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RESUMO

Este trabalho foi realizado com o objetivo de avaliar a viabilidade da extracdo de 6leo, solidos
soluveis e compostos bioativos presentes nos graos de café verde (Coffea arabica) e da torta obtida
da prensagem mecanica desses graos, utilizando solventes verdes (alternativos ou biorenovaveis)
na forma pura e suas misturas, e métodos alternativos. Os materias, grdos de café verde e torta,
foram caracterizados fisica e quimicamente. Os resultados mostraram que, mesmo apos a extracao
do 6leo por prensagem, a torta ainda contém substancial teor de sélidos sollveis e compostos
bioativos. Apds serem caracterizadas, as matérias-primas foram submetidas a extracdo em
temperatura ambiente, com a finalidade de quantificar compostos bioativos e comparar a
performance do solvente etanol e da mistura metanol-acetona para extrair esses compostos. Os
resultados obtidos mostraram que a mistura de solvente metanol-acetona apresentou melhor
performance para extrair compostos antioxidantes, os quais foram encontrados em maior
quantidade na torta. Em seguida, avaliou-se o rendimento da extracdo de dleo (ou solidos soluveis)
e de compostos bioativos e antioxidantes avaliados, por meio das analises de compostos fendlicos
totais, ABTS, DPPH, FRAP e beta-caroteno dos gréos de café verde e da torta, utilizando o extrator
tipo Soxhlet; também foram estudados solventes alternativos (acetona, acetato de etila, etanol e
isopropanol) e solventes tradicionais (hexano e éter de petroleo), em diferentes tempos de extracdo
(3 e 5 h), no rendimento. Os resultados mostraram que o etanol foi o solvente que apresentou
melhor rendimento de sélidos sollveis, de antioxidantes e compostos fendlicos de ambos 0s
materiais, com excecdo da analise de antioxidante pelo método de descoloracao do beta-caroteno,
a qual apresentou melhor resultado quando o acetato de etila foi empregado. Foi também estudado
o rendimento da extracdo sélido-liquido em batelada com solventes puros alternativos (etanol,
acetona e acetato de etila) em diferentes temperaturas (35 a 55°C), bem como os pardmetros
termodinamicos do processo. Foi observado que elevadas temperaturas afetaram positivamente o
rendimento do processo, e os solventes etanol e acetona apresentaram melhor performance. A
analise termodindmica dos processos mostrou que as AH e AS foram positivas, ¢ AG foram
negativas, indicando que 0s processos sdo endotérmicos e espontaneos. Uma vez estudado o
comportamento dos solventes puros, foram selecionados dois solventes (acetona e acetato de etila)
para serem utilizados como cosolventes no processo de otimizacgao da extracdo etandlica dos gréos
e da torta. A extracdo solido-liquida foi realizada em banho com agitacao e controle de temperatura.

Foi utilizado o Delineamento Composto Central Rotacional (DCCR) para planejar o experimento,
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onde as variéveis independentes foram a concentragdo de cosolventes (acetona e acetato de etila; 0

a 40%) no etanol e a temperatura (35 a 55°C), e as variaveis respostas, o rendimento e indice de
retencdo de sélidos sollveis. Observou-se que a temperatura e a adicdo de acetona tiveram um
efeito positivo no rendimento do processo de ambos 0s materiais, sendo que, para a torta, a adi¢do
de acetato também influenciou esta variavel resposta. A temperatura também influenciou o indice
de retencdo do processo de extracdo de ambos os materiais, no entanto, esta variavel resposta nao
pode ser representada por um modelo empirico. O estudo mostrou que o processo de extracdo de
solidos solUveis da torta de café é mais viavel do que para os grdos. Como método alternativo, foi
realizado o processo de extracdo solido-liquido dos grédos de café verde assistido por ultrassom (20
kHz, 400 W, ponteira de 3 mm de diametro), onde os mesmos parametros da otimizacéo realizada
para o banho com agitacdo foram utilizados, exceto a temperatura, no lugar da qual foi utilizado o
tempo como variavel independente (5 a 60 min). A funcdo desejabilidade foi utilizada para
otimizar, simultaneamente, os resultados das variaveis respostas analisadas (rendimento e indice
de retencdo). As regides 6timas encontradas foram 16,41 a 31,45% para acetona, 31,45 a 40% para
acetato de etila e 54,44 a 60 min para o tempo. Os resultados mostraram que o tempo de extragao
foi um parametro com elevada influéncia na recuperacéo de s6lidos soltveis e no indice de retencao
do processo de extracdo solido-liquido de gréos de café verde. Por meio dos resultados obtidos,
pode-se demonstrar que o processo de extracdo solido-liquido utilizando solventes verdes é viavel
para a extracdo de Oleo ou solidos soltveis de grdos de café verde e da torta obtida da prensagem
mecanica dos graos. Assim, a extracdo solido-liquido pode ser utilizada como uma segunda etapa
de extracdo para remover 0s s6lidos da torta, uma vez que 0 processo de prensagem se mostrou
com baixa eficiéncia (< 30%) de rendimento de 6leo, bem como da extracdo de compostos

bioativos.

Palavras-chave: Extracdo solido-liquido. Sélidos solUveis. Solventes alternativos. DCCR.

Termodindmica. Compostos bioativos. Coffea arabica.



ABSTRACT

This work aimed to evaluate the feasibility of the extraction of oil, soluble solids and bioactive
compounds from Arabica green coffee beans and its press cake obtained from the mechanical
pressing processs, using alternative solvents (pure or mixtures) and methods. The materials, green
coffee beans and cake, were physically and chemically characterized. The results showed that even
after oil extraction by pressing, the cake still contains substantial content of soluble solids and
bioactive compounds. After being characterized, the raw materials were subjected to extraction at
room temperature, in order to quantify bioactive compounds and to compare the performance of
the solvent ethanol and the methanol-acetone mixture to extract these compounds. The results
showed that the solvent mixture methanol-acetone presented better performance to extract
antioxidant compounds, which were found in greater quantity in the cake. Further, the oil yield (or
soluble solids), bioactive compounds and antioxidants were evaluated through the analysis of total
phenolic compounds (TPC), ABTS, DPPH, FRAP and beta-carotene bleaching assay (BCBA) of
the green coffee beans and the cake using the Soxhlet type extractor; also, alternative solvents
(acetone, ethyl acetate, ethanol and isopropanol) and traditional solvents (hexane and petroleum
ether) were studied in different extraction times (3 and 5 h). The results showed that ethanol was
the solvent that presented the best yield of soluble solids, antioxidants and phenolic compounds of
both materials, except for the BCBA antioxidant analysis, which presented better results when ethyl
acetate was employed. It was also studied the yield of the solid-liquid extraction with pure solvents
(ethanol, acetone and ethyl acetate) at different temperatures (35 to 55°C), as well as the
thermodynamic parameters of the process. It was observed that high temperatures positively
affected the yield of the process, and that ethanol and acetone solvents presented better
performance. The thermodynamic analysis of the processes showed that the AH and AS were
positive, and AG were negative, indicating that the processes were endothermic and spontaneous.
Once the behavior of the pure solvents was studied, two solvents (acetone and ethyl acetate) were
selected to be used as cosolvents in the process of optimization of the ethanolic extraction of beans
and cake. The solid-liquid extraction was carried out in a stirring bath with temperature control.
The Rotational Central Composite Design (DCCR) was used to plan the experiment, where the

independent variables were the concentration of cosolvents (acetone and ethyl acetate, 0 to 40%)
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in ethanol and temperature (35 to 55 °C), and the variables responses were the yield and retention

index. It was observed that the temperature and the addition of acetone had a positive effect on the
process yield of both materials, and for the cake, the addition of ethyl acetate also influenced this
response variable. The temperature also influenced the retention index of the extraction process of
both materials, however, this variable response could not be represented by an empirical model.
The study showed that the process of extracting soluble solids from the press cake is more viable
than for the coffee beans. As an alternative method, the solid-liquid extraction process of the green
coffee beans (20 kHz, 400 W, 3 mm diameter tip) was performed, where the same parameters of
the optimization performed for the stirred bath were used, except the temperature, instead, the
variable time was used as an independent variable (5 to 60 min). The desirability function was used
to simultaneously optimize the results of the analyzed response variables (yield and retention
index). The optimum regions were 16.41 to 31.45% for acetone, 31.45 to 40% for ethyl acetate and
54.44 for 60 min for the time. The results showed that the extraction time was a parameter with
high influence on the recovery of soluble solids and the retention index of the solid-liquid extraction
process of green coffee beans. By means of the results obtained, it can be demonstrated that the
solid-liquid extraction process using green solvents is feasible for the extraction of oil or soluble
solids from green coffee beans and its cake obtained from the mechanical pressing of the beans.
Thus, solid-liquid extraction could be used as a second extraction step to remove solids from the
cake, since the pressing process was shown to have low efficiency (< 30%) of oil yield as well as

for the extraction of bioactive compounds.

Keywords: Solid-liquid extraction. Soluble solids. Green solvents. CCRD. Thermodynamics. Bioactive

compounds. Coffea arabica.
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PRIMEIRA PARTE

1 INTRODUCAO

O Brasil configura-se como o maior produtor de café, sendo responsavel por 33% de todo
o café comercializado no mercado internacional (incluindo-se os mercados interno e externo),
seguido pelo Vietnd, o qual responde por 15% das exportacfes mundiais, e pela Colémbia, com
7,5% (ICO, 2018).

A maior parte de consumo do café é para a elaboracédo da bebida café (83 L por habitante
ao ano, no Brasil), podendo ser comercializado para esse fim na forma de gréos torrados, torrados
e moidos e ainda na forma de po instantaneo (ABIC, 2018). No entanto, o grdo do café verde tem
despertado interesse no cenario agroindustrial nacional e internacional, uma vez que o grao possui
0leo com caracteristicas atrativas para a industria cosmética, além de ser rico em compostos
bioativos (AL-HAMAMRE et al., 2012; CAETANO; SILVA; MATA, 2012; VARDON et al.,
2013), e que, por sua vez, contém grande quantidade de sélidos soltveis (SOMNUK; EAWLEX;
PRATEEPCHAIKUL, 2017), sendo insumo promissor para a agroindustria.

Apesar do Oleo de café verde apresentar caracteristicas como emoliente e ser um
quimoprotetor, além de apresentar atividade antioxidativa (RABASCO ALVAREZ et al., 2000),
os gréos de café verde ndo podem ser considerados como fonte de 6leo (~15%) (DIAS; BENASSI,
2015; MUSSATTO et al., 2011), o que os torna improprios para serem destinados ao processo de
extracdo mecanica (prensagem), uma vez que esse processo é adequado a extracao de matrizes que
contém acima de 20 a 30% de 0Oleo. No entanto, a prensagem mecanica é atualmente, o0 método
empregado pela induUstria de café para extrair o 6leo dos gréos verdes.

A prensagem mecanica além de ser um processo ndo indicado a extracdao de materiais com
baixo teor de 6leo, gera um subproduto que ainda contém teor substancial do mesmo. Ainda, pode
apresentar elevado teor de compostos bioativos hidrofilicos, que ficam retidos nesta biomassa. Esse
residuo, o qual, na maioria das vezes, é descartado, pode, portanto, apresentar relevante potencial
econémico para a industria.

A fim de explorar esse residuo (biomassa ou torta) e ainda tornar a extragdo de grdos de
café verde mais eficiente, a extracdo solido-liquido pode ser uma alternativa interessante.

A extracdo solido-liquido de Oleos é comumente realizada utilizando-se o hexano
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comercial, que é uma mistura de hidrocarbonetos com um ponto de ebuligdo em torno 65-69°C que

contem cerca de 65% de n-hexano e 35% de ciclopentano e isémeros do hexano (KEMPER, 2005).
Esse solvente apresenta diversas vantagens, tais como baixo calor latente de vaporizagao,
solubilizacdo completa com dleo, baixa corrosividade, facil recuperacéo e imiscibilidade na agua.
Em contrapartida, apresenta desvantagens, como efeitos negativos sobre o meio ambiente,
seguranca e salde (DAGOSTIN; CARPINE; CORAZZA, 2015), uma vez que é poluente,
altamente inflaméavel e é considerado uma neurotoxina.

Inimeros solventes alternativos tém sido propostos para substituir o0 hexano na extracdo de
6leos vegetais, incluindo o tricloroetileno, n-heptano, etanol, acetona, acetato de etila, isopropanol
e n-propanol (AQUINO et al., 2011; FRANCO et al., 2007a; GANDHI et al., 2003; JAVED et al.,
2015; MANI; JAYA; VADIVAMBAL, 2007; NAVARRO; RODRIGUES, 2016; OLIVEIRA;
GARAVAZO; RODRIGUES, 2012; OLIVEIRA; BARROS; GIMENES, 2013; RODRIGUES;
ARACAVA; ABREU, 2010; SETH et al., 2007; TIR; DUTTA; AHMED, 2012).

Entre esses, 0 etanol é um solvente promissor para a extracdo de Oleos vegetais nas
indUstrias brasileiras e norte americanas. Segundo dados da Renewable Fuels Association (RFA,
2017), os Estados Unidos e o Brasil produziram 15.800 e 7.060 milhdes de galGes de etanol em
2017, respectivamente, o que corresponde a 84% do total produzido mundialmente. Apesar de ser
produzido em menor quantidade, o &lcool brasileiro tem a vantagem de apresentar menor custo de
producdo e maior produtividade por acre, em decorréncia do uso de cana-de-agucar como matéria-
prima (KOHLHEPP, 2010). Ao que diz respeito & saude e seguranca, o etanol apresenta menor
risco do que os hidrocarbonetos (DAGOSTIN; CARPINE; CORAZZA, 2015). Ainda do ponto de
vista ambiental, ele é produzido por via biotecnolégica, ndo gerando residuos toxicos. Do ponto de
vista econdmico, além de ser produzido em larga escala no Brasil, pode ser facilmente recuperado
para posterior reutilizagdo no processo (RODRIGUES, 2011).

Entretanto, em razao da sua natureza polar, o etanol ndo € um bom solubilizante para o 6leo,
quando comparado ao hexano. Os triacilglicerdis tem solubilidade limitada no etanol que € capaz
de solubilizar ndo apenas o 6leo presente na matriz, mas também agua e outros componentes
polares. Se etanol hidratado for utilizado como solvente, sua capacidade de solubilizar
triacilglicerideos é reduzida, gradualmente limitando a eficiéncia do processo (COSTA
RODRIGUES, 2011; DAGOSTIN; CARPINE; CORAZZA, 2015; NAVARRO; RODRIGUES,



14
2016).

A fim de aumentar a solubilidade de um componente em outro, alguns recursos
termodinamicos podem ser utilizados, tais como a elevagdo da temperatura e ainda a adicdo de
cosolventes na mistura. Um cosolvente, por definicdo, € uma substancia que é miscivel tanto no
soluto como no solvente, e melhora a solubilidade e consequente extragdo dos compostos de
interesse (DAGOSTIN; CARPINE; CORAZZA, 2015). Neste contexto, objetivou-se neste
trabalho avaliar o processo de extragao solido-liquido dos gréos de café verde e da torta proveniente

da extracdo do 6leo de café por prensagem, utilizando diferentes solventes alternativos.

2. REFERENCIAL TEORICO

2.1 Café

A planta de café é originaria da Etiopia, centro da Africa, onde ainda hoje faz parte da
vegetacdo natural. Os manuscritos mais antigos que mencionam a cultura do café datam de 575
D.C. no 1émen, onde os frutos eram consumidos in natura. Na Pérsia, no século XVI, os graos
passam a ser torrados e posteriormente consumidos na forma de bebida, como conhecemos
atualmente (NEVES, 1974; TAUNAY, 1939).

O cafeeiro é considerado uma arvore pequena ou um arbusto perene. E caracterizado por
frutos ovoides com cores vermelhas ou amarelas, contendo duas sementes cartilaginosas,
envolvidas por uma polpa adocicada e comestivel. Sua semente & responsavel, quase que
exclusivamente, pelo alto valor desta planta (SILVA, 2005). Pertence a familia Rubiacea e género
Coffea, sendo que as duas espécies de maior relevancia econdmica sdo a Coffea arabica —
conhecida como arabica - e a Coffea canephora. A espécie arabica é a mais apreciada, pois é
reconhecida por produzir uma bebida de melhor qualidade (bebida mais delicada e com aroma
acidifero) (FIGURA 1). A Coffea arabica representa cerca de dois ter¢os da producdo mundial,
enquanto o terco restante é de Coffea canephora (SMITH, 1985; ILLY, 2002). A outra espécie, €
originaria da regido do Congo, e ndo menos importante que a ardbica em funcdo do alto teor de
cafeina (2,2% - o dobro da variedade arabica) e solidos solUveis verificados nos seus graos,

representa aproximadamente 34% da produgdo mundial de café, e possui diversas variedades,
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dentre elas a robusta ou conilon, ou ainda kouillou, em francés (FIGURA 2). Além da arébica, esta

é a outra variedade cultivada no Brasil (RONCHI, 2009). Os cafés brasileiros sdo na maioria
misturas (blend) dos dois gréos, resultando em uma bebida de qualidade razoavel e com baixo custo
(LIMA FILHO et al., 2015).

Figura 1 — Cafeeiro e grdo de café do tipo Arabica.

~

Fonte: Do autor (2017).

Figura 2 - Cafeeiro e grdo de café do tipo Robusta.

A g~ N\ ’

Fonte: Café (2015).

O café chegou ao continente europeu em 1615, trazido por viajantes em suas constantes

passagens pelo Oriente. Apesar do imenso interesse de paises como Alemanha, Franga e Italia em
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desenvolver o plantio do café em suas terras, foram os holandeses que introduziram o cultivo da

planta na Europa (NEVES, 1974; TAUNAY, 1939). Apostando no produto, com mudas
procedentes de Moka, os holandeses deram inicio ao cultivo sistematico do café, no ano de 1658,
em Java, a leste da India — origem da famosa mistura de grdos Mocha-Java, e prosseguiram no Sri
Lanka, ilha do oceano Indico. Em 1699, levaram mais mudas para as coldnias insulares da
Indonésia, Sumatra, Timor, Bali, Malabar e Celebes, e, em 1718, plantaram no Suriname, na
América do Sul. Sempre sob controle da Holanda, essas regides figuram como as primeiras
exportadoras de café comercial do mundo. Amsterda tornou-se poderoso centro difusor do produto
(MARTINS; AQUINO, 2008). Ingleses e espanhois completaram, posteriormente, no decurso dos
séculos XVIII e XIX, a propagacdo do café arabica no continente americano (CARDOSO, 1994).
O café foi entdo trazido ao norte do Brasil, em 1727, proveniente da Guiana Francesa, pelo
sargento-mor Francisco de Mello Palheta a pedido do governador do estado do Maranhdo (NEVES,
1974; TAUNAY, 1939).

O café é uma das bebidas mais consumidas no mundo. Desde 1820, o café passou
gradativamente a ser o principal produto brasileiro de exportacédo, superando o algodao, o aclcar e
outros produtos agricolas. Originalmente cultivados no Estado do Rio de Janeiro, os cafezais se
espalharam, alcancando terras paulistas ao longo do vale do rio Paraiba. Em 1836, Sdo Paulo ja
respondia por 25 % de toda a producdo cafeeira do Brasil €, em 1850, o café representava quase
metade de todas as exportacfes brasileiras. Logo, o ciclo de producdo do café é responsavel por
uma importante movimentacdo financeira que afeta diversos setores da economia em todo o pais
(MAPA, 2015a). A area total plantada no pais com a cultura de café (arabica e conilon) é
equivalente a 2,2 milhGes de hectares. A area plantada do café arabica no pais é de 1.78 milhdo de
hectares, 0 que equivale a 81% da area existente com lavouras de café. Para o café conilon, a area
estimada é de 417,93 mil hectares. O café¢ arabica representa, aproximadamente, 76% da producao
total (arabica e conilon) de café do pais (~ 43 milhdes de sacas). Ja a produgao do conilon
representa, aproximadamente, 24% da producao total (~ 13 milhdes de sacas) (CONAB, 2018b).
O Brasil tem condic6es climaticas que favorecem o cultivo do café em 15 regides produtoras. Essa
diversidade garante cafés variados de Norte a Sul do pais (MAPA, 2015b). Contudo, 0 maior
produtor nacional de café é o Estado de Minas Gerais, onde concentra-se a maior area plantada, de

975,27 mil de hectares, predominando a espécie arabica, com 98,64% do total no estado. Isso
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representa 50,2% da area cultivada no pais (MAPA, 2015a). Sendo que as principais regides

produtoras no estado de Minas Gerais sdo o0 Sul e Centro-Oeste (FIGURA 3).

Figura 3 - Mapeamento do café no estado de Minas Gerais.
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Fonte: CONAB (2017).

Em decorréncia da diversidade de regides ocupadas pela cultura do café, o Brasil produz
tipos variados do produto, fato que possibilita atender as diferentes demandas mundiais. Essa
diversidade também permite o desenvolvimento dos mais variados blends, tendo como base o café
de terreiro ou natural, o despolpado, o descascado, o de bebida suave, os acidos, os encorpados,
além de cafés aromaticos, especiais e de outras caracteristicas (MAPA, 2015b).

Os principais motivos do consumo da bebida de café tém sido seu efeito estimulante e o seu
aroma e sabor. Além disso, o café exibe atividade antioxidante e acredita-se que seu consumo

moderado reduza o desenvolvimento de alguns tipos de cancer como o de intestino grosso. Sua
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atividade antioxidante é atribuida & presenca de compostos fendlicos, como acidos clorogénicos, a

cafeina e a alguns produtos resultantes da reacdo de Maillard (melanoidinas) (ABIC, 2017), a qual

ocorre durante a torrefacdo dos gréos.

2.1.1 Composi¢do quimica do café

Um dos constituintes mais importantes dos grdos de café sdo os carboidratos, ja que
representam quase metade da massa do grdo cru, em base seca. A proporcao de carboidratos em
grdos de café é diretamente afetada pela espécie, local de cultivo, estddio de maturacéo dos frutos,
entre outros. Carboidratos de baixa e alta massa molar sdo encontrados no café. O principal
carboidrato de baixa massa molar presente nos grdos de cafés crus é a sacarose, com valores
variando entre 2 e 5% para a variedade robusta e 5 e 8,5% para a variedade arabica. Frutose, glicose,
manose, arabinose, ramnose, rafinose, galactose e ribose também estdo presentes em quantidades
inferiores a 1 % da massa do grao (base seca). A fracdo de polissacarideos, ou carboidratos de alta
massa molar, presentes no café cru, é constituida, principalmente, de trés polimeros:
arabinogalactanos, mananos e celulose. Os teores de mananos e celulose nos gréos de cafés crus
ndo variam entre as variedades arabica e robusta e sdo de 22 e 7%, respectivamente. Ja 0s
arabinogalactanos representam cerca de 14% do grdo de café arabica, e 17 % do grdo de café
robusta. O teor de celulose varia com a espécie e pode chegar a 7,8% para arabica ou 8,7% para
robusta (TRUGO; MACRAE, 1986; BRADBURY, 2001; FERNANDES et al., 2003).

Os éacidos organicos, que também estdo presentes nos grdos de café, sdo produtos
secundarios do metabolismo celular e, parcialmente, responséaveis pela coloracdo do grédo cru. O
teor de &cidos no café também é dependente de alguns fatores, como a idade, o tipo de
processamento e fermentacdo. Grande parte dos &cidos encontrados no café sdo os &cidos
clorogénicos, que sao esteres do acido quinico. E, em minoria, estdo presentes o0s &cidos quinico,
malico, citrico e fosforico. Em média, o café arabica (5,5 g/kg) contém mais acido quinico que o
robusta (3,5 g/kg). Para os acidos malico e citrico, os teores sao superiores em arabica, 5,6 g/kg e
12,3 g/kg, respectivamente, do que em robusta, 3,0 g/kg e 8,6 g/kg. O teor de acido fosforico é de
1,3 g/kg em arabica e 1,7 g/kg em robusta. Ja a quantidade de acidos clorogénicos nos graos de

cafés crus varia de 4,0 a 9,0%, em base seca, para café ardbica e de 6,0 a 12,3 % para café robusta,
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dependendo da técnica utilizada para a determinacdo dos mesmos (CLIFFORD, 1985; BALZER,

2001). Os acidos clorogénicos, considerados compostos fenolicos, sdo responsaveis por grande
parte da atividade antioxidante, tanto do café in natura, como da bebida, apresentando potencial
atividade antibacteriana, antiviral e anti-hipertensiva (SMITH, 1985). Os compostos fenolicos
constituem uma das principais classes de antioxidantes naturais. Eles sdo largamente encontrados
em frutos, legumes, graos, sementes, folhas, raizes, etc. Esses constituintes sdo também capazes de
retardar o envelhecimento (KAWACHI et al., 1996; SAAKSIJARVI et al., 2008). Os compostos
fendlicos tém se tornado de grande relevancia, decorrentes dessa caracteristica antioxidante. Uma
das principais classes de compostos fenolicos é a dos acidos hidroxicinamicos, dentre os quais
destacam-se os acidos cafeico, ferdlico e p-cumérico (FARAH et al, 2001; FARAH;
DONANGELO, 2006).

Os compostos nitrogenados representam uma fragdo importante da composicdo do cafe.
Dentro dessa classe de compostos, encontram-se a cafeina, a trigonelina, 0os aminoacidos e as
proteinas. A cafeina é a substancia do café associada a uma melhora no estado de alerta, na
capacidade de aprendizado e resisténcia ao esforco fisico. Seu teor em gréos de cafés crus varia
fortemente com a espécie da planta e é da ordem de 2,2% para café robusta e 1,2% para café
arabica, em base seca. Apos ser transformada pelo organismo humano, ela pode contribuir para a
atividade antioxidante da bebida (MACRAE, 1985; SMITH, 1985). Fatores ambientais e
agriculturais ndo influenciam de modo significativo na quantidade de cafeina presente em gréos
crus. A importancia da trigonelina se da, principalmente, pelos produtos de sua degradagdo durante
a torra do café. Cafés ardbica e robusta contém 1,0% e 0,7% de trigonelina, em base seca,
respectivamente. Assim como a cafeina, o teor de trigonelina varia com a espécie do café e com o
método analitico utilizado na sua detecgdo. As proteinas presentes nos graos de café encontram-se
no citoplasma ou ligadas a polissacarideos nas paredes celulares. Sua degradacdo durante a torragdo
é responsavel pelo aparecimento de volateis que atribuirdo aroma ao café. A idade da planta e o
periodo de maturagdo dos frutos influem diretamente no teor de proteinas no grdo. N&o ha
evidéncias de que o teor de proteinas varie de acordo com a espécie de café. Em gréos crus, o teor
de proteina bruta encontra-se entre 8,7 e 9,7%, em base seca (MACRAE, 1985). Aminoacidos

livres também estdo presentes em pequenas quantidades (0,15 a 0,25%, em base seca).
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A quantidade de cinzas presentes nos graos de cafés crus é da ordem de 4% em base seca,

sendo o potassio, 0 mineral presente em maior quantidade (cerca de 40% do total) (CLARKE,
1985).

O teor de 6leo do grdo de café é de 15% para a espécie arabica e 10% para a robusta. Os
lipidios de gréos de café estdo presentes substancialmente no endosperma do fruto. O 6leo de café
ndo contém apenas triglicerideos (75% em 100% de 0Oleo de grdos crus de café ardbica), mas
também varios outros componentes, que sdo itens importantes e caracteristicos do dleo.

Oleos e gorduras apresentam, como componentes, substancias que podem ser classificadas
em dois grupos: glicerideos e ndo glicerideos (que ndo contém a molécula de glicerol em sua
estrutura). Oleos vegetais sdo geralmente constituidos em mais de 90% de glicerideos, sendo a
maior parte formada de triglicérides com pequenas fracGes de mono e diglicérides. Os nado-
glicerideos de principal ocorréncia nos 6leos brutos sdo: fosfatideos, ceras, esterdis, carotenoides,
tocoferdis e outros componentes lipossoltveis (MORETTO; ALVES, 1998).

O dleo de café é composto, principalmente, por triacilglicerois em proporg¢des similares as
encontradas em 6leos comestiveis tradicionais. Sua fracdo insaponificavel é rica em diterpenos da
familia kaurane (cafestol, caveol e 16-O-metilcafestol), os quais tém recebido cada vez mais
atencdo, em razdo de suas atividades biologicas diversificadas. Entre os esterois, também parte da
matéria insaponificvel, variados desmetil-, metil- e dimetilesterois j& foram identificados
(SPEER; KOLLING-SPEER, 2006).

A importancia do dleo de café se deve a seu elevado valor comercial. Comercialmente,
existem dois principais tipos de 6leo derivados dos graos de café, sendo eles o 6leo de café torrado
e 0 6leo de café verde. O 6leo de café torrado tem sido empregado na indlstria de cosméticos, para
a formulacdo de batons e produtos aromatizados, bem como na industria de alimentos, como
aromatizante e flavorizante. Contudo, o 6leo de café torrado apresenta menor concentragdo dos
diterpenos antioxidantes quando comparado ao café verde. Essa perda ocorre pelo processo de
torragem e pode ser superior a 50%. As propriedades de ambos os 6Oleos sdo semelhantes,
diferenciando-se basicamente pelo aroma. O café verde tem um aroma parecido com as folhas
verdes de café, enquanto o de café torrado € similar ao proprio café filtrado (FREIBERGER et al.,
2015; OLIVEIRA et al., 2005). Ja o 6leo de café verde & um material bastante rico em matéria

insaponificavel, e os componentes presentes nessa fracdo, principalmente os esterois, possuem
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propriedades cosméticas desejaveis como: retencdo de umidade, penetracdo na pele, aderéncia e

capacidade de bloguear a luz solar prejudicial a pele humana, o que garante sua utilizacdo em
cremes comerciais (ALVAREZ; RODRIGUEZ, 2000; TURATTI, 2001).

No café torrado, o Oleo é composto por acidos graxos esterificados com glicerol
(triacilglicerois, 78%), por diterpenos (15%) e por uma pequena fracdo de esteres de esterol
(KURZROCK; SPEER, 2001; BELITZ; GROSCH; SCHIEBERLE, 2009). O ¢éleo de café torrado
pode ser obtido por prensagem dos gréos torrados ou pela extracdo da borra de café soluvel
(previamente seca), pelo solvente hexano, sua utilizacdo € direcionada a produtos alimenticios,
como recheios de balas ou realgcador do sabor de café no proprio café solivel. Pode ser utilizado
também na fabricacdo de café gelado, café enlatado, cappuccinos, pudins, produtos que utilizam
leite, produtos de confeitaria, sobremesas e sorvetes (TURATTI, 2001). Além disso, uma reducao
nos niveis de diterpenos no 6leo de café torrado aumenta, significativamente, a sua estabilidade e
do perfil sensorial, diminuindo o seu efeito de hipercolesterolemia (KOLLING-SPEER;
STROHSCHNEIDER; SPEER, 1999).

A composicdo do dleo do café, principalmente, o teor de acidos graxos, & um diferenciador
das variedades de café (MARTIN et al., 2001). Assim, o &cido linoleico tem sido considerado um
potencial marcador para distinguir entre amostras de café obtidas de variadas condi¢cGes ambientais
(ROMANO etal., 2014; FIGUEIREDO et al., 2015). Além das condi¢des geobotanicas, o processo
de torrefacdo pode influenciar o perfil lipidico do éleo de café (BUDRYN et al., 2012). Estudos
sobre a extracdo do Oleo de grdos torrados relatam a presenca de &cidos graxos saturados e
insaturados, principalmente, do acido estearico, palmitico, oleico, linoleico, linolénico e
araquidénico (KOBELNILK et al., 2014).

Do ponto de vista alimenticio, todos esses componentes fazem do café uma bebida natural
e saudavel e se ingerido em doses moderadas, pode fazer muito bem para a satde, além de prevenir
doencas (SMITH, 1985).

2.2 Processo de extracdo de 0leos vegetais

Os métodos tradicionais para a extracdo dos 6leos a partir de sementes sdo a prensagem e a

extracdo com solvente ou a combinacdo de ambos. Segundo Tandy (2000), na extracdo do 6leo de
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sementes com altos teores de 6leo (maiores que 30%), utiliza-se, inicialmente, o processo de

extracao por prensagem para a reducdo do teor de 0leo até cerca de 15%, sendo utilizada a extracédo
por solvente para extrair o restante. Em sementes com menor teor de 6leo como a soja, que possui
cerca de 20% de 0leo, utiliza-se somente a extracdo por solvente.

Além dos métodos usuais, ha a extragdo aquosa enziméatica (ABDULKARIM, et al., 2005;
MARIANO; COURI; FREITAS, 2009; LATIF; DIOSADY; ANWAR, 2008; NASCIMENTO et
al., 2008; RAVINDRAN et al., 2017; SOTO; CHAWY:; ZUNIGA, 2007), utilizacdo de fluidos
pressurizados (liquidos comprimidos e fluidos supercriticos) (DEL VALLE et al., 2000;
GETACHEW et al., 2018; PEREZ et al., 2015; SANTOS et al., 2016) e a extracdo assistida por
ultrassom (AL-DHABI et al., 2017; LI, 2002; SHALMASHI, 2009; TAKEUCHI et al., 2009),

entre outros.

2.2.1 Extracao por prensagem

Nas primeiras décadas do seculo XX, as prensas utilizadas para a extracdo de oleaginosas,
embora extraissem um Gleo de boa qualidade, deixavam residuos no material s6lido, residuos estes
que implicavam na perda de Gleo, afetando a qualidade da torta, que é também um dos produtos
residuais do extrator (BOSS, 2000). Atualmente, existem diversos tipos de prensas utilizadas para
essa finalidade, podendo ser continuas ou hidraulicas.

A simplicidade da operagdo em uma prensa mecanica ndo exige méo de obra qualificada
para seu manuseio; é um sistema facilmente adaptavel aos mais variados tipos de oleaginosas,
bastando, para isso, alguns simples ajustes mecanicos, e todo o processo de expulsdo do 6leo é
continuo, ocorrendo em um curto espaco de tempo. O fato de ndo se utilizar produtos quimicos
nesse processo, torna-o mais seguro, podendo ser instalado em pequenas propriedades rurais além
de permitir o uso do subproduto da extracdo mecanica, torta rica em proteina, como adubo e racéo
animal (SINGH; BARGALE, 2000).

As sementes ou améndoas que apresentam de 30 a 50% de 0leo, podem ser submetidas a
extracdo de 6leo em prensas continuas, chamadas de expeller, ou em prensas hidraulicas (processo

descontinuo). Esse processo pode ser utilizado para amendoim, girassol, gergelim, canola ou colza,
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mamona, babacu, castanha-do-para, améndoas em geral, ou seja, para materiais que apresentem

baixa umidade (abaixo de 10%) e presenca de material fibroso (ANTONIASSI, 2016).

As prensas continuas sdo dotadas de uma rosca ou parafuso sem fim que esmaga o material,
liberando o dleo. As prensas hidraulicas (prensagem descontinua) apresentam um cilindro
perfurado onde se desloca um émbolo que faz pressdo na matéria-prima. No mercado brasileiro,
existem prensas continuas de capacidade de processar 40 a 200 kg/hora de matéria-prima. Esses
equipamentos apresentam diferentes eficiéncias de extracdo dependendo do material a ser extraido
e de seu desenho ou caracteristicas de construcdo. Nesse processo, ocorre muito atrito interno que
eleva a temperatura do material e do 6leo e assim, o termo “prensagem a frio” ndo se aplica ou ¢
muito dificil de ser atingido nessas condi¢cdes. Mesmo que ndo se aqueca a matéria-prima antes da
prensagem, o calor gerado é suficiente para aumentar a temperatura do equipamento, da torta
parcialmente desengordurada e do 6leo (ANTONIASSI, 2016; BUOSI, 2013).

Na prensagem, a extracdo de 6leo ndo € completa e a torta obtida pode apresentar um alto
teor de dleo residual, o que ndo sera adequado para algumas racfes e podera promover a
rancificacdo do material, se armazenado por longo tempo. A eficiéncia de extracdo depende do
equipamento, das condi¢des do processo e da matéria-prima. Assim, a prensagem de materiais com
baixo teor de 6leo, pode nédo ser viavel do ponto de vista econémico. Por outro lado, 6leos com alto
valor agregado, para uso em cosméticos, por exemplo, podem viabilizar o processo de extracdo de
6leo por prensagem (ANTONIASSI, 2016).

Antes da extracdo, é necessario realizar um tratamento térmico para a inativacdo enzimatica,
para condicionar a umidade antes da extracdo e desnaturar proteina para liberar o éleo. Para
algumas matérias-primas, a prensagem pode ser realizada diretamente, para isso pode-se contar
com a experiéncia das empresas que fabricam esses equipamentos. Existem alguns equipamentos
para esse processo de tratamento térmico e filtros prensa para a filtracdo de 6leo que apresenta
muitos sedimentos (ANTONIASSI, 2016).

2.2.2 Extracdo solido-liquido

A operacdo de extracdo sélido-liquido implica na separagdo de um soluto de uma matriz

solida. Aguilera (2003) menciona que, do ponto de vista da engenharia, a extragdo sélido-liquido
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é uma operacdo de transferéncia de massa multicomponente, multifasica e em estado nao

estacionario. Os processos envolvidos no mecanismo de extracdo encontram-se apresentados na
Figura 4.

Figura 4 - Esquema dos processos envolvidos na extragdo solido-liquido.

I:rl.mlh.l DrleL
(GANYEECan)
0—*0—*0—*0—'—070—-—

-H_"‘-l,o - - - ——* Selvenle

Degradacan @ ke
Solubdizacan 0—-= Exlralo

Fonte: Aguilera (2003).

Inicialmente, ocorre a entrada do solvente na matriz sélida, seguida da solubilizacéo e/ou
fracionamento de componentes. Ocorre, entdo, o transporte de soluto para o exterior da matriz
solida e a migracdo do soluto extraido desde a superficie externa do sélido para a o seio da solucéo.
Por fim, 0 movimento do extrato (solvente mais soluto) em relagéo ao sélido, seguido da separagédo
e descarga do extrato e solidos (COELHO FILHO, 2015; RICHARDSON; HARKER,;
BACKHURST, 2002).

2.2.2.1 Extracéo por solventes

A operacdo de extracdo por solvente é considerada a mais importante dentro de todo o
processo de obtencdo de 6leo e farelo (torta), e consiste em um processo de transporte de massa de
uma fase para outra, envolvendo um conjunto de operagGes como lixiviacdo, difusdo, dialise e
lavagem, com o0 proposito de separar um ou mais componentes da mistura (BECKER, 1978;
WILLIAMS, 2005).

A extracdo por solvente é uma operacdo unitaria simples. Robiquet aplicou esse processo
pela primeira vez, em 1835, para a extracdo de compostos de flores (HUI et al., 2007). A extracdo

dos componentes contidos em uma matriz s6lida da-se pela dissolu¢do dos mesmos em um solvente
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liquido. Esse processo € conhecido como lixiviagdo ou também como extracdo solido-liquida. A

solucdo obtida chamada de micela (6leo + solvente) é removida do extrator e encaminhada para
um evaporador onde ocorre a remogdo do solvente. Apds a remogdo completa do solvente, obtém-
se um extrato concentrado (TREYBAL, 1981).

O objetivo da etapa de extragdo é reduzir o teor de 6leo no floco ao menor valor possivel
com o uso minimo de solvente. Normalmente, os flocos entram no extrator com um teor entre 15
e 20% de 6leo. O processo de extracdo € dito eficiente se o rafinado deixar o extrator com teor de
6leo menor que 1% (WILLIAMS, 2005).

A extragdo por solvente é indicada para matérias-primas de baixa umidade, como sementes,
e quando se deseja maior rendimento de extracao de 6leo e obtencdo de um farelo desengordurado.
Esse fator é importante para a producéo de derivados proteicos e também para a produc¢éo de racéo,
a partir do farelo, considerando que o 6leo promove a sua rancificacao, além do fato de que alguns
animais ndo toleram grandes quantidades de 6leo em sua racdo (ANTONIASSI; FREITAS, 2016).

Moretto e Alves (1998) citam que na extracdo de 6leos vegetais realizada por solventes, as
sementes sdo extraidas com solventes apolares com ponto de ebuli¢do até 70°C. O aumento dessa
temperatura pode ser responsavel pela formagdo de acidos graxos livres, em razdo da quebra de
ligacGes entre acidos graxos e glicerol.

Os solventes apolares sdo os que tém maior afinidade com a fracdo lipidica. Os solventes
convencionais mais utilizados sdo o éter de petrdéleo e a hexana; os alternativos sao o etanol (menos
toxico ao meio ambiente e a0 homem e ainda possui a vantagem de ter sido obtido a partir do
processamento da cana-de-agUcar), isopropanol, cetonas (acetona, butanona, metiletilcetona),
solventes halogenados (diclorometano, tricloroetileno), fluidos supercriticos (diéxido de carbono),
agua com ou sem adicdo de enzimas, misturas de cloroférmio e metanol, de hexano e isopropanol,
entre outros (JOHNSON; LUSAS, 1983; ROSENTHAL; PYLE; NIRANJAN, 1996; KUK;
HRON, 1998; CABRAL; MORIS, 2010).

Trés etapas sao principais no processo de extracdo: (1) a penetracdo do solvente na célula,
(2) formacdo de miscela intracelular, e (3) difusdo do material extraido ao meio externo
(JOHNSON; LUSAS, 1983; SCHNEIDER, 1980).

A escolha de um solvente adequado em combinagdo com o ajuste dos parametros

operacionais influencia os processos de transferéncia de massa (LI et al., 2014). Alguns fatores que
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influenciam o processo de extragdo por solvente tém sido estudados, ao longo dos anos, como, por

exemplo, o tamanho de particula, temperatura, pressao, agitacdo, umidade da semente, relacdo
entre a quantidade de semente e solvente, aplicacdo de ultrassom, entre outros (OLIVEIRA et al.,
2013).

A temperatura € um parametro importante nos processos de extracdes. Em geral, 0 aumento
da temperatura faz com que a solubilidade do 6leo no solvente aumente e a viscosidade da solucao
diminua o que facilita a transferéncia de massa do processo (AMARANTE et al., 2014). Além
disso, 0 aumento da temperatura pode aumentar a energia cinética das moléculas de solvente, o que
proporciona uma maior extracdo (JAVED et al., 2015). No entanto, 0 aumento excessivo da
temperatura provoca a perda de qualidade do 6leo extraido.

A razdo massica solvente-sélido € um dos parametros importantes na extracdo, em que uma
diluicdo mais elevada (maior proporcao de solvente em relacdo a semente) proporciona aumento
no coeficiente de transferéncia de massa, produzindo maior extracdo de 6leos (SETH et al., 2007).
A agitacdo favorece 0 movimento convectivo no solvente, compensando a gradual diminui¢do do
gradiente causada pelo aumento da concentracdo do soluto.

O teor de agua presente nas sementes destinadas a extra¢do é outro fator que influencia no
rendimento final. A presenca de agua nas particulas afeta, negativamente, a cinética e o rendimento
de extracdo de 6leo extraido durante o processo de lavagem e de difusdo, isso porque a &gua altera
a polaridade da mistura (SANTOS et al., 2010).

O efeito do tamanho da particula no rendimento de extrages estd associado ao aumento
dos danos celulares e area superficial com a diminui¢cdo do tamanho das particulas. 1sso favorece a
extracdo do Oleo presente na semente, no entanto, particulas excessivamente pequenas podem
causar problemas operacionais como dificil separacdo das particulas que, muitas vezes,

permanecem em suspensdo (PATRICELLI et al., 1979).
2.2.2.1.1 Tipos de solventes utilizados no processo de extracao
O hexano é o solvente organico mais utilizado no processo de extragdo, por ser o mais

seletivo, possuir estreita faixa de ebulicdo e ser imiscivel com a agua, 0 que evita misturas

azeotropicas (MORETTO; ALVES, 1998). Porém, alguns pontos negativos como sua
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inflamabilidade, custo, potencial poluidor e risco a saude, pois é considerado uma neurotoxina,

justificam o estudo de alternativas ao seu uso.

Hui et al. (2007) relatam que, durante o século XIX diferentes solventes foram estudados,
tais como o éter de petroleo ou diclorometano, ambos muito utilizados na extracdo de Oleos
volateis.

O etanol pode ser considerado como uma alternativa ao processo de extracao, além de ser
produzido por meio de fontes renovaveis. A comparacdo das propriedades quimicas permite
verificar que os riscos operacionais oferecidos pelo etanol séo menores do que aqueles oferecidos
pelo hexano, pois apresenta maiores temperaturas de inflamagéo (22°C) e toxicidade mais baixa
(MERCK, 2006a; 2006b). Além disso, o fato do etanol ser obtido a partir da cana-de-actcar coloca
0 Brasil em uma posicdo privilegiada na eliminacdo do uso de derivados de petréleo no
processamento de oleaginosas. Além das vantagens de ser obtido de fontes renovaveis e ndo ser
toxico, o etanol independe do mercado internacional do petroleo (CARVALHO, 2001).

Na area de alimentos, utilizam-se solventes organicos, a fim de que os residuos encontrados
nos produtos sejam reduzidos. De acordo com o Food Chemicals Codex (IMNA, 2006), pode-se
utilizar determinados solventes como acetona, etanol e hexano em processos da industria
alimenticia, porém faz-se necesséria a sua eliminagéo na etapa final.

Segundo Mogensen e Jacobsen (1982) e Treybal (1981) alguns fatores importantes devem
ser analisados na selecdo do solvente a ser utilizado para que o processo seja viavel. Esses fatores
incluem a seletividade (habilidade do solvente em extrair o soluto do material em questéo),
viscosidade (solventes com alta viscosidade reduzem a taxa de transferéncia de massa, 0 que
influencia a velocidade de extracdo), ponto de ebulicdo (a fim de que sejam evitadas perdas do
solvente, no processo de extracdo deve-se utilizar temperaturas inferiores ao ponto de ebuli¢do do
solvente), volatilidade (h& uma maior facilidade na recuperacdo de solventes mais volateis, o que
diminui os custos do processo, toxidez (ponto essencial na escolha do solvente levando-se em
consideracdo o risco para o operador, risco quando liberado ao meio ambiente e risco para o
consumidor), densidade (com o objetivo de facilitar a separacdo das fases, as densidades das
mesmas devem ser diferentes), inflamabilidade (aspecto relevante relacionado a seguranca) e custo

(deve-se selecionar o mais vidvel, ndo ignorando a sua efetividade).
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A fim de avaliar a eficiéncia do etanol na extracdo do Oleo de sementes de mamona

comparando-a com a extracdo utilizando hexano, Anthonisen (2007) verificou que o etanol
constitui uma alternativa na extracdo, pois o 6leo da mamona é um 6éleo rico em &acido graxo
ricinoleico, que é soltivel em alcool. Os valores encontrados para a eficiéncia de extracao de sélidos
soluveis, usando Soxhlet com etanol foi de 53,8% (m/m) e com hexano 45,5% (m/m). Drummond
et al. (2006) também avaliaram o uso do etanol como solvente na extracdo do éleo da mamona.
Esses autores relataram que a mistura 6leo e etanol seguiria diretamente para a reagdo de
transesterificacdo sem a evaporagédo do solvente, diminuindo os custos do processo e tornando o

produto menos poluente.

2.2.2.1.2 A importancia do etanol como potencial solvente extrator

O cultivo da cana-de-acUcar é a terceira maior atividade agricola do Brasil em termos de
area de producdo e de valor bruto produzido, sendo as primeiras a soja e o milho. Atualmente, a
cana-de-acUcar ocupa uma média de 8,77 milhdes de hectares em todo o pais, produzindo 646
milhdes de toneladas, sendo que seu histérico de cultivo tem sido alterado em virtude da expansao
do cultivo no Bioma Cerrado, deixando a tradicdo de cultivo na costa nordestina e fluminense
(CONAB, 2018a; IBGE, 2017). O Centro-Sul brasileiro congrega as maiores unidades de
processamento de cana do pais. Essa regido foi responsavel pela producéo de cerca de 26,1 bilhGes
de litros de etanol o equivalente a, aproximadamente, 94% da producédo nacional (UNICA, 2018).
Como pode se observar na Figura 3, a regido Centro-Sul brasileira detém a grande maioria da
producdo de graos de café e etanol, tornando tecnicamente factivel o uso do etanol no processo de
extracdo de Oleos vegetais. Esse processo pode ser bastante atrativo economicamente no pais
(RODRIGUES, 2011). A adocdo de tecnologia adequada pode possibilitar a substituicdo de
solventes ndo sustentaveis, por solventes GRAS (Generally Recognized as Safe).

Estudos de utilizacdo do etanol como solvente para a obtencdo de 6leos vegetais tém sido
realizados desde o inicio do século 20 (HRON; KOLTUN; GRACI, 1982; JOHNSON; LUSAS,
1983). Os japoneses ja utilizavam a extracdo industrial do 6leo de soja com etanol na década de 30
(SATO; ITO, 1932), no entanto, ndo deram continuidade ao processo, em decorréncia do elevado
custo do solvente (RODRIGUES, 2011). Kaparthi e Chari (1959), Fonseca e Regitano-d’Arce
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(1993) estudaram a extracdo do Oleo da torta do amendoim e do amendoim, respectivamente;

Freitas et al. (2007) determinaram o rendimento da extracdo do 0leo de castanha do Para; Franco
et al. (2007b) determinaram a solubilidade e cinética de extragdo do 6leo de Rosa rubiginosa;
Brossard-Gonzalez et al. (2010) compararam a prensagem e a extracdo por solvente do dleo de
pinhdo-manso; Rodrigues (2011) comparou a extracdo solido-liquida com diversos tipos de
solvente. Grande parte desses trabalhos realizou a extracdo com etanol comparada a outros metodos
de extragdo, bem como a outros solventes. Estudos sistematizados que abordam, ndo somente as
variaveis operacionais, mas também a avaliacdo de possiveis mudancas de 6leos vegetais, como
um todo, estédo sendo realizados.

O indice de retencdo é uma possivel variavel que deveria ser estudada para permitir a correta
avaliacdo da viabilidade de mudanca de solvente. Este permite definir a quantidade de solucéo que
fica retida ao material insolGvel ap6s o processo de extracdo (TAKEUCHI et al., 2009).

Os compostos minoritarios extraidos (ou ndo) também devem ser analisados durante o
processo de extracdo. Compostos como antioxidantes e acidos fendlicos devem ser levados em
consideracdo. No caso do café, compostos como acidos clorogénicos e cafeina, hidrossoliveis,
podem ser extraidos e contidos na fase extrato. Regitano-d’Arce (1985, 1991) avaliou a influéncia
da hidratacdo do solvente biorenovavel etanol na extracdo do acido clorogénico e observou que a
extracdo desse composto fendlico aumentou com o aumento da hidratacdo do solvente.

Em elevadas temperaturas, os triacilglicerdies possuem alta solubilidade em etanol e baixa
solubilidade a temperatura ambiente, possibilitando uma pré-separacao por resfriamento da fase
oleosa e solvente sem necessidade do processo de “destilacio da miscela”, ou seja, com gasto
energético menor. Assim, este é outro aspecto que deve ser analisado no processo de extracdo com
esse solvente alternativo (RODRIGUES, 2011).

2.2.3 Processos alternativos de extracdo: Ultrassom

Segundo Cheeke (2017), o termo ultrassom é definido para a faixa de frequéncia acima de
20 kHz até 1 GHz. Para valores acima de 1 GHz se convencionou denominar o regime hipersonico.
O processo de extracdo utiliza a faixa de ultrassom onde € produzida a cavitagdo. O ultrassom,

pode ser gerado por meio de transdutores, como o usado por Mason et al. (2005), onde o sistema é
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baseado na utilizagdo de um transdutor de chapa reforgada para gerar ultrassom, incorporando uma

placa de titanio (350 mm de didmetro) que permite intensificar a energia ultrassonica de foco.
Niveis de pressdo sonora (SPL) em torno de 165 dB (3 W cm?) foram registrados a uma distancia
de aproximadamente 330 mm do centro da placa, quando uma poténcia maxima de 150 W foi
aplicada ao transdutor.

Liang (1993) menciona que ultrassom de alta intensidade produz uma variedade de efeitos,
tais como presséo por radiacéo, fluxo, cavitacdo, e a instabilidade da interface. Esses efeitos podem
influenciar os processos de transferéncia de massa, produzindo mudancas ao longo dos gradientes
de concentragdo, assim como nos coeficientes de difusdo, ou na camada limite.

Spigno, Tramelli e De Faveri (2007) indicam que a melhora no processo de extracdo é
atribuida ao rompimento das paredes celulares, reducdo do tamanho das particulas e a melhoria na
transferéncia de massa do contetdo da célula ao solvente causada pelo colapso da bolha produzida
por cavitacdo. Visando a possibilidade de aperfeicoar o processo de transferéncia de massa, Wei et
al. (2008) avaliaram o rendimento da extracdo de 6leo de sementes de colza (Brassica napus)
utilizando o ultrassom, obtendo o0s seguintes parametros otimizados: 500 W de energia de
ultrassom, tempo de extracdo de 60 minutos, relacdo liquido-sélido de 1 L g. O rendimento
experimental de 6leo foi de 38,5%. Li (2002) também observou que a aplicacdo do ultrassom
promoveu maior rendimento de 6leo quando aplicado na extracdo de grdos de soja, se comparado
a métodos tradicionais e, até mesmo, que o processo realizado em micro-ondas.

Os efeitos produzidos pelo ultrassom em processos de transferéncia de massa sé&o
influenciados pela intensidade aplicada. Mulet et al. (2003) relatam que a baixa intensidade nao se
observa mudanga significativa na velocidade de transferéncia de massa, existindo um limite de
vaporizacdo pelo efeito da cavitagdo acustica para niveis de pressdao sonora em torno de 140 dB
(100 W m). O efeito do fluxo aclstico se torna maior do que a influéncia da convecgéo natural.
Alta intensidade produz vibracGes acUsticas mais altas e, portanto, forte cavitacdo, e maior
microfluxo. Segundo Mulet et al. (2002), ultrassom de alta intensidade é aplicado em baixas
frequéncias (20 - 300 kHz) para obter niveis de alta poténcia (10-1000 W m2).

2.3 Aproveitamento de residuos da agroindustria
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Ao longo dos altimos anos muitos esfor¢os tém sido feitos para a valorizagao dos residuos

e coprodutos agroindustriais, através de processos que transformam esses rejeitos em novos
produtos com alto valor agregado (MAKRIS et al., 2007). Entretanto, no Brasil, ainda existem
poucas iniciativas para a utilizagdo em grande escala da maior parte dos residuos agroindustriais.
Considerando os impactos negativos no meio ambiente, que tem contribuido para o aumento nos
problemas de saude ocupacional, associados a degradagao do ar, agua e vegetacao, ¢ imperativo
que se concentre esforgos para desenvolver solugoes concretas para o uso de residuos com potencial
para contribuir na oferta de novos produtos de alto valor agregado.

Existem hoje alguns grupos de pesquisa dedicados a produzir conhecimento e tecnologia
para aproveitamento de residuos da agroindustria, por meio de metodologias mais limpas, gerando
materiais com propriedades nutracéuticas, funcionais e bioativas (atividades antioxidante,
antimicrobiana, antialergénica, antiaterogénica, anti-inflamatoria, antitromboética ou efeitos
cardioprotetores ou vasodilatadoras) (CRUZ et al., 2011; GARCIA-GARCIA, 2017; MELLO,
2006; RORIZ, 2012; SA LEITAO; SA LEITAO, 2015). O residuo da industria de vinho e suco de
uva, por exemplo, é rico em polifenois que apresentam potencial antioxidante, auxiliando os
organismos vivos no combate aos radicais livres e ao stress oxidativo (SPIGNO; TRAMELLI; DE
FAVERI, 2007). Usando etanol e metanol como solventes, Casazza et al. (2012) compararam a
extracao de compostos fenolicos da semente e casca de uva com 4 diferentes técnicas: extragao em
shaker, extragao em micro-ondas, extracdo em ultrassom e extragdo em reator com controle de
pressao (200 bar) e temperatura (350°C). Os compostos fendlicos foram medidos quali e
quantitativamente por métodos espectrofotométricos e cromatograficos. O extrato etanélico
apresentou maior capacidade antioxidante de 14,6 + 0,4 e 1,1 + 0,3 puL/ ug DPPH para a semente e
casca de uva, respectivamente.

Um dos residuos de biomassa mais pesquisados atualmente no Brasil ¢ o bagaco da cana de
acucar, gerado em grandes quantidades pelo setor sucroalcooleiro. Dantas Filho (2009), em seu
estudo, mostrou que o bagaco é um produto viavel, tanto técnica como economicamente, para gerar
energia elétrica, ainda, concluiu que alguns custos envolvidos no processo tendem a cair com a
curva de aprendizado e o0 aumento da escala de produgao. Estudos recentes de viabilidade técnica
e econdémica constataram a potencialidade dessa biomassa lignocelulésica para a produgio do
etanol de segunda geracido (BIAGGI, 2017; DRABER, 2013; SOBRINHO CHEMMES et al.,
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2013; SOARES, 2016). Segundo Gnansounou, Dariat e Wyman (2005) o etanol de segunda

geragao sera comercializado nas proximas décadas, a pregos competitivos, como energia renovavel
para transporte e ressalta que o bagaco de cana, principal residuo da producgdo de etanol
convencional no Brasil, ¢ a biomassa mais promissora. Esse fato coloca o pais em uma posi¢ao de
destaque na producao de bioetanol.

O etanol, além de apresentar a vantagem de ser um solvente obtido a partir de fontes
renovaveis e ser menos toxico que os solventes derivados de fontes fosseis, ja é produzido no Brasil
em grande escala, com potencial para ampliar sua oferta nas proximas décadas. A extragao do 6leo
de café com alcool etilico ¢ mais recomendada dos pontos de vista ambiental e da satde
ocupacional, e podera ser muito vantajosa, pois seu carater mais polar que o hexano (solvente mais
utilizado na industria de 6leos) permite carrear substancias caracteristicas do flavor, compostos
fenolicos, que sao os maiores responsaveis pelo potencial antioxidante do café, e diterpenos como
caveol e cafestol, que sdo associados a protegao contra raios UV (CAVIN et al., 2002; GROLLIER;
PLESSIS, 1998; WAGEMAKER et al., 2011).

3 CONSIDERACOES GERAIS

Face a necessidade da substituicdo de hexano por solventes alternativos em processos de
extracoes e subsidiando-se no fato de que o Brasil se encontra entre um dos maiores produtores de
etanol do mundo, esse solvente torna-se uma alternativa vidvel para realizar processos de extracéo
solido-liquida. As extracdes realizadas utilizando etanol podem apresentar menores rendimentos
de extracOes de solidos soltveis do que as extragdes realizadas utilizando hexano, no entanto, o
etanol proporciona o aumento no rendimento de extracdo de compostos fendlicos e antioxidantes,
obtendo 6leos com diferentes concentracbes de compostos minoritarios. A fim de aumentar a
solubilidade do 6leo neutro em etanol, aumentando, assim, o rendimento da extracdo, alguns
artificios termodindmicos podem ser utilizados, como o aumento da temperatura de operacgéo ou a
adicdo de cossolvente ao solvente. Além disso, a extracdo sélido-liquida pode ser uma opcao para
elevar o rendimento da extragdo de 0leo de café verde, uma vez que o café verde possui um teor de
6leo menor do que 20%, e da torta obtida da prensagem dos gréos, a qual apresenta teor residual

de 6leo. Como sugestBes para trabalhos futuros:



a) Ampliar a quantificacdo de compostos.

b) Analisar a solubilidade do 6leo extraido nos diferentes solventes e temperaturas.
c) Realizar o estudo cinético das extragcdes dos compostos minoritarios.

d) Estudar o equilibrio liquido-liquido entre os 6leos obtidos e o0s solventes.

e) Avaliar o efeito da adi¢do de agua ao etanol nas extragdes.

33



34
REFERENCIAS

ABDULKARIM, S. M. et al. Some physico-chemical properties of Moringa oleifera seed oil
extracted using solvent and aqueous enzymatic methods. Food Chemistry, London, v. 93, n. 2,
p. 253-263, 2005.

AGUILERA, J. M. Solid-liquid extraction. In: TZIA, C.; LIADAKIS, G. (Ed.). Extraction
optimization in food engineering. New York: CRC, 2003. p. 35-55.

AL-DHABI, N. A. et al. Development and validation of ultrasound-assisted solid-liquid
extraction of phenolic compounds from waste spent coffee grounds.Ultrasonics Sonochemistry,
Oxford, v. 34, p. 206-213, 2017.

AL-HAMAMRE, Z. et al. Oil extracted from spent coffee grounds as a renewable source for fatty
acid methyl ester manufacturing. Fuel, London, v. 96, n. 1, p. 70-76, 2012.

ALVAREZ, A. M. R.; RODRIGUEZ, M. L. G. Lipids in pharmaceutical and cosmetic
preparations. Grasas y Aceites, Sevilla, v. 51, n. 1/2, p. 74-96, 2000.

AMARANTE, R. C. A. et al. Oil extraction from castor cake using ethanol: kinetics and
thermodynamics. Industrial & Engineering Chemistry Research, Washington, v. 53, n. 16, p.
6824-6829, 2014.

ANTHONISEN, D. G. Caracterizacao de genétipos de mamona: marcadores RAPD, teor de
6leos nas sementes por Soxhlet e RMN e rendimento da extracao do 6leo usando etanol. 2007. 73
f. Dissertacao (Mestrado em Ciéncia e Tecnologia dos Grédos)-Universidade Federal de Pelotas,
Pelotas, 2007.

ANTONIASSI, R. Prensagem em pequena escala. Brasilia, DF: Ageitec, 2016. Disponivel em:
<http://lwww.agencia.cnptia.embrapa.br/gestor/tecnologia_de_alimentos/arvore/CONT000gc8yuj
g302wx50k01dx9lcudlguwx.html>. Acesso em: 13 maio 2017.

ANTONIASSI, R.; FREITAS, S. C. Processamento. Brasilia, DF: Ageitec, 2016. Disponivel
em:
<http://lwww.agencia.cnptia.embrapa.br/gestor/tecnologia_de_alimentos/arvore/CONT000gc8yuj
0302wx50k01dx9lcx1g7v3u.html >. Acesso em: 14 jul. 2018.

AQUINGO, L. P. et al. Extraction of oil from pequi fruit (Caryocar Brasiliense Camb.) using
several solvents and their mixtures. Grasas y Aceites, Sevilla, v. 62, n. 3, p. 245-252, jul./set.
2011.



35

ASSOCIA(;AO BRASILEIRA DA INDUSTRIA DE CAFE. Indicadores da industria de café.
Rio de Janeiro, 2017. Disponivel em: <http://abic.com.br/estatisticas/indicadores-da-
industria/indicadores-da-industria-de-cafe-2017/>. Acesso em: 10 dez. 2017.

BALZER, H. H. 1-B acids in coffee. In: CLARKE, R. J.; VITZTHUM, O. G. (Ed.). Coffee:
recent developments. Berlin: Blackwell Science, 2001. p. 18-32.

BECKER, W. Solvent extraction of soybeans. Journal of the American Qil Chemists’ Society,
Chicago, v. 55, n. 11, p. 754-761, 1978.

BELITZ, H. D.; GROSCH, W.; SCHIEBERLE, P. Food chemistry. 4" ed. Heidelberg: Springer-
Verlag, 2009. 1070 p.

BIAGGI, D. E. Inovagoes e tendéncias tecnologicas na produgao de etanol de segunda
geracao a partir da cana-de-acguicar pela rota hidrolitica enzimatica: um estudo de
prospecc¢ao tecnologica. 2017. 115 f. Dissertagdo (Mestrado em Gestao e Tecnologia em Sistemas
Produtivos)-Centro Estadual de Educagio Tecnologica Paula Souza, Sao Paulo, 2017.

BOSS, E. A. Analise do desempenho de plantas de extracao de 6leo convencionais e de
processos supercriticos. 2000. 105 f. Dissertagao (Mestrado em Engenharia Quimica)-Faculdade
de Engenharia Quimica, Universidade Estadual de Campinas, Campinas, 2000.

BRADBURY, A. G. W. Chemistry I: non-volatile compounds: carbohydrates. In: CLARKE, R.
J.; VITZTHUM, O. G. (Ed.). Coffee: recent developments. Oxford: Blackwell Science, 2001. p.
1-17.

BRASIL. Ministério da Agricultura, Pecuaria e Abastecimento. Departamento do café, do
MAPA divulga informe estatistico do café do més de maio. Brasilia, DF: EMBRAPA, 2015a.
Disponivel em: <http://www.agricultura.gov.br/vegetal/culturas/cafe/saiba-mais>. Acesso em: 14
maio 2017.

BRASIL. Ministério da Agricultura, Pecuéria e Abastecimento. Producéo de café deve chegar a
44,28 milhdes de sacas neste ano. Belo Horizonte: Sistema FAEMG, 2015b. Disponivel em:
<http://lwww.sistemafaemg.org.br/Noticia.aspx?Code=8611&Portal=1&PortalNews=1&ParentCo
de=139&ParentPath=None&ContentVersion=R>. Acesso em: 14 maio 2017.

BROSSARD-GONZALEZ, C. O. et al. Preliminary evaluation of anhydrous ethanol as a solvent
in the oilseed extraction of Jatropha curcas L. Grasas y Aceites, Sevilla, v. 61, p. 295-302,
2010.

BUDRYN, G. et al. Influence of roasting conditions on fatty acids and oxidative changes of
Robusta coffee oil. European Journal of Lipid Science and Technology, Berlin, v. 114, n. 9, p.
1052-1061, 2012.



36
BUOSI, G. M. Extracao do éleo de abacate (Persea americana Mill.) visando a produgao de
biodiesel e sua caracterizac¢ao. 2013. 37 f. Trabalho de Conclusao de Curso (Graduagdo em
Tecnologia em Biocombustiveis)-Universidade Federal do Parand, Palotina, 2013.

CABRAL, M. S.; MORIS, V. A. da S. Reaproveitamento da borra de café como medida de
minimizacao da geragao de residuos. In: ENCONTRO NACIONAL DE ENGENHARIA DE
PRODUCAO, 30., 2010, S&o Carlos. Anais Eletronicos... Sdo Paulo: UFSCAR, 2010.
Disponivel em:
<http://www.abepro.org.br/biblioteca/enegep2010_TN_STP_121 788 17072.pdf>. Acesso em:
12 maio 2017.

CAETANO, N. S.; SILVA, V. F. M.; MATA, T. M. Valorization of coffee grounds for biodiesel
production. Chemical Engineering Transactions, Milano, v. 26, p. 267-272, 2012.

CAFE. Tipos de café Arabica e Robusta (Conilon). Blog do café, 2015. Disponivel em:
<https://blogdocafe.com/2015/06/25/tipos-de-cafe-arabica-e-robusta-conilon/>. Acesso em: 8
ago. 2018.

CARDOSO, A. P. S. Café: cultura e tecnologia primaria. Lisboa: 1ICT, 1994.

CARVALHO, L. C. C. Alcool do Brasil: energia limpa e renovavel. Agroanalysis, Sio Paulo, v.
21,n.9, p. 18-27, set. 2001.

CASAZZA, A. A. et al. High-pressure high-temperature extraction of phenolic compounds from
grape skins. International Journal of Food Science and Technology, Oxford, v. 47, n. 2, p.
399-405, 2012.

CAVIN, C. et al. Cafestol and kahweol, two coffee specific diterpenes with anticarcinogenic
activity. Food and Chemical Toxicology, Oxford, v. 40, n. 8, p. 1155-1163, 2002.

CHEEKE, J. D. N. Fundamentals and applications of ultrasonic waves. 2" ed. Boca Raton:
CRC, 2017. 504 p.

CLARKE, R. J. Water and mineral contents. In: CLARKE, R. J.; MACRAE, R. (Ed.). Coffee:
chemistry. Rotterdam: Springer Netherlands, 1985. p. 42-82.

CLIFFORD, M. N. Chlorogenic acids. In: CLARKE, R. J. (Ed.). Coffee: chemistry. Rotterdam:
Springer Netherlands, 1985. p. 153-202.

COELHO FILHO, A. C. A. Extracao solido-liquido a quente de lipidios de alimentos
industrializados. 2015. 30 f. Trabalho de Conclusédo de Curso (Graduacdo em Engenharia
Quimica)-Universidade Federal de Alfenas, Pocgos de Caldas, 2015.

COMPANHIA NACIONAL DE ABASTECIMENTO. Acompanhamento da safra brasileira
de café: primeiro levantamento, janeiro 2018, v. 5, n. 1. Brasilia, DF, 2018a. 73 p.



37

COMPANHIA NACIONAL DE ABASTECIMENTO. Acompanhamento da safra brasileira
de café: segundo levantamento, junho 2017, v. 2, n. 2. Brasilia, DF, 2017. 59 p.

COMPANHIA NACIONAL DE ABASTECIMENTO. Acompanhamento da safra brasileira
de cana de acUcar: primeiro levantamento, maio 2018, v. 5, n. 1. Brasilia, DF, 2018b. 66 p.

CRUZ, S. A. et al. Recycled polymers for food contact. Polimeros, Séo Carlos, v. 2, n. 2, p. 340-
345, 2015.

DAGOSTIN, J. L. A;; CARPINE, D.; CORAZZA, M. L. Extraction of soybean oil using ethanol
and mixtures with alkyl esters (biodiesel) as co-solvent: kinetics and thermodynamics. Industrial
Crops and Products, London, v. 74, p. 69-75, 2015.

DANTAS FILHO, P. L. Analise de custos na geracao de energia com bagaco de cana-de-
acucar: um estudo de caso em quatro usinas de Sao Paulo. 2009. 175 p. Dissertagdo (Mestrado
em Energia)-Universidade de S&o Paulo, Sdo Paulo, 2009.

DEL VALLE, J. M. et al. Comparision of conventional and supercritical CO2-extracted rosehip
oil. Brazilian Journal of Chemical Engineering, S&o Paulo, v. 17, n. 3, p. 335-348, 2000.

DIAS, R.; BENASSI, M. Discrimination between Arabica and Robusta coffees using
hydrosoluble compounds: is the efficiency of the parameters dependent on the roast degree?
Beverages, Basel, v. 1, p. 127-139, 2015.

DRABER, K. M. M. Etanol de segunda geracao ja é realidade. 2017. 116 f. Dissertagao
(Mestrado Profissional em Gestao e Tecnologia em Sistemas Produtivos)-Centro Estadual de
Educagdo Tecnologica Paula Souza, Sdo Paulo, 2017.

DRUMMOND, A. R. F. et al. Metanol e etanol como solventes na extra¢ao do 6leo da mamona.
In: CONGRESSO DA REDE BRASILEIRA DE TECNOLOGIA DO BIODIESEL, 1., 2006,
Brasilia. Anais... Brasilia, DF: Abipti; MCT, 2006. 1 CD-ROM.

FARAH, A.; DONANGELO, C. M. Phenolic compounds in coffee. Brazilian Journal of Plant
Physiology, Londrina, v. 18, n. 1, p. 23-36, 2006.

FARAH, A. et al. Compostos fenélicos em café torrado. In: SIMPOSIO DE PESQUISA DOS
CAFES DO BRASIL, 2., 2001, Vitéria. Anais Eletroénicos... Vitoria: EMBRAPA Café, 2001. p.
1485-1492.

FERNANDES, S. M. et al. Constituintes quimicos e teor de extrato aquoso de cafés arabica
(Coffea arabica L.) e conilon (Coffea canephora Pierre) torrados. Ciéncia e Agrotecnologia,
Lavras, v. 27, n. 5, p. 1076-1081, set./out. 2003.



38
FIGUEIREDO, L. P. et al. Fatty acid s and parameters of quality of specialty coffees produced in
different Brazilian regions. African Journal of Agricultural Research, Nairobi, v. 10, n. 35, p.
3484-3493, 2015.

FONSECA, H.; REGITANO-D’ARCE, M. A. B. Aflatoxin removal of peanut meals with
aqueous ethanol. Scientia Agricola, Piracicaba, v. 50, n. 1, p. 154-156, 1993.

FRANCO, D. et al. Ethanolic extraction of Rosa rubiginosa soluble substances:oil solubility
equilibria and kinetic studies. Journal of Food Engineering, London, v. 79, n. 1, p. 150-157,
2007a.

FRANCO, D. et al. Processing of Rosa rubiginosa: extraction of oil and antioxidant substances.
Bioresource Technology, Essex, v. 98, n. 18, p. 3506-3512, 2007b.

FREIBERG, E. B. et al. Encapsulation of roasted coffee oil in biocompatible nanoparticles. LWT
- Food Science and Technology, Trivandrum, v. 64, n. 1, p. 381-389, 2015.

FREITAS, S. P. et al. Extraction and simultaneous separation of the Brazil nuts oil with ethanol.
Ciéncia e Tecnologia de Alimentos, Campinas, v. 27, p. 14-17, 2007.

GANDAHI, A. P. et al. Studies on alternative solvents for the extraction of oil soybean.
International Journal of Food Science and Technology, Oxford, v. 38, n. 3, p. 369-375, Mar.
2003.

GARCIA-GARCIA, G. et al. A methodology for sustainable management of food waste. Waste
and Biomass Valorization, New York, v. 8, n. 6, p. 2209-2227, 2017.

GETACHEW, A. T. et al. Concurrent extraction of oil from roasted coffee (Coffea arabica) and
fucoxanthin from brown seaweed (Saccharina japonica) using supercritical carbon dioxide.
Journal of CO2 Utilization, New York, v. 25, p. 137-146, 2018.

GNANSOUNOU, E.; DARIAT, A.; WYMAN, C. E. Refining sweet sorghum to ethanol and
sugar: economic trade-offs in the context of North China. Bioresource Technology, Essex, v. 96,
n. 9, p. 985-1002, 2005.

GROLLIER, J.; PLESSIS, S. Use of coffee bean as a sun filter. U.S. Patent n. 4793990. US
Patent and Trade Mark Office, 27 Dec. 1988.

HRON, R. J.; KOLTUN, S. P.; GRACI, A. V. Biorenewable solvents for vegetable oil extraction.
Journal of the American Oil Chemists" Society, Chicago, v. 59, n. 9, p. 674A-684A, 1982.

HUI, Y. H. et al. (Ed.). Handbook of food products manufacturing. New Jersey: J. Wiley,
2007. 2308 p.



39
ILLY, E. The complexity of coffee. Scientific American, New York, v. 286, n. 6, p. 86-91,
2002.

INSTITUTE OF MEDICINE OF NATIONAL ACADEMIES. Food chemicals codex. 5™ ed.
Washington, 2006.

INSTITUTO BRASILEIRO DE GEOGRAFIA E ESTATISTICA. Nova publicacdo do IBGE
analisa a dinamica territorial da cana-de-acucar. Rio de Janeiro: Agéncia IBGE Noticias,
2017. Disponivel em: <https://agenciadenoticias.ibge.gov.br/agencia-noticias/2013-agencia-de-
noticias/releases/19013-nova-publicacao-do-ibge-analisa-a-dinamica-territorial-da-cana-de-
acucar.html>. Acesso em: 14 jul. 2018.

INTERNATIONAL COFFEE ORGANIZATION. Total production by all exporting countries.
London, 2018. Disponivel em: <http://www.ico.org/prices/po-production.pdf>. Acesso em: 14
jul. 2018.

JAVED, F. Recovery of rice bran oil using solid-liquid extraction technique. Journal of Food
Process Engineering, Westport, v. 38, n. 4, p. 357-362, 2015.

JOHNSON, L. A.; LUSAS, E. W. Comparison of alternative solvents for oils extraction. Journal
of the American Oil Chemists’ Society, Chicago, v. 60, n. 2, p. 229-242, 1983.

KAPARTHI, R.; CHARI, K. S. Solubilities of vegetable oils in aqueous ethanol and ethanol-
hexane mixtures. Journal of the American Oil Chemists' Society, Chicago, v. 36, n. 2, p. 45-
92, a4-a28, 1959.

KAWACH]I, I. et al. A prospective study of coffee drinking and suicide in women. Archives of
Internal Medicine, Chicago, v. 156, n. 5, p. 521-525, 1996.

KEMPER, T. G. Oil extraction. In: SHAHIDI, F. (Ed.). Bailey’s industrial oil and fat products.
New York: J. Wiley, 2005. p. 57-98.

KOBELNILK, M. et al. Behavior of coffee oil (Robustaand Arabicaspecies). Journal of
Thermal Analysis and Calorimetry, Oxford, v. 115, n. 3, p. 2045-2052, 2014.

KOHLHEPP, G. Analise da situacdo da producdo de etanol e biodiesel no Brasil. Estudos
Avancados, Sao Paulo, v. 24, n. 68, p. 223-253, 2010.

KOLLING-SPEER, I.; STROHSCHNEIDER, S.; SPEER, K. Determination of free diterpenes in
green and roasted coffees. Journal of Separation Science, New York, v. 22, n. 1, p. 43-46,
1999.

KUK, M. S.; HRON, R. J. Cottonseed extraction with a new solvent system: isohexane and
alcohol mixtures. Journal of the American Oil Chemists’ Society, Chicago, v. 75, n. 8, p. 927-
930, 1998.



40

KURZROCK, T.; SPEER, K. Diterpenes and diterpene esters in coffee. Food Reviews
International, London, v. 17, n. 4, p. 433-450, 2001.

LATIF, S.; DIOSADY, L. L.; ANWAR, F. Enzyme-assisted aqueous extraction of oil and protein
from canola (Brassica napus L.) seeds. European Journal of Lipid Science and Technology,
Berlin, v. 110, n. 10, p. 887-892, 2008.

LI, H. Ultrasound and microwave assisted extraction of soybean oil. 2002. 68 p. Dissertation
(Master in Biosystems Engineering Technology)-University of Tenessee, Knoxville, 2002.

LI, X. et al. Solvent-mediated crystal-to-crystal transformations from a cationic homometallic
metal-organic framework to heterometallic frameworks. CrystEngComm, London, v. 16, n. 37,
p. 8818-8824, 2014.

LIMA FILHO, T. et al. Physico-chemical characterization of espresso coffee beverage prepared
from blends of arabica and conilon coffees. Revista Ceres, Vigcosa, MG, v. 62, n. 4, p. 333-339,
2015.

MACRAE, R. Nitrogenous components. In: CLARKE, R. J.; MACRAE, R. (Ed.). Coffee:
chemistry. Rotterdam: Springer Netherlands, 1985. p. 115-152.

MAKRIS, D. P. et al. Polyphenolic content and in vitro antioxidant characteristics of wine
industry and other agri-food solid waste extracts. Journal of Food Composition and Analysis,
San Diego, v. 20, p. 125-132, 2007.

MANI, S.; JAYA, S.; VADIVAMBAL, R. Optimization of solvent extraction of moringa
(Moringa Oleifera) seed kernel oil using response surface methodology. Food and Bioproducts
Processing, Rugby, v. 85, n. 4, p. 328-335, 2007.

MARIANO, R. G. D.; COURI, S.; FREITAS, S. P. Enzymatic technology to improve oil
extraction from Caryocar brasiliense Camb. (pequi) pulp. Revista Brasileira de Fruticultura,
Jaboticabal, v. 31, n. 3, p. 637-643, 2009.

MARTIN, M. J. et al. Fatty acid profiles as discriminant parameters for coffee varieties
differentiation. Talanta, London, v. 54, n. 2, p. 291-297, 2001.

MARTINS, C. M.; AQUINO, F. J. T. Study of chemical composition, antioxidant activity of
coffee (Coffee arabica) and its straw from cerrado. In: SEMINARIO DE INICIACAO
CIENTIFICA, 12., 2008, Uberlandia. Anais Eletronicos... Uberlandia: Ed. UFU, 2010.
Disponivel em: <https://ssl4799.websiteseguro.com/swge5/seg/cd2008/PDF/IC2008-0005.PDF>.
Acesso em: 12 maio 2017.

MASON, T. et al. Application of ultrasound. In: SUN, D. W. (Ed.). Emerging technologies for
food processing. Cambridge: Elsevier Academic Press, 2005. p. 323-350.


http://www.sciencedirect.com/science/journal/09603085
http://www.sciencedirect.com/science/journal/09603085

41

MELLO, L. M. R. Produg¢ao e comercializagao de uvas e vinhos: panorama 2005. Bento
Gongalves: EMBRAPA, 2006.

MERCK. Ficha de informacées de seguranca de produtos quimicos: etanol absoluto. Sao
Paulo, 2006a.

MERCK. Ficha de informacdes de seguranga de produtos quimicos: n-Hexano. Sao Paulo,
2006b.

MOGENSEN, O. E.; JACOBSEN, F. M. Positronium yields in liquids determined by lifetime
and angular correlation measurements. Chemical Physisc, College Park, v. 73, n. 1/2, p. 223-
234, 1982.

MORETTO, E.; ALVES, R. F. Tecnologia de 6leos e gorduras vegetais na industria de
alimentos. Sdo Paulo: Varela, 1998. 150 p.

MULET, A. et al. Equilibrium isotherms and isoteric heats of morel (Morchela esculenta).
Journal of Food Engineering, Essex, v. 53, p. 75-81, 2002.

MULET, A. et al. New food drying technologies: use of ultrasound. Food Science and
Technology International, London, v. 9, n. 3, p. 215-221, 2003.

MUSSATTO, S. I. et al. Production, composition, and application of coffee and its industrial
residues. Food and Bioprocess Technologies, Chicago, v. 4, p. 661-672, 2011.

NASCIMENTO, R. J. S. et al. Fatty acids composition of acai pulp oil obtained by enzymatic
technology and hexane. Revista Brasileira de Fruticultura, Jaboticabal, v. 30, n. 2, p. 498-502,
2008.

NAVARRO, S. L. B.; RODRIGUES, C. E. C. Extracédo de 6leo de macadamia com isopropanol:
rendimento, estabilidade oxidativa e avaliagdo da fragéo proteica. In: CONGRESSO
BRASILEIRO DE CIENCIA E TECNOLOGIA DE ALIMENTOS, 25., 2016, Gramado. Anais
Eletrénicos... Gramado: SBCTA, 2016. Disponivel em: <http://www.ufrgs.br/sbctars-
eventos/xxvcbcta/anais/files/108.pdf>. Acesso em: 1 ago. 2018.

NEVES, C. A estoria do café. Rio de Janeiro: IBC, 1974. 52 p.

O'BRIEN, R. D.; FARR, W. E.; WAN, P. J. Introduction to fats and oils technology. 2" ed.
Illinois: American Oil Chemists’ Society, 2000. 618 p.

OLIVEIRA, A. L. et al. Brazilian roasted coffee oil obtained by mechanical expelling:
compositional analysis by GC-MS. Food Science and Technology, Campinas, v. 25, n. 4, p.
677-682, 2005.



42
OLIVEIRA, C. M.; GARAVAZO, B. R.; RODRIGUES, C. E. C. Liquid-liquid equilibria for
systems composed of rice bran oil and alcohol-rich solvents: application to extraction and
deacidification of oil. Journal of Food Engineering, London, v. 110, n. 3, p. 418-427, June
2012.

OLIVEIRA, R. C.; BARROS, S. T. D.; GIMENES, M. L. The extraction of passion fruit oil with
green solvents. Journal of Food Engineering, London, v. 117, n. 4, p. 458-463, 2013.

PATRICELLI, A. et al. Fattori che influenzano lestrazione del lipidi da semi decorticati di
girasole. Rivista Italiana Delle Sostanze Grasse, Milano, v. 61, p. 136-142, 1979.

PEREZ, C. et al. Supercritical fluid extraction of grape seeds: extract chemical composition,
antioxidant activity and inhibition of nitrite production in LPS-stimulated Raw 264.7 cells. Food
& Function, London, v. 6, n. 8, p. 2607-2613, 2015.

RABASCO ALVAREZ, A. M. et al. Lipids in pharmaceutical and cosmetic preparations. Grasas
y Aceites, Sevilla, v. 51, n. 1/2, p. 74-96, 2000.

RAVINDRAN, R. et al. Two-step sequential pretreatment for the enhanced enzymatic hydrolysis
of coffee spent waste. Bioresource Technology, Essex, v. 239, p. 276-284, 2017.

REGITANO-D’ARCE, M. A. B. Ensaios de extra¢ao de éleo de girasol (Helianthus annuus
L.) com alcool etilico. 1985. 110 p. Dissertagao (Mestrado em Agronomia)-Escola de
Agricultura “Luiz de Queiroz”, Universidade de Sao Paulo, Piracicaba, 1985.

REGITANO-D’ARCE, M. A. B. Extracao de éleo de girassol com etanol: cinética, acido
clorogénico, fragao insaponificavel. 1991. 145 p. Tese (Doutorado em Agronomia)-Faculdade de
Ciéncias Farmacéuticas, Universidade de Sao Paulo, Piracicaba, 1991.

RENEWABLE FUELS ASSOCIATION. World fuel ethanol production. Washington, 2017.
Disponivel em: <http://www.ethanolrfa.org/resources/industry/statistics/#1454098996479-
8715d404-e546>. Acesso em: 14 jul. 2018.

RICHARDSON, J. F.; HARKER, J. H.; BACKHURST, J. R. Chemical engineering: particle
technology and separation processes. 51" ed. Oxford: Butter Worth Heinemann, 2002.

RODRIGUES, C. E. C. Utilizacao de solvente biorenovavel nos processos de extracao e
desacidificagao de éleos vegetais. 2011. 172 f. Tese (Livre Docéncia em Equilibrio de Fases e
Processos de Separagdo na Industria de Alimentos)-Faculadade de Zootecnica e Engenharia de
Alimentos, Universidade de Sao Paulo, Pirassununga, 2011.

RODRIGUES, C. E. C.; ARACAVA, K. K.; ABREU, F. N. Thermodynamic and statistical
analysis of soybean oil extraction process using renewable solvent. International Journal of
Food Science and Technology, Oxford, v. 45, n. 11, p. 2407-2414, Nov. 2010.



43
RODRIGUES, J. A. R. Do engenho a biorrefinaria: a usina de agicar como empreendimento
industrial para a geragao de produtos bioquimicos e biocombustiveis. Quimica Nova, Sio Paulo,
V. 34,n.7,p. 1242-1254, 2011.

ROMANO, R. et al. Identification markers based on fatty acid composition to differentiate
between roasted Arabicaand Canephora (Robusta) coffee varieties in mixtures. Journal of Food
Composition and Analysis, San Diego, v. 35, n. 1, p. 1-9, 2014.

RONCHI, C. P. A origem do café conilon. Vitoria: Café Point, 2009. Disponivel em:
<http://lwww.cetcaf.com.br/informacoes%20gerais/origem%20cafe%20conilon/origem_cafe_coni
lon.htm>. Acesso em: 14 maio 2017.

RORIZ, R. F. C. Aproveitamento dos residuos alimenticios obtidos das Centrais de
Abastecimento do Estado de Goias S/A para alimentacao humana. 2012. 158 f. Dissertacdo
(Mestrado em Ciéncia e Tecnologia de Alimentos)-Universidade Federal de Goias, Goiania,
2012.

ROSENTHAL, A.; PYLE, D. L.; NIRANJAN, K. Agueous and enzymatic processes for edible
oil extraction. Enzyme and Microbial Technology, New York, v. 19, n. 6, p. 402-420, 1996.

SAAKSJARVI, K. et al. Prospective study of coffee consumption and risk of Parkinson’s
disease. European Journal of Clinical Nutrition, London, v. 62, n. 7, p. 908-915, 2008.

SALEITAO, B. R. G.; SALEITAO, C. S. Sustentabilidade e elaboracio de novos produtos
através do aproveitamento de residuo alimentar. Revista de Produg¢ao Académico-Cientifica,
Manaus, v. 2, n. 2, p. 97-104, 2015.

SANTOS, D. M. Desenvolvimento de método para obtencéo de energia a partir da producao
de biodiesel via extracéo de 6leo de borra de p6 de café em escala laboratorial. 2010. 48 f.
Dissertacdo (Mestrado em Ciéncias)-Universidade de S&o Paulo, S&o Paulo, 2010.

SANTOS, P. et al. Supercritical CO2 extraction of cumbaru oil (Dipteryx alata VVogel) assisted by
ultrasound: global yield, kinetics and fatty acid composition. The Journal of Supercritical
Fluids, New York, v. 107, p. 75-83, 2016.

SATO, M.; ITO, C. Method of extracting fatty oil. US Patent n. 1892366. Minami Manshu
Tetsudo Kabushiki Kaisha, 27 Dec. 1932.

SCHNEIDER, F. H. Zur extraktiven lipid-freisetzung aus pflanzlichen zellen. European Journal
of Lipid Science and Technology, Berlin, v. 82, n. 1, p. 16-23, 1980.

SETH, S. et al. Oil extraction rates of soya bean using isopropyl alcohol as solvent. Biosystems
Engineering, London, v. 97, n. 2, p. 209-217, 2007.

SHALMASHI, A. Ultrasound-assisted extraction of oil from tea seeds. Journal of Food Lipids,



44
New York, v. 16, n. 4, p. 465-474, 20009.

SILVA, L. L. Analise fitoquimica e determinacao das atividades antioxidantes e
vasculogénica dos extratos aquosos padronizados de Coffea arabica e Theobroma cacao.
2005. 141 f. Dissertacdo (Mestrado em Biotecnologia)-Centro de Ciéncias Bioldgicas,
Universidade Federal de Santa Catarina, Florianopolis, 2005.

SMITH, A. W. Introduction. In: CLARKE, R. J.; MACRAE, R. (Ed.). Coffee: chemistry.
Dordrecht: Springer Netherlands, 1985. p. 1-41.

SINGH, J.; BARGALE, P. C. Development of a small capacity double stage compression screw
press for oil expression. Journal of Food Engineering, London, v. 43, n. 2, p. 75-82, 2000.

SOARES, G. A. O avango das tecnologias de segunda gerag¢ao e seus impactos na induastria
do etanol. 2016. 177 f. Dissertacdo (Mestrado em Economia da Industria e Tecnologia)-Instituto
de Economia, Universidade Federal do Rio de Janeiro, Rio de Janeiro, 2016.

SOBRINHO CHEMMES, C. et al. Estudo de métodos fisico-quimicos no pré-tratamento de
residuos lignoceluldsicos para produgio de etanol de segunda geragdo. In: SEMINARIO
ESTUDANTIL DE PRODUCAO ACADEMICA, 7., 2013, Salvador. Anais Eletronicos...
Salvador: Ed. UNIFACS, 2013. Disponivel em:
<https://revistas.unifacs.br/index.php/sepa/article/view/2816/2044>. Acesso em: 29 set. 2018.

SOMNUK, K.; EAWLEX, P.; PRATEEPCHAIKUL, G. Optimization of coffee oil extraction
from spent coffee grounds using four solvents and prototype-scale extraction using circulation
process. Agriculture and Natural Resources, New York, v. 51, p. 181-189, 2017.

SOTO, C.; CHAMY, R.; ZUNIGA, M. E. Enzymatic hydrolysis and pressing conditions effect
on borage oil extraction by cold pressing. Food Chemistry, London, v. 102, n. 3, p. 834-840,
2007.

SPEER, K.; KOLLING-SPEER, I. The lipid fraction of coffee bean. Brazilian Journal of Plant
Physiology, Londrina, v. 18, n. 1, p. 201-216, 2006.

SPIGNO, G.; TRAMELLLI, L.; DE FAVERI, D. M. Effects of extraction time, temperature and
solvent on concentration and antioxidant activity of grape marc phenolics. Journal of Food
Engineering, London, v. 81, n. 1, p. 200-208, 2007.

TAKEUCHI, T. M. et al. Low pressure solvent extraction (solid-liquid extraction, microwave
assisted, and ultrasound assisted) from condimentary plants. In: MEIRELES, M. (Ed.).
Extracting bioactive compounds for food products: theory and applications. Boca Raton:
CRC, 2009. p. 137-218.

TAUNAY, A. de E. Histdria do café no Brasil: no Brasil Imperial 1822-1872. Rio de Janeiro:
Departamento Nacional do Café, 1939. 448 p.



45

TIR, R.; DUTTA, P. C.; AHMED, B. H. A. Y. Effect of the extraction solvent polarity on the
sesame seeds oil composition. European Journal of Lipid Science and Technology, Berlin, v.
114, n. 12, p. 1427-1438, Dec. 2012.

TREYBAL, R. E. Mass-transfer operations. 3" ed. New York: McGraw Hill, 1981.

TRUGO, L. C.; MACRAE, R. An investigation of coffee roasting using high performance liquid
chromatography. Food Chemistry, London, v. 19, p. 1-9, 1986.

TURATTI, J. M. Extragéo e caracterizacio de 6leo de café. In: SIMPOSIO DE PESQUISA DOS
CAFES DO BRASIL, 2., 2001, Vitéria. Anais Eletronicos... Vitoria, 2001. Disponivel em:
<http://lwww.sbicafe.ufv.br/bitstream/handle/123456789/1291/155585 _Art212f.pdf?sequence=1>
. Acesso em: 13 maio 2017.

UNIAO DA INDUSTRIA DE CANA-DE-ACUCAR. Produgo: etanol total 2017/2018. S&o
Paulo, 2018. Disponivel em: <http://www.unicadata.com.br/historico-de-producao-e-
moagem.php?idMn=31&tipoHistorico=2&acao=visualizar&id Tabela=1983&produto=etanol_tot
al&safralni=2017%2F2018&safraFim=2017%2F2018&estado=RS%2CSC%2CPR%2CSP%2CR
J%2CMG%2CES%2CMS%2CMT%2CGO0%2CDF>. Acesso em: 14 jul. 2018.

VARDON, D. R. et al. Complete utilization of spent coffee grounds to produce biodiesel, bio-oil,
and biochar. ACS Sustainable Chemistry and Engineering, Washington, v. 1, n. 10, p. 1286-
1294, 2013.

WAGEMAKER, T. A. L. et al. Sun protection factor, content and composition of lipid fraction of
green coffee beans. Industrial Crops and Products, London, v. 33, n. 2, p. 469-473, 2011.

WEL, F. et al. Quantitative determination of oil content in small quantity of oilseed rape by
ultrasound-assisted extraction combined with gas chromatography. Ultrasonics Sonochemistry,
Oxford, v. 15, n. 6, p. 938-942, 2008.

WILLIAMS, M. Recovery of oils and fats from oilseeds and fatty materials. In: SHAHIDI, F.
(Ed.). Bailey’s industrial oil and fat products. New York: J. Wiley, 2005. v. 6, p. 2589-2678.



46
SEGUNDA PARTE - ARTIGOS

ARTIGO 1 - GREEN COFFEE AND ITS RESIDUAL BIOMASS: CHARACTERIZATION
FOR ITS INDUSTRIAL APPROACH

Erica R. Oliveira,'* Gabriel R. Carvalho,! Paula R. Santos,? and Fabiana Queiroz*

! Food Science Department, Federal University of Lavras (UFLA), 37200-000, Lavras, MG,
Brazil.

2 Statistics Department, Federal University of Lavras (UFLA), 37200-000, Lavras, MG, Brazil.

Versao prévia do artigo formatado de acordo com as normas do periodico International Food
Research Journal



47
Abstract

The increase in the production of green coffee oil by pressing has generated as a residue the press
cake or biomass, whose characterization allows the evaluation of its potential as a source of extracts
rich in bioactive compounds. In the present study, the physical and chemical composition of green
coffee beans and its defatted biomass, a by-product from the coffee oil mechanical expelling
industry, were determined. For so, soluble solids, bulk density, potassium leaching, electrical
conductivity, acidity, nutritional value, sugar, wall components, enzymatic activity, caffeine,
chlorogenic acids, tannins and phenolic content were carried out. By comparing the composition
of the green beans and biomass, it could be observed that many compounds (protein, fiber, ash)
were not extracted by the mechanical pressing process, in which the oil is removed but with a very
low yield (< 30%). There was a reduction in the enzymatic activity of PPO (21.16 U g*), POD
(3.18 U g), and PG (7.39 U); the enzyme PME (17281.9 U g) showed an increase in its activity
in the biomass; the lipase activity was not statistically altered. The results indicated the potential
of the biomass to obtain products based on caffeine (0.9%), chlorogenic acids (11.66 mg L),
phenolic compounds (131.1 mg 100 g?), oil (6.27%) and others. The green coffee beans biomass
is still a rich source of nutrients that could be exploited by the industry. Data reported in this work
helped to improve the understanding on the chemical composition of green coffee biomass that
could be helpful for economical utilization of these products. These data would also provide a basic
reference for product standards and quality control when the production of the green coffee biomass

products comes to pilot and industrial scales.

Keywords: Coffea arabica; chemical composition; defatted coffee cake.
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1. Introduction

Coffee is one of the most valuable traded food commodity. After crude oil, it is ranked
second among all commodities (Esquivel and Jiménez, 2012). In 2015/2016, coffee production
reached 148 million bags worldwide, and consumption of 151.3 million bags (ICO, 2017). Coffea
canephora (Robusta) and Coffea arabica (Arabica) are the two main species of coffee that are
grown for consumption (Denoeud et al., 2014). In general, Arabica species has more favorable
sensory characteristics and higher commercial value. Green beans of both species can be
distinguished by color, shape, and size (Dias and Benassi, 2015). But the most discriminant
descriptors of both varieties are free amino acids, caffeine and chlorogenic acids, with Robusta
having the highest content of caffeine and chlorogenic acids, and Arabica with the greatest amino
acids content (Martin et al., 1998) and lipid content (Romano et al., 2014).

Coffee beans have been widely consumed roasted as a beverage for centuries, however,
lately, the green bean (before roasting) and the by-products of the coffee industry (i.e. press cake)
which are in many cases not properly handled and, therefore, an environmental concern, are also a
potential source of compounds with functional properties. Green coffee has a complex chemical
composition of polysaccharides, monosaccharides, lipids, sterols, fatty acids, phenolic acids,
polyphenols, alkaloids, proteins, free amino acids, vitamins, and minerals (Ozcan et al., 2014;
Parras etal., 2007). They are rich in bioactive compounds, with a highlight on caffeine, trigonelline,
chlorogenic acids, tocopherols (a, B, v), and diterpenes (mainly kawheol and cafestol) (Esquivel
and Jiménez, 2012; Semen et al., 2017; Speer and K6lling-Speer, 2006). Although it is already well
established that green coffee beans are sources of bioactive compounds, such as polyphenols, their
composition may vary with a series of factors that includes species, variety, cultivation, region,
weather conditions, ripeness, time of harvest, and storage conditions (Faniadis et al., 2010; Haffner
etal., 2002).

Green coffee beans can also be used to obtain oil from the pressing process of the green
beans. The green coffee oil has been gaining great interest among the pharmaceutical chain, due to
its interesting composition related mainly to the bioactive compounds, for its properties at
maintaining natural skin moisture (Ferrari et al., 2010), and as a sun protector due to the ultraviolet

absorption property of the main fatty acid, linoleic acid (Wagemaker et al., 2011). The obtainment
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of green coffee oil generates one more by-product, the cake, or so called 'biomass', since it might

be a valuable source of nutrient and bioactive compounds.

In addition, caffeine, chlorogenic acids, and polyphenols present in these materials may
confer a toxic nature to them. Therefore, they may represent a pollution hazard if discharged into
the environment. Despite this negative characteristic and the large amounts of these materials that
are generated, there are few studies focusing on their use in different and profitable applications
(Mussatto et al., 2006). Green coffee press cake is a rich residue concerning bioactive compounds
and nutrients, different from usual wastes, and it is slowly beginning to be exploited (Affonso et
al., 2016; Castro et al., 2018). Nevertheless, it is possible to find mostly, studies on grains rather
than residues.

Due to the heterogeneous nature of coffee waste, most of the authors investigating its
possible valorization carried out a selective fractionation of the coffee waste to analyze and
determine the content of specific components, such as lignin, cellulose (Caetano et al., 2012; Tsai
et al., 2012); tannins and total polyphenols (Anesini et al., 2008; Zhang et al., 2010). Nevertheless,
to our knowledge there is no report on the composition of the by-product from the coffee oil
industry, neither of a complete and integrated chemical characterization of this type of green coffee
beans waste. Aiming to evaluate the green coffee beans (C. arabica) quality and its relation to the
by-product (biomass) obtained from the beans mechanical pressing to obtain oil (generated by an
oil industry), the goal of this work was to physicochemically characterize these materials, making
information available on the effect of the pressing process on the biomass characteristics, that could
add value to the coffee industry, hence, contributing to their economical exploitation. As chemical
composition is critical information for product quality and for exploration of new uses, data
obtained in this work will be essential to assess the potential use of this waste material as a source

of high-added value compounds suitable for different bio-based applications.

2. Experimental

2.1 Sampling
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Green coffee beans harvested in the Southeast area of Brazil (Guaxupé, Minas Gerais), in

the year 2017 (dry process) and its biomass obtained from the oil mechanical expelling (continuous
screw press - 550 kg h't) (Ecirtec, MPE-500 AC, Bauru, Brazil), both of the same variety (Arabica)
and from the same batch, were kindly supplied by COOXUPE (Guaxupé, Minas Gerais, Brazil).
For analysis, seeds were frozen in liquid nitrogen and ground to a fine powder in a laboratory mill
(IKA, A-11, Xangai, China); the biomass was homogenized in a blender (Waring, 14-509-7A,
Torrington, US). The powders, from both seeds and biomass, were then selected to their
granulometry through Tyler sieves in an eletromagnetic shaker (Bertel, VP-01, Caieiras, Brazil).
Samples retained in mesh 80 (0.177 mm) (-20/+80) were used. This granulometry is suggested by
the National Renewable Energy Laboratory (NREL/TP-510-42620) (Sluiter et al., 2008), which
presents specialized methodologies for biomass analysis. Samples with homogeneous
granulometry were dried in a vacuum oven (16.8 kPa) at 40 + 1 °C (Tecnal, TE-395, Piracicaba,
Brasil) (~ 20 days for green coffee beans; ~ 7 days for biomass). All analyzes were performed in
triplicate and the results were given on a dry basis (d.b.), except for the physical analysis, the

enzymatic activity and potassium leaching assays, which were performed with fresh samples.

2.2 Reagents and chemicals

Chemicals were of analytical grade and purchased from Sigma-Aldrich (Saint Louis, MO,
USA).

2.3 Physical analyzes

2.3.1 Bulk density

Coffee beans were weighed with the aid of a density determination kit (GEHAKA, Kit Peso
Hectolitro, Sdo Paulo, Brazil), and the beans average bulk density was evaluated as the ratio
between the weight of the beans and the volume occupied by them (125 cm?). For measuring the
bulk density of the biomass, a previously calibrated 50 mL measuring cylinder was filled with a

known mass (g) of the samples (12 g). The measuring cylinder base was gently tapped on the
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laboratory bench, severally, to a constant volume; bulk density (g cm=) was calculated

(Akpapuimam and Markakis, 1981; Ige et al., 1984) using Equation 1.

Bulk density — Weight of samples (g) (1)

Volume of sample after tapping (cm?3)

2.3.2 Electrical conductivity of green coffee beans

The readings were performed in a benchtop conductivity meter (BEL Engineering, W12D,
Piracicaba, Brazil) after 5 h of soaking (50 mL) at 25 °C the previously weighed beans (n = 50).
The measurement was carried out in the soak water after removing the beans (Baalbaki et al., 2009;

Loeffler et al. 1988). The electrical conductivity (EC) was calculated according with Equation (2).

Reading (uS cm™1
Weight of 50 beans (g)

2.4 pH and titrable acidity

Green coffee or biomass pH was recorded by preparing extractives with powders of the
materials (5 g) in 50 mL distilled water (Mazzafera, 1999). The extract was shaken for 1 h (Solab,
SL 180/A, Piracicaba, Brazil) in room temperature. Titratable acidity of coffee bean and biomass
was determined titrating the same extract above against sodium hydroxide solution (0.1 mol L)
using a pH meter (Tecnal, Tec-3MP, Piracicaba, Brazil) to control the acidity of the solution. The
volume of sodium hydroxide required for neutralization (pH 8.2) was noted and titratable acidity
was calculated (AOAC, 2016).

2.5 Total soluble solids

Total soluble solids of the powdered coffee or biomass sample was determined by refluxing

the coffee powder (2 g) with hot water (200 mL) for 1 h and made up to 500 mL. An aliquot (50
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mL) was filtrated and evaporated to dryness, followed by heating in a hot air oven at 105+ 1 °C to

get constant weights, and the amount of total soluble solids was calculated (AOAC, 2016).

2.6 Proximate composition

Moisture content of coffee beans was determined following the ISO 1446 protocol, which
assesses the moisture of green coffee beans through the mass loss under 105 °C, and also with the
aid of a grain moisture meter (GEHAKA, G600, Sdo Paulo, Brazil) on the mode of ISO 6673 for
coffee beans (ISO, 2001, 2003). The biomass moisture was assessed by the method proposed by
AOAC (2016), as well as the lipid, protein, fiber, and ash content, of both beans and biomass. To
convert the nitrogen content to protein percentage, a factor of 6.25 was used. Carbohydrates
fraction was calculated by difference (Carbohydrates = 100 - %lipid - %protein - %fiber - %ash)
(d.b.).

2.7 Total sugar

Total sugar content was determined through the Dreywoods Anthrone’s reagent method

reported by Morris (1948), later modified by Beck and Bibby (1961).

2.8 Lignin, cellulose, and hemicellulose

Lignin, cellulose, and hemicellulose content was determined from the Neutral Detergent
Fiber (NDF) and Acid Detergent Fiber contents (ADF). NDF determination was conducted
according with VVan Soest and Wine (1968), while ADF was determined following Van Soest
(1963). Lignin content was obtained through the protocol proposed by Van Soest and Wine (1967).
Cellulose and hemicellulose contents were calculated according to the Equations 3 and 4,

respectively.

Cellulose (%) = ADF — Lignin (3)
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Hemicellulose (%) = NDF — ADF (4)

2.19 Enzymatic activity

2.9.1 Polyphenoloxidase (PPO) and Peroxidase (POD)

Extraction. For each sample, 1 g of green coffee or biomass powder was extracted (under
agitation) at 4 °C for 15 min with 5 mL of 0.1 M sodium phosphate (Na-Pi) buffer (pH 6.0). The
suspension was centrifuged (15 min/ 15000 x g) (GS-15R, Beckman, Buckinghamshire, England),
the supernatant was recovered and filtrated with a paper filter Whatman n° 1. The extract was kept
at 4 °C. The method used to determine PPO activity was adapted from that of Ponting and Joslyn
(1948). PPO activity was determined in a reaction mixture containing 1 mL of the extract, 1 mL of
glycine (H.NCH,COOH) (0.2 M), and 3 mL of L-3,4-dihydroxyphenylalanine (DOPA) (0.005 M).
The tubes containing the mixtures were incubated under 60 °C in a water bath for 1 h, and
homogenized in a vortex. The absorbance of the solution was measured at 420 nm. For each tube
with the sample, a blank was prepared containing 1 mL of extract and 4 mL of distilled water. POD
activity assessment was adapted from Fehrmann and Dimond (1967). POD activity was determined
in a reaction mixture containing 1 mL of the extract and 2 mL of 0.2 M Na-Pi buffer (pH 5.0). The
tubes containing the mixture were incubated at 30°C in a water bath for 5 min. To each tube was
added 0.4 mL of H202 (0.08%), and 0.4 mL of an alcoholic solution of guaiacol (1%). The tubes
were incubated once again for 15 min at 30°C. The absorbance of the solution was measured at
470 nm. For each tube with the sample, a corresponding blank was prepared containing 1 mL of
extract, 2 mL of buffer solution, and 0.8 mL of distilled water. Specific enzyme activities were
reported as arbitrary units (U g). One unit of enzyme activity was defined as the amount of enzyme
causing an increase or a respectively decrease of absorbance of 0.1 unit per min at the

corresponding wavelength.
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2.9.2 Pectin methylesterase (PME) and Polygalacturonase (PG)

Both enzyme extracts were prepared following Buescher and Furmanski (1978), with
modifications. A sample of 5 g was extracted with 50 mL of NaCl (0.2 mol L) and
polyvinylpyrrolidone (PVP) 1% to avoid phenol oxidation or its elimination from the extract in an
ultraturrax (Tecnal, TE-102, Piracicaba, Brazil) for 1 min in an ice bath, followed by centrifugation
(10 min/ 13000 x g) (Beckman, CS-15R, Indianapolis, US) and filtration. The extract was
completed to a volume of 50 mL with NaCl (0.2 mol L2).

In order to determine PME activity, the carboxyl can be titrated during the enzymatic
hydrolysis with NaOH solution at constant temperature and pH. Activity of the enzyme was
measured quantitatively by polygalacturonic acid produced from pectin. Each assay was carried
out by titrating 20 mL of 1% (w/v) pectin solution prepared in 0.1 mol L-* NaCl of pH 8 at 30 °C
with 0.025 mol Lt NaOH. By the addition of small volumes of NaOH, the pH was maintained at
8. Then 3 mL of the enzyme extract was added and the reaction (extraction) mixture was kept for
5 min, where the pH was kept at 8. The same procedure was carried without the extract (blank).
One unit of enzyme activity was defined as the amount of enzyme required to release 1 umol of
acid from pectin per min at pH 8 at 30 °C (Buescher and Furmanski, 1978). PG activity was
estimated according with Proctor and Miesle (1991). The high salt extracts of the heated
homogenates were assayed for PG activity by measuring the production of reducing sugars from
polygalacturonic acid following the method of Nelson (1944). One unit of enzyme activity was
defined as the amount of enzyme required to release 1 nmol of reducing sugar per min under the

conditions of analysis.

2.9.3 Lipase

Lipase (glycerol ester hydrolase) extract was prepared according with Hassanien and
Mukherjee (1986), with modifications by Liaquat and Owusu Apenten (2000). The enzymatic
activity was adapted from Theimer and Rosnitschek (1978) and determined as follows. Olive oil
was used as substrate (5% w/v) and emulsified (ultraturrax) (Tecnal, TE-102, Piracicaba, Brazil)

for 3 min with Arabic gum (10% w/v) in NaCl buffer 0.1 M (pH 7) at room temperature,
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immediately before use. In a 125 mL Erlenmeyer, 18 mL of the emulsion and 2 g of the extract

were added. This solution was than incubated under agitation for 15 min, 37 °C, and 150 rpm at a
Dubnoff Orbital water bath (Novatecnica, NT 230, Piracicaba, Brazil). The reaction was then
interrupted by adding 20 mL of an acetone/ethanol (1:1 v/v) solution. Samples were titrated with
NaOH (0.04 M) until pH 11 and time was recorded. The blank was prepared by adding 18 mL of
emulsion (without enzyme preparation) and after the incubation, 20 mL of acetone/ethanol
solution, followed by titration. One enzymatic activity unit is defined as the amount of enzyme

necessary to release 1 umol of fatty acid per min, and can be determined as in Equation 5.

(V=Vb)xMx1000
Tmxt (%)

Lipase activity (Ug™?!) =
Where, V = volume spent to titrate the sample (mL); Vb = volume spent to titrate the blank (mL);

M = NaOH molarity (mol L); m = weight of the sample (g); t = time (min).
2.10 Caffeine

Green coffee powder (5 g) was extracted under reflux in a water bath at 95 °C along with
MgO (3 g) for 45 min with distilled water (100 mL) and filtered. After filtration, the volume was
made up to 50 mL. The filtrate (50 mL) was extracted thrice with 25 mL chloroform (25 mL % 3)
under vigorous agitation, and the combined chloroform extract which contained caffeine was
desolventized. The obtained caffeine was dissolved in water and the absorbance of the known
strength of the solution was measured at 275 nm (Varian, Cary 50 Probe UV-Vis, Lake Forest,
USA). The caffeine content was calculated using a calibration curve prepared from a caffeine
standard (AOAC, 2016).

2.11 Total Chlorogenic acid
Chlorogenic acid was estimated by UV spectrophotometry. Extracts were prepared by

adding 100 mL of isopropanol 70% to 0.5 g of sample. This solution was kept in a water bath (50

°C) under reflux for 4 h and then filtered. The volume was made up to 100 mL with isopropanol
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70%. For determination, to 1 mL of the extract was added 10 mL of sodium metaperiodate 0.25%,

kept in a water bath (28 °C) for 10 min, and read on a spectrophotometer (Varian, Cary 50 Probe
UV-Vis, Lake Forest, USA) at 418 nm. A calibration curve was built using chlorogenic acid and
sodium metaperiodate 0.25% (AOAC, 2016).

2.12 Total phenolic compounds (TPC)

The yield of TPC was determined according to the Folin—Ciocalteu’s method (Waterhouse,
2002). The extracts were obtained by the method described by Brand-Williams et al. (1995), using

methanol and acetone as the extracting solvents.
2.13 Tannin content

Tannin content was assessed based on the methodology proposed by Price et al. (1978).
The extraction was carried out using methanol 50% and the standard curve was build using tannic

acid (TA). The results were expressed as mg TA per 100 g of sample (d.b.).
2.14 Potassium leaching

After measuring the electrical conductivity, the same soak water was used to measure the
potassium leaching. Only that, a dilution was carried out, where to 1 mL of the soak water 29 mL
of distilled water was added. The readings were performed in a flame photometer (Tecnal, B462,
Piracicaba, Brazil). The potassium leached by the water was calculated by multiplying the reading
obtained in the flame photometer (mg potassium L) by the volume of distilled water (mL)
(dilution), and divided by the mass of the sample (g), the results were expressed as mg of potassium

per kg of fresh green beans (Equation 6).

Reading x Dilution
(6)

-1\ —_
PL (mg kg ) - Weight of 50 beans (g)

2.15 Statistical analysis
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In this study, all the analyzes were carried out in triplicates. Data did comply with the

parametrical requisites, thus, they were analyzed through an analysis of variance (ANOVA), and
the Tukey’s test (p < 0.05) was employed to compare the means of both materials (green coffee
beans and biomass). All statistical analyzes were carried out using the software RSTUDIO version
3.2.0 (R Core Team, 2015).

3. Results and discussion

The bulk density (g cm2) was evaluated for both whole beans and biomass which presented
similar (p > 0.05) values (0.61 + 0.01 and 0.60 + 0.01, respectively). Kornman (2016) classified
low density coffee beans as lower than 0.64 g cm, which is the case of the samples analyzed in
this study, indicating that a greater amount of beans may be needed in order to fulfill a determined
weight prior to transporting them. Concerning the biomass, there is no report on that measurement.
Parodi (2017) reported the density of three different originated beans, from Thailand, Ethiopia, and
El Salvador, all with a high density average of 0.66, 0.68, and 0.7 g cm-3. While there are plenty of
exceptions, density often varies from place to place in predictable ways. East African coffees,
particularly those from Ethiopia and Kenya, tend to register very high on the density spectrum, as
do coffees from Colombia. Conversely, coffees from Sumatra and Brazil tend to generally present
low density by comparison (Kornman, 2016), as observed in this study.

pH and total acidity are relevant parameters to grade coffee beans. These parameters are
shown in Table 1, and there were significant differences (p < 0.05) between beans and biomass. In
this work, pH of green coffee beans was in the range reported in the literature (4.92 — 6.11) (Jeszka-
Skowron et al., 2016; Ramalakshmi et al., 2007; Vasconcelos et al., 2007; Wintgens, 2008). And
titrable acidity was lower than that reported by few authors, from 210 mL NaOH 100 g
(Ramalakshmi et al., 2007) to 277 mL NaOH g (Vasconcelos et al., 2007). Higher titratable
acidity in coffee could be attributed to fruit fermentation during the drying process. According to
studies, acidity should increase as coffee quality decreases (Franca et al., 2005; Mazzafera, 1999).

The titratable acidity content in coffee beans may vary according to the fermentation levels
that occur in the grains and also to the different maturation stages of the grains, and may also serve

as a support to assist in the evaluation of the coffee beverage quality. Defects are responsible for
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the increase of coffee acidity, especially black and burnt coffee. The sugars present in the mucilage,

when in the presence of microorganisms or under anaerobiosis, are fermented producing alcohol,
which is deployed in acetic, lactic, propionic and butyric acid (Navia et al., 2011). In this work, the
acidity of the biomass was higher than of the beans, which could be associated to enzymatic

activity, once they have not been totally inactivated during the pressing process (Table 1).

Table 1. Chemical characteristics of green coffee beans and its biomass

Attributes Green coffee beans Biomass
pH 5.74 £0.02? 5.6 +0.02°
Titrable acidity (mL NaOH 0.1 mol L 100 g%) 145.0 + 0.06° 281.3+0.35°?
Soluble solids (%) 32.29+3.83° 3345+1.942
Moisture (%) 11.0+£0.062 4.35+0.42"
Total lipid (%) 8.61+0.46° 6.27 +0.22°
Protein (%) 14.87 £ 0.552 15.86 +0.632
Fiber (%) 11.62+1.30° 12.46+£1.02°
Ash (%) 1.75+0.16° 2.28+0.02°?
Carbohydrates (%) 63.15 63.13
Energetic value (kcal 100 g%) 389.57 372.39
Total sugar (%) 13.05+0.01° 1443 +£0.01°
Lignin (%) 523+0.34°2 4.02+0.36°
Cellulose (%) 18.88 £0.62° 20.54£0.39°
Hemicellulose (%) 26.72+£219° 25.61+£0.54°
Polyphenoloxidase (U g*) (w.b.) 111.52+0.0? 2116 +1.21°
Peroxidase (U g%) (w.b.) 10.66 £0.01 2 3.18 +0.004°
Pectin methylesterase (U g*) (w.b.) 11363.89+1136.4 ° 17281.9+1646.4 2
Polygalacturonase (U) (w.b.) 12.21+0.20° 7.39+0.11°
Lipase (U g) (w.b.) 41.12+12.18°2 53.73+1.42°
Caffeine (g 100 g) 0.83+0.122 0.9+0.04°
Chlorogenic acids (mg L) 11.05+0.712 11.66 +£0.50?
TPC (mg 100 g1 101.6 £0.18° 131.1+0.17°
Tannins (mg TA 100 g1 15307.18+1048.9¢ 22485.30+937.12
Potassium leaching (g mL?) (w.b.) 368.58 £ 21.03 -

Values are Mean + SD, (n=3). TA: Tannic acid.

Comparison between the samples was performed by one-way ANOVA followed by Tukey’s multiple comparison test.

Values followed by different lower case letters in a row indicate statistically significant difference between the same parameters (p
<0.05).

The soluble solids content is used as the index of total sugars in fruits, indicating the degree
of maturity. They are composed of water-soluble compounds, such as sugars, acids, vitamin C, and
some pectin (Tian et al, 2007). Green coffee beans presented similar (p > 0.05) content of soluble

solids compared to the biomass in this study (Table 1), indicating that during the oil obtaining
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process only the oil was expelled from the vegetable matrix. Which is an interesting feature, once

the biomass could also be destined to the soluble solids extraction industry, once it could be roasted
and processed such as the coffee beans. In addition, the fact that it does have less oil content could
be a reason to add value to this material. Total soluble solids average of Indian Arabica coffee is
of 31.34% (d.b.) (Ramalakshmi et al., 2007), which is similar to the results obtained in this work
for Brazilian Arabica, and within the range reported by Merritt and Proctor (1959) for green beans
from different countries (30.4 — 34.4% d.b.).

Data in Table 1 show the observed proximate chemical composition (major components)
of the Brazilian green coffee and biomass samples investigated. Moisture, lipid, and ash content
presented significant difference (p < 0.05) for both materials, the other components were not
influenced by the pressing process. By analyzing the samples, it was found that the moisture level
of the beans in the present study was higher than the levels reported in the literature (5.5 to 7.6%)
by Nogaim et al. (2013) who evaluated 70 samples of green coffee from Yemen (C. arabica). There
is no report on the biomass moisture content of green coffee beans, which is much lower than that
of the coffee beans once it went through a pressing process, which may remove the moisture due
to the elevated temperature (~ 90 °C) reached along the process, as proved by Willems et al. (2008)
for sesame press cake, where the ratio water/solids reduced from 0.07 to 0.05 after the pressing
process (100 °C). Moisture is an important attribute and indicator of quality. A high moisture
content of the beans is a loss of material and leads to physical and sensorial defects (Leroy et al.,
2006). Beans could be easily attacked by fungi, allowing the accumulation of ochratoxin A to
prohibited levels (in Europe, according to the Comission Regulation n® 123, 2005, higher than 5
mg kg™) and other mycotoxins, undergoing as well a marked color change, becoming darker (Coste
and Cambrony, 1993). If the beans are too wet (above 12.5 % moisture w.b.), they will mold easily
during storage. If the beans are too dry (below 8 % moisture), they will lose flavor. The
International Coffee Council recommends that coffee should not be exported when outside of these
limits as assessed by the ISO 6673 method (ICC, 2002, 2004; I1SO, 2003). According with Kemper
(2005), in case seeds are going to go through an oil obtaining process, they must have a low
moisture content in order to prevent deterioration during storage and also to ensure that downstream
unit operations are efficient. Specialty Coffee Association of America (SCAA, 2009) specifies that

the ideal moisture of the crude grain or green coffee bean must be of 11.5%, but a variance from
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10 to 12% is acceptable. Green coffee beans are within the limits allowed. According to the study

carried out by Vasconcelos et al. (2007) moisture levels for green coffee were within the range
reported in many literatures for good quality coffee (8.5 — 13%).

The protein content was similar (p > 0.05) for both beans and biomass, once the mechanical
pressing, neither the warming did not influence the content of this nutrient. Farah (2012) affirmed
that the total nitrogenous compounds (excluding caffeine and trigonelline) account for 9 to 16% of
the green coffee chemical composition. Protein levels for green coffee were in the range reported
in the literature for healthy coffee beans. Nogaim et al. (2013) reported protein content of 70
samples of Yemeni green coffee beans in the range of 7 to 16%. However, coffee is not a good
nutritional source of protein because it lacks essential amino acids (Farah, 2012).

Lipids are present on the surface and in the interior matrix of green coffee beans, and their
content depends on several factors, particularly, species and variety (Speer and Kolling-Speer,
2006). In this study, lipid content was relatively low for both beans and biomass. But it is relevant
to observe that the pressing process employed to obtain the green oil was not efficient in removing
the oil, once it was able to remove only about 27% of the oil present in the beans. Raw materials
with low oil content (< 30%) should be directly processed by solvent extraction, as the low yield
of their expression does not justify the costs generated by this method (Arisanu and Rus, 2013).
Hence, this remaining oil in the biomass could have great and valuable exploitation by the industry.
Behr and Gomes (2010) stated that many important catalytic functionalization (i.e. heterogeneous
and homogeneous catalysis, like additions, reductions, oxidations and metathesis reactions) of fatty
compounds and glycerol may result in new attractive products. Those products have emerging
properties, so they could find a rapid introduction into the chemical market. In this study, the lipid
content of green coffee beans was fairly lower than the range found in the literature of 9 — 15.36%
(d.b.) (Geromel et al., 2006; Mazzafera, 1999; Mazzafera et al., 1998; Oliveira et al., 2006; Speer
and Kolling-Speer, 2001).

Once the fiber content during the pressing process is not removed, it indicates that the
biomass resulting from the process still is a by-product that could be exploited once it contains a
relevant level of crude fiber.

Minerals are important constituents of human diet as they serve as cofactors for many

physiological and metabolic processes (Ogunyinka et al., 2017). Mineral content (ash) in green
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coffee and biomass were statistically different, indicating that all the mineral content remains in

the grain structure after the oil removal. The ash content observed in this study presented great
difference, being much lower, amongst the results found in the literature (4.8 — 6%) (Nogaim et al.,
2013; Oliveira et al., 2006; Purohit and Rajyalakshmi, 2011).

The polysaccharides which make up about 50% of the green bean’s dry weight, consist of
three major types: mannans or galactomannans, arabinogalactan-proteins and cellulose,
contributing to the tasteless flavor of green coffee (Coffee Chemistry, 2015). In addition, there are
small amounts of pectic polysaccharides (Redgwell et al., 2002), and recently, xyloglucan was also
shown to be present (Oosterveld et al., 2003). The results for total carbohydrates in green coffee
beans and biomass are consistent with the literature, once green Arabica coffee consists of about
48 to 60% of polysaccharides (Arya and Rao, 2007; Fischer et al., 2001; Murkovic and Derler,
2006; Nogaim et al., 2013; Redgwell and Fischer, 2006). Once again, the by-product (biomass)
which is consistently not being prospected by the industry, shows to be a valuable source of
carbohydrates that could further be reinserted into the food chain.

In this study, sugar content was found to be similar (p > 0.05) for both beans and biomass
(Table 1). For coffee cultivated under the shadow or full sun, Vaast et al. (2006) found sucrose
levels lower (8.4%) than the average of this study. Rogers et al. (1999) reported sucrose levels from
5 to 12% for green coffee beans, also stated that sucrose represents, essentially, 100% of the total
free sugars in mature grains. Low sucrose levels in immature beans are associated with bean
maturation, whereas in the case of black and sour beans, low sucrose levels are due to fermentation
(Vasconcelos et al., 2007). Vaast et al. (2006) affirmed that high sucrose content indicates
incomplete maturation of the beans at the harvesting.

The cell wall constituents studied (lignin, cellulose, and hemicellulose) for green coffee
beans and its biomass are presented in Table 1. Cell wall polysaccharides constitute half the dry
weight of the native coffee bean (Campos-Vega et al., 2015; Fischer et al., 2001), what can be
assured by the results obtained in this study (~ 50.8%); leading to affirm that green coffee bean is
arich source of polysaccharides. Lignin is a constituent of the cell walls of almost all dry land plant
cell walls. It is the second most abundant natural polymer in the world, surpassed only by cellulose.
Among the polymers found in plant cell walls, lignin is the only one that is not composed of

carbohydrate (sugar) monomers (NSERC, 2010). Lignin and cellulose work together to provide a
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structural function in plants and in green coffee beans they accounted for 24.11% of the cell wall

constituents studied. The fibrous component, cellulose, is the primary load-bearing element while
the matrix, lignin, provides stiffness and rigidity. Beyond the structural function, lignin plays
several other important biological roles in plants. Because it is much less hydrophilic than cellulose
and hemicellulose, it prevents the absorption of water by these polysaccharides in plant cell walls
and allows the efficient transport of water in the vascular tissues. Lignin also forms an effective
barrier against attack by insects and fungi (NSERC, 2010). The structure of lignocellulose is such
that covalently cross-linked lignin and hemicellulose sheath a crystalline cellulose core resulting
in a strong, recalcitrant network. Consequently, intensive treatment(s) of biomass is required to
overcome the covalent linkages between the lignin and hemicellulose (Ravindran and Jaiswal,
2016). Disrupting lignocellulose in this way improves hydrolysis of hemicellulose and cellulose
into industrially significant monosaccharides (Scully etal., 2016). According to Belitz et al. (2009),
in Arabica green coffee, cellulose and hemicellulose are the main components of coffee silverskin,
which is composed by 1 to 3% of lignin; 41 to 43% of cellulose; 5 to 10% of hemicellulose. During
growth and development of the coffee bean cell wall there is a progressive change in both the
relative content of the different polysaccharide types and their structural features. At the earliest
stages of growth, cellulose and arabinogalactan appear to be the primary products of cell wall
synthesis with the former the predominant polysaccharide (Redgwell and Fischer, 2006). During
the middle stages of growth, cellulose synthesis appears to cease and there is a progressive increase
in mannan/hemicellulose synthesis relative to the other wall polysaccharides as the grain
approaches maturity (Redgwell and Fischer, 2006). It is possible to assume that green beans in
study were in an ideal stage of maturation, once the highest polysaccharide observed was the
hemicellulose. Polysaccharides and other large molecules have effects on the quality of coffee,
being important in the retention of volatile compounds and the viscosity of coffee, that is, they give
body to it (Fischer et al., 2001). On the other hand, the knowledge of the constitution of the cell
structure makes it easier to select enzymes in order to enzymatically extract oil if that is the case.
Green coffee bean and its biomass are mainly constituted by cellulose and hemicellulose; thus the
enzymatic complexes involving cellulases and hemicellulases should be appropriate to carry out

this operation.
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Coffee beans contain a large range of enzymes, as all plant material. Some of these were

investigated in this study, polyphenoloxidase (PPO) (EC 1.14.18.1), peroxidase (POD) (EC
1.11.1.7), pectinmethylesterase (PME) (EC 3.1.1.11), poligalacturonase (PG) (EC 3.2.1.15), and
lipase (EC 3.1.1.3), which has not been closely studied in coffee. Enzymatic activity of green coffee
beans and biomass are presented in Table 1.

PPO is a bifunctional copper-containing enzyme, also known as catechol oxidase,
catecholase, diphenol oxidase, o-diphenolase, phenolase, cresolase, or tyrosinase. It triggers
enzymatic browning by oxidizing phenols, usually impairing the appearance and the sensory and
nutritional properties of raw material and food. In general, PPO and its substrates occupy different
cellular compartments (pulp, outer layers of the bean, and in its central region) and interact upon
membrane disruption. Hydroxylation of monophenols (cresolase activity) is an extra function
shared by many PPO (Carmona et al., 1979; Pomerantz, 1966). Oxygen is required as a second
substrate to achieve either cresolase or catecholase activity. PPO also seems to be involved in plant
resistance against diseases (Ray and Hammerschmidt, 1998). In coffee (C. arabica L.) PPO was
identified and characterized in leaves and endosperm and its activity was higher in early
developmental stages of both leaves and endosperm of fruits (Mazzafera and Robinson, 2000).
PPO activity of green coffee beans in this study was about 5 times higher than of the biomass. This
indicates that the pressing process used to remove the fat content from green coffee beans might
have degraded this enzyme, which could be due to the elevated temperatures (~70/80 °C) achieved
during the process. According to several studies the optimum temperature for PPO may vary
according with the material it is being extracted from; the temperature range may vary from 18 to
70 °C (Mizobutsi et al., 2010; Oktay et al., 1995; Serradell et al., 2000; Yue-Ming et al., 1997).
Montavon and Bortlik (2004) found PPO enzymatic activity for mature green beans (color green —
second stage of maturation) of Robusta coffee of 5.5 U mg™ protein and concluded that PPO
activities strongly decrease along maturation from green mature to over-ripe. Montavon et al.
(2007) evaluated the enzymatic activity for a variety of green coffee and obtained the highest values
for Arabica (~ 140 U mg). One other reason for low PPO activity may be due to the fact that a
significant fraction of PPO was inactivated by POD- and PPO-produced quinones, which in turn
inhibit PPO (Forsyth, 1964). Some decrease in PPO may be partially ascribed to increasing levels

of storage proteins along maturation. Mature subclasses should then be less prone to oxidation upon
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membrane disruption, a prerequisite for PPO to meet its substrate. For the reasons discussed above,

the use of PPO activities as quality indicators as proposed by De Amorin and Silva (1968) can be
misleading. Action of PPO requires the disruption of substrate and PPO-specific
compartmentalization. It supposes harsh conditions in the field and/or harsh postharvest treatments.
As mentioned by Mazzafera and Robinson (2000), low quality may be attributed to membrane
damage rather than to PPO per se. Because PPO activity is launched upon damaging of the beans,
enzymatic browning and low in vitro activities should be considered as a marker for inadequate
treatment of the crop during harvest, processing, and storage. In healthy beans, however, PPO
appears to play only a secondary role with respect to quality and redox status (Montavon and
Bortlik, 2004).

Green beans at the earliest stage of maturation have the lowest POD activity and the highest
PPO activity according with the study of Montavon and Bortlik (2004) with Robusta coffee. Which
can relate to the results obtained in this work, whereas the beans were harvested in the mature stage.
Again, the enzymatic activity of POD was lower for the biomass, which could be related to the
temperature raising, even though POD is considered to be a highly heat resistant enzyme, in diverse
vegetable tissues, over 70 — 80 °C its activity begins to decrease (Mizobutsi et al., 2010; Rodrigo
et al., 1996). Montavon and Bortlik (2004) found the highest enzymatic activity for POD for
Robusta green coffee at over-ripe stage of maturation (~ 90 U mg™ protein). One should, however,
keep in mind that specific assay conditions may also contribute to variations of specific activities.
POD is also an heme-containing enzyme of major interest. It is known to oxidize various phenols
and enediols substrates coupled to the consumption of H202 by a complex peroxidatic reaction
cycle. POD may, however, convey multiple and opposite functions involving consumption and
production of radical oxygen scavenger. As such, it plays an essential role in cell wall stiffening
and cell wall loosening (Chen and Schopfer, 1999; Fry, 1998; Miise et al., 1997), two important
processes for plant growth (Montavon and Bortlik, 2004).

Several enzymes have a role in the degradation of pectic substances. Among them, the most
important and most studied in fruits are the hrydrolases PME and PG, however, the reports on these
enzymes for green coffee are rare. PME and PG activities for green coffee and biomass are shown
on Table 1. PME catalyzes the removal of the methyl groups from the polygalacturonic acid chain,

leaving an increased number of free carboxyl groups that can then bind cations and cross-link the
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pectin chains. The action of PME also makes the pectin susceptible to further degradation by PG

because this enzyme acts only on segments of the pectin chain that have been demethylated by
PME. PG cleaves the polygalacturonic acid backbone of the pectin and reduces the average length
of the pectin chains (Anthon et al., 2002). Pectin degradation is usually accompanied by increased
activity of cell wall hydrolases, such as PME and PG. The lower enzymatic level of PG on biomass
could be due to temperature inactivation during the mechanical pressing, which is in the range of
25 — 60 °C for this enzyme (Anthon et al., 2002), depending on the matrix; the same authors also
reported that the PME is much more heat resistant than PG, which could be another reason for the
elevated activity of this enzyme in the biomass. The literature reports on PME activity during fruit
maturation are controversial. PME activity may decrease, remain constant or increase during
maturation, depending on the fruit and method of enzyme extraction. The changes are complicated
by the presence of isoforms or enzyme inhibitors (Mohd Ali et al., 2004). Although the knowledge
on these enzymes behavior in green coffee is scarce, both enzymes work actively together on fruits
maturation, even during storage (Hobson et al., 1987), what makes the assessment of these enzymes
activity so relevant.

The lipase enzyme belongs to the serine hydrolase family that includes several esterase
enzymes. Lipases catalyze the hydrolysis of ester bonds at the interface between an aqueous and
non-aqueous phase: such a feature distinguishes them from esterase (Panzanaro et al., 2010). Lipase
activity found for both green beans and biomass were similar. To our knowledge there is no
information on the lipase activity of green coffee. Panzanaro et al. (2010) investigated the lipase
activity of olive fruits (Olea europaea L.) (cultivar Ogliarola) and observed an optimal activity of
5.2 nmol oleic acid h"t mg?! of total proteins for stage spotted 1 of ripening, ideal temperature of
about 35 °C, and optimal pH of 5.5. It is possible to assume that besides analytical conditions, also
the material being studied may add to activity variations, once the coffee beans were submitted to
temperature > 35 °C (during defatting) and did not suffer inhibition concerning the lipase activity.
Similar activities were observed for this enzyme in both beans and biomass indicating that once
the biomass is intended to be further exploited or added to other processes the lipase activity should
be taken into consideration once it may reduce the quality of the product due to its relevant oil
content (Table 1).
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Caffeine is a methylxanthine with bitter characteristics; however, it is responsible for no

more than 10% of the perceived bitterness of the coffee beverage (Barone and Roberts, 1996).
Caffeine content for green coffee beans and biomass is available in Table 1, which is in agreement
with the literature value of 0.9% to 1.4% (Belitz et al., 2009; Franca et al., 2005; Wintgens, 2008).
For the Robusta variety these values may vary between 1.7% and 4.0% (w/w) (Belitz et al., 2009).
It was possible to confirm caffeine thermal stability, once the biomass presented the same content
as the beans, also, it can be inferred that caffeine extraction did not occur along with the extraction
of coffee oil by pressing, and that the biomass is a potential product for obtaining caffeine. This is
another feature of this by-product that could make it possible to be applied in the food supplement,
and pharmaceutical chain. Mazzafera et al. (1991) observed that Robusta coffee beans contained
more caffeine than Arabica beans, and no differences in caffeine content were encountered among
the defective beans, also higher caffeine content was reported in the endosperm of immature fruits
and in the whole immature fruit.

CGA content for green beans and biomass are shown in Table 1. Although CGA are mostly
found in the coffee seeds, they have also been found in the leaves and in the coffee pulp (Clifford
and Ramirez-Martinez, 1991), and have also shown to tolerate in some extent temperature rise,
once they were found also in the biomass in the same amount as in the seeds. CGA are a group of
phenolic compounds representing 5 to 12% of the dry mass of raw coffee which are formed by
esterification of quinic acid by a cinnamic acid (Farah and Donangelo, 2006; Nogaim et al., 2013).
The main sub-groups are caffeoylquinic acids (CQA), dicaffeoylquinic (di-CQA) and
feruloylquinic (FQA) (Farah and Donangelo, 2006). Meanwhile, assessment of caffeine, and CGA
levels in green coffee is very important for the coffee industry, since they have a large effect on the
final quality of the coffee products. Caffeine has been related to the pharmacological effects of
coffee, and CGA has been associated with flavor formation and aroma production during coffee
roasting (Nehlig, 2016).

In this work, CGA content in the coffee beans and biomass was found to be in this upper
limit (11%). Studies performed in Denmark, the United States, Mediterranean countries, Japan,
and Brazil have reported that coffee is the most important contributor to antioxidants intake in their
diets due to the CGA content (Farah, 2012). CGA is one of the key components in coffee

responsible for determining the beverage quality as well as its antioxidant activity and in turn for
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health benefits. According to Farah and Donangelo (2006), CGA have strong antioxidant activity,

showing hypoglycemic, antiviral, hepatic and immune protection activities in humans.
Ramalakshmi et al. (2007), CGA content was found to be marginally higher in defective green
coffee beans (6.83% to 8.80%) compared to graded green coffee beans (6.35 to 8.32%), both of
which presented the lower limit about 50% lower than the values found in this study for green
beans and biomass (Table 1). CGA content of Arabica coffee was found to be in the range of 3.61%
t06.14% d.b. (Martinez et al., 2013; Wintgens, 2008). CGA from biomass of coffee beans potential
could be utilized as natural antioxidants and may help to add the benefits to the coffee
growers/manufacturers. Hence, another relevant point concerning the CGA content in the green
coffee biomass is that it is not is not extracted along with the oil and remains mostly in the biomass
which leads to the conclusion, as well as for the caffeine content, that it is a potential source of
these compounds.

TPC content found for green coffee beans and biomass is available in Table 1. TPC content
in biomass was about 30% higher than that of the beans. What makes of the biomass, once more,
a valuable input to the industry, and indicates that these compounds are not extracted along with
the oil. The results also lead to the fact that the pressing process made these compounds more
available for extraction, due to the cell rupture. Priftis et al. (2015) found lower content of TPC
(5.2%) in green coffee aqueous extract. However, Siva et al. (2016) found higher content of these
compounds in green coffee beans extracted with isopropanol (30.65%), and methanol (16.26%),
indicating that, besides the cultivars, environmental condition, climate, and post harvesting
manners, the extraction method of these compounds also have great influence on the results
available. Extraction solvent plays an important factor that affects the antioxidant capacity and total
phenolic content in food materials (Siva et al., 2016), as reported by Teh et al. (2014) who evaluated
the effect of solvents on the recovery of TPC from hemp, flax, and canola (733.33, 774.33, and
2104.67 mg GAE/100 g fresh weight, respectively) seed cakes and came to a conclusion that a
mixture of acetone, methanol, and water (7:7:6 v/v/v) was the best solvent alternative to yield these
compounds. Gutiérrez et al. (2010) found 72.75 mg GAE 100 g of extract for flaxseed cake TPC
aqueous ethanolic (50%) extract and Ho et al. (2007) obtained TPC of 2080 mg GAE 100 g of
flaxseed cake extracted with pressurized low polarity water. Both authors reported that the cake

presented higher content of TPC than the original material, as it was observed in this study,
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corroborating the fact that the expelling process may allow TPC to be more available for further

extraction. These studies confirm that the solvent type is paramount on the selectivity of TPC once
green coffee beans are known as a great source of them and still presented lower content than the
other materials aforementioned. The activity of the phenolic compounds in general has been
extensively studied in their pure form to control nephritis lupica in humans (Oomah, 2001) showing
the importance of these compounds for human health (Gutiérrez et al., 2010). Further, PC are
directly related to the antioxidant activity of materials, the latter are extremely crucial in coffee
beans to minimize the release of reactive oxygen species (ROS). This would enable the usage of
these extracts to be used as ingredients in pharmaceutical industry or as food supplement as CGA
(phenolic compounds) implies positive impact on weight loss (Siva et al., 2016).

In this work only phenolic and tannins were assayed (Table 1). The results revealed the
presence of high antinutrient (tannins) value in both green coffee beans and biomass. The
antinutrient was not removed after the defatting process by expelling, it is interesting to note that
there were two times more tannin content in the biomass than it was found in the beans. The cellular
damage caused to the beans by the pressing process may have had facilitated the extraction of these
compounds. The values detected are not at a safe level that poses no danger in diets. It is believed
that fermentation reduces antinutritional factors; therefore, the processing method may account for
the result obtained. Xu and Hanna (2011) reported an average value of tannin content thirty times
lower for hazelnut biomass (753 mg TA 100 g), and Savolainen (1992) also found lower values
than in this study for green coffee beans (660 mg TA 100 g*). As most phenolics and tannins are
water soluble, soaking and thermal processing, such as cooking, toasting and extrusion, effectively
reduces their levels (Enujiugha, 2003; Mukhopadhyay et al., 2007). It is worthy of note that
although phenolics and tannins have a negative effect on utilizations of energy and nutrients, they
currently are all considered to be health-promoting factors at low concentrations (Siddhuraju et al.,
2002).

The electrical conductivity and potassium leaching tests have been consistently used as
efficient quality markers because they present greater sensitivity in the detection of degradation
occurring in the cellular membranes of the grains during inappropriate handling in the pre and post-
harvest phases. In order to evaluate seeds quality, these tests based on the membrane integrity loss

were developed. Lower vigor seeds release greater amount of electrolytes in a solution, resulting
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in a high electrical conductivity value (Bedford, 1974) or in high concentration of certain ions, such

as the potassium (Martinez et al., 2013). Amorim (1978) discussed that several conditions,
including mechanical injury, affect the structure of cell membranes in coffee beans. When cell
membranes collapse, they release cell contents, including enzymes such as polyphenol oxidase,
proteases and lipases, altering the chemical composition of raw beans. Thus, potassium leaching
and electrical conductivity, which is proportional to the amount of leached potassium, can be used
to evaluate the collapse of membranes and consequently reduction in coffee quality. In this work,
after 5 hours of soaking 50 beans in 50 mL water, beans showed potassium leaching and electrical
conductivity content are in agreement with the literature for healthy cherry coffee beans (118. 31
i Scm? gt and 33.34 ppm) (Borém et al., 2008).

4. Conclusion

By comparing the composition of the green beans and biomass, it could be observed that
many compounds are not extracted in the mechanical pressing process, in which the oil is extracted
but with a very low yield. The results indicate the potential of the biomass to obtain products based
on caffeine, chlorogenic acids, phenolic compounds, oil and others. Also, there is the need to be
attentive to the inactivation of the enzymes present in the material during processing, once they can
cause degradation of compounds of interest if not inactivated. It can be concluded that the green
coffee samples, as well as its biomass samples under this investigation showed a good grade on
quality in most chemical composition parameters and these results are the beginning step for all
interested researchers to do many scientific studies on coffee which is national crops in Brazil. The
presence of phenolic compounds and chlorogenic acids in reasonable quantities makes them
suitable as a source of natural antioxidant compounds. Besides to adding value to these unused
materials, finding alternative forms to use them would be useful to decrease their impact to the
environment. Among the studies up till now performed with these coffee industry wastes, most of
them were focused on the use of spent coffee grounds. However, the chemical composition data

suggest that the cake can be of value as raw material for other processes.
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ABSTRACT

The residual biomass of coffee, obtained after the oil extraction from coffee beans, called coffee
beans residual press cake, has been attracted interest as a source of compounds with antioxidant
activity. This study investigated the effects of ethanolic and methanol-acetone extracts of green
coffee beans (GCB) and its residual press cake (GCC) on the phenolic composition and antioxidant
activity. The antioxidant activity was assayed through five different methods (total phenolic
compounds, DPPH, ABTS, FRAP, and p-carotene bleaching assay), and the phenolic profile of
the samples through High Performance Liquid Cromatography. GCB and GCC enclosed
chlorogenic (55.16 and 64.96%, respectively) and caffeic (25.07 and 44.37%, respectively) acids
as the major components, and the cake presented higher antioxidant activity than the actual green
bean. There was an interaction between the type of material and the type of solvent used in the
extraction process, where, the antioxidant activity was higher when the GCC was extracted with
the solvent mixture methanol-acetone. This study on the evaluation of the effect of solvent on the
bioactive compounds from GCB and its by-product (GCC) showed that the latter can be a source
of new value-added products, such as phenolic antioxidant adjunct for food or pharmaceutic

processing.

Key-words: Antioxidant activity; phenolic compounds; waste; ethanol; solid-liquid extraction;

coffee.
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1. Introduction

Society has shown increasing interest in natural antioxidants, since they are safer than the
synthetic ones, also these compounds have shown therapeutic (prevention of chronic diseases) and
nutritive potentials (Reddy Palvai et al., 2014). These compounds can be intended to many
applications in the food industry, among them it could be mentioned the lipid oxidation and
browning prevention, as functional ingredients, antimicrobials, flavoring, colorants, texturizer
additives, and also, as food additives (Ayala-Zavala et al., 2011). Hence, the studies on the
bioactive compounds from agroindustrial waste have been increasingly growing and gaining
attention (Moure et al., 2001; Derakhshan et al., 2018), once they might be valuable inputs to re-
enter the industrial cycle.

Food residues can carry many high-value recoverable substances. Depending on the
existence of appropriate technology, this waste can be transformed into added value products
(Laufenberg et al., 2003). One of the by-products from the coffee industry is the cake or meal. The
defatted cake is the residue produced by the mechanical pressing of green coffee beans for oil
expelling. So far, most coffee producers are dumping large quantities of this by-product in the
environment, what might cause serious problems further on. Incorporating the biomass into animal
feed could be an alternative (Franca and Oliveira, 2009; Galanakis, 2017; Martinez-Saez et al.,
2017). However, this practice can be narrowed due to the anti-nutritional activity of phenolic
compounds, such as tannins, present in the residue. So far, most researches into coffee by-products
have emphasized on spent coffee grounds which are by-products from the industrial-scale brewing
of coffee beans (Scully et al., 2016). Relatively few studies have investigated green coffee beans
by-products generated through conventional pressing of green coffee beans by the oil industry.

It is of common knowledge that green coffee beans are a great source of bioactive
compounds, such as antioxidants that work against free radicals in the human organism (Affonso
et al., 2016); however, there are scarce studies evaluating the potential of its press cake also as a
source of these compounds which are of special interest to the food and pharmaceutic industries
nowadays. Any molecule capable of remaining with one or more unpaired electrons in its last
electron layer is called free radical, which is highly unstable and reactive. They are produced under

physiological conditions and participate in a variety of normal cellular functions; if they are found
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to be in excess in cells, their interaction can cause damage to proteins, lipids and DNA (Phaniendra

et al., 2015; Priftis et al., 2015). An organism can obtain antioxidants through diet, besides from
endogenous mechanisms; some of the most relevant antioxidants are the phenolic substances,
which can be found specially in plant foods. Phenolic compounds are derived from the plant's
secondary metabolism that operate in various cellular functions. When foods of plant origin are
consumed, the absorbed polyphenols may draw a range of relevant bioactivities that have beneficial
effects on health. These compounds can also be encountered in the coffee fruit, which is one of the
most popular fruits consumed as a beverage all over the world. For a long time, caffeine was the
only coffee compound to be investigated due to its believed positive effects on human health;
nonetheless, there are other compounds that contribute and play an important role to its valuable
properties, such as antioxidants. These are attributable specially to its polyphenolic content, with
the most profuse phenolic substance being chlorogenic acids (CGA) (Pandey and Rizvi, 2009;
Quideau et al., 2011; Murthy and Naidu, 2012; Landete, 2013; Priftis et al., 2015).

There are many in vitro techniques for evaluating the antioxidant activity of materials, and
according with Moure et al. (2001) it must be measured trough different tests for different
mechanisms, once each technique might evaluate a different type of antioxidant, also the matrix
been analyzed has great influence on the responses. According with these authors, most of the
methods are based on the capacity to scavenge distinct free radicals, but UV-absorption and
chelation ability can also be accountable for the antioxidant capacity evaluation in systems. The
most frequently used methods are the tests which measures the scavenging activity with different
radical, such as ABTSe+ (radical cation of 2,2"-azinobis (3-ethylbenzothiozoline-6-sulphonate) and
eDPPH (a,o-diphenil-beta-picrylhydrazyl radical), methods for determining oxygen reactive
species, methods using metallic cations as catalysts during the oxidation assay (Ferric Reduction
Antioxidative Power), beta-carotene oxidation in linoleic acid emulsion (Moure et al., 2001),
among others.

The use of coffee waste as an attainable source of bioactive compounds, particularly
polyphenols, is up-and-coming, however, to date, it has been scarcely explored from a
technological point of view (Esquivel and Jiménez, 2012). Therefore, the present study investigated
the green coffee press cake as a feasible input for the generation of industrially important bioactive

compounds, once it is known that green coffee beans are antioxidant-rich and most bioactive
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compounds are hydrophilic compounds (Santos et al., 2016; Oliveira et al., 2018a) it is believed

that these compounds remain in the cake after the oil extraction, making this residue a valued source
of bioactive substances. Two solvent-types of extract were carried out, using ethanol and methanol-
acetone. The antioxidant activity was assessed through five different assays (¢eDPPH, ABTSe+,
FRAP, beta-carotene bleaching assay, and total phenolic), the phenolic profile was also assessed,

and the results were compared to the ones obtained for green coffee beans.

2. Materials and methods

2.1 Material

Green coffee beans (GCB) (harvested in 2016) and cake (GCC), both from the same batch,
were supplied by a local industrial coffee producer (Cooxupé, Guaxupé, Minas Gerais, Brazil) able
to confirm the botanical origin (Coffeea arabica) of the coffee, as well as the general type of
postharvest processing (dry process). The GCB were manually sorted to remove defected beans.
Both beans and cake were milled in order to obtain homogeneous samples. The materials were
ground in an analytical knife mill (IKA, Al1, Wilmington, US), only that, GCB were dried in liquid
nitrogen previously to milling. The final mesh size of the powders was 0.177 mm (NREL, 2008).
The sieved powder was dried at 40 °C (~ 20 days for GCB; ~ 7 days for GCC) in a vacuum oven
(absolute pressure = 16.8 kPa) (Tecnal, TE-395, Piracicaba, Brazil) and immediately submitted to

analyzes.

2.2 Extracts

In order to perform the analyzes, extracts of both GCB and GCC were prepared following
the procedures proposed by Larrauri et al. (1997). Two types of extracts were prepared, an
ethanolic (99%) and a methanol (50%) — acetone (70%) (1:1 v/v) extract. Sequential extractions
were performed. Shortly, 40 mL of methanol (50%) was added to 1.5 g sample. The solution
remained at room temperature in the dark for 1 h and then submitted to centrifugation (15,000

rpm/15 min), the supernatant was filtered, and to the remaining solute in the centrifuge tube it was



87
added another 40 mL of acetone (70%), and the previous steps were repeated. After filtration, this

supernatant was added to the methanolic extract (previously prepared), and the volume was made
up to 100 mL with distilled water. For the ethanolic extract all the steps above mentioned were

followed, only that instead of methanol and acetone, absolute ethanol was used in both extractions.

2.3 Total Polyphenol Content (TPC)

The yield of total polyphenols was determined according to the Folin—Ciocalteu’s method
(Waterhouse, 2002). The results were expressed as mg of gallic acid equivalent (GAE) per 100 g
of dry sample.

2.4 «DPPH Radical Scavenging Activity

The DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical-scavenging capacity was estimated
using the method of Blois (1958), later modified by Brand-Williams et al. (1995). An aliquot of
3.9 mL of the solution of eDPPH (60 uM) in methanol was added to 0.1 mL of the extract (three
different dilutions were prepared for each sample). The extracts were allowed to react with DPPH
radical solution for 1 h in the dark (time required to reach the steady state). The absorbance of the
reaction mixture was measured at 515 nm. A calibration curve was prepared (0 — 60 uM DPPH 60
uM) using methanol as the solvent. The results were expressed as ECso (Efficient Concentration)
(g/g DPPH), which is the amount of sample necessary to decrease the eDPPH concentration by
50%.

2.5 ABTSe+ Radical Scavenging Method

The determination of the antioxidant activity by the ABTSe+ method was adapted from Re
etal., (1999). This method is based on the ability of different components to scavenge the ABTSe+
compared to a standard antioxidant (Trolox) in a dose-response curve. A solution of ABTSe+ was
prepared using the reaction mixture of 5 mL of aqueous solution of ABTS (2,2’-azino-bis (3-

ethylbenzothiazoline-6-sulfonic acid) diammonium salt) at concentration of 7 mM and 88 uL of
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140 mM K2S20s. The final working solution of ABTSe+ was obtained after 16 h at room

temperature in the dark. This solution was then diluted with absolute ethanol to reach the
absorbance of 0.70 £ 0.02 at 734 nm. In order to spectrophotometrically measure the samples, an
aliquot of 1 mL of the radical solution and 10 uL of sample were mixed. Three different aqueous
dilutions of each sample were prepared. Calibration curve was built using Trolox at the
concentrations of 100, 250, 500, 1000, 1500, and 2000 uM in ethanol, each added to 1 mL of
diluted ABTS<+ (10 min in the dark). For the control 1 mL of diluted ABTS++ was added to 10 puL
of ethanol. The absorbance was acquired at 734 nm after 10 min using a spectrophotometer Cary
50 Probe UV-Vis (Varian, Lake Forest, USA). From the different dilutions of the extracts, a
regression was obtained by plotting the absorbance on the y-axis and the dilution (mg/L) on the x-
axis. To calculate the antioxidant activity, the absorbance equivalent to 1,000 uM of the trolox
standard (obtained from the standard curve regression equation) (Nenadis et al., 2004) was
substituted in the regression equation obtained for each sample. The value obtained for the term x
(angular coefficient) corresponds to the dilution of the sample (mg/L) equivalent to 1,000 uM

trolox. The final result was given in pmol Trolox/g.

2.6 Ferric Reduction Antioxidative Power (FRAP)

The FRAP methodology was adapted from Benzie and Strain (1996). The FRAP reagent
contained 2.5 mL of a 10 mM TPTZ solution in 40 mM HCI, 2.5 mL of 20 mM FeCls, and 25 mL
of 0.1 M acetate buffer (pH 3.6), which was freshly prepared. Three different dilutions were
prepared for each sample. An aliquot of 100 pL of extract, 300 uL of distilled water, and 3 mL of
FRAP reagent were transferred into a test tube. The obtained solutions were homogenized and
incubated at 37 °C/30 min. The absorbance was measured at 594 nm against a reagent blank (FRAP
reagent). Calibration curve was prepared using working aqueous solutions of FeSO4.7H20 in the
range of 250, 500, 1000, 1500 to 2000 uM each added to 3 mL of FRAP reagent and following the
homogenization and incubation steps of the samples. From the three different dilutions of the
extracts, a regression was obtained by plotting the absorbance (nm) on the y-axis and the dilution
(mg/L) on the x-axis. To calculate the antioxidant activity, the absorbance equivalent to 1,000 uM

of the standard (obtained from the standard curve regression equation) was substituted in the
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regression equation obtained for each sample. The value obtained for the term x (angular

coefficient) corresponds to the dilution of the sample (mg/L) equivalent to 1,000 uM ferrous

sulfate. The final result was given in pM ferrous sulfate/g.

2.7 B-Carotene Bleaching Assay (BCBA)

Antioxidant activity by [-carotene/linoleic acid was determined according with the
methodology proposed by Marco (1968), with modification. An aliquot (50 uL) of the B-carotene-
chloroform solution (20 mg/mL) was added to a flask (500 mL) containing 40 pL of linoleic acid
and 530 pL of Tween 40, then 1 mL of chloroform was added and mixed, which was further
evaporated. Then, oxygenated distilled water was added (to the flask) in order to obtain an
absorbance of 0.65 £ 0.05 units at 470 nm (control solution). An aliquot (0.4 mL) of the antioxidant
extract was added to 5 mL of the control solution (CS) and the absorbance was immediately read
at 470 nm (Absi); also the absorbance of the pure CS (Absi). After the first reading, the tubes
containing both the samples and the CS were then incubated in a water bath at 40 °C/2 h. The
measurements were performed once again after the water bath (Absr) using a spectrophotometer
Cary 50 Probe UV-Vis (Varian, Lake Forest, USA). The oxygenated water was used as the blank.
The antioxidant activity was calculated as the protection (%) relative to the control (Equations 2,
3,and 4).

Reduction (nm) = Abs; — Absy (@)
Oridason (o) = (22na e om0 ®

Protection (%) = 100 — Oxidation 4)

2.8 Phenolic profile
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Samples of extracts (20 pL), previously filtered through a micromembrane (0.45 um), were

separated by reverse phase chromatography at 15°C (Shimadzu, GCMA-QP2010 Plus, Tokyo,
Japan), using a Nova-Pak C;g column (5 um x 250 mm x 4.6 mm). DAD (Photodiode Array
Detector) was established from 210 to 360 nm. The analysis parameters were set according with
(Oliveira et al., 2018). Quantitative determination was performed using the method of external
standards with commercial standards (gallic acid, catechin, chlorogenic acid, caffeic acid, vanillin,
ferulic acid, p-coumaric acid, o-coumaric acid, m-coumaric acid, resveratrol, and trans-cinnamic
acid) (Supelco, Pennsylvania, USA). Calibration curves were obtained by injection of these

standard solutions under the same conditions of the analyzed compounds.

2.9 Statistical analysis

A completely randomized design was used to plan the study and an analysis of variance
(Anova) was carried out in order to evaluate the interaction among solvent (ethanol and methanol-
acetone) and material types (GCB and GCC). The Scott Knott's test was used in order to observe
the difference among the means, once this test is robust concerning the violation of data normality.
RStudio software version 3.2.0 was used (R Core Team, 2015). A p-value < 0.05 was considered
to indicate a statistically significant difference. In addition, a Principal Component Analysis (PCA)
in order to examine the most representative form of the data from linear combinations of the
original variables; the TPC, sDPPH, ABTS<+, FRAP, and BCBA assays were analyzed through

PCA, also a correlation analysis using the Pearson's method was performed.
3. Results and discussion
3.1 Antioxidant activity, total phenolic compounds and phenolic profile
The results showed that different solvents had significant effects on the antioxidant
compounds yield from GCB and GCC. The analysis of variance showed that the interaction

between the type of solvent used to extract the target compounds and the type of material was

significant at p < 0.05 for most of the response variables, such as for TPC (p = 0.00074; CV =
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1.61%), *DPPH (p = 0.0003; CV = 6.56%), ABTS*+ (p = 0.0000002; CV = 8.68%), and BCBA (p

= 0.000001; CV = 2.92%) indicating that the polarity of the solvent and the vegetable matrix are
relevant input variables for the extraction process of bioactives.

The total phenols in GCB and GCC samples were estimated by using the Folin-Ciocalteu’s
colorimetric method. The content of all flavonoids, caffeic acid derivatives, and tannins are assayed
by this method (Waterman and Mole, 1994). Results indicated that, overall, the cake contained the
highest concentration of total phenols in either ethanolic or methanol-acetone extract than the

respective green beans (Table 1).

Table 1. Antioxidant activity of green coffee beans (GCB) and its press cake (GCC).

FRAP

. TPC « DPPH (ECx0) ABTSe+ BCBA
Material Extractor (MgGAE/L00g)  (g/gDPPH)  (umol Trolox/g) (umol Ferrous (%Protection)
sulphate/g)
- Ethanol 20508455607 3040:2.96% 10681943207 25004716529 77,7420 0%
Methanol+Acetone  10156.62+18.3280  16.9240.02%  25423.96+93 1A 8913.24+385.69 71.78+3.44%2
s Ethanol 3486.514223.267  28.94:0.01"  155255:76.81% 4308.73+236.95 47.84+1.33”
Methanol+Acetone  13108.20+16.75"1  18.48+168%  23832.12+59.86 11076.88+531.53 71,014,147

Data is expressed as mean + stantard deviation (n = 3).

Means in the same column followed by different lower case letters @ (unfolding of the variable material into the ethanol solvent level) or by
different upper case letters “® (unfolding of the variable material into the methanol+acetone solvent level) are significantly different by the Skott
Knott’s test (p < 0.05).

Means in the same column followed by different arabic numbers -2 (unfolding of the variable solvent into the GCB level) or by different arabic
numbers in Italic -2 (unfolding of the variable solvent into the GCC level) are significantly different by the Skott Knott’s test (p < 0.05).

Different solvent types were found to have expressive influence on the TPC of both samples
analyzed. Phytochemicals have distinct polarities, thus, they can be extracted by different solvents,
which can determine difference in type, composition, and antioxidant activity of these compounds
(Dehkharghanian et al., 2010). The TPC of methanol-acetone extract was found to be about five
times higher than the ethanolic extract, and the content in the GCC extract was approximately 30%
greater than in the GCB extract. As for the ethanolic extract, the GCC presented about 70% more
of TPC content than the GCB. In general, the content of TPC in regular GCB (d.b.) reported in the
literature ranges from 4 to 8.4% for Coffea arabica, and from 7 to 14.4% for Coffea canephora,
with some hybrids presenting intermediate levels (De Maria, Trugo, Moreira, & Werneck, 1994;
Farah, Paulis, Trugo, & Martin, 2005; Ky et al., 2001; Rodriguez-Carpena, Morcuende, Andrade,
Kylli, & Estévez, 2011).

Widyawati et al. (2014) reported that ethanol extracted sterol, flavonoid, phenolic, and

alkaloid from Pluchea indicia more efficiently. Previous researches reported that alcoholic
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solvents, such as methanol and ethanol, are able to solubilize phenolics with molecular weights

ranging from low to medium and medium polarity (Lin et al., 2009), anthocyanin, terpenoid,
saponin, tannin, xantoxilin, quacinoid, lacton, flavone, phenone, and polyphenol (Cowan, 1999),
aglycon flavonoid (Dehkharghanian et al., 2010), and polar compounds, such as sugar, amino acid,
and glycoside compounds (Houghton and Raman, 1998).

In their studies on the use of spent coffee grounds, Zuorro and Lavecchia (2012) proposed
the extraction of phenolic compounds using ethanol/water solution. The percentage of ethanol in
the solvent influenced the efficiency of the extraction of phenolic compounds obtained in the final
extract, thus demonstrating the possibility of optimization of the extraction of bioactive compounds
from this agroindustrial co-product.

Effectivity of methanol along with acetone in extracting phytochemical compounds from
GCC was supported by total phenol and antioxidant assays. TPC extracted with the methanol and
acetone mixture were efficient to donating atomic hydrogen to molybdenum ion in Folin-
Ciocalteau phenol’s reagent resulting in phenoxyl radicals stabilized by resonance or delocalization
(Wong et al., 2006). According with these authors, effectiveness of TPC depend on the type,
number, structure, and position of hydroxyl group of the benzene ring. On the other hand, Siva et
al. (2016) reported lower yield when a methanol/water (60:40) mixture was used to extract
antioxidants from GCB compared to an alcoholic solvent (isopropanol/water).

TPC from coffee residues (coffee pulp, husk, silver skin, and spent coffee) were extracted
using a mixture of isopropanol and water by Murthy and Naidu (2012). The by-products contained
about 1 — 1.5% (w/w GA) total phenolic compounds with the highest yield for pulp, followed by
silver skin (1.32%) and cherry husk (1.22%) when pretreated with viscozyme. Thus, phenolic-rich
extracts can be obtained from coffee waste using an environmentally friendly and simple solvent-
extraction procedure, as well as it was reported by Affonso et al. (2016), who obtained higher
phenolic concentration for the GCC aqueous extract (3539 mg GAE/ 100 g), which was slightly
higher than the result found in this study when ethanol was used as an ecofriendly solvent. TPC of
GCB and GCC could be related with the antioxidant activity; Nakiboglu et al. (2007) reported that
the ability of phytochemicals to donate hydrogen atom/electron could be essential to measure
antioxidant capacity. Thus, it is possible that the prior extraction of the apolar fraction (oil) from

the GCB allows obtaining a higher yield of phenolic compounds in the extract of the residual press
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cake, once the polar fraction extracted during the mechanical pressing may not be yielded with

phenolic compounds, also, the pressing may help the extraction of these compounds by breaking
the beans cell wall making them available for extraction. Further, in the temperature conditions
where the extraction processes were carried out (room temperature), where the solubility of the
solvents are limited, the higher oil content in the GCB may have interfered the extraction of other
compounds. After the harvest and along the coffee bean processing, some phenolic compounds can
be isomerized, hydrolyzed, or degraded into low molecular weight compounds (Affonso et al.,
2016).

The antioxidant activity of each sample was evaluated using the e DPPH, ABTSe<+, FRAP,
and BCBA assays (Table 1). There is a variety of in vitro methods to assess the antioxidant activity
of foods, plant origin preparations, and other substances; where most of them are based on the
single electron (SET) and hydrogen atom (HAT) transfer reactions (Pokorna et al., 2015). Their
response depends on a range factors, such as pH, lipophilic and/or hydrophilic compounds, among
others. Hence, in spite of the principle of each group of the antioxidant assay methods is similar, it
is indicated to employ more than one technique in order to evaluate the antioxidant capacity of a
matrix, especially when such phytochemicaly complex matrices as coffee beans products are being
studied (Pokorna et al., 2015). According to the assays, the GCC showed an increased antioxidant
activity compared with the respective GCB (Table 1).

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) test determines the antioxidant potential of
phenolic compounds isolated or present in food and other biological samples. It is based on the
ability of the stable free radical, *DPPH, to react with H* donor compounds, which may disrupt
oxidative chain reactions (Brand-Williams et al., 1995). For *DPPH analysis, once again the
methanol-acetone extracts showed higher antioxidant activity by presenting the lowest ECso values,
however there was no significant difference between the two types of materials. Ramalakshmi et
al. (2009) evaluated the antioxidant and anticarcinogenic activity of methanolic green coffee
extracts of low-grade green coffee and spent coffee, which were found to have significant potential
to scavenge the *DPPH (92 and 86.9%, respectively, for Arabica variety), and also anti-tumor
activity. From the characterization of aqueous and alcoholic extracts of coffee grounds, Panusa et

al. (2013) concluded that this residue, generated in large quantities throughout the world, is a source
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of natural antioxidants; the analytical determinations showed the presence of phenolic compounds,

chlorogenic acids, and flavonoids.

The ABTSe+ method allows the assessment of the antioxidant activity of the range of
carotenoids, phenolics, and some plasma antioxidants (Re et al., 1999). The differences between
the *DPPH and ABTS++ assays may be concerned to the varying reactivity of these radicals to the
components of each coffee sample. In this work, the methanol-acetone extract presented the highest
antioxidant activity when evaluated through the ABTSe+ assay, and there was no significant
difference for either of the materials when extracted with ethanol or methanol-acetone (Table 1).
Nenadis et al. (2004) observed that the substances containing at least one hydroxyl group in the
aromatic ring were potentially active towards ABTSe+. Furthermore, the relative activity
differences among the compounds, in comparison to those observed in the *DPPH assay, were
rather suppressed. They also reported that an increase in the number of hydroxyl groups in the
aromatic ring did not necessarily lead to an increase of the ABTS<+ assay values.

The FRAP assay identifies antioxidants that are able of a SET; on the other hand, the *DPPH
assay allows the measuring SET and HAT antioxidants (Prior et al., 2005), which makes it difficult
to obtain a good agreement between the techniques. This assay showed no interaction of solvent
and material types. The analysis of variance did not result significant for the interaction (p = 0.51),
therefore, only the single effect of each variable was evaluated.

Concerning the FRAP assay, which, as mentioned above, measures antioxidants capable
only of a SET, the trend observed in this work was followed, where the methanol-acetone extracts
presented higher antioxidant activity (9995.06 umol Fe(ll)/ g) than the ethanolic extracts (3404.6
umol Fe(11)/ g), as well as GCC (8369.62 umol Fe(I1)/ g) compared to GCB (6348.13 umol Fe(l1)/
g). Although, they are not dependent on each other, once there was no significative interaction
between them. Martinez et al. (2013) reported 36.27 uM Fe(ll)/ L in the FRAP assay for a
methanolic extract obtained from Arabica green beans. The antioxidant phenolic compounds from
spent coffee grounds were extracted by Mussatto et al. (2011) with 60% methanol (40 mL/ g
solvent/ solid ratio, 90 min) producing a phenolic extract with 16 mg GAE/ g and with 0.10 mM
Fe(Il)/ g, simultaneously.

In order to enclose the most relevant current in vitro assays applied to evaluate the

antioxidant activity of vegetable matrices, the BCBA was included in this study, once it is an assay
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that is able to identify antioxidants mostly in hydrophobic environments. The BCBA clearly

showed that the ethanolic extracts presented higher activity for GCB rather than GCC, reflecting
the ability of this solvent to extract non polar compounds better than the methanol-acetone extracts,
once the GCB are likely to have greater content of oil than GCC.

Also, there was no significative difference (p < 0.05) among the types of materials studied
when methanol-acetone was used, demonstrating, in this case, that the antioxidant compounds
(mainly hydrophilic) remained in the meal residue. This result may be an indicative of that the
lipophilic antioxidant compounds may have been extracted along with the oil during the
mechanical process, and these compounds are preferably extracted with ethanol.

Prieto and Vazquez (2014) also tested two different methods in order to assess the
antioxidant activity of hydrophilic (Crocin bleaching assay) and lipophilic (BCBA) antioxidants
from GCB extracts and observed that all coffee beans samples (Arabica and Robusta) encouraged
the antioxidant capacity in both lipophilic and hydrophilic environments, however, the hydrophilic
environments exhibited the highest activities.

As it can be seen, the extraction solvent plays an important role in the process as it affects
the antioxidant capacity and TPC in food matrices.

An HPLC system was used to separate, identify, and quantify phenolic compounds in the
GCB and GCC extracts. In this work, the GCC presented higher amount of phenolic compounds

than the actual GCB, as it was previously shown in Table 1 and now, in Table 2.

Table 2. Phenolic profile of green coffee beans (GCB) and its press cake (GCC) (mg/100 g d.b.)

Phenolic compound GCB GCC
Gallic acid 0.013 0.050
Catechin 1.356 3.284
Chlorogenic acid 55.156 64.958
Caffeic acid 25.073 44.375
Vanillin 0.591 0.943
p-Coumaric - 0.004
Ferulic acid 0.009 0.021
m-Coumaric - 0.002
o0-Coumaric 1.326 2.177
Resveratrol 0.165 0.316

Trans-cinnamic acid 0.082 0.163
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Showing once again, that the phenolic compounds are not being extracted along with the

oil and that this waste may be a valuable industrial input. Moreover, the methanol-acetone extracts
exhibited the highest antioxidant activity for most of the assays, thus, the phenolic profile was only
assessed for this type of extract. The major phenolic compounds identified in both materials were
chlorogenic and caffeic acids, followed by catechin and o-coumaric acid. Also, the acids p-
coumaric and m-coumaric were found only in the GCC, in very small contents. Esquivel and
Jiménez (2012) also reported chlorogenic acid as the major phenolic in Arabica green beans.

The antioxidant activity of GCB and GCC extracts was contributed by the phytochemical
compounds content. This research shows that extracts rich in phenolic compounds can be obtained
from the GCC with a solvent of simple handling, environmentally safe and from a renewable

source, such as ethanol.

3.2 Correlation analysis and Principal Component Analysis

A Pearson’s correlation matrix involving all response variables (*\DPPH, ABTS++, FRAP,

BCBA, and TPC) (p < 0.01) is shown in Figure 1.

Figure 1. Pearson’s correlation matrix involving all response variables (‘DPPH, ABTS++, FRAP, BCBA,
and TPC) (p < 0.01).
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Specifically, the correlation coefficient (p < 0.01) was 0.92 between TPC and <DPPH, 0.92
between TPC and ABTSe+, 0.99 between TPC and FRAP, 0.71 between ABTSe+ and *DPPH, 0.9
between ABTSe+ and FRAP, and 0.93 between *DPPH and FRAP. The coefficient between the
other variable (BCBA) was not significant, neither at 1 nor at 5% of significance. The correlations
between the TPC and both the free radical scavenging assays, *DPPH and ABTSe+, and also FRAP,
indicated that there was an association between the total amount of polyphenols and the antioxidant
activity, that is, higher amounts of polyphenols led to enhanced antioxidant potency. This trend
was also observed by Priftis et al. (2015) who investigated the antioxidant activity of green and
roasted coffee beans extracts. In addition, the correlation between *DPPH, ABTSe+, and FRAP
suggests that the same compounds of the extracts are likely responsible for the scavenging of both
free radicals and for the reducing power of the ferric ion.

PCA has been applied to evaluate differences between GCB and GCC antioxidant activity
in each type of solvent. Figure 2 shows two main principal components (PCs) characterizing the
antioxidant capacities (TPC, e DPPH, ABTS++, FRAP, and BCBA) of the extracts obtained from
the GCB and GCC (Figure 2A) with different solvents (Figure 2B) with a cumulative explained
total variance of 82.27% for both of them.

The first principal component (PC1) had the highest eigenvalue of 4.66, and accounted for
63.66% of the variability in the data set. The second PC (PC2) had eigenvalue of 0.25 and
accounted for 18.61% of the variance in the data. For both the material and solvent type, the
remaining three generated PCs yielded progressively smaller eigenvalues and did not explain
significant variability in the data (< 3% total). PCA performed on the complete data set of samples
confirmed that GCC formed a separate cluster in the PC1 versus PC2 plot (82.27% of total system
variability).

Thus, it can explain that GCC contains the highest content of antioxidants extracted by all
of the assays, except for BCBA. Simultaneously, solvent type influenced on the differences in PCA,
and this was confirmed in a separate cluster. Moreover, it was noted that the results from both
*DPPH and ABTSe+ assays did correlate with the TPC and FRAP analyzes (Figure 1). Indeed, it

was found positive correlation for these analyzes as shown in Figure 2.
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Figure 2. Principal Component Analysis (PCA) evaluating the response variables for the material (A) and
solvents (B). GCB: Green coffee beans; GCC: Green coffee cake.
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4. Conclusion

The extraction solvent played an important role in the antioxidant extraction process by
affecting the antioxidant capacity and total phenolic content in the vegetable matrices analyzed,
GCB and GCC. The solvent system methanol-acetone was found to be the most effective to
recovering hydrophilic antioxidant components from the materials, and GCC exhibited higher
antioxidant capacity compared to GCB. When the BCBA assay was carried out, the solvent ethanol
seemed to be a better option to extract antioxidants from GCB. It was found positive correlation
for . DPPH, ABTSe+, TPC, and FRAP analyzes, where the highest correlations were found for TPC
- FRAP, ABTS - DPPH, and TPC - FRAP. The antioxidant activity of GCB and GCC extracts was
contributed by the phytochemical compounds content. This research shows that extract rich in
phenolic compounds can be obtained from the GCC with a solvent of simple handling,
environmentally safe and from a renewable source. Also, GCC is a valuable source of bioactive
compounds that should be taken into consideration, once this industrial by-product has not been

given the enough attention so far. This study highlighted GCC, an underutilized source of industrial
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waste, as an up-and-coming source of industrially important extractable bioactives, while also

demonstrating the importance of selecting appropriate solvents and assays in order to extract
bioactives.
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ABSTRACT

Food waste causes great impact on society and the environment. Residues disposal is observed
throughout the production chain, which establishes a need to use both food as a whole and the
possibility of maintaining habitual consumption with the use of residues for new food products or
in another industrial branch. In this perspective, this study aimed to evaluate the role of selected
traditional organic solvents the extraction of total soluble solids and bioactives from green coffee
beans and its press meal, as an alternative to make use of this waste generated by the oil industry.
Six solvents with different polarities were used (acetone, ethanol, ethyl acetate, hexane,
isopropanol, and petroelum ether) in order to evaluate the yield of soluble solids and bioactive
activity (Folin-Ciocalteau’s method, DPPH, ABTS, FRAP, and [B-carotene bleaching assay -
BCBA) of green coffee beans and its industrial press meal. The results showed that the tested
solvents played an important role in the extraction of total solids and antioxidant capacity from the
matrices analyzed. Ethanol was found to be the optimal extraction solvent for extractable solids
from both green coffee beans and its press meal, as well as for phenolic and antioxidant compounds.
Only that, for BCBA analysis, ethyl acetate yielded the best results for the antioxidant activity of
green beans and meal. Therefore, ethanol is recommended for the extraction of soluble solids,
phenolic, and antioxidant compounds from green coffee beans and its press meal for further

isolation and utilization.

Keywords: biorenewable solvents; green coffee; press cake; ethanol; solid-liquid extraction;

bioactives.
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1. INTRODUCTION

Extraction solvent plays an important role that affects the antioxidant capacity and total
phenolic content in food materials (Siva et al., 2016). Solid-liquid extraction method of phenolic
compounds with different solvents from vegetable sources are the most commonly used for
isolating these compounds (Alothman et al., 2009; Cottica et al., 2011). Crude phenolic extracts
contain complex mixtures of some classes of phenols, which are selectively soluble in the different
solvents. In this sense, solvent polarity plays a key role in increasing phenol solubility (Naczk and
Shahidi, 2006). The recovery of phenolic compounds is dependent on the solvent used in their
extraction and its polarity (Alothman et al., 2009).

Naczk and Shahidi (2006) identified a group of factors that influence the quantification of
phenolics in plant materials. The chemical nature of the phenolic compounds, the extraction
method employed and the assay method were some of those factors. Compounds with antioxidant
activity can preserve flavor and color, avoid vitamin destruction in foods and more importantly
protect living systems from oxidative damage (Moure et al., 2001). Several scientific studies have
proved the capacity of antioxidants to protect cells from free radical damage and to preserve severe
diseases (Gaulejac et al., 1999; Moure et al., 2001). Antioxidants are found in fruits such as prunes
(Donovan et al., 1998), berries (Abuja et al., 1998; Heinonen et al., 1998a; Heinonen et al., 1998b;
Kéhkdnen et al., 2001; Kim et al., 2013), and coffee (Esquivel and Jiménez, 2012; Gawlik-Dziki
et al., 2014; Jaiswal et al., 2012; Kamiyama et al., 2015; Mills et al., 2013; Rodrigues et al., 2015;
Smrke et al., 2013; van der Werf et al., 2014). They are also available in various forms such as
phenolics, flavonoids, coumarins, xanthons, lignans, tannins, curcumanoids, tocopherol, lycopene
and B-carotene (Mohdaly et al., 2010).

Antioxidants are extremely crucial in coffee beans to minimize the release of reactive
oxygen species (ROS). If the production of ROS exceeds the capacity of antioxidant systems,
damage to sub-cellular compartments occurs, leading to cell destruction (Davey et al., 2000).
Hence it is important to maintain the antioxidant and total phenolic pool so that the integrity of
green coffee beans is not compromised. The green beans are bioactively rich, being chlorogenic
acids, caffeine, diterpenes (mainly kawheol and cafestol), trigonelline, and tocopherols (a, B, y) the

most relevant compounds (Esquivel and Jiménez, 2012; Semen et al., 2017; Speer and Kolling-
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Speer, 2006). This would enable the usage of the beans extracts, which have been widely

prospected for their antioxidant potential, to be used as ingredients in pharmaceutical industry or
as food supplement (i.e. chlorogenic acids imply positive impact on slimming and weight loss)
(Siva etal., 2016).

Coffee is one of the world’s largest fruit crops with a global production of around 158.93
millions of 60 kg bags in 2017 (ICO, 2018). This also generates an enormous amount of waste,
including coffee pulp, husk, silver skin, and spent coffee. Coffee waste has a heavy environmental
impact due to the high content of phenols that considerably increase chemical and biochemical
oxygen demands (Spigno et al., 2007). Among these by-products from the coffee industry there is
the press coffee biomass generated from the oil mechanical expelling process. This by-product is
still containing a substantial content of oil and also presents a great content of bioactive compounds,
once the pressing process is not efficient to remove completely the oil present in the beans; also,
the bioactive compounds, which are hydrophilic compounds, remaining mainly in the biomass
(Oliveiraetal., 2018). Thus, this is an economically valuable industrial output that can be exploited
and might have further application interests. In order to exploit this by-product, the solid-liquid
extraction may be an interesting proposal.

Solvent extraction has been widely adapted for economical and practical concerns. The
matter is washed usually with hexane. Thereafter, the hexane is separated from oil by evaporation
(Serrato, 1981). Hexane has been widely used for oil extraction because of easy oil recovery,
narrow boiling point (63 — 69 °C) and excellent solubilizing ability (Liu and Mamidipally, 2005).
However, hexane is released into the environment and reacts with the pollutants to form ozone and
photochemicals (Hanmoungjai et al., 2000), and it is proved to affect the neural system when
inhaled by humans because of its solubility in neural lipids. Toxicity has been observed in piglets
fed with defatted meal containing residual hexane which was left over after the process (EPA,
2005). Therefore, health perspective, safety and environment concerns have triggered to look for a
substitute to n-hexane without compromising the yield of oil. Hence, green solvents coupled with
technology are a viable alternative for oil extraction (Jeevan Kumar et al., 2017). Green solvents
are aimed to develop an environment friendly process with simultaneous reduction of pollutants
(Anastas and Warner, 1998; Wan et al., 1995) for oil extraction.
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Green solvents are derived either from naturally or agricultural residues or petroleum

sources, which have good solubilizing properties like conventional solvents. Recent advances on
green approaches have great impetus in oil industry because of green solvents (Jeevan Kumar et
al., 2017). Hence, green solvents, such as ethanol, acetone, ethyl acetate, and isopropanol have
huge potential to replace n-hexane without any compromise in oil recovery from the process, as
previously reported by a range of authors (Castro et al., 2018; Mazzafera et al., 1998; Pellegrini et
al., 2003; Somnuk et al., 2017; Tsukui et al., 2014). The Food and Drug Administration (FDA)
guidance for industry classifies the latter solvents as in class 3, which are considered as the less
toxic and harmful for human health (FDA, 2017). It is considered that amounts of these residual
solvents of 50 mg per day or less would be acceptable without justification. Higher amounts may
also be acceptable provided they are realistic in relation to manufacturing capability and good
manufacturing practice (FDA, 2017).

Therefore, the proposal of this work was to evaluate the technical viability of conventional
solid-liquid extraction (Soxhlet) of soluble solids and bioactives from green coffee beans and its
press meal using renewable, consumer-safe and environmentally friendly solvents, seeking the
most noble use of residues that have compounds of economic interest.

This work is the first attempt to identify the best green solvents in the conventional
extraction of soluble solids and antioxidant compounds from green coffee beans cultivated in
Southeastern Brazil and the respective meal obtained from the coffee oil expelling industry. For
this, various antioxidant capacity assays were performed, ABTS, DPPH, BCBA (jB-carotene
bleaching assay), FRAP, and TPC (Total Phenolic Compounds). Also, principal component
analysis (PCA) has been carried out to study the influence of the extraction solvent and time on the
antioxidant compounds of the extracts. This research serves as a good basis for other researchers

to investigate green coffee waste antioxidants and soluble solids in future research.

2. MATERIALS AND METHODS

2.1. Chemicals

All chemicals and solvents were of analytical grade and purchased from Sigma-Aldrich (St. Louis,
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us).

2.2. Raw material

Green coffee beans (11% moisture d.b.) and meal (4.35% moisture d.b.) were kindly
donated by a local industry (Cooxupé) located in Guaxupé in the South region of Minas Gerais
(Brazil). Both materials were imediately submitted to freezing (-18 °C) until further processing. At
the convenience, beans (under nitrogen atmosphere) and meal were milled (IKA, A11, Wilmington,
US) in order to obtain homogeneous samples with a mesh size of 0.177 mm (NREL, 2008). Each
powder was then dried (40 °C) in a vacuum oven (16.8 kPa) (Tecnal, TE-395, Piracicaba, Brasil),
and imediately submitted to the extraction process. The proximal composition of the materials was
carried out by Oliveira et al. (2018a) (Table 1).

Table 1 Chemical composition of green coffee beans and its press meal

Component (%) Green Coffe Beans Green Coffee Press Meal
Total lipid 8.61+£0.46 6.27 £0.22
Protein 14.87 £ 0.55 15.86 £ 0.63
Fiber 11.62+£1.30 12.46 £ 1.02
Ash 1.75+0.16 2.28 £0.02
Carbohydrates 63.15 63.13

2.3. Solid-liquid extraction (SLE) of soluble solids

Green beans and meal were extracted using a solid—liquid ratio (SLR) of 1:5 (w/w) and four
different types of environmentaly safe organic solvents (acetone, ethanol, ethil acetate,
isopropanol), and also hexane and petroleum ether were used in order to compare the results. The
extractions were carried out in a Soxhlet type apparatus (ISB, OXY-901, Bom Principio, Brasil)
during two periods of extraction (3 h and 5 h). The first period (3 h) was chosen as it is indicated
by AOAC (2016), and the period of 5 h was observed to be about enough time to completely extract
the soluble solids. The temperature used was according to the boiling point of each solvent (Table
2). Samples of ~ 2 g were weighed and placed in a cellulose cartridge, which was appropriately

sealed and placed into the Soxhlet apparatus. After each period of extraction, the extract was
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submitted to evaporation in order to recover the solvent, and forwarded to a drying process in an

oven (100 °C/ 2 h) to eliminate all the remaining solvent, and make it possible to calculate the yield

recovery of soluble solids/oil by gravimetry (Equation 1).

Yield ((V )(d b ) Reboiler with sample (g)—Reboiler without sample (g)
0 0. ) =

x 100 1)

Sample mass (g)

Table 2 Boiling Point of solvents of different polarity and dieletric constant and temperature used in the
solid-liquid extraction (SLE)

Dieletric Constant

Solvent Boiling Point (°C)* SLE Temperature (°C) Polarity Index** (c, °C) ***
Acetone 56.3 60 54 21.01, 20
Ethanol 78.3 80 5.2 24.6, 20
Ethyl Acetate 77.1 80 4.3 6, 25
Hexane 68.7 70 0.0 1.89, 20
Isopropanol 82.3 85 4.3 18.3,25
Petroleum Ether 60 60 0.0 -

***(BrandTech Scientific, 2018)
**Snyder Polarity Index (Snyder, 1974)
* (Furniss et al., 2007; Lide, 2006)

2.4. Extracts for antioxidant activity

The extracts for antioxidant activity were obtained as described in section 2.3. Only that,
after the adequate period of extraction, the solvent was not recovered and the extract was fully
collected and kept frozen until further analyzes. The volume of the extracts was duly noted in order
to be used in the calculation of the antioxidant activities.
2.5. Determination of the antioxidant activity

The antioxidant activity of each extract was assessed through five different assays.
2.4.1. Total polyphenols (TP)

The content of total polyphenols (TP) in the extracts was determined through a colorimetric

method using the Folin—Ciocalteau’s assay based on Waterhouse (2002), as described by Oliveira

et al. (2018b). A calibration curve of gallic acid (ranging from 50 to 400 mg/mL) was prepared,
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and the results determined by the linear regression of the curve were expressed as mg of gallic acid

equivalent (GAE) per g of dry weight of raw material (d.b.). In this method, an aliquot (0.5 mL) of
a suitable extract sample was added to 0.25 mL of Folin—Ciocalteu’s reagent (10%). The solution
was mixed and 0.2 mL of sodium carbonate (Na2COs) (4%) solution was added to it. The final
mixture was shaken thoroughly and then incubated for 120 min in the dark at room temperature.
The absorbance was measured at 750 nm using a UV-Vis spectrophotometer (Mettler Toledo, Fast

Track, Barueri, Sdo Paulo).

2.4.2. Free radical scavenging activity

The free radical scavenging activity of the extracts was assessed through the ABTS (2,2'-
azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)) and DDPH (2,2-difenil-1-picrilhidrazil) tests.
The determination of the antioxidant activity by the ABTSe+ method was carried out based on
Marecek et al. (2017), as described by Oliveira et al. (2018b). The DPPH free radical-scavenging
capacity was estimated using the method of Blois (1958), later modified by Brand-Williams,
Cuvelier, & Berset (1995), and the results were presented in terms of ECso (half maximal effective
concentration), which represents the concentration of a compound where 50% of its maximal effect

is observed.

2.4.4. Ferric Reducing Antioxidant Power (FRAP)

The FRAP methodology was adapted from Benzie & Strain (1996) and carried out as
described by Oliveira et al. (2018b).

2.4.5. B-Carotene Bleaching Assay (BCBA)

Antioxidant activity by B-carotene/linoleic acid assay was determined according with the

methodology proposed by Marco (1968).

3. Phenolic Profile
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The phenolic profile of the soluble solids obtained through the ethanolic extraction was
identified through High Performance Liquid Chromatography. The parameters of the analysis are
described in the work of Oliveira et al. (2018c). Standards from Supelco (Pennsylvania, USA) were
used: gallic acid, catechin, chlorogenic acid, caffeic acid, vanillin, ferulic acid, p-coumaric acid, o-

coumaric acid, m-coumaric acid, resveratrol, and trans-cinnamic acid.

2.5. Statistical analysis

Data (performed in triplicates) were statistically analyzed through the analysis of variance
(Anova) in order to evaluate the interaction amongst the type of material, type of solvent, and time
of extraction, followed by the Scott Knott's text, once this a very robust text concerning the
violation of the data normality. A Principal Component Analysis (PCA) was also performed in
order to reveal which factor exerted the greatest influence on the response variables studied. All
the analyzes were carried out using a significance of 5% with the aid of RStudio software version
3.2.0 (R Core Team, 2015).

3. RESULTS AND DISCUSSION

3.1 Effect of extraction solvents on total soluble solids

The main constituents of vegetable oils are the triacylglycerols, which are esters derived
from glycerol and (saturated or unsaturated) aliphatic fatty acids. The main solvent industrially
known to extract oil from oilseeds is the hexana, which is a mixture of isomers from hexane with
aliphatic structures. Concerning the non-polar solvents, hexane was selected because of its
industrial application for oil extraction, and petroleum ether due to its large usage in the lab routine.
Due to the potential health hazard of these solvents, great efforts have been made into researching
alternatives, with low toxicity and that could generate high quality outputs (Tir et al., 2012). The

most promising biorenewable solvents to extract oil are the polar ones, which are able to break up
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the cell wall of the vegetable matrix, and thus, allow the complete extraction of its content (Tir et

al., 2012).

The apolar solvents present high selectivity to the oil, and their yields can therefore be
directly related to the oil content extracted by the pressing process. It was observed in this study
(Table 3) that the oil content present in the meal obtained from the mechanical pressing process
was close (slightly higher) to the oil content of the green coffee beans (Oliveira et al., 2018a),
indicating the very low yield of the mechanical pressing process and the non-extractability through

this operation for materials with low oil content, such as coffee.

Table 3 Soluble solids/oil yield (%) (d.b.) of green coffee beans (C) and its press meal (M) extracted with
different solvents and periods

. 3h
Material Acetone Ethanol Ethyl Acetate Hexane Isopropanol Petroleum Ether
C 8.31+0.38%*8 11.78+1.19%4 6.44+0.14%%A 8.85+0.41°A 10.23+0.96"+A 7.67+0.8%+4
M 8.67+0.228A 9.92+0.91%P8 6.70+0.46%%A 6.65+0.08"*B 9.22+0.27%*A 6.98+0.26"*B
5h
C 8.47+0.29%A 14.16+0.35%4 9.77+0.37%*A 8.31+0.314%A 11.21+0.80°%A 7.94+0.05%%A
M 8.99+1.0°«A 13.34+1.65*8 7.62+0.4758 6.75+0.07¢*8 10.15+0.77°+8 7.15+0.13%*A

Results are expressed as mean + standard deviation (n = 3). # Means in the same row (for each extraction time) followed by different lowercase
letters are significantly different (P < 0.05) (unfolding of the solvent type into the time and material type). A2 Means in the same column (for each
extraction time) followed by different uppercase letters are significantly different (P < 0.05) (unfolding of the material type into the time and solvent
type). P Means in the same column (for both extraction times) followed by different greek letters are significantly different (P < 0.05) (unfolding
of the extraction time into the material and solvent types). Results are according to the Scott Knott’s test.

The solvent used for extraction is selected according to the aim of the process, the nature
of the components being extracted, the properties of the matrix, the availability of reagents and
equipment, the cost and safety concerns (Yu et al., 2002). The results showed that different solvents
had significant effect on the extractable solids yield from green coffee beans and its press meal.
The interaction amongst type of solvent, type of material, and period of extraction was significant
at p < 0.05, indicating that the polarity of solvent, vegetable matrix, and the length of the process
are relevant variables when proposing this type of process. In advance, while unfolding the
extraction time into the material and solvent types, it was observed that for either the beans or the
meal, the time did not show significance among either of the solvents.

Further, it was posssible to observe that the polar solvents (Table 2) were able to recover
higher soluble solids content, which may be due to their ability to solubilize other components from
the matrix, besides the oil (Nagendra Prasad et al., 2011). According to the latter, the alcoholic

solvents, because of their greater polarity, are able to extract larger amounts of compounds that are
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not acylglycerols, in other words, the oil extracted with these solvents presents a greater amount of

phospholipids and unsaponifiable material in their composition. Also, according with Suchinina et
al. (2011), the extract yield increases with increasing solvent polarity. The authors observed that
several factors including steric effects of the solvent molecule probably had an effect on the
extraction yield of Euphrasia brevipila if the polarity was increased to greater than 1.8 (dipole
moment). The solid-liquid extraction studies carried out with ethanol present, in general, higher
extraction of sugars, phospholipids, pigments and waxes besides obtaining a meal of better
sensorial and nutritional quality in relation to that obtained with hexane (Beckel et al., 1948;
Fonseca and Regitano-d’ Arce, 1993; Johnson and Lusas, 1983; Regitano-d’ Arce et al., 1994).

Absolute ethanol, which is the most polar solvent among the ones being investigated, was
the most efficient solvent at extracting soluble solids from both materials studied. Its performance
showed a slight dependence on the extraction time. Isopropanol was the second most efficient
solvent at recovering soluble solids from both beans and meal, except for the meal submitted to 3
h extraction.

The soluble solids yield of coffee beans showed the greatest difference between the two
times of extraction when extracted with ethyl acetate and isopropanol, showing that the time is a
relevant parameter when working with these solvents. Which was not the case for the other
solvents, such as hexane, and petroleum ether, once there was only a slight difference in the yield
of both beans and meal, concerning the extraction time, meaning that, 3 h should be enough to
complete the process and exhaust the soluble solids from the vegetable matrix. In addition, hexane
and petroleum ether are the least polar solvents, showing therefore, the lowest yields, which is
within the yield range (7.5 to 9.5%) reported by Tsukui et al. (2014), who evaluated the Soxhlet
extraction of 13 different Brazilian green Arabica coffee beans using petroleum ether as the
extractor. Dibert et al. (1989) reported a mean value of 8.3% of Robusta green coffee oil extracted
with hexane for 16 h in a Soxhlet apparatus, confirming that the longer extraction time is not
necessary in order to deplete the oil from the matrix. The apolarity of these solvents allow the
extraction of only apolar substances, such as fat, wax, etc., once these are solvents that present
selectivity to the lipidic matrix solely, justifying the lower yields obtained with them.

The solubility of phenolic compounds, which are derived from the pentose phosphate,

shikimate, and phenylpropanoid pathways in plants, the dominant group of phytochemicals or
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secondary metabolites, is strongly governed by the type of solvent used, the degree of

polymerization of phenolic compounds, as well as by the interaction of phenolic with other food
constituents and the formation of insoluble complex (Djeridane et al., 2006; Randhir et al., 2004).

Results of SLE of phenolic compounds with different solvents are reported in Table 4.

Table 4 Total phenolic content (mg GAE/ 100 g) (d.b.) of green coffee beans (C) and its press meal (M)
extracted with different solvents and periods

. 3h
Material Acetone Ethanol Ethyl Acetate Hexane Isopropanol Petroleum Ether
C 1737.81+28.24b0A 4048.34+177.0528 313.84451.58d%A 785.42+32.546%4A 1477.21+79.030A 246.92+16.249.«.8
M 1359.48+98.56"8 6799.41+75.953 A 245.64+32.05%8 179.29+3.18%8 1684.9+70.720A 448.18+18.56%*A
5h
(o} 101.24+8.32458 2281.58+116.16%P8 167.44+7.965PA 90.154+6.25¢4 1338.67+20.15"*B 131.28+15.31¢8A
M 1048.33+8.03%A 2403.77+115.1538A 81.92+1.97488 48.84+7.7°88 1650.35+27.850A 8.26+0.0%88

Results are expressed as mean + standard deviation (n = 3). ¢ Means in the same row (for each extraction time) followed by different lowercase
letters are significantly different (P < 0.05) (unfolding of the solvent type into the time and material type). A8 Means in the same column (for each
time) followed by different uppercase letters are significantly different (P < 0.05) (unfolding of the material type into the time and solvent type). *#
Means in the same column (for both extraction times) followed by different greek letters are significantly different (P < 0.05) (unfolding of the
extraction time into the material and solvent types). Results are according to the Scott Knott’s test.

The results showed that the extraction solvents and time had a signifficant impact on the
extraction yields of TPC from both materials. Ethanol, isopropanol, and acetone presented the
highest extraction yields of TPC, respectively, as expected, once these are within most polar
solvents (Table 4). These results are in agreement with previous studies, which also reported the
performance of different solvents on the extraction of phenolic compounds (Chavan et al., 2013;
Dailey and Vuong, 2015; Sulaiman et al., 2013). The results could also be related to the extraction
temperature used during the process, once, for each solvent, a different temperature was applied,
however this parameter was not considered as a variable in the experimental design. Concerning
the ethanolic extract, it seems that the pressing process favored the extraction of phenolic
compounds. On the other hand, the exposure to elevated temperatures led to their degradation.
However, it is important to highlight that in spite of the solvents performance, the content of these
compounds may vary for each different matrix. The recovery of TPC was also time dependent,
mostly for the treatments where apolar solvents were employed. However, the longer extraction
period did not favor the recovery of these compounds, which could be explained by their instability
at elevated temperatures. The results from the isopropanol extract showed to be the least affected
by the length of extraction. These findings further confirm that the extraction solvents play an

important role in the extraction of phenolic compounds from the samples. Zielinski and Koztowska
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(2000) reported that 80% acetone was the most efficient solvent mixture for phenolic extraction

from cereal seeds. Similarly, Zhou and Yu (2004) reported that 50% acetone wheat extracts
contained the highest TPC, whereas ethanol was the least effective solvent, showing that the type
of matrix is a relevant factor that may affect the recovery of these compounds. EI-Ghorab et al.
(2010) reported that the highest TPC was found in the cumin methanolic extract (35.5 mg GAE/g
d.b.), whereas the hexane extract showed the lowest one (10.6 mg GAE/g d.b.), as it was found in
this study for the meal. This trend is also supported by a previous study that showed that hexane
yielded the lowest total phenolic content and antioxidant capacity in seed cakes, from evening
primrose, burdock, sesame, and woad (Peschel et al., 2007). They found that hexane is only suitable
to extract phosphatides, lipid and other fat soluble components such as tocopherols, tocotrienols
and carotenoids but it is too weak to extract hydrophilic phenolic compounds due to the low polarity
of hexane. Hence, there is a contrast for the types and polarity of solvent for extracting a specific
component in the seed cakes. In order to increase the extraction of total phenolic content in the
seed cakes, the polarity of hexane needs to be increased by mixing with other polar solvents such
as methanol, acetone and ethanol.

The dielectric constant of a solvent is a measure of how well the solvent can insulate
opposite charges from one another (Bruice, 2007). The greater the value of the dielectric constant
of a solvent, the smaller the interaction between ions of opposite charge dissolved in that solvent.
Cheok et al. (2012) reported that the TPC of mangosteen hull powder was directly proportional to
the dielectric constants of the organic solvents studied by them. Acetone, ethanol, and isopropanol
which have the highest dielectric constant among the organic solvents used, are very good at
insulating the charges of phenolic compounds of green coffee beans and meal, and as a result,
yielded the highest TPC. The interaction between a solvent and a molecule or an ion dissolved in
that solvent is called solvation (Bruice, 2007). Hence, the solvation power of the selected solvents
on the TPC of green coffee and its press meal can be listed as ethanol > isopropanol > acetone >
ethyl acetate > hexane > petroleum ether. Even though the dielectric constants of acetone,
isopropanol, and ethanol are similar, the TPC obtained from acetone and isopropanol extracts were
significantly lower (p < 0.05). This could be due to the longer alkyl groups in isopropanol compared
to those of ethanol, which implies that the solvation power of a solvent is not solely dependent on

the dielectric constant, but also possibly is influenced by the chemical structure of an organic
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solvent (Bruice, 2007).

Previous studies have shown the potential recovery of polyphenols in agrowastes, such as
rice hulls (Ramarathnam et al., 1989), buckwheat hulls (Watanabe et al., 1997), pistachio hulls
(Goli et al., 2005), and citrus peels, where polyphenol recovery was higher in the peels compared
to the edible portion (Gorinstein et al., 2001). For seed cakes, most polyphenols were not
successfully extracted into the oil after cold-pressing (Zuk et al., 2011), as showed in this study for
the green coffee press meal. Several solvent systems have been used to extract polyphenols from
plant materials. For example, methanol:acetone:water (7:7:6, v/v/v) was used to extract phenolic
compounds from de-oiled mesocarp of palm fruit (Neo et al., 2008). Methanol, ethanol, acetone,
hexane, diethyl ether and petroleum ether were used to extract phenolic compounds from potato
peel, sugar beet pulp and sesame cake (Mohdaly et al., 2010). In addition, methanol 80% was used
to extract phenolic compounds from flax seeds cake (Zuk et al., 2011). Suchinina et al. (2011)
reported that the number of phenolic acids in the extract increased with increasing solvent polarity.
Thus, petroleum ether extracted one; ethylacetate, two; and trichloromethane, butanol, ethanol, and
water, three compounds. The TPC percentage by mass of aqueous green coffee beans extract varied
from 3.2 to 5.2% (Priftis et al., 2015). The polyphenolic percentages obtained in the present study
are in agreement with those presented in the relevant literature, despite the fact that, depending on
the variety, large variations have been detected (Dziki et al., 2015; Gawlik-Dziki et al., 2014; Mills
et al., 2013; Rodrigues et al., 2015).

The solvent nature is the most controversial parameter that influences antioxidant capacities
(Naczk and Shahidi, 2004; Turkmen et al., 2006). There are many assays to evaluate the antioxidant
activity of plant materials. For example, DPPH free radical-scavenging assay, ferric
reducing/antioxidant power (FRAP) assay, B-carotene bleaching assay (BCBA) (Chenetal., 2012),
and ABTS free radical-scavenging assay.

Concerning the DPPH free radical-scavenging assay, ethanol and isopropanol were more
efficient to extract antioxidant compounds from both materials at both extraction periods (Table
5), since they presented the lowest ECso, which may be due to the polarity of these solvents (Table
2); petroleum ether (3 h) and hexane (5 h) were the least efficient. Ethanol was able to extract
higher amounts of antioxidants from the meal over a longer extraction period. The coffee samples

yielded higher antioxidant activity when extracted using ethanol, ethyl acetate, and hexane (3 h).
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While, hexane extracted more antioxidants from the meal at the extraction period of 3 h. Indicating

that 3 h are enough to carry the process under these conditions. The antioxidant activity did not
show significative difference for acetone extracts of both material types and periods of extraction.
The material type influenced the extractions carried for 3 h, when ethanol, hexane, isopropanol and
petroleum ether were employed. Yet, after 5 h of extraction, the type of material influenced all
treatments, where the highest activity was found for coffee extracted with acetone, hexane, and
ether; and for the meal extracted with ethyl acetate and hexane, indicating the thermal stability of

the compounds capable of scavenging the DPPH free radical.

Table 5 DPPH free radical-scavenging assay (ECso) (g/g DPPH) (d.b.) of green coffee beans (C) and its
press meal (M) extracted with different solvents and periods

. 3h
Material Acetone Etanol Ethyl Acetate Hexane Isopropanol Petroleum Ether
C 364+19.1404A 39.18+0.269F8  481.98+30.24*F4 348.29+39.47>h8 274.33+14.54%A 450.64+26.69%B
M 369.07£0.11°“A  62.60+0.35°*A  320.48+19.20%*A 507.02+1.18°PA 155.87+4.61%8 1564.88+90.16%*A
5h
C 274.45+11.56°*8  56.45+3.17%*A  643.86+20.19*%A  512.04+24.65°*B 78.02+3.474PA 454.22+12 578
M 328.45+21.91%%A 18.40+1.5%F8 140.86+34.819P8  1710.84+28.62%A 57.28+5.43¢/8 974.67+19.18>PA

Results are expressed as mean + standard deviation (n = 3). ** Means in the same row (for each extraction time) followed by different lowercase
letters are significantly different (P < 0.05) (unfolding of the solvent type into the time and material type). A8 Means in the same column (for each
time) followed by different uppercase letters are significantly different (P < 0.05) (unfolding of the material type into the time and solvent type). *#
Means in the same column (for both extraction times) followed by different greek letters are significantly different (P < 0.05) (unfolding of the
extraction time into the material and solvent types). Results are according to the Scott Knott’s test.

Significant differences (p < 0.05) of % DPPH-« inhibition between extracts using different
solvents were found by Teh et al. (2014). They also observed that extracts with hexane presented
the lowest antioxidant activity. This trend was previously reported by few authors who studied the
hexane extracts of potato peel, sugar beet pulp, sesame cake (Mohdaly et al., 2010), and medicinal
plants (Djeridane et al., 2006). Hence, this showed that high-polarity solvents (ethanol and acetone)
were more effective to extract antioxidant compounds that exhibited more efficient radical
scavenging property compared to low-polarity solvents (Teh et al., 2014). According with Zhou
and Yu (2004), antioxidant compounds of various polarities could exist in seed cakes, in general.

The impact of two parameters (temperature and duration) on the ABTS radical scavenging
capacity of antioxidant compounds was observed (Table 6). There was not a trend, but a diversity

of behavior of the extracts along the extraction period.
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Table 6 ABTS free radical-scavenging assay (pmol trolox/g) (d.b.) of green coffee beans (C) and its press
meal (M) extracted with different solvents and periods

. 3h
Material Acetone Etanol Ethyl Acetate Hexane Isopropanol Petroleum Ether
C 1049.64+36.13°PA 3528.64+25.763*A 1313.71+48.69°+8  1322.21+31.330%A 1309.11+68.05P+8 836.95+35.86%A
M 1002.26+2.76>FA 3427.82+£173.88*PA  1867.61+32.56"*A 705.58+15.920%B 2134.74+108.02°*A  796.39+15.7400A
5h
C 1965.58+43.150%A 2922.21+49.68%F8 790.38+9.25"#B 701.1+23.56"PA 1142.86+34.78°8 431.86+24.61°PA
M 1477.9+34.83%*B 8457.48+163.32A 1559.2645.026%A 325.55+9.4¢%h8 2012.92+34.79A 465.07+28.47¢PA

Results are expressed as mean + standard deviation (n = 3). # Means in the same row (for each extraction time) followed by different lowercase
letters are significantly different (P < 0.05) (unfolding of the solvent type into the time and material type). A8 Means in the same column (for each
time) followed by different uppercase letters are significantly different (P < 0.05) (unfolding of the material type into the time and solvent type). *#
Means in the same column (for both extraction times) followed by different greek letters are significantly different (P < 0.05) (unfolding of the
extraction time into the material and solvent types). Results are according to the Scott Knott’s test.

Ethanol was once again the most efficient solvent on extracting antioxidant compounds,
from both materials after 3 h and 5 h of extraction. For the beans, the longer extraction time had
low influence on extracting the antioxidants, except when acetone was used as the solvent. For the
meal, the longer time of extraction allowed a 2-fold higher recovery when ethanol was used in the
process, probably because the extracted compounds are less soluble compounds, also more difficult
to be extracted, so their extraction may be easier when other compounds had already been extracted.
While ethyl acetate did not show significative difference between extraction periods for the meal.

Ethyl acetate and isopropanol were more efficient to extract antioxidants from the meal
after 3 h, while hexane performed better with coffee samples. There was no difference between the
extraction power of ethanol and acetone regarding the material types after 3 h of extraction. On the
other hand, after 5 h of process, acetone, hexane, and petroleum ether were more effective to yield
antioxidants from coffee samples. While, ethanol, ethyl acetate, and isopropanol extracted better
the antioxidants from the meal. Regarding the solvent petroleum ether, there was no effect of the
material type after 5 h.

Isopropanol did not show difference between the extraction periods and material types. The
lowest yields were observed for the least polar solvents (hexane = petroleum ether < ethyl acetate)
(Table 2), as it was observed for the DPPH and TPC assays.

The ABTS assay was also carried out and investigated by van der Werf et al. (2014) for
green coffee. Phenolic/antioxidant coffee extracts by Accelerated Solvent Extraction (ASE) of
green coffee, using methanol, were analyzed by an ABTS decolorization assay. This study revealed
a general decrease of radical scavenging capacity related to native phenolic compounds. They
reported 4043 + 133 pmol Trolox/L in green coffee and observed that when the coffee bean is

submitted to elevated temperatures (235 °C), the antioxidant activity is prone to decrease over the
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time. It is well known that elevated temperatures greatly affect the chemical composition of the

coffee beans (Kamiyama et al., 2015; Smrke et al., 2013), new compounds may be formed, which
exhibit antioxidant activity, whereas other ingredients, such as chlorogenic acids may be broken
down (Esquivel and Jiménez, 2012; Jaiswal et al., 2012). However, as it was presented in this work,
it may vary according with the parameters involved in the process, such as type of solvent,
vegetable matrix, temperature, time, and type of extraction.

As it can be observed in Table 7, the FRAP assay was the least selective for assessing green

coffee and its press meal antioxidant activity.

Table 7 Ferric Reducing Antioxidant Power (FRAP) (umol Fe (11)/g) (d.b.) of green coffee beans (C) and
its press meal (M) extracted with different solvents and periods

. 3h
Material Acetone Etanol Ethyl Acetate Hexane Isopropanol Petroleum Ether
C 2740.7£293.51°¢A  5019.91+248.35%*8  179.44+1540%*A  1209.44+174.355%A 1672.04+28.4°+8 29.94+0.01%4
M 1150.12423.97%“B  9622.34+362.21%+A 61.99+0.430%8 0.0£0.0%8 2744.15%29.2204A 0.0£0.0%A
5h
Cc 1119.92+44.36°PA 2449.58+19.4%F4 140.14+12.28°4 14.75£54PA 993.7+9.13#8 23.69+5.3gd¢A
M 1018.20+44.26%*A  2563.75+51.82%A 24+0.82¢P8 0.0£0.0%*A 1652.87+137.88>#4 0.0£0.0%A

Results are expressed as mean + standard deviation (n = 3). *¢ Means in the same row (for each extraction time) followed by different lowercase
letters are significantly different (P < 0.05) (unfolding of the solvent type into the time and material type). A2 Means in the same column (for each
time) followed by different uppercase letters are significantly different (P < 0.05) (unfolding of the material type into the time and solvent type). *#
Means in the same column (for both extraction times) followed by different greek letters are significantly different (P < 0.05) (unfolding of the
extraction time into the material and solvent types). Results are according to the Scott Knott’s test.

Ethanol was the solvent that better extracted antioxidant compounds from the matrices, that
were allowed to be detected through the FRAP assay. Acetone and isopropanol were also able to
extract antioxidant compounds detected by this assay, however, they were less effective than
ethanol. For both materials, it was found that 3 h were enough in order to extract antioxidants
assessed by the FRAP assay, indicating that these compounds may be sensitive to the temperature.

The apolar solvents are not indicated to extract components to be detected by the FRAP
assay, which leads to a conclusion that only polar solvents are indicated to extract antioxidant
compounds to be assessed through FRAP, also DPPH, and ABTS, assays. In addition, time was a
relevant parameter to this analysis, once after 3 h of extraction, the content of antioxidants
decreased greatly, indicating these are thermosensitive compounds. The meal presented once again
great content, similar to coffee beans, of antioxidant compounds. FRAP assay results showed a
similar trend to the DPPHe assay comparing the solvents used on the extraction process in the work
of Teh et al. (2014). The results showed that extracts with methanol-acetone-water exhibited the



122
highest reducing power, 3.51 + 0.04, 1.48 + 0.00, 8.78 £ 0.07 umol Fe (11)/g fresh weight for hemp,

flax and canola seed cakes, respectively. Again, extracts with hexane exhibited the lowest reducing
power with the aqueous polar solvents proving superior to the pure polar solvents (Teh et al., 2014).
In this study, the only relationship observed between DPPH and FRAP assays was that the longer
period of extraction did affect the antioxidant power of the extracts.

Concerning the p-carotene bleaching assay, the oxidation of linoleic acid generates peroxyl-
free radicals due to the abstraction of hydrogen atom from dialytic methylene groups of linoleic
acid (Kumaran and Karunakaran, 2006). The free radical then will oxidize the highly unsaturated
[-carotene. The presence of antioxidants in the extract will minimize the B-carotene oxidation by
hydroperoxides. These will be later neutralized by the antioxidants from the extracts. Thus, the
degradation rate of B-carotene depends on the antioxidant activity of the extracts. The results for

BCBA of green coffee beans and its press meal are available in Table 8.

Table 8 B-carotene Bleaching Assay (BCBA) (% protection) (d.b.) of green coffee beans (C) and its press
meal (M) extracted with different solvents and periods

. 3h
Material Acetone Etanol Ethyl Acetate Hexane Isopropanol Petroleum Ether
C 55.75+8.31P¢A 46.07+1.050A 80.31+0.93%+A 52.84+7.43PA 48.64+8.43A 71.1942,95%%A
M 48.92+0.0°B 15.66+3.19%+8 83.48+7.62*+A 8.18+0.0°*B 22.01+1.99°68 24.81+1.77°68
5h
C 44.06+3.490%A 57.35%3.44P%A 98.32+1.3924A 64.67+1.70%A 62.19+0.30°+A 72.16+1.46A
M 33.27+3.57%PA 28.73+3.57%%B 92.8+0.46%%A 7.62+1.00%*8 47.16+0.40°*8 62.3£1.17°A

Results are expressed as mean + standard deviation (n = 3). #¢ Means in the same row (for each extraction time) followed by different lowercase
letters are significantly different (P < 0.05) (unfolding of the solvent type into the time and material type). A8 Means in the same column (for each
time) followed by different uppercase letters are significantly different (P < 0.05) (unfolding of the material type into the time and solvent type). *#
Means in the same column (for both extraction times) followed by different greek letters are significantly different (P < 0.05) (unfolding of the
extraction time into the material and solvent types). Results are according to the Scott Knott’s test.

This was the only assay that showed, in general, greater results for the coffee samples,
which was probably due to the apolar nature of this assay, once the meal contains less amount of
apolar substances after the mechanical pressing process. Interestingly, polar (acetone, ethanol, and
isopropanol) and non-polar (hexane and petroleum ether) solvents showed similar results for coffee
beans, with ethyl acetate being the solvent that better extracted the antioxidants to be assessed
through BCBA, for both beans and meal. Antioxidants yield was greater for coffee beans when
petroleum ether, and isopropanol were used, respectively, after 3 h. Considering the unfolding of
the extraction time into the material and solvent types, the other treatments were not significantly

different. While for the meal, after the same period of extraction, only acetone was effective; the
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other treatments were not significant (p < 0.05). Most of the solvents were able to extract more

antioxidants from the beans rather than the meal, except for ethyl acetate which did not show
significative difference between materials after this extraction period. After the longer extraction
period (5 h), there was difference between the material types when extracted with ethanol, hexane,
and isopropanol, where the beans antioxidant activity was higher. Moreover, the significant
variations in antioxidant potential according to the solvents used is essentially due to the difference
in polarity, and thus, different extractability of the antioxidant compounds (Djeridane et al., 2006;
Maisuthisakul et al., 2007). Variations in phenolic composition could be explained by several
factors, whether genetic or related to the geographic origin, plant organ, harvest time, extraction
method, type of cultivar and storage conditions (Duda-Chodak et al., 2010; McGhie et al., 2005;
Tsao et al., 2005). The season and even sunlight duration are also known to influence the plant
metabolism since some compounds may be accumulated at a particular period to respond to
environmental changes (von Koenen, 2001). Recent interest in food phenolics has increased owing
to their roles as antioxidants and scavengers of free radicals and their implication in the prevention
of many pathologies, such as cardiovascular diseases (Ursini et al., 2009), and certain types of
cancer (Hudson et al., 2000). Quantitative analysis of phenolic compounds using the
spectrophotometrical method indicated that beans contained less compounds than the meal (Table
3). However, contents obtained by HPLC (Table 9) were significantly higher than those obtained

by the spectrophotometrical method.

Table 9 Phenolic profile of green coffee beans and its press meal oils extracted with ethanol (mg/ 100 g)
Oil from green coffee

Phenolic compound Green coffee oil
press meal
Gallic acid 0.012 0.006
Catechin 0.175 -
Chlorogenic acid 17.524 0.237
Caffeic acid 21.956 4.579
Vanillin 0.293 0.006
p-Coumaric 0.003 -
Ferulic acid 0.005 -
m-Coumaric 0.001 -
o-Coumaric 0.859 0.004
Resveratrol 0.116 0.009

Trans-cinnamic acid 0.058 -
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This was predictable due to the low selectivity of Folin—Ciocalteu’s reagent, as it reacts positively

with different phenolic and non-phenolic substances (Mariod et al., 2017), also, it was possible to

identify only few (eleven) acids, compared to the whole profile present in these materials.

Principal Component Analysis

The results from the experiments together with the independent parameters were analyzed
using PCA. A PCA facilitates the discovery of a pattern in multivariated data, a pattern that can be
difficult to identify with a univariate analytical approach. A loading plot describes the contribution
of each variable to each principal component (PC), and also affords a view of the variable
similarities. Based on the PCA (Figure 1), PC1 and PC2 together explained 78.46% of the relation
among the independent variables and the recovery yield and antioxidant data. Considering data
from the PCA, it can be concluded from the loading plot that most of the variation can be ascribed
to the polarity of the extractor solvent and type of material. Coffee beans and meal soluble solids
yield and antioxidant activities assessed through ABTS, FRAP, and Folin-Ciocalteu’s method
(TPC) presented a good correlation with the coffee beans ethanolic extract, while the meal extracted
with ethanol for 5 h exhibited the highest correlation with these variables. According with the
literature, ethanol is able to extract medium polarity phenolic compounds with different ranges of
molecular weight (Lin et al., 2009), anthocyanins and terpenoid (Cowan, 1999), and polar
compounds, such as sugar, amino acid, and glycoside compounds (Houghton and Raman, 1998).
This shows that the methodologies above correlated are able to identify these compounds. The
three methodologies are able to measure the antioxidant activity of phenolic compounds; in
addition, ABTS reacts mainly with carotenoids and plasma antioxidants (Re et al., 1999), and
FRAP measures antioxidants directly from the sample, and does not react only with thiols
(Halvorsen et al., 2002; Payne et al., 2013). As observed earlier in this study, petroleum ether and
hexane, non-polar solvents, exhibited the highest ECso correlation, once the higher this value is,
the lower is the antioxidant activity of the material, showing their inability to extract antioxidants
through the DPPH assay. Further, the differences between the DPPH and ABTS"" assays may be
ascribed to the varying reactivity of these 2 radicals to the components of each coffee sample.
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Fig. 1 Principal Component Analysis showing the relationship among the response variables (yield, DPPH,
ABTS, FRAP, BCBA) and type of material (green coffee beans and press meal), type of solvent (A: acetone,
E: ethanol, EA: ethyl acetate, H: hexane, I: isopropanol, and PE: petroleum ether), and extraction period (3
hand 5 h)

Time Material
® 3h MW Sh Meal V) Coffee

BCBA

4. CONCLUSION

The extraction solvent played an important role in the antioxidant extraction process by
affecting the antioxidant capacity and total phenolic content in the green coffee beans and its press
meal; also in the total soluble solids yield. Ethanol was found to be the optimal extraction solvent
for extractable solids from both green coffee beans and its press meal, as well as for phenolic and
antioxidant compounds. Only that for BCBA analysis, ethyl acetate yielded the best results for the
antioxidant activity of green beans and meal. Therefore, ethanol is recommended for extraction of
soluble solids, phenolic, and antioxidant compounds from green coffee beans and its press meal
for further isolation and utilization. This research showed that extracts rich in phenolic compounds
can be obtained from the green beans, and mainly from its press meal with a solvent of simple
handling, environmentally safe and from a renewable source. Also, the green coffee bean press

meal is a valuable resource of bioactive compounds that should be taken into consideration, once



126
this industrial by-product has not been given the enough attention so far. This study highlighted

the press meal, an underutilized source of industrial waste, as a promising source of industrially
important extractable bioactives, while also revealing the importance of selecting appropriate
solvents while extracting bioactives and the proper assay to do so. A deeper analysis and more in-

depth studies of GCC are required.
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ABSTRACT

The soluble solids recovery, the retention index, and thermodynamic parameters of green coffee
press cake and beans extraction using green solvents were investigated. The extraction parameters
investigated were temperature (35 to 55 °C), type of material (coffee beans and press cake), and
type of solvent (ethanol, acetone, and ethyl acetate). The extractions were carried out in finit bath
at a fixed solvent to solute mass ratio (5:1) (w/w). The recovery of soluble solids from the materials
was obtained through mass transfer and the system mass balance. It was observed that higher
temperatures affected positively the extraction yields. At 55 °C, the extraction yields were not
improved when using ethanol as the solvent. The thermodynamic analyzes showed that both AH
and AS were positive for this process, while negative values of AG were found, that means the

process evaluated could be characterized as endothermic, irreversible, and occurs spontaneously.

Keywords: Coffea arabica; alternative solvents; thermodynamic; solid-liquid extraction; food

waste.
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INTRODUCTION

Recently, another operation has been introduced to the coffee industry, the oil expression,
which generates a great amount of residues. The green coffee oil expression is carried out through
a screw press, and it is believed that this operation is not efficient enough to remove the oil from
the matrix. And besides leaving a residual oil in the meal, a great amount of bioactives may also
be found in this residue, once most of the phenolic compounds are of hydrophilic nature. According
with Affonso et al. 1, the coffee beans press cake is a residual biomass from the coffee beans oil
extraction process, claimed to be rich in bioactive compounds of interest for human health, food
industry, and cosmetics. There is considerable emphasis on the recovery of plant biomass
originating from the food industry in order to target it to other industries 2, adding value and
reducing eventual environmental damage. In this sense, the large amount of beans produced in
Brazil gives rise to certain amounts of biomass with an important potential for the development of
other products such as energetic beverages and cosmetics.

An option to optimize the mechanical extraction process could be alying this method with
the solvent extraction, aiming at the exhaustion of the compounds of interest remaining in the
residue, or even use the the solvent extraction as the only step. The extraction process aims at
providing a maximum yield of substances of the highest quality. Yet, literature about the most
effective methods and the solvents to extract soluble compounds is abundant but to some extent
contradictory 3. Considering the structure of the matrices and their physicochemical properties, it
would be impossible to propose a universal extraction protocol. Different solvent systems have
been used for the extraction of solids from plant material, the extraction yield is influenced by the
solvent nature and the extraction method. According to Akowuah et al. 4, depending on the solvent
used for extracting compounds, extracts obtained from the same material may vary widely with
respect to their concentration and composition. Type of solvent, temperature, solid-liquid ratio,
particle size and agitation are important parameters for extraction of solids from food or plant
matrices.

There are several studies on the extraction behavior of different plant materials such as
coffee bean °, soy bean ¢, neem seed 7, aniseed 8, avocado °, pongam seeds 1°, pequi and murici

seeds 1, and walnuts 2. These studies were conducted in aqueous form or solvent extraction
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including the parameters mentioned. It is generally reported that the extraction rate increases with

increasing in temperature and liquid/solid ratio, and decreasing the particle size, however these
parameter shall be extensively studied, once high temperatures may favor the extraction yield of
solids and desfavor the recovery of phenolic and atioxidants 3. Earlier works reported extraction
efficiency in different coffee species by using different extraction methods, such as, conventional
14-16 ‘nressurized liquid >17, ultrasonic assisted, 8, supercritical CO2 1%2°, and microwave extraction
21 However, there is no reported study on organic solvent extraction behavior of total soluble solids
from green coffee beans and its press cake in order to state the efficiency of the mechanical oil
extraction. Therefore, the present study was carried out in order to determine the recovery yield of
total soluble solids from green coffee beans and its press cake extracted by organic ecofriendly
solvents, including ethanol, at different temperatures, and also to study and establish useful and

relevant thermodynamic parameters of the process.

MATERIAL AND METHODS

Sampling

The samples of Arabica green coffee beans were harvested in the cherry state in the region
of Guaxupé (Minas Gerais) located in the Southest Region of Brazil. Both beans and its press meal
were kindly donated by Cooxupé (Guaxupe, Brazil). Green coffee press cake samples were
obtained after mechanically screw pressing the beans for the extraction of the oil fraction (100 kg
h'1: Ecirtec, MPE-500 AC, Bauru, Brazil). After extraction, the cake was packed in polyethylene
bags, with silica pouches, and frozen for further analyzes. Prior being submitted to the solid-liquid
extraction, both materials were ground (IKA, All, Wilmington, US) and sieved (0.177 mm)
(Bertel, VP-01, Caieiras, Brazil) (NREL, 2008). Each powder was then dried (40 °C) in a vacuum
oven (16.8 kPa) (Tecnal, TE-395, Piracicaba, Brazil) (approximately 20 days for green coffee
beans and 7 days for the cake), and further used to the extraction process. The physical and

chemical characterization of the materials is available at Oliveira et al.22.

Solvent Extraction
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The solvent extraction of soluble solids from green coffee and its press cake was carried
out in batches using ethanol (boiling point = 78 °C, 99% purity), acetone (boiling point = 56 °C,
99% purity) and ethyl acetate (boiling point = 78 °C, 99% purity), at constant solid-liquid ratio (1:5
w/w). Each experiment was carried out thrice in different days. The samples were placed in Falcon
tubes (50 mL) and added with the solvents in the conveninent proportion. The tubes were then
placed in a stirring Dubnoff Orbital water bath (220 rpm; Novatecnica, NT 230, Piracicaba, Brazil)
at constant temperature (according to each experiment) (Table 1) for 4 h (period determined in
preliminary tests as enough to reach the equilibrium). A mild temperature range was chosen with
the purpose of not degrading possible bioactive compounds present in the extracts to be analyzed

in further studies.

Table 1. Planning of the solid-liquid extraction of soluble solids from green coffee beans and its press
cake.

Experiment Ethanol Acetone Ethyl Acetate Temperature (°C)
1 - + - 35
2 - - + 35
3 + - - 35
4 - + - 39
5 - - + 39
6 + - - 39
7 - + - 45
8 - - + 45
9 + - - 45
10 - + - 50.9
11 - - + 50.9
12 + - - 50.9
13 - + - 55
14 - - + 55
15 + - - 55

(-): Absence of solvent; (+): Presence of solvent.

After the extraction time had elapsed, aliquots of the supernatant phase (extract) (~ 2 mL)
were removed with the aid of pre-weighed microsyringes. The sample withdrawn with the aid of
the syringe was placed in a Petri dish, also pre-weighed. Ethanol was used to wash the syringe
(after the extract phase disposal) in order to remove any solids that may have become adhered to
the syringe wall. The Petri dish containing the extract phase + ethanol was oven dried at 100 °C

for at least 2 h in order to evaporate the solvent. The raffinate phase was subjected to centrifugation
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(3500 rpm/ 1 min) (Excelsa Il — 206 BL, FANEM, Sé&o Paulo, Brazil) after the removal of the

extract phase, then the remaining liquid was discarded and a sample of the raffinate phase was
withdrawn and immediately weighed into a Petri dish, which was subjected to drying (100 °C/ 2

h). Further, the samples without the solvent were cooled down in desiccators and weighed.

Determination of Soluble Solids Mass Transfer

For the extraction experiments performed, the extract (EP) and the raffinate (RP) phases
were determined in terms of the mass fractions of the components. The mass fraction of EP was
determined using the data obtained from the samples taken with the microsyringe. The withdrawn
EP sample mass was calculated using the mass difference of the syringe with extract and the empty
syringe. The soluble solids mass in the EP sample was calculated from the mass difference of the
Petri dish containing the extract sample after the solvent evaporation and the empty Petri dish. The
mass fraction of soluble solids (w; gp) and the mass fraction of the solvent (w, gp) in the EP, both

insoluble solids free (w; gp= 0), were calculated according to equations 1 and 2, respectively.

ms—m;
Wiep = — (1)
mgp
Wypp =1 —Wygp (2)

Where, m, and m; are the final and initial weight of the Petri dish, respectively, and mgp is the

mass of the EP sample withdrawn.

The mass fraction of the solvent in RP (w, zp) Was calculated by the difference of weights

found before and after drying (Equation 3).

mf—mi

(3)

WoRrp = ——
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Where, m, and m; are the final and initial weight of the Petri dish, respectively, and mgp is the

mass of the raffinate phase sample withdrawn.

The mass of the system (solvent and material) (mytem), and the mass fraction of each
component in the system are known variables. The remaining variables - mass of EP (mgp), mass
of RP (mgp), soluble solids mass fraction in RP (w; gp), and insoluble solids mass fraction in RP
(w3 rp) - Were determined through a global mass balance (Equation 4). And the mass balance for

each component of the system (i) is presented in Equation 5.

Mgystem = Mgp + Mgp =My +Mm; (4)

Where, Mgy gtem IS the mass of the global system, mg is the mass of the extract phase withdrwan

with the syringe, myp is the mass of the raffinate phase collected, m, is the solvent mass used in

the extraction process, and mg is the mass of sample used in the experiment.

Wi systemMsystem = Wi gpMgp + Wj gpMpp (5)

Where, i =1 (soluble solids) or 2 (solvent) or 3 (insoluble solids).

The mass fraction of the componente i (w;) is defined by Equation 6, where m; is the

mass of a given component in the EP or RP (mp).

The soluble solids mass transfer (I;) in the extraction process was calculated through
Equation (7) (Rodrigues et al., 2010), where m, is the mass of samples (beans and cake) used in
the extraction process, and w; s is the mass fraction of soluble solids in the seeds before the

extraction process (Soxhlet extraction using ethanol as the solvent).
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Iy (%) = 100 x (W) (7)

W1,sMs

The retention index (RI) corresponds to the mass of adhered solution per soluble solids

mass, and was calculated using Equation (8):

W1 RPMRp+ W2 RPMRP My, rp+ M2 RP
RI = 4 = (8)

W3 RPMRP mg3RP

Thermodynamic Study

Enthalpy (AH) (kJ/mol), entropy (AS) (J/(mol K)), and Gibbs free energy (AG) (kJ/mol)
variations are important thermodynamic parameters in order to study the spontaneity of the
extraction process involving different systems. Thermodynamic parameters of the soluble solids
solid-liquid extraction process from green coffee beans and its press cake were assessed for each
solvent using Equations 9 — 11. The AH and AS from the press cake and green coffee beans
extraction were calculated by a linear fit of the Van’t Hoff equation (Equation 10). Where, K, IS
the distribution coefficient for the solid-liquid system, m, zp (kg) is the soluble solids mass in the
EP, m, rp (kQ) is the soluble solids mass in the RP, R (8.3145 kJ/(kmol K)) is the universal constant

of gases, and T (K) is the temperature.

_ M4EP
Ke N my RrpP (9)
InK, = -+ (10)
AG=AH —T-AS (11)

Statistical Analysis

A completely randomized design (CRD) was applied in order to plan a factorial experiment
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with three replicates. Type of material (M), temperature (T), and type of solvent (S) were the

independent variables studied as a factorial 2x3x5 (MxTxS) (Equation 12). The ANOVA was
carried out with the effect of each variable and their interactions were evaluated. Scott Knotts’s test
was further applied to compare the means of the response variables (yield or RI) or their
interactions, when siginificative (p < 0.05). All the analyzes were performed using the software
RStudio version 3.2.0 (R Core Team, 2015).

Yijg =u+o;+Bj+ 0+ (aB)ij + (@d)y + (0B)kj + (@B )k + €k (12)

Where, Y} jx is the observed value for the response variable in study respective to the z-th repetition
of the combination of the i, j, k levels of the factors M, S, T, respectively; u is the average of all
experimental units of the response variable; a;, B;, d, are the effects of the i, j, k levels of each
factor M, S, T in the observed value Y;j; , respectively; (aB);;, ()i, (OB, (af 0);jx are the
effects of the interactions of the factors in study; e; . is the error associated with the observed value

Vi i=2,j=3, k =5.

RESULTS AND DISCUSSION

Soluble solids recovery (I';) and Retention index (RI)

Factorial assays allow for savings in time and resources, but mainly, they enable broader
conclusions about the factors including the study of the interaction among them and greater
precision for the estimates of the main effects of the factors, also, the degree of freedom associated
with the residue is high when compared to the simple experiments of the same factors, which
contributes to decrease the residual variance, increasing the precision of the experiment. The results
of the ANOVA, considering the sources of variation, such as material (M), solvent (S), and

temperature (T), employed in the extraction process, are presented in Table 2.
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Table 2. ANOVA table (p < 0.05) for the soluble solids mass transfer (I'y) and retention index (RI) of
the solid-liquid extraction process of green coffee beans and its press cake using different solvents and
temperatures.

I, RI
Source Pr>F
GL SQ QM Fe GL SQ QM Fe
T RI
Material (M) 1 2.52 2.52 531.03 1 6.34 6.34 19.36 <0.01* <0.01*
Solvent (S) 2 1.42 0.71 150.38 2 0.14 0.07 1763.4 <0.01* <0.01*
Temperature (T) 4 5.49 1.37 289.48 4 0.08 0.02 <0.01 <0.01* <0.01*
M*S 2 0.18 0.1 19.32 2 0.24 0.12 32.77 <0.01* <0.01*
S*T 8 0.57 0.07 15.14 8 0.26 0.03 8.98 <0.01* <0.01*
M*T 4 0.27 0.07 14.04 4 0.26 0.07 18.4 <0.01* <0.01*
M*S*T 8 0.32 0.04 8.39 8 0.13 0.02 <0.01 <0.01* <0.01*
Residue 60 0.28 0.005 60 0.22 0.004
Total 89 11.07 0.12 89 7.67 0.09

*Sigificant at p < 0.05.

In this part of the analysis, ANOVA initially compares the model (all known sources of
variation) randomly, and then compares each of the effects of the model (Table 2). In the ANOVA,
the most important point to be evaluated is the chance of an effect being due to randomization (P«
> F). In Table 2, the probabilities were very close to zero, that is, there was a chance near 0% of
the effect of a given source of variation being due to randomization. Considering the significance
level of 5%, which was used in this study, in order to assess the significance of a given effect it is
sufficient to verify that the value found for Pr > F is less than 0.05.

Considering the response variable I';, the ANOVA came out significant (p < 0.05) for all
effects (main effects and interactions). In this case, only the ternary interaction (M*S*T) was
analyzed. This case occurs when the nule hypothesis for the interaction between the factors is
rejected. This result implies that the effects of the factors act in a dependent way. In this case, the
comparisons between the levels of one factor take into account the level of the other factor, since
the significant result for the interaction indicates that the effect of one factor depends on the level
of the other factor. Since the results of each effect were dependent on the other two effects, Scott
Knott's test was only performed for the significative ternary interaction, which was analyzed
through the unfolding of the interactions in each combination of levels (Table 3).

Considering the solvent effect on each level of temperature and material (Table 3), it was
possible to observe that the I'; (%) for green coffee beans was higher when acetone was used as the
extractor solvent in all temperatures analyzed. The solvent ethyl acetate was only more efficient
than ethanol to extract soluble solids at 55°C. At 39, 45, and 50.9 °C there was no significative

difference among these two solvents performance, showing that either one could be used in order
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to achieve a similar result, also, that their polarity difference did not influence the extraction

recovery of soluble solids; however, it could influence the extract composition, which was not
evaluated. In case of opting for one rather than the other, the solvent ethanol might be a good
choice, once it is highly available (what lowers its cost) in many countries, such as Brazil, also due
to its non-polluting and favorable to handling features. A wide range of literature has brought to
interest that, in general, ethanol allows a better quality meal recovery and results in a greater

extraction of sugars, free fatty acids, pigments, waxes, and peroxides 24?7,

Table 3. Soluble solids mass transfer (%1I';) (d.b.) of the solid-liquid extraction process of green coffee
beans and its cake using different solvents and temperatures.

Solvent Coffee
35°C 39 °C 45 °C 50.9 °C 55 °C
Acetone 42.96+1.072De 52.28+0.982.C« 54.12+6.723C« 82.46+7.473B« 90.04+3.73A¢
Ethyl Acetate 23.07+0.0%E¢ 37.86+2.460Pc 43.7+1.810Ca 60.0+2.06°B 65.68+5.410Ac
Ethanol 34,58+3.39hC 36.79+2.640Co 41.62+2.19PBa 63.39+1.782Ac 42.18+0.85¢B
Cake
Acetone 27.92+0.892.C8 37.56+1.943B8 38.28+3.582B8 39.29+0.2°B.p 56.66+2.773AB
Ethyl Acetate 22.68+3.882D« 31.84+2.020CH 34.26+3.132B8 35.27+2.460B8 47.42+3.660AP
Ethanol 24.63+1.672BP 26.56+1.81¢B8 29.64+0.89PB 44.33+1.392AB 46.54+2.210A0

Mean + standard deviation (n = 3).

Different lower case letters in the same column, for each solvent level, indicate significant difference among the treatments by the Scott Knott's test
(p < 0.05) (Solvent unfolding within each temperature and material levels).

Different upper case letters on the same line, for each temperature level, indicate a significant difference among the treatments by the Scott Knott's
test (p < 0.05) (Temperature unfolding within each material and solvent levels).

Different Greek letters in the same column, for each material level, indicate a significant difference between the treatments by the Scott Knott's test
(p < 0.05) (Material unfolding within each temperature and solvent levels).

From these results, another fact that could be stated is that inspite of acetone being only
slightly less polar than ethanol, it showed far better performance in the extraction process, which
could be explained by the composition of the vegetable matrix analyzed.

The solvent effect on the extraction of soluble solids from the press cake showed a different
behavior from that presented for the beans. In this case, acetone performed better only at 39 and 55
°C, and at 45 °C it showed the same efficiency as ethyl acetate. Ethanol was the greatest solvent in
recovering the soluble solids from the cake at 50.9 °C; showing that at higher temperatures ethanol
should be used, and at lower temperatures, acetone should be the best choice.

Concerning the temperature effect on each level of solvent and material (Table 2), overall,
the greatest I'; (%) for green coffee beans was obtained at the two highest temperatures studied.
Acetone presented the best results, showing that the temperature may exert great influence on

extraction processes, as observed also for the ethyl acetate results, where the higher yields were
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obtained at the highest temperatures. The elevation of temperature from 35 to 50.9 °C promoted an

increase of 91% and 83% on the results obtained with acetone and ethanol, respectively. On the
other hand, acetone performed similarly at 39 and 45 °C, meaning that the lowest temperature could
be used in order to save energetic costs in the process. This energetic cost saving could be also
observed when ethanol was applied at 35 and 39 °C, where no difference in the results were
observed.

The temperature effect on the extraction of soluble solids from the press cake presented
results as expected, once the most reasonable recovery yields were obtained at 55 °C. Ethyl acetate
results were similar at 45 and 50.9 °C, indicating that the process could be carried out at 45 °C
without harming the process results. The same trend was observed for acetone and ethanol results,
where in the case of acetone, it is suggested to perform the process at 39 °C rather than at 45 °C or
50.9 °C; and concerning the ethanol results, it is cost saving to carry the process at 35 °C, rather
than at 39 °C or 45 °C.

As expected, the temperature effect on the recovery yield was greater for the green coffee
beans which present higher content of extractable solids compared to its press cake. This fact could
be also conffirmed when analyzing the effect of the materials on each level of solvent and
temperature (Table 3), where the I'; (%) was significantly higher for the beans rather than for the
cake at all temperatures and most of the solvents (excluding ethanol, that showed similar results
for both materials at 55 °C, and ethyl acetate, at 35 °C). When a low solvent to solute ratio is used,
as in this study (5:1 w/w), the extraction may be limited by the saturation of the solids that are
soluble in the solvent, and, generally, by raising the temperature up to a point, there is an increase
of the solids solubility in the solvent and consequent increase in the yield of the extraction process.
The solubility of the oil or extractable solids in the solvent may be related to the temperature, matrix
composition, and also to the type of extraction process, being an important criteria for the process,
since with an increase in temperature the solubility increases and, consequently, there is an
improvement in the extraction efficiency 28-%,

Another interesting behavior observed was the lowering of the recovery of soluble solids
from green beans when the temperature was raised from 50.98 to 55 °C and the extraction was
carried out with ethanol, which could be explained, according with Dibert et al. 3, by the fact that

for a given mass ratio, when there is no adsorption of the solute to the solid matrix, the extraction
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yields at equilibrium do not depend on the temperature of the system. These authors studied the

equilibrium data of the green coffee oil extraction using hexane (20 h; 30, 40, and 50°C), and also
reported this trend when raising the temperature from 40 to 50 °C at the same mass ratio applied
in this study. They also observed that the equilibrium concentration yield decreased with increasing
solid-liquid mass ratio.

The retention index (RI) is an important extraction parameter to be analyzed, once it
measures the adhered solution to the inert. This variable substantially impacts the extractors design,
as long as it influences in the number of stages of the process and also in the solvent recovering
stage — higher the RI the higher is the operational cost 22. The Rl is directly related to the solution
viscosity, particle size, and to the physicochemical afinity between the solution and the oily matrix
32 Concerning this response variable (RI), the ANOVA (Table 2) was significant to the triple
interaction (M*S*T), as well as it was for the I';. Taking into account only the interaction amongst
material, solvent, and temperature, since the linear factors should not be discussed if the
interactions were significant, the results for RI are presented in Table 4, where it is possible to
evaluate the behavior of the RI for the unfolding of each independent variable analyzed into the
other variables.

It was observed that for all solvents and temperatures there was a significant difference
among the results of the adhered solution mainly to the green coffee beans, with the highest values
obtained for this material. Although both materials had a similar composition, the heat treatment
and the pressing of the material influenced the retention of the solution, which is interesting, once
it indicates that with application of pre-treatments there is an improvement in the efficiency of the
process.

The higher RI was observed when ethyl acetate was employed as the solvent, at most
temperature levels, except at 35 °C, in which the solvent ethanol presented higher R1. Concerning
the press cake, only at 35 °C there was a significant difference amongst the solvents; the solvent
ethanol presented higher RI at 35 °C. On the other hand, the other solvents showed that they are

not distinguishable to this variable.
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Table 4. Retention index (RI) of the solid-liquid extraction process of green coffee beans and its press

cake.
RI
Temperature (°C) Acetone Ethyl Acetate Ethanol
Green Coffee

35 1.12+0.020AB 1.20+0.24>A8 1.36+0.052A¢«
39 1.03+0.08°AB 1.31+0.012AB 1.1040.070A8
45 1.38+0.262A 1.39+0.1823A¢ 1.26+0.010AB

50.9 1.05+0.020A8 1.42+0.163A¢« 1.04+0.06°A3
55 1.01+0.03%AB 1.33+0.032AP 1.19+0.015A

Press Cake

35 0.70+0.06°B: 0.65+0.02°B:8 0.83+0.032B:
39 0.70+0.012B.« 0.60+0.042B8 0.66+0.0%B7
45 0.60+0.03*B:p 0.63+0.012B# 0.59+0.0%B7

50.9 0.75+0.012B« 0.75+0.0128B.¢ 0.77+0.022B:8
55 0.64+0.01%Bp 0.65+0.03*B# 0.70+0.022B:8

Mean + standard deviation (n = 3).

Different lower case letters in the same row, for each solvent level, indicate significant difference among the treatments by the Scott Knott's test (p
< 0.05) (Solvent unfolding within each temperature and material levels).

Different upper case letters in the same column, for each material level, indicate a significant difference among the treatments by the Scott Knott's
test (p < 0.05) (Material unfolding within each temperature and solvent levels).

Different Greek letters in the same column, for each temperature level, indicate a significant difference between the treatments by the Scott Knott's
test (p < 0.05) (Temperature unfolding within each material and solvent levels).

By unfolding the interaction of each solvent level within each material and temperature
levels of the beans extraction, acetone and ethyl acetate showed the best results in the extreme (the
lowest and the highest) temperature levels; ethanol, however, followed the expected trend, where
the lowest content of adhered solution to the raffinate was verified at the highest temperatures. This
same behavior of the solvent ethanol was observed for the press cake; acetone showed the lowest
values of RI at 45 and 55 °C.

This leads us to conclude that the higher temperature empolyed in the extraction process
(55 °C) was more efficient to extract the soluble solids from the green coffee materials, since it
presented the lowest RI, however, it is important to state that the RI is not the only parameter
affecting the yield of the process. Although, it was expected that the lowest temperatures would
present greater RI values, as occurred in the case of ethanol for both the press cake and coffee
beans, since at low temperatures the lowest yields were obtained. The increase in temperature
provides a decrease in the viscosity of the solution 33, allowing the decrease of the amount of
adhered solution in the inert matrix. This is due to the fact that Rl is an important variable due to
its direct impact on the solvent content used in the extraction process, amount of extract obtained,

losses of solution in the raffinate stream 22, and recovering losses.



150
According to Rittner 26, polar alcohols have high affinity for the solid matrix, tending to

become more adhered to it, and consequently increase the RI. However, this could not be
corroborated to our results, once the greater RI values were obtained to the solvent ethyl acetate,
which was the least polar solvent studied.

Araujo et al. ** reported the dependence of the RI on the temperature and solvent type for
the soluble solids extraction process of pequi and murici seeds. When using ethanol as an extractor,
the authors observed that the increase in temperature promoted an increase in RI, whereas when
isopropanol was used, the RI reduced when the temperature was raised from 35 to 45 °C; as the

concentration of ethanol in the solvent increased, the value of the RI response variable occurred.

Thermodynamic study

In order to perform the thermodynamic study of the soluble solids extraction from green
coffee beans and its press cake with different alternative solvents, the distribution coefficients (K,)
were experimentally determined (Table 5). The thermodynamic parameters (AH, AS, and AG)
estimated for the extraction of soluble solids were obtained from the values of K,. AH and AS
values were obtained from the linear and angular coefficients of the linear regressions of the
experimental data through equation (10) (R?> 90%). AG values were obtained using equation (11).
The values of the thermodynamic parameters are shown in Table 5. In the thermodynamic study,
the enthalpy (AH) and entropy (AS) variation values were positive. The Gibbs energy variation
(AG) presented negative values. The positive AH values indicate the endothermic nature of the
process, which requires energy to occur. The positive values of the AS indicate an increase in the
degree of molecular disorder during the process for the solids-oil-solvent system, and also the
irreversibility of the same. This effect was expected because the oil transferred from a solid phase
(beans or cake) to a liquid one (solvent) 3. The extraction process involves the mixing of at least
two different substances, which leads to the increase of their disorder 34, The same trend was also
observed by other authors for the extraction of oil from several plant matrices, regardless of the
type of solvent used 3335-38, Concerning the AS, positive for all treatments, a trend was observed,
the values were lower to the extraction of soluble solids for green coffee beans using ethyl acetate.

The process is controlled by the AS, being favored by the temperature increase, where this trend
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significantly influenced the recovery of soluble solids; and for all conditions makes the process

more spontaneous, with low AG values *.

Table 5. Thermodynamic parameters of the solid-liquid extraction of soluble solids from green coffee
beans and its press cake using alternative solvents.

Green coffee beans Press cake
Solvent Temperature (°C) K AH AS AG K AH AS AG

¢ (kJ/ mol) I/ mol/ K) (kJ/ mol) ¢ (kJ/ mol) I/ mol/ K) (kJ/ mol)

35 0.69+0.11 -22466.61  0.39+.02 -6127.72

39.02 1.140.04 -22612.22  0.57+0.05 -6165.53

Acetone 45 1.3440.038  93994.12 301.17 -22828.83  0.62+0.09  26535.39 79.21 -6222.5
50.98 4.42+0.19 -23045.44  0.73+0.15 -6279.47

55 6.32+0.06 -23191.05  0.78+0.06 -6317.77

35 0.83+0.0 -12738.28  0.41+0.07 -5875.28

39.02 0.61+0.06 -12819.99  0.47+0.04 -5911.78

Ethyl acetate 45 0.78+0.06  53831.71 169.01 -12941.55 0.52+0.07  25587.48 75.49 -5966.07
50.98 1.540.13 -13063.11  0.62+0.06 -6020.37

55 1.9940.6 -13144.82  0.840.13 -6056.87
35 0.49+0.09 -9126.08  0.3310.03 -10415.39
39.02 0.61+0.06 -9184.18  0.36+0.03 -10480.89
Ethanol 45 0.71+0.06  38846.59 120.18 -9270.61  0.4240.02  44853.69 135.47 -10578.32
50.98 1.5740.29 -9357.05 0.8+0.04 -10675.76
55 0.94+0.37 -9415.15  0.87+0.08 -10741.26

According with Cooney et al. %, the most effective ethanolic solvents in oil extraction are
those with low water content, once they cause greater variations of AS and, consequently, result in
negative AG. Thus, the moisture content in ethanol is not favorable in the extraction of oils. In this
way, the drying of the raw material is an important factor in the yield of the process, once the
moisture of the raw material migrates to the extract phase, decreasing the solubilizing power of
ethanol %°. Also, in processes where AH > 0 under conditions of higher temperatures, AS becomes
dominant and, consequently, the oil dissolution process becomes spontaneous.

For green coffee beans and its press cake, in the temperature range of operation, the lowest
values of AG were obtained in the extraction with acetone and ethyl acetate, respectively; what
may explain the good yields obtained with these solvents. These results could be also related to the
fact that acetone may show a better solubility to the oil.

In the literature, it is reported the thermodynamic parameters for several systems using
ethanol as solvent, generally comparing with the results obtained with hexane, and other alternative
solvents considered less toxic. Liauw et al. 3 studied the process of neem oil extraction with
ethanol, using the same solvent:seed mass ratio and temperature range as in this study, although,

different particle sizes were applied. They obtained AH in the range of 75 — 115 kJ/mol, and AS
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values from 263 to 392 J/mol/K). AH and AS results for hexane were lower than those obtained

with ethanol, and it was a system where ethanol extraction exhibited lower values of AG than the
hexane extraction process. Meziane and Kadi (2008) studied the process of olive oil extraction (oil
content of 11.07%) with ethanol (96%), and temperature range of 20 — 50 °C. The authors observed
AH values of 12.91 kJ/mol, AS of 59.33 J/mol/K, and AG < 0. Similar parameters were obtained
by Amarante et al. *3 in the process of extracting castor oil (oil content of 14.78%) using ethanol,
and temperature range of 20 — 55 °C (AH 12.27 kJ/mol, AS 57.41 J/mol/K, AG < 0). Sulaiman et
al. 38 while studying the oil extraction process from coconut residues using hexane and petroleum
ether obtained positive values for AH and AS, and negative results for AG.

Evaluating all parameters analyzed (extraction yield, Rl, and thermodynamic parameters),
it was possible to observe that acetone and ethanol were more efficient in the extraction of soluble
solids from green coffee beans and its press cake. Showing that the applying of alternative solvents
is possible, which allow the achievement of satisfactory yields, which can be improved with further
studies. The negative value for AG for the soluble solids extraction from green coffee beans and its
press cake showed that the process was feasible and spontaneous and that the extraction increased
with increasing the temperature as AG became more negative. The value of the thermodynamic

parameters indicated that the extraction was endothermic and the process was irreversible.

CONCLUSION

The experimental results showed that the conditions during the extraction process had a
significant influence on the extractability of total soluble solids from green coffee beans and from
its press cake. The highest efficiency of soluble solids compounds extraction at the temperature of
55 °C and 4 h of the extraction was achieved with the solvents acetone and ethanol.

The solution retained in the raffinate phase from green coffee beans extraction process was
greater than for the green coffee press cake. On the other hand, the soluble solids extraction yield
was higher for the beans concerning each solvent used. The increase in temperature favored the
extraction yield. For all operational levels the AH and AS were positive, and the AG was negative,
being the process, independent of the solvent, endothermic and spontaneous, favored by the

temperature increase. The thermodynamic study showed that the soluble solids extraction from
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green coffee beans and from its press cake is a process that requires more energy to be carried out,

therefore the study of parameters such as temperature and type of solvent is very important in order

to optimize such processes.
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Abstract

The aim of this work was to optimize the performance of alternative solvents, such as ethanol,
acetone, and ethyl acetate in different temperatures when used in the extraction process of green
coffee beans (GB) and its press cake (PC) through an experimental design and response surface.
The three independent variables involved were the mass fraction content of each cosolvent (acetone
and ethyl acetate) in the solvent ethanol and the temperature; the response variables were the
recovery yield and retention index (R1). It was found that polynomial models can be used to predict
the transfer of soluble solids from GB and PC from experiments using ethanol and cosolvents.
Concerning the GB, the increase in temperature showed a positive effect on the yield, as well as
the acetone presence in the system. While for the PC it is also desirable to work with higher
temperatures (> 45°C), and both acetone and ethyl acetate seemed to influence the process. The
extraction process of both materials had the temperature significantly influencing the RI in the
process, however, this response variable could not be described by an empirical model. The optimal
recovery yield for the extraction of GB (65%) could be obtained when using 40% of acetone and
60% of ethanol at 55 °C; while for the press cake (58%), 40% of acetone, 20% of ethyl acetate, and
40% of ethanol at 45 °C. Further, the RI results showed that the soluble solids extraction process
of the PC using ethanol and cosolvents is more feasible than for the GB, as it was 66% lower than
the latter.

Keywords: green coffee, cosolvent, extraction, alternative solvents, ethanol; food residue.
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1. Introduction

Mechanical pressing oil extraction can be a low cost operation depending on the matrix
being processed, nonetheless, it yields much lower than other processes, such as the solvent
extraction, which is based on the transfer of soluble components in the solvent from a material by
chemical affinity (Fornasari et al., 2017); besides, the mechanical pressing is worthy only for
material with higher oil content (> 20%). In order to extract oil from food matrices, different
methods and their combination can be applied, such as the use of mechanical pressing followed by
solvent extraction, microwave (Torres-Ledn, Rojas, Serna-Cock, Belmares-Cerda, & Aguilar,
2017) or ultrasound (Perrier et al., 2017) assisted extractions.

It is attainable that alcohols were once in the past contemplated as promissing solvents to
extract oils from food matrices, mainly seeds. However, due to the low fixed oil yield and economic
factors, the employment of n-hexane prevailed (Lusas, Watkais, & Rhee, 1994). Hexane is a
mixture of petroleum derivatives, it is inflammable, very volatile, and toxic (Graham Solomons &
Fryhle, 1998; Wakelyn & Wan, 2005), it also can be emitted during the extraction process, making
it compulsory its recovery, once it is an air polutant (Hanmoungjai, Pyle, & Niranjan, 2000; Wan,
Pakarinen, Hron, Richard, & Conkerton, 1995), and has been identified as a neurotoxin (Lusas et
al., 1994). Due to these disadvantages, alternative solvents to hexane, such as alcoholic ones, have
regained attention from the industry and scientist communities. Environmental, health, and safety
issues have promoted increased interest in these solvents. They are propably going to be gradually
substituted by alternative solvents that are recognized as economically viable and environmentally
safer (Balimler, Carrin, & Carelli, 2016; Li et al., 2014).

Many types of solvents have been proposed to replace hexane as the solvent to extract oil
from vegetable sources (Bessa, Ferreira, Rodrigues, Batista, & Meirelles, 2017). The literature has
shown the technical feasibility of using alcohols as extractants in order to substitute hexane
(Baumler et al., 2016; Hron, Koltun, & Graci, 1982; Rittner, 1992; E. Rodrigues et al., 2011),
including coffee beans (Bitencourt, Ferreira, Oliveira, Cabral, & Meirelles, 2018; Oliveira,
Cornelio-Santiago, Fukumasu, & Oliveira, 2018).

The solvent ethanol has a range of advantages from an environmental point of view, since

it is produced by biotechnological processes. In addition, it is higly available at low cost, especially
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in Brazil, which is, along with the United States, the largest producer of this solvent worldwide,

besides, it is less aggressive to the environment and it is generally recognized as safe (GRAS) (ICO,
2018; Rodrigues, Gongalves, Batista, & Meirelles, 2007; Rodrigues, Alcazar-Alay, Petenate, &
Meireles, 2014). The U.S. Food and Drug Administration (FDA) (FDA, CDER, & CBER, 2017)
classifies ethanol as class 3, which does not include any solvent known to be a human health hazard
at levels normally accepted in the pharmaceutical industry, meaning that ethanol is considered to
be less toxic and poses lower risk to human health. According to the FDA guideline, 50 mg of
ethanol per day are an acceptable level without justification. Furthermore, regarding fire hazard,
ethanol is less flammable and less explosive than hexane (Johnson & Lusas, 1983; NFPA, 1991).
On the other hand, there are drawbacks, it presents lower selectivity to the extractable compounds,
has higher latent heat of vaporization compared to hexane. But according with Bessa et al. (2017)
and with Hron & Koltun (1984) the latter could be worked around due to its partial miscibility with
oils at room temperature, once it allows two liquid phases to be formed (an alcohol-rich and an oil-
rich phase), which is particularly advantageous for solvent recovery, and oil deacidification via
liquid—liquid extraction, if it is the case.

Other GRAS solvents can also be used in the extraction process of soluble solids and
bioactives from vegetable matrices, such as acetone (Aquino, Borges, Queiroz, Antoniassi, &
Cirillo, 2011; Javed, Ahmad, Rehman, Zafar, & Malik, 2015; Mani, Jaya, & Vadivambal, 2007;
Oliveira, Barros, & Gimenes, 2013) and ethyl acetate (Ishida & Chapman, 2009; Strati &
Oreopoulou, 2011; Villanueva Bermejo et al., 2013). These solvents could also be employed as
cosolvents in order to improve the results of the process. The addition of polar cosolvents may be
employed in order to improve the solubility of polar and high molecular weight substances, despite
a possible decrease in selectivity (Brunner, 1994). The addition of cosolvents may enhance the
physical interactions between solute and solvent molecules which, depending on the nature of the
solute, can lead to chemical interactions such as hydrogen bonding, and a consequent increase of
the overall solubility (Brunner, 1994; Galanakis, 2017), also, modification of the critical
temperature of the mixed solvent when compared to pure solvent (Azevedo, Mazzafera, Mohamed,
Melo, & Kieckbusch, 2008; Brunner, 1994; Kim & Johnston, 1987). The extraction of caffeine

from coffee beans using moistened green coffee beans and water saturated supercritical CO: as a
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solvent is an effective exemple of the use of a cosolvent (Lack & Seidlitz, 1993; Peker, Srinivasan,

Smith, & McCoy, 1992).

In the light of this background, the employment of alternative solvents maybe an interesting
alternative to be applied in the extraction of soluble solids from green coffee beans. In addition to
its main purpose, to be consumed as a beverage, coffee beans play an important role in the world
trade scenario due to their concentration of oil and bioactive compounds in the green beans (Al-
Hamamre, Foerster, Hartmann, Kroger, & Kaltschmitt, 2012; Caetano, Silva, & Mata, 2012,
Vardon et al., 2013), which in turn carries significant soluble solids indices (Oliveira, Carvalho,
Santos, & Queiroz, 2018), being promising for application in the food and pharmaceutical
industries.

Besides the great potential of the green coffee oil, such as cosmetics emollient, antioxidant
properties, and quimoprotector (Rabasco Alvarez, Gonzalez Rodriguez, & Rodriguez, 2000), the
beans are not a source of oil (~15%) (Dias & Benassi, 2015; Mussatto, Machado, Martins, &
Teixeira, 2011), which makes of them an improper input for the mechanical pressing process.
According with Somnuk, Eawlex, & Prateepchaikul (2017), in spite of the mechanical action
applied with the purpose of extracting the oil from the interior of the bean to the maximum, the
organic residues after treatment (press cake), still have solids content retained, varying around 10
- 15% in relation to their weight, depending on the coffee variety (Abdullah & Bulent Koc, 2013;
Al-Hamamre et al., 2012; Castro et al., 2018; Jenkins, Stageman, Fortune, & Chuck, 2014; Somnuk
et al.,, 2017) Thus, the extraction process methods association (mechanical and solid-liquid
processes) could be an interesting alternative to obtain better yields of extracts from green coffee
beans. Therefore, the aim of this work was to determine the performance of alternative solvents,
such as ethanol, acetone, and ethyl acetate, and cosolvents when used in the extraction process of

green coffee beans and its press cake.

2. Materials and Methods

2.1 Materials
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The samples of Arabica green coffee beans were harvested in the cherry state in the region

of Guaxupé (Minas Gerais) located in Southest Region of Brazil. Both beans and its press meal
were kindly donated by Cooxupé. Green coffee press cake samples were obtained after
mechanically screw pressing the beans for the extraction of the oil fraction (100 kg h; Ecirtec,
MPE-500 AC, Bauru, Brazil). After extraction, the cake was packed in polyethylene bags, with
silica pouches, and freezed for further analysis. Prior being submitted to the solid-liquid extraction,
both materials were ground (IKA, All, Wilmington, US) and sieved (> 0.84 and < 0.177 mm) with
the aid of a sieve shaker (Bertel, VP-01, Caieiras, Brazil) (Sluiter et al., 2008). Each powder was
then dried (40 °C) in a vacuum oven (16.8 kPa) (Tecnal, TE-395, Piracicaba, Brasil)
(approximately 20 days for green coffee beans and 7 days for the cake), and further used to the
extraction process. The physical and chemical characterization of the materials is available in
Oliveira et al. (2018).

2.2 Solvent Extraction

The solvent extraction of soluble solids from green coffee (GC) and its press cake (PC) was
carried out in batches using ethanol (99%) as the main solvent, and acetone (99%) and ethyl acetate
(99%) as cosolvents, at the constant solid-liquid ratio of 1:5 (w/w). Extractions using only ethanol
at 35, 39, 45, 50.9, and 55 °C were also carried out in order to compare the results.

The equilibrium studies were performed using a magnetically stirred batch system
immersed in a temperature-controlled water bath. Solid and solvent were brought to the extraction
temperature (35 to 55 °C) separately before each experiment. The samples were placed in Falcon
tubes (50 mL) and added with the solvents at a fixed ratio. The tubes were then placed in the stirring
Dubnoff Orbital water bath (Novatecnica, NT 230, Piracicaba, Brazil) (220 rpm) at constant
temperature (according to each experiment) for 4 h (period determined in preliminary tests as
enough to reach the equilibrium). After the extraction time had elapsed, aliquots of the supernatant
phase (extract) (~2 mL) were removed with the aid of pre-weighed microseringes. The sample
withdrawn with the aid of the syringe was placed in a Petri dish, also pre-weighed. Ethanol was
used to wash the syringe in order to remove any solids that may have been adhered to syringe wall.

The Petri dish containing the extract phase of the sample + ethanol was oven dried at 100 °C for at
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least 2 h in order to evaporate the solvent. The raffinate phase was subjected to centrifugation (3500

rpm/ 1 min) (FANEM, Excelsa Il — 206 BL, Sao Paulo, Brazil), then the remaining extract phase
was discarded and a sample of the raffinate phase was withdrawn and immediately weighed into a
Petri dish, which was subjected to drying (100 °C/ 2 h). Further, the samples without the solvent
were cooled down in desiccators and weighed. The residual extractable material in the moisture-
free material was determined as the difference between the maximum extractable material

determined by Soxhlet using ethanol as the solvent, and the extracted material in the liquid phase.

2.3 Solids mass transfer (Recovery yield)

For the extraction experiments performed, the extract (EP) and the raffinate (RP) phases
were determined in terms of the mass fractions of the components. The mass fraction of EP was
determined using the data obtained from the samples taken with the microsyringe. The withdrawn
EP sample mass was calculated using the mass difference of the syringe with extract and the empty
syringe. The soluble solids mass in the EP sample was calculated from the mass difference of the
Petri dish containing the dried extract sample and the empty Petri dish. The mass fraction of soluble
solids (w1 ep) and the mass fraction of the solvent (wzep) in the EP, both insoluble solids free (wsep

= 0), were calculated according to equations 1 and 2, respectively.

me—m;
Wiep = — (1)
mgp
Wypp =1 —Wwygp (2)

Where, ms and mi are the final and initial weight of the Petri dish, respectively, and mep is the mass

of the extract phase sample withdrawn.

The mass fraction of the solvent in RP (w2,rp) was calculated by the difference of weights

found before and after drying (Equation 3).
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(3)

mg—m;

WoRrp = ——

Where, ms and m; are the final and initial weight of the Petri dish, respectively, and mre is the mass

of the raffinate phase sample withdrawn.

The mass of the system (solvent and material) (msystem), and the mass fraction of each
component in the system are known variables. The remaining variables - mass of EP (mep), mass
of RP (mre), soluble solids mass fraction in RP (w1,re), and insoluble solids mass fraction in RP

(wsrp) - were determined through a global mass balance (Equation 4), and a mass balance for each

component of the system (i) (Equation 5).

Mgystem = Mgp + Mpp = My + My (4)

Where, mgy e is the mass of the global system, mgp is the mass of the extract phase, mgp is the

mass of the raffinate phase, m, is the solvent mass used in the extraction process, and mg is the

mass of bean or cake used in the experiment.

Wi systemMsystem = Wi epMgp + Wi rpMpp (5)

Where, i =1 (soluble solids) or 2 (solvent) or 3 (insoluble solids).

The parameter wi is defined by Equation 6, where mi is the mass of a given component in
the EP or RP (mp).

w =—* (6)

The soluble solids mass transfer in the extraction process was calculated through Equation

(7) (Rodrigues et al., 2010), where ms is the mass of samples (beans and cake) used in the
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extraction process, and wis is the mass fraction of soluble solids in the bean or cake before the

extraction process.

I, (%) = 100 (w) ()

W 1,sMg

The retention index (RI) corresponds to the mass of adhered solution per soluble solids

mass, and can be calculated using Equation (8).

W1 RPMRp+ W) RpMRP m; rp+ My Rp
RI = = (8)
W3 RPIMRP m3 Rp

2.4 Experimental Design and Central Composite Rotational Design (CCRD)

Effects of solvent extraction parameters including solvent-to-cosolvent ratio (ethanol,
acetone, and ethyl acetate), and extraction temperature (35 to 55 °C) were investigated by applying
a full factorial design (23) with two levels (+1 and -1), two axial points, and three repetitions at the
central point (Table 1).

The proposed extraction process was modeled by means of CCRD and RSM (Response
Surface Methodology), and statistically tested using the analysis of variance (ANOVA) through
Statistica 8.0 software (StatSoft Inc., 2007).

The coded (x;) and uncoded levels of independent variables are shown in Table 1, and 17
experimental runs in random order were required. The general form of the quadratic regression

model was expressed as the following equation:
Y = Bo + Buxy + Pox,+Paxs +Puaxf + Paax3 +Pasx3+B1ox1X, + BizXixz + +Po3XoX3 + E123 (9)

Where Y is the response function (I'; or RI), x; (i =1, 2, 3) is the studied variables, Bo is the constant
term, Bi is the linear coefficient, Biiand Bijare the quadratic and interactive terms, respectively, of
the model. The effect of the mass fraction of acetone (x;; 0 — 40% wi/w), and ethyl acetate (x,; 0

— 40% wi/w) in the solvent ethanol, and of the extraction temperature (x3; 35 — 55 °C) were
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studied. The optimization was carried out simultaneously for both response variables through the

Desiribility function.

3. Results and Discussion

Table 1 shows the component values of the experimental design matrix and the responses
regarding the extraction process of soluble solids (SS). The SS recovery (% I'1) from GB ranged
from 36.73 to 61.62%, and for the PC the results were in the range of 22.62 to 56.75%. Further, an

extraction with pure ethanol was carried out in order to compare the results (Table 2).

Table 1. Experimental design and response values of the extraction yield and rentention index (RI) of green
coffee beans (GB) and its press cake (PC).

Run x1 (Yow/w) x5 (Yow/w) x3(°C) T, %) cB RI T, (%) PC RI
1 -1(8.04) -1(8.04) -1(39) 38.73+t0.78  0.71£0.0  30.91+0.1 0.73+0.0
2 -1 (8.04) 1(31.95) 1(50.9) 42.29+0.79  0.7+0.06  47.7+1.48 0.7+0.03
3 1(31.95) -1 (8.04) 1(50.9) 5491+1.44 1.12+0.01 35.46+0.39  0.73+0.07
4 1(31.95) 1(31.95) -1 (39) 40.56+0.4  0.36+0.43 26.12+0.33  0.7520.05
5 0 (20) 0 (20) 0 (45) 39.96+1.35 1.34+0.04 24.61+0.3 0.82+0.06
6 -1(8.04) -1(8.04) 1(50.9) 55.9+1.27 1.16+0.01 35.02+2.92  0.75+0.15
7 -1 (8.04) 1(31.95) -1(39) 41.36+0.79 1.28+0.05 27.93+1.57  0.68+0.05
8 1(31.95) -1(8.04) -1 (39) 36.73+1.03 1.26+0.03  46.32+.35 0.74+0.0
9 1(31.95) 1(31.95) 1(50.9) 61.62+2.15  1.2240.1  38.27+0.38 0.7£0.27
10 0(20) 0 (20) 0 (45) 39.2+2.6 1.21+0.02 52.39+0.26 0.7+0.04
11 -1.67332 (0) 0 (20) 0 (45) 37.41+1.93 1.24+0.11 22.62t14 0.77£0.01
12 1.67332 (40) 0 (20) 0 (45) 45.44+0.48 1.38+0.02 56.07+2.08  0.71+0.02
13 0 (20) -1.67332 (0) 0 (45) 43.63+1.62 1.17+£0.04 31.18+2.62  0.74+0.01
14 0 (20) 1.67332 (40) 0 (45) 40.65+2.34 1.35+0.02 23.02+2.63 0.78+0.0
15 0(20) 0 (20) -1.67332 (35) 43.24+0.36 1.06+0.17 32.63+0.24  0.65+0.02
16 0(20) 0 (20) 1.67332 (55) 45.89+4.08  0.740.0  45.25+1.62  0.52+0.01
17 0(20) 0 (20) 0 (45) 47.0+1.32 1.2+0.03  56.75+0.59  0.72+0.02

Value outside the brackets represents coded levels.

x,: Mass fraction of acetone in the solvent ethanol

x,: Mass fraction of ethyl acetate in the solvent ethanol
x5: Temperature (°C)

Table 2 shows the positive effect of the use of cosolvents on the extraction of soluble solids
both from the beans and cake. All the results (I'1) regarding the GB extraction were lower than
those obtained used the cosolvents at the same operation temperature, except at 55 °C, where the

results were similar. A similar trend was observed for the PC, only that at 50,98 °C the I'1 was



167
greater when employing ethanol as the solvent. The use of cosolvents, not only favored the I'1, but

also the retention index (R1), mainly obtained from the GB extraction.

Table 2. Extraction recovery yield (I'1) and retention index (RI) of the solid-liquid extraction of green coffee
beans (GB) and its press cake (PC) with absolute ethanol as the solvent.

. GB PC
Temperature (°C) I7 (%) Rl I1 (%) Rl
35 24.63+1.67 1.36+0.05 34.58+3.39 0.83+0.03
39.02 26.56+1.81 1.1+0.07 36.79+2.64 0.66+0.0
45 29.64+0.89 1.26+0.01 41.62+2.19 0.59+0.0
50.98 44.3341.39 1.04+0.06 63.39+1.78 0.77+0.02
55 46.54+2.21 1.1940.01 42.18+0.85 0.740.02

The significance of the model was evaluated through the ANOVA as well as the variables
and their individual and mutual effects. Table 3 shows the ANOVA results for I'1 from both
materials. In order to present the significance of each variable, the p-values of each factor are shown
in Table 3.

Table 3. ANOVA for the response surface complete quadratic model of soluble solids transfer (I';) from
green coffee beans (GB) (R? = 0.74) and its press cake (PC) (R? = 0.75).

Source Sum of square Degree of freedom Mean square p-value
GB PC GB PC GB PC GB PC
X1 123.35 539.62 1 1 123.35 539.62 0.0003*  0.009*
x? 8.79 51.83 1 1 8.79 51.83 0.2609  0.3863
Xy 4.33 66.88 1 1 4.33 66.88 0.4261  0.3264
x5 17.4 774.62 1 1 17.4 774.62 0.1196  0.0028*
X3 560.91 315.28 1 1 560.91 315.28 0.0* 0.0414*
x5 68.16 62.17 1 1 68.16 62.17 0.0045*  0.3436
X1%X 115.74 183.29 1 1 115.74 183.29 0.0005*  0.1118
X1X3 111.59 127.56 1 1 111.59 127.56 0.0006*  0.1803
XpX3 44.65 373.67 1 1 44.65 373.67 0.0172*  0.0279*
Lack of fit 454.21 629.07 5 5 90.84 125.81 0.0* 0.1402
Pure error 124.46 1252.34 19 19 6.55 65.91
Total 1610.87 4263.19 33 33

*Significant at p < 0.05.

The p-value is used as a tool to check the significance of each coefficient and the interaction
strength between each independent variable. The corresponding variables will be more significant
if the p value becomes smaller. Thus, the smaller the p-values, the more significant the
corresponding coefficients are (Jang, Lee, Lee, Choi, & Kim, 2017; Muralidhar, Chirumamilla,
Ramachandran, Marchant, & Nigam, 2001; Quanhong & Caili, 2005).
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In the case of GB, the significant effect of the temperature (x3) was positively higher than

the effect of the interactions between variables. In the studied operational variables, the acetone
mass fraction (x,) was the second variable that showed the greatest positive influence on the I'1 of
GB, followed by the interaction between variables x;x,, and x; x5, which the effects were very
close in absolute values. Further, the variable x5 showed significative effect for both linear and
quadratic terms, indicating that the increase in temperature of the system enhanced the efficiency
of the process. The interaction between the ethyl acetate mass fraction and the temperature (x,x53)
was also significative, however with little effect on the results. Thus, the ethyl acetate employement
is suggested, once it seems to increase the acetone extraction effect at low temperatures.

Concerning the PC, the mass fraction of ethyl acetate (xZ) showed the greatest negative
influence on the I'1. The significance of the negative quadratic term indicates that there is a point
of maximum for this variable, indicating that the concentration of this solvent initially favors the
solubilization of soluble solids, reaching a maximum, and posterior addition leads to a reduction
of their solubilization power. While the the intereraction between ethyl acetate mass fraction and
the temperature (x,x5) showed the greatest positive effect on the results, followed by acetone mass
fraction (x;) and the temperature (x5). A different behavior was observed by Oliveira et al. (2012)
for the temperature, who studied the rice bran oil extraction with hydrated ethanol (60 — 90 °C;
RSL 1:3.5 (w:w); 175 rpm), where only the variable temperature, with linear effect, was
significative. The authors observed that the temperature rise positively influenced only the yield of
low-hydrated solvents, indicating that the moisture content in the solvent suppressed the extraction
yield. The temperature affects the solubility of the analytes in the solvent, because it is directly
correlated to the solvent density as well as to the vapor pressure of the analytes (Turner, Whitehand,
Nguyen, & McKeon, 2004).

In the case of a quadratic model, other parameters should be taken into consideration other
than the R? in order to be able to assure the validity of the model, such as the F-value, which
indicates the significance of each controlled factor on each tested model, the residual standard error,
the independency and the normality of the residues, and also the analytical discerniment of the
scientist should be taken into account. By means of the F test, the model (Eq. 10 and 11) for the I'1
obtained via solvent extraction was significant and, therefore, predictive for both materials (GB

and PC), because Fc (calculated F) (7.5 and 3.38, respectively) was higher than Ft (reference F)



169
(2.5 and 2.3, respectively). These analyzes make it possible to validate empirical reduced coded

models and build the response surfaces (Figure 1).

Ice = 44.38 + 2.13x; + 0.63x? — 0.4x, + 0.88x2 + 4.54x; + 1.75x2 + 2.69x,x, + 2.64x,x; — 1.67x,x; (10)

FPC: 3719 + 4.4‘5x1 - 1533(% - 1.57x2 - 59x% + 3.4X3 - 167X32’ - 3.4x1x2 - 2.8x1x3 + 4.83XZX3 (11)

The application of RSM offers, based on parameter estimates, an empirical relationship
between the response variable and the test variables under consideration (Jang et al., 2017).
Response surface was used to represent the models at the central point of the fixed variable. Figures
1 A-E show the effect of the variables on the response (%I'1) for GB and PC solvent extraction. It
is inferable that the rise in temperature (x3) influenced the I"1 of both materials (Figures 1x and 1x),
and the increase of the mass fraction of ethyl acetate (x,) in the system influenced the I'1 of PC
(FigurelE). Specifically, in the case of GB, by increasing the acetone concentration at elevated
temperatures, and in the absence of ethyl acetate, it was observed greater I'1 (Figure 1B); while at
lower temperatures and by raising the ethyl acetate content, it was observed an adverse effect
(Figure 1A). In the case of the PC, an interesting behavior could be observed, as the increase in the
acetone concentration favored the extraction at any temperature range (Figure 1E). These behavior
explaining could involve the fact that in the beans sample there is a greater content of oil, and in
the cake, due to the smaller content, other compounds could have been extracted, besides the
influence of the type of material. In the beans it would be necessary to evaluate the behavior of the
oil solubility in different mixtures of acetone and ethanol.

Figure 1A shows an interesting behavior of the soluble solids yield from the GB when
varying the cosolvents concentrations (acetone and ethyl acetate), where the variable x;
(temperature) was fixed at the central point (45 °C). By the plot, it was possible to observe that the
extraction of soluble solids showed a tendency to increase in the extreme points of the experimental
variables, indicating that ethanol itself could be an interesting option to extract the solids from this
material. Eventhough the graphs were not shown for other temperature levels; this behavior was

observed at all levels studied.
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Figure 1B, where the variable x, (ethyl acetate mass fraction in ethanol) was fixed at the

central point (20%), represents the behavior of the interaction among x, (acetone mass fraction in
ethanol) and x5 (temperature) in the extraction results of GB. The optimum yield could be obtained
with the highest temperature and acetone mass fraction in ethanol. Again, this behavior was
observed for all levels of the variable x,, meaning that the use of acetone favors the extraction
while using no acetate or using higher levels of this solvent.

Figure 1C shows the responce surface plot for GB, where the variable x; (acetone mass
fraction in ethanol) was fixed at the central point (20%), which represents the behavior of the
soluble solids yield with the variation of the ethyl acetate mass fraction (x,) and along with the
temperature (x3). The region with the highest yield results was found to be at elevated temperatures
and very little content of the cosolvent. This trend could be explained by the fact that elevated
temperatures lower the ethyl acetate effect on the extraction.

Loyao, Villasica, Dela Pefia, & Go (2018) studied the lipid extraction from spent coffee
grounds using alternative solvents (ethanol, isopropanol, and ethyl acetate) and also observed that
the least polar solvents did not yield the best results; ethanol yielded the greatest amount of
extractable solids (23 g/100 g d.b.) corresponding to a recovery of 145%. The higher yields may
be attributed to the co-extraction of polar components other than lipids. On the other hand,
Efthymiopoulos et al. (2018) while carring the extraction of lipids from spent coffee grounds at
elevated temperatures conditions observed higher yields for apolar solvents, what could be
explained by the decreasing in the selectivity of the process due to the high extraction temperature
achieved with solvents (ie. hexanol), resulting in the extraction of cell wall components and bound
lipids (Campos-Vega, Loarca-Pifia, Vergara-Castafieda, & Oomah, 2015; Zuorro & Lavecchia,
2012).

The behavior of the soluble solids yield of PC with acetone (x,) and acethyl acetate (x,)
fixed at the central point (20%) is presented in Figures 1D and 1E, respectively. In Figure 1D its
possible to observe a strong influence of the presence of ethyl acetate at high temperatures on the
results. Besides, the greatest yield is atainable near the central point, once due to the point of
maximum the high and low concentration regions show lower yield. What allows the conclusion

that costs could be saved by using less amount of solvent and obtaining reasonable results. Figure
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1E enables the latter, once it shows that the best extraction results could be achieved when

employing high temperatures (> 45 °C) and content of acetone (> 20%).

The numerical optimization was used in order to obtain the optimum values for yield
variable studied. However, it was not possible to optimize the response, once saddle points were
obtained. Therefore, the numerical optimization was performed through the desirability function
method (spline fit) in order to determine the optimum level of the process variable (I'1) for both
materials (Figure 2). For GB, a temperature of 55 °C, 40% of acetone and no concentration of ethyl
acetate were determined to be the optimal conditions for extraction. The maximum response was
found as 65%, under these operating conditions. While for the PC, temperatures above the central
point are indicated, where the optimum result was obtained at 45 °C. Concerning the cosolvents
concentration, 40% of acetone and 20% of ethyl acetate were the proper proportion in order to
achieve the best results. The maximum response was found as 58%, under these operating
conditions. Both results were higher than those obtained by when using only ethanol as the
extractor solvent, reassuring the efficiency of using cosolvents in extraction processes.

According to Amarante, Oliveira, Schwantes, & Morén-Villarreyes (2014), the temperature
increase usually influences the extraction of soluble solids due to the increase of the solubility of
the oil and the decrease of the viscosity of the solution, facilitating the mass transfer process. Javed
et al. (2015) pointed out that further extraction may occur with increasing temperature as it may
increase the kinetic energy of the solvent molecules. Although the raise of temperature promotes
an increase of the solubility of the solute in the solvent, the final effect of this variable on the yield
of the extract will also be influenced by its effect on the RI.

The RI has a decisive impact on the number of stages carried out to complete the extraction
and on the desolventization step, and it depends on the viscosity of the extract solution, and mainly
on the physicochemical affinity between the solvents, cosolvents and the solid matrix (Bessa et al.,
2017). The design matrix and real values of the experiments to evaluate the effect of three variables
including the mass fraction of acetone (x,), ethyl acetate (x,), and extraction temperature (x3) on
the RI are presented in Table 1, also, a control extraction was carried out with ethanol and the
results are presented in Table 2.

The RI indicates the amount of solution retained in the RP, thus, the lower this index is, the

most efficient is the extraction process. The highest Rl values were obtained for GB, with an



172
average of 1.09; while the results for PC averaged 0.72, which is 66% lower than the former. Thus,

the results indicate that GB are less feasable to the solvent recovery process, once the adhered
solution in the fibers (insoluble solids) are higher, making it difficult to recover the solvent from
the RP.

The highest RI for the GB extraction process was obtained for run 12 (1.38 kg adhered
solution/ kg insoluble solids), which did not present the greatest I'1 (45.44%). The highest RI for
PC was of 0.82 kg adhered solution/ kg insoluble solids (run 5), corresponding to a I'1 of 24.61%
as expected, once this was one of the lowest yields obtained for this material. Concerning the
control ethanolic extraction, it was observed that the Rl was much higher for the GB extraction
compared to the same temperatures at the experimental design where cosolvents were applied,
which is accordance with the lower results obtained for the I'1 for this material extracted only with
ethanol, which shows the importance of the use of cosolvents in order to extract solids from coffee
beans (Tables 1 and 2). Regarding the PC, the I"1 was also lower at the control ethanolic extraction,
however, the Rl was lower than with the use of cosolvents, which could be explained by the fact
that the R1 is not the only parameter influencing the process output.

Through the ANOVA for the response variable RI (Table 4) it was observed that only one
effect was significative (p < 0.05) for PC (x2), and three effects for GB (x%, x,x,, x;x3), showing

the great influence the temperature has on this variable.

Table 4. ANOVA for the response surface complete quadratic model of soluble solids transfer (RI) from
green coffee beans (GB) (R? = 0.38) and its press cake (PC) (R? = 0.38).

Source Sum of square Degree of freedom Mean square p-value
GB PC GB PC GB PC GB PC
X1 0.0173 0.0003 1 1 0.017 0.0003 0.2906  0.8235
x? 0.0067 0.0005 1 1 0.007 0.0005 0.5069  0.7838
X, 0.0222 0.0003 1 1 0.022 0.0003 0.2323  0.8328
x2 0.0259 0.0032 1 1 0.026 0.0032 0.1985  0.4921
X3 0.00003 0.0084 1 1 0.0 0.0084 0.963 0.274
x2 0.6482 0.0572 1 1 0.65 0.0572 0.0* 0.0088*
X1X, 0.2155 0.0025 1 1 0.22 0.0025 0.001*  0.5467
X1%X3 0.1854 0.0026 1 1 0.19 0.0026 0.002*  0.5381
XyX3 0.0001 0.0003 1 1 0.0 0.0003 0.9256 0.82
Lack of fit 1.5478 0.0244 5 5 0.31 0.0049 0.0 0.6081
Pure error 0.2778 0.1269 19 19 0.015 0.0067
Total 2.9414 0.2454 33 33

*Significant at p < 0.05.
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Nonetheless, inspite of the significative effects, the correlation coefficient (R?) was not

significant (< 70%) for either of the models. Thus, it was not possible to stablish an empirical model
for this response, consequently, no response surface could be plotted.

Based on the results, the solid-liquid extraction could be suggested as an alternative process
to extract soluble solids from green coffee beans and its press cake, as the mechanical pressing
process seems no to be removing a substantial content of oil, which is remaining in the cake, as
observed in this study. Also, the solid-liquid extraction could be used as a second step to the
mechanical pressing process, once there is still great content of soluble solids, such as the oil, in

this material after the pressing.



174

2 2
3 4
% &
Z
5 %
Z
| B
-<55
— B . : Il - 70
<45 : -0
] <40 [ < &0
B <35 [ =50
[ P [ < 40
i
: ;
4
% &
= 2
z o
I - 50 Bl - 50
Il - 50 Bl - 50
I <55 - ‘ I - 40
[J=s50 P = =30
<4 [J=20
[ < 40 <10
Il -3 -
ni
5
ok
L=
2}
% I3
=
= s
9
s
- .ﬂo
M -5
<
. ‘ B =50
Toaf e, 0 =45
<40
B <35
B - 30

Fig. 1. Response surfaces generated by the second-order model that show the effects of the variables
x4 (acetone mass fraction in ethanol), x, (ethyl acetate mass fraction in ethanol), and x5 (temperature) on

the yield of the green coffee beans (GB) (A, B, C) and its press cake (PC) (D, E) obtained by solid-liquid
extraction.
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Fig. 2. Desirability profiles of the solid-liquid extraction yield of green coffee beans (GB) (A) and its press
cake (PC) (B) (x;: acetone mass fraction in ethanol, x,: ethyl acetate mass fraction in ethanol, x5:
temperature).
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4. Conclusion

According with the experimental design and response surface analysis, quadratic
polynomial models can be used to predict the transfer of soluble solids from green coffee beans
and its press cake from experiments using ethanol as the solvent, and acetone and ethyl acetate as
cosolvents, carried out at equilibrium conditions. The three independent variables involved in the
models were the mass fraction content of each cosolvent (acetone and ethyl acetate) in the solvent
ethanol and temperature. Within the range of the operating conditions studied, a saddle point was
obtained for both models, thus, the desirability function was used in order to obtain the optimal
operation conditions. Concerning the green beans, the increase in temperature showed a positive
effect on the yield, as well as the acetone presence in the system. While for the press cake it is also
desirable to work with higher temperatures (> 45°C), and both acetone and ethyl acetate seemed to
influence the process. The extraction process of both materials had the temperature significantly
influencing the retention index in the process, however, this response variable could not be
described by the empirical model. The optimal recovery yield for the extraction of green coffee
beans (65%) could be obtained when using 40% of acetone and 60% of ethanol at 55 °C; while for
the press cake (58%), 40% of acetone, 20% of ethyl acetate, and 40% of ethanol at 45 °C. Further,
the retention index results showed that the soluble solids extraction process of the press cake using
ethanol and cosolvents is more feasible than for the green coffee beans, as it was 66% lower than
the latter. Thus, the solid-liquid extraction could be suggested as an alternative process to extract
soluble solids from green coffee beans and its press cake, also, it could be used as a second step to

the mechanical process, once there is still great content of solids in this material after the pressing.
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Abstract

This study aimed to optimize the soluble solids solid-liquid ultrasound-assisted extraction (20 kHz,
400 W, 20% amplitude and a 3 mm microtip) using bio-renewable solvents from green coffee
beans. The effect of the cosolvents (acetone and ethyl acetate) concentration (0 — 40%) in the
solvent ethanol, and the extraction time (5 — 60 min) on the extraction yield and retention index
were evaluated through a central composite rotational design and response surface. A desirability
function was used in order to optimize the results of both response variables analyzed, where the
optimal conditions were found to be 16.41 to 31.45% for acetone; 31.45 to 40% for ethyl acetate;
54.44 to 60 min for time. The results showed that the extraction time is a parameter with high
influence on recovery of soluble solids and retention index of green coffee beans solid-liquid

extraction process.

Keywords: Coffea arabica; Solid-liquid extraction; Ultrasound; alternative solvents.
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1. Introduction

Coffee is one of the most popular and consumed fruits in the world. Brazil itself is,
worldwide, one of the largest producers and consumers of this crop. Apart from its use as a
beverage, the green coffee beans are becoming of interest due to its oil content and quality, mainly
regarding its bioactivity.

Lipids are among the most important components of green coffee beans from a quantitative
point of view. In the mature coffee endosperm, they are present in the form of oil bodies functioning
as an energy reserve, mobilized during germination [1,2]. The two commercially relevant coffee
species, Coffea arabica and Coffea canephora, contain from 7% to 17% of lipids (dry basis), the
average lipid content of green Arabica being significantly higher (15%) than that of Robusta (10%)
[3,4]. Other coffee species, such as C. heterocalyx and C. salvatrix, may contain lipids up to 20—
30% [5]. In terms of chemical composition, the coffee lipid fraction, also known as coffee oil, is
extremely complex; it is mainly constituted by triacylglycerols with a fatty acid profile similar to
that of common edible vegetable oils. However, the relatively large unsaponifiable fraction (up to
18.5% wi/w) [6,7] as well as the presence of antioxidants, caffeine and other phenolics, makes of
the coffee oil an interesting product in order to be applied in the industry, such as pharmaceutical,
cosmetics, and food.

The coffee oil is usually obtained by the mechanical pressing process, which may not be as
feasible as other processes due to its low recovery of oil and antioxidants [8], such as the solid-
liquid extraction. The lipidic fraction of vegetable matrices are usually extracted with conventional
Soxhlet apparatus using petroleum-derived solvents such as n-hexane and petroleum ether [9-12].
Conventional solid-liquid extraction techniques as maceration and Soxhlet extraction methods
consume time and use large amounts of solvents [13,14]. Nowadays, the development of the
concept of green extraction, the environment friendly procedures are becoming of interest. The use
of new technologies, as microwave and ultrasound offer several advantages like reducing time,
cost, solvent consumption and power not to affect the stability of extracted compounds, simplifying
processes and improving the extraction quantitatively and qualitatively [15-18]. The ultrasound
technology can be employed in order to improve the solid-liquid extraction, being widely used to

modify the food matrix physical properties, mainly due to the cavitation phenomena [19].
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The application of ultrasound has been extensively studied for the extraction of oil

compounds from vegetable matrices [20-24]. Besides working for oil extraction, ultrasound-
assisted extraction can also, significantly, improve the yield of bioactive substances, achieving
higher efficiencies and shorter reaction times at lower temperatures and lower process costs
[21,25]. These studies demonstrate that the use of an ultrasound-assisted oil extraction offers
advantages, including saving time, reducing solvent consumption and increasing oil recovery.
However, most of the studies have being carried out using hexane as the solvent. Thus, the aim of
this work was to study the effect of green solvents, using acetone and ethyl acetate as cosolvents
to ethanol, and time on the extraction of soluble solids from an industrial waste proveniente from
the coffee industry (green coffee press cake) assisted by an intensification technology, such as the

ultrasound.

2. Material and methods

2.1 Materials

Green coffee beans (GCB) (Coffea arabica) samples were obtained from a local coffee and
oil producing cooperative (Cooxupé, Guaxupé, Minas Gerais, Brazil). The GCB were packed in
polyethylene bags in order to be transported and stored until the experiment was carried out. It was
homogenized in a blender in orther to obtain a standardized granulometry of the powder by sieving
through standard Tyler mesh (—20/+80 mesh) with the aid of a sieve shaker (A5911, Intertest
Benelux, Netherlands) [26]. Further, it was vacuum dried (40 °C) (absolute pressure = 16.8 kPa)
(TE-395, Tecnal, Piracicaba, Brazil) until the weight was stable, and kept in dark recipients in a
desiccator at room temperature. Characterization of the material was carried out by Oliveira et al.
(2018), where the crude oil content of the GCB was assessed by Sohxlet extraction using ethanol
as the solvent, and an average of 14.16 g/100 g in dry basis (d.b.) was obtained. Analytical grade
solvents and chemicals were used and obtained from Sigma Aldrich (Brazil). The solvents
employed in the extraction process were ethanol (99% purity), acetone (99% purity), and ethyl
acetate (99% purity).
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2.2 Ultrasound-assisted extraction of soluble solids from GCB using green solvents

Ultrasonic extraction was carried out in a digital sonifier (Branson 450, Branson Ultrasonics
Corporation, Danbury, USA) with a frequency of 20 kHz, power of 400 W, 20% amplitude, and a
3 mm microtip (109-067-683). To a sample of 3 g it was added 15 g of solvent ethanol and mixtures
with acetone and/or ethyl acetate in a Falcon tube (50 mL) which was properly sealed, at the
constant solid-liquid ratio of 1:5 (w/w). The ultrasonic generator probe was submerged into the
suspension by an orifice made to the center of the tube’s cap. The extractions were performed under
different conditions of time (5 — 60 min) and concentration of acetone and/or ethyl acetate (O -
40%) in ethanol. Ended the extraction time, the resulting suspension, extract phase (EP), was
filtered using a paper filter (Whatmann n°1), and placed in a pre-weighed Petri dish. Ethanol was
used to wash the recipient (with the EP) in order to remove any solids that may have been adhered
to its wall. The Petri dish containing the EP + ethanol was oven dried at 60 °C for at least 2 h in
order to evaporate the solvent. The raffinate phase (RP), which remained in the extraction tube
after the removal of the EP, was subjected to centrifugation (3500 rpm/1 min) (Excelsa Il — 206
BL, FANEM, Sao Paulo, Brazil), then the remaining liquid was discarded and a sample of the RP
was withdrawn and immediately weighed into a Petri dish, which was also subjected to drying (60
°C/ 2 h). Further, the samples without the solvent were cooled down in desiccators and weighed.
The residual extractable material in the dried material was determined as the difference between
the maximum extractable material determined by Soxhlet using ethanol as the solvent, and the

extracted material in the liquid phase.

2.3 Recovery yield determination through mass balance

For the extraction experiments performed, the extract (EP) and the raffinate (RP) phases
were determined in terms of the mass fractions of the components. The mass fraction of EP was
determined using the data obtained from the samples taken with the microsyringe. The withdrawn
EP sample mass was calculated using the mass difference of the syringe with extract and the empty
syringe. The soluble solids mass in the EP sample was calculated from the mass difference of the

Petri dish containing the extract sample and the empty Petri dish. The mass fraction of soluble
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solids (w1 ,ep) and the mass fraction of the solvent (w2ep) in the EP, both insoluble solids free (wsep

= 0), were calculated according to equations 1 and 2, respectively.

meg—m;

(1)

WiEp = _—

Wypp =1 —Wwygp (2)

Where, ms and mi are the final and initial weight of the Petri dish, respectively, and mep is the mass

of the extract phase sample withdrawn.

The mass fraction of the RP was determined through a mass balance. The mass fraction of
the solvent in RP (w2,rp) was calculated by the difference of weights found before and after drying
(Equation 3).

mg—m;

(3)

Warp = ——
Where, ms and mi are the final and initial weight of the Petri dish, respectively, and mre is the mass

of the raffinate phase sample withdrawn.

The mass of the system (solvent and material) (msystem), and the mass fraction of each
component in the system are known variables. The remaining variables - mass of EP (mep), mass
of RP (mre), soluble solids mass fraction in RP (w1re), and insoluble solids mass fraction in RP
(wsre) - were determined through a global mass balance (Equation 4). And the mass balance for

each component of the system (i) is presented in Equation 5.

Mgystem = Mgp + Mpp = My + My (4)
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Where, mgygem IS the mass of the global system, mgp is the mass of the extract phase withdrawn

with the syringe, mgp is the mass of the raffinate phase collected, m, is the solvent mass used in

the extraction process, and mg is the mass of sample used in the experiment.
Wi systemMsystem = Wi, epMgp T Wi rpMpp ®)
Where, i = 1 (soluble solids) or 2 (solvent) or 3 (insoluble solids).

The parameter wi is defined by Equation 6, where mi is the mass of a given component in
the EP or RP (mp).

The soluble solids mass transfer in the extraction process was calculated through Equation
(7) (Rodrigues et al., 2010), where ms is the mass of beans used in the extraction process, and wis

is the mass fraction of soluble solids in the beans before the extraction process.

Iy (%) = 100 (WL‘“EP) ()

W 1,sMg

The retention index (RI) corresponds to the mass of adhered solution per soluble solids
mass, and can be calculated using Equation (8):

Rl = W1 RPMRp+ Wy RpMRP mj rp+ M3 Rp

= = (8)

W3 RPINMRP mg3Rrp

2.4 Experimental Design and statistical analysis

The effects of the parameters cosolvent-to-solvent ratio, and extraction time were
investigated by applying a full factorial design (23) with two levels (+1 and -1), two axial points,

and three repetitions at the central point, summing 17 experimental runs. The proposed extraction
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process was modeled by means of Central Composite Rotational Design (CCRD) and Response

Surface Methodology (RSM), and statistically tested using the analysis of variance (ANOVA)
through the Statistica 8.0 software [28]. The coded (x;) and uncoded levels of independent variables
are shown in Table 1. The general form of the quadratic regression model was expressed as

Equation 9.

Y = Bo + Puxy + PaxytPaxz +Puaxf + Poaxd +Paax+Paxix, + Braxixs + +Bazxoxs 9)

Where Y is the response function (I"; or RI), x; is the studied independent variables, Bo is the
constant term, Bi is the linear coefficient, Bii and Pij are the quadratic and interactive terms,
respectively, of the model. The effect of the mass fraction of acetone (x;; 0 - 40%w/w), and ethyl
acetate (x,; 0 - 40%w/w) in the solvent ethanol, and of the extraction time (x3; 5 — 60 min) were
studied. The optimal process condition was determined by numerical optimization technique. The
developed second-order polynomial mathematical model was converted into a conical form and
the Eigen value was calculated. Based on the Eigen values, the nature of the optimal condition
(point of maximum, minimum or a saddle point response) was identified through the Statistica 8.0
software [28].

3. Results and discussion

CCRD with RSM was used to determine the optimal experimental conditions for the
extraction of soluble solids (SS) from GCB. The purpose was to reach the most appropriate solvent
system composition and time for the extraction of SS from the solid matrices. Taking into account
the chemical nature of the analytes under study as well as the matrices involved, the RI was also
considered as a response factor that might influence the process. Based on previous studies of this
research group, acetone and ethyl acetate were selected as potential cosolvents to ethanol in order
to evaluate the process [29-31]. The presence of several hydroxyl or carboxyl groups, allows more
hydrogen bonds to be formed, thus increasing the stability of the extracts [32]. Moreover, the

selected solvent system components are readily available, inexpensive and widely used.
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Table 1 shows the component values of the experimental design matrix and the responses

regarding the extraction process of soluble solids (SS) and retention index (RI).

Table 1. Experimental design and response values of the extraction yield and retention index (RI) of green
coffee beans (GCB).

Run x1 (Yow/w) x, (Yow/w) X3 (min) 'y (%) RI
1 -1(8.04) -1(8.04) -1(16.13) 115.04 0.42
2 -1(8.04) 1(31.95) 1 (48.87) 102.59 0.25
3 1(31.95) -1(8.04) 1 (48.87) 103.76 0.58
4 1(31.95) 1(31.95) -1(16.13) 86.24 0.33
5 0 (20) 0 (20) 0(32.5) 99.54 0.18
6 -1(8.04) -1 (8.04) 1 (48.87) 129.1 0.48
7 -1(8.04) 1(31.95) -1(16.13) 80.77 0.68
8 1(31.95) -1(8.04) -1(16.13) 124.22 0.52
9 1(31.95) 1(31.95) 1 (48.87) 113.73 0.09
10 0 (20) 0 (20) 0(32.5) 103.08 0.19
11 -1.67332 (0) 0 (20) 0(32.5) 70.4 0.3
12 1.67332 (40) 0 (20) 0(32.5) 81.87 0.49
13 0 (20) -1.67332 (0) 0(32.5) 101.3 0.52
14 0 (20) 1.67332 (40) 0(32.5) 87.58 0.52
15 0 (20) 0 (20) -1.67332 (5) 91.03 0.43

16 0 (20) 0 (20) 1.67332 (60) 145.56 0.37

17 0 (20) 0 (20) 0(32.5) 107.58 0.19

Value outside the brackets represents coded levels.
. M racton of eyl actete i the sovent etharal
x5: Time (min)

The SS recovery (% I'1) from GCB ranged from 70.39 (9.97 g of soluble solids/ 100 g of
dry beans) to 145.56% (21.25 g of soluble solids/ 100 g of dry beans), where the lowest and greatest
yields were achieved at runs 11 (0% acetone, 20% ethyl acetate, 32.5 min) and 16 (20% acetone,
20% ethyl acetate, 60 min), respectively. The greatest recovery of 14.16 g/100 g surpassed the yield
obtained by the traditional Soxhlet extraction with ethanol. Regarding the RI, which is a parameter
that has a decisive impact on the number of stages carried out to complete the extraction, and on
the desolventization step, that depends on the viscosity of the extract solution, and mainly on the
physicochemical affinity between the solvents, cosolvents and the solid matrix [33], the aim is to
achieve the lowest values in order to obtain an efficient process, once it indicates the amount of
solution retained in the RP. Thus, the results were as expected, once the lowest value was obtained
after a longer period of extraction (run 9), which corresponds to one of the greatest recovery yields

obtained in the process.
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The results were statistically tested through an ANOVA (Table 2), in order to stablish an

empiric model to express the process.

Table 2. ANOVA and regression coefficients for the response surface complete quadratic model of soluble
solids transfer (I'1) (R? = 0.84) and retention index (RI) (R? = 0.8) from green coffee beans (GCB).

Sum of square Degree of Mean square p-value Regrgs_s 'on
Source freedom coefficients
I RI I RI I RI I RI I RI
X1 28.44 97106 1 1 28.44 9706 0.3171  0.6662 1.44 0.0
x? 577.75 0.05 1 1 577.75 0.05 0.027*  0.0007* -7.21 0.07
X 918.27 0.03 1 1 918.27 0.03 0.017* 0.0012* -8.22 -0.05
x2 4.94 0.13 1 1 4,94 0.13 0.6369 0.0002* -0.67 0.11
X3 1323.46 0.03 1 1 1323.46 0.03 0.012*  0.0012* 9.87 -0.05
x? 686.46 0.05 1 1 686.46 0.05 0.023* 0.0007* 7.85 0.07
X1X5 134.18 0.06 1 1 134.18 0.06 0.1028  0.0006* 4.1 -0.09
X1X3 104.04 0.005 1 1 104.04 0.005 0.1272  0.007* -3.61 0.03
XpX3 388.01 0.08 1 1 388.01 0.08 0.039*  0.0005* 6.9 -0.1
Lack of fit ~ 1184.88 0.07 5 5 236.98 0.014 0.07 0.003*
Pure error 32.54 7700 2 2 16.27 4710
Total 5902.17 0.44 16 16
*Significant at p < 0.05.

The ANOVA results showed that it is possible to plot the response surface for this
experimental design. The resulting correlation coefficients for both I'1 (R =0.8) and Rl (R?=0.84)
indicated that the experimental data were in satisfactory agreement with predicted responses for
each model, or that, the samples variation of 80% and 84% are attributable to the independent
variables, namely cosolvent type and ratio in the system and extraction time. The elevated R?
values (> 70%) indicate the quality of the model regarding the high predictability of responses and
experimental significance. The lack-of-fit (p-value) was calculated as 0.07 for I"1. The fitness of
the model was evaluated through the lack of fit test (p > 0.05), indicating that this model accurately
represents the experimental data [34-36]. The lack of-fit was significative for the RI response,
which implies that a higher degree model should be used in order to represent the data, however,
each of the observed values was compared with the predicted values calculated from the model, as
depicted in Fig. 1, which shows the accordance of the majority of the values, also the adequate
level of the correlation coefficient allows the usage of the parameters of this model. The predicted

results, which correspond to the complete model (including the non-significant parameters), closely
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matched the experimental results as the model explains 80% and 84% of the variability among

samples, for I'1 (%) and RI results, respectively.

(A) (B)

Predicted Values

60 70 80 S0 100 110 120 130 140 150 160 ' 0,0 0,1 0,2 03 0.4 05 08 07 08
Observed Values Observed Values

Fig. 1. Comparison between predicted and observed soluble solids yield (A) and retention index (B) results
obtained from the green coffee beans ultrasound-assisted extraction.

The significance of the F value depends on the number of degrees of freedom in the model
and is shown in the p-value column (95% confidence level). Thus, the effects lower than 0.05 in
this column were considered significant. The significance of the corresponding variables would
consist in the F value becoming greater and the p value becoming smaller. The F-test suggested
that the model, for each of the response analyzed, had a high F-value (F = 3, F = 4), and a low p
value (< 0.05), indicating that the models were highly significant, reassuring the decision to use
the RI model. In the case of I'1, the linear (x,, x3 ), quadratic (x2, x3), and interaction terms (x, x3 )
had high model F-values of 56.44, 81.34, 35.51, 42.19, and 23.85, respectively, and all p-values (p
< 0.05) were low, indicating that these factors were significant and should be used in order to build
the model. While, for the RI, only the linear effect of the variable x, (acetone mass fraction) was
not significant, whereas the quadratic terms of the variables x, and x5, and the interaction between
x,and x;and x; x, were the most significant. This significance of each term of the models
correspondent to the I'1 and RI (p < 0.05) can be vizualized in the Pareto chart (Fig. 2).

The significance of the negative quadratic terms indicates that there is a point of maximum
for the variable, as for the variables x, and x, for the rensponse I'1. Thus the addition of acetone
and ethyl acetate influenced the "1 from GCB. The quadratic term coefficient (x?) (acetone) was

negative and significant for GCB, indicating that the increasing of acetone content initially favors
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the solubilization of soluble solids, reaching a maximum, and posterior addition leads to a reduction

of their solubilization power.

(A) (B)

Fig. 2. Pareto charts representing the effects of the independent variables on the soluble solids yield (A) and
retention index (B) obtained from the green coffee beans ultrasound-assisted extraction concerning the

complete model.
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A similar interpretation could be carried to the variable time (x2) once the quadratic term
was significant, however, positive, indicating that the time is effective in order to extract the soluble
solids from coffee beans through ultrasonication. By extending the extraction time there is the
rupture of the material which, initially leads to a lowering of the RI, and later, in longer periods
there is a raise of the adhered solution.

The linear coefficient of the variable x, (ethyl acetate mass fraction in ethanol) for both
models exhibited negative and significative effect on the extraction. The quadratic term (x2) was
only significative for RI, and also positive, indicating that there is a point of minimum related to it,
that is, the process should be operated at this point, once the low RI indices are required in order

to achieve higher recoveries.
The application of RSM vyielded the following reduced regression equations, which is an

empirical relationship between I'1 (Eq. 10) and RI (Eqg. 11), and the tested significant variables in

coded units.

Toeg = 101.72 + 1.45x;, — 7.2x% — 8.22x, — 0.66xZ + 9.87x5 + 7.8x% + 4.09x; x, — 3.6x;, x5 + 6.96x,  (10)

RlI= 0.19 + 0.0008x; + 0.07x? — 0.05x, + 0.11x2 — 0.05x3 + 0.07x2 — 0.09x; x, + 0.03x; x5 — 0.1x, x5(11)
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The numerical optimization was used in order to obtain the optimum values for each
independent variable studied. However, it was possible to optimize only the response RI (x; =
23.82; x, = 28.6; x5 = 33.6; real values), once the optimization of the response I'1 resulted in a
saddlepoint for the variable x, (acetone mass fraction in ethanol) (x; =-1.58; x, = -4.89; x5 = 1.17,
coded values). Therefore, in order to be able to discuss both variables results, the desirability
function (spline fit) was used to obtain the simultaneous optimization of both response variables
(T1and RI) (Fig. 3).

(A) (B) (©)
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Fig. 4. Contour plots (desirability function) for the soluble solids extraction and retention index when
optimizing the proportion of cosolvents acetone (x; ) vs. ethyl acetate (x, ) in the system (A), time (x3 ) vs.
mass fraction of acetone (B), and temperature vs. mass fraction of ethyl acetate (C), where the third variable
was kept constant (optimal value).

As shown in Fig. 3 the desirability function increases when the time and the mass fraction
of ethyl acetate decreases. The desirable experimental conditions for the extraction process were
of 16.41 to 31.45 for x,; 31.45 to 40 for x,; 54.44 to 60 for x;.

Fig. 3A shows the effect of both cosolvents proportion on the recovery of SS and RI from
GCB. A quadratic effect of mass fraction of acetone in ethanol and a linear effect of ethyl acetate
concentration on the response were observed. Fig. 3B shows the effect of the extraction time and
acetone concentration; on the SS recovery, whereas the extraction time had both linear and
quadratic effects. Fig. 3C depicts the influence of ethyl acetate concentration and time, where it
can be seen a linear effect for the former, and a quadratic effect for the latter. Therefore, increasing

the extraction time resulted in a higher SS yield.
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It is inferable that the rise in the extraction time and ethyl acetate mass fraction influenced

the I'1 (%) of GCB. For the time (x5) there is a range where the yield is maximum, and the ethyl
acetate (x,), as a cosolvent, positively influenced the extraction, there is a range where the yield is
minimum, thus, this cosolvent must be used out of this range of concentration (Figure 3C). Oliveira
et al. (2018a) reported a different trend while extracting soluble solids from green coffee beans and
its press cake using the same solvents at 35 to 55°C. The authors observed that the presence of
ethyl acetate did not favor the process, while in this study the opposite was observed, this fact could
be explained by the difference in the temperature applied in the process. Ethyl acetate probably is
more efficient at higher temperatures, where it becomes less viscous, which is the case of this study
where while applying the ultrasound, the temperature reached up to 70 °C.

Ultrasound can induce acoustic cavitation and rupture of plant cells [37]. When extraction
time is extended, plant cells are completely collapsed by the effects of acoustic cavitation, and
extraction yields increase. However, when plant cells rupture, insoluble substances and cytosol get
suspended in the extraction liquid, thus resulting in the lower permeability of the solvent [38].
Moreover, specific constituents get readsorbed on the ruptured plant particles due to their relatively
large specific surface areas, and this decreases the yields of the recovered compounds [39]. Thus,
it is counter-productive to extend extraction duration once the maximum extraction yield has been
achieved [40,41].

Bimakr et al. (2012) while optimizing the ultrasound extraction of soluble solids from
winter melon (Benincasa hispida) seeds using ethanol as the solvent, observed an optimum
extraction time of 35 min, they reported that at the beginning of the process washing (dissolution
of soluble substances on surfaces of the material) happens with a fast increase, and later, the
slowing of the process was observed by a low raise in the recovery, which is defined by a mass
transfer of the solute from the material into the solvent by diffusion and osmotic processes [42].
Sun and Tomkinson (2002) observed that the extraction yield was increased up to 26 min of
sonication time, and reported that longer extraction periods could cause structural alteration and
disintegration due to the excess heating effect and overexposure to ultrasound treatment for longer
extraction time which could diminish the extraction yield, and also long time exposure with low

extraction yield is not a viable condition from the economical point of view.
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Regarding the effect of the cosolvents employed in the solvent ethanol, as stated above, the

addition of ethyl acetate showed to be more effective as a cosolvent rather than acetone in order to
yield extractable solids from green coffee beans. Also, it was found that the extraction time was
the most significant variable among the process variables studied. According with Suchinina et al.
(2011), the extract yield increases with increasing solvent polarity, however, this was not observed
in this study, once ethyl acetate is less polar than acetone and ethanol, with a polarity index of 4.3
[45]. This condition could be attributed to the positive effect of adding solvents of different
polarities in order to attain higher extraction characteristics, or even to the fact that the coffee
sample was constituted of more apolar solvents that could be better extracted by a less polar solvent,
such as ethyl acetate. Also, the solvents properties in the cavitation effect, such as vapor pressure
and viscosity, could be a reason to justify this trend. Elevated vapor pressures can lower the

cavitation effect due to the bubbles’ rupture before their growing.

4. Conclusion

In this study, response surface methodology with a central composite rotational design was
applied to investigate the ultrasound-assisted extraction of soluble solids from green coffee beans.
The experimental results showed that all three process variables, including acetone mass fraction
in ethanol, ethyl acetate mass fraction in ethanol, and time, influenced the extraction of solubles
solids. It was also studied the retention index as a response variable. It was found that the extraction
time was the most significant variable among the process variables studied. An empirical quadratic
polynomial correlation has been proposed to estimate the optimum operating condition of the
process. The highest recovery yield (145.56% d.b.) was obtained when the extraction process was
carried out at the central point for the cosolvents concentration and at 60 min, and the lowest R1 at
31.95% of each cosolvent and at 48.87 min. The expected lowest Rl was to match the highest
soluble solids recovery; however, it was correspondent to one of the highest recoveries achieved.
The results of the comparative study revealed that the solids recovery obtained from ultrasound-
assisted extraction was higher than that obtained by the Soxhlet method. It could be suggested that
ultrasound-assisted extraction is an effective and indeed feasible method for the extraction of

soluble solids form green beans, which could be further aplied in the industry.
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