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KIELING, Dirlei Diedrich. Aplicacdo de derivados de capim-limdo em alimentos e
bebidas e avaliacdo das propriedades fisico-quimicas, antioxidantes e sensoriais. 2016.
128 f. Tese (Doutorado em Ciéncia de Alimentos) — Universidade Estadual de Londrina,
Londrina, 2016.

RESUMO

O capim-limao é popularmente conhecido pelo seu uso no preparo de cha, por infusdo ou
cocgao das folhas. No entanto, seu sabor e aroma agradaveis e refrescantes possibilitam seu
uso no preparo de bebidas mistas com sucos de frutas, com ou sem soja. Bebidas mistas,
contendo ingredientes naturais, tém despertado o interesse do consumidor que busca por
produtos ligados ao conceito de salde e bem-estar. Estas matérias-primas, capim-liméo, lima
acida e soja, apresentam uma potencial capacidade antioxidante atribuida principalmente aos
compostos fenolicos presentes (acidos fendlicos e flavonoides) e vitamina C. Diante disso, o
trabalho de pesquisa teve por objetivo obter e avaliar a utilizagcdo de derivados de capimliméo
na elaboracdo de bebidas mistas com propriedades antioxidantes e qualidade sensorial, bem
como investigar a aplicacdo de extrato hidro-etandlico de capim-limdo como antioxidante
natural em peito de frango processado armazenado em refrigeracdo. Inicialmente, foram
obtidos o extrato aquoso, o extrato liofilizado e o 6leo essencial de capim-lim&o, os quais
foram utilizados na formulacdo de concentrados de capim-limdo com suco de lima acida
Tahiti, sendo determinadas suas caracteristicas fisico-quimicas e atividade antioxidante. As
bebidas mistas preparadas a partir dos concentrados foram analisadas sensorialmente por
consumidores em potencial (teste de aceitacdo de atributos) e por uma equipe de julgadores
selecionados e treinados (perfil sensorial quantitativo). Foi também realizado um estudo para
determinar as condigdes de pressdo e tempo para processamento das bebidas mistas de capim-
limdo e lima &cida por Alta Pressdo Hidrostatica (APH). Os parametros fisico-quimicos e
microbioldgicos, concentracdo de compostos bioativos e capacidade antioxidante da bebida
mista tratada por APH foram determinadas, no dia do processamento (tempo zero) e ao longo
de oito semanas de armazenamento a 4 °C, e comparados as caracteristicas das bebidas mistas
ndo tratada (controle) e pasteurizada. Foram, ainda, elaboradas bebidas mistas de capim-limao
e lima &cida com soja, sendo determinadas suas caracteristicas fisico-quimicas, capacidade
antioxidante e aceitacdo por consumidores em potencial. Por fim, foi obtido um extrato hidro-
etandlico de capim-limdo e foi investigada sua atividade antioxidante, em termos de inibicao
da oxidacdo lipidica, bem como seu efeito na estabilidade de peito de frango processado
durante 60 dias de armazenamento a 4 °C. A partir dos resultados obtidos, os concentrados
contendo derivados de capim-liméo (extrato aquoso, liofilizado e éleo essencial) e suco de
lima &cida foram caracterizados como produto &cido, de cor amarela, fonte de compostos
bioativos (vitamina C e fendlicos), com potencial antioxidante. As bebidas mistas preparadas
a partir de concentrados contendo extrato aquoso ou extrato liofilizado e 6leo essencial
apresentaram maior intensidade de aroma e sabor de capim-limdo e maior aceitabilidade. Os
concentrados originaram bebidas mistas de capimlimdo e lima &cida sensorialmente
apreciadas e potencialmente benéficas a satde dos consumidores. As condicdes estabelecidas
para o processamento da bebida mista por APH foram 250 MPa por 1 min a 25 °C, capazes de
garantir seguranca microbiologica em testes de inativacdo com Listeria innocua, sem perdas
significativas de vitamina C e fenolicos totais. A bebida mista tratada por APH manteve o
conteddo original de compostos bioativos (no dia do processamento) e apresentou
caracteristicas fisico-quimicas mais proximas da bebida ndo tratada em comparagdo com a
bebida pasteurizada termicamente. O processamento por APH melhorou a qualidade



microbioldgica e aumentou a vida util da bebida nédo tratada em 19 dias, evidenciando que
consiste em uma alternativa confidvel ao tratamento térmico de bebida mista de capim-liméo
e lima &cida. As bebidas mistas de capim-limdo e lima &cida com soja apresentaram
caracteristicas fisico-quimicas diferenciadas em relacao as bebidas mistas sem soja. A adi¢édo
de extrato de soja as bebidas mistas aumentou o teor de fendlicos totais e a capacidade
antioxidante contra radicais ABTS™, enquanto que a adi¢io de extrato aquoso de capim-lim&o
aumentou a capacidade antioxidante contra radicais DPPH’. Sensorialmente, as bebidas mistas
de capim-limédo e lima acida com soja apresentaram aroma e sabor agradaveis e tiveram boa
aceitacdo, podendo ser consideradas uma fonte vidvel de compostos bioativos para 0s
consumidores. O extrato hidro-etanodlico de capim-limao apresentou potencial para uso como
antioxidante natural, sendo que sua adigdo ao peito de frango processado inibiu a oxidagéo
lipidica e a formacdo de acidos graxos livres, perdxidos e TBARS, contribuindo para a
estabilidade fisico-quimica do produto durante 60 dias de armazenamento refrigerado.

Palavras-chave:Cymbopogon citratus. Lima &cida. Soja. Peito de frango. Alta Pressdo
Hidrostatica. Fenolicos.



KIELING, Dirlei Diedrich. Application of lemongrass derivatives in food and beverages
and assessment of physicochemical, antioxidants and sensory properties. 2016. 128 p.
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2016.

ABSTRACT

Lemongrass is popularly known for its use in the preparation of tea, by infusion or cooking
the leaves. However, its pleasant and refreshing flavor and aroma enable its use in the
preparation of mixed beverages with fruit juices and with or without soy. Mixed beverages
containing natural ingredients, has called the attention of the consumer who search for
products linked to the concept of health and wellness. These raw materials, lemongrass, lime
and soy, have a potential antioxidant capacity mainly attributed to the phenolic compounds
(phenolic acids and flavonoid) and vitamin C. Thus, the research work aimed to obtain and
evaluate the use of lemongrass derivatives in the preparation of mixed beverages with
antioxidant properties and sensory quality, as well as investigating the use of hydro-ethanolic
extract of lemongrass as a natural antioxidant in processed chicken breast stored under
refrigeration. Initially, the aqueous extract, lyophilized extract and the essential oil of
lemongrass were obtained and then used in the formulation of lemongrass concentrates with
Tahiti lime juice, and the physicochemical characteristics as well as the antioxidant activity
were determined. The mixed beverages prepared from the concentrates were sensory analyzed
by potential consumers (acceptance test of attributes) and by selected and trained assessors
(descriptive analysis). It was also carried out a study to determine the conditions of pressure
and time for processing of the mixed beverages of lemongrass and lime by High Hydrostatic
Pressure (HHP). The physicochemical and microbiological parameters, concentration of
bioactive compounds and antioxidant capacity of the mixed beverages treated by HHP were
determined on the day of processing (time zero) and over eight weeks of storage at 4 'C, and
compared to the characteristics of the mixed beverages untreated (control) and pasteurized.
Also, mixed beverages of lemongrass and lime with soy were prepared, and their
physicochemical characteristics, antioxidant capacity and acceptance by potential consumers
were determined. Finally, a hydro-ethanolic extract of lemongrass was obtained and its
antioxidant activity was investigated in terms of the lipid oxidation inhibition, as well as its
effect on the stability of processed chicken breast during 60 days of storage at 4 'C. From the
results, the concentrates containing lemongrass derivatives (agqueous extract, lyophilized
extract and essential oil) and lime juice were characterized as acidic product, yellow, source
of bioactive compounds (vitamin C and phenolic), with antioxidant potential. The mixed
beverages prepared from concentrates containing aqueous extract or lyophilized extract and
essential oil had higher intensity of lemongrass aroma and flavor and greater acceptability.
The concentrates led to mixed beverages of lemongrass and lime sensorially appreciated and
potentially beneficial to the consumer’s health. The conditions set for the processing of the
mixed beverage by HHP were 250 MPa for 1 min at 25 'C, able to ensure microbiological
safety in inactivation tests with Listeria innocua, without significant losses of vitamin C and
total phenolic. The mixed beverage treated by HHP kept the original content of bioactive
compounds (on the day of processing) and presented physicochemical characteristics closer to
the untreated beverage compared to the thermally pasteurized beverage. The HHP processing
improved the microbiological quality and increased the shelf life of the untreated beverage in
19 days, highlighting that consists of a reliable alternative to the thermal treatment of
lemongrass-lime mixed beverage. The mixed beverages of lemongrass and lime with soy



presented physicochemical characteristics differentiated in relation to mixed beverages
without soy. The addition of soy extract to the mixed beverages increased the total phenolic
content and antioxidant capacity against ABTS™ radical cation, while the addition of
lemongrass aqueous extract increased the antioxidant capacity against DPPH" radical.
Sensorially, the mixed beverages of lemongrass and lime with soy showed pleasant aroma and
flavor and had good acceptance, being considered a viable source of bioactive compounds for
consumers. The hydro-ethanolic extract of lemongrass has shown potential for use as a natural
antioxidant, and its addition to the processed chicken breast inhibited the lipid oxidation and
the formation of free fatty acids, peroxides and TBARS, contributing to the physical and
chemical stability of the product for 60 days of cold storage.

Keywords: Cymbopogon citratus. Lime. Soy. Chicken breast. High Hydrostatic Pressure.
Phenolics.
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1. INTRODUCAO

O grande desafio da Ciéncia de Alimentos é conciliar a pratieiexigida pela vida
moderna, onde se tem pouco tempo para preparacdo de alimentoa, manutengédo da
salde da populagdo. Os alimentos precisam estar prontos ou sews-p@mat consumo, ter
durabilidade, ser sensorialmente agradaveis e microbiologioarsegtros, sem perder o
aspecto saudavel e o valor nutritivo. Pesquisas atuais sobre caesetam que na linha de
bebidas a populagédo também procura por produtos saudaveis e prasgos.cAonsumo de
bebidas prontas que contém ingredientes naturais ligados ao eafeaialide e bem-estar,
como sucos de frutas, extratos vegetais e chas, contincieeseimento.

Tradicionalmente, estes produtos sdo preservados por tratamémntoso$ que,
embora inativem eficientemente microrganismos e enziataham afetando negativamente
as propriedades sensoriais e nutritivas, devido as altasrsorpe empregadas. Diante disso,
tecnologias alternativas (ndo térmicas) de preservacgaalidentos e bebidas tém sido
investigadas, as quais sdo capazes de alcancar os megemdaseguranca do alimento que
0s tratamentos térmicos, preservando 0s aspectos sensoriaigivosig permitindo, ainda,
maior retengdo de compostos bioativos. Entre estas tecnologit@sadee a alta presséo
hidrostatica (APH). Comparativamente aos tratamentos t@smialimentos e bebidas
processados por APH apresentam-se mais nutritivos, mais ssud@aveensorialmente,
assemelham-se aos produtos frescos, atraindo a atencaguisguEses e consumidores.

Seguindo a tendéncia de saude e bem-estar, o consumo diério ¢eegadados a
partir de ervas medicinais, folhas e flores de plamtadém encontra-se bastante difundido
entre a populagdo em geral. O chdQyenbopogon citratyspopularmente conhecido como
capim-liméo, capim-santo ou capim-cidreira, possui inUmerasagpbes terapéuticas, sendo
utilizado principalmente como cha calmante, no alivio do stresgombate a febre e para
dores em geral. Os extratos de capim-limdo contém compostosvdspatomo &cidos
fendlicos e flavondides, os quais conferem propriedades antioxigadéesatde.

A lima é&cida Tahiti, popularmente conhecida como limdo Takitamplamente
utilizada no preparo de alimentos e bebidas, com a funcéo dericads produtos sabor
refrescante e agradavel ao paladar, além de contribuir conpooemtes nutritivos e
antioxidantes como vitamina C e flavonodides. Por se tratamdefwta que ndo apresenta
entressafra, esta disponivel no mercado o ano todo, fadditgua utilizagc&o.

Durante muito tempo, no Ocidente, o extrato de soja foi considamdwoduto de

sabor desagradavel. No entanto, com o langamento das novas liebigses de soja pela
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induUstria Brasileira, contendo extrato de soja, sucos de frutasiatizantes e saborizantes,
este tipo de bebida passou a representar um volume imporéasnternttias de sucos prontos
para consumo. Com a diversificagdo de sabores, somada asnbampi® marketing e a
divulgacdo de pesquisas evidenciando as propriedades benéficas qaardeada soja, as
bebidas com soja tém conquistado a populagéo, levando a um aumeonsumo@ deste tipo
de bebida nos ultimos anos.

Os principais consumidores das bebidas a base de soja séo pessoagadas em ter
uma alimentacao saudavel e promover a saude, assim comolassgam uma alternativa ao
leite, por apresentarem intolerancia a lactose, alagy@oteinas do leite, hipercolesterolemia
ou por opcao pessoal (veganos). Nesse aspecto, as principas ueste ramo alimenticio
tém investido em pesquisas, visando alinhar seus novos produtos a expedtati
consumidor. A nova tendéncia é o desenvolvimento de bebidas a bsgj@ dem sabores
refrescantes como “limonada suic¢a”, “cha verde com limgidte outros.

Embora a industria de alimentos e bebidas tenha disponibilizado guamale
variedade de sucos prontos para consumo, inclusive com a ten@éeai de associar sucos
de frutas com chas, como ché& branco, chéa verde e cha mateysam adicdo de soja, ainda
nao existe no mercado nenhum tipo de bebida pronta para consumo contendo suao de |
acida e capim-limédo. No entanto, na regido Sul do Brasipon-liméo € utilizado no preparo
de bebida caseira com suco de limdo, muito apreciada devidouasalBer agradavel e
refrescante.

Visando atender a demanda dos consumidores por produtos alimenticios saeidavei
praticos, o peito de frango processado pronto para uso surgiu como urp¢Boapara o
preparo rapido de sanduiches naturais e outros pratos. No entanto,aadeeldgado teor de
acidos graxos insaturados, ao processamento aplicado e a raslesidconservacdo por
certo periodo de tempo, torna-se imprescindivel a adicdo de aatitedda este produto.
Como a inocuidade dos antioxidantes sintéticos tem sido questionadastia alimenticia
vem buscando alternativas naturais para prevenir a oxidacaodipktithora tenham sido
desenvolvidos estudos com extratos de plantas como potenciais antexidaturais, ainda
ndo foram avaliados os efeitos do extrato de capim-liméo na cag&erde peito de frango
desfiado ou de outro produto alimenticio.

Assim, identificou-se no capim-limdo um grande potencial aes@torado em
pesquisas na area de Ciéncia e Tecnologia de alimentos, aspqdairdo ser absorvidas
futuramente pela industria de alimentos e bebidas, de modo queaeteristicas sensoriais

peculiares desta matéria-prima, bem como o0s aspectosoriaig;i possam ser bem
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aproveitados, tanto em termos de beneficios para a salde quemta panservacio e

manutencéo da qualidade dos alimentos.
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2 OBJETIVOS

2.1 Objetivo Geral

Obter, caracterizar e avaliar o emprego de derivados da-tiafio na elaboracéo de
bebidas mistas com propriedades antioxidantes e qualidade fisi@ajumnicrobiolégica e
sensorial, bem como investigar a aplicacdo de extrato de tiagim-como antioxidante

natural em peito de frango processado armazenado em a@féger

2.2 Objetivos Especificos

- Obter os derivados de capim-liméo (extrato aquoso, liafibze o 6leo essencial) e
determinar suas caracteristicas fisico-quimicas e afiidatioxidante;

- Desenvolver concentrados contendo derivados de capim-liméo (extratm,aquos
liofilizado e o 6leo essencial) para o preparo de bebidgstasrcom capim-liméo e lima &cida;

- Determinar as propriedades fisico-quimicas e antioxidadtss concentrados
elaborados;

- Identificar e quantificar os atributos sensoriais das bebmstas com capim-liméo e
lima 4cida preparadas a partir dos concentrados, utilizandogeer$idrial descritivo;

- Avaliar a aceitacdo dos atributos sensoriais das bebidassmmin capim-liméo e
lima &cida preparadas a partir dos concentrados, utilizanda ésxddnica estruturada de 9
pontos;

- Determinar as condi¢Ges de processamento para tratamemtmt§rasteurizacdo) e
nao térmico (alta pressao hidrostéatica) das bebidas m@tasapim-limao e lima acida;

- Avaliar as caracteristicas fisico-quimicas, microbiaagie atividade antioxidante
das bebidas mistas com capim-limdo e lima acida (confpakteurizada termicamente e
tratada por alta pressédo hidrostatica) logo apds processamedtoaete 60 dias de
armazenamento refrigerado;

- Elaborar bebidas mistas de capim-lim&o, lima acidajae esinvestigar o efeito da
adicéo de extrato de soja nas propriedades antioxidantes ataedacdas bebidas mistas;

- Obter um extrato hidro-etandlico de capim-limao, cara@dd e avaliar o seu efeito

na estabilidade de peito de frango processado durante 60 diasadersamento refrigerado.
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3. REVISAO BIBLIOGRAFICA

3.1 Capim-liméo

O Cymbopogon citratuStapf € uma espécie originaria da india, trazida para ol Brasi
possivelmente no periodo colonial, época em que era utilizado com@ Einamental.
Pertence a familia Poaceae e se constitui em uma plantaepenpge forma touceiras
compactas e robustas de até 1,2 m de altura. E também dedompaplarmente de capim-
limdo, capim-santo, capim-de-cheiro ou capim-cidreira (CO8TAI., 2005; SILVA et al.,
2010).

E uma planta aromatica, amplamente utilizada para fins maidic sobretudo na
forma de chd, preparado por infusdo ou cocgéo das folhas. Com o Udsthdssle capim-
limdo j& foram constatadas atividades sedativa, depressosistéona nervoso central,
analgésica, antimicrobiana e fungistatica (MARTINAZZCakt 2010). Tem aplicagdes nas
indUstrias de cosméticos, perfumaria e farmacéuticas, eandatse entre as dez plantas
medicinais e aromaticas mais produzidas no Brasil (SANTOS&l.et2013). E também
utilizada em preparacdes alimenticias, devido ao seu aremanéo, especialmente na
culinaria Asiatica. Segundo o conhecimento popular, € indicada fphre, alteracdes
digestivas, dores em geral e como calmante. A planta taralsproveitada com finalidades
agrondmicas para composi¢do de cercas-vivas e na contengiicatas para evitar a
erosdo, mas a sua maior importancia econdmica reside na prodioicéleo essencial
(FIGUEIRINHA et al., 2008; COSTA et al., 2005).

O oleo essencial encontrado nas folhas é constituido de substéamolares,
principalmente o citral (65-86%) e o citronelal (7-8%), alémBdurirceno e eugenol, em
menor quantidade. O citral apresenta-se em maior quantidadelimas jovens e é esta a
substancia responsavel pelo aroma de liméo, atribuido a plahdA(®k al., 2010). De
acordo com Costa et al. (2005), o Oleo essencial possui atividadigsicrobiana e
antifingica ja comprovadas em 22 espécies de microrganismosdoDawi seu aroma
caracteristico, é largamente utilizado pela industria deéticos e de aromas.

Figueirinha et al. (2008) fracionaram o0s componentes fendlicos datosxtde
Cymbopogon citratusStapf para estabelecer o perfil de fendlicos e a relecdi®@ as
estruturas dos flavonoides e o efeito protetor contra espéeidgmsede oxigénio (EROs).
Foram identificados taninos, acidos fendlicos (caféico e p-cuméariclavonas glicosidicas

(apigenina e luteolina) nos extratos. As fracdes de taninosflawamoides apresentaram
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maior capacidade de inativacdo de EROs. Na fracao de flavenqige representou 6,1% do
extrato (em peso seco), foram identificados treze compostasaylicosilflavonas).

Marques e Farah (2009) analisaram o conteludo de acidos clorogémicopaestos
relacionados em 14 plantas medicinais e suas infusdes. Estnglantas com teores
significativos de acidos clorogénicos estavder paraguariensisCamellia sinensigMelissa
officinalis e Cymbopogon citratuéd,7 g.100g a 84,7 mg.1008. Foram encontrados valores
semelhantes de acidos clorogénicos totais tanto nas infus@es qoa extratos metanolicos
das plantas, indicando que ocorre uma extragdo satisfators destpostos na infusdo. Os
autores destacaram as propriedades benéficas dos acidos ctwegdni humanos, como

efeito antioxidante, hepatoprotetor e hipoglicémico.

3.2 Lim&o / Lima Acida

A lima acida Tahiti Citrus latifolia Tanaka), popularmente conhecida pelos
brasileiros como limdo Tabhiti, € provavelmente originari&dbfornia, EUA, sendo o Brasil
0 quarto maior produtor mundial de limas e limdes. Os frutos pesammédia, 70 a 100 g e
0 suco representa, aproximadamente, metade da massa tdtatodaom teor médio de
solidos soluveis totais (SST) ou °Brix de 9%, acidez totahtiallde 6% e contetido de acido
ascorbico (vitamina C) entre 20 e 40 m{(BATISTA, 2010).

A producdo nacional de lima &cida Tahiti possui trés mercaddantaglistintos:
mercado interno, processamento industrial e a exportagdo de iffutagura Embora o
mercado interno seja o principal destino da producdo, o aumento dasmed@®ibrasileiras
da fruta merece destaque (BREMER NETO et al., 2010). Adioida Tahiti € a quinta fruta
mais exportada do Brasil e se constitui em uma das mais éxpsesentre as citricas
(EMBRAPA, 2016).

A lima &cida Tahiti ndo tem uma entressafra, pois espiuiigel no mercado o ano
todo, e tem ampla aceitagdo, sendo utilizada no preparo dentdsn sucos e refrigerantes
(PEDRAO et al., 1999) e na fabricacdo de sucos concentrados, é&ngiais e pectina
citrica (BATISTA, 2010). As condicdes recomendadas para a ceumservacdo Sao
temperatura entre 10 e € e umidade relativa (UR) entre 85-95%, podendo os frutos ser
armazenados nestas condi¢des por 4 a 8 semanas (JOMOR2@@3). ,Pertencente a classe
de frutas citricas, desempenha um importante papel na alimeagéna, principalmente

na forma de fruta fresca e suco (REBEQUI et al., 2009). A &nida Tahiti é apreciada pelo
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consumidor por ser uma fruta rica em acidez, perfumada, de fiasca sem sementes
(DURIGAN; MATTIUZ; DURIGAN, 2005).

A incorporacgdo de suco de limdo/lima acida as bebidas,ddémgregar componentes
nutricionais como vitamina C, acido folico, niacina e piridoxiea por finalidade conferir
ao produto sabor refrescante e agradavel ao paladar, incrementasabaee suavizando a
docura por promover mudanga na relagéo entre o teor de sélidossel@vacidez titulavel
(OLIVEIRA et al., 2007).

Os extratos de frutas citricas, como limdo e lima adda, importantes fontes de
acidos fendlicos, como os acidos hidroxicinamicos, e de flavon(fldesnonas e flavonéis).
Esses compostos podem agir como antioxidantes, inativando salilicas ou metais pro-
oxidantes (LUZIA; JORGE, 2010).

Pedréo et al. (1999) avaliaram o efeito da adicdo de sa¢gBose&0 g/100 g) e tempo
de armazenamento a -i8 nas propriedades fisico-quimicas e sensoriais de suco codoentra
de lima acida Tahiti. Para o preparo do suco para consumoyigidilde 1:6 do suco
concentrado foi considerada a melhor diluicdo para o atributo “sabdn@@ em testes
pareados, tanto para 55 g quanto para 60 g de sacarose por 100 g dedduagicAdo suco
concentrado (1:6) contendo 60 g de sacarose por 100 g de suco originou amagdirde boa

aceitabilidade, com caracteristicas fisico-quimicas cdugistcom bebidas de lima/limao.

3.3 Soja

O gréo da sojaQ@lycine max apresenta na sua composicdo proteinas (40%),
carboidratos (35%), lipidios (20%) e minerais (5%) (b.s). Ascfpais proteinas da soja sé&o
as proteinas de reserva, glicinings-eonglicininas, que representam 65 a 80% das proteinas
totais do grédo. As proteinas da soja apresentam um excpéfitede aminoacidos, sendo
deficientes somente em aminoacidos sulfurosos. Somado a qualidaideomalir outros
efeitos biologicos sdo atribuidos as proteinas da soja, incluindauit@® dos niveis de
colesterol, propriedade anti-hipertensiva, atividade imunomodula®riatividade anti-
cancerigena (MURPHY, 2008).

Em 1999 oU.S. Food and Drug AdministratioFDA) aprovou uma alegacao de
saude para a proteina de soja e doenca cardiaca coronaria conmoBasafeitos
hipocolesterolémicos da proteina de soja, a qual continua véaladaesta em processo de
revisdo (FDA, 2016). No entanto, resultados de analises indjoanesses efeitos sdo mais

modestos do que os inicialmente relatados. Ainda assim, osaiBrge soja podem ajudar a
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diminuir o nivel do colesterol médio da populacdo, quando consumidos entugiiusta
outras fontes alimentares comuns de proteinas, uma vez glimeast@s de soja fornecem
proteina de alta qualidade, mas sdo pobres em gordura saturamowides de colesterol.
Além disso, existem evidéncias de que os alimentos depsaojem propiciar beneficios
coronarios independentes de lipidios, provavelmente devido asvisafta (MESSINA;
LANE, 2007). No Brasil, em 2002, a Agéncia Nacional de Vigir&anitaria (Anvisa)
aprovou a alegacao funcional de que o consumo diario de no minimo 2Baelea de soja,
associado a uma dieta equilibrada e héabitos de vida saudaveiga @ddar a reduzir o
colesterol (BRASIL, 2002). Em 2016, a Anvisa atualizou a listaattagmcdes de propriedade
funcional ou de salde e os requisitos especificos, sendo que ghalpgea proteina de soja
ainda permanece valida (BRASIL, 2016).

Os derivados protéicos da soja, como extrato em po, farinhas dekeagas,
isolados, concentrados e texturizados protéicos sdo amplamentadaslina industria
alimenticia em decorréncia de suas propriedades funcioreldgicas. Esses produtos,
além do elevado teor proteico, podem conter quantidades apreaavisisflavonas (95 a
711mg/100g), quando comparados com o grdo de soja (110 mg/100 g) (BARB@EA et
2006). Os efeitos benéficos associados ao consumo regular da dejwvaslos parecem
depender da concentracdo de isoflavonas, cuja quantidade ingeridga séev de
aproximadamente 50 mg por dia (CALLOU, 2009).

Silva et al. (2010) e Goes-Favoni et al. (2004) determinaranestede isoflavonas
totais de 91,93 a 180 mg/100 g em extratos de soja em p6 com&e@indo 0s autores, 0S
teores de isoflavonas dos produtos derivados de soja variam em dangdlbivar de soja, do
método de processamento e das condigdes ambientais, sendo a teanphretote o
desenvolvimento do gréo o fator mais importante.

As isoflavonas estdo amplamente distribuidas no reino vegetslcomaentracdes
relativamente maiores séo encontradas na soja. Estes cospodém estar presentes na soja
e produtos de soja em quatro formas quimicas distintas: na fermeaa chamadas agliconas
(daidzeina, genisteina e gliciteina), ou nas formas ghkatzs| ligados a acUcares,
denominados B-glicosideos (daidzina, genistina e glicitina), acetitlgdideos (6”-O-
acetildaidzina, 6”-O-acetilgenistina e 6"-O-acetilgtina) e malonilglicosideos (6”-O-
malonildaidzina, 6”-O-malonilgenistina e 6”-O- malonilglizif), totalizando 12 isémeros
(Figura 1). Porém, somente as isoflavonas livres (aglicoses),a molécula de agucar, sao
facilmente absorvidas no intestino delgado humano, enquanto que asisslglicosiladas

sdo fracamente absorvidas, devido ao seu peso molecular e ibideaféd. As enzimas
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hidroliticas (-glicosidases) naturalmente presentes na soja @dupidas pela microbiota
intestinal sdo responséaveis por converter as fogtiessiladas de isoflavonas em agliconas
(LIMA; IDA, 2014; ESTEVES; MONTEIRO, 2001).

Grupo Isoflavona Ry R2 R3
Agliconas Daidzeini -H -H -
Genistein -OH -H -
Gliciteina -H -OCH -
B-glicosideos Daidzina -H -H -H
Genistina -OH -H -H
Glicitina -H -OCH -H
Acetilglicosideos 6"-O-acetildaidzina -H -H -COGH
6"-O-acetilgenistina -OH -H -COCH
6"-O-acetilglicitina -H -OCH -COCH;
malonilglicosidec 6" -O-malonildaidzin: -H -H -COCH,COOF
6" -O-malonilgenistin -OH -H -COCH,COOF
6" -O- malonilgliciting -H -OCH; -COCH,COOF

Figura 1 — Estrutura quimica dos 12 isémeros de isoflavalaasoja (LIMA; IDA, 2014).

As isoflavonas presentes na soja e derivados pdderar beneficios para saude da
populacdo como reducao da incidéncia de alguns tigocancer (mama, préstata e coélon),
controle da diabetesnellitus e reducdo do risco de doengas cardiovascularegoOu
beneficios das isoflavonas para a saude inclueoté@ddos sintomas climatéricos e reducao
do risco da osteoporose em mulheres na pés-merp&ss mecanismos pelos quais as
isoflavonas podem exercer estes efeitos pareceandepda sua atividade anti-estrogénica e
de outras propriedades bioquimicas, tais comodadbida atividade enzimatica da tirosina
guinase, e da sua atividade antioxidante (GEORGIET@l., 2008; ESTEVES; MONTEIRO,
2001).

A capacidade antioxidante das isoflavonas est&ioglada com o nimero de grupos
hidroxila presente na sua estrutura quimica. A cdpde antioxidante decresce com a

glicosilacdo ou a substituicdo do grupo hidroxieopgrupo metoxila. Assim, as agliconas
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apresentam capacidade antioxidante maior do que as formas agtiassi entre as trés
agliconas destaca-se a genisteina. As isoflavonas podenmaipiéroxidacao lipidicen vitro,
inativando radicais livres ou atuando como quelante de metais prévedd8ARBOSA et
al., 2006).

3.4 Goma Xantana

A goma xantana é um heteropolissacarideo produzido por espécies é&hmbal
géneroXanthomonasobtida por fermentagéo e utilizada como aditivo aliment@RBES;
VENDRUSCOLO, 2008). A presenca de cadeias anidnicas a tdineelsem dgua quente ou
fria e estavel em solucdes acidas; outra caracteristipartante da xantana € que ndo héa
mudancas perceptiveis na viscosidade da solucdo na faixapkratuma de 0 a 10, o que
a torna Unica entre as gomas alimenticias (BEMILLER; HRBE10, p.119). Normalmente,
é utilizada em pequena quantidade em alimentos (1 a 3 g ppeligm um grande numero de
aplicacdes, como agente de suspensdo, estabilizador de enmiés@&ificador de espuma ou
potencializador de volume da massa (CARGILL FOODS, 2016).

O heteropolissacarideo é composto por glicose, manose e acido ghamuaém de
quantidades variaveis de acido piravico e acético. A cadeiarlda goma xantana é formada
por unidades dg-1,4-D-glicose, enquanto as cadeias laterais sdo formadas pagidonD-
glucurdnico a cada duas unidades de D-manose. Aproximadamente 50% dassuded@de
manose terminal contém um residuo de &cido pirtvico ligado pelgrgio na posicdo C-4
e C-6. A presenca de acido acético e piravico torna a gantna um polissacarideo
anionico (ZHAO et al., 2009).

A goma xantana tem sido amplamente utilizada pela industadéindentos, devido as
propriedades reologicas das suas solu¢cdes aquosas (comportamemdoplaséco),
propriedades sinérgicas com outros hidrocoldides, como goma guar €LloGlst Bean
Gum), estabilidade a temperatura e compatibilidade com os ingtedidos alimentos, tendo
uma funcdo essencial na textura e estabilidade dos produtos (CARGODS, 2016;
ZHAO et al., 2009; HEMAR et al., 2001).

Em pesquisas cientificas, a goma xantana tem sido utilizada espessante e
estabilizante em diferentes preparacdes, como molho prebiptica salada (0,35 g
xantana/100 g) (MANTZOURIDOU; KAROUSIOTI; KIOSSEOGLOU, 2018)chantilly
(0,025-0,125% xantana) (ZHAO et al.,, 2009). Mirhosseini et al. (2008)izaram as

quantidades e propor¢des de goma xantana (0,1-0,3% m/m), goma ératséa m/m) e
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Oleo de laranja (6-10% m/m) para elaboracdo de uma bebida emulsidealdaanja,

utilizando a metodologia de superficie de resposta. A formulagadl8@B8% m/m de goma
arabica, 0,27% m/m de goma xantana e 11,27% m/m de 6leo de kliancou os valores
otimos para turbidez, tamanho de particula, indice de polidibpelade e densidade de
bebida emulsionada de laranja. De acordo com os autores, bebidésoeadas sao
emulsdes do tipo 6leo em agua (O/A), preparadas na forma codeeetrdiluidas em
solugbes 4cidas adicionadas de acgucar, para produzir diferggdgssde bebidas para

consumo, carbonatadas ou nao.

3.5 Compostos Fendlicos

Os compostos fendlicos ocorrem na natureza como misturas aetesésiteres ou
acidos livres (MARQUES; FARAH, 2009). Dividem-se em flavales (polifenéis) e nao
flavonoides (fenois simples, acidos fendlicos, taninos e outrdRA(NO, 2011, p.197).
Encontram-se amplamente distribuidos em frutas e vegetaistidounem significativamente
tanto para a saude dos consumidores quanto para a qualidade dowsali@e fendlicos sao
antioxidantes multifuncionais que podem agir inibindo enzimas oxidatiugelando metais
ou inativando radicais livres (MORALES-DE LA PENA, 2011).

A atividade antioxidante dos fendlicos esta relacionada com odigordposto e sua
estrutura quimica. Os compostos fendlicos apresentam em suturasgrupos hidroxila
caracteristicos como substituintes de anéis aromaticoso@esade hidrogénio dos grupos
hidroxila adjacentes, as duplas ligagdes do anel e a dupla lidag@&obono com oxigénio de
algumas moléculas de flavonoides, conferem aos compostos feradliGdade antioxidante
(HERNANDEZ; PRIETO GONZALES, 1999; RICE-EVANS; MILLERRAGANGA, 1996).

Os compostos fendlicos atuam como antioxidantes por sua hdbilielm doar
hidrogénio e elétrons, formando radicais intermediarios estapesmpedem a oxidacao de
vérios ingredientes do alimento, em particular os lipidiosesEsbmpostos de natureza
complexa, amplamente distribuidos em muitos vegetais, frutasdetps industrializados,
podem se apresentar na forma de pigmentos responsaveis pela eimdotos ou como
produtos secundéarios de metabolismo, provenientes de reacdes Ste ddefegplantas contra
agressdes do ambiente (BRAND-WILLIAMS; CUVELIER; BERISH995).

A maior classe de compostos fendlicos é a dos &cidos hidroxicosgngue sao
encontrados em quase todas as plantas. Os 4cidos cafeit¢og fegHicumarico, que ocorrem

naturalmente na forma livre ou como uma familia de mono ou diésteesdo quinico, sdo
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coletivamente conhecidos como &cidos clorogénicos. Os &cidos cliocagésao
componentes antioxidantes produzidos pelas plantas em respostaligdes de estresse
ambiental, tais como infec¢des por microrganismos patogéieségs e niveis excessivos de
luz, UV ou visivel (MARQUES; FARAH, 2009).

Os flavonoides constituem uma grande classe de compostos polifemglésozssim
como os derivados dos acidos hidroxicinamicos, sdo encontrados eranpeatie todas as
plantas (RICE-EVANS; MILLER; PAGANGA, 1996). Estes compostd® sintetizados
pelos tecidos das plantas e estdo presentes em frutas cermmestgetais folhosos, raizes,
tubérculos, bulbos, ervas, temperos, legumes, plantas medicimais;afé e vinho em uma
variedade de pelo menos 2000 tipos. Podem ser classificados emaflasoflavona,
flavanona, flavonol, flavanol (catequinas) e antocianinas (HIRGHAL, 2010, p.588). Os
flavonoides sdo importantes constituintes dietéticos, em viralesua capacidade
antioxidante multifuncional, atribuida a sua habilidade em compliens metélicos, inativar
radicais livres e prevenir a conversao de hidroperéxidos em digaia reativos (OLIVEIRA
et al., 2009).

As catequinas do cha verde estéo entre os flavonoides maisdestedseu consumo
tem sido associado a reducgdo do risco de doencas cardiovaseutdmeser. A quercetina,
flavonol encontrado em chas, vinho, maca, cebola, entre outroseterostrado um potente
antioxidante e agente anti-inflamatério que protege os vasos saoguas células e suas
estruturas dos efeitos destrutivos causados pelos radicas. li@studosin vitro tém
demonstrado que a genisteina, isoflavona da soja, apresstdgadefinibicdo de crescimento
de vérios tipos de células cancerigenas bem como atividadeidarte. Além dos
flavonoides, existem muitos outros compostos polifendlicos encontradoaligr@ntos,
bebidas e extratos de plantas capazes de proporcionar efeitogdseaétalde, como a
curcumina das raizes tuméricas, o gingerol do gengibre, oragsledo vinho tinto e
diterpenos fendlicos como o &cido carnosico (HO; RAFI; GHAI, 20 BB88).

Estudos in vitro tém definido o potencial antioxidante dos polifendis como
sequestradores diretos de radicais livres e como agentegsalgaaumentar a resisténcia a
oxidacao de lipoproteinas de baixa densidade envolvidas em doemffasasarOs principais
constituintes polifendlicos dos alimentos, ou seja, flavonéis comqueecetina e campferol,
flavonas como a luteolina, flavandis como catequinas e antociasidiomo cianidina e
malvidina, demonstram maior eficacia como antioxidantes nestemais (em base molar) do
que os nutrientes antioxidantes vitamina C, vitamina B-caroteno (RICE-EVANS;
MILLER; PAGANGA, 1996).
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3.6 Radicais Livres e Antioxidantes

Os radicais livres sdo definidos como espécies quimicas qeaegpolétrons néo
pareados no orbital atbmico externo. O elétron ndo pareado € agusk enmontra sozinho
no orbital atbmico. A presenca de elétrons ndo pareados tordiza tare altamente reativo
em razao da necessidade de outro elétron para preencherab @rbi tornar estavel. Os
radicais livres sdo0 menos estaveis e mais reativos que dospw@o radicais, mas sua
reatividade depende da espécie quimica. Eles podem reagir sgnfiormando ligages
covalentes, ou com outras moléculas, doando o elétron ndo paredadml (reduzido),
recebendo o elétron de outra molécula (radical oxidado) ou sendo adicionautcas
espécies ndo radicais. O termo “espécies reativas de aXig&iROs) é frequentemente
usado para radicais cujo elétron ndo pareado encontra-semmdgmxigénio e também para
espécies reativas de oxigénio ndo radicais (ARAUJO, 2011, pRWOMA, 1998). As
EROs incluem os radicais livres anion superéxidg YChidroxil (OH), éxido nitrico (NO)

e peroxil (ROO) e as espécies ndo radicalares como peréxido de hidrogés),(H
peroxinitrito (ONOO) e anion hipocloroso (CIP(OLIVEIRA et al., 2009).

Os radicais livres sdo espécies produzidas durante a respiaagdbica, como
consequéncia da reducdo incompleta do oxigénio (MARTINS et al.).ZRadicais livres e
outras EROs podem ser formados por processos fisicos ou quimidgsnex ou por
processos metabdlicos enddgenos em sistemas alimenticios ou no corpmo hum
(GEORGETTI et al., 2008). Diante disso, destaca-se a tarmpma primordial das substancias
antioxidantes, tanto na conservacéo dos alimentos e presedaséia qualidade quanto na
saude do consumidor.

EROs sédo formadas continuamente durante os processos metabdliewiptas
como a NADPH oxidase, e desempenham um papel duplo no organismo hestando
envolvidas em processos benéficos e deletérios. Tais espéaaes como mediadores da
transferéncia de elétrons e em varios processos bioquimicos, maducdo de energia,
fagocitose (defesa contra agente agressor) e controle ainwe® celular. Normalmente,
existe um equilibrio no organismo entre a formagdo de EROs emacdo destas por
antioxidantes enzimaticos (glutationa peroxidase e redutasefendarum “balango redox”
nas células. No entanto, quando h& uma producdo excessiva de(dROentes, por
exemplo, da cadeia de transporte de elétrons mitocondrialstbuukacdo excessiva de

NADPH), ocorre um desequilibrio oxidativo ou estresse redox. Quandooapentragdo
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excedente ao normal, essas espécies podem causar danosscehparéantes, ao atacar
membranas, proteinas, polissacarideos e acidos nucleicos, @mweqeente alteracédo
funcional e prejuizo das funcdes vitais em diversos tecidos IR et al., 2009; VALKO
et al., 2007).

Inimeras pesquisas tém demonstrado as implicacdes das readadésasxmediadas
por espécies reativas em processos degenerativos relacionadosecmelhecimento e sua
associagdo com doengas como cancer, doengas cardiovasdulaeesnsao e patologias
neurodegenerativas (Parkinson e Alzheimer) (MARTINS et al., 20ABKO et al., 2007;
PULIDO; BRAVO; SAURA-CALIXTO, 2000). Por outro lado, estudosdgphiolégicos tém
mostrado que dietas ricas em frutas e verduras estdoamssoa uma menor incidéncia de
doencas cronicas e degenerativas. Um dos principais aspectosngalas ao efeito protetor
desses alimentos tem sido atribuido, em parte, a presengondpostos antioxidantes
(OLIVEIRA et al., 2009).

Nos sistemas biologicos, os antioxidantes sdo substanciasingiuga presentes em
baixas concentragfes, protegem os tecidos de danos causados s espativas
(OLIVEIRA et al., 2009). O organismo humano possui um sistemafdeadantioxidante de
origem enddgena (enzimas regulatérias, glutationa e acido Unotacespécies reativas
produzidas durante a respiracéo celular aerébica e por processbélicetaNo entanto, este
sistema regulatério ndo é completamente efetivo (MARTENSal., 2013). Dentre os
antioxidantes enzimaticos destacam-se as superoxido dismwtasatslase e a glutationa
peroxidase (OLIVEIRA et al., 2009). Pulido, Bravo e Saura-Gali2000) ressaltam que o
sistema de defesa antioxidante do organismo pode sofrer uma Sgdoretsrido a uma
excessiva geracdo de pro-oxidantes, resultando em estressativoxi Neste caso,
macromoléculas celulares e extracelulares (proteinas, lipédiasidos nucléicos) podem
sofrer danos oxidativos, causando injuria nos tecidos e afetando@fimune.

Assim, a ingestdo de antioxidantes por meio da dieta (vitaBindocoferdis,
carotenoides e compostos fendlicos) pode ajudar a manter uma adegpadédade
antioxidante, contribuindo com a inativacdo de espécies asaBv proporcionando um
adequado balangco entre antioxidantes e oxidantes no organismo (MBRTIHI., 2013;
PULIDO; BRAVO; SAURA-CALIXTO, 2000).

Nos sistemas alimentares, os antioxidantes sdo compostos qu@riptan a reacao
em cadeia mediada por radicais livres na oxidacdo de dgidgtaminas, pigmentos e
proteinas (antioxidantes primarios), que sequestram oxigénio e qpkegam ions metalicos

(antioxidantes secundarios). A oxidacao de lipidios est4 ass@écradgdo dos acidos graxos
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insaturados com oxigénio, por mecanismos quimicos e enzimaticobmestas de origem
vegetal e alguns alimentos de origem animal, como as caenfrardjo e peixe, possuem
lipidios ricos em &cidos graxos altamente insaturados. A degoadaigktiva desses acidos
graxos poli-insaturados é a principal causa de diminui¢cdo da vida &#sdelimentos. Nas
carnes, a oxidacdo de &cidos graxos insaturados é acelaladanipglobina, devido a
presenca dos grupos heme *(Fe oximiogobina) ou hemina (F& - metamioglobina),
altamente oxidantes. Reacdes dessa natureza séo frecpreteesponsaveis pela rancidez
em aves e peixes durante o armazenamento. O cozimento ddestroea estrutura heme da
mioglobina, acelerando ainda mais as rea¢cfes de oxidacdo lipigicavazando rapido
desenvolvimento da rancidez (ARAUJO, 2011, p.34 e 103).

Os compostos fendlicos sdo eficientes antioxidantes primarios oe 0sa
antioxidantes/preservantes de uso mais comum em alimentos (ANDX)10, p.547).
Dentre os antioxidantes fendlicos sintéticos de uso permitidogoasgrvar os alimentos
estdo o butil-hidroxianisol (BHA), o butil-hidroxitolueno (BHT), o gald®wpropila e o terc-
butil-hidroxiquinona (TBHQ) (OLIVEIRA et al., 2009).

Nos produtos alimenticios, o acido ascorbico reage rapidamenteo caxigénio,
agindo, portanto, como removedor de oxigénio (antioxidante secundaR&)UJO, 2011,
p.110). Evidéncias indicam que o acido ascérbico pode, também, @ganéoxidantes
fendlicos pelo fornecimento de atomos de hidrogénio aos radicaislfersoguais se formam
quando os antioxidantes fendlicos cedem atomos de hidrogénio pam@nperia reacdo em
cadeia da oxidacdo de lipideos, tendo o &cido ascorbico um efeitgistinoe sobre os
fendlicos (LINDSAY, 2010, p.547; ALLEN; HAMILTON, 1994).

Os metais, como cobre e ferro, agem como catalisadores ¢ réa oxidagédo de
lipideos. Estes pro-oxidantes metélicos podem ser inativadoadied® de agentes quelantes
ou complexantes, como o &cido citrico e o EDTA (antioxidantes se@s)d&ue também
apresentam efeito sinergistico por aumentarem a efetividegl@ntioxidantes fendlicos na
prevencao da oxidacao lipidica (LINDSAY, 2010, p.547; ALLEN; HAVDON, 1994).

No alimento, a complexidade do processamento associada a neeegsidammentar
o periodo de armazenamento, torna o produto vulneravel & deterioré&dgtivaxde lipidios,
vitaminas e pigmentos. Portanto, a utilizacdo de substancias gsicapazes de oferecer
protecdo contra a oxidagao faz-se necessaria. A inibicao cordaletadacdo de lipideos nédo
€ possivel, mas algumas medidas sdo capazes de retarddagioxpor meses, entre elas a

utilizacdo de embalagem apropriada, 0 emprego de atmosfemdremdicdes adequadas de
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armazenamento, bem como a utilizagdo de antioxidantes, yanedey assim, carotenoides,
vitaminas lipossoluveis (A e D) e acidos graxos insaturados (ARA 2011, p.103).

No entanto, 0 emprego de antioxidantes sintéticos na industabnaEntos tem sido
alvo de guestionamentos quanto a sua inocuidade. Diante didsosca por métodos
alternativos para retardar processos oxidativos em produtos atioertem motivado as
pesquisas com compostos naturais, que apresentem esta proprigtzEdeal (LUZIA,
JORGE, 2010). Muitas substancias de origem natural possuemasiadaoxidante, como é
o0 caso dos tocoferdis, vitamin @caroteno e dos extratos contendo substancias polifendlicas
(LINDSAY, 2010, p.547; RICE-EVANS; MILLER; PAGANGA, 1996).

Em vérios estudos tém sido investigada a capacidade anti@idanéextratos de
plantas como capim-limédo (FIGUEIRINHA et al., 2008, MORAES-BBUZA et al., 2008)

e de outras plantas medicinais de uso popular (DALAR; KONCZAK, 2(d&)acidade
antioxidantein vitro), de marcela (CAMPAGNOL et al., 2011), alecrim e malidsARA et

al., 2011) (prevencdo da oxidacdo lipidica em produtos cérneos); rdeoextie graos
sementessomosemente de liméo (prevencgdo da oxidacgéo lipidica em 6leo d€IH40ENA,;
JORGE, 2009) e semente de uva (capacidade antioxitaviteo) (ADAMEZ et al., 2012);

de extratos de frutas como araca (MEDINA et al., 2011) e cAgiiANI et al., 2012)
(capacidade antioxidanten vitro); e de O6leos essenciais como de cebola (capacidade
antioxidanten vitro) (YE; DAI; HU, 2013) e de espécies Geoton (inibicdo da peroxidagdo
lipidica induzida em gema de ovo) (MORAIS et al., 2006).

3.6.1 Métodos para Determinagdo da Capacidade Antioxidante

Devido a importancia dos antioxidantes, varios testes quimioossitlo propostos
para avaliar a capacidade antioxidante de alimentos e oufpsgatos (MARTINS et al.
2013; PULIDO; BRAVO; SAURA-CALIXTO, 2000). Estes ensaios Bfa em relacdo ao
mecanismo de reacdo, as espécies-alvo, as condicdes aeacoma forma como o0s
resultados sdo expressos (OLIVEIRA et al., 2009). De acordo coRTMNS et al. (2013),
0s principais testes de determinacéo da capacidade aatiteiitlvitro incluem: o método de
Folin-Ciocalteau, que é utilizado para determinar o teor de coagpdsnhdlicos totais
(apresentam correlacdo com a capacidade antioxidante), odonéABTS e DPPH, que
avaliam a capacidade antioxidante a partir da inibicdo deaiadivres, e o método FRAP, no

qual a capacidade antioxidante é avaliada a partir da rededaaos férrico.



32

O método de Folin-Ciocalteau, conforme descrito por Swain e Kill859), utiliza o
reagente de Folin-Ciocalteau que consiste de uma mistura dimss §osfomolibidico e
fosfotungstico, na qual o molibdénio se encontra no estado de oxiddL&oof amarela no
complexo NaMo00O,4.2H,0). Em presenca de agentes redutores, como 0s compostos fenolicos
formam-se os chamados complexos molibdénio-tungsténio [(FiMhW], nos quais o
estado de oxidagdo do molibdénio é (V) (cor azul), cuja coloracdovabaoradiacdo
eletromagnética a 765 nm, permitindo a determinacdo da comé@ntde compostos
fendlicos totais (OLIVEIRA et al., 2009).

Um dos métodos mais usados para verificar a capacidade anttexé&la método
DPPH que, conforme descrito por Brand-Williams, Cuvelier es&e(1995), consiste em
avaliar a atividade redutora do antioxidante em relacdo aoataestavel 2,2-difenil-1-
picrilhidrazil (DPPHe), monitorando o decréscimo na absorbanciantdum reacdo, a um
comprimento de onda caracteristico. O radical DPlBHe apresenta coloracdo purpura e
absorve a radiacdo eletromagnética a 515 nm, é reduzido quandoamage @ntioxidante
doador de hidrogénio (fendlicos, vitamina C) formando 2,2-difenilgidilazina (DPPH-H),
de coloragdo amarela, com consequente desaparecimento da barmsrgéoa sendo a
mesma monitorada pelo decréscimo da absorbancia. Quanto neeabs@érbancia da mistura
reacional, maior € a capacidade antioxidante da amostra @e&Sal., 2012; OLIVEIRA et
al, 2009). Apesar de ser um teste simples, rapido e amplaotéizi@do, a interpretacéo é
complicada quando os compostos em teste apresentam espectrosapres@em ao DPPH
a 515 nm. Os carotendides, em patrticular, interferem n&san®RIOR; WU; SCHAICH,
2005).

O método ABTS foi inicialmente descrito por Miller et €1993) e é baseado na
capacidade dos antioxidantes em sequestrar o radical catidBi® AEste radical ndo esta
disponivel comercialmente, precisando ser gerado previamentesaio,epor meio de uma
reacdo quimica. Para tanto, o ABTS (2,2’-azinobis-3-ethyl benzothia-6-sulphonic acid)
€ oxidado por radicais peroxil ou outro oxidante, formando o radical catideittnga vida
ABTS™, que apresenta coloraco intensa. A atividade antioxidante énuheiga a partir da
capacidade dos compostos em reagir diretamente com o ré&dd@@™, diminuindo a
intensidade da cor (PRIOR; WU; SCHAICH, 2005) e da absorbaacmistura reacional a
730 nm (SANCHEZ-GONZALES; JIMENEZ-ESCRIG; SAURA-CALIXT(2005). Esta
reacdo € termodinamicamente possivel quando o composto apresemtéapmdox menor
que o ABTS (0,68 V), como é o caso de certos compostos fendlicos (AWtKh,003).
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A capacidade antioxidante determinada por ambos os métodos, ©@RBHS, pode
ser expressa como TEACrblox equivalent antioxidant activityO TEAC é definido como a
concentracdo da solugdo de Trolox (anélogo a vitamina E solivabea) com potencial
antioxidante equivalente a uma solugdo 1 mM do composto sob invest{§dCE—EVANS;
MILLER; PAGANGA, 1996).

O método FRAPHerric Reducing Antioxidant Powgfoi originalmente desenvolvido
por Benzie e Strain (1996) para medir a atividade antioxidantéadm@, por meio da sua
capacidade redutora, mas o método tem sido subsequentemente cadaptdidado para
outros substratos como cha, vinho e extratos botanicos (PRIOR; BWMAISH, 2005;
PULIDO; BRAVO; SAURA-CALIXTO, 2000). No método FRAP, a capmiade antioxidante
é determinada a partir de uma reacéo redox que ocorre entrst@to (doador de elétrons) e
o fon Fé&® (receptor de elétrons), formando fons*’FeEsta reducdo é monitorada
espectrofotometricamente pela mudanca na cor da solucdo ‘Hecdre TPTZ (2,4,6-
tris(2pyridyl)-s-triazine), que se torna azul e absorveds&acao eletromagnética a 595 nm
(MARTINS et al., 2013).

O FRAP detecta compostos com potencial redox < 0,7 V, que ércibtedox do
complexo F& - TPTZ. O potencial redutor parece estar relacionado comao de
hidroxilagdo e extensdo da conjugacdo em polifendis. O FRAP nédpag da detectar
compostos que inativam radicais pelo mecanismo de transteréadhidrogénio. Como o
potencial redox do Bé&- TPTZ é comparavel ao do AB¥S0.68 V), compostos semelhantes
reagem em ambos os testes, ABTS e FRAP. No entantopralic@es reacionais sao
diferentes. Enquanto o TEAC é realizado em pH neutro, o FRAIAduzido em pH acido
(3,6) para manter a solubilidade do ferro. Em pH &cido, dinoiqpgtencial de ionizacdo que
impulsiona a transferéncia de elétrons e aumenta o poteraisl, IaUsando uma mudanca
no mecanismo de reagdo dominante. Assim, embora os dois testam pessiltar em
capacidades antioxidantes comparaveis, os valores obtidos nogaRAferalmente menores
que os valores fornecidos pelo TEAC (PRIOR; WU; SCHAICH, 2005).

Alguns outros métodos quimicos frequentemente empregados avali@érecia dos
antioxidantes em inibir a peroxidagdo lipidica por meio da queatéio dos produtos da
reacdo como dienos conjugados, perdxidos lipidicos ou hidroperéxidos, bemdosmo
produtos resultantes da decomposi¢cdo dos peroxidos lipidicos, como os laeédmsa
determinados pelo teste de TBARShipbarbituric Acid Reactive Substantesu pela
determinagéo do percentual de inibicdo da oxidacéo dos lipidios elmaiptlo antioxidante
a ser testado (OLIVEIRA et al., 2009; PULIDO; BRAVO; 3RA-CALIXTO, 2000).
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Apesar da diversidade de métodos para avaliar a capacdtderidante, ndo existe
um procedimento metodologico universal (OLIVEIRA et al., 2009). dkiantes
individuais podem agir por multiplos mecanismos em um Unico sistenmroum Unico
mecanismo que varia de acordo com o sistema de reacdo. Akonal antioxidantes podem
responder de forma diferente a diferentes fontes de radicaiso @Guitiiplas reacdes e
mecanismos estdo geralmente envolvidos, um Unico ensaio hdazdeapepresentar com
precisdo todos os radicais ou antioxidantes em um sistema mistonplexo (PRIOR; WU;
SCHAICH, 2005). Este fato impfe a necessidade de avaliapacidade antioxidante por
diferentes testes, com fundamentos e mecanismos de acaotdgefdo entanto, deve-se
ressaltar que a comparacéo da capacidade antioxidante ediferestes métodos nao é feita
em valores absolutos, uma vez que cada método tem sua promla decvalores
(OLIVEIRA et al., 2009).

Os testes que avaliam a capacidade antioxidantatro (Folin-Ciocalteau, DPPH,
ABTS etc.) determinam o potencial antioxidante global do ex&atoanalise, indicando
possiveis efeitos benéficos para satde do consumidor, resultamesveiacdo de reacdes
oxidativas no organismo humano, bem como possibilidades de uso como antoratare!
em produtos alimenticios (ADAMEZ et al., 2012). Ja os ensgiesavaliam a capacidade
antioxidante pela inibicdo da oxidacéo/peroxidacéo lipidica no alins@at@plicados mais
especificamente para determinar o efeito do extrato na conse@g@®rodutos alimenticios
(CAMPAGNOL et al., 2011; LARA et al., 2011; LUZIA; JORGH)09).

Uma vez determinadas a presenca de compostos bioativasobemas propriedades
antioxidantes de determinado extrato, alimento ou bebida, com p@tesfeiios benéficos
para a saude do consumidor, este somente se constituira em ueneidoet de compostos
bioativos e antioxidantes se apresentar qualidade sensorial ecéacdo. Inimeras
pesquisas tem evidenciado que o0s aspectos sensoriais de sabay,agrar@ncia e textura
influenciam na aceitacdo de alimentos e bebidas (PIMENMADRONA; PRUDENCIO,
2015; CADENA et al., 2013; DE PAULA et al., 2011; TERHAAG, 201EHRENS; DA
SILVA, 2004). Assim, entende-se que o desenvolvimento de alimertiebigas bioativos
devera contemplar, concomitantemente, a avaliacdo da capaaitamgédante, a analise do

perfil sensorial descritivo e o teste de aceitacdordritds.
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3.7 Sucos e Bebidas Mistas Prontas para Consumo

A demanda crescente de sucos de frutas de alta qualidade $ensatiécional, nas
tltimas décadas, tem levado a industria mundial de alimentosemvidver uma grande
variedade de sucos de frutas e de bebidas mistas com sunasislecbncentrados ou prontos
para o consumo. Os sucos de frutas e as bebidas mistas cordestrebas sao considerados
uma boa fonte de compostos bioativos (vitamina C e fendlicos), pyeseatam atividade
antioxidante e contribuem para a satde dos consumidores. As belsittssanin soja podem
conter, ainda, quantidades consideraveis de isoflavonas. O codsub&bidas mistas com
suco de frutas e extrato de soja cresceu 30% na Europa na @tatadMORALES-DE LA
PENA, 2011).

De acordo com a legislagéo Brasileira (BRASIL, 2013), a behidta é um tipo de
bebida ndo alcodlica que contém dois ou mais ingredientes cataderigue podem ser
uma combinacdo de sucos de frutas, polpa de frutas, vegetaisamws Por sua vez,
concentrado liquido para bebida mista é a preparagdo que contédiantgs caracteristicos
como suco ou polpa de frutas e extratos vegetais, acucar e égule conter, como
ingredientes opcionais, outros derivados naturais de frutas ouwaigegat forma de O6leos
essenciais e extratos, sendo necessario apenas diluir enarégsado consumo. Ainda, o
concentrado deve ser preparado por meio de processo tecnolégicoresserado fisica ou
guimicamente até o momento do uso (BRASIL, 1998).

O consumo de bebidas nédo alcodlicas no Brasil teve um crescide@@% entre
2012 e 2013, com destague para 0s sucos prontos que registraramemntoaienl2,5% no
periodo. Dados da consultoria Nielsen (2014) mostram que foram vendid@dsn86R,6
milhdes de litros de suco s6 no primeiro semestre de 2013. iestao ano, a categoria de
sucos prontos conquistou mais de 1,7 milhdes de novos domicilios consumidores
predominantemente do Sul e Sudeste do pais, em lares com niwetendmico médio. De
acordo com dados da Associacdo Brasileira de Industrias dgdRaftes e de Bebidas néo
Alcodlicas (ABIR, 2014), de 2013 para 2014 houve um aumento de 14% no volisueode
prontos consumidos, totalizando 6,4 L per capita por ano.

O apelo saudavel dos produtos e a busca das pessoas por praticidede for
responsaveis pelo crescimento no consumo de sucos prontos no BragiD@ES PME,
2013). No ano de 2013 foram langcados 343 novos sucos no mercado brasidoayise o
néctar de fruta foi o que teve o maior nimero de langamentodsegoli suco a base de

frutas em segundo lugar e suco integral na terceira colocAc@aixa cartonada foi a
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embalagem mais utilizada para envasar 0os sucos no periodddisapg0%), seguida por
garrafa de plastico e vidro (em torno de 35%), lata (menos de 1066poe (menos de 5%)
(ABRE, 2014).

Segundo reportagem do jornal Esta®E (pequenas e médias empresas) (2013), o
mercado de suco pronto é consolidado nas classes mais altess @ngpuistar este nicho de
mercado, € preciso buscar algo diferente com apelo saudawah &gsim, as classes média e
baixa tém alavancado o crescimento da categoria, pois 0 corggiemantes era esporadico
tornou-se mais frequente. De acordo com o Sebrae (2015), o mercadmdigogpr
alimenticios ligados & salde e bem-estar cresceu 98% no iBrgsriodo de 2009 a 2014,
sendo que 28% dos brasileiros considera muito importante consumir produtos
nutricionalmente ricos e 22% da populacdo opta por comprar produtos nauseis
conservantes, indicando que o consumidor esta mais exigente e atquadidade dos
produtos. Pesquisa da Nielsen (2016) enfatiza que a atual crise ezdnpais ndo afetou
a categoria de bebidas com apelo saudavel, como sucos erohfss, cujo consumo
continua crescendo.

Na categoria de sucos prontos para consumo estdo incluidas des beistas com
Soja, as quais ocupam uma fracdo importante deste mercadebilas com soja constituem
uma alternativa alimentar saudavel, sem lactose e gordatitaadas, e podem ser elaboradas
utilizando-se tanto o extrato de soja como o isolado proteico de Gogxtrato de soja,
popularmente conhecido como “leite de soja”, era consumido iniciednagenas por pessoas
com intolerancia a lactose, vegetarianos ou individuos contiestralimentares. No entanto,
a nova geracdo de bebidas mistas com soja, adicionadasaiede frutas, saborizadas e
aromatizadas, tornou-se atrativa para a populacdo em geralnadado o crescimento do
consumo deste tipo de bebidas na Udltima década, tanto no Buasito no mundo
(BENASSI; BENASSI; MANDARINO, 2012; CALLOU, 2009).

Apesar do bom desempenho comercial das bebidas de soja e dosktmdstituirem
em uma opcao para incluir as isoflavonas na dieta, proporciorassim, beneficios para a
saude (CALLOU, 2009), verifica-se ainda a necessidade do degemwio de produtos que
atendam melhor as expectativas do consumidor (TERHAAG, 2011paApmke ocorrer a
adicdo de aromatizantes, o sabor caracteristico da soja te&mnéente mascarado, sendo
uma das principais causas de rejeicdo das bebidas deetmgaconsumidores (POTTER et
al., 2007).

No mercado brasileiro, existem, atualmente, algumas opgdesbidas mistas prontas

para consumo contendo sucos de frutas (liméo, tangerina, frutaslivaes, péssego etc) e cha
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(branco, verde ou preto) ou sucos de frutas e ervas, como abagakiorteld, bem como
uma grande variedade de bebidas mistas com sucos de frutgs &sentanto, até o
momento, ndo existem bebidas mistas com suco de liméo e loadio)-seja com ou sem
adicdo de soja. Outro aspecto inovador desta pesquisa é a dilieag&rivados de capim-
lim&o na elaboragéo de bebidas mistas, ao invés do chaelstase a adicdo de emulsédo de
0leo essencial de capim-limé&o.
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5. MATERIAL E METODOS

Os materiais e métodos empregados no desenvolvimento destbdrdb pesquisa
estdo descritos no corpo dos quatro artigos cientificos redigidado sgre cada artigo

corresponde a uma etapa da pesquisa.

6. RESULTADOS E DISCUSSAO

Os resultados obtidos no decorrer das quatro etapas da pesquisaldiese sdo

apresentados a seguir, na forma de quatro artigos cientificos.
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ARTIGO CIENTIFICO 1

Development of Concentrates for the Preparation of Lemongrassé_Mixed Beverage:

Physicochemical, Antioxidant and Sensory Properties
Dirlei D. Kieling and Sandra H. Prudencio*

Food Science and Technology Department, State University of Londrovarina, PR,
86057-970, Brazil. *Corresponding author: sandrah@uel.br Tel./fax: +33741B34080

ABSTRACT

This study aimed to develop concentrates with lemongrass tigivalaqueous extract,
lyophilized extract and essential oil) and lime juice for thepgration of lemongrass-lime
mixed beverages. Physicochemical characteristics and alaiactivity of the concentrates,
the sensory profile and acceptance of the mixed beveragedetermined. The concentrates
formulated presented bioactive compounds (phenolics and vitamin C) rdiokidant
properties. Mixed beverages prepared from concentrates contagumgous extract or
lyophilized extract plus essential oil showed higher intensitgmihgrass aroma and flavor
and were more readily accepted. The concentrates lead to leesitigne mixed beverages

sensory pleasant and potentially beneficial to the consuhmeaigh.

Keywords: Cymbopogon citratysbeverages, bioactive compounds, antioxidants, sensory

profile, acceptance.

1. Introduction

Lemongrass @ymbopogon citratuS$tapf) is an aromatic plant popularly known and
used as a medicinal tea, but its greatest economic sigmfiches in the essential oil
production (COSTAet al., 2005; FIGUEIRINHA et al., 2008; SILVA et al., 2010). Many of
the health benefits provided by medicinal plants have beépugti to phenolic compounds.
The main class of phenolic compounds found in plants is the hydnmaic acids. In this
class are the phenolic acids that occur naturally in thegrfinrens or as a family of mono or
diesters with quinic acid, collectively known as chlorogenidsicivhich are associated with
potential benefits, such as antioxidant, hypoglycemic and hepatcipreteproperties
(MARQUES FARAH, 2009).
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Phenolic compounds with antioxidant properties were found in equivatenirds in
the aqueous extract and in the methanol extract of lemongra&yERRINHA et al., 2008;
MARQUES FARAH, 2009). The presence of polyphenols was also identifiéga as well
as in the extracts of dried leaves of lemongrass (SENA., 2010). The essential oil found in
lemongrass leaves consists mainly of citral (65-86%), redpen&or lemon flavor, and
secondary metabolites such as chlorogenic acid, limonene antlahéSILVA et al., 2010).
According to Raut and Karuppayil (2014), citral possesses antimatr@wd cancer
preventing properties. Although lemongrass essential oil is yvidedd by the cosmetics and
fragrance industries (COSTA et al.,, 2005), there is no tideevidence relative to its
application in beverages.

Lime juice is also a source of antioxidants, such as pieeaoids, flavonoids, and
vitamin C (LUZIA; JORGE, 2009). In addition, it confers on the product to whichatitked
a refreshing and pleasing flavor (OLIVEIRA et al., 2007). Thaditi lime Citrus latifolia
Tanaka) is one of the largest citrus fruits of commerrelgvance. Since it has no off-season,
it is available in the market year-round, and is widely usdtie preparation of beverages as
well as in the production of juice concentrates (MENDONGCAI¢t2006).

Although practicality is important to modern consumers, theg aéek products that
are healthful and sensorially pleasant. Aware of this trévedindustry has developed a wide
variety of mixed beverages, associating fruit juicesrwihite, green and black tea, herbs
such as mint, and others. However, the market still does fext mixed beverages with
lemongrass and lime juice. The literature also reportstudies on concentrate or mixed
beverage of lemongrass and lime and there is no information abaliataeteristics of these
products.

In Brazil, liquid concentrate for mixed beverage is a p&pan containing
characteristic ingredients such as juices or fruit pulp wegetable extracts, sucrose and
water, and might contain, as optional ingredients, other natawalmaterial from fruit or
vegetables in the form of essential oils and extracts, iagusimple dilution in water prior to
consumption. In addition, the concentrate should be prepared by mwieantechnological
process and preserved physically or chemically until be (BRASIL, 1998).

The pleasing sensory characteristics of lemongrass suchroasa,aflavor and
freshness, and the beneficial aspects attributed tqieeence of bioactive compounds,
indicate that this raw material may have a potential ferinsbeverages. Additionally, the
combination of lemongrass with lime juice can improve the sgnsbaracteristics and

complement the beneficial aspects of the mixed bevefidges, this study aimed to develop
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lemongrass-lime concentrates for the preparation of mixedtrages, determining the
physicochemical characteristics and antioxidant properties afaiheentrates as well as the

sensory profile and acceptance of the mixed beverages.

2. Material and Methods

2.1 Material

The lemongrassGymbopogon citratu$Stapf) was grown at the State University of
Londrina (Londrina, Paranda, Brazil), with geographic coordinate3{9'42” S and
51°12’15” W, and harvested after 60 days of cultivation. Fresh Tmié fruit, xanthan gum
and sucrose were obtained from reliable commercial sourceeaiénts used in the analysis
were of analytical grade. Gallic acid, Folin-Ciocalteu’s rmiiereagent 2 N, Trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic  acid), ABTS (2,2’-azsi8kethyl
benzothiazoline-6-sulphonic acid) and DPPH (2,2-difenil-1-picrilhidraziéye purchased
from Sigma-Aldrich (St. Louis, MO, USA).

The research was approved by the Ethics Committee for Redeaatving Human
Beings of the State University of Londrina (CEP/UEL N. 235/2013 addhEC N.
24537713.0.0000.5231). All procedures were performed according to the penmigieod
manufacturing practices (BRASIL, 1997) and food safety (CODEXMENTARIUS,

2003), and both the concentrates and the mixed beverages feei@ sansumption.

2.2 Lemongrass Derivatives

First, fresh leaves of lemongrass were washed in running \&atk immersed in
chlorine solution (150 mg:t) for 15 minutes. Next, the leaves were rinsed in purified nvate
drained and left to dry on paper towels for 30 minutes. The edges lefaves (tip and stem)
were removed and discarded and the middle portion was cut intgleces. The fragmented
leaves were processed in blender with purified water at aatigl (m:v), filtered through
tulle, and the residue was manually compressed to remoNguadl. The resulting filtrate was
called “lemongrass aqueous extract” (LAE). Portions of LAE viiphilized (Christ Alpha
2-4 Lyophilizer LD plus, Osterode, Germany) to obtain the “lemosdsaphilized extract”
(LLE), which was ground to powder. LLE in powder form was packddnrinated vacuum

packaging and stored at -18 #Cl °C. “Lemongrass essential oil” (LEO) was extracted from



47

the fragmented leaves by hydro-distillation method for 2 h (ALMAEIlet al., 2013). The
LEO obtained was packed in amber bottle and stored 4C-38 °C.

2.3 Lemongrass Essential Oil Emulsion

The “lemongrass essential oil emulsion” (LEOE) was prepavédd lemongrass
essential oil, xanthan gum and water (1:1:48 g:g:mL) usidra-Turrax] (IKA[, Staufen,
Germany), according to Mirhosseini et al. (2008) recommendatidgtiss@me modifications.
The LEOE obtained was packaged in an amber bottle and stb48C + 1 °C.

2.4 Tahiti Lime Juice

Fresh fruits of Tahiti lime were washed in running waiermersed in chlorine
solution (150 mg.L) for 15 minutes and rinsed in purified water. It was then hesg cut
into halves and the juice extracted using an electrical eatrathe solid particles were then
separated out utilizing tulle. The “Tahiti lime juice” (TLébtained was weighed and
immediately used in the formulation of the concentrates. The miagee yield of juice was
determined according to Equation (1).

Yield (%) = [Weight of the obtained juice (g) / Weightwifiole limes (g)] x 100 (2)

2.5 Formulations of Concentrates

Three formulations of liquid concentrates with lemongrass derasaaind Tabhiti lime
(F1, F2 and F3) and one control without lemongrass derivatives (B prepared, in
appropriate amount to prepare 1000 mL of mixed beverage (Table 1).
Table 1- Formulations of liquid concentrates.
Formulation LAE LLE LEOE TLJ Sucrose

FO - - - 90g 80g
F1 25 mL - - 90g 80g

F2 - 0.26 ¢ - 90 g 809
F3 - 0.26g 1.25g 90g 80¢g

The amount of TLJ was determined on the basis of a preliminary GaEYRAO et
al., 1999), with some modifications, and the amount of LAE added wasl lsgsprevious
sensory tests. Concentrates of LAE and TLJ and different amotisiscmse were then

prepared. Mixed beverages with varying levels of sweetness prepared by simple dilution
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of concentrates in purified water, and subjected to Rank prefetesiceith 60 panelists as
described by Meilgaard, Civille and Carr (1999, p.241). Fromrésalts of the Rank
preference test, the F1 formulation of concentrate was ket.FE and F3 formulations of
concentrate were developed by retaining the F1 base formulattbmadifying only the
lemongrass derivatives. The amounts of LLE and LEOE (F2 anaé&&) determined based
on the LAE (F1).

The liquid concentrates FO, F1, F2 and F3, obtained after manual huzadgs of
the ingredients of each formulation, were placed in heatesqullyethylene bags (15 x 21

cm), frozen and stored at -8 + 1 °C.

2.6 Physicochemical Analyses

The total solid content (TS) of the LAE and the moisture contettieof LE and the
lemongrass leaves were determined according to AOAC (1995) anddhlts expressed as
9.100 mL* and g.100 ¢ (dry weight basis), respectively. The total soluble solid emnt
(TSS) of TLJ and concentrates (FO, F1, F2 and F3) was deterosimegdigital refractometer
(Pocket Pal-1, Atago, Tokyo, Japan) and expressetBas. For the TLJ samples and
concentrates (FO, F1, F2 and F3) it was also determined #miwviC content using the 2,6-
dichlorophenol-indophenol method, expressed as mg of ascorbic acidlg@AnL, and
total titratable acidity (TA), expressed as g citricdab®0 mL*, according to AOAC (1995).
In the same samples the pH was measured using a pH métg2ZH Hanna Instruments
Inc., Woonsocket, RIl, USA) and the ratio was calculated asatloeof TSS (Brix) to TA (%
citric acid).

The color of the LAE, LLE and concentrates (FO, F1, F2 and F8)measured using
a Minolta® CR-300 colorimeter (Konica Minolta Sensing Inc., Gsdlapan) with a standard
illuminant D65 and observer at 2Qoreviously calibrated using a white reference plate. The
color coordinates a* (red-green) and b* (yellow-blue), as wethagparameters intensity of
the color or chroma (C*) and hue QHwere recorded for each sample.

2.7 Determination of Total Phenolic Compounds

The total phenolic content of lemongrass derivatives (LAE, ldriel LEO) and
concentrates (FO, F1, F2 and F3) was determined using the Foliakt€au method, as
described by Costa et al. (2012). The LAE and the concentratesfivg filtered through
filter paper (Whatman N.1). The LLE was mixed with distilleater (1 g.100 mit) and
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shaken at 300 rpm for 20 min in an orbital shaker (MA 140CFT, Mar&awi,Paulo, Brazil).
The mixture was allowed to stand at room temperature for 1 hthandhe aqueous extract
obtained was filtered through filter paper (Whatman N.1). Befomalysis, samples were
appropriately diluted with distilled water or 80% aqueous ethanol JLERE total phenolic
content was determined by comparison to a calibration curve laf geid, and the results

expressed asg of gallic acid equivalents (GAE) per mL.

2.8 Determination of Antioxidant Activity

The antioxidant activity of lemongrass derivatives (LAE, LLEO) and concentrates
(FO, F1, F2, F3) was determined by DPPH and ABTS scavengsay.ahe samples were
prepared as described in total phenolic analysis (item 2.7)_.E@®ewas previously dissolved
in 80% ethanol (0.1 g.mtb).

2.8.1 DPPH assay

The antioxidant activity against the radical DPRH,2-diphenyl-1-picrylhydrazyl)
was determined according to Brand-Williams et al. (1995), wiimes modifications
(CASAGRANDE et al., 2007). A control was prepared containingfédthe reagent solutions,
except the sample. The antioxidant activity was determinedpascantage of inhibition of
the activity (% IA) in relation to control, according to Etjon (4).
% IA = 100 - (Absorbance of the sample / Absorbance of the cortidlp (4)

2.8.2 ABTS assay

The antioxidant activity against the free radical ABTS wiasermined using the
method of Sanches-Gonzales et al. (2005). A control was preparesdncantall of the
reagent solutions, except the sample. The antioxidant actiegydetermined as a percentage

of inhibition of the activity (% IA) in relation to control, @arding to Equation (4).

2.9 Sensory Analysis of Mixed Beverages

Three mixed beverages were prepared from the dilution of coaten{F1, F2 and
F3) in purified water, and subjected to descriptive analgseid acceptance test. The FO
formulation (used as a control for physicochemical analysis) n@asubmitted to sensory

analysis, since it does not contain lemongrass, only linge.jdihe beverages were prepared
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on the day of each sensory test, bottled and sealed, and mairgait@C + 1 °C. The tests
were performed in individual booths under white light. The samples [30nv@re served at
10°C in transparent plastic cups coded with three-digit random nurabdraere presented

in randomized order.

2.9.1 Descriptive Analysis

In order to establish the quantitative description of the mixedrhages, twenty
students from the Department of Food Science and Technology of Staterdity of
Londrina (Londrina, Parand, Brazil) were initially recruitecdéonpose the descriptive panel.
The individuals were subjected to selection sensory tests whidisted of the recognition of
the five basic tastes, the astringent sensation and the oddteeh faromatic substances
(MEILGAARD; CIVILLE; CARR, 1999, p. 133).

Twelve selected assessors conducted the descriptive termim@agppment for the
mixed beverages using the Grid method (MOSKOWITZ, 1983). The thieed beverages
(F1, F2 and F3) were presented in pairs, and the assessonbetbsioe similarities and
differences between the formulations in relation to appearanomaa flavor and texture.
Thus, a consensus list of 11 attributes (descriptors), their tw@igiand qualitative-
guantitative reference samples was generated (Table 1scdhe sheet was prepared using 9
cm non-structured scales, anchored at the extremes by “abaectiofed at 0.0 cm) or
“weak” (anchored at 0.5 cm) to the left and “strong” (anchored.@tcé) to the right
(PIMENTEL; MADRONA; PRUDENCIO, 2015; CADENA et al., 2013)raining to identify
and quantify the attributes was carried out in eight 1-houiosesssing reference samples
(minimum and maximum intensity) for each attribute (Table 2).

After training, the performance of each assessor wasiaeal Three samples of
mixed beverages prepared for this purpose were presented gséss@s in randomized and
monadic form and were evaluated with three replications in diffesessions. The intensity
of each attribute was assessed using the score sheet prepangdtitrirtraining sessions.
Data from each assessor for each attribute were analyzeANBDWA and F test. The
assessors who showed discriminative ability (p-value @fpk < 0.50), judgements
repeatability (p-value of (Eeition > 0.05) and consensus with the panel (assessed by
comparing the individual average with the panel average fdn atiribute) were selected
(PIMENTEL; MADRONA; PRUDENCIO, 2015; CADENA et al., 2013; AMASIO;
COSTELL, 1991). The twelve selected and trained assessolisipgadetd in the final
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evaluation of the three mixed beverages (F1, F2 and F3).eMegdges were presented to the

assessors in randomized and monadic form with three replicatiatiffarent sessions, and

the intensity of each attribute was evaluated in each fationl employing the score sheet

previously prepared.

Table 2 - Attributes, definitions and references list developed byeghea@y panel to describe

the mixed beverages.

Attribute Definition Reference
Appearance
Turbidity Characteristic that prevents the Weak: Tabhiti lime juice and water (1:20).
passage of light, causing lack of Strong: Tahiti lime juice.
transparency.
Yellow color  Characteristic color of pineapple Weak: Concentrate pineapple juice Maguagnd water (1:10).
juice. Strong: Concentrate pineapple juice Maguagnd water (1:1).
Green color Characteristic color of pineapple juice/eak: Concentrate pineapple juice Maghand water (1:20),
with mint. mixed with fresh mint leaves (0.25 gL

Dark particle  Presence of insoluble dark partic

Aroma

Strong: Concentrate pineapple juice Maguaand water (1:10),
mixed with fresh mint leaves (1 g'L.

Absent: Tahiti lime juice and wat(1:10) with sucrose (80 g?).
Strong: Tahiti lime juice and water (1:10) with mse (80 g.%)

and coffee ltamaralfy roasted and ground (particle size 60 mesh)
(0.6 ..

Lemon Characteristic aroma of fresh lemon Weak: Tahiti lime juice and water (1:20).

juice.

Strong: Tahiti lime juice.

Lemongrass Characteristic aroma of Lemongrass.  rAbBerified Water.

Flavor

Lemon Characteristic flavor of fresh lemon
juice (lemonade

Lemongras Characteristic flavor of Lemongra

Acid taste Taste provided by the citric acid in
aqueous solution.
Sweet taste Characteristic taste of sucrose in

aqueous solution.

Texture

Viscosity Fluidness level of the sample in the
mouth and when is swallowed.

Strong: Lemongrass leaves sliced and macerated.

Weak: Tahiti lime juice and water (1:25) with stsed40 g.L).
Strong: Tahiti lime juice and water (1:10) with sage (80 g.™).
Weak: LAE and water (1:100) with sucrose (407).

Strong: LAE and water (1:20) with sucrose (40%.L

Weak: Citric acid in aqueous solution (0.49.L

Strong: Citric acid in aqueous solution (6.59.L

Weak: Mixed beverage prepared with LAE (25 mt),LTahiti
lime juice (90 g.%) and sucrose (40g.

Strong: Mixed beverage prepared with LAE (25 mt),LTahiti
lime juice (90 g.*) and sucrose (120 g*).

Weak: Purified Water.
Strong: Peach juice Tahg prepared according to the
manufacturer recommendation.

LAE = Lemongrass aqueous extract

2.9.2 Acceptance Test

The acceptance test of attributes was carried out with 100aregusumers of fruit

juices (56 women and 44 men), 67% being young people between 18 and 25 pe@rsuod

33% adults between 26 and 50. The three mixed beverages wenetqesienultaneously

and evaluated for its appearance, aroma, flavor, texture andl glob@ptance, using a
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hedonic 9 points structured scale (1 = Dislike extremely; 9 = &xteemely) (MEILGAARD;
CIVILLE; CARR, 1999, p.241). The purchase intent was evaluatedguai 5 points
structured scale (1 = certainly would not buy; 5 = certaidyld buy).

2.10 Experimental Design and Statistical Analysis

The physicochemical experiments were carried out using a maneld design with
two replications, and each analysis was performed in tripliftat each repetition. The data
obtained in the physicochemical analyses were analyzed by gnAN@VA (products) and
Tukey's means test. Results are reported as matandard deviation. Sensory experiments
were performed using a randomized complete block design. The descapialysis was
carried out in triplicate and the data obtained were submitie@rincipal Component
Analysis (PCA), two-way ANOVA (formulations and assessorsith winteraction
(formulations x assessors) and Tukey's means test. The dataedbitaithe acceptance test
were submitted to two-way ANOVA (formulations and assessard) Taikey's means test.
The level of significance used was 5%. Statistical amalygss performed using SAS
(Statistical Analysis System) software (SAS INSTITRJT2012) and Statistica 7 software
(STATSOFT, 2006).

3. Results and Discussion

3.1 Yield and Physicochemical Properties

From each 100 g of fresh leaves of lemongrass with moisturentasft 73.03t 0.19
g.100 ¢' it was prepared 400 mL of LAE (1.600.01 g TS.100 mt) and it was obtained 4 g
of LLE with moisture content of 5.580.12 g.100 @, resulting in a yield of 14 g LLE.100'g
leaves (dry weight basis). The yield of essential oil inbtafrom fresh leaves (1.48 g.100g
leaves on a dry weight basis) was similar to that obtaine@dsya et al. (2005) for dried
leaves of lemongrass (1.45 g.100gaves on a dry weight basis). The drying process may
affect the chemical composition of plants, especially tloenatic ones, due to the loss of
volatile substances (COSTA et al., 2005). For this reasorextinaction of essential oils was
performed using fresh leaves.

The Tahiti lime juice had a yield of 50%. The same value repsrted by Mendonca
et al. (2006) and a similar value (47%) was obtained by Pedrdo(#929). The parameters
TSS, pH, TA and vitamin C analyzed in the Tabhiti lime juidakle 3) had very similar
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means values to those determined by Pedréo et al. (1999). liomddinsidering that the
ratio CBrix/TA) was almost the same (1.6), it can be statedth®fTahiti lime used in both
studies was at the same stage of maturation. The Vitantion@nt detected in Tahiti lime
juice is consistent with expected values which are from ®®@ mg AA.100 mr
(MENDONCA et al., 2006).

With regard to the concentrates, no differences were fourd(@5) between the FO,
F1, F2 and F3 formulations in relation to the SST, TA and Vitamaoi@ent as well as for
the ratio {Brix/TA) (Table 3). All concentrates were acidic, although Eie formulation
showed pH slightly higher than the others, indicating a smatralezation effect due to the
addition of LAE (25 mL) in this concentrate. The higher valuehefratio in the concentrates
compared to the Tahiti lime juice is due to the increase B ({&ix), caused by the addition

of sucrose, and lower TA of the concentrates.

3.1.1Color

The LLE powder showed higher values for the green (-a*) andwe(i+b*)
components and higher chroma (C *) than the LAE (Table 4). The ehdatermines the
intensity of the color and can assume values from O (for neati@is such as gray) to 60 (for
vivid colors) (JACOMINO; MENDONCA; KLUGE, 2003). Thereforeigher chroma values
mean higher color intensity. Both extracts had hue valués Hetween yellow (9) and
green (186) (LAWLESS; HEYMANN, 2010, p. 296).

The yellow component (+b*) excelled in the concentrates (Tglleast showed values
near to zero for the green component (-a*). The concentratedemitongrass had a higher
intensity of the color (C*) than the control without lemongrass. calhcentrates had hue

values (H) close to yellow (99.
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Parameter TLJ FO F1 F2 F3

TSS Brix) 9.00:0.075 49.480.1CG% 49.620.06" 50.330.38 50.4%2.41F
pH 2.34r0.005 2.280.02 2.330.0F 2.2%0.0P 2.30:0.0P
TA (g.100mL?) 5.73:0.071 3.220.04 3.30.05° 3.540.1F 3.330.23
Vitamin C (mg.100m) 32.72¢0.26 19.8%0.85 20.03:0.95" 20.99:0.55' 20.90:1.1C°
Ratio (Brix/TA) 1.56+0.030 15.130.17 15.05:0.31° 14.26:0.87 15.181.0G

Data expressed as mean * standard deviation. Bxifféowercase superscript letters in a same lidieate statistical difference @0.05) by Tukey's means
test. TLJ = Tahiti lime juice; FO = TLJ + Sucro$€, = LAE + TLJ + Sucrose; F2 = LLE + TLJ + Sucrob8; = LLE + LEOE + TLJ + Sucrose. LAE =

Lemongrass aqueous extract; LLE = Lemongrass ljiapHiextract; LEOE = Lemongrass essential oil esionol

Table 4: Color parameters of lemongrass derivatives apddiconcentrates.

Sampli a* b* c* H°
LAE -1.95+0.07 7.50:0.05 7.750.07 104.54:0.4F
LLE -5.38:0.17 21.790.84 22.44r0.86 103.820.17°
FO -0.84+0.07* 15.180.09 15.2:0.10 93.1%0.0TF
F1 -0.92+0.05 21.36:1.6F 21.381.6F 87.550.11
F2 -0.42+0.03 19.850.87 19.85-0.87 88.79:0.14
F3 -0.780.01 21.030.35 21.04:0.35 87.88:0.0F

Data expressed as mean + standard deviation. Bifféowercase superscript letters in the same colndicate
statistical difference §0.05) by Tukey's means test. LAE = Lemongrass asgiegtract; LLE = Lemongrass
lyophilized extract; LEOE = Lemongrass essentibkoiulsion; TLJ = Tahiti lime juice; FO = TLJ + Sose;
F1 = LAE + TLJ + Sucrose; F2 = LLE + TLJ + Sucrog8;= LLE + LEOE + TLJ + Sucrose. a*: red-green; b*
yellow-blue; C*: chroma; A hue.
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3.2 Phenolics

The lemongrass derivatives showed differences (p05) in total phenolic content
(Table 5). The LAE exhibited total phenolic approximately 20% highem tLLE,
demonstrating that may have been losses of chemical compounds oicatiods$ to the
extract during the freeze-drying process. On the other hand, thenh&@he highest content
of total phenolic ig GAE.mL?), indicating that bioactive compounds, as the aroma
components, are more concentrated in the essential oil thanawrtthets. However, the total
phenolic levels of LAE, LLE and LEO (Table 5ig GAE.mL") correspond to 107.73
mg.100 @ leaves (dry weight basis), 82.13 mg.10blgaves (dry weight basis) and 3.46
mg.100 ¢ leaves (dry weight basis), respectively. In this cése)ower total phenolic value
of the LEO (mg.100 § leaves on dry weight basis) is due to the low yield of essaitia
obtained in the hydro-distillation process.

Table 5 - Total phenolic content and antioxidant activity of lemongrass das@gand liquid

concentrates.
Total phenolic DPPH ABTS
Sample GKE.mL‘l) (% IA) (% 1A)
Lemongrass
LAE 72.72¢1.0% 42.3%1.958  23.42:0.6F
LLE 58.210.64 36.36:0.40  20.74:0.39
LEO 230.912.83 65.37%#1.18  16.8t0.34
Concentrate
FO 61.91+0.50 72.05+0.48  23.21+0.483
F1 77.18+0.67 74.09+0.41  29.60+2.38
F2 78.95+0.8¢F 73.62+0.47  31.06+1.4¢
F3 76.58+2.20 74.32+0.41  30.25+2.52

Data expressed as mean * standard deviation. Bxffdowercase superscript letters in the same aolingicate statistical
difference (g0.05) by Tukey's means test. LAE = Lemongrass asgiertract; LLE = Lemongrass lyophilized extradEQ
= Lemongrass essential oil; LEOE = Lemongrass és$ail emulsion; TLJ = Tahiti lime juice; FO = Tk Sucrose; F1 =
LAE + TLJ + Sucrose; F2 = LLE + TLJ + Sucrose; FBIE + LEOE + TLJ + Sucrose.

Marques and Farah (2009) evaluated the chlorogenic acids contér methanol
extract (40% aqueous methanol) and in the infusion of dried leaves ohdeass. The
chlorogenic acids content in the methanol extract was 84.6 mgi0&ages (dry weight
basis) and the differences found between the methanolic extrdabfusion were very small,
indicating that there was a suitable extraction of thesepoands in an aqueous medium.
According to Figueirinha et al. (2008) the clorogenic acids aren#jer phenolic compounds

present in lemongrass aqueous extract (infusion oil-free), falldyelavonoids and tannins.
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In addition, these compounds have antioxidant properties and their tsomm vary
according to genetics, climate, soil conditions and cultivation.

The concentrates containing lemongrass derivatives (F1, F23wvaeFe not different
(p < 0.05) relative to total phenolic content (Table 5), but showed highal phenolic

content than the control (FO) without lemongrass.

3.3 Antioxidant Activity

The antioxidant activity (% 1A) values of lemongrass denxegtiand concentrates are
exhibited in Table 5. The antioxidant activity against DPPH feaeficals for LAE (Table 5)
was lower than that determined by Figueirinha et al. (2008) (62a8%py Moraes-de-Souza
et al. (2008) £ 70%) for lemongrass infusion. Figueirinha et al. (2008) pointed outhbat
infusion contains essential oil which is extracted by boiling wedieled to the dried leaves of
lemongrass. For this reason a higher % IA was detected inftls#ons (hot-water extraction)
compared to the LAE (cold extraction).

The antioxidant activity against DPPH free radicals wahdt than against ABTS
free radicals for all samples. Moreover, samples with higbtal phenolic content also
showed higher % IA in relation to both, DPPH and ABTS free ragjieaicept for the LEO
that despite the higher total phenolic content, it had thesio®elA of ABTS free radicals.
Probably this is due to polarity issues since in the ABTS asagolvent used is water
whereas in the DPPH assay the solvent is ethanol.

The differences found in antioxidant activity between the twe fedlical methods
DPPH and ABTS are also due to the differences in the principlleeoinactivation of free
radical of each method. In the DPPH method the antioxidant ags\étyaluated according to
the ability of the antioxidant compounds to donate hydrogen ions tordckeal DPPH,
turning it into a relatively stable compound (BRAND-WILLIAMS &, 1995). The ABTS
method is based on the antioxidant ability to reduce the fréeataABTS, which is
thermodynamically possible when the antioxidant compound has lower redoxigddteart
ABTS™ (SANCHES-GONZALES et al., 2005).

The concentrates showed antioxidant activity greater thanxtheces although these
samples were similar with regard to their total phenolic edntaccording to Allen and
Hamilton (1994), ascorbic acid and citric acid can exert a swtiergeffect on other

antioxidants, resulting in a more pronounced effect. Thereforeasberbic acid and citric
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acid present in the concentrates (Table 3) might have exesytkbggistic effect on phenolic
compounds, increasing the antioxidant activity.

The concentrates with lemongrass derivatives and Tabhiti jlince exhibited high
antioxidant activity, considering the fact that the % IA valgainst DPPH free radicals were
above 70% (MELO; ANDRADE, 2010). Therefore, the consumption ofrtixed beverages
prepared from these concentrates, even with the waterodilutiould provide beneficial
health effects, contributing to the inactivation of free rddigaotentially harmful to the
organism. However, in order to be readily accepted by the constirase beverages must be

perceived by them as having pleasant sensory characteristics.

3.4 Sensory Analysis of Mixed Beverages Prepared Froi@dheentrates

3.4.1 Descriptive Analysis

The graphical representation of the principal component analP<\)( of the
quantitative sensory profile is shown in Figure 1. The first twocgral components in the
PCA (PC1 and PC2) were considered by presenting eigenvaldeaccording to Kaiser
Criterion and by explaining the majority (73.62%) of the total ‘@itg among mixed
beverages (LAWLESS; HEYMANN, 2010, p.245).

For each principal component, the attributes that showed aatametoefficient with
the component equal or greater than 0.6 (in absolute value) weralaredsimportant
(MARCHI et al., 2012). Then, in PC1 the attributes with disarani power were lemon
flavor, lemon aroma, viscosity and acid taste (positive &dioa) and in PC2, yellow color
and turbidity (positive correlation) and dark particles (negatimeelation). The attributes
lemongrass aroma and lemongrass flavor were important for bdtl{rfeGative correlation)
and PC2 (positive correlation). The sweet taste and the gremmsbolwed no importance for
PC1 and PC2 (r < 0.6) (Figure l1a).

The PCA indicated the attributes that most characterige Bamulation of mixed
beverage (Figure 1). A difference between the mixed bevemgede observed from the
different location (Figure 1b) of each formulation, represented triangle with each vertex
corresponding to the average value assigned by the sensory paaehimneplicate of the
analysis. The PC1 separated the mixed beverages formulatitntemongrass extract (F1
and F2) from the formulation with lemongrass essential oil (H3)ewPC2 separated the
formulation with aqueous extract (F1) from the one with lyophdizxtract (F2).
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Figure 1 - Projections of descriptive sensory attributesaa mixed beverages formulations
(b) in the factorial plan (PC1 vs. PCEprmulations and replicates: F1 (11, 12, 13); ZP, @2,
23); F3 (31, 32, 33). F1 = LAE, TLJ and SucrosesHAE, TLJ and Sucrose; F3 = LLE, LEOE, TLJ
and Sucrose. LAE = Lemongrass aqueous extract; £llEeEmongrass lyophilized extract; LEOE =
Lemongrass essential oil emulsion; TLJ = Tahitdijuice.
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According to the PCA, the F1 formulation was characterized snainthe attributes
yellow color and turbidity; F2, mainly by the attributes lemon ar@ama lemon flavor; F3,
mainly by the attributes lemongrass aroma and lemongrass fldwattribute dark particles
is characteristic in both formulations, F2 and F3 (Figwrend 1b).

A comparison of the formulations of mixed beverage by Tukey ({g< 0.05) in
relation to the intensity of each descriptive sensory attrittugdhown in Table 6. The three
formulations showed similarities in the intensity of the greeorcé#gmon aroma, acid taste,
sweet taste and viscosity. The mixed beverage preparedctooentrate F1 showed a more
intense turbidity and yellow color than the ones prepared from conesnaand F3. On the
other hand, concentrates F2 and F3 exhibited the presence of daclepan the same
intensity due to the addition of LLE. Furthermore, concentialeand F3 exhibited a more
intense lemongrass aroma and lemongrass flavor, while concdfrat®wed a more intense

lemon flavor than F3.

Table 6 —Means values of the sensory attributes (descriptive and acceptand purchase

intent of mixed beverage prepared from liquid concentrates.

. Formulation

Attributes

F1 F2 F3
Descriptivé
Turbidity 428 229 244
Yellow color 488 18 192
Green color 1.7 162 150
Dark particles 0.02 3.3% 3.5@¢
Lemon aroma 399 4.00 297
Lemongrass aroma 328 1.44  4.3¢
Lemon flavor 438 467 359
Lemongrass flavor 3.2¢ 152 4.0F
Acid taste 390 412 3.7°
Sweet taste 2711 226 274
Viscosity 0.8t 078 072
Acceptanc®
Appearance 7% 1.2 7.2
Aroma 7.8 6.3 7.9
Flavor 7.4 6.6° 7.5
Texture 7.8 7.3 7.7
Global 76 68 76

Purchase Inteftt 4.0° 3.? 4.2

Means with different lowercase superscript letterhe same line indicate statistical differences(@.05) by Tukey's means
test.” 12 selected and trained assessors, 9 cm non-sedctnale® 100 regular juice consumers, hedonic 9-point sgkle
Dislike extremely; 9-Like extremelyf: 100 regular juice consumers, 5-point scale (1-adgst would not buy; 5-certainly
would buy); F1=LAE + TLJ + Sucrose; F2=LLE + TLJStucrose; F3=LLE + LEOE + TLJ + Sucrose. LAE: Lemas3
aqueous extract; LLE: Lemongrass lyophilized extraEOE: Lemongrass essential oil emulsion; TLJifidime juice.
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The difference found to the formulation F1 in relation to F2 and F3eomtansity of
the descriptive attribute yellow color was not detected by theumental measure, since
there was no difference between formulations with respechdointensity (C*) and the
yellow (b*) color parameters. However, the similarity on th&ensity of the descriptive
attributes acid taste and sweet taste corroborate with thécptiysmical parameters TA
(total acidity) and TSS°Brix), respectively, which also did not differ between the ehre
formulations (F1, F2 and F3).

3.4.2 Acceptance

The three mixed beverages prepared from concentrates (F1, F2 3JndHaé
acceptances greater than 6.3 on a hedonic 9-point scale, ftrilalitas (Table 6), indicating
approval by the potential consumer. The F1 and F3 formulations of mixedage had the
same acceptance relative to the attributes of aroma, ffanbtexture; while in relation to its
appearance, the F1 mixed beverage was more highly acc&épted:2 formulation was less
appreciated than F1 and F3, but relative to its appearance leggataanme similar to F3. The
F1 formulation was more accepted for its appearance (Table 6)bprah#e to its greater
turbidity, more intense yellow color and less intense preseindark particles than the F2
and F3 formulations (Table 6). The F1 and F3 formulations were theapym®ciated relative
to the aroma and flavor probably due to their more intense lemoragmasa and lemongrass
flavor than F2.

The mixed beverages prepared from concentrates F1 (with &AEF3 (with LLE +
LEOE) formulations had the highest global acceptance, indicalwag F1 and F3
formulations were the most appreciated. The results found iacteptance test corroborate
the purchase intention results (Table 6), since potential conswueld probably buy the F1
and F3 mixed beverages while showed indifference with respebetF2 mixed beverage,
according to the 5-point scale.

The F2 formulation containing only LLE would not be the best option for the
consumer market. However, the addition of LEO to this formulatioelding the F3
formulation, increased the intensity of both lemongrass aroma flandr, improved
acceptance in relation to all attributes (except for appeajaand led to a global acceptance
and purchase intention similar to the F1 formulation, with LAEeré&fore, considering the
sensory aspect, it would be advisable to use LLE together withihEhe formulation of a
concentrate with lemongrass and Tabhiti lime juice for the préparaf mixed beverage well
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accepted. Moreover, regarding the functionality of bioactivepmunds, since formulations
of liquid concentrates with lemongrass derivatives showedahee antioxidant activity, the
F3 formulation (with LLE and LEOE) could provide the same berafi@alth effects as the
F1 formulation (with LAE). Regarding the technological aspetis,F3 formulation would
facilitate industrial processing, since lemongrass derivatigee readily available for

utilization.

4. Conclusion

This study is the first to describe the use of lemonglassatives such as agueous
extract, lyophilized extract and essential oil, in concesgrdor the preparation of mixed
beverages. The liquid concentrates elaborated have favorableqaiyenical characteristics
such as acidity and color, and contain bioactive compounds (vitaraild(henolics) that
confer to the product important antioxidant properties. In the forroulati the concentrate
should be used, preferably, the aqueous extract of lemongrdss Igophilized extract with
the addition of essential oil, since these concentrates leatdxtr beverages with greater
intensities of lemongrass aroma and flavor, which are most amigec This study
demonstrates that it is possible to elaborate concentratekemitimgrass derivatives and lime
juice for the preparation of mixed beverages which are both sensagapt and potentially

beneficial to the consumer’s health.
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ABSTRACT

This study determined the conditions of pressure and time for Hydlostatic pressure
(HHP) treatment of lemongrass-lime mixed beverage. Thé Hreated beverage had its
physicochemical and microbiological characteristics, bioactivepoomds and antioxidant
capacity evaluated, in the day of processing (time zero) amigdeight weeks of storage at
4°C, and compared to untreated (control) and thermally pasteurizedapese The best
conditions for HHP treatment were 250 MPa for 1 min at@%hat ensured microbiological
safety, on inactivation tests withisteria innocuaas the target microorganism, without
significant losses of vitamin C and phenolic compounds. HHP treaigdd beverage
retained the original content of bioactive compounds and presphystcochemical quality
characteristics closer to the untreated, in the day of piogess comparison with thermally
pasteurized. In addition, the HHP processing provided microbiologiedity and improved
the shelf-life of the untreated beverage, evidencing thainisists in a reliable alternative to

thermal treatment of lemongrass-lime mixed beverage.

Keywords: Nonthermal processing;Cymbopogon citratys Vitamin C; Phenolics;
Antioxidants; Shelf-life.

1. Introduction

Lemongrass@ymbopogon citratuStapf) is an aromatic plant of the Poaceae family

orinally from India and typically founded in tropical countries (MACBIA et al., 2015). Its
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leaves are widely used to prepare medicinal tea and alscwdimary ingredient because of
their citrus flavor, especially in Asian cuisine. From lemasgrleaves can be obtained
extracts rich in phenolic compounds with antioxidant properties as agsekssential olil
containing citral as the major component (65-86%), chlorogenic Amidnene, luteolin,
menthol and others as minor components (SILVA et al., 2010; FIGIMER et al., 2008;
MARQUES; FARAH, 2009). Some of the medicinal properties attribteelemongrass are
analgesic, antipyretic, sedative, antimicrobial and anticafiR&UT; KARUPPAYIL, 2014;
MACHADO et al., 2015).

Lime is one of the largest citrus fruits of commerciaévahce in Brazil and it is
produced during the entire year, since there is no off-seasonddruibi In addition, it is also
a source of antioxidants such as phenolic acids, flavonoids andni@UZIA; JORGE,
2009). Due to their refreshing and pleasing flavor (OLIVEIRAIgt2007), limes are widely
used in culinary, in the production of beverages and juice concentMEDONCA et al.,
2006).

Mixed beverage is a kind of nonalcoholic beverage containing at leas
characteristic ingredients which may be a combination of frigiéjdruit pulp, vegetables and
extracts (BRASIL, 2013). Lemongrass-lime mixed beverage wrae-made cold drink
widely appreciated in South Brazil, but still not availableaagady-to-drink product in the
market. Kieling and Prudencio (Unpublished data; manuscript in qartepa have formulated
concentrates with lemongrass derivatives and Tabhiti limze jto prepare lemongrass-lime
mixed beverages. Concentrates showed high antioxidant capacity aedpreserved by
freezing. The lemongrass-lime mixed beverages prepared Ipjestiution of concentrates
in water presented physicochemical and sensory charactefeticsable and were well
accepted by juice consumers.

Nowadays, consumers are looking for high quality and healthy food prodiets.
attend to this market demand, food industry needs processes thaiblardéo ensure
microbiological safety and stability during shelf-life, presegvnutritional and beneficial
aspects (MARTINEZ-FLORES et al., 2015). It is known that tterprocessing of food
results in a decrease of vitamins (SANCHO et al., 1999)itional content (MARTINEZ-
FLORES et al., 2015) and antioxidants (MEDINA-MEZA et al., 2BBATRAS et al., 2009),
besides undesirable changes in flavor, taste and color (BERMAGUIRRE; BARBOSA-
CANOVAS, 2012). While in nonthermal treatments such as high hyliogtressure (HHP)
nutritional losses and sensory changes are minimal (MEDINA-MEZAI., 2015; PATRAS
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et al., 2009; SANCHO et al., 1999). HHP treatment also albbWstter retention of bioactive
compounds (PATRAS et al., 2009) and antioxidant activity (MEDMBZA et al., 2015).

According to Patras et al. (2009), small molecules such agileotampounds,
pigments and vitamins are not considerably affected by HHP.h®rother hand, high-
molecular-weight molecules, more specifically proteins andateidrates, can suffer
structural changes such as protein denaturation, protein oh ggaliing and changes in
muscle protein structures of meat, modifying their functional pt@seand food texture
(PATRAS et al.,, 2009; GUERRERO-BELTRAN; BARBOSA-CANOVASWANSON,
2005; CABRAL NETO; ROSENTHAL; GASPAR, 2011).

HHP can be applied to inactivate microorganisms and enzymesder to ensure
microbial safety and extend shelf-life of food products (GUERREBEDTRAN;
BARBOSA-CANOVAS; SWANSON, 2004). The process consists in apglication of
hydrostatic pressure ranging from 100 to 800 MPa into liquid or solid femtaged or not,
leading to microorganisms inactivation by protein denaturatiohjrgaty or cell disruption
(BUTZ; TAUSCHER, 2002; GUERRERO-BELTRAN; BARBOSA-CANO\&\
SWANSON, 2005).

Juices are required to achieve the pasteurization standarb@fpathogen reduction
after processing for public health reasons (FDA, 2015). The wadicih of a number of
pathogenic microorganisms suchkcherichia coli, SalmonellandListeria monocytogenes
by nonthermal treatments of fruit juices, nectar, purées and kitiee of food products have
been reported (BERMUDEZ-AGUIRRE; BARBOSA-CANOVAS, 2012; PMR et al.
2009; MARTINEZ-FLORES et al. 2015).

Listeria monocytogene®one of the pathogenic target microorganisms used in food
processing, has the ability of growing under conditions that étleeiborne bacteria cannot
survive and can also be more heat resistaisteria innocua the nonpathogenic form of
Listeria, possess the same characteristicd.omonocytogenesnce they are very similar
phenotypically, which enable both of them to grow in the same envirdameonditions.
Since L. innocuais closely related td.. monocytogenesind due to its nonpathogenic
characteristic, it is been considered as an alternttirget microorganism to the pathogenic
ones (SILVA-ANGULO et al. 2015; CALDERON-MIRANDA; BARBOSEANOVAS;
SWANSON, 1999; FAIRCHILD; FOEGEDING, 1993).

No information is available related to thermal or nonthermal gasing of
lemongrass-lime mixed beverage. Also the effects of high ymeesseatment on bioactive

compounds and physicochemical and microbiological characteristiesl@ongrass and
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lime based product is unknown. For this reason, the purpose of thisveigdp determine
the high hydrostatic pressure processing conditions for nontherratthénet of lemongrass-
lime mixed beverage, evaluating its effects on physicochéndaoa microbiological
parameters, bioactive compounds and antioxidant capacity, in thefdaypcessing (time
zero) and weekly during storage &C4 compared to untreated (control) and to traditional

thermal pasteurization.

2. Material and Methods

2.1 Chemicals and culture media

L-ascorbic acid, Folin-Ciocalteu’s phenol reagent 2 N, Sodiulmocate, Gallic acid,
2,2-Diphenyl-1-picrylhydrazyl (DPPH) and 6-Hydroxy-2, 5, 7, 8-tetrduylechromane-2-
carboxylic acid (Trolox) were purchased from Sigma-Aldrich if&ig¢Aldrich Co., St. Louis,
MO, USA). Tryptic Soy Agar (TSA), Tryptic Soy Broth (TSBYeast Extract (YE), Plate
Count Agar, Potato Dextrose Agar and Violet Red Bile Agar vwadr@ined from Difco
(Difco, Becton, Dickinson & Company, Sparks, MD, USA).

2.2 Mixed beverage preparation

Lemongrass-lime mixed beverage was prepared in the day of gireg@es follows:
lemongrass lyophilized extract (0.26 g)L. lemongrass essential oil emulsion (1.875%.L
lime juice (90 g.[), sucrose (80 g:t), ascorbic acid (196 mgi) and ultrapure water were
mixed together using a blender. Samples of mixed beverage wabgected to
physicochemical and microbiological analysis immediately giteparation.

The lemongrass essential oil emulsion used in the mixed bevpregeration was
made out with lemongrass essential oil, xanthan gum and watet§ :mL) using a high
speed stirrer (IKA overhead stirrer RW 20, Staufen, Gegj The aqueous phase xanthan-
water was prepared first, according to Mirhosseini et al. (2@@®mmendation, adapted by
Kieling and Prudencio (Unpublished data; Artigo 1). Lemongrass eaiseiitivas gradually
added to this mixture and mixed during 5 minutes to obtain a homogenadustable
dispersion. The lime juice was obtained in the following vigsh Tahiti limes were washed
and sanitized with chlorine solution (150 mg)LAfter this, fruits were cut into halves and
the juice extracted using a manual extractor. The solid pantidesthen separated out using

cheese cloth.
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2.3 Inoculum preparation

Listeria innocua(ATCC 51742) pure lyophilized strains were obtdifiom a culture
collection (Manassas, VA, USA). Stock vials of iglitculture were prepared as described by
Saucedo-Reyes (2009) and stored at “@Quntil they were used to determine the growth
curve and to obtain subculturelafinnocuafor inactivation experiments, as follows.

Growth curve One stock vial of.. innocuawas inoculated into 100 mL of tryptic soy
broth enriched with 0.6% of yeast extract (TSBYEhis mixture was shaken constantly at
225 rpm and kept at . Samples were taken each 30 min and the abs@tzre00 nm
was determined and used to design the growth duwaptical density (FRANCOIS, 2005).
The early stationary growth phase was reached®tt{Figure 1).

Subculture Initial culture ofL. innocua(one stock vial) was grown in 100 mL of
TSBYE under constant agitation (225 rpm) at®’@7for 5 h (exponential phase, Figure 1) to
obtain a cell concentration of 3.5%1€blony forming units per mL (cfu.mb). Then glycerol

20% (100 mL) was added and the suspension wasmdiegdnto falcon tubes (10 mL) and

stored at -4C.
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Figure 1 - Growth curve otListeria innocuain TSBYE at 37°C (experimental data).

For the HHP or thermal inactivation experimenis) subculture tubes (20 mL) were
initially added to 50 mL of TSBYE and let rest 20 min at 25°C to reactivate.. innocua
cells. Then, this suspension was inoculated in® 8% of lemongrass-lime mixed beverage

prior to HHP or thermal treatment to obtain aniahitell concentration of approximately 6

log cfu.mL™.
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2.4 High hydrostatic pressure processing

Samples of mixed beverage (50 mL) were dispensed into polyproplfenm x 24
cm packages (Ultravac Solutions, Kansas City, MO, USA) aaxlium sealed for HHP
processing. Three packages of sample were placed inside itidrical chamber (10 cm of
internal diameter and 25 cm of internal height) of a high hyalicgpressure unit (Engineered
Pressure Systems Inc., Haverhill, MA, USA) for each eyal processing. The unit was
operated with a high pressure pump (Hochdruck Systeme GmbH, Pd@tskhstria) and the
pressurization fluid was a solution of 10% Hydrolubric 123B soluble otufton
International Inc., Valley Forge, PA, USA) and 90% watesm€ up time was 0.5 min and
depressurization time was 0.2 min. Samples were processedsirpreanging between 200
and 400 MPa, holding time of 1 and 2 min and fixed temperature SC2Right after
treatment, samples were cooled down in a water-ice bath.

First, the effects of pressure and time on vitamin C, fateholic and inactivation of
L. innocuawere studied. Then, the best condition of pressure and timeHBrgfocess, at a
fixed temperature, was determined based on two principles: eénsotivation ofL. innocua
used as a target microorganism, and have no significant losskeimauttive compounds
(vitamin C and total phenolic). After, the best condition deiteech for HHP process was
applied for shelf-life study.

2.5 Thermal pasteurization

Thermal pasteurization conditions were established based on FIDA4)(
recommendation and in preliminary tests usinginnocua (ATCC 51742) as a target
microorganism. A complete inactivation bf innocuainitially inoculated (6 log cfu.mt)
was verified when samples of mixed beverage were treatetl B°C for 3 sec. For thermal
pasteurization, samples of lemongrass-lime mixed bevégafemL) were put into a double
walled glass cylinder, with heat water circulation, andmaaned under continued agitation
with a magnetic stirrer. The temperature was kept constadtl(°C) using a re-circulating
water bath (VWR Scientific, Model 1166, Niles, IL, USA) andomitored using a
thermocouple (K type, Omega Engineering, Inc., Stamford, \lSA) positioned into the
core of the liquid volume. The time was recorded when the textyse in the core reached
71.1°C. Once the treatment was completed the liquid was immédieseled down in a

water-ice bath.
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2.6 Shelf-life study

Samples of lemongrass-lime mixed beverage untreated (cottealled by HHP and
thermally pasteurized were aseptically packaged into 25 mis bleitles and stored at°@
during 8 weeks for shelf-life study. Samples of each treatmmehtantrol were analyzed in
the day of processing (zero time) and weekly with regard taapidity, Brix, color, ascorbic
acid, total phenolic, antioxidant capacity, total mesophilean@strd plate count), total

coliforms, molds and yeast.

2.7 Physicochemical analyses

Samples were centrifuged (Sorvall Centrifuge RT 6000B, DuPomtnp@ny,
Newtown, CT, USA) at 5000 rpm and G for 10 min before physicochemical analyses,

with exception of color and pH determination.

2.7.1 pH, acidity and Brix

The pH of lemongrass-lime mixed beverages was measured usinefef (Model
FE20, Mettler Toledo, Schwerzenbach, Switzerland) previouslgdsrdized with buffer
solutions. Total titratable acidity (TA) was determined kmatibn according to AOAC (1995)
and expressed as g citric acid.100 ‘IniThe total soluble solids contentB(ix) was

determined using digital refractometer (Pocketd?aktago, Tokyo, Japan).

2.7.2 Color

The color of samples was measured using a Minolta CM-5repactometer (Konica
Minolta Inc., Osaka, Japan) with a standard illuminant D65 andabsat 10. Color was
expressed as L* (lightness), a* (red-green) and b* (yellow-blumeaddition, chroma (C*)
and hue (K were calculated using equations (1) and (2), respectivelyf (HINGS, 1999,
pp. 227).

C* = [(a)?+ (b")*]*? 1)
H° =tan"1(b*/a") 2
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2.7.3 Bioactive compounds

2.7.3.1 Ascorbic acid

The ascorbic acid (vitamin C) content was quantified by 2,6-dichlormgbhe
indophenol titration method (AOAC 1995) using an extracting solution ofphesphoric

acid-acetic acid. Results were expressed as mg asegithit00 mL'.

2.7.3.2 Total Phenolic Compounds

The total phenolic compounds were analysed using the Folin-Ciocaé¢hod, as
described by Costa et al. (2012). The total phenolic contenjueagtified by comparison to a
calibration curve of gallic acid, and the results expressedgasf gallic acid equivalents

(GAE) per mL (1ig GAE.mL™).

2.8 Antioxidant capacity

The antioxidant capacity of lemongrass-lime mixed beverage degsrmined by
DPPH scavenging assay according to Brand-Williams et al. (1@@5) minor modifications
(CASAGRANDE et al., 2007). A control of DPPH solution was pregparentaining all
reagent solutions, except the sample. The antioxidant capaaihsathe radical DPPH2,2-
diphenyl-1-picrylhydrazyl) was quantified by comparison to a caldmaturve of Trolox,

and the results expresseduasof Trolox equivalent (TE) per mlug TE.mLY).

2.9 Microbiological analysis

For Listeria innocuaenumeration, one milliliter of sample was pour-plated in Teypt
Soy Agar enriched with 0.6% Yeast Extract (TSAYE) and pha&® incubated at 3C for
48 h (CALDERON-MIRANDA; BARBOSA-CANOVAS; SWANSON, 1999).dTevaluate
microbiological stability during storage, one milliliter ofcbasample was pour-plated in Plate
Count Agar for total mesophiles (MARTINEZ-FLORES et al., 204/ in Violet Red Bile
Glucose Agar (VRBG) for total coliforms enumeration (VELAZBZ}ESTRADA et al.,
2012). These plates were incubated at@%or 48 h. For molds and yeast enumeration, one
milliliter of each sample was pour-plated in Potato Dextrose Agd plates were incubated
at 21°C for 7 days (MARTINEZ-FLORES et al., 2015). When necgssamples were serial
diluted in 0.1% peptone water. After the required time faheaicroorganism, the colonies
were counted and the microbial enumeration was expressed as colomgfamits per mL

(cfu.mL?Y).
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2.10 Statistical analysis

All experiments were conducted in triplicate. Differenclestween treatments
(untreated and HHP at different process conditions) were datsnby one-way ANOVA
and Tukey's means test §0.05). The experimental data of shelf-life study were aealy
according to a Split-Plot system, where the main treatmestiveaprocess (untreated, HHP at
250 MPa and 28C for 1 min and thermal pasteurization) and the secondary treatrasiie
storage time (weeks). Differences were determined by Tsikeywans test (g 0.05).
Multiple correlation analysis was carried out to identify datrens between physicochemical
parameters. Statistical analyses were conducted usingtiSshti&nalysis System (SAS
INSTITUTE, 2012) and Statistica 7 software (STATSOFT, 2006suRe are reported as

meant standard deviation of three observations.

3. Results and Discussion

3.1 Establishing the conditions to the HHP treatment

The vitamin C and phenolic content of lemongrass-lime mixed rageebefore
(untreated) and after HHP treatment are shown in Table 1mDtesl beverage presented no
significant changes (g 0.05) in the content of vitamin C after HHP treatment aeuokfit
processing conditions compared to the untreated mixed beverage (coftelphenolic
content of HHP processed beverage had no significant changeg$sua up to 250 MPa,
but decreased 5.52% ¢p 0.05) in comparison with the untreated mixed beverage when
pressure higher than 300 MPa was applied, independent of timesvelgwhere was no
difference in the content of phenolic in the range of pressateeen 300 and 400 MPa,
independent of time.

Patras et al. (2009) studied the impact of HHP treatmenttamivi C and phenolic
contents of strawberry and blackberry purées. They verifiedtileatvitamin C content of
untreated purées decreased significantly (about 9%) after H¥#fmint independent of
pressure applied (400, 500 or 600 MPa). The phenolic content did not ckigngieantly
when samples were processed at 400 MPa arf@€ 26r 15 min, but increased (0.05) at
higher pressure (600 MPa) compared to untreated. According suthers, this increase in
the total phenolic content may be related to an increased exiitigtof some phenolic

compounds by high-pressure processing.
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Table 1: Vitamin C and total phenolic content of lemongréimme mixed beverage before

and after HHP treatment at different process cait

Treatment Vitamin C (mg.100mf).  Phenolic ig.mL™)
Untreated 22.50+ 0.5 159.84+ 2.73
200MPa/1min 22.50+ 0.5 157.51+ 0.59
200MPa/2min 22.00+ 0.5 158.91+ 1.87
250MPa/1min 22.50+ 0.5 158.60+ 2.36
250MPa/2min 22.83+ 0.3 157.59+ 1.42
300MPa/1min 22.66+ 0.3 150.85+ 1.19
300MPa/2min 22.83+ 0.3 148.99+ 2.03
400MPa/1min 21.33+ 0.8 152.24+ 0.67
400MPa/2min 21.50+ 0.9 152.01+ 1.42

Data expressed as mearstandard deviation of process triplicate. Differienvercase letters in the

same column indicate statistical differenceq®5) by Tukey's means test.

However, besides the pressure-induced extraction, thersdsaallegradative effect
(MEDINA-MEZA et al., 2015). When the extraction induced by high-presgrocessing is
higher than the degradation, an accumulative effect takes pdlerwise, a decrease is
observed. Thus, the decrease in the phenolic content of the inéxexlage after HHP
treatment at pressure higher than 300 MPa (Table 2) can be attribus degradative effect
higher than the extraction.

Medina-Meza et al. (2015) haw significant losses of vitamin C in spinach sauce
processed by HHP at 400 MPa for 5 min, but they obtained a reductisrcontent between
20 and 30% at higher time or pressure. In their research, init@mcontent was time-
dependent. The authors suggested that there is an effect of &iod on the vitamin C
degradation.

Jandhyala, Barbosa-Canovas and Swanson (2002) studied the effétiti® ohnd
thermal sterilization on vitamin retention, using standard swistat different pH (2.2, 4.5
and 6.0). They found out that vitamin C retention was higher at pldr24.5 than at pH 6.0
after HHP or thermal treatments. The greater retentistarhin C in acidic pH is due to the
fact that ascorbic acid is more stable to treatment ina@di (GREGORY 2010, p.366;
JANDHYALA; BARBOSA-CANOVAS; SWANSON, 2002). As shown in Ta&bll, the
mixed beverage (pH about 2.7) retained 100% of the originahwit&€ content after HHP

processing regardless pressure and time, in the range studied.
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According to FDA (2004)Listeria monocytogeneis one of the vegetative bacterial
pathogens that may occur in acidic juices (pH 4.dess), and can be target for safety
performance tests. The FDA guidance states thatrélaément must be capable of achieving
at least 5-log pathogen reduction in the juice (mum requirement). In the present study,
Listeria innocua(nonpathogenic) was chosen as the target microangafor inactivation
experiments instead dfisteria monocytogene@athogenic) as recommended by Calderon-
Miranda, Barbosa-Céanovas and Swanson (1999) amchitdiand Foegeding (1993).

The enumeration df. innocua(cfu.mL™) before and after HHP treatment is presented
in Figure 2. For samples treated at 200MPa it veaified an inactivation of 5 log (cfu.mf)
of L. innocuain 1 min and 6 log (cfu.mt) in 2 min. Samples treated at pressure higher than

250MPa had a completely inactivationlofinnocuain 1 min.
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Figure 2 - Enumeration of.. innocuain the mixed beverage before and after HHP treatme

- Untreated—— HHP

According to Wang et al. (2016) pressure, pH valed temperature are crucial
factors that affect high-pressure processing widspect to enzymes and microbial
inactivation. Veldzquez-Estrada (2012) verifiedttf@ orange juice, which are known to
have low pH (about 3.6), processing at pressuma 260 to 300 MPa and temperature of 20
°C for short time (30 sec) were able to ensure rbiatoquality and inactivate enzymes.

Likewise, the acidic pH of the mixed beverage (at®bd) may have contributed to the target
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microorganism inactivation by HHP at mild process conditions esgure, time and
temperature.

Considering the microbiological safety of the mixed beveragetang@reservation of
bioactive compounds, it is important to highlight that the targetanrganism inactivation
was successful reached in 1 min at 250 MPa arf€ 28 temperature (Figure 2). In addition,
there were no significant losses of vitamin C and phenolic comtbath applying these
combinations of pressure, time and temperature.

A high-pressure processing design should be focused on a high productido rat
attend the industry demand (high production per hour) (FARKAS, 20b6}s, the lower is
the time of processing at a given pressure the greater witlebaumber of cycles per hour,
enhancing the production ra®ased on this concept, in the preliminary results obtained and
in the two principles previously mentioned, the best conditionsrdeted for processing the
lemongrass-lime mixed beverage by HHP for shelf-life studgev250 MPa of pressure for 1
min at 25°C.

3.3 Shelf-life study

The results obtained in the microbiological analyses of thedrideverage samples
(untreated, treated by HHP at 250 MPa andQ%or 1 min and thermally pasteurized) during
8 weeks of storage at’€ are shown in Figure 3.

The HHP treatment inactivated 85.71% of total mesophilemi(€i3A) and 89.47% of
molds and yeast (Figure 3B) initially present in the untreatedrbgeeThe HHP processed
beverage was stable during 5 weeks in relation to total meseRigure 3A) and during 4
weeks in relation to molds and yeast (Figure 3B), with very downting (cfu.mL?) in the
respective period. After 4-5 weeks of storage, these miaomgs started to growth, even
though the counting of total mesophiles (standard plate count) and molgsaatdcfu.mr)
in HHP samples was always lower than untreated, from thpagon (time zero) to the end
of cold storage, indicating that HHP treatment improved the oficlogical quality of
untreated lemongrass-lime mixed beverage. As shown in F3guhe microbial growth after

5 weeks happened at a higher level and with more intengitytieated than in HHP samples.
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Figure 3 - Growth of total mesophiles (A) and molds and y¢B¥ton lemongrass-lime

mixed beverage during cold stora=#—  Untrec——; F+=>Thermal pasteurization

The thermally pasteurized mixed beverage was stdining 8 weeks (56 days) of
storage at 4C in relation to total mesophiles (standard plaient) (Figure 3A) and molds
and yeast (Figure 3B), probably because once tings®organisms are not thermal resistant
they were effectively inactivated by the thermadtearization.

Considering the acceptable level of standard ptatent for nonalcoholic beverages
ready to drink of 10 cfu/mL (FDA, 2013), the shifé of mixed beverage processed (by
HHP and thermally) and untreated was 8 weeks (5¢s)dand 5 weeks (35 days),
respectively. Thus, it is possible to state thghfpressure processing increased the shelf-life
of untreated mixed beverage in 3 weeks (19 daysju(& 3A). The same effect of HHP
treatment on extending shelf-life of fruit produetas noticed by Varela-Santos et al. (2012).

Coliforms (cfu.mL?), analyzed in samples of mixed beverage treatedHy and by
thermal pasteurization right after processing amdnd 8 weeks (56 days) of storage &4
remained non detectable (ND) from the beginninthtoend of the storage period, attending
the microbiological quality standard for juices agao drink (BRASIL, 2001). This result
indicates that HHP processing ensured microbiaktgafs well as traditional thermal
pasteurization.

The results obtained in the physicochemical analygehe mixed beverage samples
(untreated, treated by HHP at 250 MPa and°@5for 1 min and thermally pasteurized)
throughout storage period at °€C can be viewed in Figure 4. High-pressure procksse
beverage presented physicochemical parameterstcdbe untreated beverage in the day of
processing (time zero) while thermal pasteurizeowsd greater differences from original
physicochemical characteristics of the untreatecethbeverage.
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The pH of mixed beverages, processed and untreated, remainegmh&Ww7 and 2.86
(Figure 4A). At the end of storage time (56 days) the pH of therbges was slight lower
than at the beginning (time zero). Right after processindyekierage processed by HHP had
pH similar to the untreated, while the pH of the thermallgtgarized beverage was
significantly lower than others §0.05).

The parameters pH and TA showed a negative correlatisn0(p5), in other words,

they had an inverse correlation (Table 2).

Table 2 - Multiple correlation analysis of physicochemical
parameters on HHP processed lemongrass-lime mixed beverage
pH TA Vitamin C  Phenolic  DPPH

pH - -0,38* -0,06 -0,07 -0,08
TA - 0,02 -0,05 0,04

Vitamin C - 0,98** 0,98**

Phenolic - 0,93**
DPPH -

*Significant at p< 0.05; **Significant at p< 0.01.

The TA determines de total concentration of organic acids immilked beverage,
mostly the citric acid provided by the lime juice. Thus, thehéigis the citric acid
concentration, higher the TA and lower the pH of the mixed bgeela concordance with
this statement, the TA of recently thermally pasteurizedefage was higher than the
untreated. Some acid compounds could have been released andizedluty thermal
pasteurization due to the high temperature°@R2 Processed beverages (by HHP and thermal
pasteurization) presented TA approximately constant with no significhange during 8
weeks of storage (Figure 4B). Meanwhile, TA of untreatecetage increased along the
storage, probably as a consequence of its high microbial couasishown in Figure 3.

High-pressure processed beverage Btk (%) similar to the untreated beverage and
lower than the thermally pasteurized in the day of procesfiigure 4C). The high
temperature of thermal pasteurization (%2 combined with the acidic pH may have
catalyzed the sucrose hydrolysis (ZURITA, 2008), increasiagtigar solubility and the total
soluble solids content®rix) of the mixed beverage (CHEFTEL, 1992). TBeix (%) values
had just a slight variation along the cold storage and at the eddfex@nces were found

between untreated, treated by HHP and thermally pastelnezeuages.
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Regarding to vitamin C, the HHP treatment caused no signifadarige, that is, the
mixed beverage retained 100% of the vitamin C contenteofititreated beverage right after
HHP processing (time zero) (Figure 4D). Conversely, theynmabteurized mixed beverage
retained only 79% of the original content of vitamin C. Howevigamin C content of the
three beverages (untreated, HHP processed and thermallyrpaesty decreased drastically
along storage. In 3 weeks (21 days), the vitamin C content of plidEessed beverage
decreased 80.6% and in 5 weeks (35 days), beverages processed aedyiae lost 87%
of vitamin C compared to the untreated beverage recently pdepagécating that the effect
of other factors (such as presence of residual oxygen, exposughtt@nd enzymes) can
overcome the effect of treatment. This emphasizes that the tr&tment is not able to
ensure vitamin C retention in the beverage without measureit ehemical degradation
during storage.

Medina-Meza et al. (2015) also had greater vitamin C retemmtibitP processed (70-
80%) than in thermally treated (30%) spinach sauce. Theyieecesignificant losses of
vitamin C only during the first week of storage for HHP and higiitamin C retention was
observed when lower pressure was applied (80% of initial valtleeatnd of the storage
period of 21 days). Martinez-Flores et al. (2015) had 100% of wit&nretention in carrot
juice treated by ultrasound at &8, packaged in sealed air free plastic bags and stored during
20 days at 4C without exposure to direct light.

According to Gregory (2010), vitamin C is susceptible to oxidation endtability
much depends on composition of food and conditions of storage. In this cohixt, t
degradation rate is determined by light, temperature, condentadtoxygen, metal ions and
pH. Oey et al. (2008) confirm that the oxygen plays an importdatin the degradation of
vitamin C in high-pressure treated food products during subsequent stdcageding to the
authors, the vitamin C degradation can be limited by lowering ithigal oxygen
concentration, that is to say, the stability of vitaminaffer high-pressure processing is
dependent on the molar ratio of vitamin and oxygen concesmsati

Right after processing, the phenolic content of HHP processedagewwas similar to
the untreated and higher than thermally pasteurized beverage.@b) (Figure 4E). The
phenolic content of beverage processed by HHP decreased quidkdyfirst week of storage
(18.65%), than continued decreasing slowly until 70% of the original quami stabilized
with 4 weeks of storage. From this point, the phenolic conteHH#® was constantly higher
than the thermally pasteurized and untreated beverage untileter8plveeks of storage. The

phenolic content of both thermally pasteurized and untreated bevéeageased in 3 weeks
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of storage to a same level (61% of the original quantity), lokaaar HHP. Then, the thermally
pasteurized beverage stabilized at this level and maintdieedaime phenolic content until
the end of the storage period while untreated continue decredmivly.

In research conducted by Patras et al. (2009), ascorbic acid andlipHevels of
strawberry purées also were significantly higher for higlsquree processed samples as
compared to thermally pasteurized samples. Total phenolieelaas ascorbic acid, remained
practically stable in carrot juice sonicated at %B during 20 days of storage afC4
(MARTINEZ-FLORES et al. 2015). These reinforces that, aolditly to nonthermal
treatment, other measures such as air free packaging andtiprotagainst light can
contribute to a better retention of the bioactive compounds.

High-pressure processed and untreated beverages which hadcbiggesrt of vitamin
C and phenolic at the beginning (time zero) also had greater aatbxcapacity than
thermally pasteurized (Figure 4H)he initial antioxidant capacity dropped drastically (74%)
in 3 weeks of storage and decreased slight more until the end stditage period. As
presented in Table 2, the antioxidant capacity (DPPH) had &vposorrelation (p< 0.01)
with both vitamin C and phenolic content. This indicates that thexaaéint capacity of
lemongrass-lime mixed beverage results from a combined effedgtamin C and phenolic
compounds. As phenolic compounds and ascorbic acid are natural antioxiqzatike aaf
scavenging the free radicals (MARTINEZ-FLORES et al. 20it%ypuld be expected that a

reduction in this components decrease the antioxidant properttes wixed beverage.



80

32 062

A B
31 0.60
3.0 0.58

TA (g/100mL)

24 0.48

23 0.44
o 1 2 3 4 5 ] 7 8 ] 1 2 3 4 5 e 4 8

Time (weeks) Time (weeks)

9.4
9.2

9.0

22

°Brix (%)
Vitamin C (mg/H100mL)

0 1 2 3 4 5 ] 7 8
Time (weeks) Time (weeks)

B2 348
260 [ q ¥/ F
160 N
240
— 220
200
E 140 o 48D
w
E e
130 E
5 2 140
% 120 E 120
§ &1
£ 110 o0
a

100
Af

¥ == ¥
40 Y- mer Bf T per Bef Y

80

Time (weeks) Time (weeks)

Figure 4 - Physicochemical parameters of lemongrass-lime dnb&verage during storage.
Different letters (lowercase for time and upperclasereatments) indicate statistical difference<(p
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The color parameters of the mixed beverages, meadsight after processing and

during cold storage, are shown in Figure 5.
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High-pressure treatment did not cause significaolorc change once the HHP
processed mixed beverage presented values of pal@meters L*, a* e b* similar to
untreated, right after processing and also alond storage (Figure 5A, 5B and 5C). After
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thermal pasteurization, the L* component decreased (Figure 5Ahangeliow component
(b*) became more intense compared to untreated mixed bevé&igges(5C), indicating that
beverage color changed from light yellow to dark yellow.

Patras et al. (2009) reported better color retention in stnayhnd blackberry purées
treated by HPP than thermally pasteurized. Medina-MeZa (@045) observed the darkening
of the spinach sauce color after both thermal and high-pregsesatenénts. Even though, in
general, the high-pressure processed spinach sauce presentedctdarerdifferences
compared to untreated sample than thermally pasteurizeed.sau

All mixed beverages (untreated, HHP processed and thermatBupasd) presented
a decrease in the green (a*) and yellow (b*) components aftereBswe cold storage,
indicating loss of color (Figure 5B and 5C). The color intensity @050 decreased after the
same period of storage (Figure 5D), confirming that a prawfessior degradation could have
started in 6 weeks (42 days) of shelf-life. The hue valu€sdHmixed beverages remained
close to yellow (90°) (Figure 5E). Even high-pressure procesdirigw temperatures is
known to have limited effect on pigments, causing minimal aiteratf the natural color of
food and beverages, changes in color may occur during storage idaerhplete inactivation
of enzymes and microorganisms. Degradation of pigments in séugtalystems may have
been catalyzed by the presence of oxidase enzymes during opraitessing (MEDINA-
MEZA et al. 2015; PATRAS et al. 2009).

4. Conclusion

This study clearly demonstrate that high-pressure processipgesdure up to 250
MPa and 25C of temperature for a short time (1-2 min) do not affect theeoomif vitamin
C and phenolic of untreated lemongrass-lime mixed beverage. Noaiheeatment by HHP
results in better retention of the original content of bioaatmmpounds and physicochemical
quality characteristics of the mixed beverage in comparisdh thiermal pasteurization.
High-pressure processing at 250 MPa and@%or 1 min is able to ensure microbiological
safety and to improve the microbiological quality and the diielf untreated lemongrass-
lime mixed beverage. Other measures concerning to presensiiould be combined with
high-pressure treatment to improve stability and ensure theiogteftbioactive compounds

as well as antioxidant capacity of lemongrass-lime mixediage until the end of shelf-life.
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ABSTRACT

The objective of this work was to study the influence of the amdibf soymilk on
physicochemical characteristics, antioxidants properties angtaoce of lemongrass-lime
mixed beverages. For this purpose, the commercial soymilk powiler highest total
isoflavones content (among four commercial brands) was selentiedog-based beverages
with lemongrass, lime juice and soymilk were formulated. Bénerages were characterized
by physicochemical, color and sensory analysis. Soy-based besesfagwed differences in
pH, ratio and color compared to mixed beverages without soy.ddigoa of soymilk to the
lemongrass-lime mixed beverages increased the total phenolienta@mtd the antioxidant
capacity against ABTS free radicals. In the soy-beverates presence of lemongrass
aqueous extract increased the antioxidant capacity against DfeBHadicals. Sensory
analysis showed that the soy-based beverages had good acceptaplasanat aroma and
flavor. The new soy-based beverage developed can be considerbteaswoiace of bioactive

compounds to the consumers.

Keywords: Beverages, bioactive compounds, phenolic, isoflavones, antitsjdgecceptance.

1. Introduction

The physiological processes that take place in many plantsdethe formation of
bioactive compounds that can benefit human health. The isoflavorigshermols found in
soybean, have been one of the most investigated bioactive compourasthanefit human
health due to their biological activities in vivo, such as toeedhe incidence of some types

of cancer, to relieve climacteric symptoms in postmenopausaen, controlling diabetes
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mellitus and osteoporosis and preventing cardiovascular diseaséd\; (LDA, 2014,
MESSINA; LANE, 2007; GOES-FAVONI et al., 2004; ESTEVES; MORIRO, 2001). It
seems that the mechanisms of action of isoflavones depend wonegteigen agonist-
antagonist properties and other biochemical properties, such ysatitzactivity inhibition
and antioxidant effects (ESTEVES; MONTEIRO, 2001).

Even with their great nutritive value and beneficial propertieg,based food products
have not been well accepted in western countries due to its @ideglavor and taste. The
characteristic flavors of beany and rancid are caused by lipoxseemazymes, while the
characteristic astringency and bitter taste are due to sibiéavones and the saponins,
respectively. Several technological processes and genetiditgehave been used to improve
the sensory characteristics. It was observed a reductiominy flavor and aroma of products
made with soybeans lipoxygenase-free (SILVA et al., 2010).

Soy-based beverages during some time were associated wihysfigonounced
flavor (MENDONCA, 2010). However, these products become atiedth the general
population, because they are considered a healthy food alterniattose-free (BENASSI;
BENASSI; MANDARINO, 2012), low in saturated fat, devoid of chaest and that provide
soy protein (MESSINA; LANE, 2007). With the flavor improvemednyt adding flavoring and
fruit juices, the consumption of soy-based beverages has grothe iast decade in Brazil
and worldwide (BENASSI; BENASSI; MANDARINO, 2012).

Callou (2009) found a positive correlation between total phenolic and antibxida
capacity by DPPH method to both soy-based beverages, flavored thnfiuitijuices. The
analysis of the composition of twelve commercial soy-basedrages demonstrated that the
main antioxidants present were the phenolic compounds from Baitssoflavones, vitamin
C and synthetic antioxidants. Costa et al. (2012) stated thatptoeaolic are the main
antioxidant compounds of mixed beverages containing fruits juicbetrbs and vegetables
extracts, followed by ascorbic acid, naturally present or iimtesity added to the beverages.

According to Martins et al. (2013), antioxidants are substancegpribiect the tissues
from damage caused by free radicals that are produced during caeesiiration by
incomplete reduction of oxygen and are directly associated with maeps#is such as
hypertension, cancer, sclerosis and aging. The human organism famslitiido inhibit the
action of free radicals via regulatory enzymes. Howeverthissregulatory system is not
completely effective, the intake of antioxidant compounds may cordritiot the

neutralization of free radicals.
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Kieling and Prudencio (unpublished data, Artigo 1) developed lemonigrassnixed
beverages with good sensory and physicochemical quality, containing \moacthpounds
(vitamin C and phenolic) that conferred to the product important antioxotaperties. The
addition of lemongrass aqueous extract and essential oil enribkedroma and flavor,
making the mixed beverage sensory pleasant and well acdsptiee potential consumers.

Thus, the objective of this work was to study the influencéefaiddition of soymilk
on physicochemical characteristics, antioxidants properties argptanoce of lemongrass-
lime mixed beverages. For this purpose, a commercial soponkier was selected, based on
its total isoflavones content, and soy-based beverages withnggass, lime juice and

soymilk were formulated.

2. Material and Methods

2.1 Material

The lemongrassGymbopogon citratu$tapf) was grown at the State University of
Londrina (Londrina, Parana, Brazil) and harvested after 60 daysltofation. Fresh Tahiti
lime fruit, soymilk powder, xanthan gum and sucrose were obtainedréitable commercial
sources. All chemicals used in the analysis were of acallyir liquid chromatography grade.
The Gallic acid, Folin-Ciocalteu’s phenol reagent 2 N, Troloxhy@roxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid), ABTS (2,2’-azinobis-3-etldnzothiazoline-6-
sulphonic acid), DPPH (2,2-difenil-1-picrilhidrazil), aglycones afidjlucosides were
purchased from Sigma-Aldrich (St. Louis, MO, USA). The@ acetylglucosides and’8D-
malonylglucosides were obtained from Wako Pure Chemical IndsigtBisaka, Japan).

The research project was approved by the Ethics CommitteeekmaRch Involving
Human Beings of the State University of Londrina (CEP/UEL N. ZBBE3 and CAAE N.
24537713.0.0000.5231). All procedures were performed according to the penaigeod
manufacturing practices (BRASIL, 1997) and food safety (CODEXMENTARIUS,

2003), and the beverages were safe for consumption.

2.2 Preparation of the beverages

Two mixed beverages formulations with lemongrass, lime jara soymilk (F1 and
F2), herein after called “soy-based beverages”, and two mixestdges formulations with

lemongrass and lime juice (F3 and F4), without soy, were prepargtban in Table 1. The
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formulations had the purpose of studying the influence of the adddf soymilk on
physicochemical parameters, antioxidants properties and accepffatieee mixed beverage
with lemongrass and lime juice. One formulation of soy-basederage (F5) without
lemongrass was also prepared (Table 1), aiming to evalobateftect of the soymilk on

physicochemical parameters and antioxidant properties in tea@bsf lemongrass.

Table 1- Formulations of the mixed beverages.
Formulation LAE LLE LEOE SP TLI Sucrose Xanthan
(mLL?  (@Lh) (@@L (@L) (@@L (@LH (@b

F1 50 - 1.25 16 90 80 2
F2 - 0.52 2.50 16 90 80 2
F3 50 - 1.25 - 90 80 2
F4 - 0.52 2.50 - 90 80 2
FS - - - 16 90 80 2

LAE = Lemongrass aqueous extract; LLE = Lemongigsphilized extract; LEOE = Lemongrass

essential oil emulsion; SP = soymilk powder; TLIahiti lime juice.

The lemongrass derivatives LAE (lemongrass aqueous extract)L&¢femongrass
lyophilized extract), used as ingredients in the formulations, &@ (lemongrass essential
oil), used in the preparation of the LEOE (lemongrass esseiit@inulsion), were obtained
from fresh lemongrass leaves as described by Kieling and miiedéJUnpublished data;
Artigo 1). The LLE (moisture content of 5.580.12 ¢.100 g) was added in equivalent
amount to the LAE (total solid content of 1.800.01 g.100 mLY). The LEOE, used in the
beverages formulations with the purpose of improving the lemongrasg and flavor, was
prepared with LEO, xanthan gum and water (1:1:48 g:g:mL) usingra tutraxd (IKA[O,
Staufen, Germany). The aqueous phase xanthan-water was prépstredccording to
Mirhosseini et al. (2008) recommendation. Then, the LEO wadughy added to the
aqueous phase and the mixture was homogenized at 5000 rpm for 5 mimlitsia stable
dispersion. The proportion of LAE, LLE and LEOE added was basedeostully of Kieling
and Prudencio (Unpublished data; Artigo 1), with some adjustmentgiehiamount of
LEOE was used in the formulations F2 and F4 to compensate the tdss®ma and flavor
of the LLE.

The amount of soymilk powder added (16Y.was defined based on the standard of

identity and quality of mixed beverage with soy (BRASIL, 2013jiclw establishes a
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minimum amount of soy protein of 0.5% (w/v). To calculate the amafsdymilk powder to
be used in the soy-based beverages formulations it was condsidertmdal protein content
determined by Kjeldahl (AOAC, 1995), which was 37.5 g of propeir 100 g of product.

The soymilk powder was selected from four commercial sangblesymilk (37 — 43
g of protein per 100 g of soymilk), using as criteria for choosing theeant of total
isoflavones. The total isoflavones content was determined byhidfnaperformance liquid
chromatography (UHPLC) in the UPEGquipment (Acquity UPLE System, Waters, MA,
USA). The chromatographic analysis was performed as desdipbétma and Ida (2014).
Then, the soymilk powder with the highest content of isoflavones (48500g', p < 0.05)
was selected as an ingredient of the soy-based beveragddtions.

The TLJ (Tahiti lime juice) was obtained in the following wdyesh Tahiti limes
were washed and sanitized with chlorine solution (150 H)gAfter this, fruits were cut into
halves and the juice was extracted using a manual extractorsolideparticles were then
separated out using cheese cloth. The amount of TLJ addedsesdn the study of Pedréo
et al. (1999), with some modification. The proportion of sucrose wawedey a preliminary
Rank preference test (KIELING; PRUDENCIO, Artigo 1) thaasaconducted according to
Meilgaard et al. (1999, p.241). The concentration of xanthan gutn{Pgas determined on
preliminary physicochemical tests (results not shown).

For each formulation (Table 1), the ingredients were weiglspended in purified
water and then the mixture was homogenized using a blender.aRighpreparation, the five
mixed beverages formulations (F1, F2 and F5 with soy, F4 and R8uwisoy) were physic
and chemically analyzed with respect to pH, total soluble sabtt, acidity, color, vitamin
C, total phenolic and antioxidant capacity. The samples werdrifuged (Eppendorf
centrifuge 5804R, Hamburg, Alemanha) at 2500 g and°@Ofor 10 min before the
physicochemical analyses, with exception to color and pH detefaninaThe two
formulations of soy-based beverages with lemongrass and lime(fficand F2) were also

submitted to sensory analysis.

2.4 pH, acidity and Brix

The pH of the mixed beverages (F1, F2, F3, F4 and F5) was deterny direct
reading of samples using a pH meter (Hanna Instruments lmon&dcket, RI, USA). The
total acidity (TA) was determined by titration according toA®(1995) and expressed as ¢
citric acid.100 mr%. The total soluble solids conterfB(ix) was determined using digital
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refractometer (Pocket Pal-1, Atago, Tokyo, Japan). The veds calculated by dividing the
total soluble solids°Brix) by the TA (g citric acid.100 mit).

2.5 Color

The color parameters a* (red-green) and b* (yellow-blue) of thedrbreerages were
assessed using a colorimeter Minolta® CR-300 (Konica Minoltair@ehsc., Osaka, Japan)
equipped with a standard illuminant D65 and observer atTt® instrument was previously

calibrated using a white reference plate.

2.6 Ascorbic acid

The ascorbic acid (vitamin C) content of the mixed beveragssquantified by 2,6-
dichlorophenol-indophenol titration method (AOAC 1995) using an extractingiaol of

metaphosphoric acid-acetic acid. Results were expresseg ascorbic acid.100 nil.

2.7 Total phenolic compounds

Total phenolic contents of the mixed beverages were determineitheby-olin-
Ciocalteau colorimetric method, as described by Costa e2@12). The total phenolic
contents were quantified based on a standard curve of gali@adithe results expressed as

ug of gallic acid equivalents (GAE) per mig GAE.mL™).

2.8 Antioxidant capacity

The antioxidant capacity of the mixed beverages was determine@&Bi and ABTS
scavenging assay. The antioxidant capacity against the rddlRBH (2,2-diphenyl-1-
picrylhnydrazyl) was determined according to Brand-Williams ket (2995), with some
modifications (CASAGRANDE et al., 2007). The antioxidant cagaaifainst the free radical
ABTS™™ (2,2 azinobis 3- ethylbenzothiazoline-6- sulfonic acid) was datednusing the
method of Sanches-Gonzales et al. (2005). A control was prepabethi tests containing all
reagent solutions, except the sample. The antioxidant capaagyquantified based on a
standard curve of Trolox and the results were expresspgd akTrolox equivalent (TE) per
mL (ug TE.mL?).



92

2.9 Acceptance of attributes

The acceptance test of attributes of the soy-based bevavagesarried out with 86
individuals (45 women and 41 men), of whom 75.58% aged 15-25 years old, 18.6d% ag
26-35 years and 5.81% aged 36-50 years. All of them were regular @ssoitiruit juices
(100%), but only 13.95% consume soy-based beverages frequently (ks daimveek),
65.12% consume rarely (less than once a week) and 20.93% never cosmubesed
beverages.

The two formulations of soy-based beverages with lemongrass amguice (F1 and
F2) were prepared on the day of the sensory analysis and meéhtti 10°C + 1 °C. The
acceptance test was performed in individual booths under white $ightples (30 mL) were
served at 10C in transparent plastic cups coded with three-digit random numiberstwo
soy-based beverages were presented simultaneously, in randardeedind evaluated for
its appearance, aroma, flavor, texture and global acceptaniog, aishedonic 9 points
structured scale (1 = Dislike extremely; 9 = Like extreméMEILGAARD; CIVILLE;
CARR, 1999, p.241).

2.10 Statistical Analysis

The results obtained in the physicochemical determinations submitted to one-
way ANOVA (formulations) and Principal Component Analysis (PCHje data obtained in
the acceptance test were analyzed by two-way ANOVA (foriouk and assessors).
Differences between formulations were determined by Tukegans test (< 0.05). The
statistical analyses were performed using Statisteaftware (STATSOFT, 2006).

3. Results and Discussion

3.1 Physicochemical parameters of the beverages

The soy-based beverages showed total isoflavones content of 143 2@0 mL of
beverage (calculated from the total isoflavones content cdadymmilk powder). According to
Callou (2009) to obtain the health benefits associated with regpigumption of soy, should
be ingested an amount of 50 mg of isoflavones per day. Thus, the consumhptiorcups of
the soy-based beverage per day would provide about 30 mg of isofl{eé®ef the daily
requirement) indicating that the soy-based beverage formulatédi repuesent an important

source of isoflavones to the diet.
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The graphical representation of the principal component analP&R\)( of the
physicochemical quality parameters of the mixed beveragslsoisn in Figure 1. The first
two principal components in the PCA (PC1l and PC2) were considereggrelsgnting
eigenvalues 1 according to Kaiser Criterion and by explaining the maj@éty98%) of the
total variability contained in the original variables (LAWES; HEYMANN, 2010, p.245).

The parameters that presented a correlation coefficient witpriheipal component
equal or greater than 0.6 (in absolute value) were consideygaitant (MARCHI et al.,
2012). Then, the parameters pH, ratio, vitamin C, ABTS {jpescorrelation) and b*/a*
(negative correlation) contributed to the explanation of the P@ilewotal phenolic and
DPPH (negative correlation) contributed to the explanatioheoPC2 (Figure 1a).

The PCA indicated the similarities and differences betwéenniixed beverages
formulations and the physicochemical parameters that mostctédza them. The PC1
separated the mixed beverages formulations with soy (F1, F2 arfcbfb)he formulations
without soy (F3 and F4) (Figure 1b). The formulations with soy (on ritjet) were
characterized by the parameters phenolic, ABTS, ratio, pH \étachin C; while the
formulations without soy (on the left) were characterized by thenpeters DPPH and b*/a*
(Figure la and 1b). This indicates that the addition of soymilk eskirt mixed beverages
with different physicochemical and antioxidant characteristiesrthermore, the PC2
separated the mixed beverages formulations with LAE - aquecaste(il and F3) from the
formulations with LLE — lyophilized extract (F2 and F4) (Figure Tius, the formulations
with LAE (underside) were characterized by the parameterk gb&mnolic, DPPH, ABTS,
ratio, pH and b*/a*; while the formulations with LLE (upside) wetearacterized by the

parameter vitamin C (Figure la and 1b).
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Figure 1 - Principal components analysis for physicochemgarameters (vectors) and
beverages formulations (F1: LAE + LEOE + SP; F2: LLE + LEOE + SP. F3: LAH.EOE; F4:

LLE + LEOE; F5: SP; All formulations contain: TLJ sucrose + xanthan. LAE = Lemongrass
agueous extract; LLE = Lemongrass lyophilized extraBEOE = Lemongrass essential oil emulsion;

SP = Soymilk powder; TLJ = Tabhiti lime juice.
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The values of physicochemical quality parameters and a compastween the
formulations of the mixed beverages by Tukey means test((§5) are shown in Table 2.
The three formulations of soy-based beverages (F1, F2 and Féhtaiksigher pH and ratio
than the mixed beverages (F3 and F4) without soy. This occurraddsethe soymilk powder
increased the total soluble solid contéi@rix) and decreased the total acidity (TA), thereby
increasing the ratid’Brix/TA) and the pH of the mixed beverages. Besides, the skymike
diluted in water (16 g.t) presented pH of 7.18 0.06. Even so, all the mixed beverages
presented low pH due to the addition of lime juice.

It should be emphasized that the undesirable behavior of redutithe solubility
and precipitation of the soy protein, caused by the acidity of tixedrbeverages, was
remedied by the use of xanthan gum, whose stabilizer and suspendiog agé known
(BEMILLER; HUBER, 2010). Besides that, the xanthan gum alsotle advantage of being
soluble in water at ambience temperature, soluble and stalde @H and its solutions do
not become thicker when cooled down. The proportion of xanthan gum used in the
formulations of mixed beverages (0.2% w/v) conferred the expettect of delaying the
phase separation without excessively increasing the visaddite mixed beverages.

The five mixed beverages showed the same vitamin C contable(2) as expected,
since its major source was the lime juice, added in the saméitgua all formulations. The
vitamin C values found in the mixed beverages formulated are lihnaarthose reported by
Callou (2009) to commercial soy-based beverages and by Costa(221#) to commercial
mixed beverages containing different components. According to th®rautbesides the
ascorbic acid naturally present in fruit juices, more asceatiit is intentionally added to the

beverages by manufactures to protect the final product fromtmxida



Table 2 Physicochemical characteristics of the mixed bmyes.

Parameters

Formulations

F1 F2 F3 F4 F5
pH 3.34+ 0.0F 3.34+ 0.0F 2.93+0.0F 2.93+0.0F 3.35+ 0.0F
TA (g citric acid.100mr) 0.45+0.0F 0.45+ 0.0F 0.48+ 0.00 0.48+0.0F 0.45+ 0.0F
°Brix (%) 10.47+ 0.06 10.53+ 0.06 10.10+ 0.00 9.70+ 0.00' 10.27+ 0.08
Ratio (Brix/TA) 23.06+ 0.36 23.42+ 0.44 21.19+0.16 20.27+ 0.40 22.72+ 0.44
Vitamin C (mg AA.100mLY) 2.60+0.03 2.63+0.03 2.56+ 0.05 2.56%0.05 2.63+0.03
a* -1.43+0.0F -0.36x0.1F -0.34+ 0.08° -0.55+ 0.04 -0.18+ 0.06'
b* 3.23+0.05 0.62+ 0.0¢ 9.76+ 0.56 6.91+0.27 1.01+ 0.06'
b*/a* -2.26+0.03 -1.77+0.36 -30.19+ 8.0Z -12.55+ 1.29 -6.10+ 2.54°
Phenolic (ug GAE.mt) 22.11+0.80 19.54+ 0.34 20.76+0.17 13.07+ 0.48' 16.63+ 0.24
DPPH (1ig TE.mL™) 109.37+ 2.07 87.02+ 3.24 140.35+ 2.56 89.37+ 3.24 81.53+ 4.44
ABTS (ug TE.mL? 381.89+ 18.36 387.44+ 25.46 320.78+ 17.1F 267.44x 21.43 407.44+ 13.47

Different lowercase letters in the same line inthcstatistical difference (g 0.05) by Tukey's means test. F1: LAE + LEOE + SPLY +
sucrose + xanthan; F2: LLE + LEOE + SP + TLJ +eser+ xanthan; F3: LAE + LEOE + TLJ + sucrose +than; F4: LLE + LEOE + TLJ +

sucrose + xanthan; F5: SP + TLJ + sucrose + xantb&B = Lemongrass aqueous extract; LLE = Lemongigsphilized extract; LEOE =

Lemongrass essential oil emulsion; SP = soymilkgewTLJ = Tahiti lime juice.
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With respect to the color parameters, the formulations with(Bdy F2 and F5)
presented the same proportion of yellow in relation to green (btfeoligh the one with LAE
(F1) had green (-a*) and yellow (b*) color parameters more iateahan others. The
formulations of mixed beverage without soy (F3 and F4), presentgarhproportion of
yellow in relation to green (b*/a*) than the formulations with;sihye formulation F3, with
LAE — aqueous extract, had the most intense yellow parafijeamong all formulations.

The addition of soymilk to the mixed beverages formulations F3 anobfining the
soy-based beverages with lemongrass and lime juice F1 andsp2ctieely, increased the
total phenolic content. Besides, the mixed beverages formmsatvith LAE — aqueous
extract presented higher total phenolic content than the oned Mtk lyophilized extract
(F1 > F2 and F3 > F4). Among all the mixed beverages forronktithe formulation with
soymilk and LAE (F1) showed the highest phenolic content.

In previous study (KIELING; PRUDENCIO, Artigo 1) the LAE exhdd total
phenolic content higher than the LLE, indicating that may have hmssed of phenolic
compounds or changes in the solubility (aqueous extractability) of sompotinds due to
the freeze-drying process. Therefore, the mixed beveraghsLWE presented higher total
phenolic content than the ones with LLE. The major phenolic compounds fouad in
agueous solution obtained from lemongrass leaves were the phenddicthen flavonoids
and tannins (FIGUEIRINHA et al., 2008).

With respect to the antioxidant capacity, it was also iegfithat the formulations of
mixed beverages with LAE — aqueous extract presented highekidatit capacity against
DPPH free radicals than the ones with LLE — lyophilizedaett(F1 > F2 and F3 > F4). This
is probably related to the higher total phenolic content in the tb&l in the LLE and to the
higher proportion of phenolic acids. Among the five mixed beveragesiotmulation with
LAE (F3) showed the highest antioxidant capacity against DRe¢als, followed by the
formulation with LAE and soymilk (F1).

The formulations of mixed beverage with soymilk (F1, F2 and Rbwed higher
antioxidant capacity against ABTS free radicals than the witkeut soy (F3 and F4). There
was no significant difference on the antioxidant capacity agaiB3tSAree radicals between
the soy-based beverages F1 (with LAE - aqueous extract) anditR2L(vE - lyophilized
extract). However, when comparing the beverages without soyast verified that the
formulation F3 (with LAE), presented higher antioxidant capacityre§@BTS free radicals
than F4 (with LLE).
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In general, the presence of soymilk (mostly total isoflavorsag) LAE (mostly
phenolic acids) contributed positively to the total phenolic contenttartie antioxidant
capacity of the mixed beverage. Particularly, the preseof LAE in the mixed beverage
contributed to the antioxidant capacity against DPPH free radighlle the presence of
soymilk contributed to the antioxidant capacity against ABT$® fealicals. This difference
between DPPH and ABTS can be due to the differences in the mhewoohpounds
class/chemical structure associated with the principle dftirsdion of each free radical.

In the DPPH assay, the antioxidant activity of compounds aghm&table nitrogen
radical DPPH is determined. The DPPHadical is reduced when reacts with hydrogen
donors, such as phenolic compounds and ascorbic acid (COSTA et al., A4 R)teraction
of a potential antioxidant with DPPHiepends on its structural conformation (BRAND-
WILLIAMS et al., 1995). According to the authors, certain ponnds (ascorbic acid and
phenolic acids) react quick and efficiently with the DPPétlucing a number of DPPH
molecules equal or higher than the number of available hydrawyipg. Then, it can be
assumed that the highest antioxidant capacity of the formulati@y&i8st DPPHradical is
justified by its higher proportion of phenolic acids. However, ott@mpounds have a
mechanism of reaction slower, more complex and less effd@RAND-WILLIAMS et al.,
1995). Additionally, the presence of some compounds in formulationsausg interference
with the method of antioxidant activity evaluation (MARQUELEakt 2005). Therefore, it is
possible that the addition of soymilk interfered in the mechanisreaaftion and, apparently,
in the antioxidant capacity of the mixed beverages agairBtDradical.

In the ABTS test, the antioxidant activity is measured by ki@yof the compounds
in scavenging the ABTSradical cation (SANCHEZ-GONZALES et al., 2005). This free
radical is reduced when reacts with electron donors (PANNAILLAal.,, 2001), whichs
thermodynamically possible when the compound has a reduction potemterl than the
ABTS™ (AWIKA et al., 2003). Flavonoids are a class of compounds thae ha low
reduction potential and show efficient scavenging propertienstgdBTS" radical cation
due to their electron-donating ability (PANNALA et al., 2001; RIE¥ANS et al., 1997).
Thus, it can be hypothesized that the addition of soymilk to the mixedtdme formulations
increased the proportion of flavonoids (total isoflavones) in therbges, improving the
antioxidant capacity of the soy-based beverages against ABitial cation.

It is important to highlight that to properly evaluate the catiant activity of
formulations should be used different methodologies in order to choose thesuitable,

once the antioxidant compounds can have the ability of scavengingeniffeadicals in
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different systems (MARQUELE et al.,, 2005). According to Call@00Q), there is no
universal method to measure the antioxidant capacity, sinceregbbd assesses a particular

antioxidant property.

3.3 Sensory attributes

The two soy-based beverages with lemongrass, lime juice andlisqf#1 and F2)
had acceptances greater than 6.8 on hedonic 9-point scale, fotrinlites (Table 3),
indicating that both formulations were approved by the potential consuifiee F1 and F2
formulations of the soy-based beverage had the same accepttatoe to the attributes
aroma, flavor and texture; while in relation to its appearatiee,F2 soy-based beverage
formulation was significantly less accepted. The formulatiorsfi@ved lower yellow (b*)
and green (-a*) color parameters (Tabela 2) than F1, makingpgeaeance less attractive to
the potential consumers. In addition, Kieling and Prudencio (Artigdnave reported the
presence of “dark particles” in lemongrass-lime mixed bgescantaining LLE — lyophilized
extract, which may have influenced negatively the appearandee dbtmulation F2 (with
LLE). Only the two formulations (F1 and F2) were submitted to@grsnalysis, since the

aim was to develop a new soy-based beverage with lemoragraisne juice.

Table 3 -Acceptance of the sensory attribdtethe soy-based beverages.

Formulation Appearance Aroma  Flavor Texture Global
F1 7.1° 7.7° 7.4 7.1% 7.6

F2 6.8° 74 73 728 73
Different lowercase letters in the same columndatd statistical difference  0.05) by Tukey's

means test:Hedonic 9-point scale (9-Like extremely; 1-Disligetremely). F1: LAE + LEOE + SP

+ TLJ + sucrose + xanthan; F2: LLE + LEOE + SP " HLsucrose + xanthan. LAE = Lemongrass
agueous extract; LLE = Lemongrass lyophilized esttraBEOE = Lemongrass essential oil emulsion;
SP = soymilk powder; TLJ = Tahiti lime juice.

With the adjustment of the original formulation of mixed beveragHEL(ING;
PRUDENCIO, Artigo 1), mostly increasing the amounts of lemasgrderivatives, the
addition of soymilk powder did not impair the acceptance, sineerixed beverage with
lemongrass, lime juice and soymilk was so well acceptedeasiixed beverage without soy.
It is important to highlight that the soy-based beverages wedteaweepted inclusive by the

assessors that does not have the habit of consuming soy-basedjesand are therefore not
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familiar with the presence of soy in beverages. Thisoigtrary to the expected result that
would be indifference or even rejection of the soy-based bevefagehis group of
consumers not used to the soybean flavor.

Benassi, Benassi and Mandarino (2012) evaluated the acceptamgendk rom 13
soy cultivars. Among the thirteen soymilk samples, served puieet60 assessors (without
sugar or any other ingredient), one obtained acceptance ohdd0nic 9-point scale) and
twelve obtained acceptance lower than 5.7, indicating indiiftsx by the potential
consumers. The acceptance of flavor of three commerciabassd beverages with orange
juice was evaluated by 30 assessors, using hedonic 9-point BOR&KEZAN et al., 2004).
In this study only one soy-based beverage had good acceptance (6tB¢ ather two had
acceptance corresponding to rejection (4.6) and indifference (5.8)

Several scientific studies emphasize the nutritional andhyela¢tnefits to be achieved
with the regular consumption of soy-based food, attributed mostly t@dhi&nts of soy
protein and isoflavones (LIMA; IDA, 2014; CALLOU, 2009; MESSINA; NE, 2007;
GOES-FAVONI et al., 2004; ESTEVES; MONTEIRO, 2001). Despitat, soy products
normally do not have a great acceptance due to their chastctdlavor and aroma
(BENASSI; BENASSI; MANDARINO, 2012; SILVA et al., 2010, TG¥EZAN et al., 2004),
which cause rejection and restrict their consumption.

The results obtained for acceptance in the present study, apézithe attributes
aroma and flavor, brings out many possibilities of applicationefaémongrass derivatives in
other soy-based products, besides soy-based beverages. Thenadditlemongrass
derivatives could be able to improve the flavor and aronsewéral soy-based products, such
as fermented soy-based beverages, soy yogurt and soy iog-eneking them sensorially
more attractive. Thus, the consumers can effectively betiefinselves from the health

properties available in these products.

4. Conclusion

The soy-based beverages show distinguished physicochemical clistiastavith
respect to pH, ratio and color compared to the mixed bevevatiesit soy. However, these
differences do not affect negatively the sensory quality, simeesoy-based beverages with
lemongrass, lime juice and soymilk present pleasant aroma avar #ad have good
acceptance by the potential consumers. Considering the antioxidpatity and the

physicochemical and sensory quality attributes (appearance),etasnmended to use the
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lemongrass agueous extract in the formulation of the soy-basedbgeseThe new soy-based
beverage developed can be considered a viable source of bi@actipeunds with potential

health benefits to the consumers.
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RESUMO

O objetivo deste trabalho foi obter um extrato hidro-etandlico dadolte capim-liméo e
avaliar seu efeito nos parametros fisico-quimicos e microbioi®gie peito de frango
processado, embalado a vacuo e armazenado em temperaturagdeacéfo (4C) durante
60 dias. O extrato hidro-etandlico de capim-liméo apresentouadendlicos totais de 79,62
ng EAG.mL* e atividade antioxidante de 81,92% de inibicdo da atividadé\%e radicais
livres DPPH. Amostras de peito de frango processado adicionado de extrato taiddtien
de capim-lim&o (1% v/m) e do controle (sem extrato) foram sudiaseds andlises de acidez,
peroxidos, TBARS, atividade de &gua, cor, Estafilococos coaguis#iva, Salmonellasp e
Coliformes a 45 °C nos tempos de 1, 15, 30, 45 e 60 dias de namezdo. A atividade de
adgua ndo variou, tanto entre as duas amostras como durantezeramento. A adi¢cdo de
extrato de capim-liméo inibiu a oxidagéo lipidica e, consequentepeefrmacéo de acidos
graxos livres, peroxidos e TBARS no peito de frango processado durantéodopee
armazenamento. O produto apresentou estabilidade microbiologicatedig@ dias de
armazenamento, independentemente da adicdo de extrato. Oo edratapim-limao
contribuiu para a estabilidade fisico-quimica do peito de frgmmgoessado durante o

armazenamento refrigerado.
Palavras-chave Oxidacao lipidicaCymbopogon citratyg-endlicos; Antioxidante natural.

1. Introducéo

A oxidagdo é um fenémeno natural que ocorre nos alimentos, sendo respposav
uma série de alteracfes que levam a perda do valor nutricitteacao das caracteristicas

sensoriais, rejeicdo do produto e, eventualmente, formacdo de ¢osnfibscos. Entre as
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consequéncias bem conhecidas da oxidagdo em alimentos estélordedo dos pigmentos,
degradacdo de vitaminas, desenvolvimento de aroma/sabor desebradfrmacao de
ligagbes cruzadas de proteinas, as quais afetam a teHstas reacdes podem ser
influenciadas por fatores como calor, luz, disponibilidade de oxig@mésenca de metais
pré-oxidantes e enzimas, como as lipoxigenases (ARAUJO, 2011A leARI., 2011).

A oxidacao lipidica esta entre as causas mais frequentesede@defio de alimentos
(SILVA; BORGES; FERREIRA, 1999). A complexidade do processemeassociada a
necessidade de prolongar o periodo de armazenamento, torna o produtdvellae
deterioragdo oxidativa, fazendo-se necesséria a utilizacadideidantes capazes de oferecer
protecdo contra a oxidagdo. Os antioxidantes alimentares§mstos que interrompem a
reacdo em cadeia na oxidacdo de lipideos mediada por radicais (doadores de
hidrogénio), que sequestram oxigénio e que complexam ions metalievdre Dos
antioxidantes sintéticos utilizados em alimentos estdo o BHA, BBBHQ e o galato de
propila (ARAUJO, 2011).

No entanto, 0 emprego de antioxidantes sintéticos na indUstabnantos tem sido
alvo de guestionamentos quanto a sua inocuidade. Diante didsosca por métodos
alternativos para retardar processos oxidativos em produtos adilmertem motivado as
pesquisas com compostos naturais, que apresentem esta proprigtEdeal (LUZIA,
JORGE, 2010). A industria de carnes e derivados também teadbusalucdes naturais para
minimizar a rancidez oxidativa e aumentar a vida Util de posdcérneos, em substituicdo
aos antioxidantes sintéticos, os quais tém demonstrado efegatvoe para a saude em
testes com animais (LARA et al., 2011).

A rancidez oxidativa é uma das principais causas da detédokda; qualidade de
carnes e produtos carneos e envolve a oxidacdo de acidos graxos apaladts
(RAHARJO; SOFOS, 1993). A carne de frango apresenta em syzosigdo lipidios com
elevada proporcdo de é&cidos graxos poli-insaturados (43% do total),deasna seis
insaturagdes, sendo muito susceptivel a reacdes oxidativas (KRAZD11). A carne de
frango é a mais consumida no Brasil, o qual é o terceiro maior pradundial de carne de
frango, sendo a producgéo destinada para o mercado interno e expdvieGHIES, 2014).
Dentre os cortes, 0 peito de frango destaca-se na preferéncandasnidores por se tratar de
uma fonte de proteinas com baixo teor de gordura (VIEIRA, 201g0r sua versatilidade,
podendo ser utilizado como ingrediente em diversas preparacé@sd¥istender a demanda
atual dos consumidores por produtos alimenticios saudaveis e prétipegp de frango

processado pronto para uso surgiu como uma boa alternativa para @ pégpdo de
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sanduiches naturais e outros pratos. No entanto, devido a sua camppsimica (acidos
graxos altamente insaturados), ao processamento aplicado esidaelgede conservagao por
certo periodo de tempo, torna-se imprescindivel a adicdo deidatites a este produto para
prevenir a oxidacao lipidica.

Algumas substancias de origem natural possuem atividade aatitexsidomo é o caso
dos tocoferéis e dos extratos contendo compostos fendlicos (ARAUJO, 2B4ad).
conhecidas as propriedades antioxidantes de uma variedadeatlesestimo de sementes de
limdo (LUZIA; JORGE, 2009) e de uva (ADAMEZ et al., 2012), fdetas como araca
(MEDINA et al.,, 2011) e caqui (MILANI et al., 2012) e de mls como marcela
(CAMPAGNOL et al., 2011), alecrim e melissa (LARA et 2011) e de vérias outras plantas
medicinais de uso popular (DALAR; KONCZAK, 2013). Dentre as pgobm propriedades
antioxidantes também esta o capim-lim&yrabopogon citratusStapf), planta nativa da
india, também cultivada em paises tropicais como o BrasililiZada principalmente como
cha medicinal e na extracdo de 6leo essencial para irddstdosmeéticos e aromas (COSTA
et al., 2005). Os extratos sao ricos em compostos fendlicos ¢Endicidos, flavonoides e
taninos) que apresentam efeito antioxidante (FIGUEIRINHA et 24108; MARQUES,;
FARAH, 2009).

Embora tenham sido desenvolvidos estudos utilizando extratos de ptamtas
potenciais antioxidantes naturais, aplicados a produtos carneos came §aAMPAGNOL
et al.,, 2011) e carne de porco (LARA et al., 2011), até o peesapnimento nado foi
desenvolvido nenhum trabalho com aplicacdo de extratos naturais gndpefrango
processado. A literatura também ndo apresenta estudos coatcaplde extrato de capim-
limdo como antioxidante natural, seja em produtos carneos ouwwros produtos
alimenticios, apesar de sua atividade antioxidante ja teinsidstigada.

Diante disso, o objetivo deste trabalho de pesquisa foi obteextrato hidro-
etandlico de capim-liméo e avaliar o efeito da adicdo dedtato na estabilidade fisico-
quimica e microbiolégica de peito de frango processado, embaladdua & armazenado em

temperatura de refrigeracéo®®) durante 60 dias.

2. Material e Métodos

2.1 Material

O capim-limao Cymbopogon citratusStapf) utilizado na pesquisa foi cultivado na
Universidade Estadual de Londrina (Londrina, Parana, Brasil) edoohpds 60 dias de
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cultivo. Peito de frango embalado e congelado, dentro do prazo dedealfdaobtido em
supermercado local. Todos os reagentes utilizados nas ae#disesle grau analitico. Acido
galico, reagente de Folin-Ciocalteu’s 2 N, ABTS (2,2’-azin@ethyl benzothiazoline-6-
sulphonic acid), DPPH (2,2-difenil-1-picrilhidrazil) e TBA (Thiobauric acid) foram
adquiridos da Sigma-Aldrich (St. Louis, MO, USA).

2.2 Preparo e Caracterizagdo do Extrato de Capim-Lim&o

O extrato hidro-etandlico de capim-limdo foi preparado conforme idéscde
Campagnol et al. (2011) para marcedahyrocline satureioidgscom algumas modificacdes
(HUNG et al., 2009). As folhas recém-colhidas de capimdirfétam lavadas em &agua
potavel e imersas em solug&o clorada com concentracdo de 15%) thgdnte 15 minutos. A
seguir, as folhas foram enxaguadas em agua filtrada, drepadagetirar 0 excesso de
umidade e deixadas sobre papel toalha absorvente por 15 minutasy &esprezadas as
extremidades e utilizadas apenas as por¢des medianas @des &dlhguais foram picadas e
trituradas em multiprocessador doméstico. A porgéo trituradae(d b.s.) foi submetida ao
processo de extragdo com etanol 95% na propor¢do de 1:10 (g:mLacafittim papel de
filtro Whatman N.1 sob vacuo. O residuo solido foi re-extraido dezessvwcom etanol 95% e
os sobrenadantes foram combinados. O extrato foi concentrado emajpbtaaelor a 40 °C e
o volume final foi completado para 50 mL com etanol 95%. O extidto-etandlico obtido

foi armazenado em frasco ambar a -18 °C até o momento do uso.

2.2.1 Determinagdo de Compostos Fendlicos Totais

Os compostos fendlicos totais foram quantificados pelo método colacionéte
Folin-Ciocalteau, conforme descrito por Costa et al. (2012)eithrh da absorbancia foi
realizada a 765 nm e o teor de fendlicos totais foi determingdeotiade uma curva padrao
de Acido galico (4 a 120g.mL™), sendo o resultado expresso em pg equivalentes de acido

galico por mL de extrato (ug EAG.i).

2.2.2 Determinacao da Atividade Antioxidante

A atividade antioxidante em relacdo a radicais DPBHleterminada segundo Brand-
Williams, Cuvelier e Berset (1995), com algumas modificag@SSAGRANDE et al.,

2007). Foi preparado um controle contendo todas as solu¢des reagemesaexnostra. A
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leitura da absorbancia foi realizada a 517 nm e a atividadexidatite foi expressa em
percentual de inibicdo da atividade (% IA) do radical DP@#Hacordo com a equacéao 1.

% IA = [1- (Absorbéncia da amostra / Absorbancia do contrzl&j]0 (2)

2.3 Processamento do Peito de Frango

O processamento do peito de frango foi realizado seguindo os principios de boas
praticas de fabricacdo (BRASIL, 1997) e de higiene alimg@@DEX ALIMENTARIUS,
2003), visando obter um produto semelhante ao peito de frango processado, (desfiado
e embalado a vacuo) pronto para uso comercial.

O peito de frango foi cozido inteiro por imersao em agua pré-aguatddemperatura
interna de 75 °C. Em seguida, foi retirado e drenado em pap®,tcaltado em pedacos e
fragmentado em multiprocessador doméstico, aplicando 4 ciclos deegldes. Foi
adicionado 1% (v/m) do extrato hidro-etandlico de capim-limdo e homiageoeem
multiprocessador por 30 segundos. Porcdes de 100 g foram pesadas eageambde
polipropileno, embaladas a vacuo e armazenadas em refriggda®@) durante 60 dias. Um
controle foi preparado seguindo o mesmo procedimento, porém sefio adicextrato de

capim-liméo.

2.4 Analises Fisico-Quimicas no Produto

Amostras de peito de frango processado adicionado de extrato ladéhiest de
capim-lim&o e do controle foram analisadas com 1, 15, 30, 45 ea$@eiarmazenamento

com relacdo a acidez, indice de peroxidos, TBARS, atigidadigua e cor.

2.4.1 Determinacéo da Acidez e do indice de Peroxidos

Inicialmente, foi obtido um extrato cloroférmico, de acordo apmmétodo proposto
pela Instrucdo Normativa N20 (BRASIL, 1999). Foram pesados 50 g de amostra,
adicionados 150 mL de cloroférmio e mantidos em agitagdo durante 30 mibuteeguida
foi filtrado em papel de filtro comum e refiltrado em papefittro contendo sulfato de sodio
anidro. O filtrado resultante foi utilizado para analise ddeace determinacé@o do indice de
peréxidos.

Para determinagéo da acidez foram misturados 25 mL do filtead@8 mL de alcool
etilico 95% neutralizado e titulado com NaOH 0,1 M em presengada@dor fenolftaleina.

A acidez foi expressa em gramas de acido oléico por 100makra (BRASIL, 1999).
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Para determinacao dos peroxidos resultantes da oxidacao lipidicanfiisturados 25
mL do filtrado com 37 mL de acido acético e 1 mL de solugdo satdeaidaleto de potassio.
Esta mistura foi deixada ao abrigo da luz, por 1 minuto. Apos, fadicionados 30 mL de
agua destilada e foi titulado com tiossulfato de sodio 0,01 M usanagieale amido a 1%

(m/v) como indicador. O indice de perdxidos foi expresso em meq pate kgmostra
(BRASIL, 1999).

2.4.2 Determinacao de TBARS

O teste foi conduzido de acordo com o método descrito por Allearreltdn (1994),
baseado na destilacdo a vapor da amostra e rea¢do do destiladducémde TBA. O valor
de TBARS foi determinado em mg de malonaldeido por kg de amasttiplicando o valor
da absorbéancia do cromégeno a 538 nm, descontado o valor do brancopp&l@fa partir
dos valores de TBARS foi calculado o percentual de inibicdo wagho (% 1), para cada
tempo de armazenamento, de acordo com a equagéao 2.

% | = [(TBARSc — TBARSE) / TBARS] x 100 2

Onde:

C = amostra controle sem extrato de capim-liméo

E = amostra com extrato de capim-liméo

2.4.3 Cor

A cor das amostras foi medida utilizando colorimetro Minolta 3DR- (Konica
Minolta Sensing Inc., Osaka, Japan), com iluminante D65 e @mk®ra 10°. O instrumento
foi previamente calibrado com uma placa branca padrdo. A coexfmessa como L*
(luminosidade ou brilho), a* (componente vermelho-verde) e b* (componeatela-azul).
A intensidade de cor (C*) e a tonalidade cromética (H°) tamfugam determinadas por
leitura direta no aparelho.

2.4.4 Atividade de Agua

A atividade de agua (Aa) foi determinada a 25 °C por &itlinreta das amostras em
aparelho AqualLab (Water Activity Meter, 4 TEV, USA), prenente calibrado com agua
destilada.
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2.5 Andlises Microbiolégicas

Foram realizadas as determinacées de Coliformes a 45 °®.gY\ Estafilococos
coagulase-positiva (UFCYy e Salmonellasp (presenca ou auséncia em 25 g de amostra) de
acordo com as metodologias descritas por Siqueira (1995, p.73-128).dnstises foram
escolhidas com base no padrdo microbiologico estabelecido pellug@es®DC N° 12
(BRASIL, 2001). As amostras de peito de frango processado cono aticéxtrato hidro-
etandlico de capim-limdo e do controle foram analisadas com, 1301545 e 60 dias de

armazenamento.

2.6 Delineamento Experimental e Analise Estatistica

O experimento foi conduzido segundo delineamento inteiramentelizadaa com
duas repeticdes, e as analises foram realizadas eitataplO esquema de tratamento foi em
parcelas subdivididas, sendo o tratamento principal o processamentceXtato hidro-
etandlico de capim-limédo e controle — sem extrato) e o tratansecundario o tempo de
armazenamento (dias). Os dados foram submetidos a andliseé&feigae teste de Tukey
para comparacdo de médias a 5% de significancia, utilizandogoapra gratuito Sisvar
versao 5.6, build 86 (SISVAR, 2016). Os resultados sdo apresentadosneatiac desvio

padréo.

3. Resultados e Discussao

O extrato hidro-etandlico de capim-limédo apresentou teor deideadbtais de 79,62
+ 0,40 mg.100 g de folhas (b.s.) e 81,92 + 0,07% de inibicdo da atividade (9deARdicais
DPPH. De acordo com Costa et al. (2012), os fendlicos totais sdo ofpaisncompostos
antioxidantes presentes em extratos vegetais. Os compostosder@icontrados em maior
proporcao em extrato aquoso (infuséo livre de 6leo essencialhds fité capim-limao foram
os fendlicos acidos, e em menor proporcao os flavonoides e tanind$HIRIBIHA et al.,
2008). Dentre os fendlicos &cidos, os acidos clorogénicos foram os tosnples maior
prevaléncia em extrato metandlico e infusédo de folhas de dapiin (MARQUES; FARAH,
2009).

A percentagem de inibicdo da atividade de radicais DR&I$uperior a determinada
por Figueirinha et al. (2008) para infusdo e extrato hidro-etandlicapim-limao (62,3% IA

e 58,7% IA, respectivamente). De acordo com Marques e Farah (2008)r de acidos



111

clorogénicos influencia nas propriedades antioxidantes e sua cagéentras plantas pode
variar em fungé@o de varios fatores como genética, ckola, tipo de cultivo, presenca de
patdgenos e método de extragdo. Considerando que o valor de % |AcdesrBPH foi
superior a 70%, pode-se afirmar que o extrato hidro-etandlico de dapm-bpresentou
elevada atividade antioxidante (MELO; ANDRADE; 2010), indicandopatencial para uso
como antioxidante natural.

Para avaliar o efeito antioxidante do extrato hidro-etandlico, quagsith@do a um
produto alimenticio, monitorou-se o avanco da oxidac&o lipidica (indieescidez e
peroxidos) e o percentual de inibicdo da oxidacdo (% |) em peitoadgofrprocessado
(adicionado de extrato hidro-etandlico de capim-liméo e controle -egeato), embalado a
vacuo e armazenado durante 60 dias em refrigeracéo (Tabela 1).

O produto ndo apresentou variagcdo significativa na acidez ao longengm tde
armazenamento, tanto nas amostras contendo extrato de gagwnglianto no controle, sem
extrato. No entanto, o controle apresentou maior acide20(p5) que o produto com adigédo
de extrato aos 60 dias de armazenamento. Com relacdo ao inglieedxidos, ndo houve
variacao significativa nas amostras contendo extrato de capén;liao longo do tempo de
armazenamento. Os resultados obtidos indicam que a adi¢cdo de bidra-etandlico de
capim-limédo ao peito de frango processado preveniu a peroxidacaocaligicbvavelmente
devido a inativagdo dos radicais livres)(Belos compostos fendlicos presentes no extrato
(MARTI’NEZ—FLORES et al.,, 2015; MARQUELE et al., 2005). Porrouado, o controle
apresentou aumento ( 0,05) no indice de perdxidos aos 30 dias de armazenamento e
posterior diminui¢cdo, aos 45 dias de armazenamento.

A oxidagéo de lipidios inicia-se pela remog¢do de um atomisidtegénio do acido
graxo insaturado, formando um radical livre’)(REsta reagdo inicial ocorre pela acdo de
alguma espécie reativa formada pela a¢éo do calor, luz, Etdficos ou enzimas. Uma vez
formado, o radical livre reage com o oxigénio para formar rageaxil (ROO). Esses
radicais sao altamente reativos e capazes de remover midratg outros acidos graxos
insaturados, formando hidroperoxidos e propagando, assim, a reacao g¢gémxilaeacao
terminal ocorre com a interacdo de dois radicais livresdndom um composto nao radical.
Com o avancgo da oxidagéo, ocorrem reagfes de decomposicido dosogérizkioperoxidos,
levando a uma diminui¢cdo do valor de perdxidos e a formacédo de diveosogoprcomo
aldeidos, cetonas, alcoois, hidrocarbonetos e &acidos (ARAUJO, 2011QMAFE et al.,
2005).
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O malonaldeido, um dos produtos da decomposi¢cdo dos peroxidos lipidicas, tem
capacidade de reagir com o acido tiobarbitarico formando um ceamadgque é determinado
pelo teste de TBARS (MARQUELE et al., 2005; RAHARJO; SGFDMA93) Dessa forma, o
teste de TBARS € o método mais usual para acompanhar a evolupddat#io lipidica em
carnes e produtos carneos (CAMPAGNOL et al., 2011; RAHARGFGS, 1993). Por outro
lado, a eficiéncia antioxidante de um composto pode ser deaetanpela sua capacidade em
prevenir a formacao de TBARS, que € expressa como percentnibig@o da oxidagao (%
[) (LARA et al., 2011). Os valores de % I, calculados aipdds indices de TBARS das
amostras com adicao de extrato hidro-etandlico de capim-liméaotmle (sem extrato) séo
apresentados na Tabela 1.

Os valores de % | encontrados indicam que a adi¢do deoest&ratapim-limé&o inibiu
a oxidacdo lipidica no produto ao longo dos 60 dias de armazenamergeraelfi (4°C).
Porém, o efeito de inibicdo foi mais intenso nos primeiros 15(dmsximadamente 32%) e
depois sua eficiéncia diminuiu, chegando a 15% aos 60 dias. Pee;ebrtdo, que a
proporcao do antioxidante natural incorporada ao produto, na forma de extratethndlico
de capim-liméo, foi insuficiente para prevenir eficazmentxidacao lipidica. A atividade
antioxidante do extrato de capim-limao esta relacionada com ddemompostos fendlicos,
0S quais sdo capazes de interromper a reacdo em cadeia agaoxigidica por meio do
sequestro de radicais livres (MARQUELE et al., 2005). No emtarst processos envolvidos
no preparo do peito de frango processado, como cozimento, corteeifitagéo e mistura
podem ter acentuado a degradacdo dos &cidos graxos poli-insaturadosRIERAHFOFOS,
1993).



Tabela 1: Parametros fisico-quimicos de peito aegiv logo apds o processamento e ao longo do ananaeato refrigerado.

Parametrc Tratament 1 dic 15 dia: 30 dia: 45 dia: 60 dia:
Acidez Capirr-liméo 0,033+ 0,000% 0,067+ 0,027° 0,083+ 0,019% 0,092+ 0,032% 0,058+ 0,017°
acido oleico.100
@ 9 Controle 0,033+ 0,000"? 0,041+ 0,017° 0,075+ 0,016 0,083+ 0,019 0,083+ 0,019
Peréxido (megkg?) Capin-limao 0,727+ 0,343° 0,424+ 0,0702 0,697+ 0,06 F° 0,546+ 0,157 0,788+ 0,252°
Controle 1,091+ 0,000* 0,818+ 0,116% 1,576+ 0,321° 0,636 0,061° 0,636 0,061°
% | Capin-limac 32,00+ 0,4 31,99+ 1,05 22,30+ 0,57 27,08+ 0,28 15,14+ 1,30
Aa Capirr-limac 0,989+ 0,001 0,991+ 0,001 0,989+ 0,001 0,989+ 0,001 0,989+ 0,001
Controle 0,990+ 0,002° 0,991+ 0,001 0,990+ 0,001 0,989+ 0,001 0,991+ 0,002
L* Capirr-limac 76,69+ 1,12¢ 78,56+ 1,09"° 85,68+ 1,31 77,93+ 1,79 79,41+ 0,82°
Controle 76,78+ 1,30f¢ 79,15+ 1,28° 83,89+ 0,73 77,99+ 1,89%¢ 78,94+ 1,26
a* Capinr-limac 2,01+ 0,04% 1,56+ 0,51 2,18+ 0,51 0,80+ 0,23% 0,63+ 0,19%
Controle 1,21+ 0,120 1,30+ 0,47 2,07+ 0,14% 0,05+ 0,07 0,20+ 0,07
b* Capin-limac 14,26+ 0,69" 13,98+ 0,26¢ 13,08+ 1,189 14,71+ 0,18% 14,79+ 0,87°
Controle 14,36+ 0,258 14,53+ 0,39*¢ 13,12+ 1,1¢¢ 14,65+ 1,31° 15,68+ 0,30%
C* Capin-limac 14,40+ 0,68" 14,08+ 0,3C¢ 13,27+ 1,08" 14,73+ 0,16% 14,81+ 0,86
Controle 14,41+ 0,28*¢ 14,59+ 0,36"° 13,28+ 1,11 14,65+ 1,317° 15,68+ 0,31%
He Capirr-limac 81,96+ 0,532 83,65+ 1,98 80,36+ 2,97 86,88+ 0,86 87,52+ 0,88
Controle 85,16+ 0,482 84,85+ 1,72 81,03+ 0,19" 89,79+ 0,29 89,27+ 0,28

Média+ desvio padréo. Letras minUsculas diferentes, ramadinha, indicam diferenca estatistica (@,05) ao longo do tempo; letras mailsculas difeen
na mesma coluna, indicam diferenca estatisticaQj®5) entre os tratamentos (teste de médias dey)ekn cada parametro avaliado. Controle: Semtextra

de capim-limdo; Capim-lim&o: Adicao de 1% (v/m)edérato hidro-etandlico de folhas de capim-limé&o.
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Campagnol et al. (2011) avaliaram o efeito antioxidante em dasn(i0,5% e 1%)
de extrato hidro-etandlico de marcela em salames. Os pesquis@ddfesmram que o0
tratamento com 1% de extrato de marcela foi mais efetivdimauicdo dos valores de
TBARS (p< 0,05), prevenindo a oxidacao lipidica em salames maturados ronder40%
durante 60 dias de armazenamento ¥C2®m embalagem a vacuo.

Lara et al. (2011) estudaram o efeito antioxidante de extrethsais de alecrim
(Rosmarinus officinalid..) e de melissaMelissa officinalisL.), comparado ao antioxidante
sintético BHT, adicionados a hamburgueres de carne suina, asaadodicionados em
embalagem tipo filme laminado com atmosfera modificada (7% 80% CQ) e mantidos
a4 =1 °C por 6 dias. Os autores observaram 90,7% de inibicdo @gauxido produto com
extrato de alecrim, 74.8% com extrato de melissa e de 76@% BHT durante o
armazenamento refrigerado. Neste caso, além da origemt@doe(composi¢cao), o curto
periodo de armazenamento e a embalagem com protecdo a lunsgemtnmodificada
possivelmente contribuiram para uma inibicdo da oxidacgéo (%is)efetiva.

Observa-se, entdo, que a propor¢do ou a concentragdo do extratpinddincao
adicionado ao peito de frango processado poderia ser aumentagiaday, poderiam ser
utilizadas medidas auxiliares (embalagem com protecao atiomnsfera modificada) para
obter-se um maior efeito de inibicdo da oxidacédo lipidica (9Bd) entanto, € importante
ressaltar a necessidade de ser conduzida uma avaliacdo $edsopeito de frango
processado, visando determinar qual a quantidade maxima de ertraépith-limdo que
poderia ser adicionada sem comprometer a aceitagéo do produtogredosidores.

Quanto a atividade de agua (Aa), ndo houve diferenca signifieativa as amostras
com extrato de capim-limdo e o controle, em nenhum dos temposn@dazeaamento
estudados (Tabela 1), indicando que a adigéo do extrato de cagindéuo interferiu na Aa
do peito de frango processado. Observou-se, ainda, que tanto agssc@sirextrato quanto
0 controle ndo apresentaram variagdo na Aa ao longo do tempo, &andencjue a
embalagem preveniu a perda de 4gua do produto durante o armazen@n@esmo efeito
protetivo da embalagem foi verificado por Menegas et al. (2pa8 linguica de frango
maturada e embalada a vacuo, a qual ndo apresentou varia¢&o chaante 45 dias de
armazenamento a 4 °C. Segundo os autores, a embalagem néi pemté de dgua durante
0 armazenamento, prevenindo problemas sensoriais relacionadoériciapado produto.

Os parametros de cor (L*, a*, b*, C* e H°) do peito de frango psackstambém

foram avaliados ao longo do tempo de armazenamento (THbela
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A adicao de extrato de capim-limdo ndo afetou a cor do peitcadgof processado,
uma vez que no primeiro dia de armazenamento ndo foi verificagl@rdifi significativa
entre as amostras com extrato e o controle, em nenhum dos pasifineta*, b*, C* e H°).
Ambas as amostras apresentaram uma elevagdo nos valotgsadelongo do tempo,
atingindo o valor maximo aos 30 dias de armazenamento; neste pesouo (30 dias), foi
observada uma diminuicdo na intensidade da cor (C*) amarela (b*yamudi que as
amostras tornaram-se mais claras.

A amostra com extrato de capim-limdo n&do apresentou variggéiicativa na cor
vermelha (a*) ao longo do tempo, enquanto o controle apresentou uma digeaoloracao
(diminuicdo de a*) apds 30 dias de armazenamento. No final do pelgodionazenamento
(60 dias), o controle apresentou valores mais elevados do pardrhétnmarelo) e maior
intensidade de cor do que a amostra contendo extrato de capmn-tim&eja, o controle
apresentou-se mais amarelado. As amostras apresentaraidatnalromatica (B entre
vermelho e amarelo, porém mais proximo do amarelo (90°).

A cor da carne depende da concentracdo e do estado quimictoglabma. As
diferencas observadas entre os tratamentos (com extrato eeopémal os valores de a* e b*
no final do periodo de armazenamento, sugerem uma menor proporcamestpigxidado
(oximioglobina) na amostra contendo extrato, possivelmente atriboiei@iéo antioxidante e
protetivo dos compostos fendlicos presentes no extrato, o que fasopeeservacdo da cor
(Lara et al., 2011; Campagnol et al., 2011).

N&ao foi detectada a presenca de Estafilococos coagulasegdSdimonellasp e
Coliformes a 45 °C ao longo do periodo de armazenamento de 6Cadiaspas amostras
contendo extrato de capim-lim&o quanto no controle. Faz-se excecdodasiaraostras com
extrato de capim-limdo, correspondente ao tempo de 15 dias deeaamento, a qual
apresentou contagem de 11 NMPge Coliformes a 45 °C, ainda assim abaixo do limite
estabelecido pela legislacdo (BRASIL, 2001) que é de 105 NMRg entanto, a presenca
de Coliformes a 45 °C nédo foi confirmada nos tempos de armazsicamesteriores,
indicando uma contaminagdo pontual de uma das amostras do tempo de ,15 dias
possivelmente associada a embalagem na qual a amostarfdicinada.

Os resultados obtidos evidenciam que a embalagem a vacuo e zermamanto
refrigerado (4 °C), associados ao cozimento inicial do peitfrathgo e as boas préticas
empregadas no processamento, asseguraram a gqualidade ledad¢alnicrobioldgica do

produto com relacdo aos grupos de microrganismos estudados.
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4. Conclusao

A adicdo de 1% de extrato hidro-etandlico de capim-liméo inibedag&o lipidica e
contribui para a estabilidade do peito de frango processado durantmaaeaamento
refrigerado, sem afetar negativamente as caractasdiisico-quimicas do produto. O peito
de frango processado apresenta estabilidade microbiolégica dré&stafilococos coagulase-
positiva, Salmonellasp e Coliformes a 45 °C durante 60 dias de armazenamentenadag

independentemente da adicdo de extrato de capim-liméo.
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CONCLUSOES

» Os concentrados liquidos elaborados para o preparo de bebidas ensapitHimao
e lima 4cida caracterizam-se como produto acido, de cor lamzwatendo compostos
bioativos (vitamina C e fendlicos) que conferem ao produto importpriesiedades
antioxidantes.

» Na formulagcdo dos concentrados devem ser utilizados, preferemacialmextrato
aquoso de capim-limdo ou extrato liofilizado e 6leo essencial, wnaque estes
concentrados originam bebidas mistas com maior intensidade de ersabor capim-
lim&o, as quais sdo mais apreciadas.

« E possivel elaborar concentrados com derivados de capim-lisdmele lima acida
para a preparagéo de bebidas mistas que sdo, ao mesmodaeaitps, sensorialmente
e potencialmente benéficas a saude dos consumidores.

» O processamento por alta pressao hidrostatica (APH) a prességsai® MPa e 25
°C de temperatura por um curto periodo de tempo (1-2 min) ndo afeta dete
vitamina C e fendlicos totais da bebida mista de capimelieniima acida.

« O tratamento ndo térmico da bebida mista por APH a 250 MP&@ @ér 1 min é
capaz de garantir seguranga microbiologica e aumentar a gigaitiderobiologica e o
tempo de vida Gtil da bebida mista ndo tratada, resultando ehomretencdo dos
compostos bioativos e das caracteristicas fisico-quimiafinass da bebida mista do
que a pasteurizacao térmica.

* As bebidas mistas de capim-limdo e lima acida com sopsamiam caracteristicas
fisico-quimicas distintas com relagéo ao pH, ratio e corpacadas as bebidas mistas
sem soja. Porém, estas diferencas ndo afetam negatieamejualidade sensorial,
uma vez que as bebidas mistas com soja apresentam aabareapraziveis e sao
bem aceitas pelos consumidores em potencial.

» Considerando a capacidade antioxidante e os atributos de qualideoledisnica e
sensorial (aparéncia), é recomendado utilizar extrato aquostagm-limdo na
formulagdo das bebidas mistas com soja.

* A nova bebida a base de soja desenvolvida pode ser considerada @eméafaitde
compostos bioativos com potenciais beneficios para a saude.

* A adicdo de 1% de extrato hidro-etandlico de capim-lim&o inilvddacéo lipidica e

contribui para a estabilidade do peito de frango processado duramt@zeaamento
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refrigerado, sem afetar negativamente as caractasstisico-quimicas do produto,

indicando um potencial para uso como antioxidante natural.
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ANEXO
TRABALHOS APRESENTADOS EM EVENTOS CIENTIFICOS
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Avaliagio do Teor de Fendlicos Totais e Atividade Antioxidante de Derivados de Capim-
limido: Extrato Aquoso, Extrato Liofilizado e Oleo Essencial.

Dirlei Diedrich Kieling', José Roberto Pinto de Souza’ e Sandra Helena Prudencio’
'Programa de Pés-Graduagdo em Ciéncia de Alimentos/CCA/DCTA

2Programa de Pos-Graduagao em Agronomia/CCA/AGRO

Universidade Estadual de Londrina

86057-970 — Londrina — PR, Brasil

dirlei_kieling@yahoo.com.br

Palavras-chave: Cymbopogon citratus, Compostos bioativos, Antioxidantes naturais.
Resumo

O capim-limdo (Cymbopogon citratus stapf) ¢ uma planta aromatica, origindria da india,
cultivada no Brasil principalmente para preparo de cha e extragdo do 6leo essencial, também
denominado popularmente capim-santo, capim-de-cheiro ou capim-cidreira. Pesquisadores
identificaram a presenga de compostos fendlicos, como acidos clorogénicos, taninos e
flavonoides em extrato metanolico e infusdes de capim-liméo, substincias com conhecida
atividade antioxidante. Assim, o objetivo do trabalho foi obter e analisar comparativamente
extrato aquoso, liofilizado e 6leo essencial de capim-limado quanto ao teor de fenolicos totais e
atividade antioxidante. O capim-limado foi cultivado em vasos em condigdes ambientais ¢ o
corte das folhas realizado aos 77 dias de cultivo. O extrato aquoso (EA) foi obtido a partir da
trituragdo de 50 g de folhas frescas com 200 mL de agua destilada, seguido de filtragdo em
tecido tipo voal. Uma porgio de EA foi congelada a -18°C ¢ submetida a desidratagio em
liofilizador, obtendo-se o extrato liofilizado (EL). O 6leo essencial (OE) foi extraido em mini
destilador por arraste a vapor. Nos derivados de capim-limao assim obtidos foi determinado o
teor de fenolicos totais pelo método de Folin-Ciocalteau, em pg Equivalente em Acido Galico
(EAG) por mL, e atividade antioxidante pelos métodos DPPH e ABTS, expressos como %IA
(Inibi¢do da Atividade do radical livre). Foram encontradas diferengas significativas (p<0,05)
no teor de fendlicos totais ¢ atividade antioxidante entre os derivados. OE apresentou maior
teor de fenolicos totais que EA e EL (225,07; 72,72 ¢ 58,21 ugEAG.mL", respectivamente) ¢
maior atividade antioxidante pelo método DPPH (6537; 4239 ¢ 3636 %IA,
respectivamente). No entanto, pelo método ABTS a atividade antioxidante foi EA>EL>OE
(23,42; 20,74 ¢ 15,96 %IA, respectivamente). O efeito antioxidante frente ao radical livre
DPPH" foi maior do que com relagio ao radical livre ABTS"", para todos os derivados de
capim-limao.
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Elaborag¢io de Concentrados de Capim-limio com Polpa de Limdo e Avaliacio
Sensorial dos Sucos Preparados a partir dos Concentrados.
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Palavras-chave: Cymbopogon citratus, Suco concentrado, Aceitagdo.

Resumo

No Brasil, capim-limao (Cymbopogon citratus) é utilizado principalmente para chd, extracao
do oleo essencial e, em algumas regides, para preparo caseiro de sucos com polpa de frutas,
destacando-se aroma/sabor agradavel e refrescante. Nao existem pesquisas com sucos
contendo capim-limdo, assim, objetivou-se desenvolver concentrados contendo extrato
aquoso (EA), liofilizado (EL) e dleo essencial (OE) de capim-limao, polpa de limio e agticar e
verificar a aceitagdo dos respectivos sucos. EA foi obtido por trituracio das folhas frescas

com agua filtrada e filtragdo em tecido voal. Uma porg¢ido de EA foi liofilizada, obtendo-se
EL. OE foi extraido por hidrodestilacao e utilizado no preparo de emulsiao (EOE). Polpa de

~ a_r ~

limdo Tahiti foi obtida em espremedor mecanico ¢ filtrada em voal. Foram formulados trés
concentrados com polpa de limao (100 g) e diferentes quantidades de agucar (60, 90 ¢ 120 g),
congelados ¢ mantidos a -18°C em freezer doméstico. Cada concentrado foi homogeneizado
com igual volume de EA (definido em testes preliminares) e dgua filtrada, obtendo-se trés
sucos que foram submetidos a Teste de Ordenagdo da Preferéncia com 60 julgadores. A partir
da formulagao preferida (90 g de agucar), foram elaborados trés concentrados de capim-limao,
polpa de limdo ¢ agucar, variando-se o derivado de capim-limao (F1=EA, F2=EL e¢
F3=EL+EOE), congelados e mantidos a -18°C. Estes foram utilizados no preparo de sucos e,
entdo, submetidos a Testes de Aceitagao de Atributos (escala hedonica de 9 pontos) e
Intengdo de Compra (escala de 5 pontos) com 100 consumidores. A aceitagdo da aparéncia e
textura das formulagdes situou-se entre 7 (gostei moderadamente) e 8 (gostei muito), sendo a
F1 a mais apreciada (p<0,05). F1 e F3 apresentaram aroma, sabor e aceitagido global entre 7 ¢
8, superior (p<0,05) a F2 (notas de 6, gostei ligeiramente, a 7, gostei moderadamente). Os

consumidores provavelmente comprariam (nota 4) F1 e F3.
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Resumo

Objetivou-se avaliar o efeito do extrato etanétieofolhas de capim-liméo nas caracteristicas
fisico-quimicas de peito de frango processado, Embaa vacuo e armazenado em
refrigeracéo (4C) durante 60 dias. O extrato de capim-liméo aptese79,62ug EAG.mL*

de fendlicos totais e atividade antioxidante de93% (método DPPH) e 22,62% (método
ABTS). Prepararam-se duas amostras de frango pa@suma com extrato (1 mL.10Qg

um controle sem o extrato. A adicdo de extratoiungdboxidacdo (TBARS) e a formacéo de
peroxidos no peito de frango processado durant®Oaodias de armazenamento. A acidez e
atividade de agua néo variaram entre as duas aspstdurante o armazenamento. O extrato
de capim-liméo contribuiu para a estabilidade digjaimica do peito de frango processado
durante o armazenamento.

Introducéo e objetivo

A oxidacdo é um fenbmeno natural que ocorre emealios e bebidas, sendo responsavel por
alteracdes nas caracteristicas quimicas, fisicagneoriais, eventualmente, formacéo de
compostos téxicos e até a rejeicdo do produto.mpbexidade do processamento, associada a
necessidade de aumentar o tempo de armazenamem@, ¢ alimento vulneravel a
deterioracdo oxidativa. Portanto, a utilizacdo déstncias antioxidantes, capazes de
proteger o alimento contra a oxidacao, faz-se séces(ARAUJO, 2011). Os antioxidantes
mais comuns sao as substancias fendlicas, sen#éticis ou naturais, como os tocoferois e
extratos vegetais polifendlicos (LINDSAY, 2010).0bjetivo do trabalho foi avaliar o efeito
da adicdo de extrato etandlico de folhas de cajpirdid na estabilidade fisico-quimica de
peito de frango processado, embalado a vacuo ezanado em refrigeracédo {€) durante

60 dias.
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Procedimentos metodolégicos
Preparo e caracterizagéo do extrato de capim-liméo

O extrato etandlico de folhas frescas de capim-liméo foi padpaconforme descrito por
Campagnol et al. (2011) e HUNG et al. (2009). No extrato obtido fopaentificados os
compostos fendlicos totais pelo método de Folin-Ciocalteau (SWAINLEIS 1959) e
avaliada a atividade antioxidante pelos métodos da capacideasksaestrar radicais livres
DPPH (BRAND-WILLIANS; CUVELIER; BERSET, 1995), e radicaisvies ABTS"
(SANCHES-GONZALES; JIMENEZ-ESCRIG; SAURA-CALIXTO, 20D5

Processamento do peito de frango

O peito de frango cozido por imersdo, em agua pré-aquecidangtératura interna de 75
°C, foi drenado e seco em papel toalha; cortado e processado gmoecessador domeéstico.
Porcdes de 70 g de frango sem (controle - C) e com adicédo (1 mt)id®gxtrato de
capim-liméo (E) foram embaladas & vacuo, armazenadas egenaféo (4 °C) e analisadas
com 1, 15, 30, 45 e 60 dias. Os procedimentos de preparo do pditnge seguiram 0s
principios de boas praticas de fabricacdo (BRASIL, 1997) e denbigikmentar (CODEX
ALIMENTARIUS, 2003).

Andlises fisico-quimicas das amostras

A acidez (gramas de acido oleico por 100 g de amostra) ece ieliperéxidos (mEq por 1kg
de amostra) (IAL, 2008) foram medidos em extratos cloroférmicesad@stras de frango,
obtido conforme a Instrugcdo Normativaad (BRASIL, 1999).
As substancias reativas ao acido tiobarbitirico (TBARS) mr#el da oxidagéo lipidica
foram determinadas conforme Kirk e Sawyer (1991). A eficiéaoteoxidante do extrato de
capim lim&o foi calculada, em cada tempo de armazenamento,poentual de inibicdo da
oxidacao (% I).

% | = [(TBARS — TBARS)/TBARSc] x 100, onde:c = amostra controleg =
amostra com extrato de capim-liméo.
A atividade de agua foi determinada a 25 °C por leitura destaaparelho Aqualab,
previamente calibrado com agua destilada.

Delineamento experimental e analise estatistica

O delineamento experimental foi inteiramente casualizado,de@® repeticdes, e as analises
em triplicata. Os dados foram tratados por ANOVA e testéukey (p < 0,05) no programa
Statistica7.0 (STATSOFT, 2006).

Resultados e discussao

O extrato de capim-limdo apresentou teor de fendlicos totais de {§,EAG.mL* e
atividade antioxidante de 22,62% (método ABTS) e de 81,92% (método DB&Wt)p
considerada elevada, uma vez que foi superior a 70% (método MMEHY; ANDRADE,
2010).

Os resultados das andlises fisico-quimicas do peito de frangoteduraarmazenamento
refrigerado estdo na Tabela 1.
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Tabela 1: Parametros fisico-quimicos do peito de frango duramiteazenamento.

Analise Amostra 1 dia 15dias 30dias 45dias 60 dias
Acidez E 0,03 0,067" 0,08™ 0,092 0,05¢%
(9 4cido oleic0.100Y ¢ 0,038 0,04f® 0,078" 0,083 0,083
Peroxidos (meg.k) E 0,72 0,424* 0,697° 0,546" 0,788"

C 1,09* 0,818" 1,576" 0,636" 0,636"
% | - 32,06 31,99 2236 27,08 15,14
Aa E 0,99 099" 099" 0,99 0,99"

C 0,9¢* 0,9 0,9 0,9 0,9

Médias com mesma letra (minUscula) na mesma linha e comamlesra (maidscula) na

mesma coluna, para cada analise, ndao diferem no nivel dE 5%amostras com extrato de
capim-liméo; C = amostras controle. % | = percentual de irohilgioxidacdo por TBARS.

Aa = atividade de 4gu&onte: o proprio autor.

A acidez nao variou significativamente ao longo do armazenamend® déas, tanto nas
amostras contendo extrato de capim-limao (E), quanto no controllq@ntanto, o controle
apresentou maior acidez  0,05) que o produto com adicdo de extrato no final do
armazenamento.

Quanto ao indice de peréxidos, ndo houve variagdo nas amostras e@xeath de capim-
liméo, ao longo do armazenamento. No entanto, o controle apresentmumento no valor
de perdxidos aos 30 dias de armazenamento. O resultado indica djgéoade extrato de
capim-lim&o ao peito de frango processado preveniu a formacaodédps. O percentual
de inibicdo da oxidacdo (% 1), avaliado pelo TBARS, mostrou quadicéi@ade extrato de
capim-lim&o inibiu a oxidagéo lipidica no produto ao longo dos 60 dias dezemamento
refrigerado (4£C). No entanto, o efeito de inibicdo foi maior (~32%) nos primeifodias e
depois diminuiu, chegando a 15% aos 60 dias, indicando que a capacitiadielaante do
extrato de capim-liméao obtido no presente estudo, ou a quantidadeate esicionada ao
produto foi insuficiente para prevenir a oxidacéo lipidica eficazeneo longo dos 60 dias de
armazenamento.

As amostras com extrato (E) e o controle (C) ndo se ddemram quanto a Aa em todos o0s
tempos de armazenamento, indicando que a adi¢cdo do extrato deiggmnmdo interferiu
na Aa do peito de frango processado.

Conclusao

O extrato etandlico de folhas de capim-limao contribuiu pasdadiéidade fisico-quimica do
peito de frango processado e armazenado em refrigeragéao.
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