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RESUMO

CARDOSO, C. E. F. Efeitos da desidratacao pelo método de camada de espuma
(foam mat drying) nos parametros fisico-quimicos e tecnologicos de frutas tropicais.
2023. 131p. Dissertagao (Mestrado em Alimentos e Nutri¢ao) — Universidade Federal do
Estado do Rio de Janeiro (UNIRIO), Rio de Janeiro, 2023.

A elevada perecibilidade dos frutos tropicais e a necessidade de implementacao
de padrdes de consumo que valorizem a fruticultura nacional através do processamento e
agregacao de valor de matérias primas frutiferas, fomentam o surgimento de solugdes
tecnologicas no mercado, que buscam cada vez mais manter as propriedades nutricionais
e bioativas naturais destas matrizes. Perpassando como elemento de interesse neste
cenario, o tratamento térmico consagra-se como um método de conservagao muito
utilizado neste sentido, que, entretanto, apresenta alguns impactos positivos e negativos
nos produtos, principalmente ao padrio nutricional e sensorial. Dessa forma, a secagem
em camada de espuma tem se apresentado como uma solugdo para preservar as
caracteristicas sensoriais e nutricionais de frutas quando secas. Dito isto, o objetivo geral
deste trabalho foi avaliar os impactos da secagem em camada de espuma na qualidade e
performance fisico-quimica, composi¢do fenolica e capacidade antioxidante de pos de
frutas tropicais (goiaba vermelha (Psidium guajava) e melancia (Citrullus lanatus)). Para
isto, o presente trabalho foi dividido em dois capitulos. No primeiro capitulo, foi realizado
um levantamento bibliografico a respeito do estado da arte, sobre a técnica de secagem
em espuma, no qual buscou-se criar um arcabouco tedrico com informagdes atualizadas,
abarcando o fendmeno metodologico envolvido na técnica, destacando pontos relevantes
e caracteristicas de processo, sua fundamentag¢do tedrica, vantagens e desvantagens
quando comparado a outras metodologias, além dos parametros fisico-quimicos e
sensoriais obtidos em uma diversidade de frutas secas pela tecnologia. J4 o segundo
capitulo, traz um estudo experimental, onde pdés de melancia e goiaba foram
desenvolvidos utilizando a secagem em camada de espuma, no qual foi dividido em duas
etapas, cuja primeira consistiu na investiga¢do dos efeitos das varidaveis de processo
(tempo de batimento e concentracdo de albumina), sobre as propriedades fisicas, térmicas
e tempo de secagem com o intuito de otimizar as condi¢des operacionais para a produgao
das espumas de fruta, cujos valores plotados foram de 5%'%°¢™L para a goiaba e 15% 1%
¢ml phara a melancia, de albumina em po, favorecendo a formacdo de espuma apos
agitacdo mecanica por 10 minutos e facilitando a formagao de um filme poroso ao final
da secagem. Na etapa seguinte, foi avaliada a influéncia da aplicacdo de técnicas de
secagem (em camada de espuma e liofilizacdo), na qualidade fisico-quimica, tecnolégica,
composi¢do fenolica e capacidade antioxidante dos pds de frutas. Notou-se que os pos
sofreram impacto dos diferentes métodos de desidratacdo quando comparado com a sua
forma de apresentagdo in natura, sendo a performance dos pds obtidos pelo método de
camada de espuma, de maior destaque em todos os pardmetros analisados, tornando-a
uma alternativa para o desenvolvimento de produtos com apelo funcional. Porém, a
avaliacdo do impacto financeiro e posicionamento do produto no mercado consumidor
deve ser avaliado para definir a melhor tecnologia a ser aplicada na obtencao do produto,
sem acarretar custos operacionais elevados as industrias.

Palavras-chave: Desidratagdo; Secagem em camada de espuma; Frutas tropicais.



ABSTRACT

CARDOSO, C. E. F. Effects of dehydration by the foam mat drying method on the
physicochemical and technological parameters of tropical fruits. 2023. 131p.
Dissertation (Master in Food and Nutrition) — Federal University of the State of Rio de
Janeiro (UNIRIO), Rio de Janeiro, 2023.

The high perishability of tropical fruits and the need to implement consumption
patterns that value national fruit growing through processing and adding value to fruit-
bearing raw materials, encourage the emergence of technological solutions in the market,
which increasingly seek to maintain the nutritional properties and natural bioactives of
these matrices. Pervading as an element of interest in this scenario, heat treatment is
consecrated as a conservation method widely used in this sense, which, however, has
some positive and negative impacts on products, mainly regarding nutritional and sensory
standards. Thus, drying in a foam layer has been presented as a solution to preserve the
sensory and nutritional characteristics of fruits when dried. That said, the general
objective of this work was to evaluate the impacts of drying in a foam layer on the quality
and physical-chemical performance, phenolic composition and antioxidant capacity of
tropical fruit powders (red guava (Psidium guajava) and watermelon (Citrullus lanatus))
. For this, the present work was divided into two chapters. In the first chapter, a
bibliographic survey was carried out regarding the state of the art, on the foam drying
technique, in which an attempt was made to create a theoretical framework with updated
information, covering the methodological phenomenon involved in the technique,
highlighting relevant points and characteristics of process, its theoretical foundation,
advantages and disadvantages when compared to other methodologies, in addition to the
physical-chemical and sensorial parameters obtained in a diversity of dried fruits by the
technology. The second chapter brings an experimental study, where watermelon and
guava powders were developed using foam layer drying, which was divided into two
stages, the first of which consisted of investigating the effects of process variables
(beating time and albumin concentration), on the physical and thermal properties and
drying time in order to optimize the operational conditions for the production of fruit
foams, whose plotted values were 5% % ¢l for guava and 15% - 1% #™L of powdered
albumin for watermelon, favoring foam formation after mechanical agitation for 10
minutes and facilitating the formation of a porous film at the end of drying. In the next
step, the influence of the application of drying techniques (foam layer and lyophilization)
on the physical-chemical and technological quality, phenolic composition and antioxidant
capacity of fruit powders was evaluated. It was noted that the powders were impacted by
the different dehydration methods when compared to their in natura presentation form,
with the performance of the powders obtained by the foam layer method being the most
prominent in all the analyzed parameters, making it a alternative for the development of
products with functional appeal. However, the evaluation of the financial impact and
positioning of the product in the consumer market must be evaluated to define the best
technology to be applied in obtaining the product, without causing high operational costs
to the industries.

Keywords: Dehydration; Foam layer drying; Tropical fruits.
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Introdugao Geral



A Organizacao das Nagdes Unidas (ONU), dada a importancia do consumo de
alimentos in natura de origem vegetal como parte de uma dieta saudavel, declara o ano
de 2021 como o “Ano Internacional das Frutas e Vegetais”, visando principalmente
conscientizar a populacdo sobre a reducao de perdas e desperdicios e, sobretudo,
reverberar os beneficios a satde creditados as substancias bioativas presentes
abundantemente nestes alimentos (FAO, 2021).

Atualmente o Brasil se consagra como um dos maiores produtores mundiais de
frutas, atendendo tanto o mercado interno quanto o internacional, destaca-se pela grande
variedade de espécies que produz, que inclui frutas tropicais e de clima temperado. Neste
sentido, o fomento da fruticultura nacional, ¢ fundamental para a sociedade, tanto para a
economia do pais quanto para a saude das pessoas, potencializando a preservagdo da
biodiversidade e valorizando a riqueza vegetal existente (SANTANA E SILVA et al,,
2021).

A fruticultura brasileira vem se expandido ao longo dos anos, realizado
investimentos para aumentar a producdo, a produtividade e melhorar a qualidade de
diversas frutas antes e durante o periodo pds colheita (CARDOSO et al., 2022). Neste
sentido, a comercializacao de produtos derivados de frutas em escala mundial mostrou-
se em expansdo, principalmente em paises em desenvolvimento como o Brasil, por
exemplo, o que potencializou a adogdo de técnicas que reduzam e/ou controlem eventos
deteriorantes, aumentando sua vida 1til e favorecendo o comércio entre safra do produto
(ALBUQUERQUE et al., 2016).

Do ponto de vista nutricional, as frutas sdo consideradas elementos de importancia
na oferta dietética de energia, minerais, vitaminas, fibras e compostos bioativos e, seu
consumo tem aumentado cada vez mais na perspectiva de alimentacdo. De forma geral,
as frutas sdo consumidas principalmente de forma in natura, possuindo alto apelo
sensorial pelos consumidores. Entretanto, um grande impasse enfrentado pelos
fruticultores ¢ a conservag¢do destas matrizes alimentares quando maduras, pois sdao
altamente pereciveis decorrente da alta atividade de dgua (Aw) presente em sua
composicao, fazendo com que sejam mais suscetiveis a atividade microbiana e eventos
deteriorantes, o que de certa forma implica em perdas significativas pos-colheita,
alcancando margens proximas a 30% (GADELHA, 2016; CARDOSO; LOBO, 2021;
SANTANA E SILVA et al., 2021).

17



Neste cendrio, a inovagdo tecnologica desempenha um papel importante como
ferramenta para melhorar o processamento destes frutos visando a obtencdo de novos
produtos, constituindo-se como uma forma de reduzir o desperdicio e agregar maior valor
econdmico, através de uma nova designacao da matéria prima. Assim, a utilizacdo de
tecnologias metodoldgicas, tais como a desidratagdo para o processamento e viabiliza¢ao
da produg¢do de novos produtos a partir destas frutas, tornam-se interessante com o foco
na diminuicdo do desperdicio pos-colheita e obtencdo de produtos estdveis para o

mercado industrial e consumidor (ELPIDIO, 2021).

Diferentes métodos de desidratagao de frutas e matrizes alimentares, sao descritos
na literatura, como a secagem em forno convencional, a secagem vertical pela utilizagdo
de bandejas, a secagem convectiva, a liofilizagao e a secagem em camada de espuma, por
exemplo, com o objetivo de remover o conteudo de dgua e consequentemente reduzir a

atividade potencialmente deteriorante, potencializando a sua preservacao e prolongando

sua vida util (MICHALSKA et al., 2016; VANGDAL et al., 2017)

Nos ultimos anos, a secagem em camada de espuma, tem sido reconhecida como
uma técnica eficaz e de baixo custo operacional, onde a porosidade da espuma e a maior
relagdo area superficial e volume de expansao, proporcionam altas taxas de transferéncia
de calor e massa, reduzindo o tempo de processo e melhorando a qualidade do produto
seco, quando comparado a produtos obtidos por outros processos operacionais que

possuem da mesma finalidade (DEHGHANNYA et al.,, 2019).

Este método de desidratagdo em camada de espuma, basicamente baseia-se na
transformagao de liquidos e semiliquidos em espumas, onde através de seu processamento
mecanico, sao associados a agentes espumantes/ estabilizantes e submetidos a a
temperaturas brandas, sendo posteriormente transformadas em um pd com caracteristica
finamente pulverizada de facil incorporagdo na formulag¢do de alimentos, apresentando
menor tempo de secagem e maior preservacao de suas caracteristicas fisico-quimicas,
atribuindo propriedade funcionais importantes quando aplicado na formulacdo de

alimentos (ANDRADE et al., 2022).

O estudo acerca do desenvolvimento de subprodutos seguros, nutricionalmente e
sensorialmente atrativos e o impacto das tecnologias de tratamento térmico ¢
extremamente importante para trazer informagdes atualizadas e pautadas na ciéncia para

a industria e academia, onde de forma geral, a qualidade de um alimento ou produto
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alimenticio, pode ser avaliada mediante caracterizacao e analise de suas propriedades

fisico-quimicas, nutricionais e funcionais.

Na interface dos estudos realizados em produtos secos, a qualidade do produto
final pode ser expressa pautado em aspectos relativos as propriedades fisicas, quimicas,
sensoriais € nutricionais, as quais podem ser usadas como elementos que atribuam
parametros especificos de qualidade, visto que os procedimentos operacionais envolvidos
nos processos de secagem, podem desempenhar alteragdes positivas ou negativas nos pos

de fruta (ELPIDIO, 2021).

Com esse intuito portanto, o objetivo deste estudo foi a obtencao de diferentes pds
de frutas tropicais a partir da secagem em camada de espuma, a fim de proporcionar uma
forma eficiente de incluir alguma destas frutas na alimentagdo como um composto
suplementar com alto valor agregado, a partir de sua designacdo como ingrediente na
formulacao de alimentos. Em tempo, verifica-se que em todas as analises realizadas,
foram estabelecidas comparagdes com um produto controle da mesma fruta, obtido pelo
processo de liofilizagdo, uma vez que a liofiliza¢ao ¢ conhecida como o melhor método
de secagem para preservar as propriedades originais das matérias-primas, sendo indicado
para a conservagao de substancias sensiveis a temperatura como vitaminas € compostos

bioativos (DOMIN et al., 2020).

O presente trabalho segue as normas de elaboragdo de dissertacdes e teses no
formato de artigo cientifico, definido e aprovado pelo Programa de P6s-Graduagdo em
Alimentos e Nutricdo (PPGAN) da Universidade Federal do Estado do Rio de Janeiro em

14 de maio de 2019. Assim, esta dissertagdo esta seccionada em 3 capitulos, sendo eles:
(1) Revisao Bibliografica

Descricio do capitulo: Neste capitulo ¢ apresentado uma breve revisao
bibliografica com relagdo a tematica geral abordada no trabalho, com objetivo da
criacdo de um arcabouco teodrico para melhor delimitar e concretizar as ideias
subsequentes. Destaca-se enfoque as caracteristicas especificas da matéria prima
utilizada nos estudos e no fenomeno de secagem.

(2) Artigo de revisao da literatura: “Influence of foam mat drying on the nutritional
and technological potential of fruits - a review”
Descricao do capitulo: Buscando criar um arcabougo tedrico acerca do estado da

arte da tematica descrita e considerando o panorama supracitado, esta revisao visa
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trazer informacgoes atualizadas sobre o processo de secagem de matrizes frutiferas,
com énfase no método de secagem em camada de espuma, abarcando informagdes
sobre o fendmeno metodologico envolvido na técnica, destacando pontos
relevantes e caracteristicas de processo, sua fundamentagdo tedrica, vantagens e
desvantagens quando comparado a outras metodologias, além dos parametros

fisico-quimicos e sensoriais obtidos em frutas secas pela tecnologia.

(3) Artigo Original: “Influence of drying in a foam layer on the physicochemical
quality, phenolic composition and antioxidant capacity of Red Guava (Psidium
guajava) and Watermelon (Citrullus lanatus) powder”

Descri¢ao do capitulo: Este estudo contempla os resultados e discussdo dos
experimentos realizados, onde teve-se como objetivo central, avaliar os impactos
da aplicagdo da tecnologia de secagem em camada de espuma na qualidade e
performance das espumas e também na qualidade fisico-quimica, composi¢ao
fenolica e capacidade antioxidante de pos de frutas goiaba vermelha (Psidium

guajava) e melancia (Citrullus lanatus) obtidos ao final do processo.
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1. Cenario da fruticultura nacional

O Brasil possui uma das maiores biodiversidades vegetais do mundo, tendo grande
dimensao territorial e condigdes climaticas favoraveis ao cultivo de uma grande variedade
de frutas (ABRAFRUTAS, 2019). Neste sentido, o aumento no consumo de frutas
frescas, assim como nos niveis de processamento e exportagdes, tem alavancado a
producdo frutifera, caracterizando a fruticultura como um movimento dentro da
perspectiva agricola, de destaque pelo importante papel que desempenha, no ambito
alimentar, social e econdmico, gerando oportunidades de trabalho e dinamizando a

economia local (CALAI; ABRAFRUTAS, 2019).

A produgdo brasileira de matrizes frutiferas na esfera da fruticultura, constitui-se
em grande proporcao por frutas tropicais e subtropicais, possuindo um elevado potencial
de consumo. Atualmente o Brasil ocupa o terceiro lugar na produ¢ao mundial de espécies
frutiferas, ficando atrds apenas da China, que se consagra como a maior produtora
frutifera, concentrando uma ampla gama de cultivares, tais como mag¢a, meldo, uva,
tangerina e melancia, seguido da India, que se destaca com a produgio de manga, banana

e coco (VIDAL, 2021).

Assim como a india, o Brasil tem sua produgdo destinada principalmente para o
seu mercado interno, participando em pequenas propor¢des do comércio mundial, que em
2019 correspondeu apenas 2,4% do total de exportagdes a nivel global. Sua maior area
plantada esta centrada na regido Nordeste, onde em 2019, a fruticultura nordestina gerou
aproximadamente US $699,7 milhdes em divisas no comércio exterior, alta de 13% em
relagdo a 2018, enquanto o valor da produgdo superou os R$ 13 bilhdes. A Regido

respondeu em 2019 por 34,4% do valor da producdo nacional de frutas (VIDAL, 2021).

Em 2020/2021, apesar da grave crise sanitaria global ocasionada pelo surgimento
de um patdgeno até entdo desconhecido pela comunidade cientifica global, uma nova
linhagem de coronavirus, ndo houve intercorréncias em questao de abastecimento nem de
producdo em territdério nacional, entretanto, foi evidenciado uma problematica
relacionada ao escoamento dos produtos produzidos, por conta das medidas de
distanciamento social, impedindo a livre circulagdo da populagdo em feiras livres, escolas
e hotéis, impactando de forma negativa a logistica dos produtores, principalmente os

menores € aqueles que produzem frutos de maior perecibilidade, que apresentam um
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maior teor de umidade em sua composic¢ao, tais como o abacaxi, a goiaba, a melancia e o

meldo (VIDAL, 2021).

A Organizagdo das Nagdes Unidas (ONU), designou 2021 como o “Ano
Internacional das Frutas, Verduras e Legumes” pois consideram que o fomento de seu
consumo, seja essencial para dietas sauddveis e sustentdveis, tanto na perspectiva de
saude, quanto na perspectiva de manutengdo e preservacao de sistemas agroalimentares
(FAO, 2021). Diversas sao as pesquisas que evidenciam, que o aumento do consumo de
verduras, legumes e frutas, pode contribuir de forma significativa na melhoria da
qualidade nutricional da alimentacdo, em decorréncia de serem fontes de vitaminas,
minerais, fibras dietéticas e fitoquimicos, cujos efeitos se relacionam a protecdo e

promogdo da satide (BRUINS, VAN DAEL; EGGERSDORFER, 2019).

Ainda assim, mesmo diante de diversas evidéncias positivas para o consumo de
tais matrizes alimentares, o consumo percapta de alimentos do grupo dos legumes,
verduras e frutas (FLV), encontram-se abaixo dos valores recomendados em muitos
paises, estando diretamente associados a crescente do perfil epidemioldgico, marcado
pela presenca de morbimortalidades atreladas ao estado nutricional (MASON-D’CROZ
etal., 2019).

Segundo diretrizes alimentares da Organizacado Mundial de Satide (OMS/WHO),
no qual incluem orientagdes de natureza quantitativa e qualitativa, ¢ sugerido o consumo
diario de pelo menos 400 gramas desses alimentos, sendo oriundos de fontes diversas,
tendo em vista a concentragdo de diferentes nutrientes em maior ou menor propor¢ao em
cada tipo de alimento (WHO, 2018). Nesta perspectiva, o Guia Alimentar para a
Populagao Brasileira direciona sua narrativa para a discussdo acerca da grande variedade
de FLV disponiveis no pais e recomenda a sele¢ao e inclusdo de alimentos variados como

base de uma alimentagdo nutricionalmente balanceada e saudavel (BRASIL, 2014)

Deste modo, a fruticultura brasileira, seja cultivando frutas temperadas ou
tropicais, frutas mundialmente conhecidas ou consumidas apenas regionalmente, possui
caracteristicas comuns: valorizagao da terra, preservacao dos recursos naturais e producao
de um alimento saudavel e saboroso que agrega nao s6 para a sade, mas para a economia.
A produgao nacional incorpora cada vez mais tecnologia e inovagao, mas traz um legado
de geragdes, que garante nutrigdo, geragdo de renda, preservagdo cultural e

sustentabilidade ambiental. Embora a populacdo brasileira ainda seja sua principal base
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consumidora, as frutas brasileiras se fazem presentes cada vez mais em novos mercados,

onde estdo se tornando mais conhecidas e demandadas.

2. Goiaba (Psidium guajava)
2.1 Aspectos gerais

A goiaba ¢ uma fruta tropical que pertence ao género Psidium, da familia
Myrtaceae, que compreende de 110 a 130 espécies de arvores e arbustos. A goiabeira,
botanicamente se caracteriza como uma arvore de pequeno porte, podendo medir de 3 a
6 m de altura (NETO; BEZERRA & COSTA, 2003). Dados da literatura, apontam que a
sua origem se da na regido tropical do continente americano com centro de origem,
provavel, na regido compreendida entre o sul do México e o norte da América do Sul
(MEDINA, 1988). As primeiras referéncias que citam a goiabeira, bem como os seus
frutos sdo do cronista espanhol Oviedo, e datam do periodo entre 1514 ¢ 1557 (RUEHLE,

1964), no qual refere-se a goiabeira pelo nome de “guayabo”.

O Brasil ¢ um dos maiores produtores de goiaba, ocupando o quarto lugar
mundial, ficando atras apenas da India, Paquistio e México (RIBEIRO, 2021). A
expansdo dos pomares em territorio brasileiro, ocorre associada a sua forte adaptacao
quando exposta a diversos cenarios de condi¢des edafoclimaticas, e a versatilidade
inerente dos frutos, que podem ser consumidos frescos na forma in natura ou como
subprodutos oriundos de processos de industrializagdo, agregando valor na fabricacgao e
comercializacdo de diversos produtos (ROZANE; OLIVEIRA; LIRIO, 2003;
HONORATO, 2019).

A goiaba esta entre as 19 principais frutas mais produzidas no Brasil, sendo
encontrada em todos os estados, com excelente potencial exploratdrio, comercialmente
falando. Segundo o Instituto Brasileiro de Geografia e Estatistica (IBGE), no ano de 2021,
o Brasil produziu cerca de 552.393 toneladas da fruta em 22.137 hectares, com
produtividade média de 24,953 Kg por hectare (IBGE, 2023). O estado de Pernambuco
se destaca no cenario nacional, apresentando produtividade superior a demais estados
brasileiros, estando acima da média nacional, sendo o principal estado produtor da fruta
com 198.754 toneladas produzidas em uma area de aproximadamente 5.516 hectares

(IBGE, 2023).
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A Figura 1 apresenta o mapa de producgdo da goiaba no Brasil, segundo o ultimo
censo agropecudrio (2021), no qual destaca-se queda de valor da producdo, quando

comparado ao ano de 2020.

Figura 1. Mapa da produ¢do de goiaba no Brasil, no ano de 2021, segundo o
Censo Agropecudrio Brasileiro — IBGE (2023)

Valor da produc¢do
973.137 Mil Reais (2021)
Quantidade produzida
552.393 Toneladas (2021)
Area colhida

22.137 Hectares (2021)
Rendimento médio
24,953 Kg por Hectare (2021)
Estabelecimentos

10.713 Unidades (2017)
Numero de pés

7.514 Mil unidades (2017)
Maior produtor

Pernambuco (2021)

40-1.032 [1303-4655 [5999-12786 |[16.741-42047 [J70.772-345.682 Sem informagao

Fonte: Autoria propria, utilizando dados do IBGE (2023).

2.2 Variedades e caracteristicas morfologicas do fruto

O fruto oriundo da goiabeira ¢ carnoso, do tipo baga com polpa doce-acidulada e
extremamente aromatico. Internamente apresenta um mesocarpo de textura firmee 4 a 5
l6culos cheios por uma massa de consisténcia pastosa, onde contém numerosas sementes

pequenas, de coloragdo branca e muito duras (SANTOS, 2011).

De forma geral, existem dois tipos mais comuns de goiaba sendo designadas pela
cor da sua polpa, a vermelha e a branca (IHA et al, 2008), sendo que as goiabas

destinadas ao mercado externo sdo preferencialmente de polpa com coloracdo branca,
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com peso médio e tamanho de acordo com a classificacdo desejada, por serem mais
resistentes ao transporte e armazenamento. Entre essas variedades, podem ser observadas
algumas distin¢cdes bem delimitadas, para além da coloracdo da polpa como, aspecto da
textura da casca, o sabor e formato da fruta, sendo as variedades de polpa vermelha as de

melhor aceitagdo no mercado interno (NETO, 2003).

A variedade “Kumagai”, apresenta formato ovalado a arredondado, casca lisa a
levemente rugosa, além do sabor doce. Por outro lado, a variedade “Ogawa”, também
com coloracao da polpa branca, tem o formato oblongo, com casca rugosa e sabor também
doce. Nas variedades de polpa com coloragdo vermelha, exibe distingdo no formato
oblongo a piriforme, casca lisa a rugosa e sabor doce da “Pedro Sato”, enquanto a
“Sassaoka”, tem formato achatado, casca rugosa e sabor doce (CAVALINI, 2004). A

Figura 2 apresenta de forma ilustrativa a morfologia do fruto de goiaba.

Figura 2. Aspectos morfoldgicos da goiaba vermelha.

Peddnculo

Apice

Mesocarpo
| Endocarpo

-H\

Fonte: Autoria propria.
Hlustragdo: Bertoldo Borges Filho©
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2.3 Composigao fisico-quimica da goiaba

Uma alimentacdo saudavel na perspectiva de uma dieta rica e diversa, constitui
um importante papel na manutencao da saude (BRASIL, 2014). A goiaba ¢ uma fruta que
possui composic¢ao nutricional interessante sendo uma 6tima opgao para consumo. A fruta
¢ extensivamente estudada no cenario cientifico nacional, devido ao seu alto valor
nutritivo, e tem grande aceitacdo no mercado consumidor, sendo uma excelente fonte de
nutrientes € compostos bioativos na perspectiva dietética. O fruto maduro da goiaba
vermelha contém carotenoides, onde destaca-se o licopeno (pigmento de coloragao
avermelhada), além de vitaminas do complexo B, tais como as vitaminas B1, B2 e B6,
acucares livres, sejam no formato de mono ou dissacarideos (glicose, frutose e sacarose)
e um alto percentual de fibra pectina (SOUZA et al., 2020), sendo ainda considerada uma
excelente fonte de vitamina C, potéssio, cobre e fibras (QUEIROZ et al., 2008). O
percentual da vitamina C na Psidium guajava varia entre 50 - 300 mg/ 100 g de peso
fresco, o qual ¢é de trés a seis vezes maior do que o percentual encontrado numa laranja

(TACO, 2011).

O licopeno ¢ um dos potentes antioxidantes presentes na fruta, sendo sugerido sua
acdo e potencialidade na diminui¢do do risco de alguns tipos de cancer (ELIAS et al.,
2021). Em tempo, ¢ valido apontar, que a goiaba possui ainda na sua composicao,
fitoquimicos importantes tais como: os taninos, os flavonoides, 6leos essenciais, alcoois

sesquiterpénicos e acidos triterpenoide (IHA et al., 2008).

Em um estudo desenvolvido por IHA ef al. (2008), no qual através da utilizagao
de cromatografia em camada delgada confirmaram a presenga de rutina, quercetina e
epicatequina nas amostras de polpa de goiaba vermelha, o que aponta uma importante

variagao nos tipos de compostos fenolicos nas amostras de polpa de goiaba vermelha.

3. Melancia (Citrullus lanatus)

3.1  Aspectos gerais

A melancia (Citrullus lanatus), é originaria das regides secas da Africa Tropical,
possuindo um centro de diversificagio secundario no sul da Asia (NASCIMENTO et al.,
2011) sendo cercada de teorias, de que seja derivada da espécie “C. colocynthis”, que ¢
perene e endémica na regido africana, ocorrendo de forma silvestre na india (PEREIRA,

2017).

29



A fruta pertence a familia Curcubitaceae, sendo classificada dentro da Divisdo
Magnoliophyta (Spermatophyta), Classe Magnoliopsida (ou Campanulales), Subclasse
Dilleneniidae (ou Dicotinedonae), Ordem Curcubitales. como uma espécie herbacea
rastejante de ciclo vegetativo anual. As variedades comerciais apresentam, em média,
ramos de quatro metros de comprimento, inferior aos dez metros das ragas crioulas
(SOUSA et al., 2019). O sistema radicular, nas principais regides produtoras no Brasil,
atinge uma profundidade efetiva entre 30 cm e 40 cm, podendo em algumas condigdes

ultrapassar 60 cm (MAROUELLI et al., 2012).

No cenario mundial, o Brasil ocupa a quarta colocagdo de maior produtor da fruta,
representando cerca de 2% da producao total dos hectares nacionais. A China, a Turquia
e o Ira, sdo os paises de maior representatividade no mercado externo, sendo responsaveis

por aproximadamente 73% da produ¢do e comercializagcdo da fruta (PEREIRA, 2017).

No Brasil, a produgdo de melancia corresponde a uma area colhida de cerca de
91.922 hectares, produzindo em média cerca de 2.141.970 toneladas/ ano. Em termos de
producdo regional, o Nordeste ¢ quem lidera na propor¢do de area plantada, sendo o Rio
Grande do Norte o estado de maior destaque na interface produtiva (DIAS & SANTOS,
2019; IBGE, 2023).

Na interface tocante das flutuagdes de preco no mercado consumidor,
principalmente por conta da disparada da inflagdo, pode-se considerar que os periodos de
safra da fruta (que ocorre entre janeiro e abril) é onde ocorrem o maior escoamento da
producdo. Segundo o balanco 2019 publicado pela Confederagdo da Agricultura e
Pecuaria do Brasil (CNA) a rentabilidade do cultivo de melancia no Brasil, foi positiva
em 2019, tendo a oferta e abastecimento do produto no mercado consumidor, de forma

bem difusa durante o ano (CNA, 2020).

A Figura 3 apresenta o mapa de produgdo da melancia no Brasil, segundo o tltimo
censo agropecuario (2021), no qual destaca-se um significativo aumento no valor da

producao, quando comparado ao ano de 2020.
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Figura 3. Mapa da produ¢do da melancia no Brasil, no ano de 2021, segundo o

ultimo Censo Agropecudrio Brasileiro — IBGE.

Valor da producdo -
1.844.638 Mil Reais (2021)
Quantidade produzida
2.141.970 Toneladas (2021)
Area colhida

91.922 Hectares (2021)
Rendimento médio

23.302 Kg por Hectare (2021)
Estabelecimentos

150.211 Unidades (2017)
Maior produtor

Rio Grande do Norte (2021)

55-6.265 [J7.671-34702 [J37.896-50915 [J54.495-135.023 [152.435-255475 Sem informagdo

Fonte: Autoria propria, utilizando dados do IBGE (2023).

3.2 Variedades e caracteristicas dos frutos

Ao cultivares de melancia mais populares na agricultura brasileira, sdo as de
origem americana ou japonesa, contudo considerando o mercado externo de exportagao
da fruta, ha uma importante diversificagdo de cultivares, que diferem entre si quanto a
forma do fruto, coloracdo externa do pericarpo e da polpa, resisténcia ao transporte e

tolerancia de distirbios fisiolégicos comumente encontrados em processos agricolas

(DIAS et al., 2001).

Tradicionalmente, a melancia ¢ um fruto reconhecido por seu formato de “baga”
esférica ou ovoide, com epicarpo liso e lustroso, que pode variar de coloragdo verde-
escuro a verde-claro podendo haver a ocorréncia de listras claras, a depender do cultivar.

A polpa apresenta coloragdo que varia do branco roseo ao vermelho arroxeado (GOMES,
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2012). As sementes apresentam tamanhos variados e coloracdo que varia de cinza
“cimentado” a preto, e ficam embebidas na parte comestivel do fruto (polpa). A polpa da
fruta possui coloracao vermelha em fungao da presenca de licopeno ou amarelada devido

a presenga de carotenos e xantofilas.

Os frutos da familia das cucurbitaceas, principalmente a melancia, desempenham
um importante papel na perspectiva da alimenta¢do humana, sendo consumida de forma
frequente em sua versao "in natura", como também, na forma de subprodutos, tais como
sucos, geleias, doces tipo compotas, molhos e como elementos de composi¢do em saladas
(RESENDE; COSTA; DIAS, 2006). A Figura 4 apresenta de forma ilustrativa a

morfologia do fruto de melancia.

Figura 4. Aspectos morfologicos da melancia.

Pedinculo
Base

Cor de fundo
Listra
Apice

Pericarpo (casca)

Mesocarpo
(parte branca)

Endocarpo(polpa) ______________________
Semente

Fonte: Autoria propria.

Hlustragdo: Bertoldo Borges Filho©
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3.3  Composicao fisico-quimica

A composi¢do quimica de um alimento varia e, ¢ influenciada por diversos fatores
tanto intrinsecos quanto extrinsecos, no qual atuam sobre o desenvolvimento da matriz
vegetal na interface fisioldgica, tais como a época de plantio e semeadura, os sistemas
agrarios utilizados em seu manejo de plantio e colheita e as condi¢des meteoroldgicas

(SOARES et al., 2010).

Diversos sao os estudos que apontam que a casca e a polpa da melancia, € rica em
L-citrulina, um aminoacido que atua no organismo humano, com uma fung¢do
vasodilatadora. Esses constituintes da fruta, podem ainda, ser fonte de compostos
fenolicos, além de macro e micronutrientes de importancia nutricional (PERKINS-

VEAZIE; COLLINS, 2004; COSTA, 2017).

Além da casca e polpa, as sementes das cucurbitaceas também sao utilizadas em
algumas culturas (RESENDE; COSTA; DIAS, 2006) por serem ricas em gorduras,
proteinas, vitaminas como a tiamina (B1) e niacina (B3) e minerais como o calcio,

fosforo, ferro e magnésio, apresentando baixo valor energético por porcao.

Esse fruto ¢ constituido essencialmente por dgua, em torno de 91% da parte
comestivel. O restante corresponde a macronutrientes, vitaminas e minerais,
especialmente calcio, magnésio e em maior quantidade, potdssio, em torno de 104

mg/100g™ (TACO, 2011).

Na polpa estdo presentes varios compostos com propriedades ditas como
funcionais, tais como os carotenoides, entre eles, os compostos fendlicos e a vitamina C,
que atuam de forma preventiva as doengas degenerativas e cardiovasculares (COSTA,
2017). E importante ressaltar que estes compostos funcionais, podem sofrer influéncia
direta de varios fatores externos e internos da matriz, tais como o tipo da cultivar/
gendtipo, condigdes climaticas adversas, maturidade do fruto e métodos e procedimentos
de manejo pos-colheita (forma de transporte, armazenamento etc) (LEE; KADER, 2000;
PERKINS-VEAZIE et al., 2001).

Dos compostos bioativos, com propriedades funcionais encontradas na melancia,
assim como na goiaba, anteriormente citada, o licopeno ¢ responsavel pela coloragao
vermelha tipica da polpa do fruto maduro. A melancia fresca constitui uma fonte

importante de licopeno, altamente biodisponivel para os seres humanos. Sua
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biodisponibilidade a partir do suco de melancia fresco €, de fato, semelhante a dos tomates

processados, quando em temperatura elevada (EDWARDS et al., 2003).

Diversos estudos apontam que o licopeno, obtido de tomate, melancia € mamao
por exemplo, possui grande agdo antioxidante e anti-inflamatéria, podendo desempenhar
efeito neuroprotetor no sistema nervoso central (SNC), o que refor¢a a importancia do
consumo de alimentos fontes desse composto como parte de uma dieta saudavel. Além
disso, possui potencial de acdo em diversos disturbios cronico/metabolicos, como na
doenca hepatica nao alcodlica e insuficiéncia cardiaca, bem como no cancer de prostata

e diabetes tipo I como mencionado por Costa-Rodrigues et al. (2018) e Zu et al. (2014).

Além de licopeno, a melancia possui também, quantidades significativas de
fenolicos (CHEN; HUANG; CHEN, 2019). Abu-Reidah et al. (2013) realizaram a
caracterizacdo de um extrato hidro-metandlico de melancia, o qual apresentou 71
compostos, tais como acidos fenolicos, flavnodides, iridoides, cumarinas e lignana, todos
exercem efeitos biologicos benéficos, podendo auxiliar na prevengdo e até melhora de

doengas cronicas como cancer, diabetes, inflamagao e doencgas cardiovasculares (FUSI et

al., 2020).

Em estudo realizado por Fusi et al. (2020), foi ressaltado o impacto positivo da
acao destes compostos, em especial os flavondides em doengas cardiovasculares, como
hipertensdo arterial sistémica e arterial e coronariana, além do potencial de esses
compostos na modulacdo direta e indireta dos canais cardiovasculares de potéssio, de
modo que, com a inclusdo na dieta, poderiam se acumular em nivel celular na forma de

agliconas parentais.

Assim, em virtude de desempenhar um papel eficaz na reducdo do estresse
oxidativo pela a¢do do licopeno, diversas evidéncias apontam que a melancia possui
propriedades antioxidantes, anti-inflamatdrias e anti-hipertensivas (FIGUEROA et al,,
2011). No entanto, ¢ importante ressaltar que a fruta possui outros antioxidantes e
elementos em sua composicao, que tém sido associados a diminui¢ao do risco de doencas

e morbidades.
4. Processamento de matrizes frutiferas visando a conservagdao pos-colheita

Uma vez que se consagra como um dos maiores produtores de frutas do mundo, a
alta taxa de perdas de matéria frutifera no pos-colheita ¢ uma realidade na perspectiva

agricola, onde o Brasil assume papel de protagonismo. Essas perdas ocorrem
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principalmente, por deficiéncias de abastecimento nos pontos comerciais ou do
escoamento e consumo do produto em tempo habil e de forma desproporcional,

resultando em danos que podem ocorrer em todas as fases da cadeia agricola

(CHITARRA & CHITARRA, 2005).

Um dos grandes pilares relacionados ao processo de perda da matriz alimentar,
principalmente quando matriz frutifera, ¢ a sua alta perecibilidade, visto que mesmo apos
o periodo poés-colheita, o metabolismo dos frutos se mantém, caracterizando-se uma
corrida contra o tempo no controle da logistica e manejo, visando prolongar o seu prazo
de conservacao, mantendo-se frescos e habeis para o consumo humano (ZARO, 2018;

CARDOSO et al., 2022).

A demanda por produtos horticolas frescos tem-se demonstrado em ascensao,
entretanto, atualmente abastecer grandes metropoles como o Rio de Janeiro e Sao Paulo,
na perspectiva nacional, ¢ um enorme desafio. Visando contornar essa problemadtica,
atrelada ao manejo e contengao dos aspectos fisioldgicos pds-colheita dos frutos, destaca-
se a necessidade do desenvolvimento de técnicas que preservem ao maximo a qualidade
sensorial e nutricional dos produtos alimenticios, mantendo-os seguros para o consumo

(HERNANDES, 2006; CARDOSO et al., 2022).

Neste sentido, a aplica¢do de tecnologias especificas sobre alimentos, apresenta
grande relevancia na aplicagdo de metodologias processuais que possam de certa forma
reduzir perdas, aumentando o aproveitamento de subprodutos e disponibilidade de
alimentos através do prolongamento da sua vida 1til, mantendo a sua qualidade fisica e

sensorial (LOBO, 2017).

Nesta interface, diversas metodologias que sdo utilizadas com o objetivo de
proporcionar redugdes nas perdas e preservar a qualidade dos alimentos, pode-se destacar
a refrigeracdo, o congelamento, o branqueamento, a pasteurizagdo, a liofilizagdo e a

desidratacao (CARDOSO E LOBO, 2021; SOUZA et al., 2021, ELPIDIO, 2021).
5. Desidratagdo por camada de espuma (foam mat drying)

A desidratagdo em camada de espuma ou “foam mat drying” é um procedimento
relativamente antigo, embora tenha ganhado especial atengdo mais recentemente,
principalmente por conta de suas inerentes vantagens quando comparado aa outras
técnicas de secagem mais tradicionais. A técnica foi desenvolvida na década de 1950 na

California, EUA, e patenteada em 1961 (MARQUES, 2009). E caracterizado como um

35



método de simples emprego em relagdo ao processo, sendo capaz de secar alimentos
sensiveis a altas temperaturas, com alto teor de aglicar e alimentos viscosos, retendo e/ou
aumentando compostos inerentes que ddo face a sua qualidade nutricional, tais como
substancias volateis e sensiveis e, compostos bioativos quando aplicavel, visto que se
utiliza de temperaturas mais baixas e abrandadas, utilizando-se de um menor tempo de
secagem ao final. Este fato derivasse do movimento exercido pela dgua, através de forcas
capilares, permeando uma pelicula liquida que separam as bolhas das espumas formadas,
otimizando a saida do conteudo aquoso do material, no formato de vapor

(SANGAMITHRA et al., 2015; LOBO, 2017).

O processamento de matrizes alimentares através da utilizagdo da metodologia
consagra-se como um processo que almeja a conservacdo principalmente de alimentos
pastosos, como polpas de frutas, purés ou liquidos como suco de frutas, incorporando-os
de determinados aditivos que irdo atuar como agentes, na formagdo de espumas, com
caracteristica estavel que entdo serd submetida a temperatura para a desidratagcao (LOBO,
2017). Para que o processo seja eficiente, as espumas formadas precisam adotar
caracteristicas especificas mantendo-se mecanicamente e termodinamicamente estaveis
durante o periodo de exposi¢do da amostra no ambiente térmico. De forma usual os
agentes utilizados nesta técnica, possui caracteristica polimérica e possui alto peso
molecular, apresentando-se na forma hidrossolivel quando em solugdo
(SANGAMITHRA et al., 2015). Muitos alimentos, de forma espontanea, contém em sua
composi¢do proteinas de caracteristica soluvel e monoglicerideos capazes de atuar na
formacgao de espumas mediante agitagdo, no entanto, as espumas podem nao ser, do ponto
de vista tecnoldgico, adequadas para prosseguir no sistema de secagem, obtendo-se
sucesso no procedimento operacional exigido pela técnica (SANKAT & CASTAIGNE,
2004).

Esse fato, justifica entdo, a adicdo de um agente espumante, tais como as
proteinas, sejam elas de origem vegetal ou animal, como exemplo a albumina, ésteres de
acidos graxos e monoesterearatos de glicerol, como fatores primordiais para a

transformagao do liquido em espuma e otimizac¢ao do processo.

Reconhecidamente, a espuma ¢ a dispersdo de um fluido com caracteristica
“hidrofobica” (afinidade por compostos lipidicos), em um liquido com caracteristica
“hidrofilica” (afinidade direta por compostos aquosos). De uma forma geral, ela

apresenta-se similar a uma emulsdo, possuindo em sua estrutura goticulas com
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caracteristicas gasosas, cobertas por um liquido continuo, caracterizando-se como um
sistema instavel na perspectiva termodindmica (HERNANDES, 2006). A producdo da
maioria das espumas requer a implementacao de uma fonte de energia, seja ela mecanica
ou manual, através de alta pressao de homogeneizagdo ou batimento, para a formagao
desta interface gés-liquido, essencial durante o ciclo de aquecimento da amostra. Quando
relaxadas, as espumas tendem a liberar a energia implementada, tornando-se de modo
inerente instaveis, por conta de um efeito de desagregacao (FREITAS, 2016). A Figura 5

apresenta de forma ilustrativa a organizacao molecular dos sistemas espumados.

Figura 5. Vista da organizacdo molecular geral dos sistemas espumados

Fonte: FREITAS, 2016.

A adsor¢do de particulas em uma interface gas-liquido demanda uma energia
maior que a for¢a de adsor¢gdo em moléculas tensoativas. Desse modo, as particulas
podem se adsorver irreversivelmente nessas interfaces, aumentando significativamente a
estabilidade da espuma, ou seja, espumas formadas em solugdes contendo pequenas
particulas de algum agente surfactante, como peptideos e aminodcidos, pode ser muito
estaveis, onde as “nanoparticulas” se adsorve na superficie do filme liquido que forma a
bolha, mantendo as duas interfaces separadas. Quanto mais finas as particulas, maior a

estabilidade da espuma formada.

Entretanto, em casos especificos, apenas adicionar agentes espumantes pode nao
ser o suficiente para produzir uma espuma estavel e, devido a este fato, comumente ¢é
aplicado coadjuvantes que visam estabilizar a espuma formada. A falta de estabilidade da
espuma durante o ciclo de aquecimento da matriz alimentar, ¢ uma dificuldade encontrada
no processo de secagem pela técnica foam mat, pois se a espuma ndo permanece estavel,
podem ocorrer prejuizos graves a operagdo como um todo. Por isso, torna-se necessario
que se tenha uma otimizagao processual por meio da reducdo de sua tensao de superficie

(PERNELL et al., 2002).
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A reducdo da tensdo de superficie entre os liquidos ou sélidos/ liquidos, evita o
colapso das espumas e facilita a sua formagao e manutengao por longos periodos de tempo
quando em temperatura ambiente (CARDOSO; LOBO e TEODORO 2023). De forma
geral, se as espumas formadas nao sofrerem colapso na lacuna temporal de até 1 hora
apds sua formacdo, quando em temperatura ambiente, elas sdo consideradas
mecanicamente e termodinamicamente estaveis do ponto de vista tecnoldgico, sendo

aptas para iniciar o processo de secagem (LOBO, 2017).

Uma vez identificada dessa aptiddo, a espuma produzida ¢ distribuida em
bandejas, grandes e planas, de baixa espessura e, posteriormente levadas ao equipamento
no qual ocorrerd o processo de secagem, sendo submetida entdo a temperaturas que

geralmente nao ultrapassam a faixa de 80 °C (BRENNAN, 2006)

Destaca-se que o processamento de matrizes alimentares via foam mat drying,
oferece diversas e numerosas possibilidades comerciais, utilizando-se de menor tempo de
secagem devido a sua elevada area de exposi¢ao ao ar aquecido, o que garante otimizacao
na retirada da umidade do material a ser seco. Mesmo o volume de gases presentes no
sistema espumado tender a reduzir a transferéncia de calor, a taxa de secagem ¢
relativamente elevada, trazendo como vantagem ao processo, a obtengao de um p6é com
caracteristica pulverizada, de melhor qualidade e de facil reconstituicio em um menor

tempo operacional (LOBO, 2017; CARDOSO E LOBO, 2021).

J& as desvantagens associadas a aplicagao desta técnica de desidratagdo, podem
estar ligadas diretamente a necessidade de equipamentos que suportem a grande area
superficial demandada, o que torna a operagao custosa do ponto de vista financeiro, uma
vez que requer, em casos especificos, investimentos para a aquisi¢do de maquinarios.
Além disto, dependendo do aditivo selecionado no tramite operacional de obtengdo da
espuma, podem ocorrer de forma inevitavel, tanto modificacdes de caracteristicas
sensoriais € nutricionais originais da matéria prima utilizada tais como sabor, aroma e
cor, quanto um colapso, comprometendo a qualidade da operagdo e consequentemente do

produto (FRANCIS, 2000; GURGEL, 2014).
6. Aditivos espumantes

Os aditivos que sao utilizados na técnica de desidratacdo em camada de espuma,
categorizam-se no grupo dos emulsificantes ou emulsionantes. Esse grupo de moléculas

configuram-se como moléculas capazes de formar ou manter uma mistura (solugao)
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uniforme de duas ou mais fases imisciveis numa matriz alimentar. Segundo conceito
descrito na legislacao vigente em territorio nacional, a Portaria SVS/MS n°® 540 de 1997
da Agéncia Nacional de Vigilancia Sanitaria - ANVISA (ANVISA, 1997), essas
substancias possuem a fun¢do de aumentar a estabilidade de emulsdes, sendo
normalmente caracterizadas do ponto de vista quimico como moléculas ambifilicas, ou
seja, possuem em uma mesma molécula uma porg¢ao polar (hidrofilica, sendo soluvel em
agua) e uma porcao apolar (hidrofébica/ lipofilica, sendo insolivel em agua e soluvel em

compostos organicos), conforme demonstra a Figura 6 (RAMOS, 2013).

Figura 6. Estrutura tipica das moléculas emulsificantes
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Fonte: Ramos (2013).

A emulsificacao de liquidos e semiliquidos no processo de obten¢do das espumas,
desempenha um papel importante no desenvolvimento da consisténcia e textura do
material, bem como atua na dispersdo de fases e na solubilizagio de compostos
aromaticos da matriz (ELPIDIO, 2021). A propriedade de formagio e estabilizagio de
emulsdes ¢ a principal caracteristica a ser influenciada pela adicdo de emulsificantes em
alimentos, controlando a aglomeracao de globulos de gordura e estabilizando sistemas

aerados, como no caso das espumas (GURGEL, 2014).

No processo de foam mat drying, ¢ requerido a adicdo deste tipo de agente,
visando diminuir a tensdo superficial entre o liquido e a fase gasosa das espumas. Para

tanto, podem ser utilizados proteinas, gomas, monoglicerideos e outros (BENKOVIC et
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al., 2016). Entretanto, como ja explicitado, o tipo de aditivo a ser inserido na mistura de
solugdo, pode modificar algumas caracteristicas sensoriais do produto base. Levando este
aspecto em consideracao, ¢ de grande importancia o conhecimento das propriedades
fisico-quimicas e tecnologicas do aditivo selecionado, além das concentragdes ideais a
ser utilizado em diferentes matrizes, uma vez que a espuma obtida, devera ser capaz de
tolerar a eventos diferentes, relacionados a operagdes mecanicas, como bombeamento,

espalhamento, além da secagem propriamente dita (CRUZ et al., 2013).

Dentre os mais variados tipos de agentes emulsificantes utilizados nas industrias
alimenticias, as proteinas assumem certo papel de destaque, configurando-se como um
macronutriente que permite a execucdo de diversos fendmenos bioquimicos e
tecnologicos basicos, tais como difusdo, ligacdes, reagcdes quimicas e mudancas

conformacionais (SCHAVEMAKER; POOLMAN, 2018).

A proteina ¢ um macronutriente constituido por mondémeros de aminoécidos
ligados por ligacdes peptidicas, no qual desempenha diversas fungdes nos seres vivos e
sistemas bioldgicos, atuando como constituinte na forma¢ao muscular, promovendo seu
crescimento e a reconstru¢do dos tecidos. Nos alimentos, propriamente dito, além da
funcdo estrutural, as proteinas também sdo responsaveis por caracteristicas sensoriais da

matéria prima e disponibilidade de aminoacidos essenciais para o organismo humano.

Além da bioatividade relacionada as proteinas, os peptideos obtidos de
hidrolisados proteicos provenientes de alimentos possuem propriedades importantes do
ponto de vista tecnoldgico, tais como agente de incremento na formagdo de espumas e
emulsdes (CHO et al.,, 2014), contribuindo ainda para o aumento do teor proteico de
produtos e subprodutos de baixo contetdo, o que se torna de grande valor para as

industrias de alimentos (CHALAMAIAH et al., 2018).
6.1 Ovoalbumina

No grupo das proteinas, a albumina do ovo ou “ovoalbumina”, destaca-se como
uma molécula de alto potencial tecnoldgico, possuindo propriedades funcionais de
interesse na formagdo de espumas e sistemas espumosos. A ovoalbumina ¢ uma proteina
de alto valor bioldgico, contida em altas concentracdes na clara do ovo. Os componentes
que fazem parte de sua estrutura (Figura 7) a classifica no grupo das

“fosfoglicoproteinas”, principalmente por ela conter carboidratos e fosfatos ligados ao
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polipeptidio. Essa proteina compde cerca de 54% das proteinas totais da clara de ovo,

possuindo um ponto isoelétrico que gira em torno de 4,5 (FENNEMA, 2019).

Figura 7. Estrutura tipica da molécula de ovoalbumina

Fonte: Dantas et al. (2017).

Reconhecida pelo excelente perfil nutricional e excelente desempenho
tecnologico, essas proteinas oriundas da clara do ovo, sdo amplamente utilizadas nos
processos industriais, que visam a obten¢do de novos produtos ao mercado de alimentos
processados. Estas caracteristicas, fomentaram a industrializagdo dos ovos de galinha, no
intensdo de obter subprodutos que serdo incorporados em processos fabris, tais como
maioneses, produtos de panificagdo e confeitaria, sorvetes e massas, dentre outros que
utilizam de derivados de ovos em sua formulagdo, agregando valor nutricional e

otimizando as operagdes (ELPIDIO et al., 2020).

O potencial tecnologico destas proteinas estd intimamente ligado ao
enfraquecimento e quebra das ligagdes de hidrogénio e dissulfidricas, que alteram a
conformagao estrutural das moléculas, as desestabilizando, na presenga de calor durante
o processo de batimento, as desnaturando e levando a uma agregacao, formando uma rede

proteica de forma orientada e organizada (ELPIDIO, 2021).
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A espuma obtida pela incorporacio de ovoalbumina, desempenha um importante
papel em inumeros produtos alimentares pois os torna leves no aspecto fisico, com
redu¢do de sua densidade e contribui para a sua expansao na interface de volume
(GURGEL, 2020). Em tempo, destaca-se que o batimento da solugdo, quando realizado
em excesso, pode incorporar muito ar, tornando as nano moléculas de proteina mais finas

e menos elasticas.

No processo operacional do foam mat drying, a manutengao da elasticidade das
moléculas proteicas € necessaria, especialmente quando se utiliza de sistemas espumados
que vao ser assados, de modo que, antes da proteina ser coagulada pelo calor do forno,
devido ao processo de desnaturacgdo, o ar incorporado possa expandir-se sem que haja o
rompimento das paredes celulares, permitindo a obtengdo de um produto em pd com
caracteristicas tecnoldgicas, funcionais e nutricionais adequadas e de exceléncia

(GURGEL, 2020).
7. Produtos em po: caracteristicas tecnologicas e funcionais

Normalmente, as polpas e os sucos de frutas in natura podem ser armazenados
por periodos curtos, que variam de dias hd meses quando em congelamento e em
condi¢des controladas, enquanto os seus sub produtos em po6, podem ser conservados por
meses ou até mesmo por anos, dependendo da embalagem e condi¢des de armazenamento

(SHISHIR et al., 2018).

Seja qual for o método empregado no processo de obtencao de produtos em po,
espera-se que em seu resultado final, de alguma forma, ocorra a reducao da atividade de
agua e umidade, proporcionando o prolongamento de forma espontanea da vida util do
produto, além de facilitar o armazenamento e transporte, por diminuir a massa e volume,
tornando a operagdo de secagem uma alternativa para a diversificagdo de mercados,
fomentando a reducdo de perdas pos-colheita e a obtencdo de produtos diversos e estaveis

(RAUPP et al., 2009).

Neste cenario, as industrias do ramo alimentar, tem-se empenhado no
desenvolvimento de uma gama de subprodutos em pd, sendo possivel hoje em dia,
encontrar para além dos tradicionais, como exemplo, o café, leite, achocolatados e
temperos, muitas frutas e vegetais, que potencializam na perspectiva dietética, uma forma
alternativa de consumo destas matrizes, oportunizando a oferta de nutrientes e compostos

especificos presentes em cada tipo de matriz alimentar (SHISHIR et al., 2018).
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Dentre as multiplas aplicagdes dos alimentos em po, pode-se destacar a dilui¢ao
do produto em um liquido para consumo no formato de bebida, a adicdo em misturas e
preparagdes alimenticias e/ ou culinarias, o consumo no formato de suplementacao de
nutrientes e compostos bioativos na alimentagio, dentre outros (ELPIDIO, 2021). Neste
cenario, as analises para a caracterizacao dos produtos em pd, quanto as suas propriedades
fisico-quimicas e bioativas, sdo extremamente importantes, tanto para validar o impacto
do processo de secagem sobre aquela matriz alimentar, quanto para verificar a qualidade
geral deste alimento no formato de po, se ele € ou ndo uma forma viavel de inser¢ao em

operagdes industriais.

As frutas caracterizam-se principalmente pela elevada presenca de agucares no
estado amorfo em sua composicao (sacarose, frutose, glicose) e estes, em razao de sua
estrutura quimica, com terminais polares, sdo responsaveis por fortes interacdes com a
molécula de 4gua presente no ambiente, tornando-as altamente higroscopicas (CARLOS;
RESENDE; CAL-VIDAL, 2005). Essa caracteristica ¢ um ponto critico de controle no
processo de secagem desta matriz alimentar, sendo de extrema importancia o

monitoramento especifico deste componente.

Esse fenomeno de absor¢do de dgua, no qual as polpas de fruta em po estdo
suscetiveis, as levam a uma condicdo de risco de deterioracdo fisica, no qual ¢
denominado “Caking”. Popularmente, o caking ¢ conhecido como aglutinagdo ou
empedramento e, caracteriza-se como um processo pelo qual o pd, de baixa umidade, com
um alto potencial de coesdo e fluidez, vai se aglomerando e forma um material pastoso,

com perda da funcionalidade e qualidade (AZEREDO; BRITO, 2012).

A ocorréncia desse fendmeno, depende, principalmente, da temperatura e da
umidade relativa do ambiente no qual esse material ¢ armazenado, e envolve algumas
fases especificas, incluindo: a formagdo de pontes de ligacdo entre as particulas, a
aglomeragdo de substincias intrinsecas da composicao, a compactagdo do material e a

liquefacdo (AZEREDO; BRITO, 2012).

A formacao das pontes ¢ o inicio do processo de caking, e ocorre como resultado
da deformacgdo da superficie das particulas e a adesdo em pontos de contato entre elas,
mas ndo leva a uma redu¢do mensuravel na porosidade do sistema. Ja a aglomeragao
envolve, um processo de consolidagdo da fase anterior, sendo irreversivel a desintegragao

das pontes formadas, migrando para a formacao de torrdes, mas ainda assim, mantendo a
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porosidade e um modulo de finura baixo das particulas. A fase de compactagdo esta
intimamente associada, a perda da integridade do sistema como um todo, onde hé o
espessamento das pontes formadas na fase inicial, causando reducao da porosidade do po
e deformagao das particulas. Na fase final, as pontes estabelecidas entre as particulas sdo
desintegradas, como resultado do processo de liquefacdo da estrutura, onde geralmente,
envolve a solubilizacdo de fracdes de baixo peso molecular, fazendo com que o material

apresente comportamento higroscopico (AZEREDO; BRITO, 2012).

Em virtude do exposto, a realizagdo das andlises de caracterizagdo dos pods
produzidos com interesse de utilizagdo pela industria de alimentos e bebidas, quanto as
suas propriedades fisico-quimicas e bioativas, ¢ fundamental, tanto para que seja avaliado
o impacto da secagem sobre o produto, quanto para validar e verificar a qualidade geral
deste alimento sob uma nova conformacio (ELPIDIO, 2021) uma vez que além de haver
o impacto da secagem, a estabilidade do produto final ainda ¢ muito susceptivel as
variag0es ambientais, podendo ocorrer fenomenos indesejaveis, como ja citado. Por isso,
conhecer as caracteristicas inerentes a cada material proporciona a melhoria geral do
processo € consequentemente a obtencdo de um produto com qualidade superior

(GURGEL, 2020).
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Figura 1. Representacdo grafica do processo de obtencdo dos resultados apresentados no
Capitulo 2
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Fonte: Autor, 2023. O Fluxograma 1 apresenta o plano de trabalho realizado na obtengao dos
resultados apresentados no Capitulo Il deste estudo. Nota: 1. Apds a delimitacdo do tema, foram
selecionados descritores especificos para iniciar as buscas na literatura; 2. Selegao, triagem,
elegibilidade e aplicagdo dos critérios de inclusdo e exclusdo delimitados pela equipe de
pesquisa; 3. Na sequéncia, em posse dos estudos selecionados nas bases de dados, iniciou-se a
redagdo do trabalho a ser submetido. 4. Publica¢do dos resultados.



Figura 2. Representacdo grafica do processo de obtenc¢do dos pés de fruta pelo método em
camada de espuma
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Fonte: Autor, 2023. O Fluxograma 2 apresenta o plano de trabalho realizado na obtengao dos
resultados apresentados no Capitulo Il deste estudo. Nota: 1. Apds aquisicao da matéria prima
e 0 seu processamento inicial (higienizagdo e despolpamento), obteve-se os sucos in natura; 2.
Os sucos foram submetidos a testes de caracterizagdo fisico-quimicos delimitados pela equipe
de pesquisa; 3. Na sequéncia, os sucos foram submetidos ao processo de secagem, por
liofilizagdo, para obtengdo do controle e por foam mat. 4. Nesta fase foram delimitados os
valores ideais de adicdo do agente espumante, levando em consideragao variaveis inerentes do
processo, tais como tempo de agitagdo e caracteristicas fisicas da espuma. 5. Apds delimitar o
padrdo experimental a ser seguido, a espuma foi preparada, caracterizada quanto aos aspectos
fisicos e comportamento estrutural e submetida a secagem. 6. Apds secagem, em ambos os
métodos, os pds foram submetidos a caracterizacdo de suas propriedades fisico-quimicas e
tecnoldgicas.
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Abstract

The consumption of fruits and vegetables is strongly encouraged in the nutritional
recommendations presented in national and international guidelines, which strongly
advise the intake of these elements as part of a healthy diet. However, this type of food
matrix has a low post-harvest durability, making it necessary to apply techniques that
extend its shelf life. Among the methods that can be applied, drying acts as a unitary
operation of wide use, presenting low operational cost, ease of handling and wide
variation of procedural techniques. However, it still remains a methodology seen as
“critical” in the food sector, especially when the maximum focus of efforts is to obtain a
material of high quality, nutritional and sensorial. In this context, foam layer drying has
gained recognition as an effective and low-cost technique, where foam porosity and
higher surface area-volume ratio provide high heat and mass transfer rates, reducing
process time and improving the physical-chemical quality of the final product. We
provide information capable of elucidating that drying requires a large amount of energy
for the operation, and that many studies are still needed in order to optimize the process

and guarantee the economic, nutritional and functional viability of the final product.
Keywords

Drying kinetics; Foam mat drying; Fruits; Nutritional composition.

1. Introduction

One of the pillars of the food industrialization process is based on maintaining the
stability of the food matrix, ensuring the optimization of its shelf life and physical and
nutritional characteristics for later commercialization in the consumer market, making it
necessary to apply methods of conservation, which limit the development and action of
intrinsic and extrinsic factors of the matrix related to deteriorating processes, such as the
growth of microorganisms and chemical and enzymatic reactions (Martins et al. 2020).

Among the most varied methods used for the conservation of food matrices,
drying is one of the oldest, and is still widely used in the current food scenario. The
process consists of a “unit operation”, that is, it is a fraction of a larger process, which is
based on the removal, either partial or total, of the water present in a food, through a

process that involves the transfer of mass and energy in the form of heat, where a stream
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of hot air flows over the material to be dried, this process being mainly governed by

convection (a form of heat exchange) (Junior, 2021).

Water is present in numerous food matrices and is essential for the functional
dynamics of the mechanisms developed by living organisms, acting as a solvent and also
as a transport vehicle for a variety of reactions (Schwartz et al. 2019). During drying,
depending on the amount of water that is removed from the food matrix, it is possible to
significantly reduce the speed and proportion rate of the growth of microorganisms and
of browning and oxidation reactions, by creating an unfavorable environment for their

occurrence (Bell, 2020; Janior, 2021).

The drying rate is influenced by the various mechanisms involved in heat transfer,
such as the vapor pressure of the food and also of the drying air, in addition to the
circulating air velocity, exposure temperature, thickness and exposure surface of the
matrix to be dry. In industry, in addition to this “conservative” function, drying is also
applied to facilitate the transport and storage of raw materials, by reducing the monetary

and energy costs involved in the production stage (Schwartz et al. 2019; Junior, 2021).

The products obtained through dehydration are lighter and less bulky, which
facilitates their handling and distribution along the production chain, becoming elements
of convenience for the various industries. In other cases, drying has the additional benefit
of allowing the marketing of some foods in the off-season (Lobo, 2017). Despite the
numerous advantages, as a conservation technique, the products obtained from drying by
exposing convective air, may present low general quality, such as low rehydration
capacity, structural changes, shrinkage of support structures, in addition to undesirable

changes in aspects sensory, nutritional and functional (Zhao et al. 2014).

Currently, there are numerous methodological approaches that can be used in the
drying process of food matrices, where each type of drying influences the quality and
final physicochemical properties of the product, ranging from more conventional
methodologies, such as drying in the sun, by conduction in hot air, to more sophisticated
methodologies, such as lyophilization, spray dryier and foam layer drying (Santana and

Silva et al. 2021).

Therefore, considering the above-mentioned panorama, this review aims to
provide updated information on the drying process of fruit matrices, with emphasis on the

foam mat drying method, covering information on the methodological phenomenon

58



involved in the technique, highlighting relevant points and characteristics of the process,
its theoretical foundation, advantages and disadvantages when compared to other
methodologies, in addition to the physical-chemical and sensorial parameters obtained in

the dry products.

2. Food drying

2.1 Water in food

Water is one of the main components of food matrices, being essential for
vital processes inherent to the mechanisms that involve organic compounds, such as
chemical, enzymatic and microbiological reactions (Schwartz et al. 2019). Chemically,
the aqueous content present in foods has two different conformations, being it in the form
of a free molecule or linked to the substrate, characterizing an element of extreme
importance in the industrial context, since this fact contributes to the variability of
decisions, in the designation of conservation methods to be applied with a focus on the
conservation and preservation of the general quality of a food product (Ribeiro and

Seravalli, 2007; Lobo; 2017).

The total water content of the food is defined as Moisture (U%), where both the
free water content and the water bound to other substrates that are part of the food
composition are considered, such as carbohydrates, proteins, fats, bioactive compounds,
etc. From the point of view of conservation of the food matrix, free water in food is the
one that requires the most attention, being named as water activity (Aw), behaving as an
intrinsic factor of the matrix responsible for triggering numerous reactions, of a
deteriorating order, by create an environment conducive to its occurrence (Dantas, 2010;

Lobo, 2017; Schwartz et al. 2019).

Essentially, a high Ay indicates a potential susceptibility to spoilage reactions in
a given food, which is proportional to the speed of these reactions. By decreasing its
concentration, it significantly favors the increase in osmotic pressure within the food
matrix, potentiating the decrease in the occurrence of deteriorating reactions, enhancing

the conservation of the matrix (Lobo, 2017).

Recognizing the behavior of the aqueous component when inserted in the context
of the composition of a food matrix, allows for the design and application of more

appropriate processing technologies in order to enhance the stability of the food matrix
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by reducing water activity, to a greater extent or less, inhibiting the various undesirable

reactions (physical, chemical and/or microbiological) (Lobo, 2017).

In this perspective, the drying technique consists of a methodology that acts to
reduce the moisture content (in the form of free water - Ay) of food matrices, under
specific conditions of temperature, air speed and contact area, with the main objective of
maintenance of the overall quality of the product, directly controlling energy expenditure

and process time (Martins et al. 2020).

Currently, food drying is not configured only as a simple technique to be used
with a focus on the preservation of a certain material, in the current sphere, drying has
been configured as an important procedural operation that goes beyond preserving, and
can act as a physical, functional and nutritional quality of the product (Qadri and

Srivastana, 2020).

The method is a complex process, which is often used by industries in food
processing and food matrices and requires a large amount of energy for the operation, and
it has numerous advantages, as previously mentioned, which can be pointed out: the
enhancement of food preservation, allowing the availability of dry products in off-season
or low production periods, reduction of storage and transport costs, due to weight and
volume reduction, in addition to enhancing the degree of stability of the functional and
aromatics, protecting the dry material from enzymatic and microbiological degradation

(Martins et al. 2020).

However, it is worth mentioning that in order to have an evaporation of the
aqueous content of the product to be dried by its surface, it is necessary that there is
conduction of water from the interior to the periphery in an optimized and fluid way. This
movement is evaluated by the mass transfer mechanisms, being dependent on the internal
structure of the product, as well as the concentration gradient of the liquids, in addition
to external conditions, such as atmospheric pressure and air temperature (Dantas, 2010;

Alves, 2014).

In general terms, the mechanisms of transport and conduction of the liquid in the
food matrix are divided into three modalities, namely: 1. Liquid diffusion, where the
existence of a concentration gradient, which is increased by the decrease in flow humidity
of air or by increasing the temperature, enhances and optimizes drying; 2. Vapor

diffusion, where a vapor pressure gradient between the layers of the drying system
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(internal and external) of the product to be dried, accelerates drying. And finally, 3. The
flow of liquid and steam, where the difference in external pressure, capillarity, liquid
concentration and high temperature, can, individually or together, accelerate the drying

process (Martins et al. 2020; Santana and Silva et al. 2021).

Therefore, it is understood that the composition of the food matrix directly
influences the migration and conduction of the aqueous component of the matrix, in the
form of steam, in addition to the temperature and relative humidity of the ambient air in
which the drying process is taking place. That said, it is important to understand the
physical mechanism that occurs in the drying of foods, in the phenomenon known as
“drying kinetics”, that is, the way in which this process occurs, through the interpretation

of specific curves.

2.2 Principles of drying kinetics mechanisms

As already explored so far, drying is configured as a methodological process
aimed at the thermal preservation of foods and food matrices, in which heat and mass
transfer energy is intensively used. The study of the drying kinetics and the analysis of its
mechanisms aims at knowing how the material subjected to drying will behave during the
process, as well as predicting the drying time, helping in the design and development of

adequate drying systems for the various foods (Kumar et al. 2022).

Even in the face of singularities and specificities of each food, a central behavior
can be observed in the drying process as a whole, where it is identified that during the
event of simultaneous transfer of heat and mass in the methodological path, drying can
be schematically divided into three phases (P), creating an interposition of three elements
that are essential for modeling any curve. PI. is characterized by the evolution of the water
content of the product; PII. is when the product reaches its ideal temperature and PIII is
marked by mechanisms involved in drying speed. Phases 0Oy, t; and t» of the process are,
respectively, the operating regime phase, the constant rate drying phase and the

decreasing rate drying phase, as shown in Figure 1 (Martins et al. 2020).

In the initial phase of drying kinetics, the matrix being subjected to the process is
heated and, as it is cooler than atmospheric temperature, the surface is rapidly heated until
it reaches a value close to the “wet bulb” temperature. This temperature is described as

the minimum temperature that must be reached so that there is a thermal equilibrium of
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the air surrounding the exposed matrix from the evaporation of water at a constant
pressure. At this moment, the heat that is absorbed is mobilized to act on the temperature
variation (between the product and the exposure medium), allowing an adaptation to the
conditions of the product to the environment, with no changes in the aqueous content of

the food at this stage (Alves, 2014; Janior, 2021).

Phase 1 Phase 2 Phase 3

| .|

(0, X;)

Water content

cq)

Time

Figure 1 — Schematic representation of a typical food drying curve.

Source: JUNIOR, 2021.

Once the temperature of the “wet bulb” is reached, PII of the mechanism (t;)
begins, at that moment, the rate and speed of drying become constant and the water
located in the surface layer of the material begins to evaporate in a more optimized and
continuous way (Lobo et al. 2017). As the evaporation process takes place, an equivalent
amount of internal liquids migrates to the surface of the food, causing it to remain
constantly moist, maintaining a linearity of kinetics over a period, characterized as the
phase in which the greatest reduction in the aqueous content of the matrix occurs (Lobo;

2017; Monteiro et al. 2018; Janior, 2021).
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In the 3rd and last phase of the drying mechanism (t2), the behavior of the curve
becomes decreasing, where the balance reached between the evaporation of water and the
water that migrates from the center of the material to the surface, is stopped (Monteiro et
al. 2018; Cardoso and Lobo, 2021). During drying, the temperature of the product is high,
causing it to reach ambient air temperature, where the food enters a state of
thermodynamic equilibrium as a whole (Curcio et al. 2008). This condition persists until
the product finds an equilibrium point for the operating conditions, to terminate the

process.
2.3 Mathematical models adjustable to drying curves

The complexity surrounding the drying phenomenon leads to the emergence of
numerous theories and mathematical formulas, which empirically predict the drying rate
over a given exposure period. The adoption of mathematical models is a practice that
provides greater control over the variables involved in plotting the drying curves and its
application allows describing the various mechanisms involved in the application of the
technique, optimizing process parameters, predicting drying data, controlling processes
and analyzing the dynamics of mass and heat transfer and effective moisture diffusivity

(Kumar et al. 2022)

From the use of experimental data collected during the operation and statistical
techniques, it becomes possible to delimit and also propose the use of one or more
equations, which empirically estimate, however, with a certain degree of precision, the
value of the water content of a food, associated with a certain drying period (Alves, 2014;

Lobo, 2017).

Delimited theoretically, some equations start from hypotheses that allow the
simplification of the mathematical treatment, while other equations were obtained
indirectly by applying the framework of theoretical models with correlation coefficients
obtained by experiments carried out (Goneli et al. 2007, 2009; Santana and Silva et al.,

2021).

There are several mathematical models used to describe the drying processes,
directly helping the optimization of projects (Santana and Silva et al. 2021). The models
or equations are classified into three categories: theoretical, semi-empirical and empirical

models, each with its own particularities (Vieira, 2014).
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The theoretical models consider the different transport mechanisms of the
moisture content of the matrix, where they are based on the solution of the mass and heat
transfer equations in the material. The semi-empirical models consider the mass transfer
mechanism, highlighting the mechanism as an isothermal process, where the system
temperature remains constant. Finally, empirical models are the most widely used to
obtain data on drying kinetics, where equations adjusted by applying experimental data,
describe in a simple way the moisture content of the material according to the conditions
that govern the mechanism. drying process (Vieira, 2014). Table 1 presents in a unified

way the most used models in food drying today.

Model Name Equation
Page RU = exp(-kt")
Modified Page | RU = a.exp(-kt")
Modified Page Il RU = exp(-c(t/L?)")
Newton RU = exp(-kt)
Henderson and Pabis RU = a.exp(-kt)
two terms RU = a.exp(-kt) + b.exp(-nt)
Midilli, Kucuk and Yapar RU = a.exp(-kt") + bt
Diffusion approximation RU = aexp(-kt) + (1-a) exp (-kbt)
Wang and Singh RU =1 + (at) + (bt?)
logarithmic RU = a.exp(-kt) + ¢
Get simplified RU = a.exp(-c(t/ L?))

t: drying time (min); k: drying coefficient; a, n and b: parameters belonging to each model; RU:
moisture ratio. Source: Adapted from Vieira (2014), Franco (2015), Negreiros (2019), Santana
and Silva et al. (2021) and Carvalho et al. (2022).

Table 1 - Main mathematical models used to determine food drying conditions, reported in the literature

2.4 Factors that influence drying

To ensure all the benefits of dry products, it is essential to know the various factors
that influence the mechanism of food drying, as well as the events involved in plotting
the curves and using adjustable mathematical models, which are closely related to process
conditions, such as: the type of machinery used, the temperature, the environmental
conditions, the relative humidity of the exposure air (RH%) and the speed of the
circulating air, as well as the operating conditions, which work respecting the peculiarities

of the different procedural methodologies (Caneppelle et al. 2020).

In addition, another important factor to be aware of is the nature of the food matrix
that will be subjected to drying, which is a factor that enhances or hinders the process of

water flow and diffusion (Heldman and Hartel, 2000).
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Regarding the process temperature, it should be noted that the greater its
contribution, the faster the process of evasion of the aqueous content of the food matrix
tends to occur, directly influencing the mechanism of translocation/migration of the
aqueous compound in the food, emphasizing that the warmer the circulating air, the
greater the migration of molecules from the interior of the product to the surface in the
form of steam (Canepelle et al. 2020). However, it is reiterated that the faster the drying
is carried out, at a lower temperature, the smaller the degradation and damage to the

structure of functional compounds will tend to be (Susanti et al. 2021).

The air velocity positively influences the increase in the mass transfer rate, in the
initial phase of the drying process (Boeri, 2012). Heldman and Hartel (2000) emphasize
that the air velocity influences the process only in the constant rate phase (to - Phase I),
mainly because it is characterized as an external factor, not having a direct correlation

with the matrix, not causing interference in the internal migration rate of water content.

The relative humidity of the air (RH%) is one of the most relevant factors in the
entire process context in the drying mechanism, as this parameter determines the final
equilibrium humidity of the product to be dried. The RH% is largely responsible for the
transfer of masses on the surface of the product, also highlighting that the greater the
difference in partial vapor pressure between the atmosphere and the surface, the greater

the drying rate of the raw material (Junior, 2021).

Another limiting factor of the drying process is the nature of the product to be
dried itself, covering characteristics such as: surface area of exposure, the cellular
arrangement of the matter and the physical-chemical composition (type and concentration

of the constituents of the product) (Guimaraes, 2010).

Specifically, the surface area of the product subjected to drying is an extremely
relevant factor for the process as a whole, as it determines the mass transfer rate during
drying. Technically, the greater this exposure area, the greater this transfer rate will tend
to be and consequently the smaller the path of liquids from the interior of the product to
the surface, tending to accelerate the drying process. When dealing with drying on a foam
mat, due to the methodological context, there is an arrangement that favors the occurrence
of a larger drying surface, due to the incorporation of air inside the material, which tends

to reduce the drying time and guarantee process optimization (Yiiksel, 2021).
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The cellular arrangement of a food matrix is also characterized as a critical factor
in the process of removing the water content of a food, since a portion of the water content
of the food is contained in the internal space of the cells, being necessary, the migration
of this content through the membrane system (Guimaraes, 2010). Likewise, the physical-
chemical composition of the product is a relevant factor, affecting the movement of

liquids from the interior to the periphery of the matrix (Lobo et al. 2017).

In this sense, knowledge of the food matrix, as well as the correct choice of the
methodological procedure to be used, influences the process as a whole, requiring
comparisons of the advantages and disadvantages of each method, taking into account
both the technical and economic, such as nutritional, being a mechanism of extreme
complexity. To select a particular drying process, some points must be considered, due to
the numerous factors mentioned above, respecting the type of raw material and its

susceptibility to heating, in addition to the processing cost

3. Foam-mat Drying

Broadly, an important reduction in the sensory quality and nutritional
value of foods subjected to drying is recognized, being caused by the exposure of the
product to high temperatures for long periods (Santana and Silva et al. 2021). Drying
technology, in general, has become increasingly sophisticated over the years, including
the adoption of technological pre-treatments, in addition to the adoption of new
procedural techniques and equipment, with a focus on the final quality of the products. In
this perspective, a process that has been widely used in food drying is foam layer drying
or the so-called foam mat drying in which it uses the beating of liquid and semi-liquid

foods to produce a stable foam by incorporating air into the material (Yiiksel, 2021).

The foam bed drying technique or “foam mat drying” is a relatively old procedure,
although it has gained special attention more recently, mainly due to its inherent
advantages when compared to other more traditional drying techniques (Lobo et al. 2020).
It is characterized as a simple-to-use process, which involves drying foods sensitive to
high temperatures, with a high sugar content and viscous foods, with the promise of
retaining and/or increasing their nutritional quality as well as volatile and sensitive
substances, when applicable, since it uses lower temperatures and a shorter final drying

time (Sangamithra et al. 2015; Lobo et al. 2017; Qadri et al. 2019).
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For the process to be efficient, the foams formed need to adopt specific
characteristics, remaining mechanically and thermodynamically stable during the period

of exposure of the sample to the thermal environment (Susanti et al. 2021).

Foaming agents are used in this process to provide the ability of the matrices to
convert into stable foams, meeting the primary requirements of the method. Food
processing through the foam layer, consists of a process in which pasty foods, such as
fruit pulp, purees or liquids such as fruit juice are beaten and incorporated together with
certain additives that will optimize the microstructure of the material, enhancing and
facilitating the acceleration of water removal during drying, allowing faster drying at a

lower temperature (Raja et al. 2019; Susanti et al. 2021; Sifat et al. 2021).

Usually, these foaming additives are agents with polymeric characteristics and
high molecular weight, appearing in a water-soluble form in the solution (Sangamithra et
al. 2015). Admittedly, foam is the dispersion of a fluid with a ‘“hydrophobic”
characteristic (affinity for lipid compounds) in a liquid with a “hydrophilic” characteristic
(a direct affinity for aqueous compounds). It is similar to an emulsion, having in its
structure droplets with gaseous characteristics, covered by a continuous liquid,

characterizing itself as a thermodynamically unstable system.

Emulsifiers or emulsifiers are molecules capable of uniformly forming or
maintaining a mixture of two or more immiscible phases in a food matrix, according to
the concept described in Brazilian legislation, Ordinance SVS/MS N°. 540 of 1997 of the
National Health Surveillance Agency - ANVISA (Brazil, 1997). These substances have
the function of increasing the stability of emulsions, being normally characterized as
ambiphilic molecules, that is, they have in the same molecule a polar portion (hydrophilic,
being soluble in water) and a nonpolar portion (hydrophobic/lipophilic, being insoluble

in water). water and soluble in organic compounds) (Hardy and Jideani, 2015).

The emulsification of liquids and semi-liquids in the process of obtaining foams,
plays an important role in the development of consistency and texture of the material, as
well as acts in the dispersion of phases and in the solubilization of aromatic compounds
in the matrix. The property of formation and stabilization of emulsions is the main
characteristic to be influenced by the addition of emulsifiers in foods, controlling the

agglomeration of fat globules and stabilizing aerated systems as in the case of foams

(Gharbi and Labbatfi, 2019).
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In the foam mat drying process, the addition of this type of agent is required, in
order to reduce the surface tension between the liquid and the gaseous phase of the foams.
For this purpose, proteins, gums, monoglycerides and others can be used (Benkovic et al.
2019; Susanti et al. 2021; Kumar, Kandasamy and Chakraborty, 2022; Beegum et al.
2022). However, the type of additive to be inserted in the mixture can modify some
sensory characteristics of the product. Taking this into account, it is of great importance
to know the ideal concentrations of additive to be used in different matrices, since the
foam obtained must be able to tolerate different events related to mechanical operations,

such as pumping, spreading, in addition to drying itself (Lobo et al., 2020).

When analyzing the schematic model presented in Figure 2, where the formation
of the foamed system can be observed, it is noted that it tends to present an extensive thin
surface in phase two (2) of the obtaining process, in which it provides sufficient support
for remain stable, without the occurrence of shearing, rupture of the liquid film and
coalescence of matter. When exposed to a current of hot air, the drying of the product is
optimized (phase three), occurring more easily due to the movement of moisture through
the liquid film that separates the foam bubbles (lamellae), due to the capillary forces
exerted by the liquid (Gharbi and Labbafi, 2019).

Figure 2 - Schematic model of foam layer drying.

Source: Authors, 2022.

Foam formation is mainly done by the use of mechanical forces. Agitation by

means of electronic devices produces a vigorous performance agitation in the liquid,
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which acts on the incorporation of air in the system, integrating a sufficient proportion of
gas in the structure, increasing the surface area delimited by the expansion of the material,
for an effective drying later. and the foaming agent helps stabilize the foam by keeping it
stable during the process, optimizing the heat and mass transfer rate when dehydrated

(Qadri, Srivastava and Yousuf, 2019).

3.1 Foam structure and stability

The production of most foams requires the implementation of an energy source
(either mechanical by using electronic devices or manual), through high pressure
homogenization or beating, for the formation of a gas-liquid interface, essential during
the cycle sample heating. When relaxed, the foams tend to release the implemented
energy, becoming unstable, due to a disaggregation effect of the phases, producing a
negative effect on the foams, leading them to “overbeating” (Susanti et al. 2021; Sifat et

al. 2021).

The lack of stability of the foam during the heating cycle of the food matrix is a
difficulty encountered in the drying process using the foam mat technique, because if the
foam does not remain stable enough, with a powerful capacity to accumulate air trapped
in the system, serious damage to the operation as a whole may occur. Therefore, it is
necessary to use foaming or stabilizing agents in order to have an optimization in the
maintenance of stability by reducing its surface tension, with sufficient support for the
elasticity-flexibility of the foamy system, avoiding the coalescence and rupture of air
bubbles (Pernell et al. 2002; Qadri, Srivastava and Yousuf, 2019; Dabestani and
Yeganehzad, 2019).

The reduction of the surface tension between the liquids or solids/liquids prevents
the foam from collapsing and facilitates its formation, preventing the thinning of the
lamellae and the rupture of air bubbles. From a methodological point of view, foam
stability is one of the most essential points in the drying process, and this parameter is a
critical factor in the maintenance and success of the operation (Qadri, Srivastava and

Yousuf, 2019; Gharbi and Labbafi, 2019).

Foam is characterized as a colloidal system, in which the gas is dispersed in a
continuous liquid, semi-liquid or solid phase. The stability of the foam system can be

determined by measuring the drainage rate of the liquid content of the foam or through
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the volume reduction rate found in the macroscopic structure (Dabestani and Yeganehzad,

2019).

Even the volume of gases present in the foam mass tends to reduce heat transfer,
the drying rate is relatively high, bringing the advantage to the process, obtaining a
powder with a pulverized characteristic, of better quality and of easy reconstitution

(Elpidio et al. 2020).

3.2 General quality attributes of dry materials per foam layer

Normally, fruit pulps and juices can be stored for short periods, which vary from
days to months when frozen and under controlled conditions, while powdered products
produced from these matrices can be preserved for months or years, depending on

packaging and storage conditions (Shishir et al. 2018).

Whatever the method employed in the process of dehydration of a food matrix, its
final result, in some way, will reduce the water activity and will prolong the useful life of
the product, in addition to facilitating storage and transportation, due to the decrease in
mass and size, making the drying operation an alternative for market diversification,
encouraging the reduction of post-harvest losses and obtaining products with a longer

shelf life, due to their microbiological stability (Raupp et al. 2009; Lobo et al. 2017).

In this scenario, a range of by-products in powder form has been developed, and
it is possible to find in addition to the traditional ones, for example, coffee, milk,
chocolate, spices, many fruits and vegetables, which increase the availability of the food
in the market. and offer an alternative form of consumption for food, providing
opportunities for the supply of nutrients and specific compounds present in each type of

food matrix (Shishir et al. 2018).

Among the multiple applications of powdered foods, it can be highlighted the
dilution of the product in a liquid for consumption in the form of a drink, the addition in
mixtures and food and/or culinary preparations, the consumption in the form of
supplementation of nutrients and bioactive compounds in food, among others (Elpidio et
al. 2020). In this scenario, analyzes for the characterization of powdered products,
regarding their physical-chemical and bioactive properties, are extremely important, both
to validate the impact of the drying process on that food matrix, and to verify the general

quality of this food.
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These powdered fruit pulps are mainly characterized by the high presence of
sugars in the amorphous state in their composition (sucrose, fructose, glucose) and these,
due to their chemical structure, with polar terminals, are responsible for strong
interactions with the water molecule present in the environment, making them highly

hygroscopic (Oliveira, Costa and Afonso, 2014).

This phenomenon of water absorption, to which powdered pulps are susceptible,
leads to a condition of risk of physical deterioration, which is called “Caking”. Popularly,
caking is known as agglutination or stoning and is characterized as a process by which
the powder, of low humidity, with a high potential for cohesion and fluidity, is
agglomerated and forms a pasty material, with loss of functionality and quality (Azeredo

and Brito, 2012).

The occurrence of this phenomenon mainly depends on the temperature and
relative humidity of the environment in which this material is stored, and involves some
specific phases, including the formation of bonding bridges between particles, the
agglomeration of intrinsic substances of the composition, the material compaction and

liquefaction (Azeredo and Brito, 2012).

The formation of bridges is the beginning of the caking process, and occurs as a
result of deformation of the surface of the particles and adhesion at points of contact
between them, but does not lead to a measurable reduction in the porosity of the system.
Agglomeration, on the other hand, involves a process of consolidation of the previous
phase, the disintegration of the formed bridges being irreversible, migrating to the

formation of clods, but still maintaining the porosity of the particles.

The compaction phase is closely associated with the loss of integrity of the system
as a whole, where there is a thickening of the bridges formed in the initial phase, causing
a reduction in the porosity of the powder and deformation of the particles. In the final
phase, the bridges established between the particles are disintegrated, as a result of the
liquefaction process of the structure, which generally involves the solubilization of
fractions of low molecular weight and hygroscopic behavior (Azeredo and Brito, 2012;

Izadi et al. 2020).

In general, it can be seen that the occurrence of deteriorating events in the

powdered pulps, such as moisture gain, agglutination, increased hydroscopicity, increase
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or reduction of the hydrogen potential (pH), can cause damage to the quality of the

powder, such as agglomeration and, consequently, a decrease in solubility.

Bastos et al. (2005) performed the dehydration of mango variety Tommy Atkins
by foam bed process, using a thermal cycle of 70 and 85 °C, in which they tested the
efficiency of the emulsifiers carboxymethyl cellulose (CMC), Tween 60® (oil in water),
xanthan and egg white. In preliminary tests, the authors observed that Tween 60®
provided greater stability to the mango pulp foam. Subsequently, chemical and physical
analyzes were carried out on the fresh and dehydrated pulp, obtaining greater
acceptability for products that were prepared by adding the pulp that went through the
drying process at 70 °C in the sensory analysis.

Silva et al. (2008) analyzed the drying kinetics of tamarind pulp by foam mat
drying, in which they found that the drying time of the samples ranged from 180 to 270
minutes, until the product reached a final moisture content of 7 to 10%, considered as Ueq.
This finding allows us to point out that the technique is efficient from the perspective of

process time, directly reducing the exposure of the matrix to temperature

Lobo et al. (2020), evaluated the effects of temperature and concentrations of soy
lecithin and CMC on carotenoid composition and colorimetric parameters of Tommy
atkins mango samples submitted to foam mat drying. After drying, 10 different
carotenoids were identified and characterized, the same found in the sample of in natura
mango (control) and through the application of a statistical design, it was indicated that
there was no inherent effect of the process on the carotenoid content in the dried mango,
an effect that was compared with other studies in which the food matrix was subjected to
thermal processing, such as pasteurization, and at the end of the process, showed a
significant loss of carotenoid content.

4. Effects of foam mat drying applied to fruit matrices

It is worth noting that each type of drying can exert a different influence on the
quality and physical-chemical properties of the product to be dried. Table 2 presents some
studies carried out with fruit-bearing raw materials, which used the foam layer drying
technique to obtain the powder, highlighting the main parameters analyzed and promising

results.
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Table 2 - Summary of the main evidences that point to the effects of foam mat drying under fruit matrices

Reference

Feedstock

Fruit (species);
additive

Drying conditions

Drying effects on the matrix

Kandasamy
etal.
(2012)

Papaya
(Carica papaya L);
egg albumin

The drying had a temperature variation in
the range of 60, 65 and 70°C. As a
foaming agent, egg albumin was used (not
specifying the origin), at concentrations of
5, 10, 15 and 20% (w/w). The mechanical
agitation time required to obtain the foam
was respectively 5, 10, 15 and 20 minutes
in each formulation, with a foam layer
thickness of 2, 4, 6 and 8 mm.

The authors point out that there was a significant reduction (p<0.05) in the general
content of ascorbic acid, B-carotene and sugars in the dry product obtained from
papaya at higher drying temperatures (65 and 70°C, for example) and greater
thickness of the foam layer subjected to drying (4, 6 and 8 mm) due to its destruction
during the process. It is noteworthy that there was no significant change in other
matrix constituents, such as SST, pH and titratable acidity. It is also pointed out that
the condition of 60°C was the most adequate in terms of proportional preservation
and maintenance of the natural composition of the product at the end of drying, using
15% albumin, with a stirring time of 15 min, and an average thickness of 2 mm,
potentially acting in the greater retention of ascorbic acid, B-carotene and sugars.

Kandasamy
etal.
(2014)

Papaya
(Carica papaya L);
methylcellulose;
glycerol monostearate
and raw egg white.

Foam formation included the incorporation
of methylcellulose at 0.25; 0.5; 0.75 and
1% (w/w), glycerol monostearate at 1, 2, 3
and 4% (w/w) and fresh egg whites at 5,
10, 15 and 20% (w/w). The foamed pulp
was dried at air temperatures of 60, 65
and 70°C with foam thickness of 2, 4, 6, 8
and 10 mm in a cabinet-batch dryer.

In the process of obtaining the foam, the best condition evaluated in the maximum
stability was 72, 90 and 125% for 0.75% of methylcellulose, 3% of glycerol
monostearate and 15% of egg white, respectively. The authors point out that during
the drying process, a control sample (not foamed) was also subjected to temperature,
where it was found that the foamed pulp was dried in a shorter time than the control
pulp, at all temperatures tested, the which promotes the idea that it is a method that
exposes the food matrix less to temperature, having a more optimized and efficient
drying process. As for the physical-chemical patterns, the authors highlight a
significant loss (p<0.05) of ascorbic acid, with no other significant changes in the other
parameters analyzed (pH and titratable acidity, for example).

Leal;
Geraldi e
Klassen

(2016)

Pearl pineapple,
acerola and star fruit;
Emustab ® Seleta
(composed of fatty acid
monoglycerides,
sorbitan monostearate,
polyoxyethylene
sorbitan monostearate
and potassium
sorbate).

4% of the selected foaming agent was
added to the fruit pulps, being
mechanically shaken for approximately 10
min in a planetary mixer. The
temperatures used were: 50, 60 and 70°C
with a foam mass thickness plotted at 5
mm.

The authors observed that as there was an increase in the process temperature, the
lower the degradation of ascorbic acid, which had a possible relationship with the
lower exposure of the pulp to the drying air. Therefore, the authors found that when
drying such matrices, it would be suitable to use it for adequate retention and increase
of the concentration of vitamin C in the powdered pulps under the conditions of the
formulations, at a temperature of 70°C. At this temperature, the highest levels of
vitamin C were identified in pineapple, acerola and star fruit, respectively, 108,86;
1369,02 and 37,68 mg/100 g of product.
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Sugar cane
(Saccharum
officinarum);
Emustab®; Super Alloy
Neutral ® and calcium
carbonate.

Marques et
al. (2016)

Sugarcane was used in the form of
sugarcane juice (garapa), which was
incorporated with additives with
emulsifying properties (Emustab®),
stabilizers (Super Liga Neutra®) and an
anti-caking agent (calcium carbonate) in
the proportion of 2.1 %, 0.70% and 0.35%
of the total mass of 200 g, respectively.
The thickness of the foam layer taken for
drying was not controlled, however, the
authors emphasize that it was a thin layer.
4 drying repetitions were carried out at
temperatures of 50, 60 and 70 °C with
drying air speed of 0.5 m/s, where the use
of low temperatures that could make the
process time-consuming or high
temperatures that could cause product
burning.

The shortest drying time of the product occurred at 70°C (180 min), having at the end
of the process an average moisture content of 3.23% with water activity around 0.360.
These values suggest that the water activity reduced an average of 63.62% and the
humidity in a wet basis reduced an average of 96.03%, characteristics that gave the
dehydrated product a high stability potential against deteriorating events.

Jambolan
(Syzygium cumini L.);
Emustab®

Carvalho et
al. (2017)

The formulations were prepared using the
following proportions: 10.0% (w/w) of
Emustab®, 2.5% (w/w) of Super Liga

Neutra®, 20.0% (w/w) of maltodextrin "10

DE” and 67.5% (w/w) of jambolan juice.

The foams were placed on stainless steel

trays using a radius of 150 mm x 5 mm in

height and dried in a hot air dryer at 60, 70

and 80 °C until equilibrium humidity was
reached and immediately packaged.
anaerobically and in the dark.

The authors aimed to evaluate the quantitative and qualitative changes of the main
fruit phenolic compounds, such as anthocyanins, flavonols and hydrolyzable tannins
in the fruit juice produced and in the corresponding dehydrated powders obtained by

drying on a foam mat at the aforementioned temperatures (60, 70 and 80 °C) in
addition to lyophilization (control). It was identified that fruit pulp processing resulted in

a more pronounced degradation of anthocyanins than flavonols, and facilitated the

extraction of hydrolysable tannins from that food matrix. The elevation of the
dehydration temperature during the foam mat drying process negatively impacted the
anthocyanin content in the product, having on the other hand, the flavonols and
hydrolysable tannins as elements more sensitive to oxidation and heating time during
dehydration, respectively, than the dehydration temperature. In general, the authors
concluded that the processing of jambolan pulp at 70 °C is the most appropriate when
using the foam mat technique, in view of the lower loss of nutritional quality of the
product related to processing time.
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Rigueto et
al. (2018)

Uvaia
(Eugenia pyriformis);
Emustab®

Our preliminary tests, to prepare and
obtain the foam, were tested at
concentrations of 4.0; 4.5 and 5% (m/m) of
emulsifier, under maximum agitation for 8
min. A concentration of 4.5% was selected
for the study to present the best results.
Then, in a selected condition (4.5% w/w) a
foam was produced, where 10 g were
spread on petri plates and placed in a
stove, at temperatures of 50, 60, 70 and
80 °C.

In plotting the drying curves, it was observed that the uvaia foams dried at 50 °C had
a time required to reduce the water content of approximately 435 min, and on the
other hand, for the temperature of 80 °C the time required was of 150 min. In this
context, it is noteworthy that the increase in temperature favored a reduction in the

drying time, resulting in steeper curves due to the greater amount of heat transferred

from the air to the material. When analyzing the physical-chemical profile of the
product, the fruit of uvaia in natura showed an acidic character, with an increase in
acidity and ash levels after drying in a foam layer. In addition, the uvaia pulps dried at
50°C showed greater retention of vitamin C due to the lower exposure temperature of
the foams, even for a longer time.

Vimercati et
al. (2019)

Strawberry
(Fragaria sp.);
Albumin

In a mixer, together with 1% of the foaming
agent albumin, a proportion determined
based on preliminary studies, the foam
was obtained, in a variation of 5 min of

slow beating and 15 minutes of maximum
beating (speed not specified). The foam
was placed in stainless steel trays and

exposed to temperatures of 55, 60, 65, 70

and 75°C, being checked every 15 min in
the first hour, 30 min in the second and
third hour and every hour, until constant
weight.

The content of total anthocyanins and moisture content of the powders were
determined and the authors found that the Page model should be selected to
represent the drying kinetics of strawberry pulp, since it presented the highest value of
the adjusted coefficient of determination and the lowest standard error of the
regression. The generalized model obtained was satisfactory to predict the moisture
ratio of strawberry pulp, presenting R2 of 0.98. It is noteworthy that the drying time
was longer at 55°C (4h) and relatively shorter at the highest temperature of 75°C
(1.5h), which is an expected pattern in drying. The total anthocyanin content of the
fresh pulp was 235.03 mg / 100g, reducing approximately 50% of the initial content for
all temperatures evaluated. It is noteworthy that the temperature of 65 °C did not differ
statistically from the temperatures of 55 °C and 75 °C and the authors point out that a
probable explanation for this fact is the protective effect that albumin can exert on
anthocyanins. At these temperatures, there was a lower degradation of anthocyanins
in relation to the initial value (+ 48%), while the temperature of 70°C caused a greater
degradation of the total anthocyanins content (+ 57.9%).

Sousa et al.
(2019)

Red guava
(Psidium guajavai);
Soy Lecithin (LS);
Carboxymethylcellulose
(CMC)

The guava pulp was submitted to three
experimental conditions where they had
different proportions of the selected
agents. Treatment 1: 0.3g CMC/100g pulp;
Treatment 2: 0.3 g of LS/ 100g pulp and
Treatment 3: 0.15 g of CMC + 0.15 g of
LS/ 100g of pulp. After obtaining the
foams, under different conditions, it was
spread manually on trays, being exposed

After drying, it was identified that in the colorimetric analysis the L* index was lower in
the guava samples submitted to the three drying conditions in relation to the in natura
pulp (control), which suggests a darkening tendency of the dehydrated pulp. In the
axis facing the red colorimetric pattern (a* index) the authors identified better results
in the dehydrated samples when compared to the in natura sample. For the b* index,
which represents the yellow color (positive values), it was the color parameter least
affected by the different drying conditions, but visually there was a slight tendency to
yellow color in the dehydrated samples compared to the control sample. Statistical
analysis indicated a significant difference (p < 0.05) for vitamin C content, total
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to a temperature of 80°C until reaching a
water activity of around 0.3.

phenols and antioxidant capacity due to the influence of CMC and LS concentration.
However, there was a significant increase in antioxidant capacity and total phenols in
dehydrated guava pulp under all conditions evaluated compared to fresh pulp. The
drying condition with the concentration of 0.15g/100g of CMC and 0.15g of LS/100g
(treatment 3) presented a shorter drying time and, concomitantly, higher values for
total phenols, antioxidant capacity and better retention of vitamin C in comparison with
the other drying conditions evaluated.

Tommy Mango
(Mangifera indica);
Soy Lecithin (LS);

Carboxymethylcellulose

In preliminary tests, 17 drying conditions
were tested, using different concentrations
of CMC and LS, in which, after application
of the central rotational composite design

(DCCR), the condition that presented the
best results was selected to proceed in the

study. The exposure temperature of the
samples ranged from 53 to 87°C. The pulp
was dehydrated in a variable time interval

from 120 to 380 min, this time being
determined by the final value of the water

activity of the dry product (0.35 to 0.45).

The authors emphasize that under drying conditions, the process time is inversely
proportional to the exposure temperature value and that, based on the results
obtained in the experimental design of the process, the condition that presented the
best performance was at 5°, which used a concentration of 0 .30g/100 of CMC and LS
at an exposure temperature of 80°C. In the physical-chemical characterization of fresh
fruit pulp, different isotypes of carotenoids were detected, such as 9-cis-, 13-cis-, 15-
cis- and all, -trans-violaxanthin, luteoxanthin and its B-carotene derivatives. and cis-3-
carotene. After drying, the results of the mapping and characterization of these
compounds showed that the drying process in this condition did not present a
significant difference (p > 0.05) on the content of total carotenoids and the content of
B-carotene, indicating that this method may be interesting, when applied on this
matrix, aiming at the supply of carotenoid compounds. In the analysis and
interpretation of the colorimetric parameters of the sample (a*, b* and L*), only the
parameter L* of the dried mango pulp was significantly affected by different
concentrations of foaming agent in the tested formulations. However, in general, the
total carotenoids of the mango dried by the foam layer method were higher in relation
to the control mango (lyophilized) used as a parameter in this study, indicating that
the previously mentioned condition (5°: 0.30g/ 100 — CMC + LS) is ideal for the
physicochemical parameters of the sample to be potentiated, being able to increase
the retention of total carotenoid compounds in relation to other methods.

(Eugenia unifora);

To obtain the foams, the foaming agent
Emustab® was used in the proportion of
5% (m/m) of the formulation, kept under
agitation for about 8 min at maximum
speed (non-specific). The formulations
went on to the drying process, where the
ranges of 60 and 70°C were exposed.

After the cherry pulp drying process, the sample submitted to a temperature of 60°
presented, at the end of the process, the highest content of anthocyanins (6.24
mg/100g) when compared to the sample submitted to the highest temperature (70°
C). On the other hand, the highest content of phenolic compounds was recognized in
the sample submitted to 70°C with a total of approximately 684.9 mgAG/100g,
associated with a lower moisture content of the sample at the end of the process
(13.46%).
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In the liquid pulp of the fruit, the emustab®
additives were incorporated. Super
League Neutral ® and Maltodextrin 10
DE® in the proportion of
67.5:10.0:2.5:20.0 (p/p), respectively,
obtaining a foam with a stable
characteristic that was then poured into
round stainless-steel trays with a radius of
150 mm x 5 mm in thickness, which were
then dried in a dryer with air circulation at
80°C. After drying, the dried product was
stored under controlled conditions for 150
days at temperatures of 4, 25 and 35°C.

The authors identified that in the powders, there was no significant change in flavonol
concentrations during storage carried out under the conditions outlined in the study
(150 days at 4, 25 and 35° temperatures), however, a small, however noticeable
reduction in concentration of total anthocyanins, around 7-9%, highlighting that this
perceived change occurred only as a function of storage time and not of the exposure
temperature of the formulations in the drying process. Even with proportional losses in
the concentration of anthocyanins and flavonols in the three storage conditions tested,
during the 150 days of storage, the product presented a color considered attractive, at
the sensory interface, with a red-purple spectrum, promoting the idea that this
ingredient has an excellent potential for insertion in the food formulation. Furthermore,
at all storage temperatures, the percentages of antioxidant activity fluctuated during
the storage time, however, none showed great losses after 150 days.

The fruits were pulped and incorporated
with the selected emulsifiers at a
concentration of 4% in relation to the pulp
mass. Then, the mixture was stirred in a
domestic mixer for 8 minutes at maximum
speed, obtaining a foam with a stable
characteristic. The samples were dried at
50, 60 and 70°C.

In accordance with Brazilian legislation (RDC n°. 263/Anvisa), which establishes
quality standards for dry products obtained from fruit matrices, the moisture content of
dehydrated pulps at temperatures of 50, 60 and 70 °C were respectively 9 .4; 7.2 and

4.0%, in accordance with the standard established for dry products obtained from
fruits and vegetables. In the physicochemical analyses, no variations were identified
between the drying conditions, showing a significant increase in the content of ash,
vitamin C and titratable acidity in the dry samples, in relation to the values of the pulp
in natura, configuring the temperature of 70 °C as the best to perform the procedure,
since the drying time is shorter and the increase in temperature did not compromise
the physicochemical characteristics of the pulp.

Jambolan
Tavares et (Syzygium cumini L.);
al. (2020) Emustab®; Super Alloy
Neutral® and
Maltodextrin 10 DE®
i . Guavira
Rodrigues; .
i (Campomanesia
Geraldi e Anes
Loss (2020) Adamantium);
Emustab®;
Cagaita
Cavalcante | EUge”’Cg gifjsenterlca
etal. /s
(2020) Emustab®; Neutral-

Super-Binder® and
Albumin.

The selected foaming agents were
incorporated in 300 mL of cagaita pulp, in
5 proportions: 2, 4, 6, 8 and 10% (w/v)
aiming to define the best formulation to
proceed with the studies. Albumin at 8%
(w/v) was selected, showing better drying
tendency. The samples were submitted to
drying at different temperatures: 40, 50, 60
and 70°C until the products reached
equilibrium humidity.

The cagaita pulp, added with albumin, had an initial moisture content of 84.05+1.15%.
After drying at 40, 50, 60 and 70 °C, the products reached, respectively, moisture
content of 14.04+0.74%, 12.79+0.58%, 9.47+0.80 and 7 .75+0.38%, being the
temperature of 40°C the one that presented the worst performance when related the
final moisture content with that described in the legislation (RDC n°263/Anvisa). The
physicochemical characteristics of the powder, as well as its vitamin A and C content,
total carotenoid content and antioxidant activity were evaluated. Vitamin C levels and
antioxidant activity decreased with increasing temperature, with the highest
antioxidant activity maintained at 60°C (60.44%) and the highest vitamin C content
was recognized at 50°C (166, 14mg/100g). The highest concentrations of carotenoids
and vitamin A were found in the powder prepared by drying at 70°, with values of
19.77ug g-1 and 164.80 ug RAE 100g-1, respectively.
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Samyor;
Deka e Das
(2020)

Purple passion fruit
(Passiflora edulis);
methylcellulose

3% methylcellulose was added to the
purple passion fruit pulp, which was
subjected to mechanical agitation for 5
minutes in a modified blender, with
continuous incorporation of air into the
mixture. Subsequently, the foamed pulp
was spread on a stainless-steel tray,
respecting the thickness of 3 mm and
taken to a variable temperature of 40 — 60
°C, being monitored every 30 min of
exposure until constant humidity.

In the experimental design of the study, the central composite design (CCD) followed
by the response surface methodology (RSM) was used to develop the relationship
between the variables and optimize the experimental conditions for the drying
process. The independent variables were beating time (1-5 min), methylcellulose
concentration (1-3%) and drying temperature (40—60 °C). In this movement, to adjust
the best conditions, it was identified that in the ideal process steps, the mixing time,
the concentration of methylcellulose and the drying temperature were 2.58 min,
2.58% and 44.05°C respectively. In the physicochemical analyses, it was found that
the passion fruit powder, obtained by foam mat drying, contained a higher amount of
B-carotene (13,26 mg/100 g), total phenolic compound (258.12 mg/100 g) and
phenolic compounds than fresh fruit pulp, while the fruit pulp contained higher
amounts of (z) -a-tocopherol (171,1 mg/100 g) and D-a-tocotrienol (27.19 mg/100 g).
In passion fruit pulp, coumaric, syringic and sinapic acids predominated, while in
powder foam, chromogenic acid, transferulic acid and vanillic acid were higher.

Rigueto et
al. (2020)

Red jambo
(Syzyglum
malaccense);
Emustab®

In order to determine the best condition for
foam formation, a preliminary test was
carried out, in the fruit pulp was added 4.0;
4.5 and 5% (w/w) of emulsifier, being
stirred for 8 min at maximum speed. With
the best performance, the proportion of
4.5% was selected. The foam was dried in
a forced air circulation oven at
temperatures of 50, 60 and 70°C.

At the end of drying, the fruit powders showed acidic pH (+3.5), the vitamin C content

decreased with increasing temperature (108.16; 88.58 and 62.16 mg/100g at 50, 60

and 70°C, respectively) and the ash content significantly increased in the dry powder
samples due to the addition of foaming agents.
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The performance of physical-chemical analyzes on the products obtained by
drying, as well as in their in natura form, is carried out in order to identify the influence
that the drying process inferred on the evaluated parameters, making it possible to plot
comparative characteristics with the raw material without undergoing any changes
caused. by heat (in natura or minimally processed) and methodological conditions. From
these results and obtaining information on product quality, nutritional value, yield,
solubility, dispersion quality, shelf life and possibility of application, value is added to
the product, contributing to minimize losses and waste. in the production chain (Augusta

et al. 2010; Nunes et al. 2017; Lobo, 2017).

In all the studies mentioned above (Table 1), the evaluation of some parameters
were essential for the delimitation of the study, such as moisture content, concentration
of micronutrients, pH, titratable acidity, ash, in addition to colorimetric parameters,
involved with the presence of bioactive compounds with coloring potential, since the
drying process can significantly change the chemical composition of foods in general,
and may have as a variable the sample preparation system (pre-treatment), drying

conditions or storage, in addition to the chosen method.

When it comes to drying, one of the main parameters involved is humidity, where
its monitoring is the key point of kinetic experiments, where the water content of the
product is an active element in limiting the growth of different types of microorganisms
able to multiply in the food matrix. Directly, the result obtained from the evaluation of
the moisture content of the sample helps to predict whether the drying method is effective
due to the reduction of its content (Geraldi et al., 2020).

Likewise, according to Nunes et al. (2017), the pH and acidity of the product act
as important parameters in the segmentation of appreciation and conservation of the
product, also acting as a limiting element in the process of development of spoilage

microorganisms.

The hydrogenic potential or “pH” is an indicator of the concentration of H+ ions
(hydrogen) in a medium. This chemical compound is essential for the delimitation of the
acid characteristic of a product, acting in a complementary way in the process of
inhibition of enzymatic and microbial activity. This parameter can be easily changed,
being extremely dependent on factors such as conservation status and harvest of raw

materials (Silveira and Silva, 2020).
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It is worth mentioning that the pH and acidity parameters are determined and
interpreted in different ways. The pH content of a food matrix has an inversely
proportional relationship established with the acidity content, where it is highlighted that
during the drying of a food matrix, the acidity content of a product tends to increase, since

the water content of the dissolution medium decreases (Geraldi et al., 2020).

The application of heat on food matrices can also significantly influence the
concentration/retention or loss of certain compounds, such as micronutrients. This group

includes both minerals and vitamins.

Minerals obtained through diet are essential in the oxidation-reduction processes,
acting as reaction catalysts, and consequently potentiating changes in the profile of
preservation of the nutritional value of products subjected to drying (Celestino et al.

2010).

In food drying, using the foam layer technique in particular, several researchers
point out that when incorporating emulsifying agents for the raw material agitation
process, in obtaining the foamy complex, the content of fixed mineral residue, detected
in the sample, tends to to increase, proving to be noticeable in analyzes such as that of
ash, where the matter is submitted to an incineration process (Celestino, 2010; Geraldi et

al. 2020).

Likewise, vitamins, whether water-soluble (Complex B and Vit. C) or fat-soluble
(A, D, E and K), are essential for the vital processes of the organism, in all degrees of
complexity. However, when subjecting a food matrix to heat, the action of temperature
tends to degrade a large part of its content, as these molecules are thermolabile, that is,
sensitive to heat. When analyzing all the previously mentioned studies, we identified a
strong tendency to specifically characterize the vitamin C content of fruit samples

(Silveira and Silva, 2021).

Vitamin C is particularly affected by temperature waves, tending to volatilize to a
greater degree, expressing a higher percentage of loss when a comparative axis is
established between fresh pulp and dehydrated fruit pulp. On the other hand, fat-soluble
vitamins (and their by-products) are more stable when subjected to thermal processes,
expressing lower losses after the process, however, they can react with peroxides resulting

from lipid oxidation processes and cause oxidizing events (GUIN, 2018).
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In this sense, the physical-chemical analysis of these compounds to establish a
comparison in quantitative terms of fresh pulp and dried pulp, becomes an important
instrument to identify which and in what proportion, the vitamins were volatilized during
drying, thus making it possible, identify the best drying conditions to which a given
matrix should be submitted (Rigueto et al. 2018).

5. Conclusion

The drying method is an important vehicle in food preservation practices, and it
still permeates as an element in several industrial processes, offering a wide diversity of
application, however, it still remains a methodology seen as "critical" in the sector. of
food production, especially when the maximum focus of efforts is to obtain a material of

high quality, nutritional and sensorial.

The applicability of the process to a range of foods, places the operation in a
position of constant demand for technological advances and innovations, which lead to
better drying, in a more efficient and energetic way, guaranteeing a better preservation of
the global characteristics of the food. to be dried, avoiding deteriorating and harmful

events in general.

In this sense, the foam layer drying technique proves to be a technological
innovation, becoming a viable model in the optimization of the drying of vegetables, such
as fruit matrices, being an ally in the preservation of specific characteristics of the
product. From the incorporation of air, in the formation of the foam, there is a significant
reduction in the thermal conductivity of the product, and the expanded foam contributes
to the reduction of the drying time, due to the increase in the surface area, allowing greater
diffusion of the content. matrix to be dried, greater preservation of thermolabile
compounds and greater retention of bioactive compounds, such as carotenoids,
facilitating and allowing their application in different industrial niches.
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Consideracoes finais geral

Através dos achados contemplados no Capitulo II deste trabalho, entende-se que
a aplicagdo da tecnologia de secagem, torna-se um importante veiculo nas praticas de
conservagdo de alimentos desde a antiguidade e, ainda permeia como elemento em
diversos processos industriais atualmente, oferecendo uma ampla diversidade de
aplicacdo na producdo de subprodutos alimenticios, principalmente quando o foco
maximo de esfor¢os ¢ a obtengdo de um material de alta qualidade nutricional,
tecnoldgica e sensorial. A principal colaboracao cientifica desse capitulo, ¢ o fomento da
ideia geral, de que a aplicacdo da secagem a uma variedade de alimentos, coloca a
operacdo em uma posi¢do de constante exigéncia de avangos tecnoldgicos e inovagdes,
de forma mais eficiente e energética, garantindo uma melhor preservagdo das
caracteristicas globais do produto seco, mediante otimizagdo da forma em que ¢
conduzido. Ademais, esse capitulo poderd facilitar o entendimento da origem,

particularidades da técnica de secagem em camada de espuma e como ela influéncia no

processamento de frutas, embasando os achados posteriores apresentados no Capitulo III.

O Capitulo IIT gerou um material importante tanto para a industria de alimentos
processados, quanto para a ciéncia, pois trata-se de uma pesquisa experimental completa,
que por sua vez, comprovou que € possivel desenvolver subprodutos de frutas tropicais,
a partir da aplicacdo da secagem em camada de espuma, obtendo ao final do processo,
produtos apreciados do ponto de vista nutricional, tecnolégico e sensorial
simultanenamente. Validou ainda, a utiliza¢do da técnica, a partir da inser¢ao da albumina
em poO, enquanto agente espumante ¢ encapsulante de substancias sensiveis capaz de
agregar funcionalidade aos pds de fruta, constatado pela retencao e aumento de compostos
fendlicos e capacidade antioxidante dos produtos. Pode ser considerado o capitulo que
desvendou o potencial inovador dessa pesquisa quando apresentou, pos de goiaba e
melancia obtidos por secagem em camada de espuma, sendo superior em termos
funcionais e tecnolédgicos a pos obtidos por liofilizagdo, método até entdo, visto como

padrdo ouro, na perspectiva de processos.

Portanto, a aplicagao dos conhecimentos obtidos nessa pesquisa como um todo,
poderd, a curto prazo, beneficiar pesquisadores da area das Ciéncias Agrarias e da Ciéncia
de Alimentos, fomentando a aplicagdo da técnica sob outras matrizes alimentares,

agregando valor a elas e principalmente, impedindo desperdicios pos-colheita. E, a longo
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prazo, podera beneficiar a populagdao preocupada em prevenir doengas cronicas como o
diabetes, canceres e a obesidade ou até mesmo ter um coadjuvante no tratamento dessas
patologias, com subprodutos funcionais com esse propdsito, podendo ser essas possiveis

tematicas abordadas e discutidas em pesquisas futuras no cenario académico.
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ABSTRACT

The consumnption of fruits and vegetables is strongly encouraged in the nutritional recommendations
presented in national and intermational guidelines, which strongly advise the intake of these
elements as part of a healthy diet. However, this type of food matrix has a low post-harvest
durability, making it necessary to apply technbques that extend its shelf life. Among the methods
that can be applied, drying acts as a unitary operation of wide use, presenting low operaticnal
cost, ease of handling and wide variation of procedural techniques. However, it still remains a
methodology seem as “critical® in the food sector, especially when the maximum focus of efforts
is to obtain a material of high quality, nutritional and sensorial. In this context. foam: layer drying
has gained recognition as an effective and low-cost technique, where foam porosity and higher
surface area-wolume ratio provide high heat and mass transfer rates, reducing process time and
improving the physical-chemical quality of the final product. We provide information capable of
eluckdating that drying requires a large amount of energy for the operation, and that many stodies
are still needed in order to optimize the process and guarantee the economic, nutritional and
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functional viability of the final product

Introduction

Ome of the pillars of the food industrislization process is
based on maintaining the stability of the food matrix, ensur-
ing the optimization of its shelf life and physical and nutri-
tional characteristics for later commercialization in the
consumer market, making it necessary to apply methods of
conservation, which limit the development and action of
intrinsic and extrinsic factors of the matrix related to dete-
riorating processes, such as the growth of microorganisms
and chemical and enzymatic reactions {Martins et al. 2020).

Among the most varied methods used for the conserva-
tion of food matrices, drying is one of the oldest, and is
still widely nsed in the current food scenario. The process
consists of a “unit operation’, that is, it is a fraction of &
larger process, which is based on the removal, either partial
or totel, of the water present in & food, through a process
that involves the transfer of mass and energy in the form
of heat, where a stream of hot air flows over the material
to be dried, this process being mainky governed by convec-
tion (a form of heat exchange) (funior 2021).

Water is present in numerous food matrices and is essen-
tial for the functional dynamics of the mechanisms devel-
oped by living organisms, acting as a solvent and also as a
transport vehicle for a variety of reactions (Schwartz,

Damodaran, and Parkin 2019). During drying, depending
on the amount of water that is removed from the food
matrix, it is possible to significantly reduce the speed and
proportion rate of the growth of microorganisms and of
browning and oxidation reactions, by creating an unfavorable
environment for their occurrence (Bell 2020; Janior 2021).

The drying rate is influenced by the various mechanisms
involved in heat transfer, such as the vapor pressure of the
food and also of the drying air, in addition to the circulating
air velocity, exposure temperature, thickness and exposure
surface of the matrix to be dry. In industry, in addition to
this “conscrvative” function, drying is also applied to facil-
itate the transport and storage of raw materials, by reducing
the monetary and energy costs involved in the production
stage (Schwartz, Damodaran, and Parkin 2001%; [inior 2021).

The products obtained through dehydration are lighter
and less bulky, which facilitates their handling and distri-
bution along the production chain, becoming elements of
convenience for the various industries. In other cases, drying
has the sdditional benefit of allowing the marketing of some
foods in the off-season (Lobo 2017). Despite the numerous
advantages, as a conmservation technigue, the products
obtained from drying by exposing convective air, may pres-
ent low general quality, such as low rehydration capacity,
structural changes, shrinkage of support structures, in
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