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RESUMO

O café representa um dos produtos de maior importancia econémica e a producdo de
alguns subprodutos do café vém ganhando espago no mercado devido a presenca de
constituintes benéficos a satde humana. Os 0Oleos de cafés obtidos de prensagem
mecanica a frio sdo constituintes lipidicos que podem ser extraidos verdes e torrados
a partir de diferentes tipos de grdos de café. Diante disso, o objetivo deste estudo foi
investigar a composicdo quimica de Oleos de café verde e torrado advindos de
diferentes pontos de torracdo e de classificacfes distintas. Para isso 0s grdos de café
foram caracterizados quanto a composicao fisica e quimica, além de serem avaliados
quanto aos parametros de torracdo. Em seguida, os gréos passaram pelo processo de
extracdo a frio por prensagem mecanica e foram avaliados o rendimento, indice de
acidez e peroxidos, composicdo graxa e aromatica, composi¢cdo bioativa, fendlica e
capacidade antioxidante. Além disso, os 6leos foram adicionados em formulacGes de
iogurtes visando a utilizagdo como ingrediente alimentar, para tal foram testados a
capacidade antioxidante e composicdo fendlica durante o periodo de 0 e 30 dias, e
também os aspectos sensoriais e microbiologicos. As anélises de caracterizacdo dos
grdos mostraram que os cafés eram tipo 2 (mole), tipo 6 (duro) e fora de tipo (rio),
com peneira chato. Quanto as analises de umidade, extrato etéreo, proteinas, cinzas,
acidez total titulavel e solidos sollveis os grdos apresentaram resultados condizentes
com a literatura. Os 6leos de cafés em torra escura apresentaram maior rendimento de
extracdo e ndo tiveram recirculacdo da sua torta durante o processo de extracdo. A
analise de GC- FID mostrou que os Oleos verdes e torrados possuem em maior
concentracgdo os acidos linoleico e palmitico. Os compostos volateis avaliados por HS-
SPME-GC-FID presentes em maior teor nos 6leos verdes foram os ésteres e nos 6leos
torrados furanos e pirazinas, 0s quais aumentavam com elevacdo da intensidade de
torra. A composicao fenodlica dos 6leos obtidos de graos classificados como duro e rio
foi maior quando no estado verde, para 0 mole isso ocorreu em torra escura. Quanto a
capacidade antioxidante a FRSA (%) mostrou que os 6leos de cafés duro e rio torrados
foram mais elevados do que estes na condicdo verde. Para a composicéo bioativa
analisada por HPLC- DAD em relacdo a cafeina esta se manteve condizente com a

classificacdo de qualidade dos grdos, a trigonelina apresentou teores proximos em



6leos verdes e em torra clara, sofrendo degradacdo nos 6leos em torra média e escura,
ja os acidos clorogénicos degradaram com aumento da intensidade de torra. As
formulagBes de iogurtes com os dleos de café quando analisadas em valores absolutos
apresentaram maior composicdo fendlica e capacidade antioxidante em relacdo ao
padrdo em ambos os tempos. A anélise sensorial mostrou maior aceitagdo sensorial
para iogurtes com 0leos em torra escura. Assim, este estudo mostra a importancia dos
6leos de cafés demonstrando que os 6leos em torra escura sdo excelentes alternativas
para serem usados como ingredientes alimenticios, conferindo capacidade

antioxidante, cafeina e potencial aromatizante.

Palavras- chave: Coffea arabica L.; 6leo de café em torrado escura; cafeina; furanos;

aromatizante; produtos lacteos.



ABSTRACT

Coffee represents one of the most economically important products and the production
of some coffee by-products has been gaining space in the market due to the presence
of constituents beneficial to human health. Coffee oils obtained from mechanical cold
pressing are lipid constituents that can be extracted green and roasted from different
types of coffee beans. Therefore, the aim of this study was to investigate the chemical
composition of green and roasted coffee oils coming from different roasting points and
different classifications. For this, the coffee beans were characterized for physical and
chemical composition, in addition to being evaluated for roasting parameters. Then,
the grains went through the cold extraction process by mechanical pressing and the
yield, acidity and peroxide index, grease and aromatic composition, bioactive
composition, phenolic and antioxidant capacity were evaluated. In addition, the oils
were added to yoghurt formulations with the aim of being used as a food ingredient,
for which the antioxidant capacity and phenolic composition were tested during the
period of 0 and 30 days, as well as the sensory and microbiological aspects. The
characterization analyzes of the beans showed that the coffees were type 2 (soft), type
6 (hard) and out of type (river), with flat sieve. As for the analysis of moisture, ether
extract, proteins, ash, total titratable acidity and soluble solids, the grains showed
results consistent with the literature. Coffee oils on dark roast had higher extraction
yield and had no recirculation of their cake during the extraction process. The GC-FID
analysis showed that the green and roasted oils have a higher concentration of linoleic
and palmitic acids. The volatile compounds evaluated by HS-SPME-GC-FID present
in higher content in green oils were the esters and in the roasted oils furans and
pyrazines, which increased with increasing roasting intensity. The phenolic
composition of oils obtained from grains classified as hard and river was higher when
in the green state, for the soft one, this occurred in dark roast. As for the antioxidant
capacity, FRSA (%) showed that the oils from hard and river roasted coffees were
higher. For the bioactive composition analyzed by HPLC-DAD in relation to caffeine
is kept in line with the classification of grain quality, trigonelline presented similar
levels in green oils and in light roasting, suffering degradation in oils in medium and
dark roasts, as the Chlorogenic acids degraded with increasing roasting intensity. The

yogurt formulations with coffee oils, when analyzed in absolute values, presented



higher phenolic composition and antioxidant capacity compared to the standard in both
times. The sensory analysis showed greater acceptance and purchase intention for
yogurts with oils on a dark roast, mainly from the hard classification. Thus, this study
shows the importance of coffee oils, demonstrating that oils on dark roasts are
excellent alternatives to be used as food ingredients, providing antioxidant capacity,

caffeine and flavoring potential.

Keywords: Coffea arabica L.; dark roasted coffee oil; caffeine; furans; flavoring;

dairy products.
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1. Introducéo Geral

O café constitui uma das principais culturas comercializadas a nivel mundial. No Brasil
as duas culturas de maior importancia econdmica sdo as espécies arabica e robusta. A espécie
arabica produz uma bebida de sabor e aroma mais refinados, ja a robusta é conhecida pela
utilizacdo em blends e pela bebida encorpada. Dentre os estados produtores de café, Minas
Gerais apresenta-se em destaque, principalmente na regido Sul, e tem como caracteristica a
producdo da espécie arabica.

O café apresenta caracteristicas fisicas e quimicas que podem ser afetadas pela sua
cadeia de producdo envolvendo as etapas de: desenvolvimento genético, producao das mudas,
plantio, cuidados da planta, ambiente, colheita, processamento, secagem e beneficiamento. As
caracteristicas fisicas sdo descritas de acordo com a Instrugdo Normativa n° 8 (IN n°8), a qual
classifica o café em categoria, subcategoria, grupo, subgrupo, classe, tipo, granulometria, aroma
e sabor, bebida e cor (BRASIL, 2003). A IN n° 8 normatiza a compra e venda de cafés grao
cru comerciais, ela preconiza a classificacao fisica de uma amostra de café e através dela pode
se ter informacdes sobre condicdes pré e pds manejo.

A composicdo quimica do grdo cru de café também é muito importante para o
conhecimento do café, ja que todas as etapas do seu processamento tem interferéncia nesta
constituicdo. O café destaca-se pela capacidade antioxidante, comprovada in vitro e in vivo,
pela presenca de cafeina, trigonelina, compostos fendlicos e seus produtos de degradacéo, alem
dos relevantes compostos volateis que levam ao aroma caracteristico (ABRAHAO et al., 2010;
ESQUIVEL; JIMENEZ, 2012; LIMA et al., 2010).

Durante o processo de torracdo do café ha uma relevante alteracdo dos compostos
quimicos presentes nos graos, pois uma variedade de elementos sdo degradados e outros
formados. Essa modificacdo altera completamente a estrutura quimica, porém esta pode ser
intensa ou branda e isso depende do tipo de torrefacdo realizado. A literatura descreve 3 pontos
principais de torracdo: clara, média e escura.

O o6leo do café € um subproduto da industria cafeeira que vem sendo amplamente
estudado e usado como ingrediente ativo, principalmente o obtido de gréos verdes. O 6leo do
café verde apresenta beneficios como aumento dos compostos fenolicos e capacidade
antioxidante (ZAIN et al., 2018; SWIECA et al., 2017; DONMEZ et al., 2017).

Poucos estudos reportam a utilizacdo do 6leo do café torrado, pois acredita se que este

possui menor teor de compostos bioativos quando comparado ao 6leo do café verde. Porém,



20

estudos recentes demonstram que o 6leo do café torrado tem alta capacidade antioxidante
devido a presenca de outros compostos que sdo formados durante o processo de torragdo como
0s compostos heterociclicos volateis (RABA et al., 2015; BUDRYN et al., 2012).

O ¢leo do café torrado tem como caracteristica principal o elevado teor de compostos
volateis, o que justifica sua utilizagdo como aromatizante em industrias de café soluvel, café
instantaneo, sorveterias, panificadoras e processamento de lacteos.

Atualmente algumas industrias alimenticias tém despertado o interesse quanto a
utilizacdo de 6leo de café torrado em derivados lacteos. As industrias tém vendido a idéia de
produtos com sabor de café, os quais contém compostos bioativos que exercem beneficios a
salde.

O iogurte é um produto lacteo amplamente consumido por causa de seus efeitos
positivos na saude, além de ser uma bebida suave e de processamento simples. Além disso,
apresentam um valor nutricional interessante devido ao seu teor de proteinas, lactose, minerais
e vitaminas (LOVEDAY etal., 2013).

Os compostos fendlicos presentes em Gleos de cafés torrados (VOYTENA et al., 2018),
tém a capacidade de interagir com proteinas, resultando na formac&o do complexo proteina-
polifenol (JAKOBEK, 2015; DONMEZ et al., 2017).

A formacdo do complexo proteina- polifenol foi modelada por muitos pesquisadores
(RICHARD et al., 2006; CARMO, 2019; DONMEZ et al., 2017), o que mostra que a aplicacao
do 6leo em iogurtes é relativamente facil conforme descrito por Becker (2009), porém pouco
se sabe sobre o comportamento destes compostos ap6s adi¢cdo nos alimentos, visto a
estabilidade e aceitacdo sensorial.

Na&o hé relatos na literatura a respeito de 6leo de café extraido em diferentes pontos de
torrefacdo, porém é extremamente importante o conhecido a respeito destes 6leos. Pode-se
reconhecer que durante uma torra clara as modificagdes ocorrem de modo mais brando e o 6leo
permanece no interior do grao, o que indica valores de acidez e indice de per6xidos mais baixos,
além de compostos bioativos mais preservados. J& o 6leo do café torrado em torras mais escuras
pode apresentar teores mais elevados de acidez e indice de peroxidos, pois durante este tipo de
torracdo o 6leo fica na porgédo externa do grdo. Em contrapartida, esses 6leos podem vir a ter
um aroma mais forte, devido a presenca dos compostos volateis, o que justificaria o seu uso em
alimentos.

Neste contexto, justifica-se a necessidade de um estudo dos 6leos de cafés verdes e

torrados em diferentes pontos de torragdo para conhecimento dos compostos bioativos,
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atividade antioxidante, acidez e indice de peroxidos, composi¢do de &cidos graxos além do

estudo da sua utilizacdo como potente aromatizante e saborizante.

1.1 Objetivos

1.1.1 Objetivo geral

O presente estudo tem como objetivo analisar os compostos bioativos, capacidade

antioxidante, composicdo de &cidos graxos e 0s compostos volateis do 6leo de café verde e

torrado obtido de diferentes classificacdes e pontos de torracdo, além de verificar a sua

aceitacdo sensorial.

1.1.2 Objetivos especificos

Realizar a classificacdo fisica da matéria prima quanto a peneira, tipo e cor;
Caracterizar os cafés gréo cru de diferentes classificagdes (mole, duro e rio) quanto ao
teor de umidade, proteinas, lipidios, cinzas e carboidratos;

Proceder diferentes perfis de torra e definir os diferentes pontos de torragéo por meio de
andlise colorimétrica;

Extrair os 6leos dos cafés verdes e torrados pelo método de prensagem mecanica a frio;
Determinar a acidez e o indice de perdxidos das amostras de Gleo de café;

Analisar as amostras de 0leo de café quanto ao teor de trigonelina, cafeina e acidos
clorogénicos por Cromatografia liquida de alta eficiéncia;

Avaliar a composicdo fendlica dos 6leos de cafe pelo método de Folin- Ciocalteau;
Determinar a capacidade antioxidante das amostras de 6leo de café pelos métodos
DPPH (1,1-diphenyl-1,2- picrylhydrazyl) e ABTS (Acido 2,2’-azinobis-(3-
etilbenzotiazolina-6-sulfénico);

Avaliar os 0Oleos de café através da composicdo de acidos graxos por Cromatografia
Gasosa com detector de ionizacdo de chama (GC-FID) e os compostos volateis
presentes nas amostras de 0leo de café por Cromatografia Gasosa com microextracao
em fase sélida em headspace (HS- SPME- GC- MS);

Aplicar os 0Oleos em iogurtes e estudar a estabilidade destas quanto a: acidez,
composicao fendlica, capacidade antioxidante e avaliacdo microbioldgica;

Avaliar a aceitacdo sensorial dos iogurtes adicionados de 6leo do café verde e torrado.



22

1.2 Organizacao da Tese de doutorado

A Tese de Doutorado estad organizada da seguinte maneira. Na primeira secdo tem-se

uma introducgédo geral do assunto abordado e os objetivos do estudo. A seguir tem-se uma

divisdo em cinco capitulos que seguem:

Capitulo I- apresenta-se uma Revisdo Bibliografica, na qual é introduzida a relevancia

do problema a ser estudado e as ferramentas que serdo utilizadas ao longo do trabalho.

Capitulo 11- Artigo I- Evaluation of physical parameters of green and roasted arabica

coffee using the Scilab ® free software.

Capitulo I11- Artigo 11- Influence of beverage quality and roasting process on the fatty
acid profile and aromatic composition of Arabica coffee oils obtained by mechanical

cold pressing.
Capitulo 1V- Artigo IlI- Evaluation of antioxidant capacity and quantification of
bioactive compounds in green and roasted coffee oils obtained from beans of different

beverage classifications.

Capitulo V- Artigo I1V- Use of coffee oil in yogurts and determination of phenols and

antioxidant capacity.

Os artigos apresentados tem uma secdo de introducdo especifica que segue para 0s

materiais e a metodologia utilizados para o desenvolvimento do mesmo. Assim, tem-se a

apresentacao dos resultados e discussao. E, por fim, as conclusdes obtidas com base na proposta

de trabalho e previsdo de possiveis trabalhos futuros. Os artigos possuem a formatacao

requerida das revistas que foram e seréo submetidos.

2. Referéncias Bibliograficas
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Capitulo I. Revisao Bibliografica

1. Aspectos econdmicos do café no Brasil

O café é um produto que possui alta participacdo no agronegdcio brasileiro, constitui o
segundo produto de maior exportacdo agricola. De acordo com a Companhia Nacional de
Abastecimento - CONAB (2021) a temporada indica uma producéo de 46,88 milhdes de sacas
beneficiadas representando uma reducdo de 25,7% em relacdo ao volume colhido na safra
anterior. Tal redugdo ocorreu em virtude da bienalidade negativa, além disso as condicOes
climaticas no inicio do ciclo foram desfavoraveis, principalmente com relacdo as chuvas,
ficando abaixo do esperado em vaérias regides produtoras. O ciclo de bienalidade é uma
caracteristica do cafeeiro, e consiste na alternancia de um ano com grande florada seguido por
outro com florada menos intensa, isso permite que a planta se recupere para produzir melhor na
safra posterior (CONAB, 2021).

O café arébica representa mais de 81,4% da estimativa de produgdo total (arabica e
conilon) de café do pais. Considerando que a safra atual apresenta um ciclo de bienalidade
negativa, o resultado estimado chega a 30,73 milhdes de sacas colhidas, representando uma
diminuigdo de 36,9% em rela¢do ao ano anterior (CONAB, 2021).

Minas Gerais constitui um dos estados com as condic¢des climaticas mais favoraveis
para esta cultura, além dos efeitos fisioldgicos relacionados a bienalidade (ALVES et al., 2011).
Porém, devido a condicGes climaticas irregulares durante o ciclo houve uma mudanc¢a no
cronograma geral da safra. O clima mais seco e de temperaturas mais altas fez com que
houvesse aceleracdo de algumas etapas fenoldgicas da cultura e, consequentemente, dos
manejos atrelados a elas. Assim, operacOes de colheita, por exemplo, foram antecipadas, e se
concentraram em uma janela menor que o usual. Por isso estima-se que o estado produza
aproximadamente 21,44 milhGes de sacas de café beneficiado o que representa 38,1% menor
que o volume obtido em 2020 (CONAB, 2021).

2. Classificacédo do café no Brasil

Apbs colheita, processamento e secagem, o café passa pela etapa de beneficiamento

para retirada das cascas. Depois do beneficiamento, o café é caracterizado, em funcéo de sua
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qualidade, esta caracterizagdo é conhecida como classificagdo fisica (FIGUEIREDO et.al.,
2009). No Brasil as principais normas responsaveis pela classificacdo fisica do café séo
descritas pela COB (Classificacdo Oficial Brasileira), que se baseia na Instru¢cdo Normativa n°
8. A instituicdo da IN n° 8 foi para cumprir o disposto no Art°® 1° da Lei 9.972, de 25.05.00,
servindo exclusivamente para normalizar a compra e a venda de café pelo governo (BRASIL,
2003).

A Instrugdo Normativa n° 8 foi criada pelo Ministério da Agricultura, Pecuaria e
Abastecimento, em 11 de junho de 2003, tendo como objetivo a defini¢do das caracteristicas de
identidade e de qualidade para classificacdo do café beneficiado grdo cru. Na Normativa estao
descritos os critérios para classificagdo dos cafés em categoria, subcategoria, grupo, subgrupo,
classe e tipo, segundo a espécie, formato do gréo e a granulometria, aroma e sabor, bebida, cor
e a qualidade (BRASIL, 2003).

A classificacdo quanto ao formato e tamanho visa garantir uma torra uniforme e deve
ser realizada antes do processo de torracdo. Essa classificacdo € feita por um jogo de peneiras,
que separa os graos pela forma e tamanho (SOARES et al., 2019). De acordo com IN n° 8 o
gréo pode ser classificado pelo formato como chato ou moca.

As peneiras tém crivos com diversas medidas e dois formatos diferentes, oblongos para
separar os cafés mocas e circulares para separar os cafés chatos. As peneiras para separar 0S
mocas geralmente sdo intercaladas entre as demais, de forma a proceder a separagao,
concomitantemente, por tamanho e forma. Os grdos chatos tém superficie dorsal convexa e a
ventral plana ou ligeiramente concava, com ranhura central no sentido longitudinal. Os graos
moca séo de formato ovoide, também com ranhura central no sentido longitudinal. De acordo
com o tamanho dos gréos e a dimensdo dos crivos circulares das peneiras, 0s grdos serao
classificados em graudo, médio e mitado (BRASIL, 2003).

A classificacdo por tipo é feita com base na contagem dos grdos defeituosos ou das
impurezas contidos numa amostra de 300 g de café beneficiado. Esta classificacdo obedece a
Tabela Oficial para Classificacdo, de acordo com a qual cada tipo de café corresponde a um
namero maior ou menor de defeitos encontrados na amostra. Sdo considerados defeitos, os
gréos imperfeitos chamados de defeitos intrinsecos, como por exemplo os gréos pretos, ardidos,
verdes, chochos, mal granados, quebrados e brocados, e as impurezas (defeitos extrinsecos),
tais como cascas, paus, pedras, cafés em coco e marinheiros encontrados na amostra. A cada
um desses grdos imperfeitos ou impurezas corresponde uma medida de equivaléncia de
defeitos, que reage a classificacdo por tipo (BRASIL, 2003; PIMENTA et al., 2018).
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Para proceder a classificacdo, amostras de 300 g de café sdo recolhidas e acondicionadas
em latas apropriadas. A seguir, em uma mesa provida de boa iluminacédo, a amostra é espalhada
sobre uma folha de cartolina preta. Os defeitos sdo separados e contados, em seguida faz se a
equivaléncia e determina-se o tipo do café (ALCANTARA, 2017).

Com base no aroma e sabor, 0s grdos de café crus sdo classificados em dois grupos,
determinados por meio de prova de xicara: Grupo | (Arabica) e Grupo Il (Robusta). A partir
dos grupos pode-se classificar os cafés em diferentes subgrupos (BRASIL, 2003). Os subgrupos

do Arabica sdo:

Estritamente mole: café que, no geral, apresenta todas as exigéncias de aroma e sabor

“mole”, mas é mais acentuado;

e Mole: café com aroma e sabor agradavel e doce;

e Apenas mole: café que apresenta sabor brandamente doce e suave, mas sem a presenca
adstringéncia ou aspereza ao paladar;

e Duro: café que possui sabor acre, adstringente e aspero, porém ausente de paladares
estranhos;

¢ Riado: café que exibe leve sabor iodoférmio;

e Rio: sabor iodoférmio acentuado;

e Rio Zona: sabor iodoférmio muito acentuado, ou assemelhado a acido fénico, sendo

repugnante ao paladar.

Os subgrupos do Robusta sdo:

e Excelente: café que tem sabor neutro e acidez média;
e Boa: café de sabor neutro e baixa acidez;
e Regular: café de sabor tipico e sem exibir acidez;

e Anormal: café que apresenta sabor ndo caracteristico ao produto.

A Instrucdo Normativa (IN° 8) também classifica o café quanto a cor, para isso ela
apresenta oito classes de cores (verde azulado, verde cana, verde, amarelado, amarelo, marrom,
chumbado, esbranquicado e discrepante). Para determinacdo da coloragdo geralmente um
avaliador treinado identifica qual a cor presente no gréo cru, porem atualmente existem métodos

objetivos capazes de captar pequenas variagdes de cor como colorimetros e sistemas de visao
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computacional (LEON et al. 2006; OLIVEIRA et al., 2016). Os colorimetros séo equipamentos
capazes de determinar pontualmente a cor de um alimento utilizando parametros de cor: L*
(luminosidade), componentes cromaticos (a* e b*), C* (saturacéo) e H° (tom ou matiz) (BICHO
et al, 2012).

De acordo com Borém et al. (2013) a cor do grdo de café esta relacionada com a
qualidade da bebida e é um fator importante para a comercializacdo do produto. Segundo
Monteiro (2002) a cor € uma das caracteristicas que mais chama a atencdo durante 0 processo
de comercializacdo, pois dela dependera a aceitacdo e rejeicdo pelo comprador. Ribeiro et al.

(2011) alertam que graos de cafés crus descoloridos recebem menor prego no mercado.

3. Coffea arabica

As espécies de café mais cultivadas no Brasil sdo o café ardbica (Coffea arabica) e
robusta (Coffea canephora). O café arabica é um café mais fino, que apresenta uma bebida de
qualidade superior em termos de aroma e sabor (MALTA et al., 2010). O café robusta é
frequentemente utilizado nos blends, com o arabica, com a finalidade de conferir mais corpo a
bebida e diminuir a acidez (BERTRAND et al., 2003; MARCUCCI et al., 2013).

Em relagdo ao teor lipidico das espécies a arabica contém de 12 a 18% e a robusta 9 a
14%. A maior parte desses 6leos é constituida por acido palmitico (34,5%) e linoleico (40,3%)
(VIDAL, 2001). Por apresentar contetdo graxo maior que a especie robusta, a arabica é a mais
utilizada para extracao de 6leos (QUAST e AQUINO, 2004).

3.1 Composicao quimica dos graos

O termo "café verde", derivado do inglés green coffee, refere-se aos graos crus ou nao
torrados advindos dos graos beneficiados de café (SEMEN et al., 2017).

O café verde apresenta uma ampla e complexa variedade de compostos (Tabela 1)
(WANG e LIM, 2015). Além disso, é uma rica fonte de compostos que possuem capacidade
antioxidante, como &cidos clorogénicos, acidos hidroxicinamicos, cafeina e acido caféico
(SATO etal., 2011; SEMEN et al., 2017).

E importante destacar que a composicdo quimica dos grios de café arabica é variavel

em consequéncia das condi¢des de producdo e processamento. Essa composicdo depende de
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fatores genéticos, ambientais, condicbes de manejo pré e pos-colheita (ABRAHAO et al.,
2008).

Tabela 1 - Teores (g/100g) de alguns compostos quimicos de gréos crus e torrados da espécie
Coffea arabica L.

Compostos quimicos Graos Crus Arabica Gréaos Torrados Arabica

Agua 8,0- 12,0 0,0- 5,0
Proteinas 8,5- 13,0 7,5
Lipidios 15,0- 18,0 17,0
Minerais (principalmente 3,0-54 4,5
potassio) 43,0- 45,0 38,0

Polissacarideos 0,9-1,2 1,0-1,3
Cafeina 0,8-14 1.3
Trigonelina 0,6-1,2 1,0
Acidos Clorogénicos 6,7- 9,2 2,5
Melanoidinas 0,0 23,0

Fonte: adaptada de Wang e Lim (2015).

A umidade do café ap0s processo de secagem, para 0 armazenamento seguro, deve estar
entre 11 e 12% base Umida (bu) para que ndo ocorra o desenvolvimento de microrganismos,
fermentaces e descoloracgdo dos grdos durante o processo de armazenamento (MALTA, 2011).

Segundo Morgano et al. (2008) o teor de umidade em cafés constitui um importante
indice de qualidade, pois este pode afetar as caracteristicas da amostra, a preservacdo do produto
e principalmente o aroma. Um alto teor de umidade pode permitir a atividade de
microrganismos, enzimas e alterar as caracteristicas sensoriais do produto.

Em locais onde séo produzidos cafés de bebidas ruins, condicdes climéaticas adversas
propiciam o maior desenvolvimento de microrganismos, como alta umidade relativa (UR) no
periodo de amadurecimento, colheita e processamento do café e temperaturas elevadas
(CARVALHO et al.,1997).

Nos grdos de café as proteinas podem estar livres no citoplasma ou ligadas a
polissacarideos de parede celular, sendo a principal fracdo correspondida pela albumina, além

disso outras apresentam atividade enzimatica.
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Durante o processo de torracdo as proteinas sdo desnaturadas e degradadas em
moléculas menores. Algumas proteinas também reagem com carboidratos (reacdo de Maillard)
ou com compostos fendlicos (TOCI; FARAH; TRUGO, 2006). Para Clarke (2003) o
processamento térmico dos cafés reduz o teor de proteinas em torno de 10% em torras
moderadamente claras e cerca de 20% em torras medias.

Segundo Clifford e Wilson (1985) existem lipidios livres e associados a proteinas. Para
Toci, Farah e Trugo (2006) ocorre um aumento no teor de lipidios com o processamento
térmico, isto se deve a perda de massa ocasionada pela decomposicao, lixiviacao e volatilizacdo
de outras substancias, e a estabilidade térmica desses lipidios no café, ou seja, a composi¢do
relativa de lipidios (massa seca) acaba aumentando.

No café o teor de minerais depende diretamente do tipo de cultivar, processamento,
condicdes pré e p6s manejo como o solo, fertilizantes (CLARKE, 1985).

A cafeina é o alcaloide mais importante do grdo de café, encontra-se no grupo das bases
de purina, sendo derivada de metilados de 2,6- dioxi-purina (xantina) (ABRAHAO et al., 2019).
Diversos autores descrevem a cafeina como a substancia psicoativa mais consumida no mundo,
interferindo nas fungdes fisiologicas do organismo humano, sendo estimulante do sistema
nervoso central, cardiovascular, além de ter acdo ergogénica e apresentar elevado potencial
antioxidante e atividade genoprotetora (AGUIAR; ESTEVINHO; SANTOS, 2016;
ESQUIVEL; JIMENEZ, 2012).

A trigonelina é uma N-metil betaina que em altas temperaturas sofre uma degradacéao
térmica, e ha formacéo de pirrdis e piridinas, que sdo de relevante importancia para o aroma do
café, além disso, em temperaturas elevadas assim como durante 0 processo torragao, se converte
em vitamina do complexo B (niacina), o que gera um aumento de valor nutricional apds o
processamento térmico (DE MARIA et al., 1999; CASAL et al., 2000).

Entre os principais componentes da fracdo fendlica figuram os acidos clorogénicos
formados pela esterificacdo de &cidos transcinamicos com &cido quinico, que apresentam
diferentes formas isomericas, variando a posicao da ligacao ester: o &cido cafeico, ferdlico, ou
p-cumarico. Estes compostos tém como caracteristica uma elevada capacidade antioxidante que
deve-se principalmente as suas propriedades redutoras e estrutura quimica. Estas caracteristicas
desempenham um papel importante na neutralizacdo ou sequestro de radicais livres e quelacéo
de metais de transicdo (DAGLIA et al., 2000; FARAH e DONANGELO, 2006).
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Os é&cidos clorogénicos apresentam- se em maior quantidade nos grdos de café verde,
mas também séo conhecidos por contribuir com o sabor e aroma caracteristico das bebidas de
café (TOCI; FARAH; TRUGO, 2006).

Rodarte et al. (2009) estudaram o comportamento dos compostos bioativos provenientes
de cafés da regido do Sul de Minas Gerais submetidos a diferentes pontos de torragdo e
observaram que as torracfes mais acentuadas promoveram maior degradacéo de trigonelina e
acido 5- cafeoilquimico, enquanto a torracéo clara promoveu degradacdo apenas para o acido
clorogénico, nao interferindo nas concentracdes de trigonelina. N&o foi observado a degradacéo
da cafeina em nenhum ponto de torrag&o.

Outros compostos quimicos importantes de serem avaliados e que tem interferéncia
direta na qualidade da bebida sdo o teor de solidos soluveis e acidez total titulavel. O teor de
sOlidos soluveis estd diretamente relacionado a quantidade de sélidos dissolvidos em uma
pequena quantidade de amostra apresentados em escala Brix (ZEFERINO et al., 2010).

Segundo Borém et al.(2008) cultivares que apresentam maiores teores apresentam
bebidas mais encorpadas e de alta qualidade, isso demostra que o café apresenta fracbes maiores
de acucares, acidos, vitamina C e algumas pectinas, salientando que este teor varia de acordo
com a cultivar, tipo de processamento e estagio de maturacdo do fruto no ponto de colheita.

A acidez presente em um café constitui um atributo importante na avaliacdo da
qualidade de bebida, ela pode sofrer influéncia de diversos fatores como condi¢fes climaticas
durante a colheita e secagem, local de origem, tipo de processamento e ponto de maturacéo
(SIQUEIRA, ABREU, 2006; SCHOLZ et al., 2013; KOSKEI, PATRICK, SIMON, 2015). A
acidez de um café apresenta um ponto desejavel até determinada concentracdo, ja em niveis
muito elevados pode ser considerado um defeito (VIGNOLI, BASSOLLI, 2007).

3.2 Processo de torracéo do café

Durante o processo de torragdo do café ocorrem alteracfes na composi¢do quimica e na
atividade bioldgica deste. Alguns compostos sdo destruidos, enquanto outros sdo formados,
incluindo compostos bioativos e substancias relacionadas ao aroma e sabor da bebida (FARAH,
2012). Compostos como os acidos clorogénicos podem ser quase completamente degradados
em derivados de fenol durante a torrefacdo, essencialmente porque s&o isomerizados,

transformados em quinolactonas, alguns hidrolisados e degradados em compostos de baixo



32

peso molecular (TRUGO; MACRAE, 1984; FARAH et al., 2005; FARAH; DONANGELDO,
2006).

O processo de torracdo consiste na aplicacdo de altas temperaturas no café em tempo
controlado. Durante a torrefacdo uma série de reacdes sdo desencadeadas, e esta pode ser
dividida em trés etapas: secagem, pir6lise e resfriamento (SILVA, 2008).

A etapa de secagem é caracterizada pela perda de agua e formacdo de compostos
volateis, um processo que atinge temperaturas internas nos graos de 160°C (HERNANDEZ et
al., 2007). Uma mudanca de coloracdo é observada, passando de verde para amarelo
(RODRIGUES et al., 2003).

A segunda etapa tem como caracteristica principal a pirdlise, ocorrem numerosas
reacdes (reacOes de Maillard, degradacdo de Strecker, caramelizacdo de agucares, degradacéo
de é&cidos clorogénicos, proteinas e polissacarideo) que resultam em modificagbes da
composicao quimica e fisica dos grdos, com liberacdo dos compostos volateis, responsaveis
pelo flavor caracteristico do grdo torrado (ILLY; VIANI, 1995; BORGES et al., 2004;
HERNANDEZ et al., 2007).

A reacdo de Maillard corresponde a uma reacdo quimica entre um acucar redutor, D-
glicose, e um grupamento amina a qual provoca a formacao de compostos de cor, melanoidinas
(FENNEMA; DAMODARAN; PARKIN, 2010). Segundo Oetterer, Regitano- D' arce, Spoto

(2006) essa reacdo ocorre preferencialmente em meio alcalino através de trés fases.

e Primeira fase - 0 acUcar redutor (glicose) condensa-se com o aminoacido formando um
carbono reativo, que em presenca de calor e agua sofre aceleracdo. O composto formado
perde agua levando a formacdo de um composto instavel (base de Schiff). Assim ocorre
imediato rearranjo para a formacdo ciclica mais estavel, em que a N-glicosilamina
substituida estd em equilibrio com a solucdo aquosa encerrando entéo a primeira fase.

e Segunda fase - é o rearranjo de Amadori, importante no escurecimento, nela ocorre a
entrada e saida de um H+, inicialmente formado da base de Schiff. E a forma
cetoseamina mais estavel, que encerra a segunda fase.

e Terceira fase - h4 a formagéo de grupamentos de alto poder redutor conhecido como
redutonas, estes séo fonte de escurecimento na forma de deidrorredutona, sendo esse o
escurecimento oxidativo. Nesta também se obtém o hidroximetilfurfural, que reage com

outros compostos formando as melanoidinas. E importante destacar que nesta fase
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ocorre a liberagcdo de C0O2 que se forma devido a degradagdo dos aminoacidos e aldeidos,

esta reacdo € denominada de degradacdo de Strecker.

Outra reacdo importante que ocorre durante segunda etapa do processo de torracao € a
caramelizacdo, que se da& pelo aquecimento de carboidratos, principalmente a sacarose e
acucares redutores, em auséncia de compostos nitrogenados, originando o caramelo e
compostos de aroma e sabor (FENNEMA; DAMODARAN; PARKIN, 2010).

Assim o processo de torracdo segue até que seja atingida a coloracédo desejada da torra,
0 que constitui a Gltima etapa, o resfriamento, o qual paralisa as reacGes e evita a carbonizagdo
dos gréos (SIVETZ; DESROSIER, 1979).

Dentre as alteracfes durante o processo de torracdo a coloracdo é a mais evidente. O
ponto de torracdo define a cor da torra desejada, além de afetar diretamente a formagéo do sabor
e aroma. As torras sdo classificadas em clara, média e escura. Muitas vezes o ponto de torra é
determinado visualmente, porém como a torracdo esta relacionada com a qualidade, €
necessario realizar o acompanhamento da mesma. A torrefacéo pode ser acompanhada por meio
de discos com padrdes de torragdo sendo mais conhecidos os discos Agtron, ou por meio de
colorimetros utilizando o sistema CIEL* a*b* (UEJO NETO, 2008, RODARTE et al., 2009;
LEME et al., 2019).

Discos Agtron (Figura 1) correspondem a um conjunto de discos de cores, criados pela
SCA (Specialty Coffee Association) e a empresa Agtron, de altissima resolugdo baseados nos
resultados obtidos em um equipamento de avaliacdo da torracdo que funciona com base no
principio de reflexdo de feixes de luz incidentes no café. O ponto de torracdo € verificado por
uma escala de coloragdo que vai de zero para as mais escuras e cem para as mais claras
(RODARTE, 2009; LEME et al., 2019).



34

Figura 1. Classificacdo das torra segundo Sistema Agtron.

Fonte: (PROBAT, 2008).

Na torracdo inicialmente os gréos apresentam coloracdo esverdeada. Ao atingirem
temperatura de 90°C - 130°C, ocorre a expansdo dos grdos, os quais adquirem coloragédo
marrom- clara (disco Agtron 80-75). Neste ponto, ocorre formagdo de um aroma minimo,
possuindo um sabor parecido com cha. E importante destacar que neste ponto o 6leo é mantido
no interior do grdo. Em temperaturas de 170°- 190°C, chega-se ao estagio do primeiro crack,
no qual os gréos apresentam coloracdo marrom- escura (disco Agtron 74- 85) e bebida com
acidez mais acentuada. A 210° - 220°C, encerra-se 0 estagio do primeiro crack (disco Agtron
64-60). Natemperatura de 224°- 230°C, o 6leo esta levemente visivel e entdo inicia-se o estagio
do segundo crack (disco Agtron 60-50) neste ponto a bebida apresenta-se com acidez
balanceada e corpo completo. Na temperatura 230°- 235°C, os grédos assumem coloracéo
marrom- escura (disco Agtron 49- 45), e ja apresentam 6leo na superficie. A bebida apresenta
baixa acidez e corpo pesado, emergindo um amargor adocicado. A 235° - 240°C, os graos estdo
pretos (Agtron 44- 35) e a bebida tem como caracteristica 0 amargor, neste ponto a acidez e o
aroma decrescem. Na temperatura 240°- 246°C , os graos estdo pretos escuros (Agtron 34-25),
cobertos com 06leo e o0 sabor de queimado se sobressai. Na temperatura 246°- 265°C, 0s graos
perdem o sabor caracteristico do café (Agtron 24-15) (MELO, 2006; RODARTE et al., 2009).

A recomendacdo de cafés comerciais para bebida descrita segundo ABIC (2018) para
cafés torrados em gréo ou torrados e moidos é de ponto de torra variando entre 45 e 75 pontos
no Disco Agtron, ou equivalente, e isso corresponde exatamente a classificacdo denominada

Moderadamente Escura a Moderadamente Clara.
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Segundo Cid e Pefia (2016) o nivel de torra pode ser determinado também pelo sistema
tridimensional de cores da Commission Internationale de 1’Eclairage- CIE (1986) denominado
de CIE L*a*b*, pelos pardmetros de cor L*, a*, b*, C* e H° j& citado no item anterior (2.) e
pelo calculo da perda de massa, uma vez que a torra escura ocasiona maior percentual de perda
guando comparada a torra clara (SCHENKER; ROTHGEB, 2017).

O parametro L* representa a luminosidade da amostra, variando de zero a 100, em que
as amostras com valores proximos a 0 sdo mais escuras enquanto que com valores proximos a
100 sdo mais claras. Os componentes cromaticos a* e b* variam entre +120 e -120, onde: +a*
indica vermelho, -a* verde , +b* amarelo e —b* azul (HUNT, 1991). A tonalidade da cor ou
matiz (H°) é uma comparacdo entre a cor em observagdo e exemplos previamente conhecidos.
De modo geral, trata-se da identificacdo da cor (ou comprimento de onda) dominante, isto é, a
determinacdo de uma luz monocromatica que corresponda, aproximadamente, a cor observada.
Ja a saturacdo (C*) refere-se ao grau de pureza de uma cor, ou seja, alguma graduacdo que
represente uma cor qualquer como uma grandeza entre uma onda monocromatica (espectro de
frequéncia com um Unico fator na frequéncia da onda) e a luz branca (que contém todas as
cores). Assim, as cores monocromaticas tém saturacdo maxima e a luz branca, minima
(SIMOES, 2000).

Rabello (2016) em seu trabalho definiu os pontos de torra de cafés com base em padrdes
de cor utilizando o sistema Agtron e o CIEL*C*HC. Para torras mais clara esta trabalhou com
Agtron de valor 61,0 e parametros de cor correspondentes a L*= 23,9, C*= 18,6, H°= 61,2,
torras médias tiveram Agtron de 82,0 e L*= 28,1, C*= 22,2 e H°= 61,6 e em torras escuras
Agtron de 95,0 o que equivalem a L*= 29,15, C*= 26,36 e H°= 63,83.

Outro parametro fisico importante de ser analisado durante o processo de torracéo é a
perda de massa que corresponde a diferenca de massa entre o café quando gréo cru (verde) e o
torrado. A perda de massa pode variar de acordo com fatores genéticos, umidade inicial do gréo
cru, condi¢des de armazenamento, processo e o nivel de torra utilizados, em geral essa perda
pode variar entre 12 e 20% e surge como resultado da liberacdo de agua que é vaporizada
durante a torracdo, além de transformacbes da matéria organica em substancias volateis e do
desprendimento da pelicula prateada. Nos estagios iniciais do processo de torra a taxa de perda
de massa do café torrado normalmente é maior devido a desidratacdo dos grdos quando verdes
e consequentemente a evaporacao da agua, enquanto a perda de matéria organica se da nos
estagios mais avancados do processo (BICHO et al., 2012; SCHENKER; ROTHGEB, 2017).
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Uma das maneiras de determinar o nivel de torra é pelo calculo da perda de massa
(Equacéo 1), de acordo com Schenker e Rothgeb (2017). Segundo Sivetz (1963) as taxas de
perda de massa variam entre 13% para torra clara, 15% para torra média e 17% para torra escura.

Am = m verde — mtorrado % 100 (Equacéo 1)
m verde

Onde, Am é o percentual de perda de massa do café torrado; m verde é a massa dos graos de

café verde (kg) e mtorrado é a massa dos graos de café torrados (kg).

4. Oleo de café

O oleo vegetal extraido a partir do café tem como composto principal os triacilglicerois
com &cidos graxos e possui composicdo semelhante ao encontrado em Oleos vegetais
comestiveis comuns (SPEER; KOLLING- SPEER, 2006).

O dleo de café pode ser extraido utilizando-se métodos quimicos e fisicos. Dentre 0s
métodos quimicos tém-se aqueles que utilizam solventes organicos, mas para 0 uso em
alimentos é necessario a realizacdo de uma etapa de purificacdo ou refino, o que torna o
processo economicamente inviavel (OLIVEIRA, et al., 2001; OLIVEIRA, 2013). Nos ultimos
anos novas técnicas de extracdo de 6leo tém sido desenvolvidas, como por exemplo 0 processo
de extracdo com fluido supercritico (FREITAS; LAGO, 2007; HURTADO- BENAVIDES et.
al, 2016). Esse processo tem como vantagem o aumento dos compostos de interesse e 0
rendimento do processo, porém é caro devido ao custo dos equipamentos, assim produtos de
baixo valor agregado e baixo rendimento, ndo podem ser economicamente extraidos por esse
processo (MAUL et al., 1996).

Dentre os métodos fisicos 0 mais utilizado para alimentos € o processo de prensagem
mecénica a frio ou expeller pressing € um método que trabalha com extracdo de 6leos a alta
pressdo. O método de prensagem em temperaturas mais altas pode aumentar a eficiéncia de
extracdo, porém os 6leos prensados a frio possuem menor teor de acidez e iodo, e em geral sdo
mais claros que os 0leos extraidos por solventes conforme reportado por Patel et al. (2016).
Krumreich et al. (2018) estudando 6leos obtidos por prensagem mecanica verificaram que este

era 0 melhor método de extracdo, ja que resulta em 6leo de melhor qualidade.



37

Atualmente algumas industrias do ramo cafeeiro vem diversificando seu portfélio de
produtos oferecidos e tem trabalhado com extracdo de 6leo de café verde e torrado (torra

média). A Figura 2 (a,b) ilustra os modelos de extragdo mais utilizados pelas industrias.

_— ]
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Figura 2. Métodos de extracdo do 6leo do café: verde (a) e torrado (b).

Fonte: Adaptado Cooxupé (2021).

Para a producdo do éleo de café verde os grdos entram no equipamento de prensagem
mecanica crus e beneficiados, normalmente trabalha-se com grdos de peneira baixa e formato
moca. Em geral, a torta é recirculada sobre os rolos compressores até oito vezes para que se
obtenha alta eficiéncia e rendimento de extragdo. A seguir, o 6leo se direciona para a etapa de
purificacdo que consiste em procedimentos de filtracdo que podem variar de acordo com a
finalidade requerida para o 6leo. A torta obtida da prensagem mecénica segue para novo
processo de extracdo com auxilio de organossolventes seguidos para purificacdo (COOXUPE,
2021).

No processo de extracdo do 6leo de café torrado obtido através de prensagem mecanica
a frio, geralmente trabalha-se com cafés de pior qualidade ou até com defeitos sendo estes
torrados em torra média. O ideal é promover a extracdo do 0leo logo apds o descanso do
processo de torracdo, pois assim 0 Oleo presente nos gréos torrados ndo sofre processo de

oxidagdo. Frequentemente sdo inseridos graos de café torrados na prensa mecanica a frio e o
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processo de recirculacdo da torta depende do nivel de torra presente nestes cafés, trabalha-se
com café torrado em gréos para que ndo ocorra entupimento no processo de prensagem. Apds
prensagem o 6leo obtido é também purificado (SANCHES, 2016; COOXUPE, 2021). O café
torrado moido pode ser usado para extracdo do 6leo de café torrado, mas este é extraido
comumente pelo processo de extragdo com solventes, ja que a etapa de moagem aumenta a

superficie de contato com o solvente.

4.1 Composic¢ao quimica do 6leo

Os principais componentes da fracdo lipidica presente nos grdos de café sdo os
triacilglicerois (Tabela 2), sendo que a fracdo lipidica é pouco alterada durante o processo de
torrefacdo e protege os compostos aromaticos da degradacdo no decorrer do processo
(FOLSTAR, 1985).

Tabela 2. Principais classes de lipidios presentes nos gréos de cafe.

Compostos lipidicos (% p/p)
Esteres Esterdis 1,2+0,1
Triglicerideos 755+1,7
Esteres Terpenos 15,1+ 1,2
Esterois Livres 15+0,2
Acidos Graxos Livres 1,2+0,2
Acilglicerdis parciais 55+0,3
Lipidios polares 0,6 +0,2
N&o- identificados 1,0+0,1

Fonte: Adaptado Nikolova- Damyanova et al. (1998).

No que diz respeito aos acidos graxos presentes nos 6leos de café verde e torrado Turrati
(2001), Voytena et al. (2018) e Raba et al. (2015) apresentaram a composi¢do dos mesmos da

variedade arabica (Tabela 3).

Tabela 3. Composic¢do de acidos graxos (% de teor total de acidos graxos; mg.g- 6leo) dos 6leos
de cafés verde (OCV) e torrado (OCT).

Acidos graxos TURRATI (2001) VOYTENA et al. (2018) RABA et al. (2015)
(%)
i ocv OCT ocv OCT ocv OCT
Acido - - 0,10+0,001 0,06+0,003 -
Miristico

C14:0
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Acido 33,7 34,5 34,78+0,24 33,81+0,27 38,3+19 374+13
Palmitico
C16:0

Acido 9,1 8,9 7,45+0,04 7,42+0,02 7,89 + 0,34 6,70 + 0,22
Estearico
C18:0

Acido Oleico 10,4 10,2 7,92+0,06 8,79+0,01 9,34 + 0,50 8,91 + 0,39
C18:1n9

Acido - - 0,43+0,006 0,41+0,009 - -
Vacénico
C18:1 n7

Acido 41,0 40,3 43,28+0,07 43,59+0,13 399+4,8 43,6 + 3,7
Linoleico
C18:2n6

Acido y- - - 2,730,038 2,45+0,013 - -
Linolénico
C18:3n6

Acido a- 1,0 1,1 1,43+0,01 1,37+0,008 1,25+ 0,37 0,92 +0,19
Linolénico
C18:3n3

Acido cis-11- - - 0,26+0,009 0,27+0,005 - -
Eicosandico
C20:1n9

Acido 39 4,0 - - 3,24 +0,27 2,41 +0,17
Araquidico
C20:0

Acido 0,6 0,7 - - - -
Behénico
C22:0

Outros - - 1,62 1,82 - -

E possivel observar que os principais acidos graxos encontrados nos 6leos de café verde
e torrado sdo os acidos palmitico e linoleico (MAZZAFERA et al., 2008). Além disso, o 6leo
de café apresenta consideravel quantidade de matéria insaponificAvel sendo os principais
constituintes desta fracdo dois alcoois diterpénicos, o cafestol e caveol, 0s quais ocorrem na
forma livre ou como monoésteres de &cidos graxos (LAGO, 2001; TURRATI, 2001;
VOYTENA et al., 2018). Em relacao a estes compostos alguns estudos demonstram que parte
desta fracdo especialmente o caveol pode atuar na diminuigdo de inflamagdes e como principio
ativo de muitas propriedades cosméticas desejaveis como retencdo de umidade, penetracdo na
pele e aderéncia (KIM et al., 2006, VOYTENA et al., 2018).

O oleo do café arabica tem sido usado como ingrediente ativo em muitos produtos

alimenticios com o intuito de aumentar a estabilidade oxidativa de produtos (WAGEMAKER,
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2015; SWIECA et al., 2017). Além disso, atualmente ha vérios estudos que trabalham com a
incorporacdo de extratos de café verde microencapsulados, liofilizados, café verde moido
(farinha) em produtos de panificacdo ou lacteos visando beneficios como aumento dos
compostos fenolicos e capacidade antioxidante (ZAIN et al., 2018; SWIECA et al., 2017;
DONMEZ et al., 2017). Embora apenas o 6leo do café verde seja amplamente disseminado na
industria, o 6leo do café torrado também é uma fonte importante de compostos bioativos e
portanto tem também um alto potencial a ser estudado (VIGNOLI et al., 2014; VOYTENA et
al., 2018).

Os antioxidantes sdo compostos capazes de interceptar os radicais livres gerados pelo
metabolismo celular ou por fontes exdgenas, impedindo o ataque sobre os lipidios, 0s
aminoacidos das proteinas, a dupla ligacdo dos &cidos graxos poli- insaturados e as bases do
DNA (BIANCHI; ANTUNES, 1999; GULCIN, 2012).

O café contém compostos com capacidade antioxidante que podem ser constituintes
naturais e compostos formados pelo processo de torracdo, tais como a cafeina, acidos
clorogénicos, &cidos hidroxicinamicos e produtos da reacdo de Maillard (ESQUIVEL,;
JIMENEZ, 2012). Por suas propriedades redutoras e estrutura quimica, estes compostos
desempenham um papel importante, na inativacdo de radicais livres e quelacdo de metais de
transicdo, agindo tanto no inicio como no final da propagagdo do processo oxidativo
(ABRAHAO et al., 2010).

Vérios métodos sdo utilizados para caracterizar a capacidade antioxidante. No entanto,
ndo existe um método universal Unico para medir atividade antioxidante de maneira precisa e
quantitativa (PRIOR et al., 2005). Em geral, os métodos sdo numerosos e baseiam se em
fundamentos diversos, o que pode acarretar interferéncias e limitacoes. Dessa forma preconiza-
se a utilizacdo de duas ou mais técnicas in vitro, j& que nenhum ensaio usado, isoladamente ira
refletir exatamente a “capacidade antioxidante total” de uma determinada amostra (ALVES et
al., 2010; ABRAHAO et al., 2019).

Os principais métodos de avaliacdo da capacidade antioxidante podem atuar sobre
radicais livres por dois diferentes mecanismos: transferéncia de elétrons livres (TEL) e
transferéncia de atomos de hidrogénio (TAH). Os métodos baseados em transferéncia de
elétrons livres detectam a capacidade de um composto antioxidante em transferir um elétron,
para reduzir qualquer substancia, incluindo metais e radicais livres, alterando a coloracdo da
solucdo a medida que o composto oxidante sofre redugdo. J& os métodos analiticos, que se

baseiam na transferéncia de a&tomos de hidrogénio, avaliam a capacidade de um antioxidante
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em inibir a acdo de radicais livres por doacdo de atomos de hidrogénio (ABRAHAO et al.,
2019; GULCIN, 2012; HUANG et al., 2005).

Os vérios métodos usados para avaliar o potencial antioxidante do café incluem DPPH
(2,2-difenil-1-picrilhidrazil), ABTS (acido 2,2’- azino-bis-(3- etilbenzotiazolina)-6-sulfonico)
e a determinagdo de compostos fenolicos totais (método de Folin-Ciocalteau) (BORRELI et al.,
2002, GONZALEZ et al., 2005).

O método Folin- Ciocalteau é utilizado para quantificagdo dos compostos polifendlicos
totais em alimentos. A mistura dos reagentes acido fosfomolibidico e fosfotunguistico, em que
o molibdénio e o tungsténio apresentam estagio de oxidacdo avancado e na presenga de
substancias redutoras como os compostos fenolicos, formam os compostos molibdénio e
tungsténio azuis. Assim, com a alteracdo da coloragdo consegue-se determinar a concentragdo
das substéncias redutoras, mesmo estas podendo ndo necessariamente apresentar natureza
fenolica (SOUSA et al., 2007).

Os compostos fenolicos sdo constituintes quimicos de estrutura quimica variada com
anéis aromaticos conjugados com grupos hidroxila, esses compostos apresentam alta eficiéncia
na estabilizacdo de radicais livres. Os grupos carboxilicos e carbonilicos presentes em varios
compostos fendlicos também proporcionam significativa inibicdo da rancidez oxidativa por
quelacédo de metais (VALENZUELA; NIETO, 1996).

Vignoli et al. (2014) analisaram o teor de compostos fendlicos de cafés arabica e robusta
torrados em diferentes pontos de torra e moidos. O método de Folin- Ciocalteau identificou
uma diminuicdo de compostos fendlicos em ambas amostras dos cafés (28,2 para 18,69 de &cido
gélico/ 100g aproximadamente). Provavelmente esta perda se deu durante o processo de
torracdo (PRIOR et al., 2005).

Daglia et al. (2000) afirmaram que apesar de alguns compostos fendlicos serem
destruidos com a torracéo, participam da reacdo de Maillard, originando varios produtos. Esses
produtos também podem apresentar propriedades antioxidantes, com mecanismos de agdo que
envolvem a quelacdo de metais, interrupcéo de reac6es em cadeia pela doacdo de um atomo de
hidrogénio, reduzindo hidroperéxidos a produtos ndo radicalares e captura do radical hidroxil
(DAGLIA et al., 2000; BORRELLI et al., 2002; ADAMS et al., 2005).

Segundo Voytena et al. (2018) o teor de compostos fendlicos total do 6leo do café verde
varia de 0,73 + 0,09 mg equivalentes de acido galico /g de 6leo, enquanto que o 6leo de café
torrado apresentou quantidades significativamente maiores variando entre 2,24 + 0,12 mg

equivalentes de acido galico /g de dleo. Para Oliveira (2001) e Oliveira (2013) a baixa
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concentracdo de compostos fendlicos encontradas nos 6leos de café verde e torrado se deve ao
seu carater lipofilico e também esta relacionado ao método de extracdo que é a prensagem a
frio dos gréos. Outras técnicas foram desenvolvidas visando o aumento dos compostos de
interesse e 0 rendimento do processo, como extracdo supercritica e extragdo com etanol ja
citados anteriormente, mas apesar de garantirem uma maior recuperacdo de compostos
fenolicos sdo geradores de residuos quimicos.

O método de determinacéo da atividade antioxidante DPPH é baseado na redugdo da
taxa de um radical de nitrogénio organico e bastante estavel de coloracéo violeta, e que durante
a reacdo de reducdo do radical DPPH apresenta decréscimo de absorbancia que pode ser
evidenciada pela mudanga de cor para o amarelo. A partir dos resultados da absorbancia
determina-se a porcentagem de atividade antioxidante ou sequestradora de radicais (Y0ASRL)
(SUCUPIRA et al., 2014; MENSOR et al., 2001, RABA et al., 2015).

Voytena et al (2018) durante ensaio com DPPH observaram que tanto o dleo de café
verde como o 6leo de café torrado foram capazes de sequestrar os radicais livres existentes,
porém o Oleo de café torrado apresentou atividade superior ao 6leo de café verde em todas as
concentragdes que foram testadas.

Raba et al. (2015) estudaram a capacidade antioxidante por DPPH, de 6leos de café
verde e torrado de café arabica extraidos com éter de petréleo em duas diferentes condicGes:

bruto e aquecido (1 hora a 200° C). A Figura 3 (a,b) ilustra os resultados obtidos pelos autores.
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Figura 3. (a)Inibicdo de DPPH (%) versus concentracdo de GCO (bleo de café verde) e HGCO
(6leo de café verde aquecido) e (b) Inibicdo de DPPH (%) versus concentracdo de RCO (6leo
de café torrado) e HRCO (6leo de cafe torrado aquecido).

Fonte: Raba et. al (2015).
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Segundo os autores o 6leo de café verde aquecido apresentou uma diminuigdo de
inibicdo de DPPH significativa, ja para os 6leos torrados ndo houveram mudancas importantes
nos perfis de inibicdo de DPPH versus concentragcdes de RCO e HRCO isso revela que ambos
Oleos apresentaram comportamento diferentes frente ao aquecimento submetido, o que
contribuiu para diferentes compostos antioxidantes com potencial para eliminar os radicais
livres, bem como por produtos de oxidacdo de lipidios, como o alcoxil (RO-), peroxil (ROO-)
e radicais alquil (R-) gerados em resposta ao estresse térmico (RABA et al., 2015).

Para Lee et al. (2007) oOleos vegetais que contém muitos compostos eliminadores de
radicais livres necessitam de um tempo de oxidacdo maior para alterar os padrbes de
absorbancia do DPPH.

Segundo Spper; Kolling- Speer (2006) e Ferrari et al. (2010) a atividade antioxidante do
6leo de café verde e torrado esta diretamente relacionada ao seu conteudo de antioxidantes
naturais como a presenca de esterois, fosfatideos, tocoferdis e diterpenos. A presenca de
compostos antioxidantes em Oleos de café diminui a absorbancia do DPPH e aumenta o
percentual de inibi¢do proporcionalmente a concentracdo do 6leo.

O processo de torracao diminui o conteido de compostos antioxidantes como o a-, -
tocoferol e o contelido total de tocoferdis, similarmente a um tratamento térmico quando
aplicado a um 6leo, assim supde-se que nos estagios iniciais da oxidacao lipidica, desencadeada
pelo aumento da temperatura, as mudancas na absorbancia do DPPH séo devido ao consumo
de captadores de radicais livres, enquanto que em uma fase mais avancada de oxidacao ocorrera
a formacdo de compostos lipidicos oxidados, os quais sdo capazes de reagir com os radicais
DPPH, ocasionando altera¢des na absorbancia do DPPH (SPPER; KOLLING- SPEER, 2006;
YEO etal., 2010; YEO et al., 2012).

Em amostras de 6leo de café que passaram por tratamento térmico, os valores de
inibicdo do DPPH néo refletem apenas o potencial antioxidante dos captadores de radicais livres
restantes, mas também as propriedades pro-oxidantes dos produtos de oxidacdo (RABA et al,
2015). Conforme reportado por Lee et al. (2007) o método DPPH ndo é uma medida da
quantidade de produtos de oxidacdo, mas esta diretamente relacionado a concentracdo de
antioxidantes doadores de hidrogénio ou radicais lipidicos gerados por processos termo-
oxidativos. Para Raba et al. (2015) as alteracfes na porcentagem de inibicdo do DPPH em
resposta a formacéo de radicais livres em 6leos oxidados podem ser um indicador para prever

a estabilidade de 6leos submetidos a processos térmicos.
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Outro método de verificagdo da atividade antioxidante concerne no radical ABTS que
ocorre a partir de um iniciador o acido 2,2- azino-bis (3-etilbenzotiazolin)-6- sulfénico este
método baseia-se na inibi¢do da absorbancia do radical positivo ABTS +, que possui espectro
de absor¢do com comprimento de onda de 734nm (GULCIN, 2012).

Sacchetti et al. (2009) avaliando o efeito do grau de torrefacdo na atividade de
eliminacédo de radicais ABTS da bebida do café torrado observaram aumento desta atividade
em torras médias em comparacdo com o café verde devido a um aumento na atividade
antioxidante da fracdo ndo fendlica. No entanto, as bebidas em torra escura apresentaram
diminuicdo da atividade antioxidante devido & perda da fracéo fendlica, j& que nesta torra ndo
houve equilibrio pelo aumento da atividade antioxidante da fracdo néo fenolica (PERRONE et
al., 2012; VIGNOLI et al., 2011).

Abrahdo et al. (2019) encontraram valores significativos para a capacidade antioxidante
a partir do método ABTS e DPPH. Os autores avaliaram extratos microencapsulados obtidos a
partir da borra do café expresso e encontraram valores proximos a 140, 38 M Trolox/g base
seca e 0 DPPH sugeria uma atividade de sequestrar o radical livre de 83,99% indicando que os
compostos apresentam concentracdes significativas (WOLSKA et al., 2017; ALVES et al.,
2010).

Budryn et al. (2012) estudaram as alteracdes oxidativas a partir de 6leos de café robusta
torrados extraidos com auxilio de éter de petrdleo. Eles verificaram que o uso de temperaturas
moderadamente altas durante o processo de torracdo gera maiores alteragcdes oxidativas nos
6leos. No entanto, o processo de torrefacdo produz melanoidinas, relatadas como o composto
responsavel pela capacidade antioxidante nas fraces de alto peso molecular isoladas do café
torrado (DAGLIA et al., 2000; LIU e KITTS, 2011; PERRONE et al., 2012). Além disso,
alguns compostos heterociclicos volateis produzidos durante a torrefagdo também foram
descritos como potenciais antioxidantes (YANAGIMOTO et al., 2004). O hidroximetilfurfural,
composto intermediario na reacdo de Maillard, apresentou capacidade antioxidante semelhante
ao 2,6-dibutil-4-metilfenol ¢ a- tocoferol (SHINGHARA et al., 1998).

Apesar dos muitos estudos que abordam a composi¢do quimica e a capacidade
antioxidante, pouco foi relatado sobre a relacéo entre essa atividade bioldgica e as variagdes na
composicao de dleos de café em relagdo aos compostos que sdo formados e /ou destruidos em

diferentes fases do processo de torrefacéo.

4.1.1 Compostos bioativos
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A sintese de compostos bioativos em plantas, ocorre via metabolismo secundario, onde
a plasticidade genética somada a fatores bidticos e abidticos garantem a producéo de compostos
especificos para a protecdo e sinalizacdo, estes podem ser utilizados na dieta humana
(REZENDE, 2016). Estas substancias sdo capazes de interagir com o organismo humano,
podendo atuar como antioxidante e ainda trazer beneficios (STELMACH et al., 2015).

Existem vérios trabalhos na literatura que relatam o potencial antioxidante dos
compostos bioativos e também a agdo contra os males da hipertenséo, doencas cardiovasculares,
cancer entre outras (MORAIS et al. 2009; KRIS- ETHERTON et al. 2002). O café apresenta
como principais compostos bioativos a cafeina, a trigonelina e os compostos fendlicos, os quais

tém como destaque os acidos clorogénicos.
4.1.1.1 Cafeina

A cafeina é um alcaloide nitrogenado importante presente no gréo de café, corresponde
a um metabdlito conhecido por suas propriedades fisioldgicas e farmacoldgicas, principalmente
em relacdo ao efeito estimulante do sistema nervoso central, além de ter acdo ergogénica,
apresentar elevado potencial antioxidante e atividade genoprotetora (MOREIRA et al., 2014;
BRAVO et al., 2013).
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Figura 4. Estrutura quimica da cafeina.
Fonte: (BREZOVA et al., 2009).

A cafeina apresenta esta atividade antioxidante devido ao fato de conseguir inibir a
lipoperoxidagéo induzida por radicais hidroxilas (OH-), peroxidos (ROO-) e o oxigénio singlete,
este apresenta capacidade similar a glutationa e superior ao acido ascorbico (CLIFFORD et al.,
1991).
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Além disso, a cafeina é altamente resistente ao calor, inodora e apresenta sabor amargo
bastante caracteristico, 0 que contribui para o sabor e aroma do café (KITZBERGE et al., 2013).

Dessalegn et al. (2008) e Kathurima et al. (2009) estudaram a qualidade de bebida e as
caracteristicas fisicas e quimicas dos gréos de diversas cultivares de café arabica e observaram
ndo haver correlagdo entre as caracteristicas fisicas ou o teor de cafeina com a qualidade de
bebida.

Rodarte et al. (2009) estudou o comportamento dos compostos bioativos dentre eles a
cafeina, em cafés provenientes da regido do Sul de Minas Gerais submetidos a diferentes pontos
de torracdo e observaram ndo haver degradacdo de cafeina em nenhum nivel de torra. Para
Farah (2012) o contetdo de cafeina é altamente dependente das espécies de café, ndo sendo
alterado significativamente durante a torrefacdo dos graos de café.

O teor de cafeina presente nos grdos de café quando crus corresponde a
aproximadamente 12g9/Kg (SCREENATH, 1997). A Portaria n°® 377 de 26 de abril de 1999,
aprova 0 Regulamento Técnico para fixacdo de identificacdo e qualidade de café torrado em
grdo e café torrado e moido, nesta estdo descritas as caracteristicas minimas de qualidade e ela
se refere ao teor de cafeina maximo para cafés torrado em grédo e café torrado e moido este deve
apresentar teor maximo 0,79/100g (ANVISA, 1999).

Apesar da cafeina ser considerada um alcaloide polar e hidrossolivel contetdos
importantes foram observados tanto no éleo de café verde como no 6leo de café torrado
(VOYTENA etal., 2018). Oliveira et al. (2005) também identificaram teores de cafeina no 6leo
de café torrado obtido por prensagem, porém estes ndo a quantificaram. A Tabela 4 apresenta
alguns estudos com dleos, extratos de cafés e a relacdo entre as porcentagens de cafeina

encontradas.

4.1.1.2 Trigonelina

A trigonelina compreende a uma N- metil betaina, muito sollvel em agua que tem
importancia tanto sensorial como nutricional, pois tem efeito sobre o sistema nervoso central,
e sobre a secrecdo da bile e a motilidade intestinal (CLARKE & MACRAE, 1985).

Durante o processo de torrefacdo a trigonelina sofre degradacéao térmica e gera alguns
compostos volateis como os pirrois e piridinas, que ajudam a contribuir para o aroma do café.
Também ocorre a desmetilacdo da trigonelina formando a niacina, uma importante vitamina
para o0 metabolismo humano (DE MARIA et al., 1999; KITZBERGE et al., 2013). O conteudo
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de trigonelina em café corresponde entre 1 a 3% do peso seco dos grdos (FARAH, 2012). A
Tabela 4 exibe estudos que avaliaram o teor de trigonelina em 6leos e extratos de café verde e

torrado.

Figura 5. Estrutura quimica da trigonelina.
Fonte: SALDANA et al.(1997).

4.1.1.3 Acidos clorogénicos

Os é&cidos clorogénicos e compostos relacionados sdo 0s principais componentes da
fracdo fenolica dos gréos de café. Os principais grupos de &cidos clorogénicos encontrados em
café verde incluem os acidos cafeoilquinicos, dicafeoilquinicos, feruloilquinicos, p-
cumaroilquinicos e ésteres mistos dos acidos caféico e fertlico com o acido quinico, havendo
pelo menos trés isdmeros por grupo (FARAH; DONANGELO, 2006).
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Figura 6. Acidos clorogénicos encontrados no café.
Fonte: JESZKA-SKOWRON et al., 2016.

A atividade antioxidante dos acidos clorogénicos deve-se principalmente as suas
propriedades redutoras e estrutura quimica. Essas caracteristicas desempenham um papel
importante na neutralizagdo de radicais livres e quelagcdo de metais de transi¢édo, agindo tanto
na etapa de iniciagdo como na propagacao do processo oxidativo. Os intermediarios formados
pela acdo de antioxidantes fendlicos séo relativamente estaveis, em razdo da ressonancia do
anel aromatico presente na estrutura dessas substancias (ABRAHAO et al., 2010).

Os graos de café verde sdo conhecidos como uma das principais fontes alimentares mais
ricas em &cidos clorogénicos e compreendem nove isdbmeros principais, sendo eles trés de
acidos cafeoilquinicos (3-,4- e 5- &cidos cafeoilquinicos), trés de acidos dicafeoilquinicos (3,4;
3,5 e 4,5- di acidos cafeoilquinicos) e trés de acidos feruloilquinicos (3-;4- e 5- acidos
feruloilquinicos). O acido 5- cafeoilquindico é o mais abundante nos grdos de café verde,
compreendendo mais de 50% do peso seco de acidos clorogénicos totais (NARITA; INOUYE,
2015).
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A literatura geralmente descreve uma diminui¢do na capacidade antioxidante dos gréos
de café a medida que o grau de torrefacdo aumenta, o0 que estd principalmente associado a
degradacdo dos &cidos clorogénicos (SOMPORN et al., 2011). Com a torragdo, os acidos
clorogénicos sdo convertidos em compostos de aroma e podem ser incorporados a melanoidinas
(BEKEDAM et al., 2008; MOREIRA et al., 2012).

Variagdes no contetido dos acidos clorogénicos de cafés arabica de diferentes cultivares
com diferencas nos graus de torragcdo foram relatadas por Farah et al. (2005) e Perrone et al.
(2008). Ivamoto et al. (2013) sugeriram que a variagdo poderia ser atribuida a diferencas
genéticas nas vias metabolicas biossintéticas desses compostos.

Farah et al. (2006) descreveram que o teor de &cido 5- cafeoilquinoico (5- CQA) varia
de 2 a 13g/Kg para cafés com boa qualidade de xicara com graus de torra de escuros a leves. E
uma faixa de 3 a 20 g/Kg foi associada a cafés de pior qualidade, cafés com defeitos
principalmente verdes. Porém, Zanin et al. (2016) relata que o conteudo de &cido 5-
cafeoilquindico em cafés de torracdo média e de boa qualidade de xicara geralmente sdo mais
altos, os autores ainda indicam que através de condicdes adequadas de colheita e pds-colheita
é possivel oferecer cafés torrados brasileiros com boa qualidade de xicara e variados graus de
conteudo de acidos clorogénicos.

A Tabela 4 abaixo expde alguns estudos que verificaram o teor de acidos clorogénicos

em Oleos e extratos de café.

Tabela 4. Estudos sobre determinacdo de compostos bioativos e quantificacdo da atividade
antioxidante em 6leos e extratos de café verde e torrados.

Oleo de café torrado cafeina As analises foram Os teores de cafeina  Sanches et
(torra média) extraido realizadas nos encontrados variaram de al. (2020).
por prensagem tempos inicial 0, 6 e 0,32% a 0,34%.

mecanica a frio. 12 meses.

e A cafeina  foi
determinada por
Cromatografia

gasosa.
Extratos de café verde Acido 5- e Meétodo de andlise Os extratos de café verde Coelho etal.
e torrado extraido em  cafeoilquinico foi HPLC apresentaram teor de 4cido 5- (2014).
Soxhlet com auxilio (Cromatografia cafeoilquinico de 3,36+

de éter de petroleo e Liquida de Alta 0,029/100g base seca.

metanol. Performance). Extratos de café torrado com

teor de &cido 5-cafeoilquinico
de 0,17+ 0,03 g/100g base
seca.




Extrato aquoso da
borra de café
expresso.

Café arabica e
robusta em torra leve
e escura.

Oleo de café verde e
torrado obtido por
prensagem mecanica
a frio.

Atividade
antioxidante,
compostos
fendlicos,
cafeina e
acidos

clorogénicos.

Atividade
antioxidante,
compostos
fenolicos,
cafeina,
trigonelina e
acidos

clorogénicos.

Atividade
antioxidante,
compostos
fendlicos e
cafeina.

Para determinagdo
da atividade
antioxidante e dos
compostos fendlicos
utilizou-se DPPH e
Folin-  Ciocalteau
respectivamente. A
cafeina e os acidos
clorogénicos foram
obtidos por CLAE
(Cromatografia
Liquida de Alta
Eficiéncia).

Na avaliagdo da
atividade

antioxidante foi
utilizado o método
de ABTS, 0S
compostos fendlicos
foram avaliados por
Folin- Ciocalteau. A
determinacéo da
cafeina, trigonelina

e acidos
clorogénicos foi por
meio de HPLC

(Cromatografia
Liquida de Alta
Eficiéncia).

O teor de compostos
fenolicos e a
atividade

antioxidante foram
determinados  por
intermédio das
metodologias de
Folin- Ciocalteau e
DPPH. O teor de
cafeina foi
determinado através
de  Cromatografia
Liquida de Alta
eficiéncia (CLAE).

Os resultados foram: para
DPPH (%) 83,99+ 2,38,
fendlicos totais (mg &cido
galico/lg base seca) 7,57+
0,52, cafeina (mg/g base seca)
6,12+ 0,83 e A4cidos
clorogénicos (mg 5-ACQ/g
base seca) 3,71+ 0,40.

Os resultados obtidos para
atividade antioxidante média
de ardbica e robusta foram
48,29 para torras leves 36,4 g
de TROLOX/100g para torras
escuras. O teor de compostos
fendlicos médio de arabica e
robusta diminuiu de 28,2 para
18,69 de acido galico/100g a
medida que o grau de torra
aumentou.

Para cafeina o valor médio foi
de 4,709/100g para café
arabica e 7,20g/100g para o
café robusta. Quanto ao teor
de trigonelina houve
diminuicdo quanto ao nivel de
torra para ambos, o café
ardbica foi de 3,3 para
1,49/100g para café robusta
de 2,2 para 0,2g9/100g. Os
acidos clorogénicos (5-ACQ)
em cafés ardbica diminuiram
de 5,96 em torras leves para
0,22g/100g e em cafés robusta
de 6,19g para 0,13g/100g a
medida que o nivel de torra
aumentou.

O teor de compostos
fendlicos do ¢6leo de café
verde foi de 0,73 + 0,09 mg de
acido galico/ g 6leo e 0 6leo de
café torrado foi de 2,24 + 0,12
mg de acido galico/g 6leo.

O teor de DPPH (%) obtido
foi maior no d6leo de café
torrado em comparagdo ao
6leo de café verde. Os
resultados do DPPH em
TEAC (capacidade
antioxidante equivalente ao
Trolox) em mmol/g dleo o
6leo de café verde apresentou
teor de 8,76 + 0,20 e 0 6leo de
café torrado 9,96 + 0,13.

O teor de cafeina foi de
209,63 +1,13 mg/g extrato
seco para fragbes polares do
6leo de café verde e 171,35 +
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Abrahdo et al.
(2019).

Vignoli et al.
(2014).

Voytena et al.
(2018).



Cafés  beneficiados
torrados e moidos da
espécie arabica.

Oleo de café verde e
torrado de café
arabica das cultivares
IPR 99 e Catual
(extraido em Soxhlet
com auxilio do
solvente  éter de
petrdleo).

Oleo de café verde e
torrado extraidos em
equipamento de
Soxhlet com auxilio
de éter de petroleo.

Extrato aquosos e
extratos encapsulados
de café verde.

Acidos
clorogénicos
total e Acido

5-

cafeoilquinico.

Atividade
antioxidante

Atividade
antioxidante e
compostos
fenolicos.

Compostos
fendlicos,
atividade

antioxidante,
cafeina,

trigonelina e
acidos

clorogénicos.

O método utilizado
foi HPLC
(Cromatografia
Liquida de Alta
Eficiéncia).

A atividade
antioxidante foi
determinada  pelos
métodos: ABTS e
DPPH.

A atividade
antioxidante foi
determinada por
ABTS e DPPH. Os
compostos fendlicos
foram determinados

por Folin-
Ciocalteau.

Os compostos
fendlicos foram

determinados  por
Folin- Ciocalteau. A
atividade
antioxidante foi
determinada por
ABTS e DPPH. A
cafeina, trigonelina
e o0 4cido 5-
cafeoilquinico
foram quantificadas
e identificadas por
uPLC
(Cromatografia
Liquida de Ultra
Performance).

1,13 mg/g extrato seco das
fracdes polares do 6leo do
café torrado.

O contetdo total de &cidos
clorogénicos variou de 19,7 a
35,2 g /Kg para os 32 cafés
ardbica torrados estudados,
que diferiram no tratamento
pos-colheita, no local de
cultivo e na qualidade da
xicara. Os autores observaram
uma variagao de 205% para o
teor de 5-CQA, que
apresentou um valor médio de
12,2 g/ kg.

A atividade antioxidante pelo
método de ABTS apresentou
variagdo de 1,20 a 1,55
mg/100g, ndo  havendo
diferenca significativa entre
as amostras. Para o DPPH a
cultivar Catuai (verde e
torrada) e a cultivar IPR 99
torrada apresentaram a melhor
atividade antioxidante.

O teor de compostos
fendlicos correspondeu a
343,0 + 1,73 no 6leo de café
verde e para o torrado 808,3
+1,53.

Quanto aos resultados da
atividade antioxidante por
DPPH(%) para o 6leo de café
verde ficou entre 89,82% e
para o torrado 85,77%.
Porém, os resultados do
ABTS apresentam o0s teores
em uM trolox/g 6leo sendo o
verde 4190,49 + 36,09 e o
torrado 9669,26 + 19,61.

As quantificacBes
identificaram que os teores
foram: fendlicos totais (mg
acido galico/g) 212,57 + 14,40
; atividade antioxidante por
ABTS (uM trolox/g) 1421,20
+ 38,69; por DPPH (uM
trolox/g) 1238,99 + 106,52 ;
cafeina (mg/g) 84,58 + 15,05;
trigonelina (mg/g) 47,90 +
7,81 e é&cidos clorogénicos
(mg/g) 178, 44 + 27,65.
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4.2 Compostos aromaticos do 6leo de cafée

Os compostos volateis que estdo presentes no 6leo de café sdo componentes resultantes
do processo tecnoldgico aplicado ao café cru para 6leo de café verde, e a torrefacdo, que tem
como uma das funcdes a formacdo de aromas, sabor e cor, para 6leo de café torrado (DE
MARIA et al., 1999).

Segundo Calligaris et al. (2009) e Gonzalez et al. (2011) o perfil dos compostos volateis
do café pode variar de acordo com o local de cultivo, variedade boténica e, principalmente, o
grau e tipo de torrefacdo do café, tendo um enorme efeito sobre o aroma do 6leo de café. Ryan
et al. (2004) descreveram alguns compostos como cetonas, pirazinas, furanos, fendis e pirrois
como as principais substancias responsaveis pelo aroma de gréos de café torrado. Para Jorge
(2009) o oleo de café é considerado um importante transportador de aroma e sabor de café
torrado o qual contém uma porcéo significativa de compostos aromaticos e as principais classes
de compostos encontrados no aroma do 6leo do café torrado sdo: aldeidos, cetonas, furanos,
piridinas, pirazinas, fendlicos, pirrois, inddis, lactonas e ésteres. A maioria dos compostos sdo
resultados da reacdo entre aminodacidos e agucares (Reacdo de Maillard) e da degradacdo de
lipidios.

Roselius et al. (1982) definem o 6leo de café torrado obtido por compressao como sendo
um composto formado por uma fragdo de lipidios e uma tipica fracdo de compostos organicos
volateis (VOCs) de aroma de café, que contém uma alta proporcao de constituintes aromaticos
de baixa e média volatilidade.

Oliveira et al. (2005) analisaram o 0leo de café torrado obtido por prensagem utilizando
a técnica de cromatografia gasosa acoplada a espectrometria de massa (CG-MS), identificaram
muitos hidrocarbonetos aromaticos e alguns compostos heterociclicos que tém sido
considerados de alto impacto para o aroma do café, dentre estes destacam-se o 2-furil-
metanotiol, ocaveofurano, o N-furil-2-metil-pirrol, o 2- etilfurano, o N-etil-2-formil-pirrol, a
tiobutirolactona e o 2-acetil-3-metil-tiofeno.

O o6leo de café verde é pouco atrativo no que condiz aos compostos volateis, porém
quanto ao Oleo de café torrado este tem sido amplamente utilizado como aromatizante em
sorveterias, bebidas e industrias de café solivel ou como ingrediente natural em empresas de

cosméticos.
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Atualmente existem varias técnicas de preparacdo, identificacdo e quantificacdo dos
compostos volateis presentes em alimentos. Dentre 0s métodos de preparacdo de amostras que
tem como base a adsor¢do tem-se a microextracdo em fase solida (SPME), o qual tem sido
escolhido para analises de volateis devido a ndo utilizacdo de solventes, por ser de amostragem
répida, baixo custo, facil operacéo e sensibilidade (SIDES et al., 2000).

O método envolve extracdo e pré- concentracdo utilizando uma fibra de silica fundida
(Figura 7), revestida com um material adsorvente (polimero de fase estacionéria) que esta
protegido dentro de uma agulha do dispositivo da SPME. Apds adsor¢do os compostos podem

ser dessorvidos termicamente no injetor do cromatografo (OLIVEIRA et al., 2007).

N

Fibra

f
J i

i—l()l (l;';'

Figura 7. Exemplo do holder e da fibra utilizados no SPME.
Fonte: Valente, Augusto (2000).

O método de amostragem por headspace é um método em que a fibra é exposta na fase
vapor do liquido (no caso o 6leo de café) por determinado tempo para alcancgar o equilibrio.
Dois tipos de equilibrio ocorrem: entre a amostra e o ar, e entre 0 ambiente e a fibra (ROBERTS
et al., 2000). Entao apds a exposicdo aos volateis as fibras sdo acopladas a um cromatografo
gasoso (CG) ou a um cromatografo gasoso- espectrdmetro de massa (CG-MS), onde os analitos
serdo dessorvidos termicamente, enquanto a separacéo e a quantificacdo ocorrem (BULDINI et
al., 2002).

A tabela 5 expbe alguns estudos que identificaram e quantificaram compostos
aromaticos em 6leos de café. Desta forma, € de grande interesse uma investigacéo e estudo dos

6leos obtidos de café em diferentes processos de torra e qualidades, pois é primordial que a



54

indUstria cafeeira obtenha informacgBes para definicdo da composicdo aromatica destes
produtos, ja que assim este podera conferir aroma a outros produtos alimenticios e ser altamente

aplicado na industria de alimentos.

Tabela 5. Compostos volateis identificados a partir de estudos com 6leo de café torrado.

-Oleo de café arabica -Oleo de café torrado da -Oleo de café arabica
torrado (Colémbia) espécie arabica (Brasil) torrado (Etiopia) extraido
extraido com auxilio de extraido por meio de através de fluido
fluido supercritico (CO2). prensagem mecanica a supercritico

-Método  usado  foi frio seguido de filtracdo.  (CO2),microencapsulado

headspace acoplada ao -Método utilizado e livre.

Detector de lonizagdo de consistiu em -Método consistiu em

Chamas por Cromatografia Gasosa headspace acoplado ao

Cromatografia Gasosa. acoplada a espectrdmetro de massas
espectrometria de e Cromatografo Gasoso.
massas.

1-etilpirrol (S) -2- (N- (N- Acetaldeido
Benzilprolil) amino
(benzofenona))

piridina 1,1,1,5,7,7,7-Heptametil-  2-metilfurano

3,3-bis  (trimetilsiloxi)

tetrasiloxano

tiazol 1,2,3 — Benzenotriol 2-metilbutanal

Detectado
1,2-Etanodiol, 1,2-di-4-
piridinil

1-hidroxi-2-propanona 1,3,5,7,9,11-Hexaetil 1-metilpirrol
Biciclo (5.5.1) hexa
siloxano

2,5-dimetilpirazina 1,4,7,10,13,16-Penta Piridina
Ciclopentadieno, 3-fenil

2,6- dimetilpirazina 1,4-benzenodiol, 2,3,5- Pirazina
trimetil

2-etil-5-metilpirazina 1-Etanona, 1 (4- (4- 2-metoximetilfurano

fluorofenil) metoxi) -3-

metoxifenil
2-furancarboxaldeido 1H-pirrol, 1- (2- 2-metilpirazina
furanilmetil)
2- metil-3,5- 2 (1H) -piridinona, 3- 2,5-Dimetilpirazina
dimetilpirazina metil



acetato de furanmetanol

5- metil-2-
furancarboxaldeido

6,7-di-hidro-5-metil-5H-
ciclopentapirazina
propionato de furfurilo
2-formol-1-metilpirrol

2-furfurilfurano

furanometanol

1-(6-metil-2-pirazol)-1-
etanona

alcool furfurilico

2-etil-4-metil-2,5-
furandiona

acido 3- metil-2-
butendico
2-metil-1H-pirrol

-Damascenona

2-hidroxi-3-metil-2-
ciclopenten-1-ona

guaiacol
2-metoxifenol
3-etil-2-hidroxi-2-
ciclopenten-1-ona

3- hidroxi-2-metil-4H-
piran-4-ona

éter difurfural

2-formilpirrol

4-etilguaiacol

4-etil-2-metoxifenol

2-(2-(2-(2-(2-(2-(2-(2-
(2-Hidroxietoxi)

etoxi) etoxi) etoxi)

etoxi)

etoxi) etoxi) etoxi) etanol
2,4,6-Cicloheptatrien-1-
ona, 3,5-bis-trimetilsilil
2-furancarboxaldeido, 5-
metil

2-furanmetanol, acetato
2-piridinamina, 3-metil
3-buten-2-ona, 4- (2-
furanil)

3-furanmetanol
3-isopropoxi-1,1,1,7,7,7-
hexametil-3,5,5-tris
(trimetilsiloxi)
tetrasiloxano

Acido 3-
piridinocarboxilico, 4-

hidroxi
Acido acético

Benzenamina, 2-etoxi

Benzeno (2.2.1) heptan-
2-ol, 2- (1-ciclopenten-1-
il)
Acido
alfa, 3,4-tris (trimetilsilil)
oxi, trimetilsilil éster

Biciclo (2.2) heptan-2-
ol, 2- (1-ciclopenten-1-
il)

Bicyclo (3.3.0)oct-2-em-
6-one, 3-methyl
Caffeine
Ciclotetrasiloxano, 5-
metil-2- (1-
metiletilideno)
Ciclotetrasiloxano,
octametil

Etanona, 1- (1H-pirazol-
4-il)

Etanona, 1- (1H-pirrol-2-
il)
Furazan-3-carboxamida,
oxima, 4-amino-N, N-
dimetil

Maltol

benzenoacético,

2,6-Dimetilpirazina

2-etilpirazina

2,3-dimetilpirazina

Furfural
2-acetilfurano

Acetato de 2-
furanmetanol

5-metilfurfural

2-metoxifenol

2-acetilpirrol

Eter difurfurilico
4-etil-2-metoxifenol

4-metilfenol

4-etilfenol

2-metoxi-4-vinilfenol

1-furanil-2-formilpirrol
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PComposioNdentificado® cicosanol m-aminofenil acetileno
PComposioNdentificadom 4-metilfenol 2-furoato de metila
PComposioNdentificado™ y-decalactona Fenol, 2-metoxi
PCompostoldentificado™ 4- vinilguaiacol Pirazina, metil
2-metoxi-4-vinilfenol Pirazol, 1,4-dimetil
1-furfuril-2-formil pirrol ~ Piridina

acido benzoico Pirrolo (3,4-c) pirazol-

4,6 (3H, 5H) -diona, 5-
(2-fluorofenil) -3a, 6a,
di-hidro-6a-metil

Os principais grupos relatados por Getachew e Chun (2016) incluem aldeidos, cetonas,
furanos, pirrois, pirazinas, piridinas e compostos fendlicos. Todos esses compostos sao tipicos
do sabor do café torrado, porém vale mencionar que, devido a complexidade da fracao
aromatica do café, algumas varidveis deverdo interferir diretamente na composicdo destes
compostos, como: o tipo de técnicas agricolas, cultivo, altitude e regido (AKIYAMA et al.,
2005; SANCHES et al., 2020).

Hurtado- Benavides et al. (2016) em estudo com 6leo de café torrado extraido a partir
de CO> supercritico definiram que os compostos pertencentes a familia dos furanos (% area
relativa) (21,74- 29,64%), seguidos de pirazinas (12,5- 22,86%), cetonas (5,0- 17,14%), fendis
(6,45-17,07%), pirrois (a partir de 7,69% para 12,50%), piridinas (2,17- 3,23%), lactonas (2,17-
3,70%), tiofenos (2,38- 3,23%), tiazoles (2,17- 2,50%), &cidos carboxilicos (2,55- 7,69%) entre
outros (Tabela 5), foram detectados e identificados. Segundo os autores o grupo da familia
furanos foram os compostos em maior propor¢do no dleo de café torrado. Para Gonzalez- Rios
et al. (2007) os furanos sdo o principal tipo de compostos presentes no café arabica, seguidos
por cetonas, pirazinas, piridinas e pirrois.

O grupo furanos estd normalmente relacionado as caracteristicas agradaveis em
alimentos e bebidas, além de serem formados pela degradacdo térmica dos acUcares e
carboidratos sdo associados a aroma de frutas, grama e couro (PETISCA et al., 2013). O grupo
pertencente a familia de pirazinas séo ligados ao aroma e sabor de amendoim e de café torrado
como o composto 2- etil-3-metilpirazina (AKIYAMA et al., 2005; MAYER et al., 2000;
HURTADO- BENAVIDES et al., 2016).

Outros trabalhos relatam que alguns compostos descritos pelos autores na Tabela 5 (5-
metil-2-furancarboxaldeido, acetato de furanometanol, éter difurfurilico , 2-furfurilfurano, 2-
metoxi-4-vinilfenol, 2-furancarboxaldeido, 4-etil-2-metoxifenol, 2-hidroxi -3-metil-2-
ciclopenten-1-ona) sdo compostos que exibem notas agradaveis como caramelo, nozes tostadas,

amendoim, doce, aromatico, mac¢d, améndoa entre outros (GONZALEZ- RIOS et al. 2007 ;
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RIBEIRO et al., 2009; MAYER et al. 2000). Além disso, a fracdo volatil do 6leo de café contém
um complexo grupo de compostos quimicos presentes no sabor e aroma dos gréos torrados
originais e da bebida do café (HURTADO- BENAVIDES et al., 2016).

4.3 Oleo de café e a aplicagdo em alimentos

O Oleo de café torrado obtido por prensagem mecénica representa um subproduto
importante da industria alimenticia. E importante esclarecer essa questao, pois existe um grande
interesse em seu Uso para aumentar o potencial aromatico do café soltvel e da bebida de cafg,
ou como aromatizante para doces, bolos, sorvetes e pudins. Normalmente, o éleo de café torrado
é usado para minimizar a incidéncia de p6 fino quando adicionado ao café sollvel. Este 6leo
forma uma camada superficial e evita a fragmentacédo de gréos de café soluveis.

Alguns estudos apontam para a dificuldade de recompor o0 aroma de café ao produto
soltvel, devido principalmente a volatilizacdo dos compostos que constituem o 6leo e que sdo
sensorialmente necessarios para a preservacdo do aroma de café e através do uso do 6leo de
café torrado estes aromas podem voltar a ficar presentes ao final da producdo (OLIVEIRA et
al., 2009).

Outra utilizacdo do 6leo de café torrado na industria pode se dar através da sua adigédo
aos graos de café antes da sua moagem. Estes 6leos podem ser previamente aromatizados com
diversos aromas como os de chocolates, rum, baunilha, entre outros (NATURE'S FLAVORS,
2021) conferindo ao café aromas diferenciados.

Além do dleo de café, os extratos de sementes, folhas da planta do café também séo
utilizados como fonte de aroma e como agente condicionador para a pele. Quanto a inddstria
de cosméticos o emprego do 6leo de café torrado tem sido empregado para formulacdo de
batons e produtos onde se tem o intuito de Ihe conferir aroma (CAMPO RESEARCH, 2020).

Quanto ao 6leo de café verde a caracteristica mais discutida atualmente é a capacidade
de bloquear a radiacdo solar UVB (280 a 320nm), a qual mesmo possuindo capacidade
bronzeadora, causa eritrema na pele humana, sem contudo, impedir a passagem de raios UVA
(320 a 400nm) relacionados ao bronzeamento saudavel (CONNOCK, 1999; GROLLIER e
PLESSIS, 1988). Em geral, estas fun¢bes estdo associadas a presenca de compostos como
compostos fendlicos, diterpenos cafestol e caveol, seus ésteres e compostos com atividade
antioxidante (BERTHOLET, 1988; VOYTENA et al., 2018).
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Atualmente algumas empresas tem utilizado o éleo do café torrado para preparo de

bebidas que tem a base lactea, a aveia e a soja, estas sdo bebidas que tem como apelo o sabor

de café. A Tabela 6 retrata alguns estudos e seus principais resultados referentes ao 6leo e

extratos de café verde e torrado quando adicionados em produtos alimenticios diversos.

Tabela 6. Incorporacédo de 6leo/ extrato de café verde e torrado em produtos alimenticios.

Referéncias

Donmez et
al.,(2017)

Carmo (2019)

Dziki et al (2015)

Produto
Adicionado

Extrato de café
verde

Extrato aquoso e
encapsulados de
café verde

Café verde
moido/farinha

Produto
Final
logurte

Bebida
Lactea

Pdo de trigo

Concentracéao

adicionada
1e2g/100g

5% de extrato de
café verde
encapsulado

1,2,3,4 e 59/100g

Principais resultados

O extrato café verde
diminuiu

significativamente a
taxa de  sinérese

durante 0
armazenamento e
melhorou a
consisténcia do
produto.

Os autores
mencionam ainda que
0s polifendis

presentes no café
verde podem interagir
com  micelas de
caseina no iogurte, e
essa interacdo
proteina-polifenol
promove a forca da
rede de caseina e
estabiliza a estrutura
do produto.

O autor verificou um
aumento dos
compostos  bioativos
devido a liberacéo
controlada do material
ativo encapsulado.

Além disso,
parametros como
atividade antioxidante
e acidez  foram
avaliados nos tempos
0 e 7 dias, estas ndo
apresentaram
nenhuma  diferenca
entre 0os tempos de
armazenamento.
Através de um teste de
aceitagdo com escala
heddnica estruturada
em nove pontos 0s



Oliveira et al. Oleo de café Cafés
(2009) torrado e mistura = instantaneos
aromatica de obtidos por:
café. spray dry e
liofilizac&o.

4.3.1 logurtes com incorporacao de 6leos vegetais
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autores avaliaram o0s
atributos de cor da
crosta e migalha,
textura, aroma, gosto e
aceitacdo geral. Os
resultados
demonstraram que as
amostras tiveram boa
aceitacdo sensorial.

Os pdes apresentaram
aumento do teor de
compostos fendlicos e
maior atividade
antioxidante.

As bebidas de café
instantaneos
liofilizado
apresentaram
melhores
caracteristicas
sensoriais ou
aceitacéo.

A amostra de café
instantaneo liofilizado
ao qual foi adicionado
0 6leo de café torrado
apresentou maior
aceitacdo do que as
demais amostras.

O aroma e o sabor do
café das amostras de
café instantaneo
liofilizado aos quais a
mistura aromatica foi

adicionada nédo
apresentaram

diferenca quando
comparadas as

amostras sem  a
mistura,  mostrando
gue 0 impacto desses
compostos aromaticos
na bebida ndo foi
relevante com respeito
a esses atributos.

O iogurte, yogur ou yoghurt € um leite fermentado, portanto pode ser definido como o

produto obtido da coagulacdo e diminuicdo do pH por fermentagdo lactea. Sua origem deve

situar-se no Oriente Médio ou na india. Os pastores némades, a0 armazenar o leite sempre nos

mesmos recipientes, foram selecionando uma microbiota que fermentava o leite e produzia um
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alimento de sabor agradavel. Além disso, o alto grau de acidez conseguido ndo permitia o
desenvolvimento de bactérias patogénicas. Assim, perceberam que 0 seu consumo ndo lhes
causava nenhum mal, entdo esse produto tornou-se popular e era oferecido as criangas na
desmama (ORDONEZ, 2005).

O iogurte é caracterizado por utilizar dois tipos especificos de culturas lacteas. Sao elas
as bactérias Streptococcus salivarius subsp. thermophilus e Lactobacillus delbrueckii subsp.
bulgéricus, que atuam em simbiose, podendo ou ndo serem complementadas com outras
bactérias acido-laticas que contribuem para a determinacdo das caracteristicas do produto final
(BRASIL, 2007).

O iogurte pode ser classificado em tradicional, batido ou liquido de acordo com o

processo em que € submetido na sua elaboracéo:

e logurte tradicional (set yogurt): no qual o processo de fermentagéo ocorre dentro da
propria embalagem, ndo sofre homogeneizacgéo e o resultado é um produto firme, mais
OU menos consistente;

e logurte batido (stirred yogurt): o processo de fermentacdo ocorre em fermentadeiras ou

incubadoras com posterior quebra do coagulo;

e logurte liquido (fluid yogurt): o processo de fermentacéo é realizado em tanques; é
comercializado em embalagens plasticas tipo garrafa ou do tipo cartonadas (ROBERT, 2008,
BRASIL, 2000).

Os laticinios trabalham em grande quantidade com iogurte batido, ja que este permite
aos produtores adicionar estabilizantes para prevencéo de sinérese durante a vida de prateleira
(LUCEY SINGH, 1998).

A seguir tem-se o fluxograma basico de producéo do iogurte:

Recepcao do leite cru refrigerado

ﬂ

Filtracdo

l

Refrigeracédo

ﬂ
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Padronizacéo

‘VV

Pré aquecimento

‘VV

Clarificacdo e/ou padronizagao

ﬂ

Homogeneizacao

ﬂ

Pasteurizagdo

‘1

Tanque de Maturacéo

‘VV

Resfriamento com agitacédo (1- 24°C/ 2- 4°C/*adicao de polpa, corante e aroma)

‘VV

Envase

ﬂ

Armazenamento (4°C/ realizacdo de analise para expedi¢do)

l

Expedicéo

Figura 8. Fluxograma basico de producéo de iogurte.
Fonte: VIDAL (2018).

Durante o processamento de iogurte € ideal a obtencdo de uma matéria prima de boa
qualidade, avaliada quanto aos parametros de acidez, estabilidade térmica, densidade e carga
microbiana. A proxima etapa consiste na padronizacao do leite que € realizada por meio da
adicdo de leite em pd ou concentrado para elevar o teor de solidos totais, aumentando a

consisténcia e incorporacdo de soro. A seguir ocorrerd a homogeneizacdo para reducdo do
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tamanho dos glébulos de gordura, além de melhorar a estabilidade do coagulo, originando um
produto mais liso e cremoso, nesta fase a temperatura deve situar entre 50°C e 60°C. Na
pasteurizacdo deverd haver uma modificacdo mais drastica na temperatura visando promover
uma maior desnaturacdo da caseina e das proteinas do soro, iSSO provocard uma maior
hidratacdo do coagulo, incorporacédo do soro, consisténcia e viscosidade do produto final. O
liquido segue para o maturador e € entdo resfriado a temperatura entre 40°C e 45°C, onde séo
adicionados os agentes edulcorantes, corantes, aromas e inoculado o fermento. E importante
destacar que os aromas podem ser adicionados antes ou apos a fermentacdo. Apds a inoculacdo
é recomendado uma homogeneizac¢do por dois minutos e incubacdo por aproximadamente 4
horas para que a fermentacdo da lactose em acido latico ocorra e assim se estabeleca a
coagulacdo 4cida e desenvolvimento das caracteristicas sensoriais do produto. O pH deve situar
em torno de 4,4 a 4,7. E por fim, o produto deverd ser resfriado para paralizacdo da
multiplicacdo da cultura lactea. Apos reducdo da temperatura pode adicionar a polpa e outros
aromas (VIDAL, 2018; ORDONEZ, 2005).

Dentre as proteinas presentes no leite figura se destaque as caseinas que se encontram
sob a forma de dispersdo coloidal, formando particulas de tamanho variavel. Essas particulas
que dispersam a luz e que, portanto, conferem ao leite sua cor branca caracteristica, recebem o
nome de micelas (ORDONEZ, 2005). Em iogurtes a caseina desempenha um papel importante
na formacao da matriz de gel por meio da agregacao de micelas de caseina a medida que o pH
se aproxima de 4,6 como resultado da producao de acido latico durante a fermentacdo (CUI et
al., 2014; DONMEZ et al., 2017).

Jakobek (2015) define em seu estudo que os polifendis tém a capacidade de interacdo
com as proteinas, resultando na formacéo do complexo proteina-polifenol. A formacéo deste
complexo ja foi discutida por muitos pesquisadores (SIEBERT et al., 1996; JOBSTL et al.,
2004; RICHARD et al., 2006; DONMEZ et al., 2017).

O tipo de interacdo entre os polifendis e as proteinas tem como base intera¢Ges fracas,
principalmente hidrofdbicas, van der Waals, ligacdo de ponte de hidrogénio e interacdes idnicas
formadas entre cadeias laterais de aminodacidos e os anéis polifenélicos aromaticos, indicando
que esta associacao entre os polifendis e as proteinas € um fendmeno de superficie (HASNI et
al. 2011; DONMEZ, MOGOL e GOKMEN, 2017).

Duarte e Farah (2011) sugeriram que as interagdes entre os constituintes do leite e os
polifendis do café podem produzir um efeito negativo na biodisponibilidade dos polifendis do

café, em humanos. Porém, estudos sugerem efeitos positivos adicionais das interacGes
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polifenol-proteina. Segundo Shpigelman et al. (2010) definem as proteinas como bons
carreadores de polifendis no trato gastrointestinal. Alem disso, os complexos podem proteger
os polifendis contra a degradacéo oxidativa conforme descrito por Shpigelman et al.(2010).

Por outro lado, a associacdo entre os polifenois e proteinas pode afetar a atividade
antioxidante dos polifendis conforme citado por Hasni et al. (2011) que investigou essa
associacdo em presenca das proteinas do leite, na verdade devido estas interacfes de proteina
do leite e polifenol a atividade antioxidante dos polifendis foi mascarada (ARTS et al., 2002).

Para Donmez et al. (2017) os polifendis presentes no café podem interagir com as
micelas da caseina do iogurte, e atraves desta interacdo proteina- polifenol promover a forga da
rede de caseina e ajudar na estabilizacdo da estrutura do produto final.

Guimardes et al. (2020) formularam bebidas fermentadas probiotica mista utilizando
extrato hidrossolivel de améndoas, farinha de linhaca e principalmente 6leos vegetais
amazonicos de pequi e acgai. As bebidas acrescidas dos 6leos amazonicos apresentaram as
melhores caracteristicas nutricionais e mais elevados teores de polifendis e atividade
antioxidante. Portanto, a adicdo dos Oleos foi eficiente, ja que os elevados valores se

mantiveram mesmo ap6s 0 processamento do produto.

4.3.2 Analise Sensorial

A qualidade de um produto esta relacionada as caracteristicas que comp&em o alimento
sendo assim a andlise sensorial constitui uma 6tima ferramenta para este tipo de avaliacdo. Na
analise sensorial o homem é utilizado como instrumento de medida através dos seus cinco
orgdos do sentido (visdo, tato, audicdo, olfato e paladar) além de medir a percepcéo e a reacédo
humana diante dos atributos de um alimento, analisar se o produto avaliado tem qualidade
superior aos produtos concorrentes e prever se 0 consumidor ird gostar do produto com base
em suas caracteristicas (ABNT et al., 2014; GULARTE, 2002).

Existem diferentes métodos de avaliacdo sensorial, tais como os métodos afetivos, 0s
quais avaliam a preferéncia ou aceitagdo dos consumidores, 0s métodos discriminativos ou de
diferenca, os quais indicam se ha diferencas entre as amostras, e os métodos descritivos
(DUTCOSKY, 2011).

O teste de aceitacdo, tipo de método afetivo muito utilizado para melhoria da qualidade

de produtos, avalia o quanto o consumidor gosta ou desgosta do produto. As escalas utilizadas
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nestes testes podem ser balanceadas ou ndo balanceadas. Ha varias escalas para medir a
aceitacdo, sendo as mais utilizadas a heddnica, de atitude e a do ideal. (DUARTE, 2015).

A determinacdo da aceitacdo pelo consumidor € fundamental no processo de
desenvolvimento ou melhoramento de produtos. Assim, a analise sensorial representa um
importante instrumento para estimar a aceitagdo do produto pelos consumidores (LEITE, 2009).

A escala do ideal avalia o alimento com base em um valor intermediario de ideal
relacionado ao produto entre os extremos de “muito mais do que o ideal” a “muito menos do
que o ideal” para cada um dos atributos que se deseja avaliar (SCHIDT e MIGLIORANZA,
2010). Entre os métodos sensoriais é 0 mais adequado para se medir a quantidade ideal de um
determinado componente a ser adicionado para provocar a melhor aceitacdo e preferéncia de
um grupo de julgadores. A escala do ideal € o método afetivo mais aplicado, tanto quanto a
confiabilidade e validade de seus resultados como a simplicidade em sua aplicacdo. Nessa
analise, os julgadores avaliam as amostras e registram suas respostas em escala especifica, o
qudo ideal essas amostras encontram-se em relacéo ao atributo que se deseja avaliar (DUARTE,
2015).

Ribeiro et al. (2017) avaliou sensorialmente formulagGes de iogurte elaborados com
diferentes concentracdes de extrato de café. Eles obtiveram através de um teste de ordenagéo-
preferéncia a concentracao de extrato de café comercial de 0,1% e a avaliaram, por meio de um
teste de aceitacdo com consumidores mostrando que o iogurte sabor de café tem uma importante
parcela de mercado.

No entanto, ndo ha dados na literatura que evidenciam a utilizacdo de dleos de café em
iogurtes, além disso € importante obter informac6es relevantes a padronizagéo e estabilidade
destes produtos, assim como verificar atributos de qualidade e aceitacdo que atendam as

necessidades dos consumidores.

5. Concluséao

A composicdo quimica do café é bastante explorada em diversos estudos, porém o café
contem um importante composto que corresponde ao seu 0leo. O dleo obtido tanto do café verde
como do torrado apresenta uma série de elementos e dentre estes tem-se o destaque para 0s
compostos fendlicos e aqueles que apresentam atuacao bioativa como a cafeina, trigonelina e
acidos clorogénicos. Além disso, os 6leos de café tém potente acdo antioxidante que aliado a

composicdo aromatica variada instiga um maior conhecimento a respeito destes 6leos extraidos
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a partir de cafés de diferentes pontos de torracdo e qualidade. A disseminacdo da utilizacéo
destes 0Oleos de café como potentes flavorizantes e aromatizante tras o interesse na utilizacéo
em produtos fermentados como o iogurte. A presenca dos compostos fendlicos nos 6leos se
utilizados como saborizantes em iogurtes induz a formacdo do complexo polifenol-proteina, o
que poderia proteger a degradacdo destes compostos durante a vida de prateleira. Portanto, o
complexo potencializa a possivel utilizagdo dos 6leos como aromatizantes na industria de
alimentos. Diante deste contexto, o desenvolvimento de produtos, técnicas e processos que
promovam a preservacao do flavor (aroma e sabor) de café, em produtos alimenticios onde se
utiliza o seu 6leo como reconstituinte aromatico consiste em uma alternativa promissora para

pesquisas de alta relevancia para a industria.
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Capitulo 1. Evaluation of physical parameters of green and roasted arabica coffee using

the Scilab® free software

O segundo capitulo foi submetido na revista Coffee Science, descreve a composigdo

fisica e quimica dos graos de cafés crus e torrados utilizados no estudo.

EVALUATION OF PHYSICAL PARAMETERS OF GREEN AND ROASTED

ARABICA COFFEE USING THE SCILAB® FREE SOFTWARE
ABSTRACT

The physical and chemical parameters of coffee beans make it possible to assess
beverage quality before and after the roasting process. Currently, the use of software as a tool
provides the verification and compilation of graphics, resulting in a better visualization of
techniques and data separation. The physical parameters of soft, hard and rio coffees were
evaluated regarding type, sieve and color, and the chemical composition was represented by
moisture content, ether extract, protein, ash, soluble solids and total titratable acidity. Different
roasting levels were assessed for the beverages and the parameters color and mass loss were
verified. The results were analyzed with the aid of the Sisvar software and graphics were plotted
using the Scilab® free software. Rio coffees showed lower physical classifications in relation
to type and showed a darker color; for sieving, all showed a higher percentage of flat coarse
beans. The moisture content showed values according to the current legislation; ether extract,
protein content and ash were as expected. The rio beverage had lower levels of soluble solids
and higher total titratable acidity. After the roasting process, the parameters L*, b*, C* and H*
showed a decrease, since the mass loss increased with the roasting level, but there was no

difference between beverages. The samples were well located within the roasting scopes and
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L* was the parameter that best differentiated the samples, thus constituting an important factor

for determining the roasting point.

Index terms: Coffea arabica L., quality, roasting, color, free software.

INTRODUCTION

Coffee represents one of the main crops of economic importance in Brazil. It is
estimated that production for this year will be approximately 46.88 million processed bags and,

of this total, approximately 68% corresponding to Arabica coffee (Conab, 2021).

Among the main producing and exporting states is the state of Minas Gerais, with
emphasis on the Southern region (Alves et al., 2011). The region has climatic conditions,
favorable water demand for plant development, in addition to the production of coffees with
peculiar characteristics, and has dozens of coffee producing and processing farms, also
constituting a pole of companies related to the coffee sector (Carvalho et al., 2007; Barbosa et

al., 2010; Toledo, 2019).

Coffee quality is directly related to the physical characteristics and chemical
composition of raw beans: through this factor, it is possible to infer about the behavior of these

coffees during the roasting process (Borém, 2008; Oliveira et al., 2013).

The physical evaluation of coffee is described through Normative Instruction N°8 (IN8)
of the Ministry of Agriculture, Livestock and Supply (MAPA), which classifies coffee
according to category, subcategory, group, subgroup, class, type, granulometry, aroma, flavor,
beverage and color. Classification by type is performed by counting the beans containing
extrinsic and intrinsic defects in a sample containing 300 grams of processed coffee. Defects
are separated and counted using the Official Classification Table; equivalence is then made and

the type of coffee is determined (Brasil, 2003; Pimenta et al., 2018).
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The classification regarding shape and size aims to guarantee a uniform roasting process
by separating the beans before roasting. A set of sieves is used to separate the beans according
to shape (mocha or flat) and size (large, medium or small) (Brasil, 2003; Soares et al., 2019;

Pimenta et al., 2018).

The classification for color is divided into eight classes: bluish green, sugarcane green,
green, yellowish, yellow, brown, leaded, whitish and discrepant (Brasil, 2003). As the color
classification describes nuances very close to coloring, only a trained panelist can identify
differences between the colors of the raw beans, but there are objective methods for these
evaluations such as colorimeters. The three-dimensional color system of the Commission
Internationale de I'Eclairage (CIE, 1986), called CIE Lab, is a noticeably uniform system, in
which the Euclidean distance between two different colors corresponds approximately to the

color difference perceived in the human eye (Hunt, 1991).

Through this system, color parameters are evaluated, such as L*, which represents
sample luminosity, varying from 0 to 100; values close to zero are darker, while those close to
100 are lighter. Other chromatic components such as a* and b* range from +120 to —120 where,
+a* indicates red and —a* green; for parameter +b*, it is yellow and —b*, blue. The chroma
component C* indicates sample saturation and H° corresponds to the tone or hue, which

indicates color variation in the plane formed by the coordinates a* and b* (Bicho et al., 2012).

According to Ribeiro et al. (2011), color has a great economic importance, since
discolored beans receive a lower market price. Oliveira et al. (2013) observed significant
sensory differences between different coffee beverages. Better quality coffees retain their
characteristic color, while poorer coffees undergo oxidative reactions, with consequent

bleaching.
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The chemical composition of Arabica coffee beans depends on genetic and
environmental factors, besides pre- and post-harvest management conditions (Abrahdo et al.,
2008). The perceived acidity in coffee, for example, is influenced by climatic conditions during
harvest and drying, place of origin, type of processing and ripening stage (Siqueira; Abreu,
2006). For Carvalho et al. (1994), the total titratable acidity of processed coffee beans has an

inverse relationship with beverage quality.

Soluble solids are parameters capable of determining the content of solids in a coffee
sample. According to Lopes et al. (2000), a high content of soluble solids can ensure beverage

body, thus yielding a good quality beverage.

Other important chemical constituents for determining the characteristics of raw
Arabica coffee beans are: moisture, lipid, protein and ash content. Moisture content is a relevant
parameter that predicts processing and storage conditions. Coffees with very high moisture
contents can allow the activity of microorganisms and enzymes, in addition to altering the

sensory characteristics of the product (Morgano et al., 2008).

The lipids present in raw beans are precursors of the organoleptic characteristics of post-
roasted coffee (Borém, 2008). Gourlart et al. (2007) observed that higher quality coffees have
integral walls and membranes with a higher lipid concentration in these places whereas, for
lower quality coffees, these concentrations were greater in the center of the cell. With regard to
coffee bean proteins, these are free in the cytoplasm or may be linked to a cell wall
polysaccharide (Toci; Farah; Trugo, 2006). For Abic (2016), the raw bean has a wide variety

of minerals such as potassium, magnesium, calcium, sodium, iron, among others.

One of the most important processes in the formation of the aroma and flavor of coffee
is roasting; during this process, the coffee beans are subjected to high temperatures in a

controlled time. This process generates a series of physical, chemical and sensory changes
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(Gabriel-Guzmén et al., 2017; Schenker; Rothgeb, 2017; Caporaso et al., 2018; Craig et al.,

2018).

For the determination of the end-point of roasting, some indicators are used to predict
the roasting level, such as color, aroma, volume and temperature of the beans (Hernandez et al.,
2008). The color can vary from light brown to dark, as a function of the level of pyrolysis
reactions and malanoidin formation (Cid; Pefia, 2016; Schenker; Rothgeb, 2017; Gabriel-

Guzmén et al., 2017).

According to Cid and Pefia (2016), the use of colorimeters to determine color using the
color parameters L*, a*, b*, C* and H* provides a quick method of evaluating the roasting
point. Another physical parameter for a quick verification of the roasting process is the
calculation of mass loss, as darker roasted beans lead to a greater mass loss, compared to lighter

roasted beans (Schenker; Rothgeb, 2017).

Currently, the use of software to detect physical parameters of coffees is gaining
relevance. Leme et al. (2019) used the Matlab® software and compiled a mathematical model

to identify roasting levels.

Free software has the advantage of not generating costs, such as the Scilab®, which
corresponds to a software for scientific computing that presents a high-level programming
language and provides an environment focused on the development of programs for solving
numerical problems (Kwong, 2016; Campbell et al., 2006). It is a highly used tool in
Engineering and provides easy data separation, in addition to providing a better understanding
of methods and techniques (Kwong, 2016; Buksman et al., 2019; Sanches et al., 2013; Almeida

etal., 2012).
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This study aimed to identify the physical and chemical behavior of arabica coffees of
different beverage types and analyze the physical parameters after the roasting process in order

to distinguish the roasting types using the Scilab® Software.
MATERIAL AND METHODS
Collection and physical evaluation of samples

Commercial samples of soft, hard and rio coffees of the species Coffea arabica L.,
harvest 2019/2020, processed dry were acquired from Cooperativa Regional dos Cafeicultores

de Pocos de Caldas. Each treatment containing 20 samples of 3Kg.

The experiment was conducted at the Soil Analysis Laboratory of IFSuldeMinas -
Inconfidentes Campus. The samples were homogenized and quartering was performed,
obtaining 300g for the physical classification related to type. Thus, the samples were submitted
to a new quartering, reducing them to 100g to determine the sieve based on Normative

Instruction N°8; the process was carried out in triplicate (Brasil, 2003).

These samples were analyzed for color parameters (L*, a*, b*, C* and H°) with the aid
of a digital colorimeter CM-2300 Konica Minolta - Illuminant D65 (Konica Minolta, Japan)
previously calibrated with a white dish. The samples were placed in a 60-mm Petri dish for
reading and calculating the parameters according to the methodology described by Bicho et al.
(2012). Readings were performed at 10 points in the samples to allow the calculation of the

mean of these parameters.
Chemical evaluation of raw coffee beans

The moisture content was evaluated in an oven at 105 °C, according to the Association

of Official Analytical Chemists — AOAC (1995), with modifications. The analyses of ether
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extract, protein (using 6.25 as a correction factor) and ash were carried out according to the

AOAC (1995).

An extract was prepared from 10g of sample in 100mL of distilled water; they were
subjected to stirring for 15 minutes using a magnetic stirrer at 150 rpm. Subsequently, they
were filtered through No. 3 Whatman filter paper. The content of soluble solids was read on a
digital refractometer (Atago Pal-1 digital — Atago, USA). Total titratable acidity was
determined according to the AOAC methodology (1995). All analyses were performed in

quadruplicate.

Evaluation of the roasting process of the samples

For the roasting process, the samples of each beverage (soft, hard and rio) were divided

into 20 plots containing 300 grams.

The samples were roasted in a laboratory roaster (T2BL Pinhalense) in different roasting
degrees: light, medium and dark. The initial temperature of the thermometer coupled to the
roaster was 150 °C; subsequently, the beans were inserted in the cylinder, with a decrease of
approximately 25 °C due to the temperature difference between the beans and the interior of the
roaster. Thermal equilibrium was achieved after a few minutes. The average roasting time was

approximately 10 minutes for light roasting, 12 minutes for medium and 14 minutes for dark.

The shade of the final color of the beans was visually determined and subsequently
measured with the aid of a colorimeter. Readings of color parameters were performed according

to item (Collection and physical evaluation of samples).

At the end of the roasting process, the mass loss Am was calculated to verify the roasting

level, according to Bicho et al. (2012).

Statistical analysis and graph plotting
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For statistical analysis, the software Sisvar version 5.6 (Ferreira, 2014) was used, and
analysis of variance (Anova) was performed, when a difference was detected by the F test (p <

0.05); a Tukey test was then applied at 5% probability.

The software Scilab® 6.1.0. was used for the construction of three-dimensional and two-
dimensional graphs, using color parameters as vectors. In addition, values of L*, a* and b*

were determined to constitute scopes for each roast.

RESULTS

Physical analysis

The results obtained after classification regarding type are shown in Table 1.

Table 1. Physical classification for type.

DEFECTS
Extrinsic Intrinsic
Samples HSt Bf Co S Bl G So B Br Bg Sh TYPE
SB - - - - - - - 14 8 Clean=2 - - 2
Clean=8 6
HB 5 - 4 - - 29 14 48 102 19 23
Dirty= 12
Clean= 41
5 Out of
RB 3 - 1 6 146 9 208 103 “Rendado”= - -
1 type
Dirty= 40

Caption: SB- soft beverage, HB- hard beverage, RB- rio beverage, H- husk, St= stick, Bf= bean fragment, Co=
coconut, S= stone, Bl= black, G= green, So.= sour, B= broken, Br= brocade, Bg= badly grained and Sh= shell.

The results obtained after the physical classification using the sieves are shown in Table

2 below.

Table 2. Classification results for sieve.
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Medium flat ~ Small flat
Samples Big flat (%) Mocha (%) Bottom (%)
(%) (%)
SB 86.630a 13.110a 0.190a 0.069a Oa
HB 58.145h 32.526b 7.448b 1.770b 0.111a
RB 55.119b 35.748¢ 7.691b 1.009b 0.433b

Caption: SB- soft beverage, HB- hard beverage, RB- rio beverage

*Means followed by the same letter, within the same column, do not differ by the Tukey test at 5% probability
(P<0.05%).

The color parameters of the coffee beans obtained after evaluation are shown in Table

Table 3. Color parameters of raw coffee beans.

Samples L* ax b* H* Cc*
SB 47.560+ 2,847a 5.183+1,722a 30.400 + 1,878a 80.433 + 2,644a 30.864 + 2,096a
HB 51.508+ 4,135a  2.530+ 0,858b 26.685 + 1,858b 84.661 +1,495b 26.812 +1,924b
RB 42532 +4,935b  4.270+1,565ab  28.925+2,280ab 81.773+2,571ab 29.262+2,455ab

Caption: SB- soft beverage, HB- hard beverage, RB- rio beverage.

*Means(+ standard deviation) followed by the same letter, within the same column, do not differ by the Tukey test
at 5% probability (P<0.05%).

Chemical analysis of raw coffee beans
Table 4 presents the results obtained after chemical analyses.

Table 4. Chemical composition of raw arabica coffee beans.

Moisture Ether extract <o o ” SS
Samples (%) (%) Proteins (%) Ash (%) TTA () (% dry matter)
SB 11.1960+ 0,542a  16.8718+1,033a  8.87485+1,072a  4.3494+0,388a 133.4994+15,607a 42.8093+3,632a
HB 11.6622+ 1,271ab  15.6447+0,631a  11.5408+0,567b  5.0535+1,202a 126.3643+20,003a 41.4961+4.601a
RB 12,4157+ 3,533b  16.4239+1,219a  9.6845+1,629ab  4.8810+1,494a 159.3790+11,547b 36.3107+4,260b

Caption: SB- soft beverage, HB- hard beverage, RB- rio beverage.
*mL of 0.1 N NaOH /100 g sample.
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**Means(+ standard deviation) followed by the same letter, within the same column, do not differ by the Tukey test
at 5% probability (P<0.05%).

Roasting Process

Table 5 shows the results obtained through the analysis of colorimetry and mass loss

after the roasting process.

Table 5. Results of color parameters after the roasting process

Samples L* a* b* Cc* H* Am (%)
LRSB 30.4590+0,526a  20.6005+0,403ab  50.9225+0,473a  54.9413+0,494a 67.9881+0,494a 11.980+0,756a
LRHB 30.6340+0,342a  19.9275+0,476abc  50.1560+0,392a  53.9716+0,360a 68.3324+0,534a 13.127+0,362a
LRRB 30.5840+0,261a  20.5000+0,329ab  49.2980+0,078a  53.3908+0,137a 67.4558+0,332ab 13.125+0,678a
MRSB 26.6700+0,919b  21.6455+2,295b  43.6255+1,433b  48.7730+1,790b  63.6112+2,382bc 15.078+0,956b
MRHB 25.9505+1,658b 21.7710+1,973b 43.1545+2,784b  48.4012+1,861b 63.1289+3,435bc 14.519+1,023b
MRRB  26.7168+1,036b  17.7668+2,958c  43.9332+2,169b  47.4323+2,941b 68.0307+2,941a 15.641+0,319b
DRSB 20.4153+1,474c  19.2758+2,976ac  33.7811+3,828c  38.9560+2,746C 60.3090+6,347c 16.870+0,521c
DRHB 19.7570+1,771c ~ 20.7720+3,271ab  31.4325+5,308c  38.1223+3,623c 55.7075+7,894d 18.909+2,071c
DRRB 20.1595+1,089c  19.0975+1,750ac  33.2585+3,703c  38.4637+2,572c  59.9648+4,958cd 16.693+0,251c

Caption: LRSB- light roast, soft beverage, LRHB- light roast, hard beverage, LRRB- light roast, rio beverage,
MRSB- medium roast, soft beverage, MRHB- medium roast, hard beverage, MRRB- medium roast, rio beverage,
DRSB- dark roast, soft beverage, DRHB- dark roast, hard beverage and DRRB- dark roast, rio beverage.

*Means(+ standard deviation) followed by the same letter, within the same column, do not differ by the Tukey test
at 5% probability (P<0.05%).

Graph 1 shows the location of the samples after the roasting process. The samples

showed good separation between the different roast, despite differences in the beverage.

It is important to observe that the color consists of the formation of the three parameters (L*,
a* and b*); therefore, a three-dimensional view facilitates the verification of the correct roasting

point.
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Graph 1. Samples of different beverages in light, medium and dark roasting.

For a better visualization of the separation between the samples in the different roasting

processes, Graph 2 was constructed, expressing the parameter L* versus a*.
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Graph 2. Color parameters L*
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Physical analysis

As presented in Table 1, soft coffees did not present extrinsic defects (husk, stick, bean
fragment, coconut and stone); for intrinsic defects, the presence of defects sour, broken and
brocade was observed, but there was an absence of defects black and green. When making the
equivalence using the Official Brazilian Classification Tables according to IN8, the soft
beverage presented type 2. For hard coffees, the extrinsic defects found were husk and bean
fragment, and the intrinsic ones corresponded to black, green, sour and broken, in addition to
brocade and, when performing the defect equivalence, the result obtained was type 6. The rio
beverage presented extrinsic (husk, stick, coconut and stone) and intrinsic (black, green, sour,
broken and brocade) defects, and the number of beans exceeded the limit of 50 black beans and

100 sour beans and coffee was, therefore, classified as out of type (Brasil, 2003).

The presence of a high number of defects in the samples of rio beverage indicates
problems during pre- and post-harvest handling. The black and sour beans defects that are in
high concentration in these samples are indicative of complications: for sour unripe fruit
harvest, delayed harvest and fruit contact with the ground and for blacks delayed harvest and

fruit contact with the soil (Malta, 2011).

According to Giomo; Borém (2011), the presence of beans that present some type of
defect, such as green, black and sour beans, are considered abnormalities, since they are related
to some problem that occurred during the production process. Defects such as brocade, broken,

impurities and foreign matter also present a high risk to coffee quality.

In general, coffee quality can be affected by several factors, but the presence of defective
beans, especially black, green and sour, have an extremely negative influence during roasting

and on beverage quality (Coelho and Pereira, 2002; Malta, Pereira and Chaga 2005; Malta,
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2011). According to Farah et al. (2006), the addition of these defects leads to a reduction in

coffee quality, also changing the chemical and sensory composition after the roasting process.

Soft, hard and rio coffees showed a higher percentage of flat beans (Table 2), which
shows a good physical parameter of these coffees. However, the samples belonging to soft
beverage were statistically different from hard and rio beverages, which were the same. Soft,
hard and rio coffees of medium sieve were statistically different; however, for the flat small
beans and mocha, the soft samples were different from hard and rio beverages at 5%
significance. The bottom was the same for soft and hard beverages, and statistically different

from rio.

In botany, the coffee fruit is considered a drupe, arising from the growth of a bilocular
ovary. When mature, it has two stores that normally contain two plano-convex seeds that, in
practice, are called flat-type grains. For genetic or environmental reasons one or two seeds may
fail to develop or abort, resulting later in fruit with one or two empty stores. When this occurs
in only one store and early in fruit development, the other store, which contains a normal
embryo and endosperm, develops and occupies the entire volume of the ovary. Consequently,

it results in a fruit that contains only an ovoid grain known as a mocha grain (Malta, 2011).

Mocha fruits occur most frequently on the tips and ends of the branches. The percentage
of mocha also varies with the year, with the production, nutritional status and even with the
variety (Medina Filho; Bordignon, 2003).

It is important to emphasize that large beans normally have preference in the market, as
this characteristic is an indicator of bean development, since environmental factors that cause
stress to plants, such as lack of water and unbalanced nutrition, interfere with bean size and, for

this reason, large coffee beans can yield a better beverage (Giomo; Borém, 2011).
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The parameter L*, corresponding to luminosity (Table 3), presented higher values for
soft and hard beverages, indicating lighter tones, whereas the rio beverage presented lower
values, suggesting it to be darker. The color parameters a*, b*, C* and H°® were the same
between soft and rio beverages and between hard and rio beverages, but soft and hard beverages
were statistically different at 5% significance. The values of parameters a* and b* positive and

H* in the first quadrant indicate that all samples had orange tones.

The color of raw grains is quite variable, depending on the place of production,
processing system (natural, peeled, pulped or demucilated), drying, storage time and conditions,
presence of defects, among others (Pimenta et al., 2018; Giomo; Borém, 2011). The results
regarding the darkening of the samples of rio beverage may have occurred due to several
factors, but the high amount of defects present in the samples of rio beverage indicate that this
may have been the primary factor. Defects of an intrinsic nature such as black, burnt, black
green, brocades and extrinsic such as bark, sticks and stones can lead to darkening of the sample
and appear due to improper conduction of processes during crop management at harvest and

post-harvest (Malta, 2011).

According to Silva et al. (2008) the physical classification based on color, type and cup
proof can be complemented with the adoption of chemical and physico-chemical methods that

facilitate the evaluation of the condition of the coffees.

Chemical analysis of raw coffee beans

Raw arabica coffee beans (Table 4) showed an equal moisture content between soft and
hard beverages, and hard and rio beverages. However, soft and rio samples were statistically
different. The moisture content of processed raw coffee beans cannot exceed the maximum
tolerance limits of 12.5% (twelve and a half percent); thus, the samples were within the limits

established by IN°8 (Brasil, 2003).
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For ether extract and ash content (Table 4), the samples were equal through the statistical
test. The content of ether extract in arabica coffee varies according to the geographical origin
of the plants, but it should be between 12 and 16% (Mazzafera et al., 1998; Folstar, 1985;
Martinez et al., 2014). According to Goulart et al. (2007), better quality coffees, such as soft
coffees, may have a higher lipid content if they have integral walls and membranes, and poorer
coffees if they have any break in the walls or membranes and may express lower contents, in

addition to greater concentration in the center of the cell.

The ash content is directly related to the type of processing, soil conditions and the use
of fertilizers; the total ash values of the samples had similar results, close to 4% as reported by

Clarke (1985).

The results obtained for proteins (Table 4) showed that the rio beverage was statistically
equal to soft and hard, but there was a difference between soft and hard beverages. According
to Toci; Farah and Trugo (2006), the protein content in the beans can vary from 8.7 to 16%; the
majority is soluble in water. For Oliveira (2006), there is no evidence to indicate that the protein
content of coffees of different qualities must be significantly different. It is important to observe
that the results were based on the determination of raw nitrogen and multiplication by the factor

6.25, thus including caffeine and trigonelline nitrogen.

Regarding the total titratable acidity and content of soluble solids (Table 4), the soft and

hard samples had statically equal values, but they were different from rio samples.

The higher levels of total titratable acidity present in samples of rio beverage are due to
the high level of defects (Pimenta et al., 2018). In fact, problems related to poor conditions used
throughout the production process can trigger the appearance of defects, which lead to increased

acidity and consequent loss of quality (Borém et al., 2008). Thus, acidity can be influenced by
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several factors such as unfavorable weather conditions during harvesting and drying, place of

origin, type of processing and stage of maturation (Siqueira, Abreu, 2006).

The soluble solids content was lower in the river beverage, which indicates bad
conditions during processing, since higher amounts of solids are desired for coffees, for
industrial yield and to guarantee a full-bodied beverage. This solid fraction is composed of
water and soluble compounds such as sugars, acids, vitamin C and some pectins, which may
vary according to the type of processing, cultivar (different cultivars submitted to the same type

of processing) and stage of maturation (Borém et al. ., 2008; Pimenta et al., 2018).

According to Pinto et al. (2002), the best beverages, such as strictly soft, soft, just soft
and hard, have higher contents of soluble solids, while lower-quality coffees such as rio and
“riado” exhibit greater acidity. For Abrahdo et al. (2010), the final quality of the coffee beverage
has a high correlation with the chemical composition of the green bean, suggesting that lower
quality coffees have lower levels of sugars and higher total titratable acidity. According to
Franca et al. (2005), the low quality of coffee provides a high acidity and this factor can be

probably due to fermented beans.

Roasting Process

Through the statistical evaluation (Table 5), it is possible to observe that the different
types of roasting were well identified even in beverages that present a difference in quality, and

this is possible to visualize mainly through the parameters L*, b* and C*.

According to Schenker and Rothgeb (2017), for an average roast, the value of L* should
be close to 26, indicating an average roast. It is possible to that, for lighter roast, these values

tend to increase and the opposite will occur for darker roast.
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The parameters L*, b*, C* and H° (Table 5) suffered a significant decrease with the
increase in the intensity of the roasting process and were similar in the different beverages. The
values of the parameter a* were close among the samples; this is an important factor to
highlight, as it shows that beverages of different qualities showed a similar behavior during the

roasting process.

The obtained results corroborate with Bicho et al. (2012) for the parameters L*, b*, C*

and H°, which also decreased as roasting intensity increased.

The mass variation (Table 5) of coffees caused by the roasting process can vary between
approximately 12 and 20%, as a function of factors such as genetic origin, initial moisture, type
of storage and, mainly, the roasting level. In general, a greater loss occurs at the beginning of
the process due to bean dehydration and evaporation, while the loss of organic matter will

happen at more advanced stages (Bicho et al., 2012; Schenker; Rothgeb, 2017).

Sivetz (1963) reports that the percentages of mass loss vary between 13% for light roast;

15% for medium roast and 17% for dark roast.

The samples in light roast were closer; however, in medium and dark roast, the samples
were more spaced. Through Graph 1, it is clear to demonstrate the positioning of the samples
and the difference between the roasting processes, facilitating the visualization of the samples

in the color space.

In clear roast, all plots were positioned within the scope; in medium roast, two plots of
rio beverage and one of hard beverage were outside the scope. In dark roast, although more

widely spaced, only two hard beverage samples were positioned outside the scope.

Graph 2 yielded better sample allocation with regard to the roasting process, as the

values of parameter a* are close between the samples, the parameter L* became determinant
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for a better identification of the roasting point. Therefore, it is possible to recognize that,
although the color space facilitates color identification and the scope reached by the samples,
parameter L* indicates the roasting point reached and, through this point, it is possible to
discern the roasting level regardless of beverage quality. The obtained results corroborate those
of Bicho et al. (2012), who describe that L* and H° are reliable and easy to use parameters in

the study of color changes that occur during roasting.
CONCLUSION

The physical and chemical behavior of coffees showed differentiation mainly between
beverages with high quality difference. Samples of different beverages showed a similar
behavior when the same roasting level was applied, revealing that color and mass loss are

decisive physical parameters of in roasting.

The free software Scilab® proved to be an effective tool in the compilation of graphics
for detecting the roasting point. In addition, the parameter L* proved to be decisive in the

identification of the roasting level.
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Capitulo I11- Influence of beverage quality and roasting process on the fatty acid profile
and aromatic composition of Arabica coffee oils obtained by mechanical cold pressing.

O terceiro capitulo descreve a extracdo dos 6leos de café bem como o seu rendimento,
composicdo quimica (acidez e indice de peroxidos), andlise do perfil de &cidos graxos e

componentes aromaticos.

ABSTRACT

The present study aimed to study Arabica coffee oils extracted by mechanical cold pressing
from soft, hard and rio beverage quality from green beans and light, medium and dark roasts.
Extraction yield and the indices of acidity and peroxides were analyzed, besides the fatty acid
composition measured by gas chromatography with a flame ionization detector (GC- FID) and
volatile organic compounds (VOCs) evaluated by headspace solid-phase microextraction (HS-
SPME). The extraction yield was higher in medium and dark roast oils (ranging from 7.143 to
7.984%). To obtain a yield closer to severe roast samples, the cakes for extracting coffee green
and light roast oils had to recirculate eight and three times, respectively. The oil acidity indices
(Al) ranged from 1.8635 to 3.8215% oleic acid, with an increase inversely proportional to the
beverage quality and directly to the roast intensity. The peroxide index (PI) had the same
behavior, with the detail that green coffee oils presented a high peroxide index. The main fatty
acids identified were linoleic (53.396-57, 412%), palmitic (23.679-25.024%), oleic (8.075-
9.409%), stearic (3.605-4.142%), linolenic (1.922-2.163%) and arachidic (1.007-1.164%).
VOCs in coffee oils belong mainly to the furans and pyrazines family. The composition and
characteristics of these oils reveal how appealing they are to the food and pharmaceutical

industries.
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Key words: Coffea arabica L., coffee oil, roasting, beverage quality, volatile compounds,

fatty acids.
1. Introduction

Coffee represents one of the main crops traded in the world. The oil extracted from
green and roasted coffee beans consists primarily of triacylglycerols with fatty acids (around
75% of mass) in a similar proportion to that found in common vegetable oils (Spper & Kolling-

Speer; 2001; Speer & Kolling-Speer, 2006; Ferrari et al., 2010; Oliveira et al., 2006).

The chemical composition of green and roasted coffee oil has been the subject of much
investigation (Ferrari et al., 2010; Spper, Kolling-Speer, 2006; Raba et al., 2015; Hartman et al.
1968; Voytena et al., 2018; Budryn et al., 2012; Hurtado-Benavides et al., 2016; Ramirez,
2008). The chemical components of coffee oils are highly dependent on the characteristics of
coffee beans and are related to the processing conditions, beverage quality, type of roasting

procedure and method used for oil extraction.

Among the physical methods of oil extraction, the most common for food is the cold
mechanical pressing process or expeller pressing, which uses high pressure for the oil extraction
(Lopez, 2007). Generally, the process of extracting roasted coffee oil obtained through
mechanical cold pressing uses poorer quality coffee, even with defects, and roasted to a medium
degree. The ideal is to promote the oil extraction right after the roasting process rest since the
oil present in the roasted beans does not undergo the oxidation process. Moreover, roasted
coffee beans are often used in the cold mechanical press to avoid clogging during the pressing
process since the cake recirculation process depends on the coffee roasting level. The oil

obtained is also purified afterward (Sanches, 2016; Cooxupé, 2021).

Lopez (2007) and Oliveira et al. (2006) observed a better yield in coffee oil extracted

from roasted beans than green beans. Turrati (2001) and Budryn et al. (2012) affirm that the
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roasting process applied to the beans before oil extraction facilitates this operation since the
coffee beans present water evaporation, carbohydrates breakdown, free amino acids, proteins

and evaporation of other products of their composition.

Roasted coffee oil is a viscous, brown liquid with tonality related to the applied roasting
point and pleasantly intense coffee aroma (Ferrari et al., 2010). Ryan et al. (2004) and Hurtado-
Benavides et al. (2016) described some compounds such as ketones, pyrazines, furans, phenols,
pyrroles, pyridines, lactones, thiophenes, thiazoles and carboxylic acids as the main substances
present in roasted coffee oil. Several authors emphasize that the volatile compound profile in
coffee oil can vary according to the place of cultivation, botanical variety and especially to
coffee roasting degree and type, which have a huge impact on the oil aroma (Calligaris et al.,

2009; Gonzélez et al., 2011; Budryn et al., 2012).

Another chemical constituent present in coffee oils is the content of fatty acids, which
can be considered as a chemical decipher through which the coffee varieties can be told apart
(Nikolova-Damyanova et al., 1998; Hurtado-Benavides et al., 2016). Mazzafera et al. (2008)
observed that the main fatty acids found in green and roasted coffee oils are palmitic and linoleic
acids. Linoleic acid has been considered a potent marker to tell apart coffee samples from
different environmental conditions (Pereira et al., 2015; Romano et al., 2014). Studies show the
presence of saturated and unsaturated fatty acids in coffee oils, mainly stearic, palmitic, oleic,
linoleic, linolenic and arachidic acid (Oliveira et al., 2005; Kobelnilk et al., 2014; Hurtado-

Benavides et al., 2016).

Despite the chemical composition of coffee oils having been studied in several works,
in the literature, very few data is available regarding the beverage quality and roasting point to
which the coffee beans went through before the oil extraction process. Since there is a need to

carry out such investigations, this study aims to evaluate the extraction process yield, acidity
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and peroxide index, fatty acids and volatile compound content present in coffee oils from
different beverages (soft, hard and rio) and roasting processes (light, medium and dark), besides

the coffee green oils.

2. Material and Methods
2.1 Material
2.1.1 Sample

Arabica coffee (Coffea arabica L.) samples from the crop 2019/2020 of soft, hard and
rio beverage qualities were roasted at the light (Agtron 76), medium (Agtron 61) and dark
(Agtron 44) levels. Then, along with the green coffee samples, they were weighed and had their
oils extracted using a 40kg/h capacity continuous press by Ecirted of the Regional Coffee

Growers Cooperative of Guaxupé (Cooxupé).
2.2 Methods
2.2.1 Yield

The samples were weighed before and after the oil extraction and had their volume

measured with a graduated cylinder. Thus, the yield was calculated according to Equation 1:

Vol
Y(%)= (&)x 100 Egquation 1

Mass

Where: Yrepresents the yield in percentage, Volume given in mL and Mass in grams.
2.2.2 Acidity and peroxide indices

The American Oil Chemists’ Society (1992) standards were applied to determine the
acidity (Al) and peroxide (PI1) indices, being expressed in percentage (%) of oleic acid and

mEQ.02 /Kg, respectively.
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2.2.3 Fatty acid analysis

The composition of fatty acid methyl esters (FAME) was extracted with n-heptane by
transesterification using a methanolic potassium hydroxide solution as described by 1SO 12966-

4:2015.

The chromatographic analysis was carried out on an Agilent 7890A apparatus (Agilent
Technologies, Santa Clara, CA, USA) equipped with a split/splitless injector, a column DB-23
(60m x 0.25mm id., 0.25 um film thickness) (Agilent J&W Scientific Inc., Folsom, CA, USA)
and a flame ionization detector (FID). Injector and detector temperatures were kept at 250 and
280 °C, respectively. Hydrogen was the carrier gas at a flow rate of 1.0 mL/min. The flow rate
of detector gas was 30/30/300 mL/min for H2/N2/synthetic air. The oven temperature was set
at 50°C for the first minute, increasing to 175°C at a rate of 25°C per min, then to a final
temperature of 223°C at a rate of 6°C per min and held for 25 min. Samples were injected in
triplicate (n = 3) in split mode with a division ratio of 1:50 and injected volume of 1.0 uL. The
results were calculated by the internal chromatographic peak normalization and expressed as a
relative percentage of each fatty acid peak area, comparing the retention time of the FAME
peak samples with the standards under the same experimental conditions, using the Supelco 37

FAME Mix for identification.

2.2.4 Evaluation of volatile compounds

Volatile organic compounds (VOCs) were determined by Gas Chromatography with
Headspace Solid-Phase Microextraction using Flame lonization Detector (HS-SPME-GC-
FID). For analysis, 0.5g oil was placed in an 8mL flask, added with 1puL aqueous (Z)-3-hexenyl
acetate (10ug/mL) as an internal standard, and hermetically sealed according to Abdelwareth
et al. (2021). The flasks were shaken in a Speed Shaker at 300 rpm and heated at 65°C in an

incubation time of 10 minutes. The SPME fiber chosen was the triple fiber
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DVB/CAR/PDMS(divinylbenzene/carboxen/polydimethylsiloxane) from Supelco (Bellefonte,

USA) with an extraction time of 20 minutes.

For VOCs separation and detection, the Shimadzu GC 17A version 3 system (Shimadzu
Scientific Corporation, Kyoto, Japan) equipped with a VF-WAXms column (60 m x 250 um x
0.5 um, J & W Scientific Agilent, USA) was used. The oven was set to an initial temperature
of 60°C then raised to 240°C at a rate of 3°C/min. The carrier gas was helium with an initial
temperature of 250°C at a flow of LmL/min. The compounds were identified using the retention
time and the calculated linear retention indices (LRIS), considering a variation (A) of up to 30
between the calculated and tabulated values with a minimum match of 80%, regarding the
relative retention rates reported by the NIST-Webbook, Supelco and Wiley 15 database. The
concentration was measured in mg/kg and quantified from the internal standard according to
Abdelwareth et al. (2021). The results express the average of three injections of each sample
(Hurtado-Benavides et al., 2016; Gonzalez et al., 2011; Bastidas, 2011 and Gonzalez-Rios et

al., 2007).

2.2.5 Statistical analysis

The results of this study correspond to the average of three repetitions + standard
deviations. The analysis of variance ANOVA was carried out using the Sisvar statistical
software developed by Ferreira (2014). Significant differences between means were compared
by the Tukey test at a 5% probability level (p <0.05). A principal component analysis (PCA)
and a hierarchical cluster analysis (HCA) were applied using Past statistical software version
4.03 for sample analysis. PCA was applied to separate samples according to variable values
based on linear correlations. HCA was based on the Euclidean metric to evaluate the sample
similarities concerning the studied variables, and Ward's method formed and suggested groups

of similar samples.
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3.1 Yield and Indices of acidity and peroxides
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To obtain oil volumes similar in all treatments, the green coffee samples from all

beverage qualities went through the extractor eight times, the light roast ones three times, and

the medium and dark roast samples only once.

Table 1. Results of yield and indices of acidity and peroxides in coffee oils.

Coffee oil samples

Initial weight

of coffee beans

Oil extraction

Al (% oleic acid)*

Pl (mEqg.O2 /Kg)*

ield (%
(Kg) yield (%)
Green coffee soft beverage oil — GS 15.9 6.35 1.86 +0.272 4.86 + 0.072b¢
Green coffee hard beverage oil - GH 15.8 6.42 2.39 +0.192 5.30 + 0.612b¢
Green coffee rio beverage oil — GR 15.2 6.61 3.44 +0.21 6.85 + 1.64°¢
Light roast soft beverage oil — LS 14.1 6.67 2.68 +0.07%¢ 2.87+0.57°
Light roast hard beverage oil — LH 14.4 6.74 2.44 +0.12% 3.94 +0.01%
Light roast rio beverage oil — LR 13.9 7.34 3.38 + 0.01¢d 4.13 + 0.0420
Medium roast soft beverage oil - MS 135 7.78 2.53 + 0.672¢ 3.30+1.172
Medium roast hard beverage oil - MH 14.0 7.14 3.00 + 0.41bcd 5.36 + 0.592¢
Medium roast rio beverage oil - MR 135 7.56 3.67 +0.014 6.65 + 0.01°¢
Dark roast soft beverage oil — DS 13.6 7.61 3.63 + 0.044 4.07 +0.012b
Dark roast hard beverage oil — DH 12.9 7.98 3.68 + 0.444 5.74 +1.182b¢
Dark roast rio beverage oil - DR 13.2 7.65 3.82 + 0.05¢ 7.40 +0.03¢

*Means(+ standard deviation) followed by the same letter do not differ by the Tukey test at 5% probability

(P<0.05%).

The oil extraction yields (Table 1) report that the roasting process affects the extraction

phase since the dark and medium roasted coffees were cold pressed only once and yielded the
highest oil content for promoting the opening and release of oil from the interior of the beans.
It was more difficult to extract oil in green and light roast samples than in severe roasts since

they had to go through the extractor more times to obtain similar and satisfactory yields.

The heat applied during the roasting process helps the oil ooze from inside the beans
and facilitates the pressing process in achieving better yields (Turrati, 2001). According to
Budryn et al. (2012), this increment in more severe roasts is due to greater evaporation of water
and decomposed products from the breakdown of carbohydrate, free amino acid and protein.

Oliveira et al. (2006) also observed a relative increase in oil content during the roasting process.
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Lépez (2007) obtained a yield of 8.78% in the extraction of roasted coffee oil through cold
pressing. Differences in oil yield reported in the literature are probably related to botanical

variety, raw material, processing equipment, besides the coffee roasting process.

Ramirez (2008), using the Soxhlet extraction, found extraction yields between 6.10 and
9.83% to light and dark roasting degrees, respectively, corroborating the highest yield results
for the darker roast samples in our work. Although the Soxhlet technique favors an increase in
extraction yield, solvent traces are observed in the oil, hindering the application in food products

(Reverchon et al., 2006; Hurtado-Benavides et al., 2016).

Hurtado-Benavides et al. (2016) extracted oil from Colombian coffee using a
supercritical fluid process in their study and observed a yield of 8.89% under optimal
temperature and pressure conditions. This process is advantageous for increasing yield and
compounds of interest, nonetheless, it is expensive because of the equipment cost, so that low-
added-value and low-yielding products cannot be economically extracted using it (Maul,

Wasicky and Bacchi, 1996).

The acidity index (Al) in Table 1 reports the highest values for the dark roast samples,
with the green oils presenting the lowest levels, especially the green coffee soft beverage oil.
Soft, hard and rio beverages increased Al directly proportional with the roasting severity.
Concerning beverage quality, in general, lower quality beverages had higher acidity levels
(Pinto et al., 2002; Abrahéo et al., 2010; Franca et al., 2005). The medium roast samples could
be taken as an example of Al increase with the beverage quality decrease (medium roast soft
beverage 2.53%, medium roast hard beverage 3.00% and medium roast rio beverage 3.67%).
Thus, it is notorious that oil acidity increased as the beverage quality decreased and toasting

intensity increased.
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The Al values in our study corroborate the results reported by Raba et al. (2015) and
Hartman et al. (1968), nonetheless, with a reduced elevation in all rio beverage oil and dark

roast oil samples, as well as in the medium roast hard beverage oil.

Peroxide index (PI) is a quality parameter used to evaluate the oil production, storage
and marketing processes. Furthermore, this content provides information concerning oil
oxidation degree and a measure of the total amount of peroxides as primary oxidation products
(Raba et al., 2015). The lowest Pl was in the light roast soft beverage oil and the highest in the
dark roast rio beverage oil. The heat of the roasting process probably led to greater production
of primary oxidation hydroperoxide compounds, promoting higher PI values in samples of the
same beverage quality but different roasting points. Another important fact is that the worst
beverage quality coffees provided oils with high PI, probably due to pre- and post-processing
conditions, which constitute the final quality of the beverage. The conditions to which the
coffees go through the production chain may cause changes that affect the bean quality (Pimenta

et al., 2018; Oliveira et al., 2006) and, consequently, the oil.

Therefore, similarly to what occurred in the Al, the PI increased as the beverage quality
worsened and the roasting intensity increased, except for the green oil samples that showed
high values. The elevated amount of recirculation during the oil extraction phase may have
caused the PI increase. Nevertheless, the Pl values, shown in Table 1, were below the

established limit of 10 meq O2/Kg for edible oils.

3.2 Fatty acid composition

Table 2 shows the fatty acid composition of Arabica coffee oils obtained under the
conditions studied. All samples presented linoleic acid (C1s:2nec) and palmitic acid (Cie) varying
from 53.40 to 57.41% and 23.68 to 25.02%, respectively, as the principal fatty acids. In average

proportion there are stearic (Cis - 3.61- 4.14%), oleic (C1s:1n9c-8.08- 9.41%), linolenic (Cig:3n3-
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1.92-2.16%) and arachidic (C20-1.01-1.16%) acids. In lower percentages were found the
following acids: caproic (Cs-3.61- 4.14%), myristic (C14-0.08- 0.09%), pentadecanoic (Cis-
0.03- 0.04%), palmitoleic (C16:1-0.04- 0.05%), margaric (C17-0.18-0.23%), eicosenoic (Czo:1no-
0.02- 0.40%), eicosadienoic (C20:2-0.05- 0.07%), heneicosanoic (C21-0.03- 0.03%), behenic
(C22 - 0.20- 0.25%) and lignoceric (C24-0.09- 0.10%) acids. The acids heptadecenoic (Ci17:1-
0.004/0.005 - GH, LH, LR, MH and DS) and gamma-linolenic (C1s:3n6-0.005/0.014 - GH, LS,

LH, LR, MH, DH, and DR) were found at low values in a few samples.

Similar results were obtained for oils from green and roasted coffee in different
conditions (Turrati, 2001; Voytena et al., 2018; Raba et al., 2015; Getachew and Chun, 2016;

Hurtado-Benavides et al., 2016; Ahangari & Sargolzaei, 2013).

Table 2. Fatty acid composition in percentage area of green and roasted oil samples of Coffea

arabica L.

C18 Cl8 Ci18 C20

c6 cu ci5 cie ¥ cir O ocig o O ay an co o 0 o o2 cos
1 1 2n6¢ 2
% 6 3 9
020 008 003 245 004 020 414 941 549 198 115 037 005 003 024 009
GS + + + 0+ + + - + + 7% - + + + + + + +
002 000 000 017 000 001 002 005 059 007 000 00l 000 000 00l 001

010 009 003 250 004 023 001 39 929 549 001 216 110 039 005 003 023 0.09

002 000 000 004 000 00l 000 002 016 020 000 00l 00l 00l 000 000 000 001

017 009 003 236 004 020 361 808 554 194 101 038 0.06 003 022 010
GR + + + 8+ + + - + + 9% - + + + + + + +
0.02 000 000 053 000 0.00 009 019 141 0.05 0.03 0.02 0.00 0.00 0.1 0.00
0.11 008 003 248 005 0.18 405 911 549 001 203 116 038 0.05 003 025 0.09
LS + + + 2+ + + - + + 6+ + + + + + + + +
002 000 000 005 000 0.00 002 003 017 000 001 001 001 0.0 0.00 0.00 0.00

010 009 003 249 004 020 001 391 909 548 001 216 110 037 005 0.03 024 0.09
LH + + + 9+ + + + + + 9+ + + + + + + + +

001 000 000 012 000 000 000 002 007 033 000 00l 00l 000 000 000 00l 000

015 009 003 241 004 019 001 361 810 569 001 194 103 040 007 003 022 010

003 000 000 011 000 000 000 001 007 007 000 000 000 000 000 000 000 000

0.14 008 004 244 004 020 406 920 552 204 113 038 0.05 0.03 024 0.09
MS + + + 0+ + + - + + 9+ - + * + * + * +

001 000 001 009 000 001 001 004 0.16 0.00 0.00 0.00 0.0 0.0 0.00 0.00

010 0.08 003 243 004 0.19 0405 380 884 533 001 209 107 035 005 003 024 0.09
MH + + + 9+ + + + + 9+ + + + + + + + +

001 000 000 08 000 001 °% 014 033 189 000 007 003 00L 000 000 002 0.00
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010 0.09 003 245 004 0.19 361 809 574 192 101 039 007 003 021 0.09
MR + + + 2+ + + - + + 1+ - * * + * + * +
001 000 000 003 000 0.00 0.02 006 0.36 001 001 001 000 0.00 0.00 0.00
011 008 003 243 004 019 000 409 935 56.0 207 112 002 005 003 023 0.09
DS + + + 6+ + + + + + 9+ - + + + + + + +
001 000 000 006 000 000 000 000 000 0.09 001 001 000 0.00 0.0 0.0 0.0
021 008 003 245 004 019 387 917 549 001 213 107 038 005 003 023 0.09
DH + + + 2% + + - + + 9% + + + + + + + +
0.02 000 000 012 0.00 0.00 004 011 046 000 002 001 000 0.00 0.0 0.0 0.01
015 0.08 003 241 004 019 357 829 5.9 001 18 09 039 006 003 020 0.09
DR + + + 9+ + + - + + 8+ + + + + + + + +
001 000 000 008 000 0.00 001 024 012 000 001 001 001 0.0 0.00 0.00 0.00

Ce- caproic, Cia- myristic, Cis- pentadecanoic, Cie- palmitic, Cie1- palmitoleic, Ci7- margaric, Ciza-
heptadecenoic, Cis- stearic, Cig:1nge- 0leic, Cig.anee- linoleic, Cig:ane- gamma-linolenic, Cig:ans- linolenic,
Cao- arachidic, Cao.1ne- €icosenoic, Cao:2- eicosadienoic, Coi- heneicosanoic, Ca2- behenic, Cas- lignoceric.

Table 3 shows the sums of saturated fatty acids (SFA; about 29.11 to 30.87%),
monounsaturated fatty acids (MFA; 8.50 to 9.82%) and polyunsaturated fatty acids (PUFA;
55.54 to 59.40%), and those not identified (NI; 2.05 to 5.20%). These results present higher
values for PUFA, and lower values for SFA and MFA, compared to those reported by Budryn

et al., 2012; Alves et al., 2003; Speer & Kolling-Speer, 2006; Hurtado-Benavides, 2016;

Kobelnilk et al., 2014.

The linoleic acid is proportionally the largest and most important PUFA, exercising
relevant nutritional value due to its involvement in prostaglandin synthesis and other biological
processes, besides its role as a functional ingredient (Agueda, 2009; Hurtado-Benavides et al.,
2016). Palmitic acid from the SFA fraction is found abundantly in the human diet (meat, butter,
etc.), and its ingestion increases blood levels of low-density cholesterol (Dangarembizi et al.,

2015).

Table 3. Percentage area of saturated, monounsaturated, and polyunsaturated fatty acids in

green and roasted coffee oil samples.

XSFA XMFA XPUFA NI

GS 30.66 £ 0.17 9.82 £ 0.04 57.00 £ 0.55 2.52+£0.37
GH 30.87 £ 0.03 9.72+0.14 57.20£0.17 2.21+£0.32




GR
LS
LH
LR
MS
MH
MR
DS
DH
DR

29.11 + 0.55
30.81 £ 0.02
30.76 £ 0.11
29.60 + 0.08
30.41 +0.08
30.02 £ 0.86
29.87 £0.05
30.32 +0.04
30.32+0.14
29.50 £ 0.06

8.50+0.17
9.53 £ 0.02
9.50 £ 0.06
8.55 +0.06
9.62 +0.03
9.24+0.28
8.53 £ 0.06
9.41+0.00
9.59 £ 0.09
8.73+0.20

57.50+1.20
57.04 £0.14
57.10+0.28
58.93 + 0.06
57.38 +0.13
55.54+1.61
59.40 £ 0.30
58.21 + 0.07
57.18 £0.39
58.94 £ 0.10

4.89+1.92
2.61+0.16
2.63+£0.45
2.93+0.13
2.59+0.23
5.20+£2.75
220+£041
2.05+0.03
291+0.61
2.84+£0.25
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XSFA: Saturated fatty acids, XMFA: Monounsaturated fatty acids, ZPUFA: Polyunsaturated fatty acids.
e NI= not identified.

In this work, it was not possible to verify a connection between the oil lipid contents

and the application of different roasting processes since the lipid fraction was little altered

during the roasting process (Folstar, 1985). The same behavior occurred for the difference in

beverage guality in the samples since the values between the studied coffee oils were close.

3.3 Volatile compounds

The use of coffee oil as a flavoring in the food industry requires knowledge of its

aromatic composition. The aromatic component analysis identified 79 compounds in all

samples. Table 4 presents the sample components.

Table 4. Relative percentage of aromatic compounds in coffee oil samples.

Retenti
on time
(min)

Name of
compound

LRI*

Samples

GS GH GR

LS

LH LR MS

MR DS

DR

Alcohols

1- Butanol 19.85

1- Hexanol 26.14

1223

1369

0.03

+

0.00

0.19 0.21 0.13

+ + +
0.03 0.02  0.02

0.15
+
0.03

0.11

0.02
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Phenylethyl 49.09 1955 0.04 0.04  0.01 0.07 0.12 0.05 032 + 055+ 011+ 082+ 039 0.39+

Alcohol + + + + + + 0.06 0.07 0.00 0.14 + 0.11
0.01 0.01 0.00 0.01 0.00 0.00 0.06
3- Octanol 27.80 1408 - - - 0.19 0.42 0.25 037 + 034+ - - 0.34 -
+ + + 0.02 0.04 +
0.02 0.04 0.02 0.02
Benzyl 47.78 1916 - - - 0.02 0.04 0.01 025 + - - - - -
alcohol + + + 0.02
0.00 0.00 0.00
Maltol 51.16 2017 - - - 0.07 - - 141 + 362+ 094+ 808+ - -
+ 0.10 0.72 0.09 161
0.01
3- Acetyl-1-  27.31 1397 - - - - - - - 017 + - - - -
propanol 0.03
Total 0.26 025 014 0.44 0.58 0.31 2.35 4.69 1.05 8.90 0.74 0.39
alcohols (%)
Ketones
Acetoin 24.20 1324 - - - - 0.02 - 0.04 + - 0.04 + - 0.09
+ 0.01 0.01 +
0.00 0.01
2- 31.25 1488 - - - 0.11 0.15 0.22 133 + - 066+ 365+ 201
Propanone, + + + 0.10 0.12 0.24 +
1- 0.01 0.02 0.04 0.38
(acetyloxy)
2- 24.94 1342 - - - - - - 013 + - 0.09 +
Propanone, 0.01 0.01
1- hydroxy
2,3- 33.94 1556 - - - 0.02 0.04 - 028 + - - - - 0.68
Pentanedion + + 0.02 +
e 0.00 0.01 0.17
Butyrolacto 39.42 1698 - - - 0.22 - - 0.66 + - 037 + 143 + - 14 +
ne + 0.12 0.06 0.19 0.21
0.02
1-(5- 41.07 1741 - - - - 0.05+ - - - 0.21 +
Methyl-  2- 0.01 0.02
pyrazinyl)-
1- ethanone
Ethanone, 1- 4531 1851 - - - - - - - - - 0.13 +
3- 0.02
pyridinyl)
2,5 4311 1794 - - - - - - 0.06 + - - - - -
Furandione, 0.00
3,4-
dimethyl
2- 46.08 1871 - - - - - - 069 + 125+ 047+ 199+ 145 1.67
Cyclopenten 0.10 0.23 0.02 0.36 + +
-1-one, 2- 0.05 0.11
hydroxy-3-
methyl
2- 48.41 1935 - - - - - - - - - - - 0.67
Cyclopenten +
-1-one, 3- 0.06
ethyl-2-
hydroxy
2- Butanone,  34.15 1561 - - - - - - 027 + 072+ - 0.89 +  0.61+
1- 0.05 0.12 0.07 0.09
(acetyloxy)
Pineapple 52.88 2068 - - - - - - - - 013+ 046+ 027 0.37
ketone 0.01 0.04 + +

0.02 0.05
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2- Hydroxy-  27.30 1396 - - - - - - - - - 019+ 0.09 0.11
3- pentanone 0.03 + +
0,01 0.02
Total - - - 0.35 0.21 0.22 3.46 1.97 1.97 8.77 4.61 4.95
ketones (%)
Lactones
Butyrolacto 39.42 1698 - - - - 0.12+ - - - - - - -
ne 0.01
Total - - - - 0.12 - - - - - - -
lactones (%)
Aldehydes
Belzaldehyd 34.87 1580 - 0.04 0.3 0.06 0.09 0.07 - - - - - -
e + s + + +
0.00 0.00 0.01 0.01 0.01
Pentanal 10.63 966 - - 0.05 - 0.17 - - - - - - -
+ +
0.01 0.02
Butanal, 2- 1057 964 - - - 0.36 - 0.25 - - 015+ - - -
methyl + + 0.01
0.05 0.04
Hexanal 15.44 1112 - - - 0.07 0.06 - - - - - - -
+ +
0.00 0.01
2- 41.68 1757 - - - - - - 011 + 019+ 005+ 025+ - -
Triopheneca 0.01 0.03 0.00 0.03
rboxaldehyd
e
Total - 0.04  0.08 0.49 031 0.32 0.11 0.19 0.20 0.25 - -
aldehydes
(%)
Amines
Pyridine 19.76 1221 - - - 0.11 0.11 0.18 089 + 292+ 066+ 521+ 284 450+
+ + + 0.12 0.58 0.12 1.03 + 0.55
0.01 0.01 0.03 0.25
Pyridine, 3-  28.47 1424 - - - - - - - - 0.06 + - - 0.57
ethyl 0.01 +
0.03
Total - - - 0.11 0.11 0.18 0.89 2.92 0.72 5.21 2.84 5.07
amines (%)
Esteres
Ethyl 9.82 941 085 - - - - - - - - - - -
Acetate +
0.20
Total 0.85 - - - - - - - - - - -
esteres (%)
Ethers/Oxides
Allyl ethyl 1055 963 - - - - 0.11 - - - - - - -
ether +

0.02
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Total allyl - - - - 0.11 N - - - - - -
ethyl ether
(%)
Carboxylic acids
Butanoic 39.74 1706 0.35 075 027 1.39 - 0.56 137 + 305+ 084+ 273+ 184 1.66+
acid, 3- + + + + + 0.21 0.31 0.03 0.43 + 0.08
methyl 0.04 013  0.04 0.09 0.02 0.15
2- Butenoic  44.69 1835 - - - 0.12 0.15 - 044 + - 027+ - - -
acid, 3- + + 0.01 0.01
methyl 0.02 0.01
Acetic acid 31.03 1483 - - - 0.22 0.34 0.24 121 + - - 1.63 + - 2.18
+ + + 0.19 0.31 +
0.01 0.02 0.02 0.50
Hexanoic 49.76 1975 - - - 0.04 - - - - - - - -
acid, 2- ethyl +
0.00
Propanoic 34.57 1572 - - - - 0.02 0.03 015 + 045+ 012+ - 0.30 0.38
acid + + 0.03 0.06 0.01 + +
0.00 0.00 0.02 0.06
Total 0.35 0.75 0.27 1.77 0.51 0.83 3.17 3.50 1.23 4.36 214 4.22
carboxylic
acids (%)
Furan derivatives
Furfural 31.88 1503 - - - 0.28 0.39 0.45 491 + 882+ 243+ 950+ 341+ 544
+ + +0.0 0.55 112 0.01 118 0.67 +
0.04 0.01 0.22
Furfuryl 32.90 1529 - - - - - - - - - 217+ - -
formate 0.23
Ethanone, 1-  33.70 1549 - - - 0.02 - 0.08 114 + 214+ 050+ 408+ 176 2.34
(2- furanyl) + + 0.14 0.37 0.07 0.55 + +
0.00 0.01 0.03 0.08
2- 36.55 1624 - - - 0.03 018+ 0.21 474 + - 213+ - - 8.75
Furancarbox + 0.0 + 0.94 0.02 +
aldehyde, 5- 0.00 0.01 0.57
methyl
3- 39.27 1694 - - - 2.36 1.89 - - - - - -
Furanmetha + +
nol 0.21 0.16
2- 34.44 1569 - - - - - - 268 + - 077 + - - -
Furanmetha 0.52 0.05
nol, acetate
Ethanone, 1-  33.69 1549 - - - - 0.06 - - - - - - -
(2- furanyl) +
0.01
Furan-3-one 23.22 1302 - - - - - - 0.35 + 121 + 0.09 + 201 + 0.47 -
0.04 0.12 0.01 0.27 +
0.08
2-n- Butyl  34.06 1559 - - - - - - - 0.06 + - - - 0.12
furan 0.01

+
0.03
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Furaneol 52.86 2067 - - - - 037 + - - - -
0.05
2(3H)- 54.63 2121 - - - - - - 056 + - 0.63+
Furanone, 5- 0.09 0.60
acetyldihydr
[
2- Acetyl-5- 3822 1667 - - - - - - - 0.30 0.32
methylfuran * *
0.01 0.08
3(2H)- 23.21 1301 - - - - - - - - 0.64
Furanone, +
dihydro-2- 0.19
methyl
Total furan 271 0.64 2.63 13.82 12.63 5.95 18.34 5.95 18.24
derivatives
(%)
Pyrazines
Pyrazine, 23.30 1304 0.75 0.87 1.25 214 + 4.34 + 1.66 + 456 + 2.96 4.47
methyl + + + 0.28 0.70 0.30 0.74 + +
0.06 0.08 0.21 0.10 0.44
Pyrazine, 25.72 1360 0.69 0.79 0.72 175 + - 132+ 253+ 184 2.86
2.5- + + + 0.06 0.18 0.33 + +
dimethyl 0.13 0.11 0.05 0.24
0.68
Pyrazine, 25.95 1365 0.26 031 0.37 119 + 230+ 099+ 328+ - -
2.6- + + + 0.05 0.05 0.01 0.67
dimethyl 0.03 0.04 0.07
Pyrazine, 26.29 1373 0.25 0.30 0.37 072 + 203+ 087+ 273+ 152 2.40
ethyl + + + 0.11 0.33 0.08 0.34 + +
0.01 0.05 0.03 0.23 0.22
Pyrazine, 26.84 1386 0.10 0.15 0.20 031 + 077+ 036+ 119+ 058 0.94
2.3 + + + 0.02 0.10 0.01 0.06 + +
dimethyl 0.01 0.02 0.00 0.07 0.05
Pyrazine, 2-  28.40 1422 0.17 0.39 0.55 158 + 320+ 190+ 344+ 217 4.13
ethyl- 6- + + + 0.10 0.54 0.18 0.62 + +
methyl 0.01 0.03 0.01 0.19 0.06
Pyrazine, 2-  28.74 1430 0.36 - 0.34 089 + 197+ 069+ 233+ 145 1.96
ethyl-  5- + + 0.10 0.38 0.09 0.33 + +
methyl 0.04 0.03 0.26 0.19
Pyrazine, 31.63 1497 - 0.13 0.05 - 0.38 + - 041 + 0.31 0.15
2.6-diethyl + + 0.06 0.07 + +
0.01 0.01 0.01 0.03
Pyrazine, 29.22 1441 0.19 0.34 0.29 105 + - 057+ 251+ - 159
trimethyl + + + 0.13 0.09 0.49 +
0.01 0.03 0.01 0.15
2-  Ethyl-  30.88 1480 033 068 0.81 131 + 374+ 204+ 244+ 272 473
3,6- + + + 0.06 0.67 0.08 0.32 + +
dimethylpyr 0.05 0.08 0.07 0.17 0.31

azine
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1- (5-
Methyl-  2-
pyrazinyl) 1-
ethanone

1- (6-
Methyl-2-
pyrazinyl)-
1-ethanone

41.47

41.47

1751

1751

0.02

+
0.00

0.05

+
0.00

033 +
0.06

053 +
0.05

021 +
0.01

1.30

hd
0.16

0.77

+
0.05

Total
pyrazines
(%)

3.14

3.97

5.00

11.27

19.28

10.62

25.42

13.55

25.30

Pyrroles

1H- Pirrole-
2-
carboxaldeh
yde, 1-
methyl

Ethanone, 1-
(1H- pyrrol-
2-yl)

1H- Pyrrole-
2-
carboxaldeh
yde

1H- Pyrrole,
1-(2-
furanylmeth
yh)

15-
Dimethyl-2-
pyrrolecarbo
nitrile

Furfuryl
pyrrole

Pyrrolidine,
1- acetyl

38.81

51.22

53.21

46.23

39.87

46.23

46.84

16.82

2018

2078

1875

1710

1875

1891

0.02

+
0.00

0.16

0.01

0.07

+
0.01

0.28

0.02

0.03

0.00

0.09

*
0.01

0.03

0.00

0.17+
0.03

111
0.21

I+

0.91
0.07

I+

0.64 +
0.05

032 +
0.06

240 +
0.30

0.73 +
0.09

1.29 +
0.24

0.66 +
0.01

0.14 +

0.01

0.27 +
0.03

0.06 +
0.00

3.97 +
0.63

2.28 +
0.45

239 +
0.46

1.16 +
0.22

1.89

0.07

2.09

0.29

147

0.09

0.80

0.02

3.24

hd
0.10

172

0.10

1.03

0.01

Total
pyrroles
(%)

0.18

0.38

0.29

2.98

443

113

9.81

6.25

5.99

Aromatic hydrocarbons

Toluene

1- Hexene,
4- methyl

Pentane, 3-
methyl

Benzene,
1.2- dichloro

2- Methoxy-
4-
vinylphenol

14.27

19.84

7.00

30.14

58.45

1077

1223

855

1463

2242

0.04

+
0.00

0.02

*
0.00

0.07

0.01

0.02

+
0.01

0.01

+
0.00

0.04

+
0.01

0.18

+
0.01

0.02

+
0.00

0.62 +
0.09

0.70

+
0.07
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Phenol, 2-  47.36 1904 - - - - - 0.02 014 + 046+ 014+ 106+ - 1.65

methoxy + 0.03 0.05 0.01 0.20 +
0.00 0.02
Benzoxazole 44.19 1822 - - - - - - 0.02 + - - - - 0.20
0.00 +
0.04
Phenol 52.13 2046 - - - - - - 012 + 019+ 006+ 052+ 021 0.53
0.00 0.03 0.00 0.10 + +
0.02 0.04
Phenol, 2-  51.90 2039 - - - - - - - - - 0.23 +
methyl 0.04
Pentane, 2- 53.41 2084 - - - - - - 0.07 +
bromo 0.01
Guaiacol 58.45 2242 - - - - - 0.23 034 + - 0.45 + 0.76 + 0.81 1.06
+ 0.06 0.04 0.15 + +
0.03 0.04 0.02
Cresol 51.90 2039 - - - - - - - - - - - 0.19
+
0.02
Total - 0.04 0.08 0.08 0.18 0.27 0.69 127 0.66 2.58 172 3.63

aromatic
hydrocarbo
ns (%)

Concerning the green oils, the esters compounds (0.85%), carboxylic acids (0.27-
0.75%) and alcohols (0.14-0.26%), among others, were detected and identified in the obtained
extracts. In light roasting oils were found alcohols (0.31-0.58%), ketones (0.21-0.35%),
lactones (0.12%), aldehydes (0.31-0.49%), amines (0.11- 0.18%), ethers (0.11%), carboxylic
acids (0.51-1.77%) and pyrroles (0.18-0.38%) and aromatic hydrocarbons (0 .08-0.27%). The
furan derivatives (0.64-2.71%) and pyrazines (3.14-5,00%) were the highlights due to their

higher concentration.

In medium roasting oils were detected alcohols (1.05- 4.69%), ketones (1.97-3.46%),
aldehydes (0.11-0.20%), amines (0.72- 2.92%), carboxylic acids (1.23- 3.50%), aromatic
hydrocarbons (0.66-1.27%) and the highest contents present in the pyrazine groups (10.62-

19.28%), furan derivatives (5.95 -13.82%) and pyrroles (1.13 - 4.43%).
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Concerning dark roasting oils, the compounds found were the ketones (4.61- 8.77%0,
aldehydes (0.25%), amines (2.84- 5.21%), alcohols (0.39- 8.90%), carboxylic acids (2.14-
4.36%), aromatic hydrocarbons (1.72-3.63%), with relevance to the groups of highest contents,
the pyrazines (13,55-25.42%), furan derivatives (5.95-18.34%) and pyrroles (5.99-9.81%). In
general, the compounds present in higher concentrations belonged to the furan and pyrazine

derivatives groups in roasted coffee oils, which increased according to the roasting intensity.

Getachew & Chun (2016) include furans, pyrroles, pyrazines, pyridines, aldehydes, and
ketones as chemical groups typically influencing roasted coffee flavor. However, due to the
complexity of the coffee aromatic fraction, their composition can be affected by several
variables such as the agricultural techniques, cultivation, altitude, and region of the crops

(Akiyama et al., 2005; Sanches et al., 2020; Budryn et al., 2012; Calligaris et al., 2009).

The PCA in Figure 1 shows that the compound groups of alcohol, pyrroles, amines,
aromatic hydrocarbons, pyrazines, and furan derivatives are more related to coffee oil samples

in medium and dark roasting independent of coffee quality.

The two principal components explained 96.32% of the variation between oil samples.
In turn, the light roasting and green oil samples are more linked to carboxylic acids, ethers and

esters.

According to Hurtado-Benavides et al. (2016), Gonzalez-Rios et al. (2007) and
Gonzélez et al. (2011) furans are the main type of compound present in Arabica coffee,

followed by pyrazines, ketones, pyridine and pyrroles.
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Figure 1. Principal component analysis (PCA) regarding the aromatic composition of coffee

oils.
DS
4 Alcohols
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Keton *or
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Caption: green coffee soft beverage (GS), green coffee hard beverage (GH), green coffee soft beverage (GR), light roast soft
beverage (LS), light roast hard beverage (LH), light roast rio beverage (LR), medium roast soft beverage (MS), medium roast
hard beverage (MH), medium roast rio beverage (MR), dark roast soft beverage (DS), dark roast hard beverage (DH) and dark
roast rio beverage (DR).

Figure 2 presents an HCA (Hierarchical cluster analysis) to determine the similarity of
the samples based on the component similarity in the same class and the difference between the
component classes (Beebe; Pell; Seasholtz, 1997). The formation of two groups is notorious,
one formed by oil samples in medium and dark roasts and the other by green and light roast

oils.

This separation occurred by the differentiation of aromatic compounds in the oils. Green
and light roast oils clustered because of the carboxylic acids, ethers and esters. In turn, the
medium and dark roast oils had more groups derived from furans, pyrazines and pyrroles. It is
important to emphasize that, for both, the beverage quality did not interfere in the compound

detection.
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Figure 2. Hierarchical cluster analysis (HCA) of coffee oil samples and its aromatic

components
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Caption: green coffee soft beverage (GS), green coffee hard beverage (GH), green coffee soft beverage (GR), light roast soft
beverage (LS), light roast hard beverage (LH), light roast rio beverage (LR), medium roast soft beverage (MS), medium roast
hard beverage (MH), medium roast rio beverage (MR), dark roast soft beverage (DS), dark roast hard beverage (DH) and dark
roast rio beverage (DR).

The furan group, formed by the thermal degradation of sugars and carbohydrates, is
usually related to pleasant characteristics in foods and beverages as the aroma of fruits, grass,
and leather (Petisca et al., 2013). Furfural, a volatile compound that influences the aroma and
flavor of almonds, presented the highest concentration in the furan group; pyrazine methyl,
related to nuts, cocoa, and the roasting process, was the principal in the pyrazine family group
(Gonzalez et al., 2011; Ribeiro et al., 2009; Mayer et al., 2000). As reported by other authors,
these compounds present in roasted oils exhibit pleasant notes such as caramel, toasted nuts,
peanuts, sweet, aromatic, apple, almond, among others (Hurtado-Benavides et al., 2016;

Budryn et al. 2012; Sanches et al. al., 2020).
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Thus, the volatile fraction present in roasted coffee oil is formed by a complex group of

chemical compounds that influence the aroma and flavor of the original coffee beverage.

4. Conclusion

The results of this work show that extracting coffee oils by mechanical pressing had a
better yield for dark roast beans since the oil extraction from green coffee and light roast needed
recirculation of the cake for better extraction. The oil acidity and peroxide indices increased

when the beverage quality decreased, and toast intensity increased.

The principal fatty acids found were the linoleic and palmitic acids, besides the presence
of other acids such as the oleic, stearic, linolenic and arachidic. The volatile compounds
obtained from the coffee oils belong mainly to the family of furans and pyrazines, compounds
that influence the characteristic aroma of the original roasted coffee beverage. Finally, coffee
oils, especially from darker roasts, due to the characteristics of yield, acidity, and composition
of fatty acids and volatile compounds, present great potential to be incorporated by the food

and/or pharmacological industry.

5. References

Abdelwareth, A, Zayed, A, Mohamed, AF (2021). Chemometrics-based aroma profiling for
revealing origin, roasting indices, and brewing method in coffee seeds and its commercial

blends in the Middle East. Food Chemistry, 349, 129162.

Abrahdo, SA, Pereira, RGFA, Duarte, SMDS, Lima, AR, Alvarenga, DJ, Ferreira, EB (2010).
Compostos bioativos e atividade antioxidante do café (Coffea arabica L.). Ciéncia e

Agrotecnologia, 34(2), 414-420.



131

Agueda, M (2009). Efecto del &cido linoleico conjugado (CLA) sobre el perfil lipidico en

humanos Arch. Latinoam. Nutr., 59, 245-253.

Ahangari, B, Sargolzaei, J (2013) Extraction of lipids from spent coffee grounds using organic

solvents and supercritical carbon dioxide. J. Food Process. Preserv., 37, 1014-1021.

Alves, MR, Casal, S, Oliveira, M, Ferreira, M (2003). Contribution of FA profile obtained by
high-resolution GC/chemometric techniques to the authenticity of green and roasted coffee

varieties. Journal of the American Oil Chemists' Society, 80, 511-517.

American Oil Chemists’ Society (1992). Official and tentative methods of the American Oils

Chemists’ Society. Champaign, United States of America.

Akiyama, M, Murakami, K, lkeda, M, Iwatsuki, K, Kokubo, S, Wada, A, Tanaka, K (2005).
Characterization of flavor compounds released during grinding of roasted robusta coffee. Food

Sci. Technol. Res., 11, 298-307.

Bastidas, AO (2011). Estudio quimico de los components volatiles y analisis de la composicion
de taninos y cafeina en dos variedades de café (Caturray Castillo) del Departamento de Narifio

(Trabajo de Grado Quimico). Universidad de Narifio. Departamento de Quimica, Pasto.



132

Beebe, KR, Pell, RJ, Seasholtz, MB (1997) Chemometrics: A practical guide. New York: John

Wiley & Sons.

Budryn, G, Nebesny, E, Zyzelewicz, D, Oracz, J, Miskiewicz, K, Rosicka-Kaczmarek, J (2012).
Influence of roasting conditions on fatty acids and oxidative changes of Robusta coffee oil.

European Journal of Lipid Science and Technology, 114, 1052-1061.

Calligaris, S, Munari, M, Gianmichele, A, Barba, L (2009). Insights into the physico chemical

properties of coffee oil. Eur. The Journal of Supercritical Fluids, 111, 1270-1277.

Dangarembizi, R, Chivandi, E, Dawood, S, Erlwanger, K, Mazuru, G, Michael, M, Samie, A
(2015). The fatty acid composition and physicochemical properties of the underutilised Cassia

abbreviata seed oil. Pak J. Pharm. Sci., 28, 1005-1008.

Ferreira, DF (2014). Sisvar: a Guide for its Bootstrap procedures in multiple comparisons.

Ciéncia agrotecnologia de Lavras. 38(2), 109-112.

Franca, AS, Oliveira LS, Mendonca, JCF, Silva, XA (2005). Physical and chemical attributes

of defective crude and roasted coffee beans. Food Chemistry, 90, 84-89.

Ferrari, M, Ravera, F, Angelis, E, Suggi Liverani, F, Navarini, L (2010). Interfacial properties

of coffee oils. Colloids and Surfaces A: Physicochem. Eng. Aspects, 365, 79-82.



133

Folstar, P (1985). Lipids. In RJ Clarke, R Macrae (Eds.), Café, I: Quimica. (pp. 203-222).

Londres; Nova York: Elsevier Applied Science Publishers Co Ltd.

Getachew, AT, Chu, BS (2016). Optimization of coffee oil flavor encapsulation using response

surface methodology. Food Science and Technology,70, 126e134.

Gonzalez, HM, Gonzalez, S, Rosales, T (2011). Café (Coffea arabica L.): compuestos volatiles

relacionados com el aroma y sabor. UNACAR Tecnociencia, 35-45.

Gonzalez-Rios, O, Suarez-Quiroza, M, Boulanger, R, Barel, M, Guyot, B, Guiraud, J, Schorr-
Galindo, S (2007). Impact of ecological post- harvest processing on the volatile fraction of

coffee beans: I. Green coffee. J. Food Compos. Anal., 20, 289- 296.

Hurtado-Benavides, A, Dorado, DA, Camargo, APS (2016). Study of the fatty acid profile and
the aroma composition of oil obtained from roasted Colombian coffee beans by supercritical

fluid extraction. The Journal of Supercritical Fluids, 113, 44-52.

International Standart (2015). 1ISO 12966-4:2015: Animal and vegetable fats and oils — gas
chromatography of fatty acid methyl esters — Part 4: Determination by capillary gas

chromatography. Switzerland, Suica.



134

Kobelnilk, M, Guadagnucci, G, Lopes, D, Augusto, C, Spirandeli, M (2014).
Thermal behavior of coffee oil (Robusta and Arabica species). J. Therm. Anal. Calorim., 115,

2045-2052.

Lopez, E (2007). Extraccion de aceite de café. Ingenieria e Investigacion, 27, 25-31.

Maul, AA, Wasicky, R, Bacchi, EM (1996). Extracdo por fluido supercritico. Revista Brasileira

de Farmacognosia, 5(2).

Mayer, F, Czerny, M, Grosch, W (2000). Sensory study of the character impact aroma

compounds of a coffee beverage EUR. Food Res. Technol., 211, 272-276.

Nikolova-Damyanova, B, Velikova, R, Gulab, NJ (1998). Lipid classes, fatty acid composition
and triacylglycerol molecular species in crude coffee beans harvested in Brazil. Food Res. Int.,

31, 479-486.

Oliveira, LS, Franca, AS, Mendonca, JCF, Barros-Junior, MC (2006). Proximate composition
and fatty acids profile of green and roasted defective coffee beans, Lebensmittel-Wissenschaft

und-Technologie, 39, 235-239.



135

Oliveira, AL, Cruz, PM, Eberlin, MN, Cabral, FA (2005). Brazilian roasted coffee oil obtained
by mechanical expelling: compositional analysis by GC- MS. Ciéncia e Tecnologia de

Alimentos, 25(4), 677-682.

Pereira, L, Meira, F, Carmanini, F, Silva, G, Silva, J, Ribeiro, M (2015). Fatty acid profiles and
parameters of quality of specialty coffees produced in different Brazilian regions. Afr. J. Agric.

Res., 3484-3493.

Petisca, C, Pérez, T, Farah, AD, Pinhoa, O, Ferreira, | (2013). Furans and other volatile
compounds in ground roasted and espresso coffee using headspace solid-phase microextraction:

effect of roasting speed. Food Bioprod. Process., 9, 233-241.

Pimenta, CJ, Angélico, CL, Chalfoun, SM (2018). Challengs in coffee quality: Cultural,

chemical and microbiological aspects. Ciéncia e Agrotecnologia, 42(4), 337-349.

Pinto, NAVD, Fernandes, SM, Pires, TC, Pereira, RGFA, Carvalho, VD (2002). Avaliacdo de
componentes quimicos de padrdes de bebida para o preparo de café expresso. Ciéncia e

Agrotecnologia, 26, 826-829.

Raba, DN, Poiana, MA, Borozan, AB, Stef, M, Radu, F, Popa, MV (2015). Investigation on
crude and high- temperature heated coffee oil by ATRFTIR Spectroscopy along with

antioxidant and antimicrobial properties. PLoS ONE, 10(9).



136

Ramirez, L (2008). Evaluacion del rendimento de extraccion y caracterizacion del aceite fijo
de café tostado tipo genuino antigua obtenido por el processo de prensado. (Tesis de Grado
Ingeniero Quimico). Universidad de San Carlos de Guatemala, Facultad de Ingenieria,

Guatemala.

Reverchon, E, Marco, | (2006). Supercritical fluid extraction and fractionation of natural matter.

Journal Supercrit. Fluids, 38, 146- 166.

Ribeiro, JS, Augusto F, Salva, TJ, Thomaziello, RA, Ferreira, MM (2009). Prediction of
sensory properties of Brazilian Arabica roasted coffees by headspace solid phase

microextraction-gas chromatography and partial least squares. Anal. Chim. Acta, 634, 172-179.

Romano, R, Santini, A, Grottaglie, L, Manzo, N, Visconti, A, Ritieni, A (2014). Identification
markers based on fatty acid composition to differentiate between roasted Arabica and

Canephora (Robusta) coffee varieties in mixtures J. Food Compos. Anal., 35, 1-9.

Sanches, MZ, Silva Neto, ES, Ueno, CT, Shirai, MA, Sakanaka, LS (2020). Roasted coffee oil
(Coffea arabica): Characterization of fatty acids, qualification of aromatic compounds and

quantification of caffeine content. Research, Society and Development, 9(11).



137

Spper, K, Kolling-Speer, 1 (2001). Lipids. In R Clarke, O Vitzthum (Eds.), Coffee: Recent

Developments (pp. 33-49). Oxford: Blackwell Science.

Spper, K, Kolling-Speer, 1 (2006). The lipid fraction of the coffee bean. Braz. J. Plant.

Physiol, 18, 201-216.

Turratti, JM (2001). Extracdo e caracterizacao de 6leo de café. In Simpdésio de Pesquisa dos

Cafés do Brasil (pp. 1533-1539). Brasilia: EMBRAPA Café.

Voytena, APL, Affonso, RCL, Pitz, HS, Ramlov, F, Alberti, T, Coelho, DS, Pereira, A,
Navarro, BB, Fanan, S, Casagrande, M, Ribeiro-do-Valle, RM, Maraschin, M (2018).
Phytochemical Profile and in vitro Assessment of the Cytotoxicity of Green and Roasted Coffee

Oils (Coffea arabica L.) and their Polar Fractions. Records of natural products, 12(2), 169-174.



138

Capitalo IV- Evaluation of antioxidant capacity and quantification of bioactive
compounds in green and roasted coffee oils obtained from beans of different beverage

classifications

O quarto capitulo representa um estudo da composicdo fenolica, capacidade

antioxidante e composicdo bioativa dos 6leos de cafe.

ABSTRACT

Coffee is one of the most important products on the international market, and oil is one of the
several by-products resulting from its constitution. Green and roasted coffee oils contain
numerous healthy compounds extracted from the beans. The phenolic compounds present in
these oils are described as potent antioxidants of natural origin with bioactive action. This study
aimed to evaluate the antioxidant activity and bioactive composition of coffee oils. The phenolic
composition was higher in roasted oils from higher quality coffees, but the antioxidant capacity
of oils from grains of inferior quality was higher. Our results show a stable caffeine content in
all oils, neither the light roast coffee oil nor the green one displayed trigonelline degradation,
and the chlorogenic acids were degraded by the roasting process. There was no relevant
correlation between a higher antioxidant capacity of oils and their bioactivity, leading to the
conclusion that the activity may be related to other compounds formed or degraded during the

processing and roasting of the coffee oils.

Practical application: This study presents the application of coffee oil extracted from beans
of different beverage classifications and roasting points for roasted coffee oils. The evaluation
of coffee oils concerning their antioxidant capacity through different methods as well as their
bioactive composition consisting of caffeine, trigonelline and chlorogenic acid portrays a
possibility of their future use as active ingredients in the food and pharmacological industries

focusing on increasing their contents.
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1. Introduction

Coffee is one of the principal commodities in world trade and contains an ample and
complex variety of compounds (Conab, 2021; Wang and Lim, 2015). The most cultivated
coffee species in Brazil is Arabica coffee (Coffea arabica) which is a finer coffee, which
presents a superior quality beverage in terms of aroma and flavor (MALTA et al., 2010). The
presence of physical, chemical and sensory attributes is decisive in the coffee purchase process
and directly depends on genetic and environmental factors, pre- and post-harvest management

conditions (Abrah&o et al., 2010; Malta, 2011).

The coffee roasting process triggers innumerable reactions (the Maillard reaction,
Strecker degradation, sugar caramelization, and the degradation of chlorogenic acids, proteins,
and polysaccharides) responsible for modifications in the chemical and physical composition
of the coffee beans, leading concomitantly to the release of volatile compounds behind the
typical aroma and flavor of roasted coffee (llly; Viani, 1995; Borges et al., 2004; Hernandez et

al., 2007; Farah, 2012; Farah; Donangelo, 2006; Farah et al., 2005; Trugo; Macrae, 1984).

Among several products derived from coffee, the vegetable oils from its beans contain
triacylglycerols with fatty acids similar in composition to those found in common edible
vegetable oils as main compounds (Spper; Kolling-Speer, 2006). Arabica coffee oil has been
used as an active ingredient in many food products to improve their antioxidant capacity
(Wagemaker, 2015; Swieca et al., 2017; Zain, Baba and Shori, 2018; Donmez, Mogol and

Gokmen, 2017).

Phenolic compounds are chemical constituents of varied structures containing aromatic
rings conjugated to hydroxyl groups, these compounds have high efficiency in stabilizing free

radicals (Valenzuela; Nieto, 1996; Esquivel, Jiménez, 2012; Abrah&o et al., 2010). The
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quantification of total polyphenolic compounds in foods is realized by the Folin-Ciocalteau
method (Sousa et al., 2007), and according to Voytena et al. (2018), the total content of phenolic
compounds present in the roasted coffee oil (2.24 £ 0.12 mg of gallic acid equivalents/g) is

significantly higher than in the green one (0.73 + 0.09 mg of gallic acid equivalents/g).

Some studies confirm that the use of free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH)
to determine the degree of lipid oxidation and the antioxidant effectiveness of the free radical
scavengers present in oils (Raba et al., 2015; Jeong et al., 2012). Lipid oxidation, in our case,
is a highly complex set of free radical reactions triggered on polyunsaturated lipid molecules
subjected to a thermal process (Guillen et al., 2005; Raba et al., 2015). During the initial stage
of lipid oxidation, several free radicals are formed, such as the alkyl (R’), alkoxyl (RO’) and
peroxyl radicals (ROO), the DPPH method, therefore, can be used as an indicator of oxidative
stability and antioxidant capacity of oils (Yeo et al., 2010; Yeo et al., 2012; Jeong et al., 2012;

Raba et al., 2015).

Another important method to verify the antioxidant activity regards the ABTS radical
that occurs from an initiator 2,2-azino-bis (3-ethylbenzothiazoline)-6-sulfonic acid with cation-
scavenging activity. This method is based on the absorbance inhibition of the positive ABTS+
radical with a wavelength absorption spectrum of 734nm (GULCIN, 2012; Sacchetti et al.,

2009; Perrone et al., 2012; Vignoli et al., 2011).

Bioactive compounds are substances capable of interacting with the human body,
bringing benefits as an antioxidant agent (Stelmach et al., 2015). Caffeine stands out in coffee,
corresponding to a nitrogen alkaloid known for its physiological and pharmacological
properties (Moreira et al., 2014; Bravo et al., 2013), and despite being a polar water-soluble
alkaloid significant contents are observed in both green and roasted coffee oils (Voytena et al.,

2018). Trigonelline, another bioactive compound, is an N-methyl betaine that at high
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temperatures degrades into pyrroles and pyridine of relevant importance for the coffee aroma

(De Maria et al., 1999; Casal et al., 2000).

Other active compounds with potent antioxidant action among the principal components
of the phenolic fraction are chlorogenic acids (Abrahdo et al., 2010). Coffee green oil and its
extracts possess an important and potent fraction of chlorogenic acids, already described in
studies (Coelho et al., 2014; Zanin et al., 2016). Although green coffee oil is widespread in the
industry, roasted coffee oil is also an important source of bioactive compounds with the
potential for studies (Vignoli et al., 2014; Voytena et al., 2018; Oliveira et al., 2011; Frascareli

etal., 2012).

Several studies assess the antioxidant capacity and quantify the phenolic compounds
and bioactive compounds present in green and roasted coffee oils (Voytena et al., 2018;
Oliveira, 2001; Oliveira, 2013; Sucupira et al., 2014; Mensor et al., 2001; Raba et al., 2015;
Budryn et al., 2012; Silva et al., 2015; Ribeiro, 2015). However, the information about the

importance of the coffee quality and the bean roasting level to obtain the oils is still scarce.

Therefore, this study evaluated coffee oils extracted from beans of different beverage
classifications and at three roasting points, besides the oils obtained from green coffee, aiming
to characterize the antioxidant capacity and the content of bioactive compounds present in them

and thus determine their potential as future ingredients in the food industry.

2. Material and Methods

2.1 Samples

To obtain the oils, Arabica coffee (Coffea arabica L.) crop 2019/2020 from three
beverage quality: soft, hard and rio, and four roasting levels: green (raw beans), light roast

(Agtron 76), medium (Agtron 61) and dark (Agtron 44) were squeezed in an Ecirted 40kg/h
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capacity continuous press in the Regional Cooperative of Coffee Growers of Guaxupé

(Cooxupé).
2.2 Spectrophotometric analysis

The oil was analyzed using a UV/VIS spectrophotometer (Femto, Cirrus 80).
2.2.1 Phenolic compounds

The content of phenolic compounds in the oil samples was determined according to
Voytena et al. (2018), with adaptations. The oil samples of green and roasted coffee were
diluted in petroleum ether (3mg/mL), and 100 pL of the mixture was combined with 225 uL of
Folin-Ciocalteau reagent, after 8 minutes 2.47 mL of 2% sodium carbonate solution (w/v) and
10 mL of distilled water were also mixed. The samples were incubated in the dark for 1 hour,
thus reading the absorbance at A = 750nm. The content of total phenolic compounds was
determined using a standard curve for gallic acid (detection range 5-125 pug/mL). Results were

expressed in mg gallic acid equivalent/grams of coffee oil.
2.2.2 Free radical scavenging activity - DPPH

The evaluation of the DPPH radical scavenging activity (1,1-diphenyl-1,2-
picrylhydrazyl) was determined according to the method of Voytena et al. (2018), with
modifications. Green and roasted coffee oils were solubilized in ethyl acetate and evaluated at
different concentrations (0.001, 50, 100, 150, 200 and 250 mg/ml). A stock solution of 7.9 mg
of DPPH was diluted in 2.5 ml of ethyl acetate and further diluted to a concentration of 1:100
(v/v). A sample of 100 puL was mixed with 2.9 mL of the DPPH solution. The antioxidant
activity was measured by quantifying the DPPH free radical consumption after 30 min in the

dark at an absorbance of 515nm.

The free radical scavenging activity (FRSA) was calculated based on Equation 1:
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FRSA(%) = Ac-As x 100 (Equation 1)
Ac

Where Ac represents the absorbance of the DPPH solution (control solution) and As is

the absorbance of the sample.

A Trolox calibration curve was prepared (detection range 0.030 — 1.25 mM) and the
results expressed as Trolox-equivalent antioxidant capacity (TEAC, umol/g oil) and as FRSA

(%).

2.2.3 Total antioxidant activity by the ABTS+ radical

The total antioxidant activity by the ABTS+ radical (2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) radical) was determined using the methodology of
Babbar et al. (2011) with modifications. Initially, two aqueous solutions of ABTS (7mmol/L)
and potassium persulfate (2.45mmol/L) were prepared. Both solutions were mixed in the same
proportion and stored in an amber flask for 16 hours at room temperature, giving rise to the
ABTS+ solution. The ABTS+ solution used in the analysis was diluted in ethanol until reaching

a reading of approximately 700 to 734 nm.

Then 1.9 mL of ABTS+ solution was added to 100 pL of the sample to be analyzed. The
mixture was shaken vigorously and kept in the dark for 10 minutes at room temperature, the

reading was performed at 734nm considering ethanol as blank.

The preparation of green and roasted coffee oil samples followed the same protocol
described in the previous item. Readings were performed at concentrations 50; 100; 150; 200
and 250 mg/ml and correlated with a Trolox standard curve (1-50 ug/ml). The final results were

expressed as Trolox-equivalent antioxidant capacity (TEAC, umol.g-1 oil).

2.3 Determination of bioactive compounds
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The evaluation of caffeine, trigonelline and chlorogenic acids were performed according
to Abramovi¢, Butinar and Nikoli¢ (2007), with adaptations. One gram of the oil samples was
weighed, dissolved in 10 mL of hexane and transferred to a separatory funnel. A methanol-
water solution (80:10 v/v) of 4 mL was mixed and stirred for 3 minutes, with the removal of
the lower methanol-water layer. The procedure was repeated twice, and the methanol-water
phases were collected and combined. The extracts were dried in a vacuum rotary evaporator at
140 rpm and 35°C. Then the dried residues were diluted in 1mL of methanol-water (80:10 v/v).

This process was repeated three times for each sample.

High-performance liquid chromatography (HPLC) analysis was carried out using the
equipment Agilente HPLC 1260 Infinity (Agilent Technologies, Germany) coupled with a
quaternary pump system and a diode array detector (DAD) operating at 272nm, according to
Rodrigues and Bragagnolo (2013), with modifications. The stationary phase used a column C18
Zorbax Eclipse Plus (Agilent Technologies, Germany) of 100mm x 4.6mm and 3.5 pm particle
size. For elution, a system of water acidified with acetic acid (eluent A) and acetonitrile (eluent
B) was applied. The gradient program was 2% B for 15 min, 50% to 70% B in 8 min, 70% to
100% B in 3 min, remaining at 100% B for 5 min, and 100% at 2%B for 2 min at a flow of
0.8ml/min. Compounds were identified by comparing their retention times to commercial
standards and quantified by integrating the peak areas to a 7-point calibration curve in triplicate.
Caffeine was measured within a range of 1000 to 6000 pg/mL, trigonelline within 0.05 to 5
ug/mL and chlorogenic acids within 0.2 to 13 ug/mL. All analyses were performed in triplicate

with the results expressed in mg/100g dry extract (mean + SD).

2.4 Statistical analysis

The statistical analysis of variance (ANOVA) was performed by the software program

Sisvar version 5.6 (Ferreira, 2014); a significant difference by the F test (p < 0.05) was
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compared by Tukey's test at a 5% probability level. Principal component analysis and Pearson's

correlation (r) at a = 0.05 were performed using the software program Past version 4.03.

3. Results and discussion

3.1 Total phenolics and antioxidant activity

The obtained results are shown in Table 1.

Table 1. Contents of total phenolic compounds and antioxidant activity of Arabica coffee oils.

Phenolic

Samples compounds in oils DPPH IE-AE* ABTS IEAE*
(mg GAE.g* ail) * (umol. g~ ofl (umol. g7 o1
Grﬁgceﬁ‘;‘;fgiisl"ﬁ 2.28 +0.03% 177.24 £ 0.70° 44.98 + 477
Gr%ir\]/g&gfgeo?lard 2.42 £0.98° 158.20 + 3.64° 39.78 + 2.45°
Gfee\:]ef;;egiro 3.74+0.29° 162.83 £ 2.13% 53.71 +0.82%
oo 4322050 175.84 + 0.79° 58.68 + 0.43%
th?gxter&agsg Qﬁrd 0.85 £ 0.03" 168.34 +2.73% 66.79 + 1.08°
Lt;g\r/](tarr;;storillo 1.82 +0.36% 17451 + 2.32° 65.06 + 0.67*
Megétjxg]r;;: sotilSoft 3.79+0.13° 162.96 + 7.70% 66.57 + 1.72°
hal\r/ldegg/r:r;gzsén 1.31 +0.25¢ 172.49 + 1.69% 68.29 + 1.25°
M%dewa;%agtnno 1.97 + 0.012d 178.60 + 1.85° 68.04 + 0.88°
Dt?erxljerrzzset g?lft 4.37 £0.38° 166.56 + 7.64% 56.51 + 4.48%®
Dggx(/er?;;etz 2?|rd 1.72 +0.05%¢ 169.93 + 1.72% 64.08 + 0.90%
%i(/i:ggztcﬂf 2.49 +0.21° 167.82 + 1.04%® 63.34 +0.83%

* mg GAE- Gallic acid equivalent antioxidant capacity/mg of gallic acid equivalent/gram of coffee oil
**TEAC - Trolox equivalent antioxidant capacity/umol of Trolox equivalent/gram of coffee oil.

***Means (tstandard deviation) followed by the same letter do not differ by the Tukey test at 5% probability (P<0.05%).
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The content of total phenolic compounds determined by Folin-Ciocalteau (Table 1)
varied amply from 0.85 to 4.37 mg GAE/qg of coffee oil. Roasted oils from soft beverage quality
presented the highest contents, whereas the hard and rio beverage quality displayed the highest
values of total phenolic compounds in green oils. Vignoli et al. (2014) and Prior et al. (2005)
emphasize that the roasting process causes a decrease in phenolic content in roasted and ground

coffees, like what happens with hard and rio quality oils.

Voytena et al. (2018) found similar results to those present in this study, obtaining higher
phenolic composition values in roasted coffee oils, as well as those obtained for soft beverage
quality. According to some authors, variations can occur according to extraction process
variables, such as temperature, time and extraction method, besides the coffee variety used for

the oil extraction (Panusa et al., 2013; Ramalakshmi, 2009; Abrahéo et al., 2019).

The measures of the antioxidant capacity by DPPH (Table 1) revealed that the values
were stable with low variation (158.20 to 178.60 umol TEAC/g oil). Green oil obtained from
hard beverage showed the lowest content, on the other hand, oils from soft beverage quality of

light roast beans and rio of medium roast showed high values.

Figures 1, 2 and 3 refer to the results of FRSA (%) for each oil concerning the beverage
quality and reveal that the free radical scavenging capacity of the oils is dependent on the oil

concentration.
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Figure 1. Free radical scavenging activity (FRSA) versus concentration of soft beverage

quality coffee oils.
~ 80 = 3
= 60
% 40
= 20

0 50 100 150 200 250 300
Coffee o1l (mg/mL)

IS Al

—e— green coffee hard beverage oil
light roast hard beverage o1l
medium roast hard beverage oil

—4— dark roast hard beverage o1l

Figure 2. Free radical scavenging activity (FRSA) versus concentration of hard beverage
quality coffee oil.
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Figure 3. Free radical scavenging activity (FRSA) versus concentration of rio beverage
quality coffee oils.

Regarding soft beverage oils (Figure 1), the more the oil concentration increased, the
higher the percentage of FRSA (%), with the highest FRSA (%) occurring for green (90.12%)
and dark roast (88.83%) oils at a concentration of 250mg/ml concerning the highest oil

concentration used.

Hard beverage oils (Figure 2) presented increasing values of FRSA (%), with the highest
percentages occurring for the light roast oil (89.94%) and green (89.33%). It is noteworthy that
in lower concentrations of hard beverage, the roasted oils obtained higher FRSA (%) than the

green one.
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In rio beverage (Figure 3), the light roast (91.68%), medium (92.67%) and dark
(90.61%) oils showed greater free radical scavenging capacity for the green oil, occurring for

all concentrations.

According to Ferrari et al. (2010) and Spper; Kolling-Speer (2006), the antioxidant
activity of green and roasted oils is a result of natural antioxidants such as sterols, phosphatides,
tocopherols and diterpenes in their composition, which explains the high levels in green coffee
oils of different beverage qualities, especially the soft one. According to Spper; Kolling-Speer
(2006), roasting causes a decrease in antioxidant compounds such as a- and B-tocopherol,

affecting the total content.

Some authors (Yeo et al., 2010; Yeo et al., 2012; Raba et al., 2015) have studied the
behavior of oils subjected to heat treatments and observed that in the early stages of lipid
oxidation, changes in the DPPH absorbance are due to the use of free radical scavengers.
However, in more advanced oxidation stages, oxidized lipid compounds formed can react with

DPPH radicals, interfering with the absorbance.

Our results corroborate Raba et al. (2015) and Yeo et al. (2010) because the free radicals
generated first reacted with the antioxidant compounds from the coffee oil samples and the
remaining antioxidants reacted with the DPPH. Thus, the free radicals formed by the oxidation
of lipids also reacted with DPPH, inducing an increase in the percentage of DPPH inhibition
and, consequently, in the FRSA (%). Overall, these values obtained from DPPH absorbance
can determine the degree of lipid oxidation and the antioxidant activity in lipidic systems (Yeo

etal., 2010; Lee et al., 2007; Raba et al., 2015).

To Lee etal. (2007) and Raba et al. (2015), the DPPH method is not only a measure of
the number of oxidation products but is also directly related to the concentration of hydrogen-

donating antioxidants or lipidic radicals generated by thermo-oxidative processes. According
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to these authors, the changes in the percentage of DPPH inhibition in response to the formation
of free radicals in oxidized oils can be indicators to predict the stability of oils subjected to heat

stress.

Our results concerning FRSA corroborate the observations of Raba et al. (2015), where
the high contents of FRSA (%) present in the roasted coffee oils of hard and rio beverage
qualities also indicate a relationship with the initial oxidation state of these oils. Here we
highlight the processes of oil extraction through which the beans go through may provoke the

oxidation process, causing the formation of oxidation products.

According to Amorim and Silva (1968), some chemical compounds of the coffee beans
exert a protective antioxidant action. However, any adverse condition to the beans, such as
damage caused by insects, mechanical injuries, infection by microorganisms, inadequate
harvesting, processing problems and storage, cause the polyphenol oxidase enzymes to act on
these compounds with antioxidant action, triggering their oxidation process (Mazzafera et al.,
2002; Carvalho et al., 1994; Souza et al., 2013; Pimenta et al., 2018). Hard and rio beverage
quality beans probably went through a degree of oxidation during their processing that led to

higher percentages of FRSA (%) in their oils (Raba et al., 2015).

The results for antioxidant capacity using the ABTS methodology (Table 1) represent
that there was no high variation between the values (39.78 to 68.29 umol TEAC/g of oil). The
oil samples displayed no statistical differences between soft and rio beverage qualities,
however, for the hard oil, the antioxidant values of roasted oils were higher than the green ones.
The ABTS method presented the best antioxidant capacity values for the medium roast oils in

all beverage qualities.

To Sacchetti et al. (2009), the medium roasting degree provides increased antioxidant

capacity due to increased antioxidant activity of the non-phenolic fraction (Perrone et al., 2012;
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Vignoli et al., 2011). However, dark roast oils presented an antioxidant capacity reduction
probably caused by instability and loss of the phenolic fraction due to the variables of the oil

extraction process (Panusa et al., 2013; Ramalakshimi, 2009).

The use of moderately high temperatures characteristic of medium roasting processes
produces melanoidins reported as compounds responsible for the antioxidant capacity in the
high molecular weight fractions isolated from roasted coffee (Daglia et al., 2000; Liu and Kitts,
2011; Perrone et al., 2012). Besides, some volatile heterocyclic compounds produced during

roasting also have high antioxidant potential (Yanagimoto et al., 2004; Shinghara et al., 1998).

Therefore, as this study indicates, a high antioxidant capacity in roasted coffee oil may
not be related exclusively to the phenolic fraction, but rather to the presence of elements, such
as hydrogen donor antioxidant compounds or lipidic radicals and products generated in the

roasting process, such as melanoidins and volatile heterocyclic compounds.
3.2 Determination of bioactive compounds present in oils
Table 2 shows the contents of caffeine, trigonelline and chlorogenic acids in the oils.

Table 2. Contents of caffeine, trigonelline and chlorogenic acids in coffee oils (mg/100g of dry

extract = SD).
Samples Caffeine Trigonelline Chlorogenic acids
Green coffee soft 207.25 + 4.75? 0.33 +0.012 1.14 + 0.022
beverage oil
Green coffee hard 351.03 + 818" 0.29 + 0.01% 0.69 + 0.03"
beverage oil
Green coffee_rlo 27373 + 4.18° 0.31 + 0.00% 0.30 + 0.01¢
beverage oil
Light roast soft 192 53 + 6.742 0.32 + 0.042 0.09 + 0.01¢
beverage oil
Light roast hard 334.74 + 1.30 0.28 + 0.01% 0.14 + 0.03¢f
beverage oil
Light roast rio 269.38 + 7.73° 0.25 + 0.05P 0.16 + 0.01f

beverage oil
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Medium roast soft

b - 184.12 + 6.60? 0.03 £ 0.00°¢ 0.07 + 0.00%
everage oil
Medium roast _hard 336.45 + 4.97° 0.05 + 0.00° 0.09 + 0.00%
beverage oil
Met:)dlum roast rio 266.11 + 4.10° 0.03 + 0.00° 0.04 + 0.00%
everage oil
Dark roast spft 205.18 + 5.20° 0.02 + 0.00° 0.04 + 0.00%
beverage oil
Dark roast hard 338.15 + 1.19" 0.02 + 0.00° 0.04 + 0.00%
beverage oil
Dark roast r.|0 275.13 + 1.09° 0.01 + 0.00¢ 0.02 + 0.009
beverage oil

Table 2 shows the contents of caffeine, trigonelline and chlorogenic acids (mg/100g of
dry extract) present in the coffee oil samples. The caffeine content did not show high variation
(184.12 to 351.03 mg/100g dry extract). Oil samples of the same coffee quality were
statistically equal with the highest levels found for hard beverage oils. According to Kathurima
et al. (2009) and Dessalegn et al. (2008), caffeine content has no direct correlation with
beverage quality. To Farah (2012), caffeine is highly dependent on the coffee species and does
not significantly change during the coffee bean roasting process due to the molecule's thermal
stability. Here, it is worth mentioning that the coffee samples from the same beverage quality
for this study came from different locations, which may have probably resulted in the difference

in caffeine content of the oils.

As to the absolute contents of trigonelline and chlorogenic acids, the green and light
roast oils had the highest contents, especially the green soft beverage oil. On the other hand, the
medium and dark roast oils displayed the lowest values, mainly the dark roast rio beverage oil.
The results report a reduction in the contents of trigonelline (soft 93.32%, hard 92.64% and rio
96.03%) and chlorogenic acids (soft 96.14%, hard 93.85% and rio 91.83%) as the roasting

intensity increases.
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Trigonelline content depends on the species, time, and temperature of roasting, whose
degradation during the process is a relevant characteristic. The light roasting process did not
cause a high drop in trigonelline concentrations, these values being close to the levels obtained
in green oils for all beverages. However, trigonelline in medium and dark roasts suffered a
process of thermal degradation into volatile compounds such as pyridines, N-methylpyrrole and
nicotinic acid, a fact described by other authors (De Maria et al., 1999; Casal et al., 2000; Trugo

and Macrae, 1984; Vignoli et al., 2014).

Concerning the content of chlorogenic acids, the green, soft, hard and rio oils were
statistically different, with the soft beverage oil presenting the highest values. The green oils
had the highest contents of chlorogenic acids, whereas the roasted ones displayed lower
contents, especially the rio quality oils. The other soft and hard oils had considerable contents
of chlorogenic acids demonstrating their antioxidant potential, nonetheless, the roasting process
that leads to a decrease in their content also contributes to the formation of the final aroma and
flavor of roasted coffee (Trugo & Macrae, 1986). These oils, even at lower concentrations,
possess a certain content of chlorogenic acids and are therefore capable of promoting some
increase in these compounds; besides the expressive aromatic potential already shown in other

studies (Vignoli et al., 2014; Oliveira et al., 2011; Frascareli et al., 2012).

In summary, caffeine content was stable in oils from the same beverage quality.
Trigonelline contents in green and light roast oils for all beverage qualities was close one
another, which demonstrates that the milder roast does not cause high degradation. The contents
of chlorogenic acids degraded in the roasting process caused the roasted oils of hard and soft

beverage qualities to present lower values, yet expressive compared to the rio ones.

3.3 Principal Component Analysis and Pearson Correlation
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Principal component analysis (PCA) was performed to verify the relationship between
antioxidant activity and bioactive composition of coffee oil samples. The first two principal

components represented 69.26% of the total variation.
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Figure 4. Analysis of principal components corresponding to coffee oil samples and their respective antioxidant activity and
bioactive composition. Samples: green coffee soft beverage (GS), green coffee hard beverage (GH), green coffee soft beverage
(GR), light roast soft beverage (LRSB), light roast hard beverage (LRHB), light roast rio beverage (LRRB), medium roast soft
beverage (MRSB), medium roast hard beverage (MRHB), medium roast rio beverage (MRRB), dark roast soft beverage
(DRSB), dark roast hard beverage (DRHB) and dark roast rio beverage (DRRB); chemical composition: phenolic compounds
(FC), ABTS analysis (ABTS), DPPH analysis (DPPH), caffeine (CE), chlorogenic acids (CA) and trigonelline (TR).

Principal component 1 was mainly characterized by the contents of DPPH, ABTS,
chlorogenic acids and trigonelline. Principal component 2 was better explained by the phenolic
compounds and caffeine. As reported in Figure 4, the green oils located at the top have the
highest levels of chlorogenic acid, trigonelline. Roast soft beverage oils had high contents of
phenolic compounds. Concerning caffeine, the roast hard beverage oils were close to one
another, showing higher values. Regarding the antioxidant activity, both the ABTS and DPPH

of the roast oils from the rio beverage exhibited the most expressive contents.
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Figure 5. Pearson correlation (r) at oo = 0.05. Chemical composition: phenolic compounds (FC), ABTS analysis (ABTS), DPPH
analysis (DPPH), caffeine (CE), chlorogenic acids (CA) and trigonelline (TR).

Figure 5 shows the positive Pearson correlations between the following substances:
phenolic compounds and trigonelline, DPPH and trigonelline, and ABTS and caffeine, with the
correlations between DPPH and ABTS (0.344), and trigonelline and chlorogenic acids (0.619)

as the most expressive.

However, in the matrix of coffee oils from different beverages, especially in the roasted
ones, it is difficult to observe a straight correlation between the antioxidant activity and the
content of potential bioactive compounds due to the variation in the extraction process that
directly interferes with the chemical composition of the oil and the simultaneous degradation
and formation of different compounds in the process. This fact can be observed in low and also
negative values found in the correlations between phenolic compounds and trigonelline (0.027),
DPPH and trigonelline (0.011), ABTS and caffeine (0.047), phenolic compounds and caffeine
(-0.747), phenolic compounds and chlorogenic acids (-0.081), DPPH and caffeine (-0.247),
DPPH and chlorogenic acids (-0.004), ABTS and trigonelline (-0.576) and ABTS and

chlorogenic acids (-0.820).
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By observing the samples of rio beverage oils with high antioxidant activity, it is
noticeable that their bioactive contents, especially of the chlorogenic acids and trigonelline, are
inexpressive, nevertheless, with considerable caffeine content. Some studies suggest that the
antioxidant activity may be related to a higher caffeine content (Lopez-Galilea, De Pefia and
Cid, 2007; Vignoli et al., 2011; Vignoli et al., 2014; Pérez-Hernandez et al., 2012). Therefore,
the antioxidant capacity of different coffee oils is probably not only related to their bioactive
content but also to the formation and presence of several other compounds (Raba et al., 2015;
Vignoli et al., 2014; Borreli et al., 2002; Wang et al., 2011) be related to coffee processing,
such as the extraction method and the roasting process for the roasted oils (Raba et a., 2015;

Budryn et al., 2012).
4. Conclusion

Samples of coffee oils from different green beverages and roasting degrees showed
remarkable antioxidant potential, which is probably a consequence of the species, location,
extraction method and processing conditions of the oils. Caffeine was stable in all oils, whereas
trigonelline was degraded in oils extracted from coffees of more severe roasts (medium and
dark), as for chlorogenic acids, there was degradation in roasted oil samples compared to the
green ones. Coffee oils from superior beverage quality presented higher contents of trigonelline
and chlorogenic acids regardless of the condition of the beans at the time of the oil extraction.
The high antioxidant capacity obtained in roasted rio beverage oils is not exclusive of the
bioactive contents of trigonelline and chlorogenic acids and, therefore, must be influenced by
other compounds formed in the coffee oil processing. Green and roasted soft and hard beverage

oils contain considerable fractions of antioxidant and bioactive compounds.
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Capitulo V- Use of coffee oil in yogurts and determination of phenols and antioxidant

capacity

O quinto capitulo relata a adicao do 6leo de café em iogurtes e a avaliacdo da capacidade
antioxidante, composi¢do fendlica durante o periodo de armazenamento, além da verificacéo

microbioldgica e aceitacdo sensorial da bebida.

ABSTRACT

Coffee is a product with high worldwide representation and the use of its by-products
has been gaining market share. In the present study, yogurt formulations containing oils from
green and roasted Arabica coffee of light, medium and dark roasts from batches scored as soft,
hard and rio beverages were processed and chemically analyzed concerning the phenolic
substances, antioxidant capacity and total titratable acidity during the product storage time. The
total titratable acidity of the formulations increased with the increase of bacterial lactic acid,
decrease of beverage quality, and increase in roasting intensity. The addition of coffee oils
increased the yogurts phenolic content over the storage time. The DRRB formulation (yogurt
containing coffee oil from the dark roast beans of rio cup quality) had higher phenolic content
and preserved its content during storage. The antioxidant capacity of dark roast formulations
showed high values compared to the standard, this suffered direct interference from the
phenolic-protein interaction causing increase and decrease in different formulations, showing
the importance of sample conditions (interaction) at the time of analysis. All formulations were
within microbiological standards. In general, the formulations containing oils in dark soft and
hard beverage roasts had better sensory acceptance, in addition to having a positive purchase
intention. Therefore, roasted coffee oils are a promising food source for use in other food

formulations.

Index terms: coffee yogurt; phenolic compounds; antioxidant activity; sensory.
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RESUMO

O café constitui um produto com elevada representatividade mundial e a utilizacao de
seus subprodutos vem ganhando participacdo no mercado. No presente estudo 6leos de café
arabica verde e torrado em torras clara, media e escura obtidos de cafés de bebida mole, duro e
rio foram adicionados em formulagGes de iogurtes. Os iogurtes foram processados e 0s 6leos
adicionados assim quantificou-se as substancias fenolicas, a capacidade antioxidante e acidez
total titulavel no decorrer do tempo de armazenamento por meio de analises quimicas. Foram
também verificadas as condigdes microbioldgicas e sensoriais. A acidez total titulavel das
formulagcbes aumentou de acordo com a elevacdo das bactérias lacticas, piora da qualidade da
bebida e aumento da intensidade de torra. A adi¢do dos 6leos aumentou o contetdo fenélico
dos iogurtes. A formulacdo TEBR (iogurte adicionado de 6leo de café em torra escura de bebida
rio) apresentou maior conteudo fenolico e melhor preservou durante o armazenamento. A
capacidade antioxidante das formula¢Ges em torra escura apresentaram elevados valores em
relacdo ao padréo, esta sofreu interferéncia direta da interacdo fendlicos- proteina causando
aumento e diminuicdo em diferentes formulagdes, exibindo a importancia das condi¢des da
amostra (interagdo) no momento da analise. Todas as formulag@es estavam dentro dos padrdes
microbiologicos. Em geral, as formulagdes contendo éleos em torra escura de bebida mole e
duro tiveram melhor aceitacdo sensorial, além de ter apresentado intencdo de compra positiva.
Portanto, os 6leos de café torrados constituem uma fonte alimenticia promissora para utilizacao

em outras formulacGes alimentares.

Termos para indexacdo: logurte de café; compostos fenolicos; atividade antioxidante;

sensorial.
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INTRODUCTION

Plants produce a plethora of secondary metabolites, among which the phenolic
compounds, due to their antioxidant, anti-inflammatory, anti-mutagenic and anticoagulant
properties have been highlighted (Karaaslan et al., 2011; Fresco et al., 2010; Han et al. 2007;
Loke et al., 2010; Pimpley e Murthy, 2021; Vu et al., 2021). Some by-products of the coffee
industry have been used as active ingredients in many products to increase oxidative stability
and the content of phenolic compounds (Wagemaker, 2015; Swieca et al., 2017; Zain, Baba and
Shori, 2018; Donmez et al. al. 2017). The vegetable oil extracted from coffee is mainly
composed of triacylglycerols with fatty acids and has a composition like that found in common
edible vegetable oils (Speer; Kolling-Speer, 2006). According to Raba et al. (2015), there is a
growing interest in the antioxidant and antimicrobial properties of coffee oil as a food ingredient

since it can improve the preservation of a food formulation.

Vignoli et al. (2014) and Voytena et al. (2018) point out that although green coffee oil
has wide dissemination in the industry, roasted coffee oil also has a high potential to be studied.
Ferrari et al. (2010) claim that the roasted coffee oil promotes a very stable emulsion compared
to pure vegetable oils since roasting (concerning possible changes in lipid components),
unsaponifiable compounds, liposoluble aromatic compounds, Maillard reaction products may

represent additional sources of surface-active compounds that facilitate stabilization.

Yogurt is a fermented dairy product with important nutritional characteristics,
nonetheless, not considered a significant source of phenolic compounds (O'Connel, Fox; 2001;
Karaaslan et al., 2011). Some factors can interfere with the level of phenolics present in yogurts,
such as cattle feed, contamination in the production line through sanitizing agents, and bacterial
decomposition of milk proteins (O'Connel, Fox; 2001). Therefore, the use of other food

ingredients constitutes an alternative to increasing the phenolic content in yogurts.
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According to Jakobek (2015) polyphenols can interact with proteins, resulting in the
formation of a protein-polyphenol complex. Many researchers have already discussed the
formation of this complex (Siebert et al., 1996; Jobstl et al., 2004; Richard et al., 2006; Donmez
etal., 2017; Shalaby e Elhassaneen, 2021). Duarte and Farah (2011) suggested that interactions
between milk constituents and coffee polyphenols can harm the bioavailability of coffee
polyphenols in humans. For Beril et al (2020) several factors affect the bioavailability of
phenolic compounds, and the most relevant is the food matrix, but it is known that polyphenol
protein interactions are influenced by several factors such as temperature, pH, type and

concentration of food components and phenolic compounds.

However, studies suggest additional positive effects of the polyphenol-protein
interactions. According to Shpigelman et al. (2010), the proteins are good polyphenol carriers
in the gastrointestinal tract, and the complexes formed can protect the polyphenols against
oxidative degradation. On the other hand, the association between polyphenols and proteins can
affect the antioxidant activity of polyphenols as mentioned by Hasni et al. (2011) and, according
to other authors, this association in the presence of milk proteins can mask the antioxidant

activity of polyphenols (ARTS et al., 2002).

For Donmez et al. (2017), the polyphenols present in coffee can interact with the yogurt
casein micelles and, through this protein-polyphenol interaction, promote the strength of the
casein network and help stabilize the structure of the final product, in addition, Shalaby and
Elhassaneen (2021) show that the supplementation of yogurts with coffee-based extracts can

intensify the antioxidant activity, causing beneficial effects on health.

Thus, this work aimed to increase the phenolic content of yogurt using coffee oil from
raw beans (green) and roasted at different roasting points, in addition to these oils coming from

coffees with different qualities aiming at beneficial effects on human health.
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MATERIAL AND METHODS
Production Yogurts with Coffee Oils

The yogurts were processed at the Instituto Federal de Educacdo, Ciéncia e Tecnologia
do Sul de Minas Gerais- Campus Inconfidentes. The coffee-flavored yogurts were formulated
using fresh milk, sugar, traditional yeast culture (Rica Nata® lactic yeast - containing cultures

of Lactobacillus bulgaricus and Streptococcus thermophilus) and coffee oils.

Figure 1 shows the yogurt production flowchart:

Pre-treatment of milk (50 Litres)
(63°C/ 30 min.)

!
Homogenization (Addition of 5 kg of sugar)

!

Heat treatment (83°C/30 min.)
!

Cooling to 43°C

!

Yeast inoculation (1.2 grams)
!

Tank incubation (6 hours)
!
Cooling (54 liters of yogurt)
!
Fractionation of 4 liters of yogurt per formulation

!

Addition of roasted coffee oils
!

Homogenization
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!
Filling (one-liter-opaque-polyethylene containers) and

Storage (2-10°C)

Graph 1. Flowchart of coffee-flavored yogurt preparation.

Approximately 4.15 liters of the product were processed per formulation, with the
addition of coffee oils separately, followed by homogenization and the filling of recipients. The

formulations were defined according to Table 1:

Table 1. Amount(g) of coffee oil present in 1 liter of each yogurt formulation.

Formulation Coffee oil concentration (g/L.)
S- Standard 0

GM- Formulation 1 4.45 green coffee, soft beverage
GH- Formulation 2 4.45 green coffee, hard beverage
GR- Formulation 3 4.45 green coffee, rio beverage
LRSB- Formulation 4 4.45 light roast, soft beverage
LRHB- Formulation 5 4.45 light roast, hard beverage
LRRB- Formulation 6 4.45 light roast, rio beverage
MRSB- Formulation 7 4,45 medium roast, soft beverage
MRHB- Formulation 8 4,45 medium roast, hard beverage
MRRB- Formulation 9 4,45 medium roast, rio beverage
DRSB- Formulation 10 4,45 dark roast, soft beverage
DRHB- Formulation 11 4,45 dark roast, hard beverage
DRRB- Formulation 12 4,45 dark roast, rio beverage

Caption: S- standard formulation, GM- yoghurt added with green coffee oil soft drink, GH- yoghurt added with
green coffee oil hard drink, GR- yoghurt added with green coffee oil rio drink, LRSB- yoghurt added with coffee
oil roasting clear soft drink, LRHB- yoghurt added with coffee oil roasting light hard drink, LRRB- yoghurt added
with coffee oil light roasting rio drink, MRSB- yoghurt added with coffee oil medium roasting soft drink, MRHB-
yoghurt added with coffee oil coffee roast medium hard drink, MRRB- yoghurt added with coffee oil medium
roast drink rio, DRSB- yoghurt with added coffee oil dark roast soft drink, DRHB- yoghurt added with coffee oil
dark roast hard drink, DRRB- yoghurt added with coffee oil coffee oil roasting dark drink rio.

Microbiological Analyses

Microbiological analyses concerning molds and yeasts (ISO 21527-1 and 2:2008), and
lactic bacteria (APHA, 2001) and coliforms at 30°C and 45°C (I1SO 4832:2006) were carried
out a day after processing the product to verify its sanitary condition with results expressed in

Colony Forming Units per gram of yogurt UFC/g.
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Total Titratable Acidity

The total acidity (TA) of the samples was determined by means of titrations with
standardized 0.01 N NaOH solutions and phenolphthalein as the indicator, following the
analytical standards of Instituto Adolfo Lutz (2008). Each measurement was conducted in
triplicate during days 0, 15 and 30 days after the yogurts processing. TA was expressed in grams

of lactic acid per 100g of sample.

Yogurt extracts

The extracts were obtained at 0 and 30 days, according to Karaaslan et al. (2011), with
modifications. The preparation used 40g of yogurt mixed with 60mL of acidified methanol
(methanol containing 200 pL of concentrated HCI). Then the mixture was left for overnight
incubation at 4°C. The mixture was filtered using the Whatman #1 filter paper, and the

remaining residue washed with HCI acidified methanol until colorless.

Finally, this extract was set apart to determine the phenolic compounds and antioxidant

activity by DPPH and ABTS at 0 and 30 days after processing.

Total Phenolic Compounds

The content of phenolic compounds in the yogurts was assessed using a method adapted
from Slinkard and Singleton (1977). Samples of 0.03 ml of the extract along with 2.370 ml of
distilled water and 0.15 ml of Folin-Ciocalteu reagent were poured into test tubes, being then

vigorously shaken.

After 8 minutes, 0.45mL of saturated NaCO3 was added to the samples, which were
shaken again and left for 30 minutes in the dark at room temperature. Absorbance was measured

at 750nm, and the content of phenolic compounds was determined using a standard curve with
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gallic acid (detection range 2.5-125ug/mL). The results were expressed in mg of gallic acid

equivalent per kg of yogurt.

Free radical scavenging activity - DPPH

The free radical scavenging activity of the extracts was determined by a modified DPPH
assay (1,1-diphenyl-2-picrylhydrazyl) as described by Blois (1958). A solution of 0.1mM
DPPH in ethanol was prepared and added to 0.1ml of the yogurt extracts at various
concentrations (667-6670mg/ml). After the addition of 2.9mL of DPPH, the samples were
incubated for 30 minutes in the dark. Absorbance was at 517 nm and the free radical scavenging
activity (FRSA) was calculated based on Equation 1:

FRSA (%) = Ac- As x 100 (Equation 1)
Ac
Where Ac represents the absorbance of the DPPH solution (control solution) and As is the

absorbance of the sample.

A Trolox calibration curve was prepared (detection range 0.01 - 2.00 mM) and the
results expressed as Trolox-equivalent antioxidant capacity (TEAC, pumol/g yoghurt) and as

FRSA (%).

Total antioxidant activity by the ABTS+ radical

The total antioxidant activity by the ABTS+ radical (2,2'-azinobis-(3-
ethylbenzothiazoline-6-sulfonic acid) radical) was determined using the methodology of
Babbar et al. (2011) with modifications. Initially, two aqueous solutions of ABTS (7mmol/L)
and potassium persulfate (2.45mmol/L) were prepared. Both solutions were mixed in the same

proportion and stored in an amber flask for 16 hours at room temperature, giving rise to the
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ABTS+ solution. The ABTS+ solution used in the analysis was diluted in ethanol until it

reached a reading of approximately 700 to 734nm.

Then 1.9 mL of ABTS+ solution was added to 100 puL of yogurt extracts to be analyzed.
Samples were shaken vigorously and kept in the dark for 10 minutes at room temperature. The
readings were taken at 734nm using ethanol as the blank and compared to the standard Trolox
curve (detection range 1-50 pg/mL). Finally, the results were expressed as Trolox-equivalent

antioxidant capacity (TEAC, umol/g yogurt).

Sensory analysis

The The sensory analysis was carried out only after approval by the Research Ethics
Committee (CEP) of the State University of Campinas (Unicamp) under Opinion number:

4.711.465, in a home environment due to the Covid-19 pandemic.

Acceptance, purchase intent and ideal tests were carried out on two consecutive days in
two daily sessions when the participants sampled the products twice (Stone, Sidel; 1993). The
samples were randomly and unbiasedly presented (Wakeling, Macfie, 1995), 30mL of sample
in 50mL disposable cups coded with properly sealed three-digit numbers. The sampling
sessions happened in the morning from 9 to 11 am and in the afternoon from 2 to 5 pm, when
the tasters were instructed to taste seven and six formulations in each session, respectively.
These analyses were carried out according to how long the tasters usually drink coffee. The
research participant was asked to leave a glass of water available and an internet device to fill

in the online forms during the test.

Fifty participants took part in the tests, and for the acceptance one, the tasters evaluated
the attributes of appearance, aroma, taste, texture, homogeneity and overall impression using a
nine-point hedonic scale varying from 1 to 9 where 1- extremely disliked and 9- extremely liked

(Stone, Sidel; 1993). Purchase intent about the samples was determined using a five-point scale
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varying from 1 - would certainly not buy to 5 - would certainly buy (Meilgaard; Civille; Carr,
1987). The ideal test verified the sample with the ideal coffee flavor and aroma through a
structured scale varying from -4 - extremely less than ideal to +4 - extremely more than ideal,

according to Stone and Sidel (1993).

Statistical analysis and chemometric

The results obtained in this study correspond to the mean from three repetitions + the
standard deviation. The data were analyzed with analysis of variance (ANOVA) using the
statistical software program Sisvar developed by Ferreira (2014). The means were compared
by Tukey's honestly significant difference at a 5% probability level (p < 0.05). A principal
component analysis (PCA) and a hierarchical cluster analysis (HCA) were applied using the
statistical software Past version 4.03 for sample analysis. PCA was applied to separate the
samples according to variable values based on linear correlations. The HCA was performed to
assess the similarities between the samples according to the analyzed variables. Thus, sample
similarities were calculated based on the Euclidean metric and Ward's method was used to form

and suggest groups of similar samples.

RESULTS AND DISCUSSION

Microbiological analysis

The results of the microbiological analyses displayed in Table 2 do not show any
statistical differences at the 5% level between the samples for molds and yeasts, coliforms at
30°C and 45 °C and lactic acid bacteria. The microbiological quality of yogurt met the Brazilian
Technical Regulation (Brasil, 2007). It is worth mentioning that the yogurt processing steps for

this study were carried out in good hygienic-sanitary conditions in a dairy factory that already
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produces and commercializes yogurts in different flavors. This situation facilitated the

achievement of quality coffee-flavored yogurt for this work.

Table 2. Microbiological analysis of yogurt samples with coffee oil, £ SD (n = 3).

Samples Molds and Coliforms to Coliformsto  Lactic Bacteria
Yeasts * 30°C* (UFC/g) 45°C* * (UFC/g)
(UFC/g) (UFClg)

S <1.0x10% <1.0x10% <1.0x 10% 2.1x107a
GS <1.0x10% <1.0x10% <1.0x 10% 6.6 x 107a
GH <1.0x10% <1.0x10% <1.0x 10% 1.1x10%a
GR <1.0x10% <1.0x10% <1.0x 10% 1.3x107%a

LRSB <1.0x10% <1.0x10% <1.0x 10% 5.3x107a
LRHB <1.0x10% <1.0x10% <1.0x10% 5.5x 107a
LRRB <1.0x10% <1.0x10% <1.0x10% 4.3x107a
MRSB <1.0x10% <1.0x10% <1.0x 10% 3.9x107a
MRHB <1.0x10% <1.0x10% <1.0x 10% 1.6x 107a
MRRB <1.0x10% <1.0x10% <1.0x 10% 14x 107
DRSB <1.0x10% <1.0x10% <1.0x 10% 7.6x107a
DRHB <1.0x10% <1.0x10% <1.0x10% 1.2x107a
DRRB <1.0x10% <1.0x10% <1.0x10% 42x10a

Caption: S- standard formulation, GM- yoghurt added with green coffee oil soft drink, GH- yoghurt added with
green coffee oil hard drink, GR- yoghurt added with green coffee oil rio drink, LRSB- yoghurt added with coffee
oil roasting clear soft drink, LRHB- yoghurt added with coffee oil roasting light hard drink, LRRB- yoghurt added
with coffee oil light roasting rio drink, MRSB- yoghurt added with coffee oil medium roasting soft drink, MRHB-
yoghurt added with coffee oil coffee roast medium hard drink, MRRB- yoghurt added with coffee oil medium
roast drink rio, DRSB- yoghurt with added coffee oil dark roast soft drink, DRHB- yoghurt added with coffee oil
dark roast hard drink, DRRB- yoghurt added with coffee oil coffee oil roasting dark drink rio.

*indicates a significant difference between samples by Tukey's test (5%). Means (+ standard deviation) followed
by different lowercase letters in the same column differ from each other by Tukey's test (p<0.05).

Total Titratable Acidity

The values of the yogurt acidity at 0, 15 and 30 days of storage are in Table 3. There
was no significant difference between the formulations in the evaluated times. However, there
was a difference at the 5% probability level for the GS and DRHB formulations concerning the

storage days. The GS was the same during the times 0 and 15 days, but these differed from the
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30-day time. The DRHB formulation was significantly equal at times 0 and 15 days, as well as
times 15 and 30 days, the formulations then showed differences between the times 0 and 30

days of storage.

The total titratable acidity contents ranged from 0.78 to 1.28 g of lactic acid/100g. It is
possible to observe a slight increase in the acid content over the storage time, probably due to
the continuous metabolic activity of lactic acid bacteria even after fermentation (Karaaslan et

al., 2011).

The total titratable acidity obtained in the yogurts is strictly related to the coffee oil
acidity, which, in turn, is directly influenced by the cup quality (soft, hard and rio) and the
roasting process applied. It is possible to verify that the formulations containing green coffee
oils from Rio cup exhibit higher acidity levels than the others since poorer quality coffees have
higher concentrations of organic acids in their composition and, therefore, exhibit higher acid

content (Abrah&o et al. 2010; Franca et al. 2005).

The roasting process promotes the formation and decomposition of acids, for example,
there is a detrimental reduction in citric and malic acids at increasing others, especially volatile
ones (Pimenta and Vilela, 2003). It is worth mentioning that the acidity of the yogurt
formulations with the coffee oils was influenced by the lactic bacteria present in the beverage,
by the oil acidity that is directly related to the cup quality of the beans, and the state of the beans
(green, light, medium or dark roast) in the extraction. Furthermore, the associations regarding
the processing of the coffee culture must be portrayed, considering genetic and environmental

factors, pre- and post-harvest management conditions (Abrahao et al., 2008; Borém, 2008).

Table 3. Total titratable acidity (TTA) values (as lactic acid) of yogurt samples, + SD ( n = 3).

TTA*
(g lactic acid/100 g)
Times (days) 0 15 30
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S 0.92 + 0.15aA 1.10 + 0.01aA 1.28 + 0.03aA
GS 0.78 + 0.16aA 0.82 + 0.21aA 1.15+0.13aB
GH 0.90 + 0.32aA 1.00 + 0.13aA 1.26 + 0.12aA
GR 1.08 + 0.06aA 1.12 + 0.19aA 1.13 + 0.03aA
LRSB 1.21 + 0.07aA 0.99 + 0.133A 1.17 + 0.19aA
LRHB 1.03 + 0.20aA 1.05 + 0.05aA 1.09 + 0.08aA
LRRB 0.95 + 0.38aA 0.96 + 0.14aA 1.19 + 0.03aA
MRSB 0.93 + 0.01aA 1.19 + 0.15aA 0.99 + 0.25aA
MRHB 0.95 + 0.01aA 1.09 + 0.05aA 1.15+ 0.07aA
MRRB 0.78 + 0.00aA 0.89 + 0.10aA 1.21 +0.19aA
DRSB 1.16 + 0.04aA 0.99 + 0.07aA 1.26 + 0.03aA
DRHB 0.86 + 0.00aA 1.13 + 0.03aAB 1.27 +0.07aB
DRRB 0.98 + 0.01aA 1.09 + 0.11aA 1.23 + 0.22aA

Caption: S- standard formulation, GM- yoghurt added with green coffee oil soft drink, GH- yoghurt added with
green coffee oil hard drink, GR- yoghurt added with green coffee oil rio drink, LRSB- yoghurt added with coffee
oil roasting clear soft drink, LRHB- yoghurt added with coffee oil roasting light hard drink, LRRB- yoghurt added
with coffee oil light roasting rio drink, MRSB- yoghurt added with coffee oil medium roasting soft drink, MRHB-
yoghurt added with coffee oil coffee roast medium hard drink, MRRB- yoghurt added with coffee oil medium
roast drink rio, DRSB- yoghurt with added coffee oil dark roast soft drink, DRHB- yoghurt added with coffee oil
dark roast hard drink, DRRB- yoghurt added with coffee oil coffee oil roasting dark drink rio.

*indicates a significant difference between samples by Tukey's test (5%). Means (+ standard deviation) followed
by different lowercase letters in the column differ from each other by Tukey's test (p<0.05) and means followed
by different capital letters in the same line differ from each other by the t-test (p<0.05).

Total Phenolic Compounds and Antioxidant Capacity

The determination of phenolic compounds was performed in the yoghurt formulations
and the results obtained after analysis were shown in Table 4. At time O days, the highest
phenolic content was found in the DRRB formulation while the lowest one in the standard
sample (P). The formulations showed no statistical difference at the 5% significance level in
the content of phenolic compounds. However, it is possible to observe an increase in the
phenolic content ranging from 54.82% (DRRB formulation) to 9.21% (MRSB formulation)

compared to the standard formulation.

Concerning the phenolic compounds at the 30-day time, the highest content was
presented by the GS formulation, which was statistically equal to the GR, LRHB, MRSB,
MRHB, MRRB, DRSB, DRHB and DRRB formulations and different from the standard, LRSB

and LRRB ones which displayed the lowest contents.

The statistical analysis performed between the times showed that only the GH, LRSB,

LRRB and DRSB formulations were statistically different at the 5% significance level between
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times 0 and 30 days. These formulations showed high percentages of phenolic compounds
reduction at 30 days (GH = 85.71%, LRSB = 83.33%, LRRB = 85.71% and DRSB = 80.00%).

The GH, LRSB and LRRB formulations exhibited greater reduction than the standard one.

The standard sample (P) obtained an 81.80% reduction in its phenolic composition over
the 30 days of storage. The GS, LRHB and DRHB formulations showed the lowest percentages
of reduction with 53.57%; 69.23% and 69.23% respectively, these samples were able to
promote better conservation of the phenolic content during storage. The other samples showed
reduction percentages with an average of 77.11%. Nonetheless, when observing the absolute
values of the phenolic compounds, it is noticed that the samples added with coffee oils still had
a greater phenolic content compared to the standard one, even at the end of the storage time.
Similar results were found in yogurt added with green coffee extract (Donmez et al., 2017),
wheat bread added with flour of ground green coffee (Dziki et al, 2015; Swieca et al., 2017
Zain, Baba and Shori, 2018) and yogurt fortified with grape (peduncle and fruit) extract

(Karaaslan et al., 2011).

A widely used method to determine the antioxidant capacity of a compound is Folin-
Ciocalteu. This assay is used as a measure of total phenolics in natural products, but the basic
mechanism is an oxidation/reduction reaction and as such it can be considered an in vitro
antioxidant activity method (PRIOR; XIANLI; SCHAICH, 2005).Total phenols by Folin-
Ciocalteu probably express not only the free compounds, but also compounds associated with
the melanoidin structure, evaluating globally the contribution of phenolic components to the

antioxidant activity (ALMEIDA; BENASSI, 2011).

The Rio-cup-dark-roast-coffee oil promoted a higher phenolic content in the yogurt
samples, while the oils from soft and hard beverages of light and dark roasts provided better

preservation of the phenolic composition after the storage. Coffee contains compounds that are
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natural constituents as well as others formed during the roasting process, such as caffeine,
chlorogenic acids, hydroxycinnamic acids and Maillard reaction products (Esquivel, Jiménez,
2012). The roasting process causes a loss of phenolic compounds for the ground roasted Arabica
and Robusta coffees (Vignoli et al., 2014, Prior et al., 2005). Nevertheless, the evidence
demonstrates that coffees with the worst cup quality have higher levels of phenolic compounds
(Pinto et al., 2001; Abrahéo et al, 2010). The formulations that were composed of green and
roasted coffee oils containing Rio cup quality coffees had high phenolic contents in 0-day time,
presumably the roasting process may interfere in the phenolic concentration of the formulations,
nonetheless, we can infer that the coffee cup quality was determinant in the yogurt by the

highest phenolic content in those containing Rio coffees.

Table 4. Phenolic composition and antioxidant capacity by ABTS in yogurt formulations, = SD (n = 3).

Samples Phenolic compounds* (mg/Kg) ABTS** (umol/g)
Time 0 30 0 30
(days)

S 82.30 + 31.74aA 14.97 + 10.31aA 28.27 + 3.56aA 35.27 + 4.25aA
GS 104.99 + 21.21aA 48.74 + 5.29bA 68.93 + 4.95bcA 41.49 + 8.35abcA
GH 104.95 + 20.31aA 14.99 + 2.35aB 66.77 + 9.91bdA 44.17 + 2.67abcA
GR 105.12 + 4.24aA 22.50 + 10.60abA 64.26 + 5.90bdeA 36.61 + 1.41abA

LRSB 89.92 + 21.19aA 14.99 + 2.57aB 58.92 + 2.11bdeA 96.64 + 6.09dB
LRHB  97.46 + 10.60aA 29.99 + 5.34abA 49.90 + 2.12defA 44.28 + 0.94abcA
LRRB 104.81 + 10.02aA 14.97 + 2.76aB 46.90 + 0.71aefA 59.19 + 2.82bcefA
MRSB  89.88 + 21.18aA 22.47 + 10.59abA 47.74 + 0.47efA 61.97 +5.19cefA
MRHB  97.42 + 10.59aA 22.48 + 10.59abA 49.57 + 0.71defA 51.85 + 0.31abcfA
MRRB  104.89 + 21.19aA 22.48 + 10.59abA 31.89 + 0.22afA 71.21 + 0.47¢fB
DRSB 112.46 + 10.60aA 22.49 + 10.60abB 64.42 + 8.97bdA 76.87 + 15.87deA
DRHB  97.39 +10.59aA 29.97 + 10.57abA 69.27 + 0.23bcA 71.76 + 9.59efA
DRRB 127.42 + 10.59aA 29.98 + 10.23abA 86.29 + 0.70cA 70.54 + 0.63efB

Caption: S- standard formulation, GM- yoghurt added with green coffee oil soft drink, GH- yoghurt added with
green coffee oil hard drink, GR- yoghurt added with green coffee oil rio drink, LRSB- yoghurt added with coffee
oil roasting clear soft drink, LRHB- yoghurt added with coffee oil roasting light hard drink, LRRB- yoghurt added
with coffee oil light roasting rio drink, MRSB- yoghurt added with coffee oil medium roasting soft drink, MRHB-
yoghurt added with coffee oil coffee roast medium hard drink, MRRB- yoghurt added with coffee oil medium
roast drink rio, DRSB- yoghurt with added coffee oil dark roast soft drink, DRHB- yoghurt added with coffee oil
dark roast hard drink, DRRB- yoghurt added with coffee oil coffee oil roasting dark drink rio.

*mg GAE- Gallic acid equivalent antioxidant capacity / mg gallic acid equivalent / grams of yoghurt.
**TEAC- Antioxidant capacity equivalent to Trolox / umol of Trolox equivalent / grams of yoghurt.

***indicates a significant difference between samples by Tukey's test (5%). Means (+ standard deviation)
followed by different lowercase letters in the column differ from each other by Tukey's test (p<0.05) and means
followed by different capital letters in the same line differ from each other by the t-test (p<0.05).
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Table 5. Antioxidant capacity by DPPH method of yogurt formulations, + DP ( n = 3).

Samples DPPH* (umol/g)
Time (days) 0 30
S 0.82 + 0.00aA 0.60 + 0.00aB
GS 1.26 + 0.00bA 1.34 + 0.01bcdeB
GH 1.23 + 0.04bA 1.30 + 0.00bcdA
GR 1.26 + 0.01bA 1.37 + 0.08bcdeA
LRSB 1.35 + 0.02bcA 1.40 + 0.04cdeA
LRHB 1.91 + 0.02dA 1.44 + 0.05deB
LRRB 1.35 + 0.01bcA 1.43 + 0.01cdeA
MRSB 1.33 + 0.06bcA 1.35 + 0.01bcdeA
MRHB 1.89 + 0.02dA 1.46 + 0.04deA
MRRB 1.44 + 0.05cA 1.26 + 0.00bcA
DRSB 1.35 + 0.02bcA 1.47 + 0.05eA
DRHB 1.93 + 0.03dA 1.36 + 0.01bcdeB
DRRB 1.41 +0.01cA 1.22 + 0.06bA

Caption: S- standard formulation, GM- yoghurt added with green coffee oil soft drink, GH- yoghurt added with
green coffee oil hard drink, GR- yoghurt added with green coffee oil rio drink, LRSB- yoghurt added with coffee
oil roasting clear soft drink, LRHB- yoghurt added with coffee oil roasting light hard drink, LRRB- yoghurt added
with coffee oil light roasting rio drink, MRSB- yoghurt added with coffee oil medium roasting soft drink, MRHB-
yoghurt added with coffee oil coffee roast medium hard drink, MRRB- yoghurt added with coffee oil medium
roast drink rio, DRSB- yoghurt with added coffee oil dark roast soft drink, DRHB- yoghurt added with coffee oil
dark roast hard drink, DRRB- yoghurt added with coffee oil coffee oil roasting dark drink rio.

*TEAC- Antioxidant capacity equivalent to Trolox / pmol of Trolox equivalent / grams of yoghurt.

**indicates a significant difference between samples by Tukey's test (5%). Means (+ standard deviation) followed
by different lowercase letters in the column differ from each other by Tukey's test (p<0.05) and means followed
by different capital letters in the same line differ from each other by the t-test (p<0.05).

After evaluating the antioxidant capacity through ABTS and DPPH (Table 4 and 5), it
was noticed that the lowest levels in umol/g in other methods, at times 0 and 30 days of storage,

were found in the standard sample.

Regarding the ABTS determination method, the highest values were for the DRRB
formulation at 0-day and LRSB at 30-day time. The DRRB formulation was also the sample
with the highest phenolic content at 0 days, a similar behavior was observed by Karaaslan et al.
(2011) in a study with yogurt samples containing red grape (fruit and peduncle) extract, which
presented high content of phenolic compounds and a high level of free radical scavenging
capacity. Except for the LRRB and MRRB formulations, at the 0-day time, all samples had a

significant difference (5%) from the standard one. After 30 days of storage, the LRSB, LRRB,
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MRSB, MRRB and all the other samples with dark-roast-coffee oil differed from the standard

one.

It is worth mentioning that some formulations showed an increase while others
decreased the antioxidant capacity at the end of the storage time. The increase occurred for the
standard, LRSB, LRRB, MRSB, MRHB, MRRB, DRSB and DRHB formulations, emphasizing
the LRSB and MRRB ones with a 5% significant difference level between 0 and 30 days. The
formulations that exhibited a decrease were GS, GH and GR (all green oil ones), LRHB and

DRRB.

According to the DPPH method, the antioxidant capacity of all formulations differed at
the level of 5% probability of the standard sample, which was the lowest antioxidant activity in
both times. It is plausible to verify that the oil addition was enough to increase the antioxidant
capacity in yogurts at 0 and 30 days of storage. The DRHB and DRSB formulations exhibited

the highest contents at times 0 and 30 days, respectively.

Dark roast coffee oils showed high values of phenolic composition, which may have
resulted in high antioxidant capacity in different beverages. The lowest antioxidant capacity
occurred for the standard formulation in both methods (ABTS and DPPH), which also had the
lowest phenolic content concerning the other formulations, that is, when comparing the
antioxidant capacity of all samples in both methods, and times 0 and 30 days, the formulations

had greater antioxidant capacity than the standard samples.

o 1000 2000 3000 4000 5000 6000 7000 0 1000 2000 3000 4000 5000 6000 7000
Yogurts (mg/mL) Yogurts (mg/mL)

) (2)
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Caption: S- standard formulation, GM- yoghurt added with green coffee oil soft drink, GH- yoghurt added with
green coffee oil hard drink, GR- yoghurt added with green coffee oil rio drink, LRSB- yoghurt added with coffee
oil roasting clear soft drink, LRHB- yoghurt added with coffee oil roasting light hard drink, LRRB- yoghurt added
with coffee oil light roasting rio drink, MRSB- yoghurt added with coffee oil medium roasting soft drink, MRHB-
yoghurt added with coffee oil coffee roast medium hard drink, MRRB- yoghurt added with coffee oil medium
roast drink rio, DRSB- yoghurt with added coffee oil dark roast soft drink, DRHB- yoghurt added with coffee oil
dark roast hard drink, DRRB- yoghurt added with coffee oil coffee oil roasting dark drink rio.

Graphs 1 and 2. Determination of antioxidant capacity by DPPH in FRSA (%) of yogurt
formulations added with Arabica coffee oil at times (1) 0 days and (2) 30 days.

Graphs 1 and 2 display the results of FRSA (%) throughout different concentrations of
yogurt extracts. At the 0-day time (Graph 1), the samples show an increase in the percentage of
FRSA along with the yogurt extract concentration. The standard sample showed the lowest
FRSA (%) elevation, whereas the dark roasts coffee oil samples showed higher levels of FRSA
(%), highlighting the DRHB formulation. Graph 2 represents the FRSA (%) at the end of 30
days of storage. In general, the formulations increased free radicals scavenging capacity as the
concentration increased, nonetheless, the samples containing the green oils displayed a lower
elevation. The samples with green coffee oil soft and hard beverages (GS and GH) reported
lower radical scavenging capability than the standard sample, especially at the highest yogurt
concentrations. The samples with dark roast coffee oil showed high contents of FRSA (%) after

30 days of storage with emphasis on the DRSB sample.

The results obtained by the methods used to evaluate the antioxidant capacity of the
samples presented specific differences. As could be observed, the DPPH method registered
lower values regarding Trolox than the ABTS since the DPPH radical with greater stability and
lower reactivity only reacts with strong reducing agents. On the other hand, the ABTS radical
has high reactivity and can react with a wide range of antioxidants (Floegel et al., 2011;

Marecek et al., 2017).
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Several studies reveal that phenolic compounds play a preventive role against various
degenerative diseases (Budryn et al., 2013), anticarcinogenic (Bellion et al., 2010) and
cardiovascular diseases (Hollman et al., 2011). These compounds have a varied chemical
structure with aromatic rings conjugated with hydroxyl groups that present high efficiency in
the stabilization of free radicals, providing significant inhibition of oxidative rancidity by metal

chelation (Valenzuela; Nieto, 1996).

As found in this study, the higher content of phenolic compounds present in the dark
roast samples resulted in greater antioxidant capacity, the roasting process at moderately high
temperatures generates greater oxidative changes, however this process produces melanoidins
reported as the compound responsible for the antioxidant capacity in fractions with high
molecular weight insulated from the roasted coffee (Daglia et al., 2000; Liu and Kitts, 2011;
Perrone et al., 2012). Furthermore, some volatile heterocyclic compounds produced during
roasting have also been described as potential antioxidants (Yanagimoto et al., 2004). Abrahéo
et al. (2010) found higher levels of antioxidant activity in samples of Rio cup roasted coffee
compared to green coffee, which according to them may have happened due to the higher

phenolic content compared to soft beverage.

Storage causes a decrease in the contents of phenolic compounds, leading to a reduction
of the antioxidant capacity of some formulations. This phenolic degradation has already been
detected in many foods such as yogurts added with grape extract (Karaaslan et al., 2011), virgin
olive oil (Okogeri and Tasioula-Margari, 2002), plums (Hamauzu and Kume, 2005) and

broccoli (Lemoine et al., 2007).

The fact that some yogurt formulations demonstrated an increase in antioxidant capacity
over the store time, even with a decrease in their phenolic content, may probably be linked to

the composition availability as well as the condition of the formulations at the analysis time.
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Phenolic compounds can interact with proteins (Jakobek, 2015; Arts et al., 2002; Seibert et al.,
1996; Jobstl et al., 2004; Richard et al., 2006; Donmez et al., 2017; Shpigelman et al., 2010;
Hasni et al., 2011; Duarte and Farah, 2011; Shalaby e Elhassaneen, 2021), besides other
compounds present in the food matrix, and these interactions can affect their availability to act
as antioxidant agents. According to Arts et al. (2002) and Luck et al. (1994), these interactions
can be either reversible or not, depending on pH, temperature and concentration of components.
Therefore, it is understandable that the formulation condition at the time of analysis may
interfere with the levels obtained in this study, and the variations in the antioxidant capacity in

both methods and times stand somehow against the phenolic content of some formulations.

The variations in the antioxidant capacity related to the phenolic content found in the
green oil samples suffered a significant influence of the formulation analysis conditions, which
can be perceived when we compare the low values of FRSA (%) with the phenolic content at
the 30-day time. The phenolic compounds quantified in the analysis were around 48 mg/kg for
the GS, nonetheless, when we observe the ABTS and FRSA (%) values, there is a decrease in
the antioxidant capacity probably affected by the protein interactions that block the reactive

phenolic group and partially mask the antioxidant activity (Seczyk et al., 2017).

Sensory analysis

The results obtained after sensory evaluation for the acceptance test using the hedonic
scale (Table 6) report that, for the appearance attribute, the formulations did not show a
significant difference regarding the standard formulation, with the exceptions of MRHB, GH
and GR, where the MRHB formulation presented the lowest values in the scale (between “I
liked it a little”” and “indifferent”) and the GR with the largest ones (“I liked it a lot” and “I liked
it moderately”). Regarding the coffee aroma and flavor attributes, the DRHB sample was

significantly different from the standard one exhibiting the highest values for both attributes
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(coffee aroma - "I liked it moderately™ and "I liked it a little" and coffee flavor - "I liked it a

lot" and "I liked it moderately.™)

Concerning the texture attribute, the formulations presented no significant differences
and the grades varied from “I liked it a little” to “I liked it a lot." The homogeneity attribute
showed a significant difference at a 5% probability level between the MRSB, MRHB and
standard samples. The attributes texture and especially homogeneity brought important
information about the product since the addition of certain oils aiming at improving the
formulations affected neither the homogenization nor, consequently, the stability of the

formulations.

Table 6. Averages of the acceptance and ideal tests for yogurt formulations.

Samples Appearan Coffee Coffee Texture Homogenei  Overall  Ideal for Ideal for
ce aroma flavor ty impress coffee coffee
ion taste aroma
S 6.99ab 4.24ab 4.17a 7.11a 7.00a 6.14ab -2.02a -2.04a
GS 6.89ab 4.65abc 4.82ab 6.84a 7.04a 6.19ab  -1.32ab -1.62a
GH 7.02b 4.63abc 4.73ab 6.96a 7.16a 6.26ab  -1.28ab -1.59a
GR 7.26b 4.58abc 5.00ab 6.75a 692ab 5.83ab  -1.04bc -1.64a
LRSB 6.57abc 5.25bcd 5.58bc 6.68a 6.77ab 6.17ab  -0.54bcd -0.78bc
LRHB 6.62abc 5.92de 6.36cde 6.38a 6.51abc 5.94ab 0.90e -0.63c

LRRB 6.85ab 4.57abc 5.15ab 6.82a 7.00a 6.07ab  -1.29ab -1.77a
MRSB 6.06ac 4.81abc 5.31b 6.48a 6.14bc 598ab  -1.05bc -1.52ab

MRHB 5.86¢ 6.44e 6.65de 6.48a 5.86¢ 5.49a 0.92e 0.25d
MRRB 6.99ab 4.20a 4.93ab 6.85a 7.12a 6.03ab  -1.24abc -1.81a
DRSB 6.84ab 5.21abcde  5.65bcd 7.02a 6.95ab 5.92ab  -0.44cd -0.78bc
DRHB 6.44abc 6.58¢e 7.05e 6.93a 6.42abc 6.55b -0.12d 0.22d

DRRB 6.85ab 5.30cd 5.60bc 6.61a 6.62abc 6.10ab  -0.98bc  -1.39abc
Caption: S- standard formulation, GM- yoghurt added with green coffee oil soft drink, GH- yoghurt added with
green coffee oil hard drink, GR- yoghurt added with green coffee oil rio drink, LRSB- yoghurt added with coffee
oil roasting clear soft drink, LRHB- yoghurt added with coffee oil roasting light hard drink, LRRB- yoghurt added
with coffee oil light roasting rio drink, MRSB- yoghurt added with coffee oil medium roasting soft drink, MRHB-
yoghurt added with coffee oil coffee roast medium hard drink, MRRB- yoghurt added with coffee oil medium
roast drink rio, DRSB- yoghurt with added coffee oil dark roast soft drink, DRHB- yoghurt added with coffee oil
dark roast hard drink, DRRB- yoghurt added with coffee oil coffee oil roasting dark drink rio.

*indicates a significant difference between samples by Tukey's test (5%). Means followed by different lowercase
letters in the same column differ from each other by Tukey's test (p<0.05).

Roasted Arabica coffee oil possesses a dynamic behavior characterized by a tendency
of reaching balance over longer periods. These emulsified lipids responsible for the aroma and

texture (when properly emulsified) carry compounds of low absolute interfacial tension values,
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which lead to the expected formation of very stable emulsions (Ferrari et al., 2010; Donmez et
al., 2017). According to Ferrari et al. (2010), roasted coffee oils in comparison to pure vegetable
oils have an additional source of active surface compounds caused by the roasting process
(referring to possible changes in lipid components) through the formation of unsaponifiable

compounds, liposoluble aromatic compounds, Maillard reaction products and caffeine.

Regarding the attribute global impression, only the MRHB and DRHB formulations
showed a significant difference compared to the standard, with the lowest values on the scale
("indifferent” and "I liked it a little™) and the highest ("I liked it moderately™ and "I liked it a

lot"), respectively.

The formulation that showed the highest value to the ideal formulation concerning both
coffee flavor and aroma was the DRHB presenting a significant difference from the standard

one.

Graph 3 exhibits the purchase intention histogram for the yogurt formulations, where
the LRHB LRHB, MRHB, DRSB and DRHB formulations displayed the highest purchase
intention (“would certainly buy" and "probably buy"), the GH one presented equal values of
indecision ("maybe buy™) and purchase intention (“certainly wouldn't buy” and "probably
wouldn't buy") whereas the GR, GS, DRRB and LRSB formulations presented higher negative

purchase intention.
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Caption: S- standard formulation, GM- yoghurt added with green coffee oil soft drink, GH- yoghurt added with
green coffee oil hard drink, GR- yoghurt added with green coffee oil rio drink, LRSB- yoghurt added with coffee
oil roasting clear soft drink, LRHB- yoghurt added with coffee oil roasting light hard drink, LRRB- yoghurt added
with coffee oil light roasting rio drink, MRSB- yoghurt added with coffee oil medium roasting soft drink, MRHB-
yoghurt added with coffee oil coffee roast medium hard drink, MRRB- yoghurt added with coffee oil medium
roast drink rio, DRSB- yoghurt with added coffee oil dark roast soft drink, DRHB- yoghurt added with coffee oil
dark roast hard drink, DRRB- yoghurt added with coffee oil coffee oil roasting dark drink rio.

Graph 3. Histogram of purchase intention of yogurt formulations.

Principal Component Analysis (PCA) and Hierarchical Cluster Analysis (HCA)

Principal component analyzes (PCA) and hierarchical clustering (HCA) are efficient
and fast chemometric tools to distinguish differences between formulations depending on the
different parameters studied (Gongalves et al., 2020), these were used to facilitate the

visualization of results regarding chemical and sensory composition.

The two main components explained 65.68% of the variation between formulations.
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Caption: S- standard formulation, GM- yoghurt added with green coffee oil soft drink, GH- yoghurt added with
green coffee oil hard drink, GR- yoghurt added with green coffee oil rio drink, LRSB- yoghurt added with coffee
oil roasting clear soft drink, LRHB- yoghurt added with coffee oil roasting light hard drink, LRRB- yoghurt added
with coffee oil light roasting rio drink, MRSB- yoghurt added with coffee oil medium roasting soft drink, MRHB-
yoghurt added with coffee oil coffee roast medium hard drink, MRRB- yoghurt added with coffee oil medium
roast drink rio, DRSB- yoghurt with added coffee oil dark roast soft drink, DRHB- yoghurt added with coffee oil
dark roast hard drink, DRRB- yoghurt added with coffee oil coffee oil roasting dark drink rio. A- appearance, CA-
coffee aroma, CF- coffee flavor, T- texture, H- homogeneity, Ol-overal impression, ICT- ideal for coffee taste,
ICA- ideal coffee aroma.

Graph 4. Analysis of main components between yoghurt formulations regarding chemical
composition (phenolic compounds, ABTS, DPPH both in 0 and 30 days) and sensory analysis
(acceptance test and ideal).

The phenolic composition and antioxidant capacity at different times (0 and 30 days)
were related to yoghurts added with oils roasted on a dark roast, regardless of the quality of the
drink.Regarding the sensory attributes, the parameters that indicate coffee aroma and flavor,
ideal coffee aroma and flavor are more linked to yogurts added with oils from dark roasts in
both types of beverage (DRSB, DRHB, DRRB) and for light roasts and average in oils from
soft and hard beverages (LRSB, LRHB, MRSB, MRHB). As for the attributes appearance,
homogeneity, texture and global impression, the biggest relation was with the yoghurts added
with green oils and light roasts and medium of rio drink (GS, GH, GR, LRRB, MRRB).The
standard formulation showed the highest difference from the other samples, which represents

that the addition of oil changed the chemical parameters related to phenolics and antioxidant

*MRHB
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activity and also the sensory attributes studied. Similarly, in their study Shalaby and
Elhassaneen (2021) observed an increase in antioxidant capacity and also beneficial health
effects related to liver and kidney function, when observing groups of rats fed yogurts

supplemented with green coffee bean extracts and green tea .
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Caption: S- standard formulation, GM- yoghurt added with green coffee oil soft drink, GH- yoghurt added with
green coffee oil hard drink, GR- yoghurt added with green coffee oil rio drink, LRSB- yoghurt added with coffee
oil roasting clear soft drink, LRHB- yoghurt added with coffee oil roasting light hard drink, LRRB- yoghurt added
with coffee oil light roasting rio drink, MRSB- yoghurt added with coffee oil medium roasting soft drink, MRHB-
yoghurt added with coffee oil coffee roast medium hard drink, MRRB- yoghurt added with coffee oil medium
roast drink rio, DRSB- yoghurt with added coffee oil dark roast soft drink, DRHB- yoghurt added with coffee oil
dark roast hard drink, DRRB- yoghurt added with coffee oil coffee oil roasting dark drink rio.

Graph 5. HCA graph representing oil-added yogurt samples related to phenolic composition,
antioxidant capacity, sensory acceptance and ideal test.

An HCA (hierarchical cluster analysis) was performed to verify the similarity of the
samples based on the similarity of components of the same class and the distinctions between
components of different classes (Beebe; Pell; Seasholtz, 1997). Ward's method, when applied
to the 13 yoghurt samples, showed the formation of two large groups. Thus, the HCA provided

a better visualization of the separation between samples.
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Graph 5 shows a group formed by the yogurt samples added with oils on a dark roast
(DRSB, DRHB, DRRB) and the sample containing oil on a light roast from a soft drink. This
group presents high differentiation in relation to the other that is formed by the association of

other yogurt samples.

For Ferrari et al. (2010) roasted coffee oils have a greater efficiency in stabilizing
emulsions as they present an additional source of surface-active compounds consisting of
roasting products, unsaponifiable compounds, aromatic constituents and also caffeine. These
factors can be major contributors to formulations containing oils on dark roast to be in a separate
group from other formulations. Therefore, the results of HCA and PCA complemented with
ANOVA allowed to better visualize and separate the samples, mainly in relation to roasting and
drink quality. In general, in more severe roasts there was greater acceptance of the tested
attributes and higher levels in relation to the chemical compounds evaluated regardless of the

quality of the drink.

CONCLUSION

The addition of coffee oils in yoghurts increased the phenolic content in absolute values,
this increase occurred as the quality of the beverage worsened and the roasting intensity
increased. Formulations with oils on dark roast, in general, had greater antioxidant capacity
compared to the standard, and sensory acceptance, in addition to the DRSB and DRHB
formulations showed positive purchase intent. Roasted coffee oils are potent food ingredients

that can be used in other foods.
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Discussao Geral

Os oleos de cafés verde e torrado sdo importantes subprodutos da inddstria cafeeira e
podem ser adquiridos de cafés em gréos tanto verdes como advindos de diferentes processos de
torra, além disso o processo de extracdo pode ser realizado a partir de gréos de distintas
classificacoes.

Neste estudo a primeira etapa consistiu em uma caracterizacdo dos cafés utilizados no
trabalho. Os cafés adquiridos possuiam anteriormente a definicdo quanto a qualidade da bebida.
A classificacdo fisica realizada atraves da IN n°8 (BRASIL, 2003) definiu os cafés como tipo 2
(bebida mole), tipo 6 (bebida duro) e fora de tipo (bebida rio). O aparecimento de defeitos nas
amostras de café indica a presenca de problemas durante o processo de producdo (GIOMO,
BOREM, 2011; MALTA, 2011). Na avaliagio das peneiras os cafés exibiram maior teor de
graos chatos, os quais tem a preferéncia no mercado (GIOMO, BOREM, 2011). Outro ponto
analisado visando caracterizar a matéria-prima foi a cor dos gréos crus. A determinacgéo da cor
tem relevancia econémica, ja que grdos esbranqui¢ados recebem menor pre¢co no mercado
(RIBEIRO et al., 2011; OLIVEIRA et al., 2013). Os gréos de bebida mole e dura apresentaram
0 parametro L* mais alto indicando tendéncia a tons mais escuros que direcionam a coloracao
verde azulada, ja os grdos de bebida rio exibiram valores mais baixos o que remete a cafés mais
esbranquicados (LOPES, HARA, SILVA, 1998; OLIVEIRA et al., 2013).

Visando a caracterizacao dos cafés ainda no estado gréo cru o estudo realiza uma analise
qguimica de umidade, extrato etéreo, proteinas, cinzas, acidez total titulavel e solidos sollveis.
Os resultados obtidos destas analises para umidade (BRASIL, 2003), extrato etéreo
(MARTINEZ et al., 2014; FOLSTAR, 1985), cinzas (CLARKE, 1985), proteinas (TOCI,
FARAH e TRUGO, 2006; OLIVEIRA, 2006), acidez total titulavel e teor de sélidos soluveis
(PINTO etal., 2002) exibiram diferenciacgdo entre os gréos de diferentes qualidades, mostrando
contetidos que indicam piores teores relacionados aos gréos de pior qualidade.

Os cafés apds caracterizacdo quimica seguiram para o processo de torracdo, analise de
cor e determinacdo de perda de massa. Ambas analises foram suficientes para determinar os
diferentes pontos de torracdo, porém o uso do software Scilab proporcionou uma melhor
visualizacdo das amostras no espaco de cor, visto que através do grafico L* versus a* consegue-
se definir o nivel de torra com maior facilidade, o que ocorreu principalmente devido ao
parametro L* (BICHO et al., 2012; SCHENKER, ROTHGEB, 2017).
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Apos processo adequado de torracdo as amostras seguiram para o procedimento de
extracdo do 6leo, o rendimento obtido foi maior em amostras com o nivel de torra mais escuro,
para amostras com grdos em torra clara e verdes houve a recirculacdo da torta para que o
rendimento alcancasse valor similar. O processo de torra facilitou a liberacdo do 6leo presente
dentro dos grdos (TURRATI, 2001; BUDRYN et al., 2012). As amostras de 6leo foram
analisadas quimicamente quanto ao indice de acidez e peroxidos e foi observado um aumento
destes indices nos 6leos a medida que havia uma piora da classifica¢do dos graos e conforme
elevacdo da intensidade de torracdo, exceto para amostras de 0leos verdes que exibiram altos
valores. As condic¢des do processo produtivo que envolvem toda a cadeia de processamento dos
gréos podem provocar alteracdes que prejudicam a qualidade dos gréos, além do fato de ter sido
necessario a recirculacdo da torta para extracdo destes d6leos (PIMENTA et al.,, 2018;
OLIVEIRA et al., 2006).

Quanto a composicao de &cidos graxos os de maior concentracdo em todas as amostras
de 6leo foram os é&cido linoleico e palmitico semelhante ao obtido em outros estudos
(VOYTENA et al., 2018; RABA et al., 2015; GETACHEW, CHUN, 2016; HURTADO-
BENAVIDES et al., 2016). O presente estudo néo verificou uma relagdo direta entre o contetdo
lipidico, o processo de torracdo e a classificacdo dos graos (FOLSTAR, 1985). A avaliacdo da
composi¢do aromatica dos Oleos relatou que em Oleos verdes os compostos em maior
concentracdo foram os ésteres e acidos carboxilicos, ja em Oleos de café torrado independente
do processo de torra e da classificacdo dos gréos frente a bebida os grupos de mais altos
conteudos foram os derivados furanos e pirazinas, 0s quais tiveram elevacao a medida que havia
aumento da intensidade de torra (GETACHEW, CHUN et al., 2016; SANCHES et al., 2020).
Através das analises de PCA (analise de componentes principais) e HCA (analise de
agrupamento) fica elucidado a separacdo das amostras de acordo com 0s compostos volateis
presentes, assim houve a formacao de dois grupos, um formado pelas amostras de 6leos verdes
e em torra clara e outro pelos 6leos torrados em torra média e escura, ndo havendo interferéncia
da classificacdo referente a qualidade dos grdos (HURTADO- BENAVIDES et al., 2016;
GONZALEZ- RIOS et al., 2007; GONZALEZ et al., 2011). As amostras com maiores
concentragdes de grupos furanos exibem notas como améndoas, para 0 grupo pirazinas notas
de noz, cacau e torrado. A composicgdo volatil do 6leo de café torrado é bastante semelhante a
composicao presente na bebida e no café original advindos de outros estudos (PETISCA et al.,
2013; MAYER et al., 2000; HURTADO- BENAVIDES et al., 2012; SANCHES et al., 2020).
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A composicao fendlica dos 6leos no estado verde foi maior nos 6leos obtidos de grdos
classificados como duro e rio, porem em 6leos de classificacdo mole o maior teor foi encontrado
em Oleos de torra escura. A variacdo pode ocorrer devido ao parametro de torra, além das
varidveis do processo de extracdo do Oleo (VIGNOLI et al., 2014; PRIOR et al., 2005;
PANUSA et al., 2013; RAMALAKSHMI, 2009;: ABRAHAO et al., 2019). A avaliacdo da
capacidade antioxidante atraves do método DPPH comprovou os resultados obtidos por outros
autores (YEO et al., 2010; YEO et al., 2012; RABA et al., 2015), os quais observaram 6leos
submetidos a tratamentos térmicos e verificaram que nos estagios iniciais da oxidacéo lipidica
as mudancas na absorbancia do DPPH eram devidas ao consumo de captadores de radicais
livres, porém quando em oxidacao lipidica mais avancada ocorre a formacdo de compostos
lipidicos oxidados os quais s&o capazes de reagir com os radicais DPPH promovendo alteraces
na absorbancia do DPPH. Os 0leos de cafés torrados advindos de bebida duro e rio
apresentaram elevada capacidade antioxidante em FRSA% , o que indica que estes teores
podem estar correlacionados também ao estado de oxidagcdo em que os 6leos se encontram, ja
que o processo pelo qual os grdos passam até serem extraidos seus 6leos pode provocar 0
processo de oxidacao ocasionando a formacgéo de produtos de oxidagéo.

E importante destacar que segundo Yeo et al. (2010), Lee et al. (2007) e Raba et al.
(2015) a absorbancia do DPPH pode ser usada para determinar o grau de oxidacao lipidica e a
atividade antioxidante em compostos lipidicos. A capacidade antioxidante por ABTS mostra
que Oleos de torra média independente da classificacdo dos grdos exibiram os maiores teores.
Para Sacchetti et al. (2009) o uso de temperatura moderadas durante a torracdo promove
elevacdo da atividade antioxidante devido aumento destes nas fragdes ndo fenolicas, além do
que ha a producdo de melanoidinas e compostos heterociclicos volateis que provocam este
aumento (PERRONE et al., 2012; LIU, KITTS, 2011; YANAGIMOTO et al., 2004).

A composicdo bioativa dos O6leos foi avaliada através dos compostos: cafeina,
trigonelina e &cidos clorogénicos. O teor de cafeina nos 6leos ndo sofreu interferéncia do
processo de torracdo, mas foi distinto entre as amostras de diferentes classificacdes o que pode
ter ocorrido devido aos desiguais locais de coleta das amostras. O teor de trigonelina e acidos
clorogénicos sofreu decréscimo conforme aumento da intensidade de torra. Exceto para a
trigonelina em torra clara, esta ndo ocasionou elevada queda ficando com valores proximos aos
6leos no estado verde. As analises de PCA (analise de componentes principais) e correlagdo de
Pearson realizadas para avaliar a relacdo entre as amostras de 6leos e estas andlises verificaram

que é relativamente dificil observar uma relacdo direta entre a atividade antioxidante e o
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contetido de bioativos. Porém, as amostras de 6leos de bebida rio com alta capacidade
antioxidante apresentaram determinado teor de cafeina, o que pode ter influenciado esta
elevacio (VIGNOLI et al., 2011; VIGNOLI et al., 2014). E importante salientar que esta
capacidade antioxidante pode também estar ligada a presenca e formacdo de outros compostos
(RABA etal., 2015; VIGNOLI et al., 2014; WANG et al., 2011).

Visando analisar os Oleos de café verde e torrado como provaveis ingredientes
alimenticios estes foram adicionados em iogurtes, as condi¢Ges microbioldgicas estavam dentro
dos padrdes exigidos em legislacdo e ao analisar a acidez durante o periodo de armazenamento
foi possivel notar um leve aumento, o que pode ter ocorrido devido a continua atividade
metabolica das bactérias lacticas (BRASIL, 2007; KARAASLAN et al., 2011). A composicao
fenodlica e a capacidade antioxidante foram também avaliadas e notou-se que os 6leos em torra
escura (mole, duro e rio) tiveram elevados teores de fenolicos. A amostra padrdo (sem adicao
de 6leo) teve os menores valores absolutos de contetdo fendlico e capacidade antioxidante em
relacdo as demais formulacbes, nos tempos analisados (0 e 30 dias), 0 que representa a
relevancia da adicdo dos 6leos no iogurte.

Os compostos fendlicos tem a capacidade de interacdo com as proteinas presentes nos
iogurtes, além de outros componentes presentes no alimento, no entanto tais interacdes podem
afetar a disponibilidade para agdo como atuantes antioxidantes (SHPIGELMAN et al., 2010;
JAKOBEK, 2015; SHALABY e ELHASSANEEN, 2021). Segundo Arts et al. (2002) e Luck
et al. (1994) esta interacdo pode ser reversivel e irreversivel dependente de fatores como pH,
temperatura e concentracao dos constituintes presentes no alimento.

Os resultados da capacidade antioxidante dos iogurtes analisados através dos dois
métodos (ABTS e DPPH) mostraram que as formulagdes contendo os 6leos em torra escura
exibiram uma maior atividade. Conforme discutido anteriormente, a promogdo da maior
capacidade antioxidante nos 0Oleos quando analisados isoladamente ndo aconteceu devido a
fracdo fendlica, mas pode ter ocorrido devido ao teor de cafeina e compostos de oxidacao de
acordo com os resultados de DPPH do 6leo quando analisado isolado. Portanto, entende-se que
estas formula¢fes mesmo contendo alto teor fenolico, podem ter apresentado alta atividade
antioxidante devido a presenca de outros ingredientes da formulacdo. Quanto a capacidade
antioxidante presente nestas formulacfes de iogurtes adicionadas de dleos em torra escura
admite-se que o processo de torra em altas temperaturas gera maiores alteraces oxidativas, e
assim como aconteceu nas amostras de 6leos isolados ha formagdo de compostos como

melanoidinas e compostos heterociclicos volateis descritos como potentes antioxidantes
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(YANAGIMO et al., 2004; PERRONE et al., 2012; ABRAHAO et al., 2010; BUDRYN et al.
2012; SHALABY e ELHASSANEEN, 2021).

As formulagdes contendo 6leos em torra escura das classificagdes mole, duro e rio
estavam relacionadas aos atributos sensoriais aroma e sabor de café, aroma e sabor de café
ideais, além disso a maior intencdo de compra foi também para estas amostras, com excecao da
formulacdo com 6leo em torra escura bebida rio. Em geral, as formulac6es de iogurte em torras
escuras tiveram melhor aceitagdo dos atributos testados e os teores mais elevados em relacéo
aos compostos quimicos analisados independentemente da classificacdo dos gréos utilizados
para extracdo do seu 6leo. Assim, os Oleos apresentaram efeitos positivos quando adicionados
nas formulagdes de iogurtes, os quais podem ser aplicados como ingredientes em alimentos.
Esta adicdo em outros alimentos deve ser avaliada em estudos futuros, considerando condigdes
ndo avaliadas neste trabalho, como aplicagdo de processos industriais como temperatura,

congelamento, resfriamento entre outros, além dos efeitos no organismo humano.
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Conclusao Geral

Os cafes utilizados no estudo apresentaram composi¢do quimica e fisica que variaram
de acordo com a classificacdo de qualidade dos grdos. As analises de cor e perda de massa
determinaram o ponto de torracdo correto das amostras e o software Scilab promoveu uma
melhor visualizagdo explicada principalmente pelo parametro L*.

Os oleos de café verde e torrado podem ser extraidos eficientemente pelo processo de
prensagem mecanica a frio. Os 06leos de cafés torrados em torra escura ndo necessitam de
recirculacdo da torta durante o processo de extracdo, assim sdo mais rapidamente extraidos,
com menor despendimento de trabalho e maior rendimento. A composicdo de &cidos graxos
nos 6leos verdes e torrados foi semelhante mesmo sendo provenientes de graos com diferentes
classificagfes. A composi¢do aromatica dos 6leos verdes é formada pelos compostos quimicos
ésteres, ja os Oleos de café torrado apresentaram elevados teores de derivados furanos e
pirazinas. Estes compostos sdo os responsaveis pelo aroma e sabor de café presente nos 6leos,
é importante ressaltar que a concentracdo destes compostos nestes 6leos aumentou conforme
intensidade de torra, ndo havendo interferéncia da qualidade dos gréos.

A composicao fendlica dos 6leos no estado verde foi maior para as classificagdes duro
e rio, em grdos classificados como mole a torra escura se sobressaiu. Porém, ao analisar-se a
capacidade antioxidante dos dleos torrados, os advindos da classificagdo duro e rio
apresentaram os mais altos valores em FRSA% , isso ocorreu por que a metodologia (DPPH)
utilizada indica também o estado de oxidacdo em que o 6leo se encontra, ou seja, 0S COMpostos
lipidicos oxidados produzidos durante a oxidacéo lipidica sdo capazes de promover alteragdes
nas medidas de absorbancia e consequentemente nos valores obtidos da atividade antioxidante.
Por outro lado, através de outro método (ABTS) de avaliacdo da capacidade antioxidante
observou-se que os 0leos de cafés em torra média exibiram os maiores teores o0 que pode ter
ocorrido devido a presenca e formacdo de outros compostos como cafeina, melanoidinas e
compostos heterociclicos volateis. Para a composi¢do bioativa notou-se que a cafeina néo
variou entre as classificacdes de qualidade dos gréos, a trigonelina sofreu degradacéo em 6leos
de torra média e escura independente da qualidade e os acidos clorogénicos degradaram com
aumento da intensidade da torracéo.

A adicdo dos 6leos de cafés nos iogurtes proporcionou maior contetido fendlico em

valores absolutos durante o armazenamento (30 dias) em relacéo ao padréo. As formulacdes de
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iogurte com adigdo dos 6leos em torra escura tiveram maior atividade antioxidante, além disso
estas formulacBes apresentaram as melhores avaliacdes quanto aos atributos sensoriais. Estes
resultados demonstram o potencial do uso dos 6leos de café nos alimentos, especialmente 0s

em torra escura, como ingredientes alimentares, antioxidantes e principalmente aromatizantes.



209

Referéncias Bibliogréaficas

ABRAHAO, F. R.; ROCHA, L. C.R.; SANTOS, T. A, CARMO, E. L.; PEREIRA, L.A. S.;
BORGES, S. V.; PEREIRA, R. G. F. A. P.; BOTREL, D. A. Microencapsulation of bioactive
compounds from espresso spent coffee by spray drying. Food Science and Technology, v. 103
p. 116-124, 2019.

ABRAHAOQ, S. A.; PEREIRA, R. G.F. A.; DUARTE, S. M. S.; LIMA, A.R.; ALVARENGA,
D. J.; FERREIRA, E. B. Compostos bioativos e atividade antioxidante do café (Coffea arabica
L.). Ciéncia e Agrotecnologia, v. 34, n. 2, p. 414-420, 2010.

ARTS, M. J. T.J.; HAENEN, G.R. M. M., WILMS, L. C. ; BEETSTRA, S. A.J. N.; HEIUNEN,
C. G. M.; VOSS, H. P. Interactions between flavonoids and proteins: Effect on the total
antioxidant capacity. Journal of Agricultural and Food Chemistry, v. 50, p. 1184- 1187,
2002.

BICHO, N.C. et al. Use of colour parameters for roasted coffee assessment. Food Science and
Technology, v. 32, n. 3, p. 436-442, 2012.

BRASIL, Ministério da Agricultura, Pecuaria e Abastecimento. Instru¢éo normativa n°g,
de junho de 2003. Aprova o regulamento técnico da identidade e de qualidade para a
classificagdo do café beneficiado grdo cru. Brasilia, 2003. Disponivel em

<http://www.ministerio.gov.br>. Acesso em :18 set. 2021.

BRASIL, Ministério da Agricultura, Pecudria e Abastecimento. Instrucdo Normativa N°
46 de 23 de outubro de 2007 - Regulamento Técnico de Identidade e Qualidade de de Leites
Fermentados. Disponivel em: <
http://www.cidasc.sc.gov.br/inspecao/files/2012/08/instru%C3%87%C3%830-normativa-
n%C2%BA-46-de-23-de-outubro-de-2007.pdf>. Acesso em: 03 set. de 2021.

BUDRYN, G.; NEBESNY, E.; ZYZELEWICZ, D.; ORACZ, J.; MISKIEWICZ, K
KACZMAREK- ROSICKA, J. Influence of roasting conditions on fatty acids and oxidative



210

changes of Robusta coffee oil. European Journal of Lipid Science and Technology, v. 114,
p. 1052- 1061, 2012.

CLARKE, R. J. Conteudo de 4gua e minerais. In: CLARKE, RJ; MACRAE, R. (Eds.). Cafe,
| : Quimica. Londres; Nova York: Elsevier Applied Science Publishers Co Ltd., 1985.

FOLSTAR, P. Lipids. In: CLARKE, R. J.; MACRAE, R. (Eds.). Cafeé, | : Quimica. Londres;
Nova York: Elsevier Applied Science Publishers Co Ltd., 1985. p. 203-222. Disponivel em:<
http://dx.doi.org/10.1007/978-94-009-4948-5 6>. Acesso em: 17 nov de 2020.

GETACHEW, A. T.; CHU, B. S. Optimization of coffee oilflavor encapsulation using response
surfacemethodology. Food Science and Technology, v. 70, p. 126- 134, 2016.

GIOMO, G.S.; BOREM, F.M. Cafés especiais no Brasil: op¢do pela qualidade. Informe

Agropecuario, 2011, v. 32, n. 261, p. 7-16. Disponivel em: http://www.sapc.embrapa.
br/arquivos/consorcio/informe_agropecuario/ ia_cafe_ producao_qualidade.pdf>. Acessado
em : 16 out. 2020.

GONZALEZ, H. M.; GONZALEZ, S.; ROSALES, T. Café (Coffea arabica L.): compuestos

volatiles relacionados con el aroma y sabor. UNACAR Tecnociencia, p. 35-45, 2011.

GONZALEZ- RIOS, O.; SUAREZ-QUIROZA, M.; BOULANGER, R.; BAREL, M,
GUYOT, B.; GUIRAUD, J.; SCHORR- GALINDO, S. Impact of ecological post-harvest
processing on the volatile fraction of coffee beans: I. Green coffee J. Food Compos. Anal., v.
20, p. 289- 296, 2007.

JAKOBEK, L. Interactions of polyphenols with carbohydrates, lipids and proteins. Food
Chemistry, v. 175, p. 556-567, 2015.

KARAASLAN, M.; OZDEN, M.; VARDIN, H.; TURKOGLU, H. Phenolic fortification of
yogurt using grape and callus extracts. Food Science and Technology, v. 44, n. 4, p. 1065-
1072, 2011.


http://dx.doi.org/10.1007/978-94-009-4948-5_6
http://www.sapc.embrapa/

211

LEE, J. M.; CHUNG, H.; CHANG, P. S.; LEE, J. H. Development of a method predicting the
oxidative stability of edible oils using 2,2-diphenyl-1- picrylhydrazyl (DPPH). Food
Chemistry, v. 103, n. 2, p. 662- 669, 2007.

LIU, Y.; KITTS, D. D. Confirmation that the Maillard reaction is the principle contributor to
the antioxidant capacity of coffee brews. Food Research International , v. 44, p. 2418-2424,
2011.

MALTA, M. R. Processamento e qualidade do café. Informe Agropecuario, v. 32, n. 261, p.
7- 16, 2011. Disponivel em:<http://www.sapc.embrapa.
br/arquivos/consorcio/informe_agropecuario/ ia_cafe_ producao_qualidade.pdf>. Acesso em:
16 de out 2020.

MARTINEZ, H.E.P.; CLEMENTE, J. M.; LACERDA, J. S.; NEVES, Y. P.; PEDROSA, A.
W. Nutricdo mineral do cafeeiro e qualidade da bebida. Revista Ceres, v. 61, p. 838-848, 2014.

MAYER, F.; CZEMY, M.; GROSCH, W. Sensory study of the character impact aroma
compounds of a coffee beverage EUR. Food Research Technology, v. 211, p. 272- 276, 2000.

OLIVEIRA, P. M. A. Oleo de grdos de café verde obtido por extracio supercritica,
extracdo com fluido pressurizado e comparacdo de sua composicdo com o 6leo de café
extraido pelos pequenos produtores do estado de Sdo Paulo — andlise da concentracgéo de
compostos bioativos. 2013. Dissertacdo (Mestrado) - Universidade de Sao Paulo, Sdo Paulo,
2013.

OLIVEIRA, L.S.; FRANCA, A. S.; MENDONCA, J. C. F.; BARROS- JUNIOR, M. C.
Proximate composition and fatty acids profile of green and roasted defective coffee beans. Food
Science and Technology, v. 39, n. 3, p. 235-239, 2006.

PANUSA, A.; ZUORRO, A.; LAVECCHIA, R.; MARROSU, G.; & PETRUCCI, R. Recovery
of natural antioxidants from spent coffee grounds. Journal of agricultural and food
chemistry, v. 61, n. 17, p. 4162-4168, 2013.



212

PERRONE, D.; FARAH, A.; DONANGELO, C. M. Influence of coffee roasting on the
incorporation of phenolic compounds into melanoidins and their relationship with antioxidant
activity of the brew Journal of Agricultural and Food Chemistry, v. 60, p. 4265- 4275, 2012.

PETISCA, C.; PEREZ, T.; FARAH, AD; PINHOA, O.; FERREIRA, |. Furans and other
volatile compounds in ground roasted and espresso coffee using headspace solid-phase

microextraction: effect of roasting speed Food Bioprod. Process., v. 9, p. 233- 241, 2013.

PIMENTA, C.J.; ANGELICO, C.L.; CHALFOUN, S.M. Challengs in coffee quality: Cultural,
chemical and microbiological aspects. Ciéncia e Agrotecnologia, 42 (4): 337-349, Jul/Aug.
2018.

PINTO, N.AV.D.; FERNANDES, S. M. GIRANDA, R. N. PEREIRA, R. G. F. A;
CARVALHO, V. D. Avaliacdo de componentes quimicos de padrdes de bebida para o preparo
de café expresso. Ciéncia e Agrotecnologia, v. 26, p. 826-829, 2002.

PRIOR, R. L.; XIANLI, W.; SCHAICH, K. Standardized Methods for the Determination of
Antioxidant Capacity and Phenolics in Foods and Dietary Supplements. Journal of
Agricultural and Food Chemistry , v. 53, p. 4290- 4302, 2005.

RABA, D. N.; POIANA, M. A.; BOROZAN, A. B.; STEF, M. ; RADU, F.; POPA, M. V.
Investigation on crude and high- temperature heated coffee oil by ATRFTIR Spectroscopy
along with antioxidant and antimicrobial properties. PLoS ONE. v.10, n.9, 2018.

RAMALAKSHMI, K.; RAO, L. J. M.; TAKANO- ISHIKAWA, Y. & GOTO, M. Bioactivities
of low-grade green coffee and spent coffee in different in vitro model systems. Food
Chemistry, v. 115, n. 1, p. 79-85, 2009.

RIBEIRO, F. C. ; BOREM F. M.; GIOMO, G. S.; LIMA, R. R;; MALTA, M. R;
FIGUEIREDO, P. F. Storage of green coffee in hermetic packaging injected with CO2 .
Journal of Stored Products Research, v. 47, p. 341- 348, 2011.



213

SACCHETTI, G.; MATTIA, C. D.; PITTIA, P.; MASTROCOLA, D. Effect of roasting degree,
equivalent thermal effect and coffee type on the scavenging activity of coffee brews and their

phenolic fraction. Journal of Food Engineering, v. 90, p. 74- 80, 2009.

SANCHES, M. Z.; SILVA NETO, E. de S.; UENO, C. T.; SHIRAI, M. A.; SAKANAKA, L.
S. Roasted coffee oil (Coffea arabica): Characterization of fatty acids, qualification of aromatic
compounds and quantification of caffeine content. Research, Society and Development, v. 9,
n. 11, p. €76291110618, 2020.

SCHENKER, S.; ROTHGEB, T. The roast: creating the beans’ signature. In: FOLMER, B.

The craft and science of coffee. Amsterdam: Academic Press, 2017.

SHALABY, H.S.; ELHASSANEEN, Y. A. Functional and Health Properties of Yogurt
Supplemented with Green Tea or Green Coffee Extracts and its Effect on Reducing Obesity

Complications in Rats. Alexandria Science Exchange Journal. v. 42, n. 2, 2021.

SHPIGELMAN, A.; ISRAELI, G.; LIVNEY, Y. D. Thermally-induced protein-

polyphenol co-assemblies: Beta lactoglobulin-based nanocomplexes as protective nanovehicles
for EGCG. Food Hydrocolloids, v. 24, p. 735- 743, 2010.

TOCI, A.; FARAH, A.; TRUGO, L. C. Efeito do processo de descafeinacdo com diclorometano
sobre a composicdo quimica dos cafés arabica e robusta antes e ap0s a torracdo. Quimica Nova,
v. 29, n. 5, p. 965-971, 2006.

TURRATTI, J. M. (2001). Extracdo e caracterizacdo de 6leo de café. In: Simposio de Pesquisa
dos Cafés do Brasil, Vitoria, 2001. Resumos expandidos. Brasilia: EMBRAPA Café, 1533-
1539.

VIGNOLLI, J. A.; BASSOLI, D. G., BENASSI, M. T. Antioxidant activity, polyphenols,
caffeine and melanoidins in soluble coffee: The influence of processing conditions and raw
material. Food Chemistry, v. 124, p. 863- 868, 2011.



214

VIGNOLLI, J. A.; VIEGAS, M.C.; BASSOLI, D. G.; BENASSI, M. T. Roasting process affects
differently the bioactive compounds and the antioxidant activity of arabica and robusta coffees.
Food Research International, v. 61, p. 279- 285, 2014.

VOYTENA, A. P L. et al. Phytochemical Profile and in vitro Assessment of the Cytotoxicity
of Green and Roasted Coffee Oils (Coffea arabica L.) and their Polar Fractions. Records of
natural products, v.12, n. 2, p. 169- 174, 2018.

WANG, X.; LIM, L. Physicochemical characteristics of roasted coffee. In: PREEDY, V.
R.(Ed.). Coffee in health and disease prevention. London: Elsevier, 2015.

YANAGIMOTO, K.; OCHI, H.; LEE, K. G.; SHIBAMOTO, T. Antioxidative activity of
heterocyclic compounds found in coffee volatiles produced by Maillard reaction . Journal of
Agricultural and Food Chemistry, v. 52, p. 592- 596, 2004.

YEO, J. D.; JEONG, M. K.; LEE, J. H. Application of DPPH absorbance method to monitor
the degree of oxidation in thermally-oxidized oil model system with antioxidants. Food Science
and Biotechnology, v.19, n. 1, p. 253- 256, 2010.

YEO, J. D.; JEONG, M. K.; LEE, J. H Correlation of antioxidant content and absorbance
changes of DPPH during lipid oxidation. Food Science and Biotechnology, v. 21, n. 1, p. 199-
201, 2012.



215

ANEXOS

Anexo 1. Comprovante de submisséo na Revista Coffee Science.
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Anexo 2. Comprovante de cadastro de acesso ao Patrimonio Genético/CTA no Sisgen.

Ministério do Meio Ambiente )
CONSELHO DE GESTAO DO PATRIMONIO GENETICO

SISTEMA NACIONAL DE GESTAOD DO PA EDO T ASSOCIADO

Comprovante de Cadastro de Acesso
Cadastro n® AD56BEC

A atividade de acesso ac Patimonio Genético/CTA, nos termos abaixo resumida, foi cadastrads no
SisGen, em atendimento ao previsto na Lei n® 13.123/2015 e seus regulamentos.

Mumero do cadastro: ADSEBBC
Usudrio: UNICAMP
CPFICNPJ: 48,068.425/0001-33
Objeto do Acesso: Patrimdnio Genético/CTA
Finalidade do Acesso Pesquisa
Espécie
Coffea arabica
Coffea arabica L.
Fonte do CTA

CTA de origem ndo identificavel

Titulo da Atividade Extragio de dleo de café torrade em diferentes pontos de torrefagéo e sua

aplicagdo em bebida lactea: efeito sobre as caracteristicas fisico- quimicas,
de e

Equipe

Emanuelle Morais de Oliveira UNICAMP

Helena Teixeira Godoy Unicamp

Data do Cadastro: 30/09/2019 14:18:32

Situagio do Cadastro Concluido

Conselho de Gestao do Patriménio Genético
Situagio cadastral conforme consulta as SisGen em 14:29 de 30/09/2019,

N SISTEMA NACIONAL DE GESTAC
DO PATRIMONIO GENETICO
E DO CONHECIMENTO TRADICIONAL
ASSOCIADO - SISGEN



Anexo 3. Comprovante de aprovagdo em Comité de ética e pesquisa.
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campra,

Avalagho dod Rsan o Barslicios:

Awaliacio dos riscos @ benedicios allerada em relagio ao projelo onginal

Segundo informapdes do pesquisador, "Os riscos sho controlados fendo em vista que os ingredeies
ulilzades sdo aprovados pela ANYISA & pelo MAPS conludo a prova dos ioguriss envolvs o risco para
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Entweaio:  Fuo Tessd ka Vs de Canago, 138

Buwirene  Basle G b CEF: 1103067
W 5 Wanmipan:  CARMFIMAR
Telalone: 10081 -B00H Fac o TR =TET E-mail:  copgfiom unizamz be

Figrairice 1]

217



R UNICAMP - CAMPUS
E’ CAMPINAS m ’
o RAR

sarrral e e or—

Corirwsgie de Parecar 4 710858
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& ke dooy”, de TS0,

5 —"pan.pdf, de 0aH52021,

A —"FRpdl. de (05T

Ruccemandagins:

FIEEDIEI"'.IEI.M}I:EE REFERENTES A PRIMEIRA VERSAD DB EMENMD& E1:

Recomenda-se subsiiluir o documents P, pdf® {parecer antsrior) uma wer gue ndo fod possivel abrir a
Arquis aneeada,

E shamenis recomendivel que p pesquissdan inairg Socumenlons. qus paimilam uso 0o moursn “copia” o
“eala”, indapandania da axtenedo. Infalzmanta, o8 So0avenios Anakade Mo permilingm & Ul R0 desh
recursn, 4 que dficu ks wmn pouco o processo de reldboria.

RESPOSTA DA PESQUISADORA: O parecer anterior fol subsifuldo canlomme solidlagao, possbiliards a
aberiora na sxtersdo pof.

O damais docurmanios: projets, emsnda, carta resposla e lele salda anexsdos na extensio “Waord®,

poasibillanda aEeEm O FAciEal LOpiar & "calar,
AMALISE DO CEP: Recamendagtes alrndidas.

& Comisssa Macional de ESca am Peaguisa {Conep), do Cormslho Nacional de Sadds (CHS) orenla 8
adochc dap dingsipas do Mingldria &a Seide [ME) decorranion &a pardamia caussda palo Consranirug
EARS-CoV-2 (Covid-13), com o objio de minimizsr os potancias scos & sa0de @ a inlagridada dos
participanies de pesguisas o pesguisadores.

De acondc com carta crouar da COMER intilulada "ORIENTAGOES PaRa CONDUCAD DE PESOUISAS E
ATWIDADE DOS CEP DURANTE & PANDEMIA PROVOCADA PELD COROMNAVIRUS SARS-COY-2
[COVID-19)" publicada am CUDS2020, relaranls ad itam |, *Onartacies pars Pagquisacdanes”

- Acorgalna-sh & AlOCRD A medidas par A pAVENEED A gefancamanta da odas AR Atividadas da
pREqUEA, garantindo-se as agtes primandialks & sadde, minmizande prejulzos @ polenciais nsnos, akém de
prover cudacdo & preservar @ integrdade e assistencia dos parlcipanies e da squips de pesgquisa.

- Em ohssmvlinga as dficuldades operacoras decorrentes de lodas oz medidas impostas pela pandemia do
SARE-Col-2 (COVID- 19, & necsasdeia pelar p=lc melhor inlanssass 4o panicpanis da pesquisa, mantendc-
a informado sabm as modifcagpes do proleccle de pesquisa que poasam atetd-o, pincpalmania s Do
AjLs i Na condugsn G0 REG0, CRONGQAMa o plano de

Endragn!  Fuo Tessik Vs de Canasgo, 138

Eaiirene  Blaale Gz b CEP 1ama3-nT
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Arabalha,

- CASD SRjAM NRCRSSAroS & SUspensda, inemupgio ou o cancolemenio da pesquisa, am decordncia dos
nscos imprevesheeis aos  parlicipanbzs da pesquisa, por causas diretas oo indirslzs, caberd sos
investigackares & submissio de notdicagdo para apreciagido do Sistsma CEP/Coneg.

- Mdars canas de anesca clricos, & pamilids, excspcionalmanta, B ramiacic & amandas concomitanias A
glamentaiio da modicagian'aRarmiien no prolooilo e pasduias, vissndo & segunanca do pamicipania
da pesquisa, assim como das demals envolvidas no contesto da pesguisa, evitando-sa, ainda, quanda
aplicavel, a irfemupeda no iratamento dos paricipantes da pesguisa. Eventualments, na necessidade de
modificar o Temo de Consentimento Livee & Esdarecido (TCLE), 0 pesgusador dewerd proceder com a
nowd consanlimenta, o mais breve possivel

Condus&es ou Pendéncias ¢ Lista de Inadequagbes:

EM RELACAD A SEGUNDA VERSAD DA EMEWDA E1, SEGUEM A LISTA DE PENDENCIAS E
INADEQUACDES IDENTIFICGADS:

1. Quamig Be Taend de Congantimsanies Livia @ Esclaracide, depanivel ne dodumanta “tele.docs™, da
Q40EZ021, & no Jink [Rilps:Morms. gla'mi 1 1qEENELznAnyT):

1.1, O it disponivel na link (hipsSoems gaimil 1g5KNSLmanyT) estd disenie daquels apmsenada no
dooumento “ide.doex”, de 04082021, Solola-se adeqguacio,

RESPOSTA Db PESHISADORA: On exios foram corigidos & adeguadios, Apde comepies o8 lusdos eslio
iSO Conlomes anlciachio

AMALIEE OO CEP; Atendida.

1.2. Segundo a Resolugdo CHE N 485 de 2012, o termo de corsentimento & um documenio: que deve ser
redigido no formafo de correile, As senlercas devemn =ar redigidas com afirresctes do pesqusador dirigdas
B0 parlicpaie &8 pesquits, Dedala lorme, ioda o descricio de procedimants, quae esls redigida de mada
mnpakanal, por eesrrplo “Cada partcipants recabard 2 &ils de amasims, o KT 1 devwand sar oorsiamido no
primairo dia, @ o sagundo K 2 no dia poslanior, nfio alande as anamapies. Sojcia-se adecuacio usanda a
jormaida ulilzade na desorigho do anexo 3 “Instrugies para Corswumo. As rstrupdss para os paricipanies
e snireguss urtamaenie com o Kits conterca a5 amosiras”,

Endprago:  Ruo Tessaka Yas de Camasgo, 138
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RESPDETA DA PEBQUISADDRA: O taxie relarenis acs "Frotadimantosn” pragenis ne Tarma da
Consantementa Livee @ Esclarecida |[TCLE) 1ol corrigide conlormse salicitaglo @ de acordn com as
anentajfes presentes na Resclugio CHS N 266 de 2002 A oomepbess sstdo sublinhadas em verde no
documents TCLE,

AMALISE [0 CEP: Adandala,

2. Caianbo s Projeto, dispoinie] nd Dooumento "prdocs”, de 04ME20314:

2.1, No aneso 2 a pesquisadora apresenta o "Corwile para participaclo de questorario anline®. Meste
ooyl le @ pesqusadora afirna gque “ssgue um questorario on-ine sobrs o consume de [GELURTES sabor
A", danco 8 enlencer ao parlicpanbs qua, para peticper da pEaguies, ale devend spenas respondar um
quesicnans, ha seguincia do corvile o paecpisadons infomne gus “Mesie ek eand solctado o enderaco da
partidpants da pasgUsA. O andaneio & NecaaRAto pana & enimga dos Kits conlando & arcsines”. Sojota-
=0 adequacdo do conviee para dedxar claro gue a pesquisa envalve andlse sensoral de um nowo produta
acompanhada de preenchimenio on-lins de questordrio sobres cada amostra,

RESPIATA DA PESOIISADORA: Foram reslizadas adequacies no documents Projsto PRT no Areas 2,
Foraen roalizadas coragies da modi qua ac recabar o e-mal, o conddade anbanda qua devand realizar uma
andle sensonal domicliar acompanhada da praanchimanie da formulano anline para cada amesina. As
CoTEpSes aslio sublinhadas em amaneln ra documenta Prapeta "PR”

ARALISE DO CEP: Mendada,

2.2, Considerando-ge que as QRIENTACOES PARSA PROCEDIMENTOS EM PESOUISAS COM
CUALDUER ETAPA EM AMBIENTE WIRTUAL, publicadas pala Comiesfo Madons] de ESca em Pesguisa
[Corep| em 24 de levansine de 2021 (hip:iconselho.seude gov. brimages Ddicio_Cincular_ 2 248ew 2024, pdl,
recomendam que "Qualgquer convite individual enviade por e-mail s4 poderd fer um remetsnts @ um
destnatirio, ou ser srwiado naforma de bsta ooulla®, solckamse esclarscimenios sobme come serd feia o
rC RSNk por a-mail,

RESPOSTA DA PESQUISADORA: Conlorma as “Onisracias pars procedinanios am pasquisas com
qualyuer RliApa em ambianta virual, publicadas pela Comissio Maconal de Elica em Pesquisa (Conap) am
248 de leeeneine de 2021, 0 pesquisador principal serd o Onkco remelente endo somente como destindria um
parlicipants a msr convidado. As adequagtes faram adicionadas no lexta da Propso "PR® no Hem &,
Papulacin a ser sstudada, As adequaciies astio sublinksdas em cor rags no decurmsnio Projeio PR

Enderagn:  Ruo Tessik Yasa de Canasgo, 1238

Busieg  Basdo G ldo CEF 1300300
L 5 Maniipin:  CARFRAS
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EM RELAGAT A LISTA DE PENDENGIAS E INADEAUACOES IDENTIFICADWS APOE AvaLLAGAD DA
PRIMEIRA WERSAD DA EMEND® E1, SEGIUEM A5 RESPOSTAS DA PESCUISADORA RESPONSAVEL
E A ANALISE DD CEP:

1. Cusarin a0 projeio sprapentado no documante Rl de Z5M3G01

1.4, Ho Hem "4, Loca] de realzagio da pesquisa”, a pesquisadora informsa gee "A pesouiisa davera sar
realizada em amBienks doméstioa”. Mo amtania, no decumenlo “leke pdF, de 250372021, & no modelo de e-
mail comdte disporibilzsda no Aneen 2 do documaents “PR,pdl, ds 280302021, a pesqusadors nda informa
B0 paticpants quee sard recessdng fornessr o andersco residencal par g enirsgs das sroaines, Solciam-
a2 g Bragmanios sobra;

1.1.1. Em qua mamanta A prsquisedana ind inlormar o pamcipante que ale pracisamd 10Mmaoer endareg
residencial?

1.1.2, Consclerando-se que endersgo residencial & uma nformagio sensheel, quais cudados ssrdo lIomados
pit b pemsquisaciora @ fmn de garantic o sgilo dessa informagda™

RESPOSTA D& FESQUISADORS: Foi rdsdids & solicilaiia do anderaco doa parlicpaniss ne a-mail
coiile. Mo & mail convits ale s avisado da necesscade da inlomrscio 3o andarec pare A anlrega dos
Kils conftendo as amosiras. Ma link (htipssforms.gleimil gSKNELznany T} disponiblizade para
preenchimenta do TELE “icle.pd® (Anexo 2, presenle no arguvo do projeto] serd solicilado que o
paticpante sscreva o seg encerspo, Tanlo no e-mel quanio no alo do presnchimenis do TCLE & mformada
A pamcipants & garanlia de absolule sgile desla wilaimasho, cormd Knrs de garanlic & sagurancs &

pamicpanta. Comrapies sublinhadzs em marmalio no a-mail ekl [prasania no conpo do taedo da projat).

MG IEE DO CEP: Mendida.

1.2, Mo itsm 5. Populacdo a =ar sshudada®, a pesquisadaora informa que “os parficpanies serda
primaramanis corradadas por i Gnlice (alravis 3 s-mal . Ards. ques “ps peasass soerds conheddas da
panguiksdar principal”. Mo Aneee 2 {"aile pAre pARticRAERD 38 quseliondnio anlne’), & paaguiapdana
RECTRVE e "Salicin amla divulgagso de um questionane an-ing sobne o consumo da bahidas lacleas
salbar cald.”. bmlomma ainda gue "0 aosiar vool repeberd as amosiras devidaments higienizadas &m sua
cETA.

1.2.2 Sobctar-ss echraamantos sobra g forma de recnptEmenio dos paricipaates (ndo havena divalgacia

BT e BOCRERT.

Endirago!  Fuo Taskika Vs of Camasgo, 138
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1.2.2. Salciarm-se s asc]Aracsimenias quanie &0 produln & e analisado, se serkio bebidas [Aciaas
|como estd no bexlo da e-mal corvdle) ou ioguries [como st No corpa do projeio).

1.2.3, Sclictam-se esxclaredmenios sobre como serd garantco gue cada participante seja abardado na
maxamo duas varss & casa ndo concorde em paticipar da pesquiza, e-mels & convites onbre nio serdo
s daparados pars eales parlicipanies,

RESPOETA DA FESQUISADORA Db parlicipantes da peaquinn sanio oofmvidadcs pof e-mail, AseEm nbo
haverd ampla divulgagia nas redes sodais. Porlanie, fol comigida a frase ne Anees 2 (e-mail) do Prapeda
ande a pesquisadora solidla ampla divdgacio. O produta a ser analisado serd o ogure. O lexia do e-mail
foi comigido & a palavra bebeda laciea foi substbsda por [BEURTE (como estd ne compo do prajeda), O
pamcipanle recaberd & a-rl de divol Gacio [Bnexs 2} aomerle wrd vaz 8 para que lgue ssasgurado o
dirgibs da nfo pamaipar fon acreacantada & faeh mo a-mail ‘Cods nio lanhs inlerasta am parlicpss da
pasguaa por Tavwar desconsidans” asin a-mal, Vool nbo receberd mais ashe e-mail. Cormacdas subinhadas
mm werde ro 8- mall corstie |presente no campo 4o Eea o projets).

ARALISE D CEP: Atendida,

1.3, Moilam 7.4, o pasgispdora descrove que, apdes 8 degualacie do codn amealrs do iogurie ("als do
avalaghn’), of particpanies “devarsa preanchar o Termulano on-ine segundn as insinsgides™. Ho Anemn 1

|"Ficha de Avalagio Sensoral™), a primeira informagso a ser reporiada pelo parcipanbe send seu noms.

Conmderandoese as ORIENTACOES PARA PROCEDIMENTOS EM PESOUISAS COM QUALAUER
ETAPA EM AMBIENTE ¥IRTUAL, publicadtss pela Comizsiio Haconal de Etca sm Pesguizs |Conep) sm 24
o Teverairn da 2021:

1.3.1. E meamandada a0 peecuisadar esponsaivel fazar o downlead dos dadas coliiadog @ dos meoisines da
corsantimenio lvne @ esclarecido para um disposivo eletirinioo local, apagando lodo & qualquer registno de
qualques plataforma wirtual, ambiente comparti hado ou “nwsem”,

1.9.2. Commiderando-ss a colsia de informacio gus pamile a identificacio do partidpants (nome) &am cada
formulario a sar preanchido. iotalizarda 26 (vinle & @8a) ichas & serem preanchidas, as quais icerda
IRPGOrAamanta armazenadas em nuvam, slicita-ss sdocio de sistema da codificago prnda dos
participantas da mode @vitar & inclus&a do nome do parlicipanta @m cada 1icha A sar preanchida.
1.3.3. Akm dos risoos desoriios pela pesquisadorna, a ullizagic do ambiente vinual também acarreta alguns
rscos (gusda de conasdo, nsco de yazamenis de dados, =%, ). Solcta-== que a pesquisadorn desiague os
riscis caraclanslioos do ambients wirusl, meios aletrinicos, ow

Endieago:  Fua Tessika Vs de Canasgo, 138
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wvinlagha,

RESPOSTA DA PESQUISADORA: Os dados colelados & os ragsinos de consanimanio rre & esclarecida
saarfig slvos SEaim que O paridpanis responder g paeques de forma a edlar quslguer vazamenis, vidlagha
au compramalimante 405 dades. Esles dados serfn salvwak mediatamanta am dispaelivg alaindnce [eeal
que perlence &0 pesquisador principal, Os participantes serio dentificados nos Tormulanos com wha

identificagio numérnca que segus coma o guadro abaixo:

Participanis 1- EMOOT Participants 26 EMORE
Participania 2- EMOO2 Participants 27- EMCRET
Pasticipania 3- EMOOGE Parlicipania 28- EMCRE
Participania 4- EMOM Participana 23 EMOE
Participanie 5-EMO05 Parlcipama 33- EMOE0
Participanie - EMO0S Participams 31- EMO1
Participania T- EMOOT Participants 32- EMCGEZ
Parlicipania B- EMODE Parlicipants 33 EMCGES
Participrinia 9- EMOIE Particinans 34 EMOZ4
Participanie 10- EMO10 Parlicinanie 35- EMO35
Participanie 11- EMO11 Participanis 36 EMOSS
Participanis 12- EMO12 Participants 37- EMCET
Participania 13- EMO13 Participants 35 EMOES
Paricipania 14- EMO14 Paricipanta 38 EMOCR
Parizipania 15- EMO15 Parlicinamia £0- EMO40
Participanie 16- EMO1E Participanis £1- EMO41
Participanis 17- EMO1T Participanis 42- ERMC42
Participanie 18- EMO18 Participanis 43 EMCHS
Participania 18- EMO18 Parlicipania £4 EMOH
Paricipania 20- EMO20 FParicipania £5 EMOY4S
Participamie 21- EMO21 Parlicipanie &6 EMO4S
Participanie 22- EMO2Z2 Participants 47- EMO4T
Participania 23- EMO23 Participants 48 EMCUE
Padlicipania 24- EMO24 Parlicipanta 45 EMCUD
Participania 25- EMO25 Pariicipanta 50- EMOS0

Endeeago!  Fuo Tessika Vs de Canago, 138

BEiren:  Barlo Cozcalda LEF
WF; BF Manwipn:  CAMFIHAS
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Alfvidadag ned prasanciae, em lngio des [imilaches dae leenologas ullizedss. Adidenalmanta, davam ser
riormadas as mitagtes dos pesquisadones parm Assegumar tolal confidencialidade o poloncial risca de sua
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Condraagie: de: Parsear: 4.7 LS5

Foi reliracka da fcha senscrial & sojkiacao oo nome dos pamcipantas. Fol incuida que O pacipants
oolocazse a ienlficagdo nomerica presente mo conjunio de Kis (cads perticipanie recebera dois Kis com a
meses erkficacio numdérca, Kit um ssrd consumide ro primesna dis = a k2 serd consumida no ssgunda
dia conlonma as inglfugdes]. D8 partcipaaias foram aletades do polancal Aol inaneris & ambmenls vilual
Alrasnds da insarcio dos parhgraion ro lasto do ilem 11, 1 Riece. Os paragralos inssridos forame “Tambam
wdsiem 0f As0os caradieristicos do ambianhs wirtue] Sevido a wilzacho dos mains aletrinioos. Hb isoo de
queda de conexdo duranks a avalacio das amosiras, caso isso acomiega deve ser realzado novamends o
prearchimanta dos formulanos. Além do rsco do vaeamenhs de dados, isso pods scomer devido a limilacsa
du sitemrs werolbgos ulibzede, gue infeizmenis rdo pode sssegurar otsl confidencislidade dos dadas @
axala o polancial fscs o8 wia violaghn, E iepriants salianlan qua apdd preecchimants 4o oemuladnis por
pama do pardicipanta, asia sara imedislamanbs salva em ambienia eeirbnics do pesquisadar principal, da
maodo a gamntr a conlidencialdads @ a ndo vielapo dos dades.” A5 corepdes askdo sublinhadas em azul
N P,

ANALISE [ CEP: Atandisa,

2. Quanin ap Tamrmd da Consantimenie Livia @ Esclaracide apreseniado nd documenie “ick.pd™, da
Flilnklpankd i

2.1, 4% Resdlugso CHS MY 486 ge 2012, mo ikem 11,23, onents gue o TCLE dews “conter Iodas as informastes
neca=drias. am linguagem clera = objeliva, de faol sstendimento, para o mas completo esd arecmenio
gokrn B pasquias 8 gusl se propds padticipar”, A Fprvds como eald deadrio o “Precadimania” rda daxa clars
4 qua cada partidpants dave Tazer AaRIM com i Tica clan qual & o BFEo NRCEERATD PR @ FalZAaGRD
di cada olapa. Airda, @ pesquisadora ndo descravey de forma clar gue um dispositive eletrdnico
|compulador, tablete, etc.) coneclado 4 ivemet deve esiar prisimo ao parcipsnce dumnie a deguslacsa do
s amostra para gue o formulania onkne se@ preenchico a cada amosira, Sclicitam-se adequagies,

2.2, Coma ja aponlade na andlae do projele, o pesqusadon préciss inclur o fscos camclerislicos da
ambianis viriual i campo Dagcordono a4 REces™

2.3. Mo e "Resaarcimentn @ IPdenZachn” & pRequisalona dRECHRWE GQUR “Wocl Ndo %l neniuim gasta
oo 0 EsRuck, wisia que ehke serd realizads durante o horno de fabalho e esiudo des alunos & funcionarnos
da Unicamp”, Mo enkanto, a pesquisa serad realzada em amisents domicibar e ndo mais nas dependéndas
i laboradeio, Solcilam-se adeousctes,

Endieago!  Fuo Tassaka Vi o Camasgo, 128
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2.4. Quande a colata de dados aoormer am ambsrs viflual [oom uso de progremas parm colela ou regisiro
de dados, e-mall. &nire ouiros), na modalidade de corsentiments (Regisino ou TCLE), o pesquisador dess
enfalizar a importéncia do parlicipanie de pesgusa guardar em S2Uus arquivos Wma copda Carta da
docurmanto eletrérico, Solicila-se a inclusdo desta infermacho no TCLE.

RESPOSTA Db FESQUISADCRA: Foram realissdss comeqpies mo ilem “Procedieenia” prassnts fa Terma
da Consanlimanta Livie @ Esclracide” asaim foram realzades adequaiies para qua 0 pamicipends antanda
majhar oo devie ser realzadoe o protssdimenta. Fol apesceniade no lexte o lempo iola] guee serd gasia
parx & degusiacio em cada elapa. Aoescentois-se ambém a hl-m'nll;a-: na necessidads de um disposiva
altrtnico consctado a inlemet duramis a degustacio = cada amostra, para gus o formuldsio ondine possa
s preanchindo a cada ameatra, O lesto adicionade no Terme de ConganliFmanto Livee @ Esclarecedo i ;
SR inciar B deguetaddo o parlcinants deward ter am madcs apanslho alednios (osluler, nolabock ou labkia)
coneriadn A inkernel. A cada amosing degustada dave-se prasnchar o formuldnic airasds do|ink presenia
nas irstrugdes. O provador lmmbem deverd propanar um copo conlende 200mL de agua pam o b o
um pouco entre as amostras para fazer a impeza da beca, O provador dese provar cada amosira com o
lempa de 5 minuies, olalzands na stapa 1 |prmeind segqunde da) pedode da manid 35 mirmios & stans 2
{primsing' sagunde dia) parioda da taede 30 minkee, O panicipants berd § mirlos pas provar cads amosira
& raspandar o quastiondno onding ainavds do link disponival nas nsirughas de corsuma. Mo formliia
anline o paicipante deverd colocar: identficagio ruminca presente no ki, data @ prooeder a avallagsa
semsorial referenie a aparéncia, arama, saber, exiura, homogersidade & impressao global utilzando uma
ascala rdo estruborada de nove centimetos, onds um exirema & correspondstie 3 pouco & o oulro muia
rilang,”

Foram raalizadas corrapfies no ibem “Oesconlortos @ Riscos™ do Tarme de Consardimenio Livie a

Esclarecico. Fol adicionadoe o testo informande ac participants o8 riscos caracterisions do ambienia virual.

Fol adidonado o seginhe beato:

“O= paticpantes ambsm stardo supsios acs nscos caracieristicos do ambieris virua devido a ublezagso
dos rwns eletrdnicss, H dscs de guesds de conecla duranie & svalach dos arastras, cass s sconlega
dave gar realzado noveTente O praanchirenio doe Tl dncs. AR oo racd o vaeamante de dados, Bso
pode coomer devide & limitagao do sslema ecnoldgico uilizado que infalzmants n&a poda assegurar iota]
oorfidencialidade dos dados @ exsie o polencial risco de sua vidlaglo.” Foram realzadas adequagdes na
campo “Ressarcimento & Indenizagdes” presergés no Termo de Consentimento Livre & Esclarecido”™ para
adequscio o descricho de que o parlicpaie
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raalizAra & pesniitea em ambiania domicilar O frecho Tol mascribe & ool como segus ahao;

"M haverd nianhisma s de reembolsa, porgus Yool RSa 1end nenhum gasio cam o estudo, viso gue o
pesquisador prinopal levara os Eits alé vood, para que a andlse sensonal seja realzada em ambiente
domaciliar. Yook terd a garandia ao deeito a indenizagio dianie de aventuais damos decorrantess da
paaguns,”

Faram raalizadas edaguachas no Termed da Canaantimanta Livia a Eaclaracide vieandd anfalizar &
imporidncia do participante da pesquisa @M Sa|var ¢m SoUS arquivos uma copia Carta o documanta
ehelrdnios Terma de Cansenlimenta Lvre @ Esclarecide. O reche fol adicionado no texta da Termo de
Conserdmanto Livee & Esclarsodo como segue abanso:

“ATEHGAD: APOS O PREENCHIMENTD 0680 TERMO DE COMSENTIMEWTO LIVRE E ESCLARECIDO
VOLE DEVE SALVAR UMA COPIA CARTA DESTE DOCUMENTD ELETRONICD VISANDD & SUA
SEGURANGE.” A5 comapdes eslAa sublinhadas am azul escure no leelo presanta no Termo da
Conserfimenta Livre & Esclarscide [TELE].

AMALISE DO CER- Pardalmenie atendida. Vids pendéncas & lista de inadequaghes da s=qunda verssa da
projaln,

3. Quanin adg "Cranggrama” Aprasantado m o documanita
"F'E_IHFBFEHAE;-DEE-_EAElE-#.E-_DEI-_F‘FI:G-J ETO_1724025_E1.pdl™, de 25/0372031.
3.1, Mo cronograma apreseniaco, a elapa de “Analise Sensonal” esia previsia para ser realizada de

TRDAE02T & F0AER021 . Considemndo~=s qus ds acordo com a Morma Operacional CHS N 007 de 2013,

ilam 3418, Todoa oo profocoles de peaguiza devesn conlar, abrigatariamenta: |...) Cronagrama
rdamanda 8 durache wial 8 as dferantas Stanak dA PEEgUEsA, &M NOMEND 06 MREEE, G0N COMBRGMEED
mplicioo do pesquisador de que A pesqusa somenie send inidada a part da aprovacio pelo Skstema CEF-
Gonep” & que a presente emenla ainda enoonim-se om avaligio, solcia-se a adequagio do cronograma.
RESPOETA D6 PESQUISADORA: Foram realzadas corspdess de acordo com o item =olickado acrma, &
précianbd peaquissdons equivactu- s nas conlas am ralaiio aos meses, Coqlore a Boama Dparacional
CHE BPOOT da 7013 Bam 3.4.1.9 p pracsia pesquisscon somenta dars micio B Andlise Saneorial apde a
aproacan pelo Sislama CEP- Corsg.

D cronograma presente na iexio do projeda fol redarmulade e encorfra-se sublinhado no texto &m cor rasa.

Tambemn foi realizads a adeguacic ro documenio “lnlormactes Bascas do Projebs” conformes sdlictacao.
AMALISE D CEP: Aandida,
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Consideragdes Finais a cribério do CEP:
- [ parlicipanis da pesquisa deve rscebar uma via do Termo ds Canssnliments Livve s Escleecido, na
integra, por ele s=sinado (guande aplicivel)

-0 pariicipania & pesguisa lam & libandacds da recusAr-5e A BRMCHET o 9a eling R0 CONESNEMEno fim
qualquar fase da pesguisa, som panalzago alpuma & sem projulzo a0 sou ouidado {quando anlicdel L

= pesqussador deve desenvalver a pesquiza conforms delneada no protocolo aprovado. Se o pesguisadon
cordidarar B deacaniivuscio do ashuad, aska deve 2ar prlilicads & aoments e radlicsds apie andbse das
ragles da descontiinaddada palo CEP qua o aprovou. O pesquisador dava aguardar @ panscer do CEP
quanto & descontinuagin, enceto quando peroeber fisco au dand Ao previsia Ao parscipante ou quanda
consialar a supenoridade de uma esiraléga diagnasiica ou berapdulica oleredda a um dos Arupos da
peaguisa, i=ip &, somenies em caso de necessidade de agdo imediala com mbeio de prodeger os
parbicipanbas,

-1 CEP dirvia sar informiado da iodas o6 alaios advarsos ou Taias relevanias gue aferam o oursa normal 9o
osiudo. E papel do pesguisador assegurar medidas imedialas adequadas frenss a owenio adversa grave
ocarida (mesmo que ¥enha sido em oulra centro) e snvar nolificacdo ao CEP = 4 Aglnca Nacional de
Wigldncia Sanitdnis — ANV S, — junto com ey posiconamento,

- Evanlissds modificaghes ou emandas an protocoln devam se aprakeniadas Ao CEF da Torma oJara &
sinla, identificandc a pars da protocclo @ ser modiicada © suas |ustficatias o aguardandc & aprovacsa
da CEP para conliridade da pesquisa. Em caso de projetos do Grupe | ou il apressrtsdos antercrmante 8
ANVISA, o prequeador ou patroginador dews anyed-tes Bsmbém & mesma, junle com o parecs: aprovaidng
do CEP, para panam juniadss ao proloca ko imicel,

- Relatnics parciats & final dewem ser apresentados ap CEP, inicalments seis meses apos a data deste
pansoer oe AprOVaSed B a0 hErming oo estudo.

-Lembramas gue sequindo & Rescluiia 4682012 | teen X1LZ leira &, “cabe ao pesqusador sprassntan dados
soficiiados pelo CEF 0w pela CONEP & quakpser memanto”
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L) pmpquisador Save mantar 03 dados da pRequisa e Arguive, fisico ou digtal, sob siea guanda &
responsabijdade, por um periodo de & anos apds o férmine da pesguisa.

Este parecer fol daborade baseado nos documentos abaieo rdacionados:

Tipan Deecinmanhs | Arguik Poslagam Lo Siluagan
Imtarmagdes Bascas|PH_INFORMACOES BASICAS 17280 11082021 Aceiia
40 Projata 5 Ef.pifl 21:07:18
Chplrers Bl TME2021 JEMANLIELLE Acaik

21:08:42
TCLE f Termos de [k docx TFIsE Acetia
A s rvlienho ¢ 21:05:16
Jusificatua de
L dnci
Projeia Dptalhadc | |pr.doc 1m0 Acatia
BeoFars 21:05:00
Ew&r Enhm:n pm'\-.ﬁ Ly HAcaiia
I_ 15:30:38
Fahildi Rosio FR.pdi L PIRR TP 1 Acoiia
14:32:18  |MORAIS DE
OLIVEIR®

Situagdo do Pareoor:

Apferaadi

Fiieliailn Apraciagdo da CONEP:

P

Endieago R Tessika Vs de Canasgo, 138

Buiene Bl Ceseldo

U 5 Manimipan:  CAMFIMAR
Telelons:  |1E0e1-8mH

CAMPINAS, 14 de Maio de 2021

Fac {1302 7187

Aaasnado por

Ruanats Maris dos Sarics Celeghani

(Coardanadora))

CER 130m3-0nT

E-mail: cepTiomn unicamzbr
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