju-based coatings have a
positive effect on the shelf-life of mangoes at the stor-
age temperature of 4°C. From the 15th day of storage
onpwards, the concentration of Policaju seems to be de-
terminant for the observed mass loss, which is higher
for 0.015 g mL~! Policaju films than for 0.03 g mL—!
Policaju films, independently of the presence of Tween
BL),
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CONCLUSAO

Foi possivel otimizar a extragdo do polissacarideo da goma do cajueiro (Anacardium

occidentale L.).

As propriedades (capacidade molhante, opacidade, permeabilidade ao vapor de
agua, forca de tensdo e elongacdo) dos revestimentos a base de Policaju podem ser
afetadas pelas concentracdes do polissacarideo e do Tween 80, sendo o ultimo o
fator mais significativo. Os filmes com concentra¢des inferiores a 1,5% (p/v) de
Policaju mostraram-se quebradicos e entre os diferentes plastificantes testados
(sorbitol, glicerol e polietilenoglicol) o sorbitol, na concentracdo de 0,4% (p/v),
promoveu uma maior flexibilidade aos filmes de Policaju com 1,5 e 3,0% (p/v) tanto

na presenc¢a quanto na auséncia de Tween 80.

O modelo multifatorial desenvolvido mostrou-se eficiente permitindo a otimizag@o

dos revestimentos.

Ao longo dos experimentos (28 dias) as mangas revestidas apresentaram menor
perda de massa em todos os grupos testados e ndo foram observadas variagdes para
os teores de solidos soluveis totais e pH. Dentre as coberturas estudadas, aquelas
contendo 3,0% de Policaju independente da presenca de Tween 80 foram as que se
mostraram mais eficientes na preservagdo das caracteristicas fisico-quimicas das

mangas ‘Tommy atkins’.
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