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“As gold breeds misery
Misery breeds light
That makes the stones glare

For the pauper’s delight.

Light is but the pauper’s gold
Stones are but rocks
That pave the way where run

God’s miserable flocks.

The world has many rocks
God has many flocks
God’s a shepherd, | was told
God is made of gold.”
Vinicius de Moraes

“Great opportunities await those who give more
than what is asked. | encourage you to put

the uncommon touch on even the most common
task. We may never have the opportunity to do
great things in a great way, but we all have the
chance to do small things in a great way.”
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Com todo amor e carinho.
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RESUMO

Recentemente surgiu um grande interesse no desenvolvimento de biofilmes
comestiveis ou degradaveis biologicamente, principalmente devido a demanda por
alimentos de alta qualidade e preocupacdes ambientais sobre o descarte de
materiais nao renovaveis de embalagem para alimentos. Os biofilmes sao
geralmente produzidos com macromoléculas, como polissacarideos, proteinas,
lipidios e derivados. O objetivo desse trabalho foi o desenvolvimento e
caracterizacdao de biofilmes simples de gluten de trigo, composto e de duas
camadas contendo cera de abelha e acidos palmitico e esteéarico, bem como testar
a aplicacao dos filmes e das coberturas em frutas frescas. A solu¢do formadora de
filme foi preparada usando gluten de trigo, etanol, glicerol e hidréxido de amdnio
(6N) para ajustar o pH da solucédo. As composicoes das formulagcdes dos filmes
foram calculadas segundo um planejamento fatorial 2*. As propriedades funcionais
utilizadas para verificar os efeitos dos fatores foram as propriedades mecanicas
(resisténcia a tensdo e elongacao na ruptura), permeabilidades ao vapor d’agua e
ao oxigénio e solubilidade em agua. A partir da formulacdo que apresentou as
melhores propriedades funcionais, foram desenvolvidos e caracterizados os filmes
compostos e de duas camadas contendo gluten de trigo, cera de abelha e mistura
1:1 de acidos palmitico e estearico em varias concentragdes. Outras analises
como efeito da umidade relativa sobre as propriedades mecéanicas dos filmes e
andlises microestruturais através da microscopia eletrénica de varredura foram
realizadas. A seguir, realizou-se o0 estudo da aplicacao das coberturas e filmes
comestiveis a base de gliten em morangos frescos mantidos sob refrigeracao,
através das andlises de: perda de peso, retengao da firmeza, cor, acidez titulavel,
sélidos solluveis e totais, acuUcares redutores e totais e anadlise sensorial de
aparéncia para determinar a vida de prateleira dos morangos e de degustagao
para verificar a aceitacdo das coberturas a base de gluten. Para complementar o
estudo, foi realizada uma reacado de lipofilizacdo do gluten de trigo, verificada
através da porcentagem de grupos amino livres pelo método de TNBS. A partir do
gluten modificado, o biofilme foi preparado e caracterizado, comparando-se com o

filme de gluten ndo modificado. Outro trabalho complementar foi a preparacao e

XXiii



caracterizagao de biofilmes preparados a partir de farinhas de trigo brasileiras e
também a comparacéo das propriedades com os filmes de gluten vital (comercial).
Os resultados obtidos indicaram que as propriedades mecéanicas dos filmes
simples foram influenciadas pelas concentracdes de gluten e glicerol, sendo o
filme mais resistente o de maior concentragcdo de gluten e menor de glicerol. A
menor permeabilidade ao oxigénio foi obtida no flme com menor concentracao de
gluten, glicerol e etanol e a permeabilidade ao vapor d’agua mais baixa foi no filme
com menor concentracdao de glicerol. Os filmes compostos e de duas camadas
ficaram opacos e o filme de duas camadas com 10% de acidos esteérico e
palmitico e cera de abelha apresentou a menor permeabilidade ao vapor d’agua,
porém a resisténcia a tensédo e a elongacao foram baixas. A morfologia observada
através do microscoépio eletrénico de varredura para o filme simples de gluten foi
completamente modificada quando se adicionou a mistura de acidos palmitico e
estearico e cera de abelha. O estudo da aplicagdao dos biofilmes e coberturas em
morangos mostrou que a cobertura de duas camadas com gluten e lipidios teve
efeito na retencao da firmeza e na diminuicdo da taxa de perda de peso nas frutas
cobertas. As frutas embaladas com o filme de gluten retardaram a senescéncia
por apresentarem 0s menores parametros (a/b) em relagdo a cor da fruta. A
andlise sensorial dos morangos indicou que as coberturas simples de gluten e
composta com lipidios mantiveram a qualidade dos morangos durante o tempo de
armazenamento em termos de aparéncia € que o sabor dos morangos com a
cobertura simples de gluten foi aceito pelos consumidores. A reacdo de
lipofilizagao modificou o gluten através da diminuicdo da porcentagem de grupos
amino livres, porém o filme preparado com o gluten lipofilizado apresentou
propriedades mecanicas e de barreira inferiores ao filme com gluten sem
modificagdo. Os filmes preparados a partir das farinhas de trigo “semi-duras”
brasileiras apresentaram propriedades mecanicas e de barreira semelhantes ao
filme com glaten vital (comercial), podendo até serem usadas em substituicdo ao
gluten comercial.
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SUMMARY

Recently interest in the development of edible films and coatings for foods has
grown considerably due to consumer demand for high quality foods and
environmental concerns over the disposal of non-renewable food packaging
materials. Polysaccharides, proteins and lipids can be used as edible film-forming
agents. The objective of this work was the development and characterization of
simple, composite and bilayer wheat gluten films with lipids (beeswax and stearic
and palmitic acids) and the application of the films and coatings on fresh fruits. The
base film was prepared from a solution of gluten, absolute ethanol, glycerol and 6
N ammonium hydroxide to adjust the pH. The composition of the film formulations
was calculated according to a 2* factorial planning. The functional properties used
to verify the factor effects were mechanical properties (tensile strength and percent
elongation at break), oxygen and water vapor permeabilities and solubility in water.
The simple film with the best functional properties was used to prepare the
composite and bilayer films of wheat gluten, beeswax and a 1:1 blend of stearic
and palmitic acid. Other analysis as effect of the relative humidity on the
mechanical properties and morphology of the surface by scanning electron
microscopy were effected. After this, the application of the gluten-based coatings
and films was effected on fresh strawberries maintained upon refrigeration, and the
analysis of weight loss, retention of the texture, color, titratable acidity, soluble and
total solids, reducing and total sugars and sensory evaluation of appearance to
determine the shelf life of the strawberries and of taste to verify the acceptance of
the gluten-based coatings, were effected. To complement the study, a reaction of
lipofilization of wheat gluten was effected, and it was verified through the
percentage of free amino groups by the TNBS method. Biofilms were prepared
from the modified gluten and were characterized and compared with the film from
unmodified gluten. Another complementary work was the preparation and
characterization of biofilms prepared from Brazilian wheat flours and also
comparison of the properties with the films from vital gluten (commercial). The
results showed that the mechanical properties of the simple films had been
influenced by the concentrations of gluten and glycerol, being the most resistant
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film with higher concentration of gluten and less glycerol. The lowest oxygen
permeability was obtained in the film with lower concentration of gluten, glycerol
and ethanol and the lowest water vapor permeability was in the film with lower
concentration of glycerol. The composite and bilayer films were opaque and the
bilayer film with 10% blend of stearic and palmitic acids and beeswax showed the
lowest water vapor permeability, however the mechanical resistance and the
elongation were low. The morphology observed through the scanning electron
microscopy for the simple film of gluten was completely modified when the mixture
of palmitic and stearic and beeswax was added. The application of biofiims and
coatings in strawberries showed that the bilayer coating of gluten and lipids had a
significant effect in the retention of the texture and the reduction of weight loss in
the coated fruits. The senescence was decreased in fruits packed with the gluten
film verified by the lower parameters in relation to the color of the fruit. The sensory
evaluation of the strawberries indicated that the simple coating of gluten and the
composite with lipids had kept the quality of the strawberries during the time of
storage in terms of appearance and the consumers accepted the flavor of the
strawberries with the simple coating. The lipofilization reaction really modified the
gluten through the reduction of the percentage of free amino groups, however the
film prepared with the lipophilized gluten presented lower mechanical and barrier
properties comparing to the film with unmodified gluten. The films prepared from
Brazilians “semi-hard” wheat flours had presented similar mechanical and barrier
properties than the film from vital gluten (commercial), being able to be used in
substitution.
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INTRODUCAO GERAL

INTRODUGCAO GERAL

Recentemente, surgiu um grande interesse no desenvolvimento de
biofilmes (filmes biodegradaveis), principalmente devido a demanda por alimentos
de alta qualidade, preocupacdes ambientais sobre o descarte de materiais nao
renovaveis de embalagem para alimentos e oportunidades para criar novos
mercados para matérias-primas formadoras de filme, provenientes de produtos
agricolas. Os biofilmes podem ser de dois tipos: coberturas, quando sao aplicadas
diretamente nas superficies dos alimentos, e filmes, que possuem a capacidade
de formar estruturas proprias independentes. Coberturas e filmes comestiveis
podem ser definidos como uma fina camada continua formada ou depositada no
alimento preparada a partir de materiais biolégicos que agem como barreira a
elementos externos (fatores como umidade, 6leo e gases) e, consequentemente,
protegem o alimento, aumentando a sua vida de prateleira. Algumas possiveis
propriedades funcionais dos biofilmes sdo: reduzir a migracdo de umidade, de
gases (O,, CO.), de 6leo ou gordura e de soluto; oferecer uma integridade
estrutural adicional aos alimentos; reter compostos aromaticos e poder carregar

aditivos alimenticios.

A grande vantagem dos biofilmes e coberturas comestiveis é que estes
podem ser consumidos junto com o alimento, além de serem produzidos a partir
de componentes biodegradaveis, e também por atuarem como suporte de
nutrientes e/ou aditivos que melhoram as caracteristicas nutricionais e sensoriais

do alimento.

Os biofilmes sao geralmente produzidos com macromoléculas como
polissacarideos, proteinas, lipidios e derivados. Os biofilmes produzidos a partir de
polissacarideos ou proteinas possuem boas propriedades mecanicas mas alta
permeabilidade ao vapor d’agua. Ao contrario, os filmes de lipidios apresentam
boas propriedades de barreira ao vapor d’agua, mas sao opacos e relativamente

inflexiveis. E de nosso interesse o desenvolvimento de um biofilme composto
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contendo uma proteina e uma mistura de lipidios e sua aplicagdo em frutas
frescas. A proteina estudada neste trabalho é o gluten de trigo. Gluten de trigo é
um termo geral para as proteinas insoliveis em &agua da farinha de trigo. A
coesividade e elasticidade do gluten dao integridade e facilitam a formacéo de
filme. A adicdo de lipidios podera diminuir a permeabilidade ao vapor d’agua do

filme de gldten de trigo.

Este trabalho sera apresentado em capitulos que sao descritos

sinteticamente a seguir.

O Capitulo 1, “Biofilmes comestiveis: formacao e propriedades fisicas”,
apresenta uma sintética revisdo bibliografica de biofilmes comestiveis, incluindo
sua formacao e propriedades fisicas. Nesse capitulo, aborda-se 0s mecanismos
de formacao de biofilmes, com maior enfoque para os biofilmes a base de gluten
de trigo e as propriedades fisicas dos filmes, como permeabilidade ao vapor
d’agua e oxigénio e propriedades mecanicas. Revisdao bibliografica adicional
encontra-se na introdugao de cada capitulo.

O Capitulo 2, “Aplicacdo de biofilmes e coberturas comestiveis em
frutas frescas”, é uma revisdo que aborda os materiais de formacdo e as
propriedades funcionais dos biofilmes e coberturas, e as aplicagbes em frutas
frescas. Discute-se as caracteristicas de barreira (ao vapor d’agua e a gases) dos
biofilmes e os estudos de aplicacdo de biofilmes e coberturas em diversas frutas,

como abacates, mangas, bananas, morangos e goiabas.

O Capitulo 3, “Edible wheat gluten films: development, mechanical and
barrier properties and application to strawberries (Fragaria ananassa)”,
mostra o desenvolvimento e a caracterizagdo das propriedades de biofilmes de
gluten de trigo e a aplicagdo da cobertura em morangos frescos. Descreve-se o
planejamento experimental 2* completo com as varidveis independentes: pH,

concentracbes de gluten, glicerol e etanol e as variaveis respostas do
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planejamento foram as permeabilidades ao vapor d’agua e oxigénio, as
propriedades mecanicas (resisténcia a tensdo e porcentagem de elongacao na
ruptura) e solubilidade em agua. Também apresenta um estudo preliminar da

aplicacao das coberturas a base de gluten em morangos.

O Capitulo 4, “Wheat gluten composite and bilayer edible films: effect
of lipid addition”, aborda o desenvolvimento e caracterizacdo de biofilmes
compostos e de duas camadas de gluten de trigo e lipidios. Descreve-se as
propriedades mecanicas (resisténcia a tensdo e porcentagem de elongacao na
ruptura), solubilidade em agua, as permeabilidades ao vapor d’agua e oxigénio e

as caracteristicas morfolégicas dos filmes.

O Capitulo 5, “Effect of edible wheat gluten-based films and coatings
on refrigerated strawberry quality”, mostra o efeito da aplicacdo de coberturas e
flmes a base de gluten de trigo em morangos frescos. Realizou-se o
acompanhamento da vida util dos morangos através de analises da fruta (perda de
peso, retencdo da firmeza, cor, acidez total, aglicares redutores e totais, ° Brix, pH
e sélidos totais) e da analise sensorial de aparéncia e degustacao.

O Capitulo 6, “Chemical lipophilization of wheat gluten and its effects
on the properties of edible films”, aborda o ensaio de lipofilizagdo do gluten de
trigo com o cloreto do acido estearico analisado pelo método de porcentagem de
grupos amino livres (TNBS). Também, foi incluida a caracterizacao do filme
comestivel preparado a partir do gluten lipofilizado e comparado com o filme sem
modificacdo quimica através das propriedades mecanicas (resisténcia a tensao e
porcentagem de elongacao na ruptura), solubilidade em agua, permeabilidades ao

vapor d’agua e oxigénio e caracteristicas morfoldgicas dos filmes.

O Capitulo 7, “Development and characterization of edible gluten films
from hard and soft Brazilian wheat flours”, apresenta o desenvolvimento e

caracterizacdo de biofilmes de gluten extraidos de 4 tipos de farinha de trigo
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(sendo 2 “fracas” e 2 “semi-fortes”) e a comparacgao das propriedades (mecanicas,
permeabilidades ao vapor dagua e oxigénio, solubilidade em &agua e
caracteristicas morfolégicas) com os biofilmes de gluten vital (comercial). Também
caracterizou-se a extensibilidade e a resisténcia a tensao dos glutens extraidos

das farinhas.

A seguir, sdo apresentadas as conclusdes gerais, onde todos os resultados
obtidos estdo analisados conjuntamente.

Os anexos apresentam informacgdes adicionais e fotos da andlise sensorial
dos morangos, as isotermas de sorcdo e a temperatura de transicdo vitrea
determinadas para os filmes simples, compostos e de duas camadas de gluten e
lipidios. Também dois trabalhos extras realizados com a aluna Farayde M.
Fakhouri sobre o desenvolvimento e caracterizagdo de filmes compostos de gluten

de trigo e gelatina e de gluten e celulose acetato ftalato, sdo apresentados.

O Anexo 1, “Analise sensorial de morangos cobertos com filmes e
coberturas a base de gluten de trigo”, contém resultados e discussoes
adicionais ao capitulo 5 e, também, fotos da andlise sensorial de aparéncia e

degustagcédo dos morangos.

O Anexo 2, “Isotermas de sorcao e temperatura de transicao vitrea de
biofilmes comestiveis a base de gluten de trigo”, apresenta as isotermas de
adsorcao e a temperatura de transicao vitrea dos biofilmes simples, compostos e
de duas camadas de gluten de trigo e lipidios (cera de abelha, &cidos palmitico e
estearico). As isotermas de adsorcao de agua foram realizadas nos trés filmes nas
temperaturas de 25 e 45 °C e as temperaturas de transicdo vitrea foram

determinadas através de analise mecanica-dinamica DMA.

O Anexo 3, “Tabelas com as espessuras de todos os filmes estudados”

apresenta as espessuras meédias dos filmes.
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O Anexo 4, “Characterization of composite biofilms of wheat gluten and
cellulose acetate phthalate”, mostra o desenvolvimento e a caracterizacdo de
filmes compostos de celulose acetato ftalato e gluten de trigo em trés espessuras
diferentes. As caracteristicas analisadas para os filmes foram as propriedades
mecanicas (resisténcia a tensdo e porcentagem de elongagdo na ruptura),

solubilidades em &gua e acido e permeabilidades ao vapor d’dgua e oxigénio.

O Anexo 5, “Filmes biodegradaveis — extensao da vida util de frutas
tropicais”, apresenta o desenvolvimento e a caracterizagdo de filmes compostos
de gelatina e gluten de trigo e celulose acetato ftalato e gluten. As caracteristicas
analisadas para os filmes biodegradaveis foram propriedades mecanicas
(resisténcia a tensdo e porcentagem de elongacao na ruptura), solubilidades em
agua e acido, permeabilidades ao vapor d’agua e oxigénio e caracteristicas
morfoldgicas dos filmes. Também foi estudada a aplicacao dessas coberturas em

goiabas brancas com analises de perda de peso e retencao da textura.

O Anexo 6 apresenta uma listagem dos “posters” apresentados e aceitos
em congressos ao longo do desenvolvimento desta tese.
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CAPITULO 1

BIOFILMES COMESTIVEIS: FORMACAO E PROPRIEDADES FiSICAS

1. Introducao

O uso de biofilmes comestiveis em produtos alimenticios parece recente,
mas varios alimentos ja foram recobertos com coberturas comestiveis ha muitos
anos atras. As ceras sdo usadas para retardar a desidratagao de frutas citricas
desde os séculos Xll e Xlll. As aplicagcdes mais importantes de filmes comestiveis,
desde 1930, estdo no uso de emulsbes de ceras e 6leos em agua aspergidas
sobre as frutas para melhorar sua aparéncia, incluindo o brilho e a cor, e para
controlar o amadurecimento e prevenir a perda de peso. Varias coberturas
comestiveis a base de polissacarideos, incluindo alginatos, carragenas, ésteres de
celulose, pectina e derivados de amido, foram usadas para melhorar a qualidade
de carne (DEBEAUFORT et al., 1998).

Recentemente, surgiu um grande interesse no desenvolvimento de
biofilmes (filmes biodegradaveis), principalmente devido a demanda por alimentos
de alta qualidade, preocupacbes ambientais em relacdo ao descarte de
embalagens ndo renovaveis e oportunidades para criar novos mercados para as
matérias-primas formadoras de filme, provenientes de produtos agricolas. Biofilme
€ um filme fino preparado a partir de materiais biol6gicos que age como barreira a
elementos externos (fatores como umidade, 6leo e gases) e, consequentemente,
protege o produto, aumentando a sua vida de prateleira. Os filmes também podem
ajudar a manter caracteristicas de qualidade desejaveis aos alimentos, como cor,
aroma, acidez, docura, teor de tempero ou sal, etc. Algumas possiveis
propriedades funcionais dos biofilmes s&o: retardar a migragdo de umidade, de
gases (O, e COy), de Oleo ou gordura, de soluto; oferecer uma integridade
estrutural adicional aos alimentos; reter compostos arométicos e funcionar como
suporte para aditivos. Além disso, podem prover nutrientes, melhorar as
caracteristicas sensoriais do produto e incorporar aromas, pigmentos ou outros
aditivos, incluindo agentes antioxidantes e antimicrobianos. Os biofilmes podem

funcionar como embalagens ativas porque podem interagir diretamente com os



CAPITULO 1

alimentos, controlando suas mudancas fisioldégicas, microbiolégicas e fisico-
quimicas para preservar e estender a sua vida de prateleira. Isso é obtido através
do controle da troca de gas com o alimento e da modificacdo e controle das
condi¢des da superficie dos alimentos (DEBEAUFORT et al., 1998).

Os biofilmes sdo geralmente produzidos com materiais biolégicos como
polissacarideos, proteinas, lipidios e derivados. Entre as proteinas que podem
formar filmes estdo a zeina do milho, o gluten do trigo, as proteinas do leite e da
soja, entre os polissacarideos estao os derivados de celulose, amido, alginatos,
pectinas e diferentes gomas e entre os lipidios, estdo ceras, acidos graxos e
monoglicerideos. Os filmes protéicos e com polissacarideos podem ser usados em
aplicacdes onde o objetivo ndo € o controle da migragao de vapor d’agua. Esses
flmes agem como boas barreiras a gases, como oxigénio e gas carbono e
também a lipidios. Os filmes com lipidios sdo usados para melhorar a barreira ao
vapor d’agua. Devido a sua baixa polaridade, a funcado principal do lipidio é
bloguear a migracao da umidade (OKAMOTO, 1978).

Muitos métodos tém sido desenvolvidos para a formacao de coberturas
diretamente em superficies de alimentos, ou em separado, como filmes de auto-
suporte. Neste trabalho, serdo discutidos os métodos de formacgao de filme, como
a remogdo de solvente, gelatinizacdo térmica e coacervacdo, e as suas

propriedades fisicas.

As propriedades requeridas para os biofilmes e coberturas comestiveis
dependem principalmente das caracteristicas do produto alimenticio que sera
coberto ou embalado. Entretanto, baixa permeabilidade ao oxigénio é requerida
em produtos sensiveis a oxidagdo como gorduras poliinsaturadas. Uma
propriedade de transferéncia de massa desejada por exemplo, é permitir a
respiracdo da fruta ou hortalica (trocas de oxigénio, gas carbdbnico e etileno), e
limitar sua desidratagcdo durante a estocagem ou evitar a penetragdo de soluto
durante a desidratacdo osmatica de frutas (DEBEAUFORT et al., 1998).
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Além de eficientes a barreira, os filmes comestiveis devem ser compativeis
sensorial e funcionalmente com os alimentos. Embora as embalagens comestiveis
oferegam potenciais para melhorar a qualidade e a vida de prateleira de produtos
alimenticios, ainda poucas aplicacées industriais foram desenvolvidas. Na
verdade, a formulagdo dessas embalagens permanece empirica e inacessivel, o
que dificulta seu uso e aplicagdo em alimentos. Maior esforco na pesquisa
fundamental é necessaria para melhor entender os mecanismos de transferéncia
de solutos e volateis através de polimeros de origem agricola, como os filmes e
coberturas comestiveis (DEBEAUFORT et al., 1998).

2. Formacao de biofilmes

Varios métodos podem ser usados para formar os biofilmes, como os
descritos a seguir.

(i) Remocgéao de solvente: Para materiais formadores de filme dispersos em
solugdes aquosas, a remocao de solvente é necessaria para a formacao de filmes
sélidos. A taxa e temperatura de secagem podem influenciar a cristalinidade
resultante e as propriedades mecéanicas de varios materiais formadores de filme,
incluindo filmes celuldésicos (OKAMOTO, 1978).

(il) Gelatinizacao térmica: Esse método de formagéo de filme deve envolver
0 aquecimento da proteina para provocar a desnaturacdo, seguida de
gelatinizacdo, ou o simples resfriamento de uma suspenséao hidrocoloidal aquecida
para causar uma transformacao sol-gel. A formagdo de um gel a base de um
biopolimero pode comecar espontaneamente ou por mudanga de temperatura ou
composicao da solugdo (pH, forgca idnica, tipo de ions, etc.). Como o solvente
aplicado a solucao polimérica evapora, o gel é formado a uma concentragao critica
de sélidos durante a formacao do filme (OKAMOTO, 1978, WALL e BECKWITH,
1969).

11
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(iiiy Coacervagcao: A coacervacdo pode ser simples ou complexa. Na
coacervacgao simples, dois hidrocolbides sdo enriquecidos em fases separadas, e
na complexa, duas solugdes de hidrocolbides carregados com cargas opostas sao
combinados numa das fases de separacao, causando interagdo e precipitacao do
polimero complexo (WALL et al., 1968). Coacervagao envolve uma separagao do
material polimérico de cobertura de uma solucédo por aquecimento, mudanca de

pH, adicao de solventes ou por alteracao da carga do polimero envolvido.

Para uso em alimentos, os filmes s&o geralmente formados de uma solugéo
ou dispersao da solugado filme-formadora, seguida da técnica de formagcao de
filme, como pulverizagéo, imersdo, extrusdo, envoltura com o filme e obteng&o do

filme numa superficie apds a evaporagao do solvente da solucao filme-formadora.

3. Biofilmes a base de gluten de trigo

Gluten de trigo é um termo geral para as proteinas insolUveis em agua da
farinha de trigo. E composto por uma mistura de moléculas polipeptidicas,
consideradas como proteinas globulares. A coesividade e a elasticidade s&o
caracteristicas do gluten que faciltam a formacédo de filme (GENNADIOS e
WELLER, 1990).

O gluten contém cerca de 80 a 85% das proteinas da farinha de trigo e
pode ser obtido pressionando-se a massa aquosa da farinha e lavando-se
delicadamente o amido e outros materiais solUveis numa solugao diluida de acido
ou em excesso de agua (KRULL e WALL, 1969; KRULL e INGLETT, 1971;
KASARDA et al. , 1971).

O gliten pode ser separado em 2 fracbes de quantidades
aproximadamente iguais. Uma fragao € soluvel em etanol 70% e é chamada de

gliadina, enquanto a outra fracdo, insoluvel em etanol, é chamada de glutenina
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(WALL et al.,, 1968; KRULL e INGLETT, 1971; KASARDA et al., 1971). As
proteinas da fracao gliadina possuem peso molecular menor do que as proteinas
da glutenina. De acordo com JONES et al. (1961), o peso molecular da gliadina
esta na faixa de 20.000 a 40.000 e da glutenina entre 50.000 e 1.000.000. As
moléculas da glutenina sdo espirais longos e extensos, enquanto as moléculas da

gliadina sao esferas pequenas e intactas.

Para a formacao de biofilmes, o gluten é inicialmente disperso em solucao
(etanol e agua) por reducdo e quebra das ligacoes dissulfeto (S-S). A mistura
mecanica ajuda na dispersao. A reducao das ligacoes dissulfeto é atingida em
ambiente alcalino (OKAMOTO, 1978) ou através da adicdo de agentes redutores
como mercaptoetanol (WALL e BECKWITH, 1969). A quebra das ligacoes S-S
pela sua redugcdo em grupos SH resulta em cadeias polipeptidicas com menor
peso molecular, desfazendo a elasticidade e a coesividade do gluten. O glaten
disperso € entdo reoxidado no ar e a formacédo de novas ligacdes S-S resulta na
estrutura do filme (OKAMOTO, 1978).

Um biofilme de gluten de trigo foi desenvolvido e os efeitos da concentragcao
de gluten, concentracdo de etanol e pH da solugdo formadora de filme foram
avaliados nas diversas propriedades do filme usando a metodologia de superficie
de resposta (GONTARD et al., 1992). O pH e a concentracao de etanol tiveram
efeitos interativos na opacidade do filme, solubilidade em agua e permeabilidade
ao vapor d’agua. Uma variacdo simultdnea na concentragdo de etanol e no pH
resultaram num filme homogéneo e transparente com solubilidade em agua
relativamente baixa. As propriedades mecénicas foram afetadas principalmente
pela concentracao de gluten e pelo pH. O filme mais resistente foi obtido com alta

concentracao de gluten (12.5%) e pH 5.
GENNADIQOS et al. (1993a) investigaram o efeito do pH das solugdes filme-

formadoras de gluten de trigo na formagao de filme. Os filmes de gluten de trigo se

formaram a pH 2-4 e 9-13. A formacao de filme foi inibida pela fraca dispersao da
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proteina ao redor da regido do ponto isoelétrico do gluten de trigo (pH 7.6). Os
flmes de gluten preparados em condicdes alcalinas apresentaram resisténcia a
tracdo maior do que os filmes processados sob condi¢cdes acidas. Embora os
filmes de gluten possuam pouca barreira ao vapor d’agua, sao efetivos a barreira
de oxigénio. Assim, pode ser possivel o uso desse filme como camada de barreira
ao oxigénio, em materiais de embalagem com multicamadas, substituindo a
poliamida e o etileno vinil alcool, que sao barreiras ao oxigénio sensiveis a
umidade. Muitos produtos alimenticios susceptiveis a oxidacao lipidica poderiam
ter o beneficio da aplicacao de filmes protéicos em combinagcdo com uma barreira

externa contra umidade.

Biofilmes foram também produzidos a partir de solugbes formadoras de
flme a base de gluten de trigo por GENNADIOS et al. (1993b). Um filme foi
produzido como controle e outros trés filmes foram obtidos sujeitando-se os filmes
controle a diferentes tratamentos. Para todos os filmes foram medidas as
propriedades fisicas e de permeabilidade ao vapor d’agua e oxigénio. Todos os
flmes mostraram boa barreira ao oxigénio mas limitada barreira ao vapor d’agua.
Os filmes contendo queratina hidrolizada mostraram baixa permeabilidade ao
oxigénio (83%) e baixa permeabilidade ao vapor d’agua (23%). Os filmes contendo
6leo mineral apresentaram baixa permeabilidade ao vapor d’agua (25%). Os filmes
umidecidos em solucdo de cloreto de célcio e em solucdo tampédo no ponto
isoelétrico do gluten de trigo apresentaram alta resisténcia a tracdo (47% e 9%,
respectivamente) e baixa permeabilidade ao vapor d'agua (14% e 13%
respectivamente). A adicao de um agente redutor aumentou a resisténcia a tracao
(14%). O umidecimento em solucao de 4&cido lactico nao melhorou as
propriedades do filme padrao.

HERALD et al. (1995) prepararam varios biofilmes a partir de glaten de trigo
seco em spray-drier (SD) e flash-drier (FD) em diferentes pHs, niveis de sal e
temperatura. As diferencas foram observadas nas propriedades do filme

relacionadas as condi¢cdes de processo. Os filmes preparados de gluten de trigo
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SD foram mais espessos e tiveram maior resisténcia a tracao e modulo de Young.
As solucoes de gluten de trigo SD aplicadas como material de cobertura
resultaram em cascas de ovos de grau A, mantendo a sua qualidade por 30 dias
em temperatura ambiente. Adicionalmente, a cobertura de gluten de trigo SD

aumentou a estabilidade em agua de embalagens a base de amido.

GONTARD et al. (1993) estudaram o efeito da agua e do glicerol nas
propriedades de barreira ao vapor d’agua do biofilme de gluten de trigo. O glicerol
melhorou a extensibilidade do filme mas reduziu a elasticidade, a for¢ga de ruptura
e as propriedade de barreira ao vapor d’agua. O efeito plastificante da agua foi
altamente dependente da temperatura. Durante a hidratacao do filme de glaten, foi
observado um decréscimo acentuado na forga de ruptura e elasticidade, e um
aumento da extensibilidade e da taxa de transmissdo de vapor d’agua nas
temperaturas de 5, 30 e 50 °C. Isso esta relacionado & quebra das pontes de

hidrogénio do polimero e a temperatura de transicao vitrea.

O efeito do aquecimento de solucdes formadoras de filme de gluten de trigo
nas propriedades fisicas e moleculares foi determinado (ROY et al.,1999). Os
filmes plastificados com glicerol foram preparados em pH alcalino (10) e aquecidos
a temperatura de 55, 75 ou 95 °C por 10 minutos em solucdo aquosa-etandlica de
gluten de trigo. A solubilidade protéica dos filmes em agua aumentou (p<0.05) com
0 aumento da temperatura. Os cromatogramas em gel de permeacdo mostraram
reduzida extracado das fracdes protéicas do que w-gliadinas dos filmes de gluten.
Essa reduzida extracao foi devida a formagao de pontes dissulfeto. As bandas de
SDS-PAGE do gluten nativo e das amostras de filme de gluten sugeriram um
aumento de ligacao cruzada através de pontes dissulfeto nos filmes preparados de
solucdes aquecidas a 75 ou 95 °C. Em futuras aplicacdes de embalagens de
biofiime de gluten de trigo, a resisténcia a agua poderia ser modificada pelo
ajustamento da temperatura de tratamento.
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Biofilmes compostos constituidos de gluten de trigo como matriz estrutural e
diversas concentracoes de lipidios diferentes como componentes de barreira a
umidade foram testados para a permeabilidade ao vapor d’agua, dispersao em
agua, opacidade e propriedades mecanicas (GONTARD et al., 1994). Os efeitos
dos lipidios nas propriedades funcionais dos filmes compostos a base de gluten
dependeram das caracteristicas dos lipidios e das interacdes entre o lipidio e a
matriz estrutural de proteina. A cera de abelha, um lipidio sélido e altamente
hidrofébico, foi o lipidio mais efetivo para melhorar as propriedades de barreira a
umidade dos filmes; porém esses filmes foram opacos, frageis e desintegravam
facilmente na agua. Combinando-se as proteinas do gluten de trigo com um éster
de monogliceridios de diacetil tartarico, reduziu-se a permeabilidade ao vapor

d’agua, aumentou-se a for¢ca e manteve-se a transparéncia.

GONTARD et al. (1995) investigaram vérias formulacées e meétodos de
produzir biofilmes de 2 camadas contendo gluten de trigo como camada estrutural
e uma camada fina de lipidio como camada de barreira a umidade na
permeabilidade ao vapor d’agua. Os lipidios sélidos como a cera de abelha ou de
parafina foram depositados no estado fundido sobre o filme base e foram os mais
efetivos para a barreira ao vapor d’agua. Um filme constituido de gluten de trigo,
glicerol e éster de monogliceridios de diacetil tartarico como uma camada e cera
de abelha como outra camada resultou em uma permeabilidade ao vapor d’agua

menor do que o polietileno de baixa densidade.

Biofilmes de gluten de trigo foram preparados com varias concentracdes de
glicerol como plastificante (TANADA-PALMU et al., 2000). Permeabilidade ao
vapor d’agua e ao oxigénio, resisténcia a tracao e porcentagem de elongacao na
ruptura em diferentes condicées de atividade de agua foram medidas. Os filmes
com menor concentragcdo de glicerol tiveram menores permeabilidades ao
oxigénio e vapor d’agua, maior resisténcia a tracdo e menor elongagéo na ruptura.
Coberturas de gluten de trigo reduziram a perda de peso de caquis e tomates-

caqui durante 2 semanas de armazenamento em comparagdo com controles sem

16



CAPITULO 1

cobertura. Uma cobertura de 2 camadas de gluten e cera de abelha
significativamente reduziram a perda de peso de cubos de queijo em comparacao

com a cobertura de uma Unica camada.

4. Propriedades fisicas dos filmes

Como componentes de um alimento, os filmes e coberturas comestiveis
geralmente ndo devem apresentar sabor para ndo serem detectados durante o
consumo do produto alimenticio que foi coberto ou embalado. Quando os filmes
ou coberturas comestiveis apresentarem um aroma ou sabor particular, suas
caracteristicas sensoriais devem ser compativeis ao alimento (DEBEAUFORT et
al., 1998).

Os filmes e coberturas comestiveis, por serem embalagens e componentes
de um alimento, devem apresentar os seguintes requerimentos: boas qualidades
sensoriais; alta eficiéncia a barreira e mecanica; estabilidade bioquimica, fisico-
quimica e microbiana; livre de toxicidade e seguros para a saude; obtencao por
tecnologia de processamento simples, nao poluente e de baixo custo, tanto de

matérias primas como de processo (DEBEAUFORT et al., 1998).

Os biofilmes devem apresentar propriedades funcionais especificas que sao
dependentes do tipo de material usado, sua formacdo e sua aplicacao.
Plastificantes, agentes reticulantes, antimicrobianos e antioxidantes, podem ser
adicionados para melhorar as propriedades funcionais do filme. Em um biofilme
polimérico esta envolvida a forga de coesdo entre as moléculas formadoras de
flme do polimero. O grau de coesdo afeta as propriedades do filme como
resisténcia, flexibilidade, propriedades de barreira a gases e aumento da
porosidade. A coesédo depende da estrutura do biopolimero, da presenca de

plastificantes e agentes reticulantes e da espessura final do filme. A coesédo do
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filme é favorecida por polimeros de maior cadeia polimérica (GENNADIOS e
WELLER, 1990).

Embalagens comestiveis devem apresentar propriedades funcionais e
especificas. Em muitos casos, a eficiéncia a barreira de agua é desejavel para
retardar a desidratacdo da superficie de produtos frescos (carne, frutas e
verduras) ou congelados. O controle das trocas gasosas, particularmente do
oxigénio, permite o melhor controle da maturagdo das frutas ou a redugao da
oxidacdo de alimentos sensiveis ao oxigénio e a rancidez de gorduras
poliinsaturadas, por exemplo. A transferéncia de vapores organicos deve ser
diminuida a fim de reter os compostos aromaticos no produto durante a
estocagem ou previnir a penetracdo de solventes no alimento, o que pode
envolver toxicidade ou sabor ndo caracteristico (“off-flavor”) (GENNADIOS e
WELLER, 1990).

A aplicacao de biofilmes depende fortemente de suas propriedades de
barreira e mecanicas. Assim, foram desenvolvidas metodologias precisas para se

medir as propriedades dos filmes, descritas a seguir.

O método mais comum usado para determinar a permeabilidade ao vapor
d’agua (WVP) é o método padrao para transmissao de vapor d’agua de materiais
(ASTM, 1990a). E um método gravimétrico que envolve a vedagao do filme a ser
testado em um prato parcialmente cheio com agua ou solugdo saturada de sal
(método da agua) ou dessecante (método do dessecante), deixando um espaco
de ar entre o filme e a solucao de agua, sal saturado ou dessecante. Em seguida,
o prato é colocado em um ambiente com temperatura e umidade relativa
controlada e a mudanca de peso com o tempo, deve ser acompanhada para
determinar o estado de fluxo estavel de 4gua para o filme. O fluxo é dividido pela
diferenca de pressao parcial sobre o filme durante o teste e multiplicado pela sua

espessura para calcular os valores de WVP do filme (Mc HUGH et al., 1993).

18



CAPITULO 1

A permeabilidade ao vapor d’agua de filmes comestiveis € normalmente
medida usando um gradiente de 100-0% de umidade relativa, assim como é
medida para filmes sintéticos. Estudos recentes mostraram a necessidade de
testar os filmes sob condi¢des de temperatura e umidade relativa (RH) que seréao
encontrados na pratica. Por exemplo, se o filme for usado entre uma peca de
carne e um biscoito, o filme deve ser testado com gradiente de RH de 88-30%, ja
que isso representa as condicbes que existem entre os dois componentes. Em
todos os casos, o pesquisador deve reportar o gradiente exato e as condi¢cbes de
temperatura do teste (DONHOWE e FENNEMA,1994).

Os pesquisadores de filmes comestiveis estdo interessados na
permeabilidade ao oxigénio e gas carbdnico, ja que esses dois gases influem nas
taxas de oxidacao e respiracdo de alimentos embalados. O método mais comum
usado para determinar as propriedades de barreira ao oxigénio € em aparelhos
Oxtran. Os sensores desse aparelho operam pelo principio da lei de Faraday,
onde quatro elétrons sao liberados eletroquimicamente por cada molécula de
oxigénio que passa pelo sensor. Esses elétrons produzem uma corrente, que
passa por um resistor, criando assim uma voltagem que pode ser quantificada
(DONHOWE e FENNEMA,1994). Esse método é aprovado pela ASTM (1990b)
para determinagdo de transmissdo de oxigénio em embalagens secas. Os novos
sensores 2/20 do Oxtran sao umidificados para prevenir a secagem do sensor. A
sensibilidade dos sensores do Oxtran representa a maior desvantagem desse
método em comparagdo com outros meétodos que determinam a taxa de
transmissdao de oxigénio. Outra desvantagem do Oxtran é sua capacidade em
controlar uma temperatura precisa e umidade relativa, e isso é importante quando
se examinam propriedades de barreira de flmes comestiveis para serem usados
em sistemas alimenticios sob temperaturas e condicdes de umidade relativa

diferentes.

Um filme com boas propriedades de barreira, pode ser ineficiente se suas

propriedades mecanicas ndao permitirem a manutencdo da integridade do filme
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durante o processo de manipulacdo, empacotamento e transporte. Assim, a
resisténcia mecanica e a deformabilidade dos biofilmes deve ser determinada. O
teste mais usado para medir a forca mecéanica € o teste de tracdo, onde podem
ser derivadas as propriedades de resisténcia a tracao, elongacao, forga resultante
e mobdulo de elasticidade. As propriedades mecéanicas sdo medidas por
deformagao de uma amostra e monitoragéao da forga e deformacgao até que esta se
rompa (OKAMOTO, 1978). A resisténcia a tracao é medida pela forca maxima de
tracao que o filme pode sustentar. Elongacao é geralmente tirada do ponto de
quebra e é expressa como porcentagem de aumento do comprimento original da
amostra. Forga resultante é a forca de tragdo na qual ocorre o primeiro sinal de
deformagé@o nao elastica. O modulo de elasticidade ou modulo de Young mede
também a resisténcia do filme. Na literatura, as propriedades mecéanicas sao
frequentemente reportadas como resisténcia a tracao e elongacédo (CHEN, 1995).
Materiais diferentes exibem padrdes de tracao diferentes. Por exemplo, um filme
de polissacarideo possui alta resisténcia a tracdo e pouca elongacao, enquanto
que filmes protéicos apresentam moderada resisténcia a tracdo e grande
elongacao. Essas diferencas podem ser devidas a estrutura molecular diferente. A
estrutura da cadeia polimérica de polissacarideos é linear, enquanto que as
proteinas apresentam uma estrutura complexa devido as interagdes inter e
intramoleculares dos grupos radicais (CHEN, 1995). As medidas de resisténcia a
tracao e elongacdo sao geralmente conduzidas de acordo com o método padrao
de propriedades de tracao de filme plastico fino (ASTM, 1993). Utiliza-se um
instrumento universal de teste mecanico, como o Instron ou o texturbmetro TA-
XT2.

Outras caracteristicas dos biofilmes sdao também estudadas, especialmente
para entender melhor as propriedades mecanicas e de barreira dos filmes. Essas
caracteristicas sdo espessura, isotermas de sor¢cdo de &agua, solubilidade em

agua, difusividade de solutos entre os filmes, cor e opacidade, etc.
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Atualmente, tem sido estudado o efeito de plastificantes como glicerol, xilitol
e sorbitol nas propriedades fisicas (como permeabilidade ao vapor d’agua,
resisténcia mecanica e temperatura de transicao vitrea) de filmes a base de
isolado protéico de soro de leite (SHAW et al., 2002). O aumento da concentragao
de glicerol e sorbitol provocou um aumento da permeabilidade e da elongacao,
mas uma diminuigdo da resisténcia mecanica e da temperatura de transicao vitrea
(Tg). Ja o aumento da concentragdo de xilitol ndo provocou efeito na
permeabilidade e na Tg, mas diminuiu as propriedades mecanicas. Essas
diferencas nas propriedades fisicas podem ser atribuidas as diferengcas nas

propriedades cristalinas e higroscopicas dos plastificantes.

Outros estudos que tém sido realizados envolvem a incorporacao de lipidios
em filmes a fim de melhorar as propriedades de barreira ao vapor d’agua
(QUEZADA-GALLO et al., 2000 e DEBEAUFORT et al., 2000). Nestes trabalhos,
estudaram os efeitos da hidrofobicidade e do estado fisico nas propriedades de
filmes compostos e de duas camadas a base de polissacaridios. Tanto nos filmes
de duas camadas quanto nos compostos, a resisténcia mecanica foi atribuida a
matriz de metilcelulose, porém a permeabilidade ao vapor d’agua foi

substancialmente reduzida com o acréscimo de lipidios.

GARCIA et al. (2000) também estudaram a adicdo de lipidios em filmes e
coberturas a base de amido. A adicao de 6leo de girassol nos filmes diminuiu a
permeabilidade ao vapor d’agua e as analises calorimétricas mostraram que

houve uma diminuigao na razao cristalino-amorfo dos filmes sem lipidios.

Para filmes de gluten de trigo, um trabalho recente mostrou os efeitos de
tratamentos quimicos (vapores de formaldeido) e fisicos (temperature, UV e
radiagdo y) na resisténcia mecénica e na permeabilidade ao vapor d’agua
(MICARD et al., 2000). O tratamento térmico severo (acima de 110 °C por 15 min.)

e com formaldeido melhorou a resisténcia mecanica dos filmes e também
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provocou uma grande mudanca nos parametros de cor, porém nao afetou a
permeabilidade ao vapor d’agua.

5. Conclusao

Embora os filmes comestiveis oferecam muitas oportunidades para manter
ou melhorar a qualidade, estabilidade ou seguranca de alimentos, ainda nao foram
testadas muitas aplicacées comerciais. Isso é devido ao sucesso da industria de
polimeros em oferecer materiais de embalagem a industria de alimentos com
muitas propriedades funcionais e vantagens econOmicas. Considerando as
vantagens da tecnologia de filme comestivel sobre as embalagens tradicionais,
assim como o grande aumento das pesquisas em materiais de embalagem
alternativos, € possivel predizer que o futuro das embalagens alimenticias
pertenca aos filmes biodegradaveis (GENNADIOS e WELLER, 1990). Para isso,
faz-se necessario entender claramente a influéncia da estrutura da proteina
formadora de filme e suas propriedades quimicas, e da técnica de formacao do
filme na permeabilidade, flexibilidade e adesividade do filme. Esses estudos séo
importantes para delinear as propriedades funcionais dos filmes comestiveis para

as diversas aplicagdes possiveis.
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APLICACAO DE BIOFILMES E COBERTURAS COMESTIVEIS EM FRUTAS
FRESCAS

Patricia Tanada-Palmu 1'; Carlos Grosso 22

RESUMO

A importancia do desenvolvimento de materiais biodegradaveis de
embalagem que possam substituir os materiais sintéticos convencionais deve-se
ao grande aumento da procura pelos consumidores por produtos com alta
qualidade e maior vida de prateleira. As coberturas comestiveis sao aplicadas
diretamente na superficie dos alimentos e podem criar uma atmosfera modificada
(provendo uma barreira semi-permeavel a gases e vapor d’agua) que resultam no
aumento da vida de prateleira. Tais coberturas podem reduzir a respiracao e perda
de agua e podem ser usadas como carregadores de preservativos e antioxidantes.
Esse trabalho mostra uma visdo do desenvolvimento e aplicagdo de filmes e

coberturas comestiveis em frutas frescas.

SUMMARY

APPLICATION OF EDIBLE FILMS AND COATINGS TO FRESH FRUITS. The
importance of the development of biodegradable packaging material that can

replace conventional synthetic materials is due to the increased consumer demand
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for high quality and long shelf-life foods. Edible coatings are applied directly on the
food surface and can create a modified atmosphere (providing a semipermeable
barrier to gases and water vapor), resulting in a prolonged shelf life. Such coatings
can reduce respiration and water loss, and be used as carriers of preservatives
and antioxidants. An overview of the development and application of edible films
and coatings to fresh fruits is given in this chapter.

Palavras-chave: biofilmes, coberturas, frutas, permeabilidade.

Introducao

As perdas poés-colheita de frutas frescas sdo enormes, cerca de 25 a 80%,
dependendo do tipo de fruta e do uso de tecnologias de operagdes pés-colheita
[15]. Isso reflete a falta de conhecimento dos manipuladores de frutas sobre os
fatores biologicos e das condicbes do ambiente envolvidos na deterioracao, ou
falta de tecnologias po6s-colheita requeridas na preservacdo da qualidade das
frutas.

Trabalhos recentes estdo explorando o potencial das coberturas
comestiveis de superficie para manter e estender a qualidade e a vida util de
produtos frescos e reduzir a quantidade de embalagens descartaveis nao-
biodegradaveis. Tradicionalmente, os filmes sdo usados para reduzir a perda de
peso, alterando a permeabilidade e criando um efeito de “atmosfera modificada”
sobre as frutas frescas. Coberturas foram aplicadas em frutas como bananas [3],
frutas citricas [8], macas [4], mangas [6], peras [1], abacates [11], morangos [9] e
goiabas [14]. As coberturas semi-permeaveis apresentaram influéncia na fisiologia
das frutas, no atraso do amadurecimento € no metabolismo pds-colheita. Essa
revisao discute os principais fatores no desenvolvimento de biofilmes comestiveis

e aplicagdes em frutas frescas.
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Materiais e propriedades funcionais dos filmes/coberturas

Biofilme € um filme fino preparado a partir de materiais biol6gicos que age
como barreira a elementos externos (fatores como umidade, 6leo e gases) e,
consequentemente, protege o produto € aumenta a sua vida de prateleira. Os
biofimes sado geralmente produzidos a partir de macromoléculas como
polissacarideos, proteinas, lipidios e derivados. As coberturas comestiveis sao
aplicadas e formadas diretamente no produto alimenticio, enquanto os biofilmes
sao aplicados apds serem formados separadamente.

As coberturas e biofilmes a base de lipidios produzidos de ceras e 6leos
sao efetivos como barreira a umidade e reduzem a troca de gases, devido a
hidrofobicidade. As coberturas e biofilmes feitos de polissacarideos (celulose,
pectina, amido, alginatos, quitosana e gomas) possuem boa barreira a gases (0. e
COy), mas nao a agua, provavelmente relacionada a alta polaridade do filme. As
coberturas e biofilmes protéicos (caseina, gelatina, soja, zeina, gluten e albumina
de ovo) sdo boas barreiras ao O, e CO, em ambientes com baixa umidade
relativa, mas ndo em alta umidade devido a susceptibilidade do filme em absorver
umidade e se dissolver. Filmes e coberturas compostas ou de duas camadas
estdo sendo investigados, a fim de melhorar as caracteristicas de permeabilidade,

forca, flexibilidade e valor nutricional [2].

Filmes/coberturas comestiveis devem apresentar barreira a umidade e
gases, solubilidade/insolubilidade em &gua e lipidios, cor e aparéncia,
caracteristicas mecanicas e reoldgicas adequadas, nao-toxicidade, etc. A
cobertura/biofilme ideal deve criar uma barreira que possa retardar a perda de
vapor d’agua e aromas volateis, enquanto restringe a troca de O, e CO,, criando
uma atmosfera modificada (AM) com CO. relativamente elevado e O, reduzido.
Essa AM deve diminuir a taxa de respiracao e produgéo e agao do etileno. Baixa
permeabilidade ao vapor d’agua depende da temperatura e umidade relativa, e

pode ser melhorada pela inclusédo de lipidios na solugdo filmogénica [12]. As
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propriedades mecanicas (resisténcia a tracao e elongacao na ruptura) dependem
do tipo de material de formacdo do filme e condigcdes de formacdo (tipo de
processo e solvente, resfriamento ou taxa de evaporacao e técnica de cobertura) e

especialmente de sua coesao estrutural.

Aplicacao de filmes e coberturas comestiveis em frutas frescas

A aplicagéo de alguns filmes/coberturas em frutas frescas e hortalicas é
antiga, e entre eles, as ceras sdo aplicadas para limitar os processos de
deterioracéao fisioldgica (através do controle da troca de gases) e contaminacao
microbiana. Aplicacées em frutas frescas foram revisadas e sdo apresentadas a

seqguir.

Bender et al. [5] cobriu abacates com “NatureSeal”, um filme comestivel a
base de polissacarideos e conseguiu retardar o amadurecimento. Os abacates
cobertos tiveram menor taxa de respiracao e producao de etileno e maior firmeza
do que as frutas sem cobertura. Uma cobertura permeavel foi produzida nas
superficies de frutas pela imersdo em uma dispersdo aquosa de “Pro-long”, uma
mistura de ésteres de sacarose de acidos graxos e sal de sédio de
carboximetilcelulose [7]. Mangas tratadas com suspensdes aquosas de Pro-long
produziram um aumento da vida de prateleira das frutas, retardando o
amadurecimento e reduzindo a perda de peso, sem afetar a qualidade sensorial
da fruta. Mangas cobertas com o filme comestivel “Semperfresh”, uma mistura de
ésteres de mono e diglicerideos com sacarose e carboximetilcelulose, tiveram
reduzida perda de 4gua e mudanga de cor e amadurecimento estendido [6]. Kittur
et al. [13] estudaram coberturas a base de polissacarideos (quitosana, amido e
celulose) em bananas e mangas e observaram que as coberturas a base de

quitosana foram superiores em prolongar a vida de prateleira e a qualidade das
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frutas. Coberturas a base de amido em morangos armazenados a 0 °C reduziram
0 numero de frutas infectadas e estenderam a vida de prateleira dos morangos
pelo atraso da senescéncia. Os morangos cobertos tiveram menor perda de peso
e mudanca de cor e mantiveram a firmeza do que os morangos sem cobertura. As
modificagdes dos parametros fisiolégicos, como o conteldo de antocianina,
acucares redutores e nao-redutores, acidez e pH foram diminuidas nas frutas
cobertas [9]. Biofilmes de fécula de mandioca utilizados na conservagao de
morangos armazenados em condigdo ambiente (21 °C e 64,5% UR) apresentaram
diminuicdo na perda de peso, aumento de textura, prolongando em até 5 vezes a
vida pés-colheita dos frutos ndo sendo detectado sabor ou aroma estranho devido
ao filme [10]. Oliveira e Cereda [14] constataram que a utilizacdo de pelicula de
mandioca em goiabas acarretou numa diminuicdo da perda de peso e da taxa

respiratéria dos frutos em relagéo ao tratamento sem cobertura.

CONCLUSOES

O potencial de utilizagdo de biofilmes/coberturas comestiveis em frutas frescas é
crescente, por aumentar a sua vida util, ndo apresentar toxicidade e também por
nao prejudicar o meio ambiente. A possibilidade de misturas entre polimeros
naturais e modificagbes quimicas e enzimaticas sobre os mesmos é ainda muito
pouco explorada. A busca de informacdes basicas sobre suas caracteristicas
fisico-quimicas e funcionais no melhor aproveitamento de frutas frescas deve ser

incentivada.

33



CAPITULO 2

REFERENCIAS

[1] AMARANTE, C. V. T. Gas exchange, ripening behaviour and postharvest
quality of coated pears. Palmerston North, 1998. PhD. Dissertation, Massey Univ.,

New Zealand.

[2] AMARANTE, C. and BANKS, N. H. Postharvest physiology and quality of
coated fruits and vegetables. Horticultural Reviews, v. 26, p. 161-238, 2001.

[3] BANKS, N. H. Some effects of TAL Pro-Long coating on ripening bananas. J.
Expt. Bot., n. 35, p. 127-137, 1984.

[4] BANKS, N. H., CHENG, Q., NICHOLSON, S .E., KINGSLEY, A. M., JEFFERY,
P. B. Variation with temperature in effects of surface coatings on gas exchange of
apples. Int. Cong. Plastics Agric., Tel Aviv, Israel, 9-15 March 1997.

[5] BENDER, R. J., BRECHT, S. A., SARGENT, J. C., NAVARRO, J.C.,
CAMPBELL, C. A. Ripening initiation and storage performance of avocados treated
with an edible-film coating. Acta Hort., v. 343, p. 184-186, 1993.

[6] CARRILO-LOPEZ, A., RAMIREZ-BUSTAMANTE, F., VALDEZ-TORRES, J. B.
and ROJAS-VILLEGAS. Ripening and quality changes in mango fruit as affected
by coating with an edible film. J. Food Quality, v. 23, p. 479-486, 2000.

[7] DHALLA, R. and HANSON, S. W. Effect of permeable coatings on the storage
life of fruits. Il. Pro-long treatment of mangoes (Mangifera indica L. cv. Julie). Int. J.
Food Sci. Technol., v. 23, p. 107-112, 1988.

[8] HAGENMAIER, R. D. and BAKER, R. A. Reduction in gas exchange of citrus
fruit by wax coatings. J. Agric. Food Chem., v. 42, p. 899-902, 1993.

[9] GARCIA, M. A., MARTINO, M. N. and ZARITZKY, N.E. Starch-based coatings:
effect on refrigerated strawberry (Fragaria ananassa) quality. J. Sci. Food Agric., v.
76, p. 411-420, 1998.

34



CAPITULO 2

[10] HENRIQUE, C. M. and CEREDA, M. P. Utilizacao de biofiimes na
conservagcao poés-colheita de morango (Fragaria ananassa) cv IAC Campinas.
Ciénc. Tecnol. Aliment., v. 19, n. 2, p. 231-233, 1999.

[11] JOHNSTON, J. W. and BANKS, N. H. Selection of a surface coating and
optimization of its concetration for use on “Hass” avocado (Persea amaricana) fruit.
New Zealand L. Crop Hort. Sci., v. 26, p. 143-151, 1998.

[12] KESTER, J. J. and FENNEMA, O.R. Resistance of lipid films to water vapor
transmission. J. Am. Oil Chem. Soc., v. 66, p. 1139-1146, 1989.

[13] KITTUR, E. S., SAROJA, N., HABIBUNNISA, THARANATHAN, R. N.
Polysaccharide-based composite coating formulations for shelf-life extension of
fresh banana and mango. Eur Food Res. Technol., v. 213, p. 306-311, 2001.

[14] OLIVEIRA, M. A. and CEREDA, M. P. Efeito da pelicula de mandioca na
conservacao de goiabas. Braz. J. Food Technol., v. 21, n. 2, p. 97-102, 1999.

[15] WILLS, R. H., LEE, T. H., GRAHAM, D., MACGLASSON, W.B. and HALL, E.
G. 1981. Postharvest: an introduction to the physiology and handling of fruit and
vegetables. AVI Publ. Co., Westport, CT.

35



CAPITULO 2

36



CAPITULO 3

CAPITULO 3

EDIBLE WHEAT GLUTEN FILMS: DEVELOPMENT, MECHANICAL
AND BARRIER PROPERTIES AND APPLICATION TO
STRAWBERRIES (Fragaria ananassa)

Publicado no Boletim do Centro de Pesquisa e Processamento em Alimentos
(CEPPA) 20 (2): 291-308, 2002

37



CAPITULO 3

38



CAPITULO 3

EDIBLE WHEAT GLUTEN FILMS: DEVELOPMENT, MECHANICAL AND
BARRIER PROPERTIES AND APPLICATION TO STRAWBERRIES (Fragaria
Ananassa)
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Films from wheat gluten were prepared with different pH values and concentrations
of gluten, ethanol and glycerol. Their effects on oxygen and water vapor
permeabilities, water solubility, tensile strength and percent elongation at break
were evaluated using Response Surface Methodology. The lowest oxygen
permeability would be expected at low concentrations of glycerol, gluten and
ethanol. The mechanical properties were mainly affected by gluten and glycerol
concentrations and the most resistant film was obtained at high gluten and low
glycerol concentrations. Wheat gluten coating applied to fresh strawberries
reduced weight and firmness losses during storage as compared to uncoated
controls.

KEY WORDS: EDIBLE FILMS, WHEAT GLUTEN, STRAWBERRIES,
PERMEABILITY, MECHANICAL PROPERTIES.

 Estudante de doutorado, bolsa FAPESP, Departamento de Alimentos e Nutricao, Faculdade de
Engenharia de Alimentos, Universidade Estadual de Campinas (UNICAMP), Campinas — SP,
Brasil.

** Professor, Departamento de Alimentos e Nutricdo, Faculdade de Engenharia de Alimentos,
Universidade Estadual de Campinas (UNICAMP), Campinas- SP, Brasil. E-mail
(grosso@fea.unicamp.br)

39



CAPITULO 3

1 INTRODUCTION

Recently there has been considerable interest in edible films for foods
(TANADA-PALMU & GROSSO, 2002; PARK, 1999; AMARANTE & BANKS, 2001).
Such films can maintain food quality and improve stability and shelf life by retarding
unwanted mass transfer in food products (MILLER & KROCHTA, 1997), including
to retard transport of gases (0., CO,) for fruits and vegetables, migration of
moisture for dried and intermediate moisture foods, and migration of solutes for
frozen foods (DONHOWE & FENNEMA, 1992). They may also improve the
recyclability of some packaging applications avoiding the disposal of non-

renewable materials.

Polysaccharides, proteins and lipids can be used as edible film-forming
agents (KESTER & FENNEMA, 1986; GENNADIOS & WELLER, 1991; AVENA-
BUSTILLOS & KROCHTA, 1993; McHUGH, AUJARD & KROCHTA, 1994). In
general, mechanical and barrier properties of biological films are highly associated
with the polarity of film constituents (DEBEAUFORT, MARTIN-POLO & VOILLEY,
1993). In protein-based films, the film-forming ability may be influenced by amino
acid composition, their distribution and polarity which determine cross links
between amino acids, hydrogen and dissulfide bondings (GENNADIOS &
WELLER, 1991). Due to the unique cohesive and elastic properties of gluten
(WALL & HUEBNER, 1981), good film-forming properties may be expected.
Biodegradable and edible films from wheat proteins are useful in food packaging
provided they are flexible, strong, heat sealable, and relatively transparent
(RAYAS, HERNANDEZ & NG, 1997). The mechanical and barrier properties of
wheat gluten films have been studied (GENNADIOS et al, 1993; GONTARD,
GUILBERT & CUQ, 1993; CHERIAN et al., 1995). An edible wheat gluten film was
developed and the effects of gluten and ethanol concentrations and pH of the film-
forming solution on various film properties were evaluated (GONTARD, GUILBERT
& CUQ, 1992).

40



CAPITULO 3

HERALD et al., (1995) compared wheat gluten films prepared at various pH
values, as a result films prepared at pH 3.3 showed higher water vapor
permeability, presumibly due to the unfolding conformation of protein molecules
and exposure of hydrophilic groups. Edible wheat gluten films were prepared with
various amounts of glycerol (TANADA-PALMU, HELEN & HYVONEN, 2000). Films
with low amounts of glycerol had lower water vapor and oxygen permeabilities,
higher tensile strength and lower elongation at break.

The objective of this work was the preparation of edible wheat gluten films
and the evaluation of film forming conditions (pH, concentrations of gluten, ethanol
and glycerol) on the film properties (water solubility, oxygen and water vapor
permeabilities and mechanical properties). Applications of such films as coatings
for strawberries, a typical soft fruit having a high physiological post-harvest activity,

were also investigated.

2 MATERIALS AND METHODS

2.1 Materials

Vital wheat gluten (Rhodia, Campinas, Brazil), beeswax (Chemco, Sao
Paulo, Brazil), glycerol (Merck, Darmstadt, Germany), ammonium hydroxide
(Synth, Sao Paulo, Brazil), calcium chloride (Ecibra, Sao Paulo, Brazil), sodium
chloride (Synth, Sao Paulo, Brazil), magnesium nitrate (Ecibra, Sdo Paulo, Brazil),
solid paraffin (Chemco, Sao Paulo, Brazil) and fresh strawberries (Campinas free

market).

2.2 Film preparation

The gluten concentration (g/100 mL solution), ethanol concentration

(mL/100 mL solution), glycerol concentration (g/100 mL solution), and the pH of the
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solution (adjusted with ammonium hydroxide), used to prepare the films varied
according to the values presented in Table 1. The film was prepared from a
solution of gluten/absolute ethanol, ammonium hydroxide and distilled water. All
components were mixed under magnetic stirring until the temperature of the
mixture reached 70 °C and the solution centrifuged at 5856 g for 6 min at room
temperature. The film-forming solution was poured and spread evenly over a teflon
covered glass surface and dried at room temperature for 24 h (modified method
from GONTARD, GUILBERT & CUQ, 1993). The quantity of solution (vol.) poured
onto the surface was calculated to obtain a constant thickness of the dried film. All
films used for experiments were equilibrated at 52% relative humidity (RH), using a
saturated solution of Mg(NO3)z at 25 °C for 48 hours (h) before being tested.

2.3 Film thickness

Film thickness was measured using a micrometer (Model MDC-25M,
Mitutoyo, MFG, Japan). The thickness of individual film samples was determined

as an average of five measurements.
2.4 Water vapor permeability

The water vapor transmission rate of the films was determined
gravimetrically at 25 °C using a modified American Society for Testing and
Materials (ASTM) Standard Method E-96 according to TANADA-PALMU, HELEN &
HYVONEN, (2000). The samples, four replicates of each film, were conditioned for
2 days at 52% RH before measurement. The water vapor permeability (WVP) was
calculated according to the ASTM method.

2.5 Oxygen permeability

The oxygen transmission rates were determined using a modification of the
ASTM Standard Method D 3985-81 with an Ox-Tran apparatus (Mocon, Inc.,
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Minneapolis, USA) at 25 °C. The samples, two replicates of each film, were
conditioned for 2 days at 52% RH before measurement. The oxygen permeability
(OP) was calculated by dividing the oxygen transmission rate by the oxygen

pressure and multiplying by the mean thickness.
2.6 Tensile strength and percent elongation at break

Film tensile strength (TS) and percent elongation at break (ELO) were
determined using a Texture Analyzer TA.XT2 (Stable Micro System, Surrey, UK),
operated according to the ASTM Standard Method D 882-83 (25 °C and 52% RH,
initial grip separation = 50 mm and cross head speed = 100 mm/min). The peak
loads and extension at break were recorded for tested film specimens (100 mm
long and 25.4 mm wide). The films were conditioned for 2 days at 52% RH before
measurement. Six specimens of each film were measured. The tensile strength

and percent elongation at break were calculated according to the ASTM method.
2.7 Solubility in water

The percent of solubility was the percentage of dry matter of the film
solubilized after 24 h immersion in water. The percentage of initial dry matter of
each film was determined at 105 °C for 24 h. Two discs of film (2 cm diameter)
were cut, weighed, immersed in 50 mL of distilled water and slowly and periodically
agitated for 24 h at 25 °C. The pieces of film were then taken out and dried (105 °C
for 24 h) to determine the weight of dry matter, which was not solubilized in water.
The weight of dry matter solubilized was calculated by subtracting the weight of dry
matter not solubilized from the weight of initial dry matter and reported on an initial

dry weight basis.
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2.8 Statistical analyses

The 2* complete factorial planning with 3 repetitions in the central point was
used in this experiment. The data were analyzed to fit the following second order

equation to all dependent Y variables:

Y = bo + b1X1 + b2X2 + b3X3 + b4X4 + b12X1X2 + b13X1X3 + b14X1X4 + b23X2X3
+ D2aXoX4 + D34 X3Xs + b11X12 + bzzxz2 + bssxs2 + b44X42

Where b, are constant regression coefficients and X, Xz, X3 coded independent
variables. The Statistica 5.5 (Statsoft, USA) program was used for the analysis of

variance, regression coefficient calculation and response surfaces.
2.9 Application of the edible film to fresh strawberries

The edible wheat gluten film was applied to coat fresh strawberries to
evaluate the influence of the film on the weight and firmness losses of the product.
Four treatments were effected to cover fresh strawberries (triplicates) with the
gluten film. In treatment 1, fresh strawberries were dipped with pliers into the film-
forming solution (7.5 g gluten + 1.87 g glycerol + 45 mL ethanol/100 mL solution,
pH 10) at room temperature for 1 minute (min). In treatment 2, strawberries were
dipped into the same film-forming solution as treatment 1 for 1 min and allowed to
dry for 1 h (hanging up by their calyces); then they were dipped again into the
same solution for 1 min in order to form a bilayer gluten film over the strawberries.
In treatment 3, strawberries were treated as in treatment 2, but the second layer
was formed by dipping the strawberries into molten beeswax at 70 °C for a few
seconds. In treatment 4 (control), strawberries were dipped into distilled water for 1
min. Strawberries were stored in the refrigerator (7 °C) for two weeks and during
this time, the weight loss was followed and the firmness loss was registered by the
Texture Analyzer (the compression force of the strawberry flesh was measured
using a Texture Analyzer TA.XT2 (SMS, Surrey, UK) equipped with a compression
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cell of 5 kg and a cylindrical acrylic probe of 1 cm in diameter, using a 1 mm/s
crosshead speed and 75% strain).

3 RESULTS AND DISCUSSION

3.1 Statistical analysis and response surfaces

The experimental data presented on Table 1 and 2 shows the results of the
analysis of variance for each of the dependent variables, with corresponding
coefficients of multiple determination (R?) and F values. The model for water vapor
permeability (Y2) showed a high lack of fit, considering there were no significant p
and F values, indicating that data variations could not be adequately explained
(THOMPSON, 1982). An investigation of the residual errors (difference between
predicted and experimental Y-variables values) indicated that a higher order model
would be necessary to more adequately describe the data. However, this model
could be used for trend analysis. The models for oxygen permeability, tensile
strength and percent elongation at break seemed adequate, with satisfactory R? or

significant p or F values.

The estimated partial regression coefficients (RC), pure error (PE) and level
of significance (p) for the five quadratic models and the results of significance tests
on the coefficients are indicated in Table 2. The three variables (gluten, glycerol
and ethanol) appeared to affect film properties. From the significant p values,
gluten (glu), glycerol (gly) and ethanol (et) concentrations of the film-forming
solution were the most important factors influencing oxygen permeability and
mechanical properties. The interaction between independent and dependent
variables is represented by the three-dimensional response surfaces (Figs. 1 and
2) generated by the regression equations developed from the mathematical

analysis.
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Table 1 — RESPONSES OF DEPENDENT VARIABLES TO THE FILM-FORMING

CONDITIONS
Independent variables® Dependent variables
Films Xi(pH)  Xo(glu)  Xs(gly) Xa(et) Yi(OP)  Yo(WVP) VY3(SOL) Y4«TS) Ys(ELO)
1 95(-1) 6.0(-1) 1.50(-1) 325(-1) 2497 8.48 15.8 2.07 170.6
2 10.5(+1) 6.0(-1) 1.50(-1) 325(-1) 21.03 8.67 13.3 1.98 143.5
3 95(-1) 9.0(+1) 150(-1) 325(1) 39.86 10.20 22.0 3.91 184.1
4 10.5(+1) 9.0(+1) 1.50(-1) 325(-1) 41.02 8.61 22.7 5.25 215.3
5 95(-1) 6.0(-1) 1.50(-1) 57.5(+1) 24.40 12.95 16.3 1.19 170.0
6 10.5(+1) 6.0(-1) 1.50(-1) 57.5(+1) 26.79 11.61 16.1 1.33 160.5
7 95(-1) 9.0(+1) 1.50(-1) 57.5(+1) 28.30 9.48 26.0 5.38 140.5
8 10.5(+1) 9.0 (+1) 1.50(-1) 57.5(+1) 36.95 8.58 11.1 717 138.6
9 95(-1) 6.0(-1) 225(+1) 325(-1) 25.85 19.77 12.4 0.45 222.9
10 10.5(+1) 6.0(-1) 2.25(+1) 325(-1) 33.20 14.89 24.1 0.42 163.4
11 95(-1) 9.0(+1) 225(+1) 325(-1) 42.20 10.29 13.6 1.49 139.1
12 10.5 (+1) 9.0 (+1) 2.25(+1) 325(-1) 42.30 9.63 12.4 1.65 175.1
13 95(-1) 6.0(-1) 225(+1) 57.5(+1) 38.70 13.57 254 0.30 277.2
14 10.5(+1) 6.0(-1) 2.25(+1) 57.5(+1) 28.30 12.48 27.0 0.42 282.8
15 95(-1) 9.0(+1) 2.25(+1) 57.5(+1) 30.45 8.18 16.6 0.72 187.9
16 10.5 (+1) 9.0 (+1) 2.25(+1) 57.5(+1) 36.40 8.19 17.4 0.70 273.9
17 9.0(-2) 7.5(0) 1.87(0) 45.0(0) 46.58 12.69 23.3 1.03 263.9
18 11.0(+2) 75(0) 1.87(0) 45.0(0) 34.76 8.53 20.9 1.70 232.6
19 10.0(0) 4.5(2) 1.87(0) 450(0) 29.16 9.61 13.5 0.37 302.3
20 10.0 (0) 10.5(+2) 1.87(0) 45.0(0) 34.47 8.65 16.2 1.39 282.0
21 10.0(0) 75(0) 1.87(0) 20.0(-2) 41.93 11.07 26.5 0.88 2341
22 10.0(0) 7.5(0) 1.87(0) 70.0(+2) 49.68 14.91 225 0.87 196.8
23 10.0(0) 75(0) 1.12(-2) 450(0) 35.82 5.72 17.4 2.36 184.1
24 10.0(0) 7.5(0) 2.62(+2) 45.0(0) 38.64 10.46 12.7 0.55 336.4
25(c) 10.0(0) 75(0) 1.87(0) 45.0(0) 39.19 13.60 21.8 0.84 207.6
26(c) 10.0(0) 75(0) 1.87(0) 45.0(0) 41.25 12.56 16.3 1.22 216.5
27(c) 10.0(0) 75(0) 1.87(0) 45.0(0) 38.56 7.89 21.0 1.60 236.8

% values between brackets are the coded symbols of the levels of the independent variables; “(c)-
central points of the plan; X;(pH) - pH of the film-forming solution; Xy(glu) - gluten concentration
(/100 mL solution); Xs(gly) — glycerol concentration (g/100 mL solution); Xu(et) — ethanol
concentration (mL/100 mL solution); Y{(OP) — oxygen permeability (cm*um/m°dkPa); Y,(WVP) —
water vapor permeability (gmm/m°dkPa); Y5(SOL) — solubility in water (%); Y4(TS) — tensile strength
(MPa); Ys5(ELO) — percent elongation at break (%).

46



CAPITULO 3

Table 2—- REGRESSION COEFFICIENTS, PURE ERROR AND LEVEL OF
SIGNIFICANCE OF THE SECOND ORDER POLYNOMIALS® FOR 5

RESPONSE VARIABLES
Oxygen permeability Water permeability Solubility in water (Y3) Tensile strength (Y,) Elongation at break (Ys)
(Y1) (Y2)

RC PE p RC PE p RC PE p RC PE p RC PE P
constant 39.67 0.81 0.0004 1135 1.75 0.0231 19.70 1.71 0.0075 1.220 0.22 0.0308 220.30 8.64 0.0015
(bo)
linear
pH (b1) -1.03 057 0.2143 -155 124 03386 -0.73 1.2 0.6069 039 0.15 0.1254 -0.09 6.11 0.9890
glu (b2) 7.07 057 0.0065 -2.60 1.24 0.1714 -027 1.2 0.8464 1.68 0.15 0.0084 -36.84 6.11 0.0264
gli (bs) 3.31 057 0.0288 232 124 0.2020 -0.32 1.2 0.8185 -2.14 0.15 0.0052 80.74 6.11 0.0057
et (bs) -0.39 057 05702 018 124 08971 097 1.2 0.5091 -0.01 0.15 0.9886 10.19 6.11 0.2374
quadratic
pH x -1.61 0.61 0.1183 -0.11 1.32 0.9390 0.91 129 05517 041 0.16 0.1311 -1227 6.48 0.1874
pH(b:+)
glu x -6.04 0.61 0.0100 -0.85 1.32 05833 -2.71 129 0.1696 0.17 0.16 0.4192 9.17 6.48 0.2925
g|U(b22)
glixgli(bss) -3.33 0.61 0.0319 -1.37 1.32 0.4064 -0.32 129 0.1794 045 0.16 0.1103 -6.77 6.48 0.4055
et x et(bas) 096 0.61 0.2566 1.08 1.32 0.4996 2.11 1.29 0.2423 0.16 0.16 0.4250 -29.17 6.48 0.0460
interactions
pH x 256 0.70 0.0680 050 152 0.7746 -3.15 148 0.1681 039 0.19 0.1757 30.31 7.48 0.0559
glu(byz)
pH x -0.66 0.70 0.4486 -0.37 152 0.7941 3.72 1.48 0.1290 -0.37 0.19 0.1918 9.34 7.48 0.3382
gli(bs3)
pHxet(bis) 024 0.70 0.7655 045 152 0.8293 -2.67 148 0.2136 0.08 0.19 0.7106 1253 7.48 0.2360
glu x -295 0.70 0.0523 -245 152 0.8227 -6.15 1.48 0.0537 -1.52 0.19 0.0152 7.60 7.48 0.4164
glibzs)
glu X -5.80 0.70 0.0144 -039 152 0.2488 -235 148 0.2545 042 0.19 0.1584 -53.48 7.48 0.0190
et(bz4)
gli x et(bss) 0.09 0.70 0.9074 -235 152 0.2619 352 148 0.1410 -047 0.19 0.1384 86.28 7.48 0.0074
Y%variability 0.61639 0.72556 0.79565 0.76931 0.67388
explained-
R2
F 1.38 2.27 3.34 2.86 3.39

#Model on which X;=pH, Xo=gluten concentration,Xz=glycerol concentration, X,=ethanol
concentration of the film-forming solution is:

Y= bo + b1X1 + b2X2 + b3X3 + b4X4 + b12X1X2 + b13X1X3 + b14X1X4 + b23X2X3 + b24X2X4 + b34X3X4 +
b11X12 + bzzxz2 + b33X32 + b44)(42

RC: regression coefficients

PE: pure error

p: level of significance

F from table:2.62

Bold numbers: significant at 5% level
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3.2 Water vapor permeability

The water vapor permeability should be as low as possible since an edible
film or coating should retard moisture transfer between the food and the
environment, or between two components of a heterogeneous food product
(GONTARD, GUILBERT & CUQ, 1992).

According to BANKER, (1966), plasticizers are added to films to reduce
brittleness, increase toughness, strength, tear and impact resistance and impart
flexibility. Usually the addition of the plasticizer increase gas, water vapor and
solute permeabilities and decrease the tensile strength of the films. From the
results (Table 1), water vapor permeability (WVP) increased with glycerol
concentration in accordance with GONTARD, GUILBERT & CUQ, (1993); PARK
et al, (1994a) and TANADA-PALMU, HELEN & HYVONEN, (2000). The
plasticizers achieve such changes probably through interactions between
plasticizer and polymer and the reduction of cumulative intermolecular forces along
polymer chains, leading to “softening” of the film structure (GENNADIOS et al.,
1993). Additionally this could be explained by the modifications of the protein
structure, which might become less dense, and by the hydrophilicity of glycerol,
which favors adsorption and desorption of water molecules (GONTARD,
GUILBERT & CUQ, 1993). Thus, the lowest WVP was obtained from film 23, the

one with the lowest glycerol concentration.
Increasing the ethanol concentration of the film-forming solution increased

WVP (Table 1). At high ethanol concentration the film became heterogeneous and
this could explain the feasibility of water transmission.
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3.3 Oxygen permeability

Good oxygen barrier properties of edible films can be used in food
packaging and preservation. As an example, coating foods susceptible to lipid
oxidation with protein films, in combination with an external conventional moisture
barrier package seems to be possible. Oxygen permeability of all the wheat gluten
films were similar to the values obtained by PARK & CHINNAN, (1990) for
zein:glycerin films (13.0-44.9 cm®*um/m®dkPa) and gluten:glycerin films (9.6-24.2
cm®um/m2dkPa) at 30 °C and 0% RH. Oxygen permeability of all films was low,
maybe due to their polar nature and linear structure, which leads to a high
cohesive energy density and a low free volume (TANADA-PALMU, HELEN &
HYVONEN, 2000).

The shape of the response surfaces (Figs. 1A and 2A) was characteristic of
the interaction between gluten, glycerol and ethanol concentrations and showed
that the lowest oxygen permeability value would be expected with low
concentrations of these three variables.

3.4 Mechanical properties

An edible film should be resistant in order to withstand the manipulation
during its application and to maintain its integrity and also its barrier properties.
Tensile strength decreased and percent elongation at break increased with an
increase in glycerol concentration (Figs. 1B and 1C), in accordance with TANADA-
PALMU, HELEN & HYVONEN, (2000). This similar behavior has been reported for
other films (PARK et al., 1993; McHUGH & KROCHTA, 1994; GENNADIOS et al.,
1996). Unplasticized gluten film has low flexibility due to highly cooperative protein-
protein interaction, mainly because of the high glutamine content which is
responsible for numerous hydrogen bonds between protein chains. Glycerol is a

small hydrophilic molecule which could be inserted between protein chains. With
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glycerol in the protein network the distance between protein chains was increased
and direct interactions were reduced.

The response surface showed that at high gluten concentrations films
became more resistant with a high tensile strength (Figs. 1B and 2B). Percent
elongation at break decreased as gluten concentration increased and the
concentration of ethanol decreased (Figs. 1C and 2C). The mechanism to form a
resistant film could involve a higher number and/or a better localization of bonds
between protein chains. During the drying of the film-forming solution, ethanol and
ammonium hydroxide were evaporated, allowing the formation of bonds between
protein chains. During this stage, the proximity of protein chains induced by high
gluten concentrations could form such cross-bonds. During film formation,
polymerization occurs through intermolecular disulfide, hydrophobic and hydrogen
bondings (WALL & BECKWITH, 1969). An alkaline environment and heating are
necessary to denature the gluten protein, thus disrupting protein structure,
breaking existing disulfide intramolecular bonds and exposing sulphydryl and
hydrophobic groups, making them available for bonding. The cleavage of disulfide
bonds results in polypeptide chains with lower molecular weights, destroying
elasticity and cohesiveness of gluten. Upon casting and drying, sulphydryl groups
reform disulfide bonds by air oxidation, which leads the film structure
(GENNADIOS et al., 1993). Similar observations (MUNOZ, PANGBORN &
NOBLE, 1986; BANKER, 1966; GUILBERT & BIQUET, 1989) have been made
with protein (gelatin) gels which had lower puncture forces at low protein

concentration.
3.5 Solubility in water

Water resistance is an important property of edible films for applications in
food protection, where water activity is high, or when the film must be in contact

with water during processing of the coated food to avoid exudation of fresh or

frozen products. Therefore, edible films with high water solubility may be required,
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for example, to contain premeasured portions which will be dissolved in water or in
hot food (GUILBERT & BIQUET, 1989). Solubility in water was low for all films,
compared to zein films (solubility about 90%, F5000, Freeman Industries, NY)

which disintegrate easily in water.

FIGURE 1 — RESPONSE SURFACE FOR THE EFFECT OF GLUTEN AND
GLYCEROL CONCENTRATIONS OF THE FILM-FORMING SOLUTION
ON OXYGEN PERMEABILITY (A), TENSILE STRENGTH (B) AND
ELONGATION AT BREAK (C)
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FIGURE 2 — RESPONSE SURFACE FOR THE EFFECT OF GLUTEN AND
ETHANOL CONCENTRATIONS OF THE FILM-FORMING SOLUTION

ON OXYGEN PERMEABILITY (A), TENSILE STRENGTH (B) AND
ELONGATION AT BREAK (C)
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3.6 Application of wheat gluten to strawberries

Edible wheat gluten coatings were applied in order to reduce moisture and
firmness losses during storage. Moisture and firmness losses, in terms of % weight
loss and rupture force (N), between controls and coated products during two weeks
of storage are illustrated in Fig. 3.

Uncoated strawberries lost weight faster and showed higher firmness loss
than the coated samples with wheat gluten and beeswax during storage. However,
there was no great difference in weight and firmness losses of the gluten coated
strawberries (1 or 2 layers) and the controls. The strawberries coated with a bilayer
coating, dipped in wheat gluten film-forming solution and with a second layer of
beeswax, had relatively low weight and firmness losses. Texture modifications in
fruits and vegetables are related to the composition of the cell wall, enzyme
activity, metabolic changes and water content. The rate and extension of firmness
loss during ripening of soft fruits like strawberries is the main factor which
determines fruit quality and post-harvest shelf life. According to MANNING, (1993),
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fruit softening is attributed to the degradation of cell wall components due to
specific enzyme activity.

The wheat gluten coating reduced moisture and firmness losses from
strawberries. TANADA-PALMU, HELEN & HYVONEN, (2000) showed that gluten
coating reduced weight loss of cherry tomatoes and sharon fruits and a bilayer
coating of gluten and beeswax significantly reduced the weight loss of cheese
cubes comparing to a single layer of gluten coating. PARK, CHINNAN &
SHEWFELT, (1994b) reported that a corn zein film behaved similarly with
tomatoes. LERDTHANANGKUL & KROCHTA, (1996) observed that a mineral-oil-
based coating reduced moisture loss from green bell peppers. Starch-based films
reduced moisture loss from strawberries (GARCIiA, MARTINO & ZARITZKY,
1998a,b).

A bilayer coating of wheat gluten and beeswax showed the best results to
keep the quality of strawberries during storage. Thus, a second layer of lipid is
necessary to improve the water vapor barrier capacity of the wheat gluten coatings

in order to control the moisture and firmness losses from coated products.
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FIGURE 3 — WEIGHT (A) AND RUPTURE FORCE (B) OF GLUTEN COATED

Weight loss (%)

Rupture force (N)

AND UNCOATED STRAWBERRIES DURING STORAGE
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4 CONCLUSIONS

Wheat gluten can be used as a source of protein-based biodegradable films
and coatings. Response surface methodology seemed to be an effective tool for
studying film-formation conditions. Concentrations of gluten, glycerol and ethanol
influenced oxygen permeability and mechanical properties (tensile strength and
percent elongation at break) of the gluten films. Gluten based coatings could be
used to protect perishable foods such as strawberries. However, an additional lipid
layer is necessary to reduce moisture and firmness losses of the coated products.
Possibilities of improving wheat gluten film properties and evaluating new

applications of the gluten coating should be explored.

Resumo

FILMES COMESTIVEIS DE GLUTEN DE TRIGO: DESENVOLVIMENTO,
PROPRIEDADES DE BARREIRA E MECANICAS E APLICACAO NA
COBERTURA DE MORANGOS (Fragaria Ananassa).

Filmes de gluten de trigo foram preparados em diferentes valores de pH e
concentracoes de gluten, etanol e glicerol, e seus efeitos sobre permeabilidade ao
vapor de agua e oxigénio, solubilidade em agua, forca de tensédo e porcentagem
de elongacdo foram avaliados usando Metodologia de Superficie de Resposta.
Menor permeabilidade ao oxigénio foi observada a menores concentracées de
glicerol, gluten e etanol. As propriedades mecéanicas foram principalmente
afetadas pelas concentracbes de gluten e glicerol e o filme mais resistente foi
obtido quando maior concentracdo de gluten e menor de glicerol foram utilizadas.
Coberturas de gluten de trigo aplicadas em morangos frescos reduziram as perdas
de firmeza e de peso durante a estocagem comparado a um controle nao
revestido.
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PALAVRAS CHAVES: FILMES COMESTIVEIS, GLUTEN DE TRIGO,
MORANGOS, PERMEABILIDADE, PROPRIEDADES MECANICAS.
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WHEAT GLUTEN COMPOSITE AND BILAYER EDIBLE FILMS: EFFECT OF
LIPID ADDITION
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Department of Food Planning and Nutrition, Faculty of Food Engineering, State
University of Campinas, UNICAMP, Campinas — SP, Brazil, CEP 13083-970 (E-
mail: grosso@fea.unicamp.br).

ABSTRACT: Improvement of the moisture barrier properties of edible wheat gluten
films by combining both wheat gluten proteins and lipids (beeswax, stearic and
palmitic acids), and the effects of different types of lipids at various concentrations
on film water vapor permeability (WVP), water solubility, mechanical properties and
surface characteristics, were analyzed. Composite films were prepared using
gluten, glycerol and lipids as emulsions, and bilayer films were prepared by
depositing a thin layer of lipid on the surface of a dried base film of gluten and
glycerol. All bilayer and composite films of gluten and lipids were opaque. Bilayer
films were more brittle and difficult to handle than composite films. The bilayer film
with a 10% mixture of stearic and palmitic acids (S-P) and beeswax had the lowest
WVP. The water solubility of all bilayer films with 10% lipids (except the film with a
10% mixture of S-P and beeswax) was lower, and increased as the concentration
of lipids increased. All composite and bilayer films with more than 10% lipids
(except the S-P composite film) had lower tensile strength and percent elongation
at break, compared to gluten films with no lipids. Composite and bilayer films of
wheat gluten and lipid materials can be prepared and improve water vapor
permeability, but they decrease mechanical resistance and the films become more
opaque.

Running title: Wheat gluten composite and bilayer films
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INTRODUCTION

Recently there has been considerable interest in edible films for foods
(1,2,3). Such films can maintain food quality and improve stability and shelf life by
retarding unwanted mass transfer in food products (4). They may also improve the
recyclability of some packaging applications, avoiding the disposal of non-

renewable materials.

Polysaccharides, proteins and lipids can be used as edible film-forming
agents (1,5,6,7). Due to the unique cohesive and elastic properties of gluten (8),
good film-forming properties may be expected. The mechanical and barrier
properties of wheat gluten films have been studied (9,10,11). Edible wheat gluten
films were prepared with various amounts of glycerol (12). Films with low amounts
of glycerol had lower water vapor and oxygen permeabilities, higher tensile

strength and lower elongation at break.

Moisture exchange with the surrounding environment is a critical factor
affecting the sensory quality and shelf life of food products. Control of moisture loss
has been achieved through synthetic film packaging. However, biodegradable
edible films with sufficient mechanical and barrier properties could be used to
replace synthetic films. Bilayer or composite films that combine proteins with
emulsions or lipid layers can be interesting, since the lipids reduce the water vapor
permeability and the proteins give strength to the film, improving its structural
integrity. Among the lipid materials investigated, waxes and long-chain saturated
fatty acids and fatty alcohols were the most effective in improving the moisture
barrier properties of hydrophilic films (13).

The objective of this work was the development of edible bilayer and

composite films of wheat gluten and lipids (beeswax, stearic and palmitic acids),

and the evaluation of the film forming conditions (type of film, concentration and
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type of lipids) on the film properties (water solubility, water vapor permeability,
mechanical properties and surface characteristics).

MATERIALS AND METHODS
Materials

Vital wheat gluten (Rhodia, Campinas, Brazil), beeswax (Chemco, Sao
Paulo, Brazil), glycerol (Merck, Darmstadt, Germany), ammonium hydroxide
(Synth, Sao Paulo, Brazil), calcium chloride (Ecibra, Sdo Paulo, Brazil), sodium
chloride (Synth, Sao Paulo, Brazil), magnesium nitrate (Ecibra, Sdo Paulo, Brazil),
lithium chloride (Ecibra, Sdo Paulo, Brazil), magnesium chloride (Synth, Sao Paulo,
Brazil), potassium chloride (Synth, Sao Paulo, Brazil), solid paraffin (Chemco, Séao
Paulo, Brazil), stearic acid (Vetec, Sao Paulo, Brazil) and palmitic acid (Vetec, Séo

Paulo, Brazil).
Base film preparation

The base film was prepared from a solution of gluten (9.0 g/100 mL
solution), absolute ethanol (32.5 mL/100 mL solution), glycerol (1.5 g/100 mL
solution), ammonium hydroxide and distilled water. All components were mixed
using magnetic stirring until the temperature of the mixture reached 70 °C, when
the solution was centrifuged at 5856 g for 6 min at room temperature. The film-
forming solution was poured and spread evenly over a teflon covered glass surface
and dried at room temperature for 24 h [modified method of Gontard and others
(10)]. The quantity of solution (vol.) poured onto the surface was calculated to
obtain a constant thickness of the dried film. All films used for experiments were
equilibrated at 52% RH and 25 °C for 48 h before being tested.
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Bilayer and composite film preparation

The composite film was prepared with the addition of 10, 20 and 30% (lipid
weight/gluten weight) of: a) beeswax; b) 1:1 blend of stearic and palmitic acid (S-
P); c) beeswax with a 1:1 blend of stearic and palmitic acids, incorporated into the
base film-forming solution. This solution with lipids was mixed vigorously using
magnetic stirring and heated to melt the lipids. The film-forming solution was then
immediately poured and spread evenly over a Teflon covered glass surface and
dried at room temperature for 24 h [modified method of Gontard and others (14)].

The bilayer film was prepared by depositing a thin layer of melted lipids
(beeswax, stearic and palmitic acids) onto the surface of a dried preformed and
preheated base film consisting of gluten and glycerol. A thin teflon sheet was
carefully placed over the whole surface of the film to uniformly smooth the surface.

Films were cooled before removal [method of Gontard and others (14)].
Film thickness

Film thickness was measured using a micrometer (Model MDC-25M,
Mitutoyo, MFG, Japan). The thickness of individual film samples was determined

as an average of five measurements.
Water vapor permeability

The water vapor transmission rate through the films was determined
gravimetrically at 25 °C using a modification of the American Society for Testing
and Materials [ASTM (15)] Standard Method E-96, and the water vapor
permeability (WVP) was calculated according to the method. The samples, four
replicates of each film, were conditioned for 2 d at 52% RH before measurement.
The relative humidity gradient of the test was 0% RH (CaCl, desiccant in the test

cup) and 75% RH (saturated NaCl solution in the desiccator).
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Tensile strength and percent elongation at break

Film tensile strength (TS) and percent elongation at break (ELO) were
determined using a Texture Analyzer TA.XT2 (Stable Micro System, Surrey, UK),
operated according to the ASTM (16) Standard Method D 882-83 (initial grip
separation = 50 mm and cross head speed = 100 mm/min). Six specimens (100
mm long and 25.4 mm wide) of each film were measured. The samples were
conditioned for 2 d at 52% RH before measurement. The peak loads and extension
at break were recorded for tested film specimens. The tensile strength and percent
elongation at break were calculated according to the ASTM method. Before the
tests with different relative humidity conditions, films were conditioned for seven
days under each relative humidity condition. Saturated salt solutions in desiccators
were used to obtain the following relative humidity conditions at 25° C: 11% with
LiCl, 33% with MgCl,, 52% with Mg(NQgs)2, 75% with NaCl and 86% with KCI. Ten

specimens of each film at each relative humidity were measured.
Solubility in water

The percentage of initial dry matter of each film was determined at 105 °C
for 24 h. Two discs of film (2 cm diameter) were cut, weighed, immersed in 50 mL
of distilled water and slowly and periodically agitated for 24 h at 25 °C. The pieces
of film were then taken out and dried (105 °C for 24 h) to determine the weight of

dry matter, which was not solubilized in water (17).
Scanning electron microscopy

Film samples were examined for surface characteristics using a Jeol (JMS-
T330) scanning microscope (Jeol Ltd., Tokyo, Japan) operated at 10 kV. Film

samples were left in a desiccator with silica gel for 7 days, then fraturated and

affixed to aluminum stubs with cupper tape. The samples were then sputter-coated
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with gold in a Balzers evaporator (SDC 050, Baltec, Lichtenstein) for 180 seconds
at 40 mA.

RESULTS AND DISCUSSION

Film formation

All the bilayer and composite films obtained were opaque due to the
presence of the lipids. The bilayer films were more brittle and difficult to handle
than the composite films. The composite films showed a more homogeneous

surface and were more flexible.

A difficult task when preparing an edible bilayer or composite film with good
water vapor barrier properties is the formation of a continuous layer of lipid (18).
On account of its excellent barrier properties to water vapor permeability (19,20),
beeswax was chosen for studying the development of edible composite and bilayer
films composed of a wheat gluten based film and lipid materials.

The maximum concentration of lipids that could be added to wheat gluten
films was 30% of the gluten weight (lipid/gluten). Films with a higher concentration
of lipids showed an irregular lipid distribution, which is probably due to the limited
dispersion capability of the lipids (13).

Water vapor permeability and solubility in water

The water vapor permeability (WVP) should be as low as possible since an
edible film or coating should retard moisture transfer between the food and the

environment, or between two components of a heterogeneous food product (21).
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Water permeation through the film usually occurs through the hydrophilic
part of the composite and bilayer films, thus the relation of the
hydrophilic/hydrophobic portions is important to determine WVP. WVP tends to
increase with polarity, degree of unsaturation and degree of ramification of the
lipids used, besides the effect of the properties of water molecule sorption from the

polar part of the film (17).

The effect of lipid concentration on the water vapor permeability and
solubility in water is shown in Figs. 1 and 2. Both sides of the bilayer films (lipid
layer upside and downside on the test cup) were tested for WVP and no difference
in values was found. The bilayer film with 10% mixture of S-P and beeswax had
the lowest WVP (1.01 gmm/m?dkPa) of all the films tested. A study with composite
gellan-based films (13) showed that the beeswax and S-P mixture effectively
reduced WVP, however beeswax was more effective, which was also observed for
caseinate-lipids films by Kester and Fennema (19). The best results in reducing the
WVP of the films were obtained with the mixture S-P and beeswax, over the films
with beeswax. This could be due to the formation of a more irregular surface
containing micropores and/or little cracks in the films with beeswax, while films with
the mixture S-P and beeswax were shown to be apparently more regular and
easier to manipulate. Another possible explanation may be that the S-P mixture
lowered the melting point of the beeswax and thereby aided in remelting the lipids
during the drying of the film (18). The composite (comp) film with 30% mixture of S-
P and beeswax showed one of the lowest WVP (1.65 gmm/m?dkPa) of all the films
tested. The composite film with 30% beeswax had a WVP (5.01 gmm/m?dkPa)
similar to the WVP (4.72 gmm/m?dkPa, at 30 °C and 100% RH) obtained by
Gontard and others (17) for a gluten composite film with the same concentration of

beeswax.
The WVP values of all composite and bilayer films were lower than the WVP

of the gluten film with no lipids (8.61 gmm/m?dkPa), showing that the lipids
decreased the WVP of the wheat gluten films. The WVP of a similar gluten film

71



CAPITULO 4

prepared by Gontard and others (17) was lower (5.78 gmm/m2dkPa), however the
film thickness was lower too, resulting in this difference. The WVP of the films
changed slightly as the concentration of lipids increased. However, another study
(22) showed that the addition of increasing amounts of lipids in edible starch films,
increased the WVP.

The water resistance of edible films is an important property in applications
such as food protection, when the water activity is high or when the film has to be
in contact with water during processing of the coated food (e.g., to avoid exudation
of fresh or frozen products). Conversely, edible films with high water solubility may
be required, for instance, to contain premeasured portions, which will be dissolved
in water or hot food (3). All bilayer films with 10% lipids, except the film with the
mixture S-P and beeswax, and the composite film with 10% S-P and beeswax, had
lower solubility in water and this increased as the concentration of the lipids
increased, in agreement with Gontard and others (17). Above 20% lipids, the
presence of lipid components probably destabilized the protein matrix (reduction of
intermolecular interactions between protein chains), or decreased water resistance
when the lipid component was hydrophilic (17). Furthermore, the solubility in water
of all composite and bilayer films was lower than in the film with no lipids, but it
increased when the concentration of lipids increased from 10 to 20% and from 20
to 30%.
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Figure 1 — Water vapor permeability (WVP) of wheat gluten/lipid composite and
bilayer films (and standard deviation) as a function of lipid concentration
(CB=composite beeswax, CA=composite acids, CBA=composite beeswax+acids,
BB=bilayer beeswax, BA=bilayer acids, BBA=bilayer beeswax+acids).
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Figure 2 — Solubility in water of wheat gluten/lipid composite and bilayer films (and
standard deviation) as a function of lipid concentration.
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Mechanical properties

An edible film should be resistant in order to withstand manipulation during

its application and to maintain its integrity and also its barrier properties.

The effect of lipid concentration on tensile strength (TS) and percent
elongation at break (ELO) of the films is shown in Figs. 3 and 4. All composite and
bilayer films with more than 10% lipids (except the S-P composite film) had lower
tensile strength and percent elongation at break, compared to the gluten film with
no lipids (5.25 N and 184.1%, respectively). The films were brittle, implying a low
TS and were not flexible, which resulted in a low ELO. The TS of the films
decreased as the concentration of the lipids increased, in accordance with Yang
and Paulson (13). The TS was higher for all composite and bilayer films with S-P or
beeswax as compared to the films with the mixture S-P and beeswax. The ELO
was lower for all films with 10% lipids, increased greatly with 20% lipids and
decreased slightly with 30% lipids (except the composite film with beeswax). The
beeswax showed a negative effect on the mechanical properties of the composite
and bilayer films, as compared to the film with no lipids. The lipid compounds had
an anti-plasticizing effect. This effect could be related to the mechanical properties
of this compound (wax is very brittle) and its hydrophobic characteristics, which
could reduce the water concentration of the film as compared to the gluten film with
no lipids. The high molecular weight of the wax could cause a reduction in the free
volume and also modify the mechanical properties of the protein structural matrix
(17). Another possibility could be that the intensity of the interactions between lipid-
polymer was lower than the interactions between polymer-polymer (13).
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Figure 3 — Tensile strength (TS) of wheat gluten/lipid composite and bilayer films
(and standard deviation) as a function of lipid concentration.
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Figure 4 — Percent elongation at break (ELO) of wheat gluten/lipid composite and
bilayer films (and standard deviation) as a function of lipid concentration.
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Surface characteristics

Scanning electron micrographs (SEM) of the films are shown in Fig. 5 (a, b
and c). SEM was used to examine the composite and bilayer films (lipid-enriched
side upside the stub) with a 10.0% mixture of S-P and beeswax and also the gluten
film without lipids. Although bubbles of lipids were observed in both composite and
bilayer films, apparently greater compaction occurred in the composite film (Fig.
5b) as compared to the gluten film without lipids (Fig. 5a), and in the bilayer film
(Fig. 5¢) as compared to the composite film. The morphology observed in the
gluten film was completely modified when the mixture beeswax and S-P was
added (Fig. 5b). This new structural matrix conformation seems to determine a

lower WVP for both the composite and bilayer films as compared to the gluten film.

76



CAPITULO 4

Figure 5a- SEM of a gluten film.

comPosite!, Bl 18KV

Figure 5¢c- SEM of a bilayer film.
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Effect of water activity on the mechanical properties of wheat gluten/lipids

composite and bilayer films

The mechanical properties of the wheat gluten composite and bilayer films
with 20.0 and 30.0% beeswax and S-P acids, over a wide range of water activity
(aw), were examined. The mechanical properties of the films can be strongly
affected by environmental conditions such as relative humidity (RH). The effect of
aw on the tensile strength and percent elongation at break is shown in Figs. 6 and
7.

The tensile strength decreased and percent elongation at break increased
with increasing ay for all the bilayer and composite films, in agreement with the
results obtained by Tanada-Palmu and others (12) for wheat gluten film with no
lipids. Although the composite and bilayer films became more flexible (higher ELO)
with an increase in ay, the TS decreased. At a,, values lower than 0.52, composite
and bilayer films with beeswax showed higher TS than the composite and bilayer
films with the mixture S-P and beeswax, except for the bilayer film with 20%
mixture, which showed a higher TS. The same films also had a higher ELO than
the composite and bilayer films with the mixture S-P and beeswax at higher
conditions of a, studied (0.75 and 0.86). Composite and bilayer films of wheat
gluten and beeswax showed better mechanical properties as compared to films

with the mixture S-P and beeswax, when the a,, was increased.
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Figure 6 — Tensile strength of wheat gluten/lipids composite and bilayer films with
20.0 and 30.0% lipids (and standard deviation), as a function of water activity of the

films.
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Figure 7 — Percent elongation at break of wheat gluten/lipids composite and bilayer
films with 20.0 and 30.0% lipids (and standard deviation) as a function of the water

activity of the films.
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CONCLUSION

The effects of lipid materials on the functional properties of gluten-based
composite and bilayer films are complex and depend on the lipid and on the
interactions between the lipid and the structural protein matrix. Wheat gluten/lipid
composite and bilayer films with improved water vapor permeability relative to lipid-
free films can be made. Composite films were easier to manipulate as compared to
bilayer films with gluten, beeswax and lipids (stearic and palmitic acids). Bilayer
films were brittle and difficult to apply as edible coatings. Despite the better barrier
to water vapor permeability, with the addition of beeswax and fatty acids the films
became more opaque and with inferior mechanical properties as compared to the
gluten film with no lipids.
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Abstract: Edible coatings and films can provide an alternative for extending the
post-harvest life of fresh fruits and vegetables. The effect of different wheat gluten-
based coating formulations and films on refrigerated strawberry quality, was
studied. Fruit quality was evaluated by weight loss, firmness retention, microbial
decay, surface color development, titratable acidity, total and soluble solids, sugar
content and a sensory evaluation. The bilayer coating of wheat gluten and lipids
(beeswax, stearic and palmitic acids) had a significant effect on the retention of
firmness and reduced the weight loss of the coated fruits. Packed strawberries
coated with gluten film produced the lowest ratios for the chromaticity parameters
as compared to the control fruits, thus indicating that senescence was retarded.
The sensory evaluation of the strawberries showed that the gluten and the
composite coatings maintained the quality of the fruits in terms of appearance
during the storage time, and the taste of the strawberries with the gluten coating
was accepted by the consumers.

Keywords: strawberry, coating, film, gluten, shelf life, quality.

Running title: Wheat gluten films and coatings on strawberry
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INTRODUCTION

Recent works are exploring the potential of edible coatings to extend and
maintain the quality and shelf life of fresh products and to reduce the amount of
disposable non-biodegradable packaging materials'. Edible coatings can provide
an alternative to extend the post-harvest life of fresh fruits and vegetables and can
also result in the same effect as modified atmosphere storage in modifying the
internal gas composition®. Traditionally, fims and coatings have been used to
reduce water loss, but new film materials and edible coatings formulated with a
wider range of permeability characteristics facilitate achieving a “modified
atmosphere” effect in fresh fruits®>. Several researchers have studied the
application of coatings to vegetables such as tomato, cucumber and red peppers*®
and fruits like bananas®, apples’, mangoes®, pears®, citric fruits'®, avocado'’,

strawberries'®'®

and guavas'®. Highly perishable fruits like berries and tropical
fruits are the most appropriate products to protect with coatings, because of the
additional cost resulting from coating treatments. Strawberries, being typical soft
fruits, have high physiological post-harvest activity. As a consequence, they have
short ripening and senescence periods that make the commercialization of high
quality fruit a challenge. The objectives of this work were to study the ability of
gluten-based coatings to extend the shelf life of refrigerated strawberries, and to
study the influence of different types of coatings on the quality attributes of
strawberries, such as weight loss, firmness, surface color development, titratable

acidity, sugar content and sensory evaluation.

MATERIALS AND METHODS

Materials

Vital wheat gluten (Rhodia, Campinas, Brazil), ethanol (Synth, Sdo Paulo,
Brazil), beeswax (Chemco, Sao Paulo, Brazil), glycerol (Merck, Darmstadt,

88



CAPITULO 5

Germany), ammonium hydroxide (Synth, Sdo Paulo, Brazil), stearic acid (Vetec,
Sao Paulo, Brazil), palmitic acid (Vetec, Sao Paulo, Brazil), PVC film (Reds 2000,
Sao Paulo, Brazil) and strawberries direct from the producer (Jarinu, Sado Paulo,

Brazil).
Film preparation

The film was prepared from a solution of gluten (9.0 g/100 mL solution),
absolute ethanol (32.5 mL/100 mL solution), glycerol (1.50 g/100 mL solution),
ammonium hydroxide to adjust to pH 10 and distilled water. All components were
mixed under magnetic stirring until the temperature of the mixture reached 70 °C
and the solution centrifuged at 5856 g for 6 min at room temperature. The film-
forming solution was poured and spread evenly over a teflon covered glass surface
and dried at room temperature for 24 h (modified method of Gontard et al.'®). The
quantity of solution (vol.) poured onto the surface was calculated to obtain a
constant thickness of the dried film. All films used for the experiments were
equilibrated at 52% RH and 25 °C for 48 h before being tested.

Sample preparation

Strawberries (Fragaria ananassa) at the commercially ripe stage, of uniform
size, free of physical damage and fungal infection, were used. Strawberries were
dipped in chlorinated water (0.25 g Cly/L), dried and dipped in the formulated
suspension (film-forming solution) at room temperature and dried or packed with
the gluten film. Eight treatments were effected to cover fresh strawberries
(triplicates) with the gluten film and coating. In treatment 1, fresh strawberries were
held with pliers and dipped into the wheat gluten film-forming solution at room
temperature for 1 min. In treatment 2, the strawberries were dipped into the
warmed composite film-forming solution of gluten, beeswax and a 1:1 blend of
stearic and palmitic acids for 1 minute. In treatment 3, strawberries were dipped
into the same solution as in treatment 1, for 1 min and allowed to dry for 1 h; they
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were then dipped into the molten beeswax and 1:1 blend of stearic and palmitic
acids for a few seconds, in order to form a bilayer film on the strawberries. In
treatment 4 (control), the strawberries were dipped into distilled water for 1 min. In
treatment 5, the strawberries were individually enveloped in the gluten film
pouches (sealed) and in treatment 6, the strawberries were individually wrapped
with the gluten film. In treatment 7, some strawberries were put in trays and each
tray was packed with the gluten film and in treatment 8, each tray was packed with
a thin PVC film (synthetic). The strawberries were then stored in the refrigerator at
7 °C and 42% RH (measured with a higrometer) for 16 days to follow the shelf life.

Strawberry decay

The fruits were inspected after 1, 6, 12 and 16 days of storage and were
considered infected when a visible lesion was observed. The results were
expressed as the percentage of infected fruits'2.

Weight loss

The same fruits were weighed at the beginning of the experiment and after
1, 6, 12 and 16 days of storage. The results (with standard deviation) were

expressed as percentage loss of initial weight.
Firmness

The compression force of the strawberry flesh was measured using a
Texture Analyzer TA.XT2 (SMS, Surrey, UK) equipped with a compression cell of 5
kg and a cylindrical acrylic probe of 1 cm in diameter, using a 1 mm/s crosshead
speed and a 75% strain to penetrate the fruit'>. Determinations (with standard
deviation) were performed after 1, 6, 12 and 16 days of storage. Strawberries of
uniform size from which the calyces had been removed to obtain even surfaces,
were used to determine the break force (peak height).
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Surface color development

Colorimetric measurements of the fruits surface were carried out with a
Hunterlab colorimeter equipped with an optical sensor (ColorQuest Il, Hunter
Associates Laboratory, Fairfax, VA, USA). The Hunter scale was used: lightness
(L) and the chromaticity parameters a and b were registered after 1, 6, 12 and 16
days of storage. The ratio of the cromaticity parameters (a/b) was calculated (with
standard deviation).

Determination of reducing and total sugar contents, pH and titratable acidity

For each determination, ten fruits were processed after different storage
times. A blender (Fisatom 70 W, Brazil) was used to obtain homogenates for the
pH, titratable acidity, soluble solids, total solids and sugar content determinations.
The pH of the homogenates (triplicates) was determined in a pHmeter (Digimed
DM 20, Brazil).

The acidity was determined using a 10 g aliquot of the homogenate made
up to 100 mL with distilled water, which was titrated with 0.1 N NaOH to an end

116

point of pH 8.1°°. The titratable acidity was expressed as g of citric acid per 100 g

fruit. Three samples were analyzed for each storage time (1, 6, 12 and 16 days).

For the reducing sugars determination, 5 g aliquots of the homogenates
(triplicates) were transferred to a becker and 50 mL distilled water added. The
mixture was heated in a water bath for 5 min and then filtered into a 100 mL
volumetric flask. The flask was completed to 100 mL with distilled water. Aliquots of
10 mL were titrated according to the Fehling method'”. Aliquots of 50 mL from the
flask were used for the total sugar determinations. The samples were hydrolyzed
with HCI concentrated (5 mL) and were heated in a water bath for 15 minutes. After
cooling, the samples were neutralized to pH 7 and the flasks completed to 100 mL
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with distilled water. Aliquots of 10 mL were titrated according to the Fehling

method. Sugars were expressed as grams of glucose per 100 g of fruit.
Determination of soluble solids (°Brix), total solids and moisture

The soluble solids were determined in a refractometer (Hegerstelit,

Germany) and were expressed as °Brix.

To determine the total solids, 10 g aliquots of the homogenates were
transferred to previously dried and weighed porcelain dishes containing treated
sand. The sand was used to increase the surface area for drying. The samples
(triplicates) were dried in a vacuum oven at 70 °C to constant weight. The total
solids were calculated dividing the residue weight by the sample weight (x 100).
The moisture content was obtained by difference (100 - total solids).

Sensory evaluation of the strawberries

For the sensory evaluation, the consumers evaluated 4 samples of
strawberry: sample 1 was the strawberry with no coating (control - treatment 4),
sample 2 with the gluten coating (treatment 1), sample 3 with the composite
coating (treatment 2) and sample 4 with the bilayer coating (treatment 3). The
samples were prepared as explained above. The sensory evaluation of the
strawberries during the shelf life was effected by 40 consumers, in the age range
from 20 to 45 years old. The order of the samples was randomized for each

I'” to balance the effect of order of

consumer, according to Macfie and Bratchel
presentation and first-order carry-over effects. The strawberries were evaluated
after 1, 6 12 and 16 days of storage in the refrigerator. The attributes analyzed
were global appearance, color, brightness and intention to buy. The sensory
evaluation of taste and flavor of the strawberries, also evaluated by 40 consumers,
was effected after 5 days of storage, so that the coating was well adhered to the

fruits, and the attributes were taste, flavor, texture and intention to buy.
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Statistical analyses

The Statistica 5.5 (StatSoft, USA) program was used to calculate the
analysis of variance (ANOVA) and the Tukey test was used to determine the

significant differences of all the film properties at a 95% confidence interval.

RESULTS AND DISCUSSION

Film and coating characterization

The coatings were well adhered to the strawberry surfaces, the gluten and
composite coatings were transparent, but the bilayer coating of gluten, beeswax
and a 1:1 mixture of stearic and palmitic acids (S-P) was opaque white. Comparing
the coated and control strawberries on day 1 and day 16, all the strawberries
shrank and lost their brightness, however the control fruits were smaller and more
opaque than the other fruits on day 16. The strawberries with the bilayer coating
almost maintained their original day 1 size, showing that this coating could
maintain the quality of the fruits during the time of storage. The strawberries
covered with the gluten film maintained good visual quality up to day 16, the
wrapped and the sealed films maintained the quality up to day 12, and the fruits
covered with the PVC film remained good throughout the whole experiment. The
gluten films maintained the quality of the strawberries for a longer time than the

coatings.
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Figure 1 — Strawberries with the gluten and PVC films on the day 1.
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Figure 2 - Strawberries with the gluten and PVC films on the day 6.
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Figure 3 - Strawberries with the gluten and PVC films on the day 12.
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Figure 4 - Strawberries with the gluten and PVC films on the day 16.
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Microbial decay

Strawberry is a highly perishable fruit and the shelf life usually ends due to
fungal infection'®. The microbial attack of the fruit was characterized as brown
spots and a softening of the injured zone. In this work, the maximum storage life
was defined as the time elapsed between the application of the coating and the
visualization of fungal attack. The gluten film in pouches and the film that covered
the fruits in a tray, reduced the number of infected fruits in comparison with the
control fruits (Fig. 5b). The gluten, composite and bilayer coatings and the wrapped
film did not reduce the number of infected fruits at the end of the storage time (Fig.
5a). However the composite and bilayer coatings and the film that covered the
fruits in a tray were effective in extending fruit storage life by a factor of 2.67 X with
reference to the control fruits.
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Figure 5 — Microbial decay of coated (a) and packed (b) strawberries expressed as
percentage of infected fruits during storage time.
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Weight loss

Weight loss during storage due to transpiration was observed for all fruits.
The weight loss of fruits increased with storage time for the control, coated and
packed fruits. Fig. 6 shows that the fruits coated with the bilayer coating of gluten
and a mixture of beeswax and S-P had the lowest weight losses, and the fruits
coated with the composite coating also had low weight losses. However, the fruits
coated with the gluten coating had higher weight losses than the control fruits. All
the fruits packed with gluten films had lower weight losses as compared to the
control (Fig. 7), but the fruits packed with the PVC film had the lowest weight loss.
Of the gluten films tested, the fruits covered with the gluten film in a tray had the
lowest weight loss. The bilayer coating of gluten and lipids and the gluten film
effectively reduced the weight loss of the strawberries during storage, being the
most effective of all films and coatings with a weight loss lower than 10%. A similar
effect was observed by Garcia et al.'®'® for strawberries coated with starch-based
coatings. The water vapor permeability of the bilayer coating was low (1.01
gmm/m?dkPa), as reported by Tanada-Palmu and Grosso (2002, unpublished),
which can explain the best effect of this coating in reducing the weight loss of the

strawberries.
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Figure 6 — Effect of gluten based coatings on weight loss of strawberries during
storage.

60
—o— wrapped
60| B pouches
—A— gluten film
—+— PVC film
40

—¥— control

\
l

30

Weight loss (%

20 -

10

0 2 4 6 8 10 12 14 16 18
Time (days)

Figure 7 — Effect of gluten based films on weight loss of strawberries during
storage.
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Firmness

During prolonged storage, changes in appearance and texture occur in fruits

t'2. One of the main

and vegetables due to metabolic changes and water conten
factors used to determine fruit quality and postharvest shelf life is the rate and
extension of the loss of firmness during the ripening of soft fruits, such as
strawberries. According to Manning'®, fruit softening is attributed to the degradation
of cell wall components, mainly pectins, due to the action of specific enzymes such

as polygalacturonase.

Break force decreased as a function of storage time for the control, coated
and packed fruits, as shown in Figs. 8 and 9. All coatings and films, except the film
wrapping, showed a beneficial effect on firmness retention, the best results being
obtained with bilayer and composite coatings. At the end of the experiment (16
days), break forces for composite and bilayer coatings were higher than those of
gluten films, however, the fruits packed with the PVC film had the highest break

forces.

As observed with weight loss, the bilayer coating also showed the best

result with respect to the retention of fruit firmness.
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Figure 8 — Effect of coatings on firmness (Newton) of strawberries during storage.
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Figure 9 — Effect of films on firmness (Newton) of strawberries during storage.
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Surface color development

Color changes during post-harvest ripening were evidenced by a decrease
in lightness (L), an increase in redness (a) and a decrease in yellowness (b).
Changes were evaluated by the a/b ratio.

As shown in Figs. 10 and 11, the a/b ratios increased with storage time
(while the parameter a increased, b decreased). Control fruits showed the highest
a/b values in comparison with coated and packed fruits. Thus the gluten coating
and the film package were effective in the delay of senescence, as evidenced by

the decrease in color changes, in accordance with Garcia et al.'.
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a/b

Figure 10 — Surface color changes of coated strawberries during storage.
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Figure 11 — Surface color changes of packed strawberries during storage.
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Changes in titratable acidity and the pH of the fruits

The most abundant acid in strawberries is citric acid, followed by malic
acid'?. As seen in Table 1, titratable acidity decreased as a function of storage
time, with the exception of the fruits covered with the bilayer film. The decrease in
acidity demonstrates maturity development. The titratable acidity did not change
with storage time in the fruits covered with the bilayer coating, though this coating
delayed the maturation process. These results are in accordance with El Gaouth et
al* for strawberries coated with a chitosan-based formulation and with Garcia et
al'®'® for strawberries coated with starch-based coatings. The pH values
increased slightly during the storage time for control, wrapped and fruits in

pouches.

Soluble and total solids and moisture content

The solids content of soft fruits is generally related to the size and weight of
the seeds. Although high in number, strawberry achenes do not contribute to the
solids content®®. During storage, the moisture decreased in strawberries and as a
consequence, the total solids increased. The soluble solids increased with storage
time, with the exception of the fruits covered with the bilayer film. These results

occurred in all coated, packed and control fruits.
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Table 1 — Changes in pH, titratable acidity, soluble and total solids and moisture in
control, coated and packed strawberries

storage time at 7°C

parameter  sample 1 day 6 days 12 days 16 days
pH* gluten 3.83+0.04®" 3.82+0.06®*  3.82+0.01*"  3.86+0.05*"
composite 3.81+0.06™* 3.87+0.07**  3.90+0.01**  3.98+0.09*
bilayer 3.86+0.14*  3.83+0.04**  3.90+0.03** 3.98+0.11**
control 3.63+0.05°® 3.88+0.17**®  3.93+0.04**  3.93+0.08*"
wrapped 3.60+0.08°® 3.79+0.07**®  3.86+0.03**  3.88+0.08*
pouches 3.58+0.04®®  3.91+0.03*"  3.94+0.01**  3.95+0.06**
gluten film 3.87+0.08**  3.92+0.07**  3.95+0.04*"  3.96+0.07*
PVC film 3.95+0.07*" 3.95+0.08*"  3.95+0.02*"  3.95+0.07*
Titratable gluten 1.1310.09”*  0.97+0.06"*®* 0.80+0.04°°° 0.67+0.07°
acidity (g citric  composite 0.90+0.08°*  0.85+0.07™** 0.71£0.03°* 0.35+0.01%®
acid /1009)*  pilayer 0.59+0.08"  0.60+0.09**  0.59+0.02°*  0.62+0.08°*
control 1.60£0.12**  1.07+0.06®® 1.07+0.02°®  0.88+0.09%°
wrapped 1.46+0.06**  1.33+0.12*"®  1.10+0.08**° 0.89+0.04%°
pouches 1.4240.09%  1.1120.07%®  0.91+0.02*°° 0.82+0.10%°
gluten film 1.00+0.12°*  0.97+0.11°*®  0.75+0.02°® 0.73+0.11%>®
PVC film 0.8140.08°™ 0.81+0.13°*  0.69+0.03°" 0.64+0.04°"
Soluble solids  gluten 7.75+0.25"°  10.00+0.25°° 11.75+0.25%° 13.00+0.25°"
(°Brix)* composite 8.00+0.25°C  9.50+0.25°®  12.00+0.25** 11.50+0.25°**
bilayer 8.35+0.25°"  7.75+0.25"*  8.25+0.25°*  7.75+0.25°
control 9.00+0.25%*  10.0040.25°® 11.00+0.25°°° 12.00+0.25°°
wrapped 8.0040.25°°  10.00+0.25°® 11.00+0.25°® 12.50+0.25%°*
pouches 8.00+0.25°°  9.00+0.25°°  12.00+0.25%® 13.00+0.25°°*
gluten film 9.5040.25%°  11.2540.25°° 12.25+0.25%® 13.50+0.25"
PVC film 9.0040.25%%  10.25+0.25"" 10.50+0.25"" 10.75+0.25%"
Total solids  gluten 8.36+0.08"°  11.33+0.25°° 14.05+0.35°® 14.85+0.18°"
(9/100g)* composite 8.41+0.08"°  10.86+0.25"C° 14.11+0.15"* 12.88+0.16®
bilayer 9.52+0.06°°  12.284+0.30°® 12.19+0.31® 13.26+0.32°*"
control 9.55+0.17°°  12.15+0.22°® 12.15+0.28°® 14.97+0.13°*
wrapped 8.31+0.16°°  8.81+0.15°  12.39+0.29®® 13.06+0.25°*"
pouches 9.70+0.27°°  12.5240.26*® 13.54+0.36™® 14.69+0.11°
gluten film 12.99+0.13® 11.87+0.25°® 15.12+0.48** 16.32+0.66*"
PVC film 12.3740.21°®  10.6140.15°° 12.32+0.18°® 13.89+0.16™"
Moisture Gluten 91.6440.56** 88.67+0.33"" 85.95+0.15°° 85.15+0.29°°
(9/100g)* composite 91.59+0.61%* 89.1440.45°® 85.89+0.29°° 87.12+0.24%
bilayer 90.48+0.23™* 87.7240.31%" 87.81+0.28%® 86.74+0.25°
control 90.45+0.46** 87.85+0.57°" 87.85+0.12*® 85.03+0.23%
wrapped 91.69+0.38*" 91.19+0.54*" 87.61+0.28*® 86.94+0.51%*C
pouches 90.30+0.48™* 87.48+0.15®® 86.46+0.15"® 85.31+0.19°C
gluten film 87.01£0.67*" 88.13+0.65°"® 84.88+0.14°C 83.68+0.28°°
PVC film 87.63+0.39® 89.39+0.52°" 87.68+0.24%® 86.11+0.17°°

*Mean =+ standard deviation of three replicates. Means for the same parameter in the same column

(*" or in the same line (

A-D

according to ANOVA and the Tukey test.

) with different superscript letters are significantly different (p<0.05),
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Changes in the concentration of reducing and total sugars

Generally, in ripe strawberries, the glucose and fructose concentrations are

2.3 and 2.2g9/100 g of fresh fruits, respectively, which corresponds to 83% of the

t19

total sugar content'”. The reducing sugar content of all coated, packed and control

fruits increased with storage time, in accordance with Garcia et al.'®

. The reducing
sugars contents of fruits coated with bilayer coatings were lower than the others
treatments (Table 2). Total sugars also increased with storage time for all coated,

packed and control fruits (Table 2).

Table 2 - Changes in reducing and total sugars in the control, coated and packed
strawberries

storage time at 7°C

parameter  sample 1 day 6 days 12 days 16 days
Reducing gluten 3.67+0.05°° 3.30+0.12%° 4.20+0.07°® 5.57+0.04°*
sugars (g composite 2.60+0.02° 2.1740.04C 4.90+0.02°® 4.60+0.04™
glucose/100g  pilayer 2.7310.06"® 2.60+0.08%° 2.37+0.08°° 3.03+0.07™
fruit) control 3.75+0.03°° 4.17+0.05°° 5.20+0.03°® 6.00+0.05%
wrapped 3.47+0.04°® 3.63+0.04°°C 4.53+0.06"® 6.73+0.03%
pouches 3.69+0.02°% 3.83+0.12°® 5.60+0.03** 5.80+0.05%"
gluten film 4.33+0.09%% 4.23+0.03°%° 4.07+0.08°C 6.27+0.08""
PVC film 4.37+0.09** 3.90+0.08°® 3.60+0.04°C 4.40+0.04%"
Total sugars  gluten 5.23+0.05%° 5.40+0.07%® 5.60+0.06%°* 6.27+0.06°
(g glucose/  composite 5.2040.02%° 5.33+0.04%°C 5.57+0.06°*® 6.13+0.05%"
100g fruit)* bilayer 5.27+0.07%° 5.28+0.04°° 5.49+0.07°® 6.18+0.03°*"
control 5.15+0.04%° 5.43+0.05% 5.56+0.07°°® 6.25+0.02°*
wrapped 5.13+0.05°° 5.37+0.05%°C 5.63+0.03%°® 6.32+0.03%°A
pouches 5.29+0.07%° 5.40+0.07%° 5.72+0.04°® 6.17+0.05°**
gluten film 5.27+0.05%° 5.45+0.06°° 5.67+0.04*® 6.40+0.02%
PVC film 5.18+0.06®° 5.38+0.04%°°C 5.53+0.05°® 6.36+0.06°"

*Mean * standard deviation of three replicates Means for the same parameter in the same
column (®") or in the same line (*P) with different superscript letters are significantly
different (p<0.05), according to ANOVA and the Tukey test.

113



CAPITULO 5

Sensory evaluation of the strawberries

The sensory evaluation of the shelf life of the strawberries showed that the
consumers liked the global appearance, color and brightness of samples 1
(control), 2 (gluten) and 3 (composite) (Fig. 12 and Table 3) on day 1, but they
disliked sample 1 on day 16 because the color was too dark red, like an over-ripe
fruit. Sample 4 (bilayer) was disapproved by the consumers on all days tested
because they thought this sample was artificial, no characteristic color, opaque,

waxy aspect and with this coating, it was difficult to see the natural color of the fruit.

In the sensory evaluation of the strawberries (Fig. 13 and Table 4), the
consumers most liked the flavor and texture of samples 1, 2 and 3, and the taste of
samples 1 and 2. Some consumers detected a residual taste in samples 2 and 3,
especially in sample 3, and they disliked sample 4 because the coating was hard
and difficult to bite and the taste was not pleasant. For the intention to buy, the
consumers would buy samples 1 and 2.

From the results of the sensory evaluation of the shelf life of the
strawberries, it can be seen that the gluten and the composite coating of gluten
and lipids, effectively improved the shelf life of the strawberries, maintaining the
quality (global appearance, color and brightness) as compared to the fruits with no
coating. From the results of the sensory evaluation for taste of the strawberries, the
gluten coating did not affect the flavor and taste of the strawberries.

The consumers disapproved the appearance and the taste of the bilayer
coating of gluten and lipids, but this coating was the best to maintain the quality of
the strawberries during the whole storage time (demonstrated by the analysis of

the fruits and visual analysis during the sensory evaluation).
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Table 3 — Mean of the attributes in the sensory evaluation for the shelf life of 4
samples of strawberry stored at 7 °C

Glob. Appearance* Color* Brightness* Buy*

Day 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

1 722 7.7% 7.4% 3.0° 7.2% 7.7% 7.4% 3.0° 6.5° 7.5% 7.2® 2.7° 3.9° 4.4% 42* 18°
6 6.8% 7.4° 6.6% 3.4° 6.9 7.4% 7.0° 3.3° 6.0° 7.5 7.2 2.7° 3.6° 4.3% 41%® 1.8
12 2.7° 6.4% 6.8% 3.5° 3.6° 7.0° 6.7% 3.7° 2.6° 7.0° 7.0 3.2° 1.4° 3.9° 3.9° 20°
16 3.0° 6.5% 7.1% 4.0° 3.2° 6.7° 7.5 4.3° 2.7° 6.0° 6.9 3.4° 1.5° 3.6° 4.2* 20°

*Mean of 40 consumers for each sample. *° Means with different superscript letters for the
same parameter and day of test are significantly different (p<0.05), according to ANOVA
and the Tukey test.

Samples: 1=control; 2=gluten; 3=composite; 4=bilayer.

Scores for the global appearance: color, brightness, flavor, taste and texture: 1=Disliked
extremely; 2=Disliked very much; 3=Disliked moderately; 4=Disliked slightly;
5=Liked/disliked; 6=Liked slightly; 7=Liked moderately; 8=Liked very much; 9=Liked
extremely.

Scores for the intention to buy: 1=Certainly would not buy; 2=Possibly would not buy;
3=Maybe would buy/maybe not; 4=Possibly would buy; 5=Certainly buy.

Table 4 - Mean of the attributes in the sensory evaluation for the taste and flavor of
4 samples of strawberry after 5 days at 7 °C

Sample Flavor* Taste® Texture® Buy*

7.2 728 723 3.9°
6.6 6.1 6.9° 3.4%®
6.4° 55° 71° 3.0°
4.4 34° 37° 1.5°

AW N =

*Mean of 40 consumers for each sample. *° Means with different superscript letters in the
same parameter are significantly different (p<0.05) according to ANOVA and the Tukey
test.
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Figure 12 — Histograms for global appearance on day 1 (a) and day 16 (b), color
on day 1 (c) and day 16 (d) and brightness of the strawberries on day 1 (e) and on
day 16 (f).
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Figure 13 — Histograms for flavor (a), taste (b), texture (c) and buying intention (d)

of the strawberries.
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CONCLUSIONS

Wheat gluten coatings and films extended the storage life of strawberries
and retarded the senescence process. The addition of lipids to the gluten coatings
showed a beneficial effect on firmness retention and reduced weight loss of the
strawberries. The gluten film retarded senescence as the packed strawberries
produced the lowest a/b ratios as compared to the control fruits. Although the
composite and bilayer coatings and the film that covered the fruits in a tray were
effective in extending fruit storage life in comparison to the control fruits, a low
percentage of the fruits were infected. A further study in quantify the microbial
decay of the coated and packed strawberries should be investigated. The sensory
evaluation of the strawberries showed that the fruits with gluten and the composite
coating maintained the quality during the shelf life and the consumers approved

their taste and flavor.
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Abstract: Chemical modification of wheat gluten protein can be effected to change
the structure of the protein and so its functional properties. Wheat gluten was
lipophilized by adding stearyl chloride to aqueous protein dispersion. This study
showed that it was possible to lipophilize proteins in an aqueous medium. The
wheat gluten lipophilization was detected by the TNBS (trinitrobenzenesulfonic acid
dihydrate) determination. There was about 32.5% less free amino groups for
lipophilized gluten than for unmodified gluten. The edible films from lipophilized
gluten have not improved water vapor permeability and mechanical resistance in
comparison to films from unmodified gluten probably because the stearic acid
presented low affinity toward the wheat gluten.

Keywords: wheat gluten, lipophilization, edible film, properties.
Introduction

Proteins and lipids can be chemically modified by lipophilization under mild
conditions to improve the functional properties of these mixtures in edible film
systems. Lipoproteins have important functions in many membrane and plant
systems, however they have not been explored as application in edible films and
coatings. Lipophilization increases the surface hydrophobicity of the protein

molecule by covalent attachment of hydrophobic ligands, such as fatty acids.
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Lipophilization has been performed on casein/palmitic acid mixtures, pB-
lactoglobulin/steric acid mixtures and soy glycinin with lauric, myristic, palmitic and
stearic acid mixtures. Resulting lipoproteins have exhibited reduced allergenicity
and improved functional properties (HAQUE and KITO, 1983). This type of
covalent attachment may be beneficial in improving the properties of edible films.

The term lipophilization refers to the general phenomenon of an increase in
the hidrophobocity of proteins modified by binding lipidic components, resulting in
an increase in their affinity with apolar compounds. The nature and length of the
chains of the hydrophobic groups bound to proteins are directly linked to the final
structural and functional properties of so modified proteins. Until now, such
transformations have been achieved by chemical means, generally involving fatty
acid anhydrides or fatty esters of N-hydroxysuccinimide (ROUSSEL-PHILIPPE et
al., 2000).

DJAGNY et al. (2001) effected chemical modification of gelatin with lauric,
myristic and stearic acid, and stearic acid presented the highest affinity toward the
gelatin. According to them, fatty acids with different chain-lengths differ in their
chemical and physical properties including their capacity of reacting with other
compounds. ROUSSEL-PHILIPPE et al. (2000) investigated chemical
lipophilization of soy protein isolate and wheat gluten with different levels of lauroyl
chloride. This study showed that it was possible to lipophilize proteins, even with
significantly high protein concentration.

The utilization of fatty acid chloride has already been employed to modify
enzymes in diluted medium like Mucor miehei aspartyl-proteinase (SMITH and
YADA, 1991), trypsin and carboxypeptidase A (KOELSH et al., 1981).

Lipophilization of wheat gluten is carried out in an alkaline medium using

stearyl chloride, according to the Schotten-Baumann’s reaction (SCHOTTEN,
1844; BAUMANN, 1886 apud ROUSSEL-PHILIPPE et al., 2000) as follows:
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P-NH; + R-CO-Cl + NaOH — P-NH-CO-R + NaCl + HO

The objective of this work was to promote chemical modification of wheat
gluten in order to investigate the influence of this modification on the properties of

edible films.

Materials and Methods

Materials

Wheat gluten (Rhodia, Brazil), stearic acid (Vetec, Brazil), thionil chloride
(van de Riedel), chloride acid (Merck, Germany), sodium hydroxide (Synth, Brazil),
n-hexane (Merck, Germany), glycerol (Merck, Germany), ammonium hydroxide
(Synth, Brazil), calcium chloride (Ecibra, Brazil), sodium chloride (Synth, Brazil),

magnesium nitrate (Ecibra, Brazil) and solid paraffin (Chemco, Brazil).

Schotten-Baumann’s reaction

A 15% (w/v) wheat gluten was poured into a 0.5 N NaOH and the medium
was stirred at 40 °C for 15 min. These media were adjusted to pH 9 with 6N HCI;
then stearyl chloride (obtained from the reaction of stearic acid and thionil chloride)
was added while stirring and maintaining pH 9 with 2N NaOH addition until all acyl
chloride has reacted as indicated by no more change in pH. The “stearyl
chloride/wheat gluten” weight ratio was 0.25. The reaction mixtures were brought
to pH 4.3 with 6 N HCI for precipitation and centrifuged at 5.000 g for 10 min. To
wash and remove excess salt, water was added to the precipitate to make a 50%
dispersion. This dispersion was centrifuged and the residue was lyophilized and
stored in a dessicator. To remove the excess of fatty reagent, the lipophilized
wheat gluten was extracted with n-hexane in a soxhlet for 4 hours, and dried in a
dessicator (ROUSSEL-PHILIPPE et al., 2000).
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Analysis of free amino group content by TNBS method

The TNBS (trinitrobenzenesulfonic acid dihydrate) reaction was carried out
as follows, according to ADLER-NISSEN (1979): 0.250 mL of a sample was mixed
in a test tube with 2.0 mL of phosphate buffer at pH 8.2. Two milliliters of 0.1%
TNBS solution was added and the test tube was shaken and placed in a water bath
at 50 °C for 60 min. After the 60 min, 4.0 mL of 0.1 N HCI was added to terminate
the reaction, and the test tube was allowed to stand at room temperature for 30
min before the absorbance was read against blank at 340 nm. The reactions on the
blank and the standard solutions were carried out by replacing the sample with 1%
sodium dodecyl sulfate (SDS) and 1.5 x 10° M L-leucine in 1% SDS, respectively.

Film preparation

The film was prepared from a solution of unmodified (UG) and lipophilized
(LG) wheat gluten (9.0 g/100 mL solution), absolute ethanol (32.5 mL/100 mL
solution), glycerol (1.5 g/100 mL solution), ammonium hydroxide (to adjust to pH
10) and distilled water, according to TANADA-PALMU and GROSSO (2002b). All
components were mixed using magnetic stirring until the temperature of the
mixture reached 70 °C, when the solution was centrifuged at 5856 g for 6 min at
room temperature. The film-forming solution was poured and spread evenly over a
Teflon covered glass surface and dried at room temperature for 24 h (modified
method of GONTARD et al., 1993). The quantity of solution poured onto the
surface was calculated to obtain a constant thickness of the dried film. All films
used for experiments were equilibrated at 52% RH and 25 °C for 48 h before being
tested.

Film thickness

Film thickness was measured using a micrometer (Model MDC-25M,
Mitutoyo, MFG, Japan). The thickness of individual film samples was determined

as an average of five measurements.
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Water vapor permeability

The water vapor transmission rate through the films (triplicate) was
determined gravimetrically at 25 °C using a modification of the American Society
for Testing and Materials (ASTM, 1980) Standard Method E-96 according to
TANADA-PALMU et al. (2000), and the water vapor permeability (WVP) was

calculated according to the method.

Oxygen permeability

The oxygen transmission rate though the films (duplicate) was determined
using a modification of the ASTM Standard Method D 3985-81 with an Ox-Tran
apparatus (Mocon, Inc., Minneapolis, USA) at 25 °C. The oxygen permeability (OP)
was calculated by dividing the oxygen transmission rate by the oxygen pressure

and multiplying by the mean thickness.

Tensile strength and percent elongation at break

Film tensile strength (TS) and percent elongation at break (ELO) were
determined using a Texture Analyzer TA.XT2 (Stable Micro System, Surrey, UK),
operated according to the ASTM (1980) Standard Method D 882-83 (initial grip
separation = 50 mm and cross head speed = 100 mm/min). Six specimens (100
mm long and 25.4 mm wide) of each film were measured. The tensile strength and
percent elongation at break were calculated according to the ASTM method.

Solubility in water

The percentage of initial dry matter of each film was determined at 105 °C
for 24 h. Three discs of film (2 cm diameter) were cut, weighed, immersed in 50 mL
of distilled water and slowly and periodically agitated for 24 h at 25 °C. The pieces
of film were then taken out and dried (105 °C for 24 h) to determine the weight of
dry matter, which was not solubilized in water (GONTARD et al., 1993).
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Scanning electron microscopy

Film samples were examined for surface characteristics using a Jeol (JMS-
T330) scanning microscope (Jeol Ltd., Tokyo, Japan) operated at 10 kV. Film
samples were left in a desiccator with silica gel for 7 days, then fraturated and
affixed to aluminum stubs with cupper tape. The samples were then sputter-coated
with gold in a Balzers evaporator (SDC 050, Baltec, Lichtenstein) for 180 seconds
at 40 mA.

Results and Discussion

Wheat gluten lipophilization

Chemical lipophilization of wheat gluten can be used to investigate the
influence of the chemical composition and the structure of the proteins on the
functional properties and to adjust these properties to meet specific demands.

Wheat gluten lipophilization was carried out using stearyl chloride, obtained
from stearic acid. Stearic acid was used in this lipophilization since a previous work
(TANADA-PALMU and GROSSO, 2002a) reported its use in composite and bilayer
films with gluten (its blend with palmitic acid could improve the properties of the

films compared to simple films of gluten).

The wheat gluten lipophilization was detected by the TNBS determination.
There was about 32.5% less free amino groups for lipophilized gluten (degree of
hydrolisis (DH) of 3.72%) than for unmodified gluten (DH=5.51%). It demonstrates
the presence of fatty acid chains in the esterified gluten molecules. It is expected
that the free amino groups decrease with the lipophilization reaction due to their
binding with the lipids. The lipophilization provoked a decrease in the percentage of
free amino groups of the LG in relation to the UG, suggesting an occurrence of
binds of lipid to the protein in function of the decrease of the free amino groups.
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The fatty acid incorporation into the wheat gluten proteins is not high
according to ROUSSEL-PHILIPPE et al. (2000) because of the incomplete reaction
of the available lysines due to the specific structure of wheat proteins (gliadines
and glutenines) and to a special distribution of the amino group, among them a
certain amount is embedded in a hydrophobic environment. This result is in
accordance with BARBER and WARTHESEN (1982), who observed that the
succinylation rate of gluten was lower than that for other proteins. The specific
structure of the gluten may prevent acylation of the amino groups that were

inaccessible by steric and hydrophobic hindrance.
Properties of edible films from unmodified and lipophilized gluten

Proteins and lipids are capable of interacting in a many different ways to
form effective edible films and coatings. Covalent bonding of lipids to proteins
through lipophilization offers unique opportunities for film formation with improved
properties (McHUGH, 2000).

The edible film made with lipophilized gluten (LG) was transparent like the
film with unmodified gluten (UG), but more fragile and showed a less
homogeneous surface and spots. It was harder to prepare the films with LG than
films with UG because the dissolution of the component materials of the film was
difficult. Moreover, it was hard to obtain films from LG with homogeneous
thickness.

The films prepared with LG showed higher values for water vapor
permeability (11.05 gmm/m?dKPa) as compared to films with UG (8.61
gmm/m?dKPa), as shown in Table 1. Also the solubility in water was higher in LG
than in UG films (30.4 and 22.7%, respectively).
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The LG films showed lower oxygen permeability than the UG films probably
due the linear structure of the stearic acid, which leads to a high cohesive energy
density and a low free volume (TANADA-PALMU et al., 2000).

In relation to mechanical properties, the films with LG showed lower tensile
strength (1.37 MPa) and elongation at break (130.8%) then films with UG (5.25
MPa and 215.3%, respectively).

There was significant difference between LG and UG films in all the

properties measured.

The LG films have not displayed improved water vapor permeability and
mechanical resistance probably due to the low affinity of stearic acid toward wheat
gluten. It seems from this study that the wheat gluten does not easily react with
long-chain fatty acids, in contrast of what DJAGNY et al. (2001) observed for
gelatin. Such behavior maybe the result of the structure of wheat gluten protein,
which cannot accommodate a long-chain fatty acid like stearic acid.

Scanning electron micrographs were used to examine the surface of UG
and LG films and are shown in Figs. 1 and 2. The morphology observed in the UG
film (Fig. 1) was completely modified when the stearic acid was added. Residues of
stearic acid were observed in the LG film micrograph (Fig. 2), probably showing
that the lipid was not completely reacted with the gluten or the crystallization of the
lipid material upon cooling. Apparently greater compaction occurred in the LG film
compared to the UG film.
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Table 1 — Properties of the lipophilized and unmodified gluten films

Film Water vapor  Solubility Oxygen Tensile Elongation
permeability in water permeability strength at break
(gmm/m*dKPa)*  (%)*  (cm®um/m°dKPa)*  (MPa)* (%)
UG  8.61+1.03° 22.7+4.1° 41.02+2.30° 5.25+0.25% 215.3+12.2°
LG 11.05+1.242 30.4+1.1% 19.90+2.00? 1.37+0.16° 130.8+4.67°

*Mean and standard deviation of replicates. ®® Means with different superscript letters in

the same column are significantly different (P<0.05) according to the ANOVA and Tukey
tests.

iy
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Figure 2 — Micrograph of the surface of the LG film
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Conclusion

It was possible to lipophilize wheat gluten in an aqueous medium, as
detected by TNBS determinations. However, edible films prepared with lipophilized
gluten have not displayed better water vapor barrier and mechanical resistance
than films with unmodified gluten. Further research is necessary to elucidate the
changes in structure and functional behavior of the lipophilized gluten. Moreover
edible film research is trying to find formulations that contain lipids to improve
barrier and mechanical properties, so improving its performance in a way that can

compete with classical synthetic packagings.
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DEVELOPMENT AND CHARACTERIZATION OF EDIBLE FILMS BASED ON
GLUTEN FROM SEMI-HARD AND SOFT BRAZILIAN WHEAT FLOURS
(Development of films based on gluten from wheat flours)

Patricia S.Tanada-Palmu‘ AND Carlos R.F.Grosso'*

ABSTRACT

Edible films based on gluten from four types of Brazilian wheat gluten (2 “semi-
hard” and 2 “soft”) were prepared and mechanical and barrier properties were
compared with those of wheat gluten films with vital gluten. Water vapor, oxygen
permeability, tensile strength and percent elongation at break, solubility in water
and surface morphology were measured. The films from “semi-hard” wheat flours
showed similar water vapor permeability and solubility in water to films from vital
gluten and better tensile strength than the films from “soft” and vital gluten. The
films from vital gluten had higher elongation at break and oxygen permeability than
the films from the wheat flours. In spite of the vital gluten showing greater
mechanical resistance, for the purpose of developing gluten films, Brazilian “semi-
hard” wheat flours can be used instead of vital gluten, since they showed similar
barrier and mechanical properties.

* Manuscrito recebido em 30/03/2002.

Departamento de Planejamento Alimentar e Nutricdo, Faculdade de Engenharia de Alimentos,
UNICAMP, Campinas — SP, CEP 13083-970 (e-mail: grosso@fea.unicamp.br)

* Para quem a correspondéncia deve ser enderecada.
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RESUMO

DESENVOLVIMENTO E CARACTERIZACAO DE FILMES COMESTIVEIS DE
GLUTEN DE FARINHAS SEMI-FORTES E FRACAS DE TRIGOS BRASILEIROS

Filmes a base de gluten de quatro tipos de farinhas de trigo brasileiras (2 “semi-
fortes 7 e 2 “fracas”) foram preparados e suas propriedades mecanicas e de
barreira foram comparadas com filmes a base de gluten vital (comercial).
Permeabilidade ao vapor d’agua e oxigénio, resisténcia a tragdo, porcentagem de
elongacao na ruptura, solubilidade em agua e morfologia de superficie foram
avaliadas. Filmes das farinhas “semi-fortes” mostraram permeabilidade ao vapor
d’agua e solubilidade em agua similares aos filmes de gluten vital e melhor
resisténcia a tracdo do que os filmes das farinhas “fracas” e gluten vital. O filme de
gluten vital apresentou maior elongagao na ruptura e permeabilidade ao oxigénio
do que os filmes das farinhas brasileiras. Apesar do glaten vital ter uma grande
resisténcia mecanica, para o proposito do desenvolvimento de filmes comestiveis,
as farinhas de trigo “semi-duras” brasileiras podem ser usadas ao invés do gluten

vital, ja que elas mostraram propriedades mecanicas e de barreira similares.

KEY-WORDS - PALAVRAS-CHAVE. Mechanical properties, permeability, vital

gluten - Propriedades mecanicas, permeabilidade, gluten vital.
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INTRODUCTION

Recently interest in edible films and coatings for foods has grown
considerably (Park 1999, Amarante and Banks 2001). Such films can control mass
transport between the components of a product, as well as between the product
and its surrounding environment (Garcia and others 2000). The Kkinetics of
chemical and enzymatic reactions, microbial growth, texture behavior and the
physical stability of foods are all strongly influenced by their moisture contents and
this can vary drastically as a result of processing, packaging and shelf life
conditions (Gontard and others 1994). Other factors contributing to renewed
interest in the development of edible films include consumer demand for high
quality foods, environmental concerns over the disposal of non-renewable food
packaging materials, and opportunities for creating new market outlets for film-

forming ingredients derived from agricultural products.

Polysaccharides, proteins and lipids can be used as edible film-forming
agents (Kester and Fennema 1986, Gennadios and Weller 1991, Avena-Bustillos
and Krochta 1993, McHugh and others 1994). The use of commercially available
proteins for the preparation of edible films has been increased in the past decade
(Gennadios and others 1993, Sanches and others 1998). They show good
properties in the preparation of biofilms, like the ability to form networks and also
plasticity and elasticity. The great advantage of the commercial proteins is that they
are easily available. Different kinds of vegetal origin proteins have been used, such
as soy proteins (Brandenburg and others 1993), wheat gluten (Gontard and
Guilbert 1994), cotton seed protein (Marquie and others 1995), peanuts, corn zein
and peas (Guilbert and others 1997, Cuq and others 1998) and whey proteins
(Sothornvit and Krochta 2000). Due to the unique cohesive and elastic properties
of gluten (Wall & Huebner 1981), good film-forming properties may be expected.
Biodegradable and edible films from wheat proteins are useful in food packaging
provided they are flexible, strong, heat sealable, and relatively transparent (Rayas

and others 1997). The mechanical and barrier properties of wheat gluten films
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have been studied (Gennadios and others 1993, Gontard and others 19983,
Cherian and others 1995). An edible wheat gluten film was developed and the
effects of gluten and ethanol concentrations and pH of the film-forming solution on
various film properties, were evaluated (Gontard and others 1992). Herald and
others (1995) compared wheat gluten films prepared at various pH values, as a
result films prepared at pH 3.3 showed higher water vapor permeability, presumibly
due to the unfolding conformation of protein molecules and exposure of hydrophilic
groups. Edible wheat gluten films were prepared with various amounts of glycerol
(Tanada-Palmu and others 2000). Films with low amounts of glycerol had lower
water vapor and oxygen permeability, higher tensile strength and lower elongation
at break. The absence of studies about edible films from some varieties of wheat
flours can justify this work. Our objectives were to develop edible gluten films from
four types of Brazilian wheat (2 “semi-hard” and 2 “soft”) and compare them with
some functional properties of wheat gluten films prepared with vital gluten, which is

the product usually used in research involving edible gluten films.

MATERIALS AND METHODS

Materials

Vital wheat gluten (Rhodia, Campinas, Brazil), glycerol (Merck, Darmstadt,
Germany), ammonium hydroxide (Synth, Sdo Paulo, Brazil), calcium chloride
(Ecibra, Sao Paulo, Brazil), sodium chloride (Synth, Sado Paulo, Brazil), magnesium
nitrate (Ecibra, Sao Paulo, Brazil), solid paraffin (Chemco, Sao Paulo, Brazil), 2
types of Brazilian “semi-hard” wheat (Embrapa 22 and Embrapa 42) and 2 types of
Brazilian “soft” wheat flour (Trigo BR 23 and Embrapa 119) from Embrapa (Rio
Grande do Sul, Brazil) were used in this study. “Semi-hard” wheat Embrapa 22 is
“harder” than Embrapa 42 and the “soft” wheat Embrapa 119 is “harder” than Trigo
BR 23.
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Gluten extraction

The wheat was milled in a Brabender mill (Quadrumat Senior, OHG
Duisburg, Germany) to obtain the wheat flour. The gluten was extracted from the
wheat flour (200 g) by adding distilled water and mixing vigorously to form a mass.
This mass was washed exhaustively until the water became transparent, the
remaining mass being the gluten. The gluten was dried at 40 °C in a vacuum oven
(20 in Hg) for 24 h, broken up in a blender (Philips, Sao Paulo, Brazil) and ground
in a small Brabender mill (type 881400, OHG Duisburg, Germany) to obtain gluten

powder.

Gluten tensile strength and extensibility

The gluten from the “hard” and “soft” wheat flours was prepared in the
Glutomatic (Gluten Index type 2200, Perten Instruments, Huddinge, Sweden),
according to Smewing (1997). These glutens and the vital gluten were transferred
to 50 mL centrifuge tubes, distilled water added (in a quantity sufficient to cover the
samples) and the tubes then centrifuged at 2789 g for 5 minutes at room
temperature to disrupt any bubbles formed during the process. The gluten was
then transferred to a convenient mold and allowed to rest for 40 minutes at 30 °C.
The tensile strength (TSg) and extensibility of the gluten were then measured in
the Texture Analyzer TA.XT2 (Stable Micro System, Surrey, UK). The probe used
was specifically for the gluten extensibility test (dough and gluten extensibility rig)
and the cross head speed was 3.3 mm/s. Six samples of each kind of gluten were

measured.

Film preparation

The film was prepared from a solution of gluten (7.5 g/100 mL solution),
absolute ethanol (45.0 mL/100 mL solution), glycerol (1.12 or 1.50 g/100 mL
solution), ammonium hydroxide (to adjust to pH 10.0) and distilled water. All

components were mixed and heated using a magnetic stirrer until the temperature
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of the mixture reached 70 °C. The solution was then centrifuged at 5856 g for 6
min at room temperature. The film-forming solution was poured and spread evenly
over a teflon covered glass surface and dried at room temperature for 24 h
(according to the modified method of Gontard and others 1993). The quantity of
solution poured onto the surface was calculated to obtain a constant thickness of
the dried film. All fiims used for experiments were equilibrated at 52% RH
(saturated Mg(NOs), solution in the dessicator) at 25 °C for 48 h before being
tested.

Film thickness

Film thickness was measured using a micrometer (Model MDC-25M,
Mitutoyo, MFG, Japan). The thickness of individual film samples was determined

as a random average of five measurements.

Water vapor permeability

The water vapor transmission rate of the films was determined
gravimetrically at 25 °C using a modified American Society for Testing and
Materials Standard Method E-96 (ASTM 1980) and the water vapor permeability
(WVP) was calculated according to this method. The samples, triplicates of each
film, were conditioned for 2 days at 52% RH before measurement. The relative
humidity gradient of the test was 0% RH (CaCl, desiccant in the test cup) and 75%

RH (saturated NaCl solution in the desiccator) on both sides of the film.

Oxygen permeability

The oxygen transmission rates were determined using a modification of the
ASTM Standard Method D 3985-81 (ASTM 1980) with an Ox-Tran apparatus
(Mocon, Inc., Minneapolis, USA) at dry condition and 25 °C. The samples,
duplicates of each film, were conditioned for 2 days at 52% RH before

measurement. The oxygen permeability (OP) was calculated by dividing the
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oxygen transmission rate by the oxygen pressure and multiplying by the mean
thickness.

Tensile strength and percent elongation at break

Film tensile strength (TS) and percent elongation at break (ELO) were
determined using a Texture Analyzer TA.XT2 (Stable Micro System, Surrey, UK),
operated according to the ASTM (ASTM 1980) Standard Method D 882-83 (initial
grip separation = 50 mm and cross head speed = 100 mm/min). Six specimens
(100 mm long and 25.4 mm wide) of each film were measured. The peak loads and
extension at break were recorded for tested film specimens. The tensile strength

and percent elongation at break were calculated according to the ASTM method.

Solubility in water

The percentage of initial dry matter of each film was determined at 105 °C
for 24 h. Two discs of film (2 cm diameter) were cut, weighed, immersed in 50 mL
of distilled water and slowly and periodically agitated for 24 h at 25 °C. The pieces
of film were then taken out and dried (105 °C for 24 h) to determine the weight of

dry matter not solubilized by the water (Gontard and others 1993).

Scanning electron microscopy

Film samples were examined for surface characteristics using a scanning
electron microscope (Jeol, JMS-T330, Tokyo, Japan) operating at 10 kV. Film
samples were left in a desiccator with silica gel for 7 days, then fraturated and
affixed to aluminum stubs with cupper tape. The samples were then sputter-coated
with gold in a Balzers evaporator (SDC 050, Baltec, Lichtenstein) for 180 seconds
at 40 mA.
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Statistical analyses

The Statistica 5.5 (StatSoft, USA) program was used to calculate the
analysis of variance (ANOVA) and a Tukey test was used to determine the

significant differences of all film properties at a 95% confidence interval.

RESULTS AND DISCUSSION

Gluten

Gluten tensile strength and extensibility

This test was carried out to investigate the resistance of the gluten, thus
comparing the gluten tensile strength (TSg) of the vital (commercial) gluten and
that of the glutens extracted from the wheat flours. The TSg of the gluten from the
“soft” wheat flours (Trigo BR 23 and Embrapa 119) was indeed significantly lower
than that of the gluten from the “semi-hard” wheat flours (Embrapa 22 and
Embrapa 42) as can be seen in Table 1. However, there was no significant
difference in TSg between the two types of “semi-hard” wheat flours, or between
the “soft” flours. The TSg of the vital gluten was very high (279.50 g), showing
significant differences from the other glutens tested, which could indicate that this
gluten was obtained from a “hard” wheat flour. On the other hand, its extensibility
(4.82 cm) was lower than the gluten from the “semi-hard” wheat flours (Embrapa
22 and Embrapa 42) and gluten from Trigo BR 23 (7.64 cm). The gluten from
Embrapa 22 and Embrapa 42 wheat flours had high extensibility (12.23 and 9.29
cm, respectively) and Embrapa 119 had the lowest extensibility (1.90 cm). These
mechanical characteristics are important when the gluten is used in bakery

products.
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Table 1 — Properties of resistance and extensibility of gluten

Type of gluten  Tensile strength (g)* Extensibility (cm)*

Vital gluten 279.50 + 26.78° 4.82+0.68°

Embrapa 22 69.46 + 3.08° 12.23 +1.45°
Embrapa 42 58.13 + 3.03° 9.29 +1.34°
Trigo BR 23 21.38 + 6.06° 7.64 +2.92°
Embrapa 119  22.17 + 4.30° 1.90 + 0.29°

*Mean and standard deviation of six replicates. *° Means with different superscript letters
in the same column are significantly different (p<0.05) according to the ANOVA and Tukey
tests.

Films
Water vapor permeability

The water vapor permeability should be as low as possible since an edible
film or coating should retard moisture transfer between the food and the
environment, or between two components of a heterogeneous food product
(Gontard and others 1992). The films prepared with gluten extracted from both
“soft” wheat flours (Trigo BR 23 and Embrapa 119) with a higher concentration of
glycerol, showed higher values for WVP (15.37 and 14.65 gmm/m°dKPa) as
compared to films from vital gluten (11.35 gmm/m?dKPa) and from the “semi-hard”
wheat flours Embrapa 22 and Embrapa 42 (9.02 and 11.89 gmm/m?dKPa,
respectively), as shown in Table 2. As the glycerol concentration decreased from
25 to 15%, a decrease in the WVP values was observed, in agreement with other
researchers (Gontard and others 1993, Tanada-Palmu and others 2000).
According to Banker (1966), plasticizers are added to films to reduce brittleness,
increase toughness, strength, tear and impact resistance and impart flexibility.
Usually, the addition of a plasticizer increase the permeability of gas, water vapor

and solute and decreases the tensile strength of the films.

For the films with 15% glycerol, the WVP values were in the following order
(Table 2): vital gluten < Embrapa 22 (“semi-hard”) < Embrapa 42 (“semi-hard”) <
Trigo BR 23 (“soft”) < Embrapa 119 (“soft”). Although the film from vital gluten had
the lowest WVP, there were no significant differences (P<0.05) between the other

151



CAPITULO 7

films with 15% glycerol. The gluten films from Brazilian “semi-hard” wheat flours
showed better barrier to water vapor properties than films from “soft” flours, and

similar efficiency to those from vital (commercial) gluten.

Solubility in water

Water resistance is an important property of edible films for applications in
food protection, where water activity is high, or when the film must be in contact
with water during processing of the coated food, to avoid exudation of fresh or
frozen products. Therefore, edible films with high water solubility may be required,
for example, to contain pre-measured portions, which will be dissolved in water or
in hot food (Guilbert and Biquet 1989). For all the films tested, the highest solubility
in water was observed when the higher concentration (25%) of glycerol was used.
Films with glutens from the “soft” flours and 25% glycerol showed higher values for
solubility in water and the film with vital gluten had the lowest value. For all the
films with 15% glycerol, the values for solubility in water were not significantly
different (P<0.05) and the lowest value was observed for the film with gluten from
Embrapa 42 wheat flour (“semi-hard”).

Oxygen permeability

Good oxygen barrier properties of edible films are desired in food packaging
and preservation. As an example, coating foods susceptible to lipid oxidation with
protein films, in combination with an external, conventional moisture barrier
package seems to be possible. Oxygen permeability of the films from wheat flour
with the lower concentration of glycerol could not be measured because they were
too brittle and cracked in the equipment. The film with gluten from Embrapa 22
“semi-hard” wheat flour had the lowest oxygen permeability (24.26 cm®um/m2dkPa)
of all the films tested. Oxygen permeability values (Table 2) of all the wheat gluten
films tested (24.26-39.67 cm®*um/m®dkPa) were similar to the values obtained by
Park and Chinnan (1990) for zein:glycerin films (13.0-44.9 cm®um/m?®dkPa) and
gluten:glycerin films (9.6-24.2 cm®*um/m?dkPa) at 30 °C and 0% RH and was low
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compared to polysaccharide-based edible films (149.0-910.0 cm®*um/m?dkPa) and
non-edible films like high density polyethylene (427 cm®um/m2dkPa), maybe due to
their polar nature and linear structure, which leads to a high cohesive energy

density and a low free volume (Tanada-Palmu and others 2000).

Table 2 — Water vapor and oxygen permeability and solubility in water of films from

vital gluten and gluten extracted from wheat flour (“semi-hard” and “soft”)

Film Water vapor Solubility in water  Oxygen permeability
permeability (%)* (cmum/m*dKPa)*
(gmm/m°dKPa)*

Trigo BR23 25% glycerol 15.37 +1.102 71.1+7.12 34.30 + 1.25%
Embrapa 119 25% glycerol 14.65 + 0.97%° 55.8 + 6.1 35.14 +2.43°
Embrapa 22 25% glycerol 9.02 + 2.54" 36.8 + 1.8 24.26 + 3.22°
Embrapa 42 25% glycerol 11.89 + 1.24%° 39.3 £ 5.4 36.88 +5.70°
Vital gluten 25% glycerol 11.35 + 0.35%° 19.7 +0.6™ 39.67 + 1.412
Trigo BR23 15% glycerol 8.70 +1.02% 31.4+0.8 -
Embrapa 119 15% glycerol 9.56 + 0.14° 22.4+1.0¢

Embrapa 22 15% glycerol 7.29 +0.82% 23.4+0.9%

Embrapa 42 15% glycerol 7.82+0.16% 16.8 £ 0.3° -

Vital gluten 15% glycerol 5.72 +0.03° 17.4+0.2° 35.82 + 2.872

*Mean and standard deviation of replicates. ®® Means with different superscript letters in
the same column are significantly different (p<0.05) according to the ANOVA and Tukey
tests.

Mechanical properties

An edible film should be resistant in order to withstand manipulation during
its application and to maintain its integrity and also its barrier properties. Table 3
shows that films prepared with glutens from “semi-hard” wheat flours (Embrapa 22
and Embrapa 42) and low concentrations of glycerol had greater tensile strength
(7.80 and 10.89 MPa, respectively) than films from other wheat flours (2.00 and
3.71 MPa for Trigo BR 23 and Embrapa 119, respectively), vital gluten (2.36 MPa)
and gluten:glycerol (2.5:1) films from Gennadios and others 1993 (2.60 MPa),
showing that films from this wheat flour had better tensile strength than the other
films. The films from one of the “semi-hard” wheat flours (Embrapa 42) showed a
higher percent elongation at break (184.20%) when compared to the films from the

other Brazilian wheat flours (2.21-25.50%). All films with low amounts of glycerol
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had higher tensile strength and lower percent elongation at break, in agreement
with Tanada-Palmu and others (2000). This similar behavior has been reported for
other films (Park and others 1993, McHugh and Krochta 1994, Gennadios and
others 1996). Films with vital gluten and both concentrations of glycerol (15 and
25%) showed significantly higher percent elongation at break than the films made

with gluten from Brazilian wheat flours.

Table 3 — Mechanical properties of films from vital gluten and gluten extracted from
wheat flour (“semi-hard” and “soft”)

Film Tensile strength (MPa)* Elongation at break (%)*

Trigo BR23 25% glycerol 0.78 £ 0.23¢ 24.20 + 0.25°
Embrapa 119 25% glycerol 0.91 £ 0.06* 25.50 +£ 0.92°
Embrapa 22 25% glycerol 1.39 +0.96 13.96 +1.12°
Embrapa 42 25% glycerol 2.41 £ 0.23% 184.20 + 1.15°
Vital gluten 25% glycerol 1.22 +0.47% 220.30 + 1.56°
Trigo BR23 15% glycerol 2.00 + 0.28% 3.50 +2.00°

Embrapa 119 15% glycerol 3.71£0.67° 14.00 + 3.00°
Embrapa 22 15% glycerol 7.80 £1.07° 2.21+1.56°

Embrapa 42 15% glycerol 10.89 + 1.56° 4.81+0.99°

Vital gluten 15% glycerol 2.36 + 0.02° 184.10 + 8.40°

*Mean and standard deviation of replicates (relative humidity of 52%). *® Means with
different superscript letters in the same column are significantly different (p<0.05)
according to the ANOVA and Tukey tests.

Scanning electron microscopy

The micrographs obtained from the film surfaces are presented in Figs. 1, 2
and 3. The use of scanning electron microscopy to observe the morphology of the
surface of the film was efficient in evaluating the films containing mixtures of
polysaccharide-fatty acids or polysaccharide-beeswax and their functional
properties (Yang and Paulson, 2000). In this case for films from different glutens, it
was not possible to observe any significant morphological difference between
“semi-hard” Embrapa 22 (Fig. 1) and vital gluten (Fig. 3), but the “soft” gluten film
showed a more open matrix surface morphology which could be capable of
explaining functional differences such as the worst barrier properties or mechanical

resistance compared to the other films.
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Figure 3 — Micrograph of the film from the vital Iuten
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CONCLUSIONS

Wheat gluten is a good source of protein-based biodegradable films. There
was no significant difference between the gluten films obtained from the two types
of Brazilian “semi-hard” wheat flours or between those obtained from the two “soft”
flours. Films prepared with glutens from “semi-hard” wheat flour and the lower
concentration of glycerol showed better properties as compared to films from the
“soft” wheat flour. Brazilian “semi-hard” wheat flours can be used to develop edible
gluten films instead of vital (commercial) gluten, since they showed similar barrier
and mechanical properties. The possibility of improving the wheat gluten film
properties by promoting crosslinking via enzymatic and chemical protein

treatments, should be explored.
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1)

As concentragbes de glaten, glicerol e etanol influenciaram a
permeabilidade ao oxigénio e as propriedades mecanicas dos filmes a base
de gluten de trigo. Um dos filmes mais resistente (filme 4, com TS=5,25
MPa) foi o com maior concentragdo de gluten (9,0 g/100 mL) e menor de
glicerol (1,50 g/100 mL). Esta formulagéo de filme é a que foi escolhida para
o trabalho da adicao de lipidios e também para a cobertura dos morangos,
por apresentar a maior resisténcia mecanica entre os filmes testados e
baixa permeabilidade ao vapor d’agua (8,61 gmm/m?dkPa). A menor
permeabilidade ao oxigénio (21,03 cm*um/m?dkPa) foi obtida no filme 2,
com menor concentragao de glaten (6,0 g/100 mL), glicerol (1,50 g/100 mL)
e etanol (32,5 mL/100 mL).

A permeabilidade ao vapor d’agua do filme simples de gluten (8,61
gmm/m?dkPa) pdde ser melhorada com a adicdo de lipidios, o que foi
observada tanto no filme composto (1,65 gmm/m?dkPa) como no de duas
camadas (1,01 gmm/m?dkPa). Porém, a adicao de lipidios tornou os filmes
opacos e com propriedades mecanicas (elongacdo menor que 10%)
inferiores aos filmes simples. A morfologia da superficie observada através
do microscopio eletrénico de varredura para o filme simples de glaten foi
completamente modificada quando se adicionou a mistura de acidos

palmitico e estearico e cera de abelha.

A aplicagdo dos biofilmes e coberturas a base de gluten de trigo em
morangos aumentou sua vida-de-prateleira e retardou seu processo de
senescéncia. A cobertura de duas camadas com gluten e lipidios teve efeito
na retencao da firmeza e na diminuicdo da perda de peso nas frutas

cobertas.

A analise sensorial dos morangos indicou que as coberturas simples de
gluten e composta com lipidios mantiveram a qualidade dos morangos

durante o tempo de armazenamento em termos de aparéncia e que o sabor
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dos morangos com a cobertura simples de gluten foi aceito pelos

consumidores.

5) A reacao de lipofilizacdo modificou o gluten de trigo (como visto pela
diminuicao de 32,5% dos grupos amino livres no gluten lipofilizado), porém
o filme preparado com o gluten lipofilizado apresentou propriedades
mecanicas (TS=1,37 MPa) e de barreira (WVP=11,05 gmm/m?dkPa)
inferiores ao filme com gluten sem modificacao (TS=8,61 MPa e WVP=8,61

gmm/m?dkPa).

6) Com relacao aos filmes de gluten de trigo obtidos das farinhas brasileiras,
observou-se que os filmes produzidos das farinhas “semi-duras”
apresentaram propriedades mecanicas e de barreira similares aos filmes de
gluten vital (comercial) e superiores aos filmes das farinhas “fracas”.

SUGESTOES

1) Maior esforgo na pesquisa fundamental para melhor entender os
mecanismos de transferéncia de solutos e volateis através de polimeros

de origem agricola, como os filmes e coberturas comestiveis.

2) Estudar a formulacédo de filmes ou coberturas comestiveis em escala

comercial.

3) Mais estudos de aplicacdo dos biofilmes e coberturas em alimentos,
como frutas frescas e minimamente processadas, separacdo de um

recheio de uma massa, queijos, etc.
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ANALISE SENSORIAL DE MORANGOS COBERTOS COM FILMES E
COBERTURAS A BASE DE GLUTEN DE TRIGO

Poster aceito para o 5" Pangborn Sensory Science Symposium — Boston — USA,
julho 2003.
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ANALISE SENSORIAL DE MORANGOS COBERTOS COM FILMES E
COBERTURAS A BASE DE GLUTEN DE TRIGO

Patricia S. Tanada-Palmu e Carlos R. F. Grosso

Departamento de Alimentos e Nutricdo, Faculdade de Engenharia de Alimentos,
Universidade Estadual de Campinas (UNICAMP), Campinas — SP, CEP 13083-970

(E-mail: grosso@fea.unicamp.br)

Resumo: Trabalhos recentes estdo explorando o uso de filmes comestiveis na
extensdo da vida de prateleira e na manutencdo da qualidade de produtos frescos.
Filmes comestiveis podem prover uma alternativa na extensédo da vida pés-colheita
de frutas frescas. O objetivo desse trabalho foi o estudo da habilidade de coberturas
comestiveis a base de gluten de trigo em estender a vida de prateleira de morangos
através da analise sensorial de aparéncia durante um tempo de armazenamento e
também verificar a aceitagdo pelos provadores do sabor das frutas cobertas. Os
atributos avaliados na analise sensorial de vida de prateleira foram: aparéncia global,
cor, brilho e intengdo de compra e para a aceitagao do sabor foram: aroma, sabor,
textura e intengdo de compra. Dos resultados da analise sensorial de vida de
prateleira, foi observado que as coberturas de gluten e composta efetivamente
aumentaram a vida de prateleira e mantiveram a qualidade das frutas quando
comparada as frutas controle. Dos resultados da analise sensorial de degustacao, a
cobertura de gluten nao afetou o sabor nem o aroma dos morangos. Os provadores

nao aceitaram nem a aparéncia e nem o sabor da cobertura de duas camadas.

169



ANEXO 1

INTRODUCAO

O sucesso de um produto alimenticio no mercado esta diretamente ligado a
aceitacdo do mesmo pelo consumidor, o que também dita os seus padrdes de
qualidade (MUNOZ et al., 1992). De acordo com FU & LABUZA (1993), a vida de
prateleira de um alimento, nos ultimos anos, tém sido determinada através de testes
de aceitacao, onde, segundo LABUZA & SCHMIDL (1988) apud CLEMENTE (1998),
o parametro avaliado é a queda da aceitacao do produto durante o armazenamento,
medida através de uma escala hedbnica de nove pontos que avalia o quanto o
consumidor “gosta” ou “desgosta” do produto nos diferentes tempos de
armazenamento. Para esses mesmos autores, a determinagdo da vida util de
produtos alimenticios é obtida pela recusa de compra de um produto, em funcao das

suas caracteristicas sensoriais.

A avaliacéo da qualidade e aceitacdo do produto estao diretamente ligadas
a cor e a aparéncia dos alimentos (LITTLE, 1975). Esta ultima, freqientemente,
influencia a atitude de compra do mesmo (BAARDESTH et al., 1988).

O objetivo deste trabalho foi a determinacdo da vida de prateleira de
morangos e sua aceitacao quanto as propriedades sensoriais através da analise
sensorial. Os atributos sensoriais avaliados neste trabalho incluem: aparéncia
global, cor, brilho e intencdo de compra, avaliados de seis em seis dias durante
os dezesseis dias de estocagem, além da degustacdo das amostras, realizada no
6° dia de armazenamento, onde os atributos sensoriais avaliados foram: aroma,
sabor, textura e intencdo de compra, para as amostras cobertas, lavadas e para a

fruta controle.
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MATERIAIS E METODOS

Os materiais e a metodologia da analise sensorial dos morangos ja foram
descritos anteriormente no capitulo 5 - “Effect of edible wheat gluten-based films and

coatings on refrigerated strawberry (Fragaria ananassa) quality”.

RESULTADOS E DISCUSSAO

Todas as amostras de morango foram bem aceitas no dia 1 de andlise
sensorial, com excecao da fruta coberta com 2 camadas (gluten e lipidios), onde 70%
dos provadores aferiram notas de 1-3. Ja as outras amostras, incluindo a fruta
controle e as demais coberturas (gluten e composta), obtiveram mais de 80% dos
provadores dando notas entre 7-9, quanto a aparéncia global da amostra (Fig. 1).
Pode se concluir que o brilho adicional dado pelas coberturas aos morangos
agradaram os provadores, onde 20% a mais dos provadores deram notas superiores

a 7 para esse parametro (Fig. 3).

Ja no dia 6 de andlise, as frutas cobertas (gluten e composta) continuaram a
ser bem aceitas com mais de 72,5% dos provadores gostando das amostras (notas
de 7-9) em relacao a aparéncia global, porém houve uma diminuicdo da aceitacao da
fruta controle, onde 65% dos provadores gostaram da amostra.

A fruta controle foi rejeitada no dia 12 de analise (Fig. 4), j& que 87,5% dos
provadores nao comprariam mais essa amostra (notas 1-2), além de nao terem
gostado da cor (60% dos provadores com notas 1-3, Fig. 2) e nem do brilho (75%).

As outras frutas cobertas (gluten e composta) ainda continuaram a ter boa aceitacéo.

No dia 16 de andlise, a amostra coberta com gluten teve uma diminuicao na

aceitacao com relagdo ao brilho, onde somente 45% dos provadores deram notas
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superiores a 7, e com relacéo a intengao de compra (55% dos provadores com notas
1-2).

Durante todo o armazenamento, a amostra preferida pelos provadores foi a
composta, ja que foi bem aceita pelos provadores em todos os parametros
estudados, tendo a maior porcentagem de provadores que aferiram notas superiores
a 7. A amostra com 2 camadas nao foi aceita pelos provadores em todas as analises,
ja que 82,5% dos provadores nao comprariam essa amostra (notas 1-2 na intencao
de compra) desde o dia 1 de anélise e essa porcentagem pouco alterou com o tempo

de analise.

Com relacdo a analise sensorial de degustacdo dos morangos (Fig. 5), os
morangos controle foram mais bem aceitos em todos os parametros do que as frutas
cobertas, com mais de 70% dos provadores aferindo notas 7-9. Porém as frutas

cobertas com gluten também foram bem aceitas.

Pelas fotos dos morangos durante a andlise sensorial de aparéncia (Figs. 6-9),
comprova-se os resultados dos provadores, ou seja, 0 morango controle no dia 12 foi
rejeitado, ja que apresentava a cor vermelha “passada” e o tamanho bem menor do
que as outras frutas. Os morangos com cobertura de gluten tinham boa aparéncia até
o dia 16, assim como 0s morangos com cobertura de 2 camadas (“bilayer”).

As fichas da andlise sensorial de aparéncia (Fig. 10) e de degustacao (Fig. 11)

encontram-se abaixo.
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Dia 1

50%

40%

30% A

20% -

10%

0% -

50%

1 2 3 4 5 6 7 8
Escala hedonica (aceitago)

Dia 12

40% A

30%

20% -

10% A

0% -

1 2 3 4 5 6 7 8
Escala hedénica (aceitagéo)
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Figura 1 — Aparéncia global dos morangos durante o armazenamento.
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50% Dia 1 50% Dia 6
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30%
20% 20% n
10% A H |-| 10% -
0% ‘ ‘ 0%
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Escala heddnica (aceitagcao) Escala hedoénica (aceitagao)
60% Dia 12 60% Dia 16
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30% - 30%
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1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
Escala hedénica (aceitagéo) Escala hedénica (aceitagéo)
[ controle m gluten [l composto []2 camadas

Figura 2 — Cor dos morangos durante o armazenamento.
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Figura 3 — Brilho dos morangos durante 0 armazenamento.
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oo Dia 1 . Dia 6
60% 60%
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30% A 30% A
20% - 20%
10% 10% -

0% 0% L

1 2 3 4 5 2 3 4 5
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50% - 50% -
40% - 40% -
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Escala hedbnica (aceitagéo) Escala hedbnica (aceitagéo)
W controle B glaten M composto L2 camadas

Figura 4 — Intencdo de compra dos morangos durante o armazenamento.
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Aroma

Sabor
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Figura 5 — Analise sensorial de degustacdo dos morangos.
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Figura 6 — Aparéncia no dia 1.

TIME = 6 DAYS

Figura 7 — Aparéncia no dia 6.
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TIME = 12 pAYS

Figura 8 — Aparéncia no dia 12.

Figura 9 — Aparéncia no dia 16.

185



ANEXO 1

186



ANEXO 1

AVALIACAO SENSORIAL DE MORANGO

Nome: Idade:
E-mail: Data:
Telefone: Lab: Ramal:
Amostra:

1.Vocé esta recebendo uma amostra codificada de MORANGO. Por favor, avalie a
APARENCIA GLOBAL da amostra e indique na escala abaixo o quanto vocé gostou
ou desgostou da APARENCIA GLOBAL da amostra:

. Gostei extremamente

. Gostei muito

. Gostei moderadamente

. Gostei ligeiramente

. Nem gostei / nem desgostei
. Desgostei ligeiramente

. Desgostei moderadamente
. Desgostei muito

. Desgostei extremamente

“NDNWPHrOIO N O

2. Comente o que vocé mais gostou ou menos gostou na APARENCIA GLOBAL da
amostra:

+ Gostou :
- Gostou:

3. Avalie a COR da amostra e indique na escala abaixo o quanto vocé gostou ou
desgostou da COR da amostra:

. Gostei extremamente

. Gostei muito

. Gostei moderadamente

. Gostei ligeiramente

. Nem gostei / nem desgostei
. Desgostei ligeiramente

. Desgostei moderadamente
. Desgostei muito

. Desgostei extremamente

“NWPHOOITO N O

4. Comente o que vocé mais gostou ou menos gostou na COR da amostra:

+ Gostou :
- Gostou:
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5. Agora, por favor, indique na escala abaixo o quanto vocé gostou ou desgostou do
BRILHO da amostra:

. Gostei extremamente

. Gostei muito

. Gostei moderadamente

. Gostei ligeiramente

. Nem gostei / nem desgostei
. Desgostei ligeiramente

. Desgostei moderadamente
. Desgostei muito

. Desgostei extremamente

= NDNWHOITO N O

6 . Comente o que vocé mais gostou ou menos gostou em relacédo ao BRILHO da
amostra:

+ Gostou :
- Gostou:

7. Com base na sua opinido sobre esta amostra de MORANGO, sabendo que ela se
encontra sob refrigeracao, indique na escala abaixo, sua atitude se vocé encontrasse
esta amostra a venda. Se eu encontrasse este MORANGO a venda eu:

5. Certamente compraria

4. Possivelmente compraria

3. Talvez comprasse / talvez ndo comprasse
2. Possivelmente ndo compraria

1. Certamente ndao compraria

Muito obrigada por sua colaboracao

Figura 10 — Ficha da andlise sensorial de aparéncia dos morangos.
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AVALIACAO SENSORIAL DE MORANGO

Nome: Idade:
E-mail: Data:
Amostra:

1.Vocé esta recebendo uma amostra codificada de MORANGO. Por favor, indique na
escala abaixo o quanto vocé gostou ou desgostou do AROMA da amostra:

. Gostei extremamente

. Gostei muito

. Gostei moderadamente

. Gostei ligeiramente

. Nem gostei / nem desgostei
. Desgostei ligeiramente

. Desgostei moderadamente
. Desgostei muito

. Desgostei extremamente

= NWPHOTO OO

2. Comente o que vocé mais gostou ou menos gostou na AROMA da amostra:

+ Gostou :
- Gostou:

3. Por favor, agora prove a amostra e indique na escala abaixo o quanto vocé gostou
ou desgostou do SABOR da amostra:

. Gostei extremamente

. Gostei muito

. Gostei moderadamente

. Gostei ligeiramente

. Nem gostei / nem desgostei
. Desgostei ligeiramente

. Desgostei moderadamente
. Desgostei muito

. Desgostei extremamente

“NDNWHrOIO N0 O

4. Comente o que vocé mais gostou ou menos gostou no SABOR da amostra:

+ Gostou :
- Gostou:
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5. Por favor, prove novamente a amostra e indique na escala abaixo o quanto vocé
gostou ou desgostou da TEXTURA da amostra:

. Gostei extremamente

. Gostei muito

. Gostei moderadamente

. Gostei ligeiramente

. Nem gostei / nem desgostei
. Desgostei ligeiramente

. Desgostei moderadamente
. Desgostei muito

. Desgostei extremamente

“NWHAOOITO N O

6. Comente o que vocé mais gostou ou menos gostou na TEXTURA da amostra:

+ Gostou :
- Gostou:

7. Com base na sua opiniao sobre esta amostra de MORANGO, sabendo que esta
se encontra sob refrigeragao ,indique na escala abaixo, sua atitude se vocé
encontrasse esta amostra a venda. Se eu encontrasse este MORANGO a venda eu:

5. Certamente compraria

4. Possivelmente compraria

3. Talvez comprasse / talvez ndo comprasse
2. Possivelmente ndo compraria

1. Certamente ndao compraria

Muito obrigada por sua colaboracao

Figura 11 - Ficha da analise sensorial de degustacao dos morangos.
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CONCLUSOES

As coberturas a base de gluten de trigo aplicadas nos morangos conseguiram
estender a vida de prateleira das frutas em 4 dias no periodo estudado, j4 que a
recusa de compra das frutas controle pelos provadores ocorreu no dia 12 de analise,
e segundo LABUZA & SCHIMIDL (1988) esse fato determina a vida util de alimentos.
Pela analise sensorial de aparéncia dos morangos, a cobertura composta foi a mais
bem aceita pelos provadores em todo o0 armazenamento, mantendo as
caracteristicas de aparéncia global, cor e brilho dos morangos, porém na analise
sensorial de degustacao, essa amostra nao foi bem aceita devido ao sabor residual
da mistura de lipidios no morango. J& a cobertura simples de gluten foi aceita na
analise sensorial de degustacdo, podendo assim ser usada na cobertura de
morangos para a extensao de sua vida de prateleira e manutencao da qualidade. A
cobertura de duas camadas nao foi aceita pelos provadores tanto na aparéncia
quanto na degustacgao.
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ANEXO 2

ISOTERMAS DE SORCAO E TEMPERATURA DE TRANSICAO
VITREA DE BIOFILMES COMESTIVEIS A BASE DE GLUTEN DE
TRIGO

Resumos enviados ao IV CIBIA (Congreso Iberoamericano de Ingenieria de
Alimentos) - Chile, outubro 2003.
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ANEXO 2

ISOTERMAS DE SORCAO E TEMPERATURA DE TRANSICAO VITREA DE
BIOFILMES COMESTIVEIS A BASE DE GLUTEN DE TRIGO

Patricia S. Tanada-Palmu e Carlos R. F. Grosso

Departamento de Planejamento Alimentar e Nutrigdo, Faculdade de Engenharia
de Alimentos, Universidade Estadual de Campinas (UNICAMP), Campinas — SP,
CEP 13083-970 (E-mail: grosso@fea.unicamp.br)

Resumo: O objetivo desse trabalho foi obter e comparar as isotermas de
adsorcao e a temperatura de transigcao vitrea dos biofilmes simples, compostos e
de duas camadas de gluten de trigo e lipidios (cera de abelha, acidos palmitico e
estearico). As isotermas de adsorcao de agua foram realizadas nos trés filmes nas
temperaturas de 25 e 45 °C e as temperaturas de transicéo vitrea foram medidas
através de andlise dindmica-mecanica DMA. Em relacdo as isotermas de
adsorcdo, os biofilmes compostos e de duas camadas adsorveram menos
umidade nas duas temperaturas estudadas e o modelo de GAB foi o melhor para
ajustar os dados experimentais dos biofilmes estudados. Com relacédo a
temperatura de transicao vitrea, observou-se que a adi¢cdo de lipidios ao filme
simples de gluten aumentou a Tg, apresentando o filme de duas camadas a maior

temperatura, seguida do filme composto.
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INTRODUCAO

As propriedades funcionais de biofilmes sofrem grande influéncia das
condi¢cdes ambientais, temperatura e umidade relativa. As proteinas sao sensiveis
a umidade devido a caracteristica hidrofilica das macromoléculas, que tornam as
propriedades funcionais dos biofilmes dependentes da umidade relativa do
ambiente. As isotermas de sorcdao dos biofilmes comestiveis, como proteina do
amendoim, isolado de soja, zeina do milho e gluten de trigo, variam de acordo
com suas propriedades de permeabilidade ao vapor d’agua e natureza hidrofilica.
As isotermas de sorcdo obtidas de dados experimentais resultam em uma
estimativa do contetdo de umidade em equilibrio, que € necessario para predizer
as propriedades dos filmes em diferentes ambientes em suas aplicacbes
(JANGCHUD e CHINNAN, 1999).

A migracdo de agua em alimentos ocorre, principalmente, devido a
diferenca de pressao de vapor d’agua (KAREL, 1975). A diferenca da pressao de
vapor d’agua entre componentes pode ser reduzida com o uso de plastificante,
que fixa as moléculas de agua no componente de maior atividade de agua
reduzindo a pressao de vapor (BANKER, 1966). Porém, o plastificante aumenta

mobilidade da cadeia polimérica, gerando uma maior absor¢ao de vapor d’agua.

A absorcao de vapor d’agua pelo biopolimero pode resultar no aumento de
volume e mudanca de conformacdo na estrutura molecular (WATT,1983). O
conhecimento das isotermas de sorcao dos biofilmes é necessario para se saber o
quanto de agua ele pode ganhar ou perder do ambiente, ou de um sistema
alimenticio, e assim, estabelecer as condicées adequadas de armazenamento e

prever as propriedades dos biofilmes.
As relagdes entre estrutura e propriedades de biopolimeros hidratados

podem ser entendidas melhor com a teoria de transicéo vitrea usada na ciéncia de

polimeros, que esté relacionada com as variaveis criticas de tempo, temperatura e
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conteudo de diluente (SLADE et al.,, 1989). A transigao vitrea de um polimero
amorfo ou parcialmente amorfo é tipicamente descrita como uma transicdo do
estado vitreo para um estado altamente viscoso ou gomoso (SLADE e LEVINE,
1991). A transicdo vitrea separa dois dominios de acordo com as diferengas
estruturais, e as propriedades dos polimeros sao fortemente modificadas quando a
temperatura estd acima da temperatura de transi¢ao vitrea (Tg). O valor de Tg é
governado primariamente pela composicao quimica e presenca de plastificantes, e
secundariamente pelas caracteristicas de estrutura, como ramificacdo da cadeia,
ligacao cruzada e cristalinidade (ROGERS, 1985). Apesar da grande variedade de
estrutura, refletindo a diversidade de aminoacidos de que sao construidos, é
estabelecido que a maioria das proteinas passam pela transigéao vitrea (SLADE et
al., 1989). Plasticizagao pela agua, polidis, mono, di ou oligossacaridios afeta a Tg
de proteinas amorfas ou parcialmente amorfas, resultando em queda de Tg. As
propriedades mecanicas e de barreira dos polimeros em qualquer temperatura sao
afetadas pelo valor de Tg. Por exemplo, é esperado que a permeacédo de gas e
moléculas de vapor através do filme é maior acima da Tg, onde as cadeias do
polimero estdo mais moveis (ROGERS, 1985). Para o caso do gluten de trigo,
uma variedade de técnicas, incluindo calorimetria diferencial de varredura (DSC) e
andlise dindmica-mecéanica (DMA) podem mostrar que o gliten € um sistema
multipolimérico amorfo, que € plasticizado pela agua, mas néo soluvel (SLADE et
al., 1989).

O objetivo desse trabalho foi o de obter e comparar as isotermas de

adsorcao e a Tg dos biofilmes simples, compostos e de duas camadas de gluten
de trigo e lipidios (cera de abelha, acidos palmitico e estearico).

197



ANEXO 2

MATERIAIS E METODOS
Formacao do filme simples de gluten de trigo

A solucdo formadora de filme foi preparada usando gluten de trigo
(99/100mL), glicerol (1,59/100mL), etanol (32,5mL/100mL), &gua destilada e
hidréxido de aménio 6N para ajustar a solucéao a pH 10. Todos 0s componentes
foram misturados sob agitacdo magnética a 70 °C. A solucdo filmogénica foi
centrifugada a 5856 g por 6 minutos a temperatura ambiente. Apos isso, a solugao
filmogénica foi colocada em superficie de teflon e seca a temperatura ambiente
por aproximadamente 24 horas (método modificado a partir do método de
GONTARD et al., 1993).

Formacao do filme composto e de duas camadas de gluten de trigo e
lipideos

Para o filme composto, a cera de abelha (4,59/100mL), o acido estearico
(2,759/100mL) e o acido palmitico (2,759/100mL) foram adicionados a solug¢ao
formadora de filme (preparada como descrita anteriormente). Essa solucéo foi
agitada e aquecida para a fusdo dos lipidios a cerca de 100 °C. Apods isso, a
solucdo filmogénica foi colocada em superficie de teflon e seca a temperatura
ambiente por aproximadamente 24 horas (GONTARD et al., 1994).

Para o filme de duas camadas, os mesmos lipidios foram fundidos a cerca
de 100 °C e um volume de 5 mL foi espalhado sobre um filme previamente seco
de gluten e pré-aquecido. Uma folha de teflon foi colocada sobre a superficie do
flme para espalhar homogeneamente a mistura de lipidios sobre o filme
(GONTARD et al., 1994).
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Isotermas de adsorcao de agua

Os biofilmes foram cortados em pedacos pequenos (aproxidamente 2 x 2
cm), pesados (cerca de 0,5 g) e acondicionados em ambientes com diferentes
umidades relativas conhecidas (Tabela 1) e em temperaturas controladas de 25 e
45 °C. Uma vez alcancado o equilibrio, num periodo aproximadamente de 20
dias, pesou-se para se obter o peso final e calcular as isotermas de adsorcao. Os

testes de adsorgéo foram feitos em triplicata.

Tabela 1 — Umidades relativas de equilibrio de solugdes salinas saturadas

Temperatura (°C)
Sal 25 45

LiCl 11,4 10,3
MgCl. 32,9 308
K.COs 443 43,0

Mg(NOs) 53,6 49,7

NaCl 762 72,6

BaCl, 90,4 90,0

Fonte: LOMAURO et.al (1985).

Modelos de isotermas de adsorcao

Os modelos GAB (Guggenheim-Anderson-De Boer) e BET (Brunauer-
Emmett-Tetter) mostrados a seguir, foram ajustados aos dados experimentais
através do programa Water Analyzer Series — Isotherm/BET/GAB Program version

2.05p. (Macintosh) para estimar as constantes dos modelos.

GAB _ xm.c.k.aw
(I-k.aw)(1—k.aw+ c.k.aw)
BET x = xm.c.aw

1+ aw(c—-D(1—aw)

O modelo de BET fornece um bom ajuste para uma variedade de alimentos
na regido de atividade de agua entre 0,05 e 0,45. O modelo de GAB tem sido
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sugerido como modelo matematico mais versatil para a sor¢éo de alimentos numa

faixa de atividade de agua entre 0,1 e 0,9.

Determinacao da temperatura de transicao vitrea (Tg)

Para a temperatura de transicdo vitrea (Tg) dos filmes foi usado um
analisador dinamico-mecanico (Dynamic Mechanical Analysis DMA 2980, TA
Instruments). Os filmes foram cortados em tiras. A amostra de filme foi presa na
garra (“clamp”) do aparelho de DMA. A amostra foi aquecida de —20 a 120 °C a
uma taxa de aquecimento de 2 °C/min. A frequéncia foi de 1 Hz, a amplitude de 10
um e a forca de 0,5 N. As medidas de médulo de armazenamento (E’), modulo de
perda (E”) e angulo de perda (tan ®) foram registradas e graficadas contra a
temperatura para a analise de transi¢ao térmica. As medidas foram realizadas em

duplicata e o valor de Tg foi medido como sendo o pico de temperatura da tan &.

RESULTADOS E DISCUSSAO
Isotermas de adsorcao

Os dois modelos matematicos (BET e GAB) utilizados ajustaram os
resultados em toda faixa de atividade de agua estudada. Os valores de R?, que
ajustam os dados as equacdes de isotermas de cada filme nas duas temperaturas
estudadas, encontram-se nas Tabelas 2 e 3. Foi observado que o modelo de GAB
apresentou os mais altos valores de R? o que indica que esse modelo se ajustou
melhor aos dados experimentais, segundo LOMAURO et al. (1985). A equacgao de
GAB também foi 0 modelo que melhor representou a isoterma de sor¢ao de filmes
de gluten de trigo e zeina de milho (GENNADIOS e WELLER, 1994).

Na temperatura de 25 °C n&o foi possivel obter a umidade em atividade de
agua maior do que 0,8 porque os filmes apresentaram fungos.
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As isotermas de adsorcao dos biofilmes a base de gluten de trigo
apresentaram a forma similar a sigmoidal (Figuras 1 e 2), como de polimeros
sensiveis ao vapor d’agua (LIOUTAS et al., 1988). Geralmente, sistemas com alto
teor protéico apresentam maior incidéncia na forma sigmoidal como as proteinas
do trigo (GONTARD et al., 1993).

Em todos os biofilmes testados, observa-se nos valores obtidos da equacéo
de GAB, que o teor de umidade da monocamada (xn) diminui a medida que a
temperatura aumenta (Tabela 2 e 3). Esta € uma tendéncia geralmente verificada
em biofilmes (CRUZ et al., 2001).

O biofilme simples de gluten de trigo adsorveu mais umidade do que os
outros biofilmes em atividade de dgua maior do que 0,6 nas duas temperaturas
estudadas (Figs. 1 e 2). Os biofilmes compostos e de duas camadas adsorveram
menos umidade. Todos os biofilmes adsorveram menos umidade em atividade de
agua menor do que 0,6, mas houve um grande aumento na adsorcdo em
atividades de agua elevadas.

Tabela 2 — Constantes e coeficiente de determinacdo (R?) de cada modelo de

isoterma de adsorcéo para os filmes a 25 °C

Modelo Constante Filme

ou R? Gluaten Composto 2 Camadas
BET Xm 0,0682 0,0532 0,0651

c 193,77 38,43 45,67

R? 0,9684 0,9739 0,9876
GAB Xm 0,0703 0,0578 0,0785

k 0,96 0,93 0,80

c 182,31 99,08 113,60

R? 0,9954 0,9915 0,9932
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Tabela 3 — Constantes e coeficiente de determinacdo (R? de cada modelo de

isoterma de adsorcéo para os filmes a 45 °C

Modelo Constante Filme

ou R? Gluten Composto 2 Camadas
BET Xm 0,0619 0,0430 0,0509

c 79,43 4413 33,16

R? 0,9670 0,9573 0,9662
GAB Xm 0,0522 0,0469 0,0611

k 1,01 0,99 0,84

c 57,08 20,84 68,57

R? 0,9994 0,9976 0,9959

202



ANEXO 2

0,3 .
O glaten
X composto

0251 02 camadas
°
5
S 02+
(7]
(=]
®
=]
& 0,15 1
2
[
T
©
T 0,1
£
=)

0,05

0 T T T T T
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

Atividade de agua

Figura 1 — Isotermas de adsorcéo dos biofilmes a base de gluten a temperatura de
25 °C (ajustadas de acordo com o modelo de GAB).
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Figura 2 - Isotermas de adsor¢ao dos biofilmes a base de gluten a temperatura de
45 °C (ajustadas de acordo com o modelo de GAB).
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Analise da temperatura de transicao vitrea (Tg)

Gréficos tipicos de DMA dos filmes a base de gluten de trigo, mostrando a
tan & (modulo de perda/moédulo de armazenamento), o mddulo de perda e o
médulo de armazenamento em funcédo da temperatura, estdo apresentados nas
Figs. 3, 4 e 5. Os filmes a base de gluten mostraram o comportamento de um
polimero amorfo, onde com o aumento da temperatura, as proteinas amorfas
passam por uma regido vitrea, uma regiao de transicao (no pico da tan ) e uma
regiao gomosa. O tamanho do pico da tan &, que representa a fracao do volume
do material que sofre a transicdo (WETTON, 1986), é similar ao pico da tan &
tipico de outros biopolimeros amorfos, como a elastina (LILLIE e GOSLINE, 1993),
gelatina, amilopectina, caseina (KALICHEVSKY et al., 1993) ou gluten de trigo
nativo (KALICHEVSKY et al., 1992). Pela Fig. 3 e Tabela 3, observou-se que o
filme de gluten (amostra 1) teve a menor temperatura de transicédo vitrea (29,07
°C), seguido do filme composto de gluten e lipidios (amostra 2) com temperatura
de 53,67 °C e do filme de duas camadas (amostra 3) com temperatura de 63,32
9C. Porém, os picos da transicdo foram suaves em todos os filmes, possivelmente
devido a mistura de varios materiais em cada filme estudado, o que dificultou a
deteccao de um pico de transicdo bem definido. Pela Fig. 4, através do médulo de
perda também pode se observar uma regido de transicdo, onde o pico pode
representar a Tg. O filme de gliten apresentou Tg de 20,87 ° C, semelhante a Tg
observada através da tan 8. Ja os filmes compostos e de duas camadas
apresentaram temperaturas de transicdo bem menores do que as observadas pela
tan & e transicbes também suaves. Na Fig. 5, através do modulo de
armazenamento, as faixas de transicées ndao foram bem definidas, assim nao se
pode observar a Tg. A Tg dos filmes pode ser melhor observada através do grafico
de tan 6, porém as transi¢cdes foram pouco perceptiveis, talvez devido a mistura

de varios componentes em cada filme estudado.
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Figura 3 — Tan & dos filmes de gluten, composto e duas camadas.
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Figura 4 — Modulo de perda dos filmes de gluten, composto e duas camadas.
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Figura 5 — Mddulo de armazenamento dos filmes de gluten, composto e duas
camadas.

Tabela 4 — Temperatura de transicdo vitrea e umidade dos filmes de gluten,
composto e duas camadas.

Tipo de filme Tg pelo tan 5 (°C) Tg pelo médulo de perda (°C) Umidade (%)
Filme gluten 29,07 £0,12 26,87 = 0,08 10,56 + 0,24
Filme composto 53,67 £ 0,15 23,45+ 0,11 9,88 + 0,32

Filme duas camadas 63,32+ 0,19 19,08 £ 0,09 10,10 £ 0,28

Média e desvio de padrao de duplicatas.

CONCLUSOES

Os resultados apresentados mostraram que a temperatura provocou o
efeito esperado sobre as isotermas, ou seja, o teor de umidade diminuiu a medida
que a temperatura aumentou. Este estudo demonstrou que o modelo de GAB foi o
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melhor para ajustar os dados experimentais de biofilmes a base de gluten de trigo.
Os biofilmes compostos e de duas camadas adsorveram menos umidade nas
duas temperaturas estudadas (25 e 45 °C). Essa diferenca nas isotermas entre o
filme simples de gluten e os filmes com lipidios, provavelmente deve-se a
possiveis modificagdes ocorridas na estrutura molecular da proteina ou devido ao
lipidio ser massa inerte, por isso diminuiu-se a umidade (n&o absorveu agua).
Com relacao a temperatura de transicao vitrea, observou-se que a adicao de
lipidios ao filme simples de gluten aumentou a Tg, apresentando o filme de duas
camadas a maior temperatura, seguida do filme composto. Porém, as transicdes
foram bem suaves possivelmente devido a mistura de varios materiais em cada
filme estudado. Correlacionando a isoterma de sorcao com a Tg do filme simples
de gluten, percebe-se que a Tg é menor do que 25 °C e houve maior adsorcéo de
umidade, ja que estava na regidao onde ha maior mobilidade molecular. As Tgs dos
filmes composto e duas camadas foram maiores do que 45 °C, assim as
temperaturas das isotermas estudadas (25 e 45 °C) estavam na regido de menor

mobilidade molecular, o que reduziu a adsor¢ao de agua desses filmes.
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211



ANEXO 3

212



ANEXO 3

CAPITULO 3
Filme Espessura média (um)
1 93+12
2 92+18
3 104 £10
4 104 £ 14
5 91+£10
6 97 £18
7 107 £12
8 101 +12
9 99+12
10 101 £16
11 109 + 14
12 105+ 14
13 96+ 13
14 96+12
15 104 = 11
16 101 +£12
17 103+ 10
18 107 £ 12
19 92+ 14
20 108 £ 10
21 103 +£17
22 94 +17
23 103+ 16
24 103 + 11
25 102+ 16
26 107 £ 15
27 103+ 16

Média e desvio padrao de 5 medidas em cada filme

CAPITULO 4

Filme Espessura média (um)
10% lipidios 20% lipidios 30% lipidios
CB 116 £ 10 154 +£12 171 £13

BB 170+ 19 174 £18 186 + 20
CA 133 + 11 156 £ 15 -
BA 166 £ 12 176 =18 207 £15

CBA 139 +17 161 +£17 198 + 21
BBA 202 £ 20 211+23 221 +18

Média e desvio padrao de 5 medidas em cada filme
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CAPITULO 7
Filme Espessura média (um)

Trigo BR23 25% glicerol 91+13
Embrapa 119 25% glicerol 94 +16
Embrapa 22 25% glicerol 93+16
Embrapa 42 25% glicerol 98 +13
Vital gluten 25% glicerol 104 £17
Trigo BR23 15% glicerol 89+ 18
Embrapa 119 15% glicerol 80+13
Embrapa 22 15% glicerol 97 £17
Embrapa 42 15% glicerol 103+£15
Vital gldten 15% glicerol 103 +12

Média e desvio padrao de 5 medidas em cada filme
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Abstract: The objective of this research was to develop and characterize
composite biofilms produced using wheat gluten and cellulose acetate phthalate.
Biofilms show barrier properties against moisture and oxygen diffusion through the
film. The films were prepared with different thicknesses and component
concentrations and were analyzed for water vapor and oxygen permeabilities,
water and acid solubilities and mechanical properties. The results showed that the
mixture improved the film characteristics as compared to the individual
components. The 1:1 mixture showed better properties against water and oxygen
permeabilities. The composite films were completely soluble in water and acid,
except the film with a greater gluten concentration that was 50% soluble in water
and acid. With respect to tensile strength, an increase in the gluten concentration
in the composite films resulted in a decrease in strength. Considering elongation at
break, there was no significant difference between the composite films. With
respect to thickness, no difference was detected. The results showed that the
mixture improved the characteristics as compared to the individual components.

Key words: biofilm, gluten, cellulose, properties.
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INTRODUCTION

The edible films are considered an alternative to increase the shelf life of
fruits and vegetables, protecting them from the effect of humidity and oxygen, thus
delaying their deterioration. The use of these films is not recent. In China, in
centuries Xl and XIlI, the wax coating was used in oranges and lemons to avoid
moisture loss (HARDENBURG, 1997). Edible films from carnauba wax have been
commercialized since 1930 in the covering of fresh fruits and vegetables (KAPLAN,
1986). The edible films are used to control the water vapor migration, oxygen
permeability, carbon dioxide and lipids migration in a food. Moreover, they can
introduce additives in the food, such as antioxidant, antimicrobial and flavors, thus
improving the mechanical integrity, facilitating handling and keeping the quality of
the food (KROCHTA & JOHNSON, 1997). Biofilms are produced from proteins,
hydrocolloids, lipids or the combination of them. The composite films have an
advantage of combining the positive points of each component used. The objective
of this work was the comparison of films from wheat gluten, cellulose acetate
phthalate and the mixture of both in relation to the water vapor and oxygen
permeability, mechanical properties, and solubility in water and acid.

MATERIALS AND METHODS

Materials

Vital wheat gluten (Rhodia, Campinas, Brazil), glycerol (Merck, Darmstadt,
Germany), ammonium hydroxide (Synth, Sdo Paulo, Brazil), calcium chloride
(Ecibra, Sao Paulo, Brazil), sodium chloride (Synth, Sdo Paulo, Brazil), magnesium
nitrate (Ecibra, Sdo Paulo, Brazil), cellulose acetate phthalate (Eastman Kodak,
USA), monobasic sodium phosphate (Synth, Sao Paulo), tribasic sodium

phosphate (Synth, Sdo Paulo) and solid paraffin (Chemco, Sdo Paulo, Brazil).
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Gluten film preparation

The film was prepared from a solution of gluten (9.0 g/100 mL solution),
absolute ethanol (32.5 mL/100 mL solution), glycerol (1.50 g/100 mL solution),
distilled water and ammonium hydroxide to adjust to pH 10. All components were
mixed under magnetic stirring until the temperature of the mixture reached 70 °C
and the solution centrifuged at 5856 g for 6 min at room temperature. The film-
forming solution was poured and spread evenly over a Teflon covered glass
surface and dried at room temperature for 24 h (modified method from GONTARD
et al.’®). All films used for experiments were equilibrated at 52% RH at 25 °C for 48

h before being tested.
Cellulose acetate phthalate (CAP) film preparation

The CAP film was prepared solubilizing 10 g of CAP in a buffer solution of
sodium phosphate pH 8.0 in mechanical agitator and then adding 0.5 g of glycerol.
Aliquots of 8 mL and 16 mL were distributed in 15 cm plaxi-glass plates and left to
dry at room temperature for 24h.

Composite films preparation

The composite films were prepared mixing the CAP film-forming solution to
the wheat gluten film-forming solution under magnetic agitation, in the ratios of 1:1,
1:4 and 4:1, then the mixtures were distributed in plaxi-glass plates in the aliquots
of 8 mL, 12 mL and 16 mL.
Water vapor permeability

The water vapor transmission rate of the films was determined

gravimetrically at 25 °C using a modified American Society for Testing and
Materials (ASTM) Standard Method E-96 according to TANADA-PALMU et al.
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(2000). The samples, triplicates of each film, were conditioned for 2 d at 52% RH
before measurement. The water vapor permeability was calculated according to
the ASTM method.

Oxygen permeability

The oxygen transmission rates were determined using a modification of the
ASTM Standard Method D 3985-81 with an Ox-Tran apparatus (Mocon, Inc.,
Minneapolis, USA) at 25 °C. The samples, duplicates of each film, were
conditioned for 2 d at 52% RH before measurement. The oxygen permeability (OP)
was calculated by dividing the oxygen transmission rate by the oxygen pressure

and multiplying by the mean thickness.
Tensile strength and percent elongation at break

Film tensile strength and percent elongation at break were determined using
a Texture Analyzer TA.XT2 (Stable Micro System, Surrey, UK), operated according
to the ASTM Standard Method D 882-83 (25 °C, initial grip separation = 50 mm
and cross head speed = 100 mm/min). The peak loads and extension at break
were recorded for tested film specimens (100 mm long and 25.4 mm wide). The
films were conditioned for 2 d at 52% RH before measurement. Six specimens of
each film were measured. The tensile strength and percent elongation at break

were calculated according to the ASTM method.
Solubility in water

The percent of solubility was the percentage of dry matter of the film
solubilized after 24 h immersion in water. The percentage of initial dry matter of
each film was determined at 105 °C for 24 h. Two discs of film (2 cm diameter)
were cut, weighed, immersed in 50 mL of distilled water and slowly and periodically
agitated for 24 h at 25 °C. The pieces of film were then taken out and dried (105 °C
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for 24 h) to determine the weight of dry matter which was not solubilized in water.
The weight of dry matter solubilized was calculated by subtracting the weight of dry
matter not solubilized from the weight of initial dry matter and reported on an initial

dry weight basis.
Solubility in acid

The same procedure as the solubility in water, except that the films were
immersed in HCI 1 N solution for 24 h at 25 °C.

Statistical analyses

The Statistica 5.5 (Statsoft, USA) program was used to determine the

significant differences of all film properties at a 95% confidence interval.

RESULTS AND DISCUSSION

The composite films of wheat gluten and CAP were opaque due to cellulose
and fragile, specially the thinner films. Due to the brittleness of the films, it was not
possible to characterize the composite films with higher concentration of gluten.
The composite films of gluten and cellulose 1:1 and 1:4 of all thicknesses
presented excellent water vapor barrier (Table 1), compared to films of
hydroxipropilmetilcellulose (HPMC) and metilcellulose (MC) with values of 1.92 and
1.48 gmm/m?dkPa, respectively (KAMPER and FENNEMA, 1984; GREENER and
FENNEMA, 1989). In the composite film with higher concentration of gluten, the
water vapor permeability increased. The composite films were completely soluble
in water, as well as the simple films of cellulose. The composed film with higher
concentration of gluten showed 50% of solubility in acid and the composite films
with the other concentrations of gluten and cellulose were completely soluble in

acid. The tensile strength (Table 2) reduced with increase of gluten concentration
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in the composite films. In comparison with the simple film of cellulose, the addition
of gluten until the concentration of 25% in the composite films increased the tensile
strength, however with higher concentration, the strength was reduced. For the
elongation at break, there was not significant difference in the composite films, the
film with higher concentration of cellulose showed the highest elongation, but low in
comparison with the simple film of gluten. With relation to the thickness of the films,
there was not significant difference in any property measured. The oxygen
permeability could only be measured in the composite film of cellulose and gluten
1:1 (16 mL) because the other films were very fragile and brittle. This permeability
was low compared to the simple film of gluten and the values from PARK and
CHINNAN (1990) for films of zein:glycerol (13.0-44.9 cm®mm/m?dkPa) and films of
gluten:glycerol (9.6-24.2 cm®mm/m?dkPa) at 30 °C and 0% of relative humidity.

222



ANEXO 4

Table 1 — Water vapor permeability and solubility in water and acid of the films

Film Water vapor Eermeablhty Solubility in water  Solubility in acid
gmm/m dkPa)* (%)* (%)*

CAP:glu - -
(1:4)/8ml

CAP:glu - - -
(1:4)/12ml

CAP:glu 12.19 + 0.25°% 100.00? 50.69 + 1.64°
(1:4)/16ml

CAP:glu 3.75+0.17° 100.00? 100.00%
(1:1)/8ml

CAP:glu 3.83+0.13° 100.00? 100.00?
(1:1)12ml

CAP:glu 4.11 +0.20° 100.00? 100.00?
(1:1)/16ml

CAP:glu 3.81+0.01° 100.00? 100.00%
(4:1)/8ml

CAP:glu 3.64+0.0° 100.00% 100.00?
(4:1)/12ml

CAP:glu 3.76 + 0.26° 100.00% 100.00?
(4:1)/16ml

CAP/8ml 6.03 + 0.35%° 100.00? 30.50 + 1.56°
CAP/16 ml 10.05 +0.472 100.00? 33.14 +1.87°

Gluten 8.61 +1.03% 22.70 + 4.10° -

*Mean and standard deviation of replicates. *° Means with different superscript letters in
the same column are significantly different (p<0.05) according to the ANOVA and Tukey
tests.
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Table 2 — Mechanical properties and oxygen permeability of the films

Film Tensile Elongation at Oxygen permeability
strenght break (%)* (cm*um/m?dkPa)*
(MPa)*
CAP:glu (1:4)/8ml - - -
CAP:glu - - -
(1:4)/12ml
CAP:glu 1.32+0.11°®  4.06+0.78° -
(1:4)/16ml
CAP:glu (1:1)/8ml 757 +0.18%°®  4.65+ 1.63% -
CAP:glu 10.89 +2.19% 5.27 +0.85°% -
(1:1)/12ml
CAP:glu 16.18 £3.11%° 491 +£1.01% 22.21 +1,23°
(1:1)/16ml
CAP:glu (4:1)/8ml 12.87 +2.41% 479 +1.96% -
CAP:glu 22.60 +1.63%° 6.79 + 0.98" -
(4:1)/12ml
CAP:glu 23.78 +5.128  8.82+0.68° -
(4:1)/16ml
CAP/8ml 11.08 £3.29° 7.86+1.23> -
CAP/16 ml 11.76 £4.31°  8.60+1.36° -
Gluten 5.25 + 0.24% 215.30 + 41.02 + 0.86°
12.20°

*Mean and standard deviation of replicates. *° Means with different superscript letters in
the same column are significantly different (p<0.05) according to the ANOVA and Tukey

tests.
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CONCLUSION

Composite films of wheat gluten and cellulose acetate phthalate had lower
water vapor permeability than simple films of gluten or cellulose, showing an
excellent water vapor barrier. With increase of gluten concentration in the
composite films, the solubility in acid and water and the mechanical resistance of
the films decreased.
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