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Resumo

A natureza quimica das melanoidinas embora ndo totalmente conhecida inclui
polissacarideos, proteinas e compostos fendlicos. Trabalhos anteriores demonstraram que
0s compostos fendlicos incorporados nas melanoidinas do café estdo numa forma
condensada e esterificada, com uma grande abundancia de compostos fendlicos numa
forma condensada, sendo a quantidade de compostos fendlicos incorporados dependente
da quantidade de compostos fendlicos presentes no café. Tipicamente os cafés robusta
apresentam uma quantidade de &cidos clorogénicos superiores aos cafés arabica e um
menor conteddo de sacarose. Neste trabalho foram selecionados dois cafés, um arabica e
um robusta apresentando niveis de acidos clorogénicos e de sacarose diferentes, e a
incorporacdo de compostos fendlicos na melanoidinas dos dois cafés foi avaliada. Ap6s
a preparacao das infusdes de café, o material de alto peso molecular (HMWM) foi isolado
por didlise. Os principais componentes presentes no HMWM foram os polissacarideos,
presentes em maior quantidade no café robusta (46.29/100g) quando comparado com o
café arabica (37.29/100g), seguido pelo conteldo de proteina (12%) ndo havendo
diferencas significativas entre as duas espécies de café, e os compostos fendlicos
incorporados no HMWM do café robusta foi significativamente superior ao incorporado
no café arabica (8.9% e ~5.8%, respectivamente). A quantidade de &cido quinico
recuperado por metanolise correspondeu a 2.27% para o café robusta e 0.92% para o café
arébica. O café arébica apresentou um valor superior de material desconhecido (51,5%)
quando comparado com o café robusta (41,5%), sendo que a cor recuperada no HMWM
correspondeu a 45% e 56% da cor presente nos sélidos totais, apresentado um
“melanoidin brwoning index” inferior (-31%) ao do café robusta. Os resultados obtidos
suportam os resultados obtidos anteriormente de que quanto maior o contetdo de acidos
clorogénicos presentes no café verde maior a quantidade de compostos fenolicos
incorporados nas melanoidinas.

De forma a aprofundar a estrutura dos compostos fendlicos presentes nas
melanoidinas de café foi aplicado a metandlise, método este capaz de hidrolisar ligacdes
ester e glicosidicas. Os resultados obtidos permitiram demonstrar pela primeira vez a
presenca de quantidades significativas de compostos fendlicos ligados glicosidicamente
as melanoidinas dos cafés (34% dos compostos fendlicos libertados por fusao alcalina),
sendo estes libertados como &cido cafeico e acido ferulico intactos, confirmando os

resultados previamente obtidos em estudos modelo. A quantidade de acido quinico
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libertado por metandlise € maior no café robusta quando comparada com o café arabica
correspondente a 0,65 mol / mol em relacdo aos compostos fendlicos recuperados por
metandlise para o café Robusta e 0,35 mol / mol para o café Arébica. Esta diferenga de
compostos fendlicos incorporados nas melanoidinas do café de ambas as espécies estdo
de acordo com a atividade antioxidante das melanoidinas de ambos os cafés e também
com o seu valor de Kmix a 280 e 325 nm.

Os resultados obtidos neste trabalho sdo uma contribuicdo significativa para o
entendimento do mecanismo de formacdo das melanoidinas do café e o seu possivel
impacto em termos de saude do consumidor, dada a importancia das melanoidinas para a

actividade antioxidante das bebidas de café.

Palavras-chave: Café, café arabica, café robusta, melanoidinas, compostos fendlicos.
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Abstract

The chemical nature of melanoidins although not fully known include polysaccharides,
proteins and phenolic compounds. Previous work has shown that phenolic compounds
incorporated into a coffee melanoidins are present in condensed and esterified forms, with
a higher abundance of phenolic compounds in condensed form, and that the amount of
phenolic compounds incorporated depend upon the amount of phenolic compounds
present in coffee. Robusta coffees typically have a higher amount of chlorogenic acids
when compared to Arabica coffees and a lower sucrose content. In this work we selected
two coffees an arabica and a robusta coffee having typical levels of chlorogenic acids and
of sucrose, and the incorporation of phenolic compounds into coffee melanoidins for the
two coffees was evaluated. After preparation of coffee infusions, the high molecular
weight material (HMWM) was isolated by dialysis. The major components present in the
HMWM were polysaccharides, present in higher amounts in the robusta coffee (46.2g /
100g) when compared to Arabica coffee (37.2g / 100g), followed by protein (12%) with
no significant differences between the two coffee species, and the amount of phenolic
compounds incorporated into the robusta coffee HMWM was significantly higher when
compared to arabica coffee (~ 8.9% and 5.8%, respectively). The amount of quinic acid
recovered by methanolysis corresponded to 2.27% for robusta and 0.92% for Arabica
coffees. Arabica coffee showed a higher amount of unknown material (51.5%) compared
with the robusta coffee (41.5%), and the color recovered in the HMWM corresponded to
45% and 56% of the color of the total solids, presenting a “melanoidin browning index "
lower (-31%) than that of robusta coffee. These results support the previous results that
the higher the content of chlorogenic acids present in green coffee the greater the amount

of phenolic compound incorporated into melanoidins.

In order to deepen our understanding on the structure of phenolic compounds present in
coffee melanoidins, methanolysis was applied to melanoidins. This method is capable of
hydrolysing ester bonds and glyosidic bonds. The results allowed to demonstrate for the
first time the presence of significant amounts of phenolic compounds glycosidically
linked to coffee melanoidins (34% of phenolic compounds released by alkaline fusion),
which are released as intact caffeic and ferulic acids, confirming the results previously
obtained in model studies. The amount of quinic acid released by methanolysis in robusta

coffee is greater compared with the corresponding arabica coffee corresponding to 0.65
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mol / mol with respect to the phenolic compounds recovered by methanolysis for Robusta
coffee and 0.35 mol / mol to Arabica. This difference of phenolic compounds
incorporated in coffee melanoidins for both species are in accordance with their

antioxidant activity, and also the value of KMIX 280 and 325 nm.

The results of this work are a significant contribution to the understanding of the
formation mechanism of the coffee melanoidins and their possible impact on consumer

health, given the importance of melanoidins to the antioxidant activity of coffee drinks.

Keywords: Coffee, arabica coffee, robusta coffee, melanoidins, phenolic compounds.
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1. Introducéo
1.1 - O cafe
1.1.1 - A planta: classificacéo e origem

O cafeeiro é um arbusto de dimensdes reduzidas, originario de Africa e cultivado
apenas nas regides tropicais e subtropicais. A palavra café deriva do nome em latim do
género a que pertence, Coffea L, um membro da familia Rubiaceae. Apenas duas espécies
tém importancia econémica: Coffea arabica L e Coffea canephora Pierre. As variedades
Tipica e a Bourbon sdo as mais conhecidas da Coffea arabica enquanto que a Robusta é
a variedade mais conhecida da Coffea canephora cultivada em maior escala. O café
arébica é produzido em grande escala nos paises da América Central e do Sul enquanto
que os paises da Africa e do sudoeste asiatico sdo os principais produtores de café robusta
(lly e Viani, 1995).

As sementes do cafeeiro sdo também designadas de graos de café. Estas sementes
estdo envolvidas por uma polpa, que constitui uma baga e vai adquirindo um tom
avermelhado a medida que amadurece. Pelo facto de ter este tom avermelhado é
usualmente designada de cereja ou baga do café. Por baixo da casca vermelha, existe uma
polpa carnuda péctico-gelatinosa, 0 mesocarpo, a que se segue uma camada viscosa, 0
endocarpo ou pergaminho (Figura 1). O conjunto destas 3 camadas constitui o pericarpo
(Prodolliet, 1996). No interior de todas estas camadas existem geralmente duas sementes,
os graos de café propriamente ditos, que podem variar em tamanho, tonalidade, forma e
densidade, de acordo com as condigdes de crescimento e 0 gendtipo. A estrutura celular
do grdo de café é caracterizada por paredes muito grossas que tornam as sementes

extremamente duras.



polpa (mesocarpo) casca (exocarpo)

Pele de prata pergaminho

semente- \ W Bl semente

Figura 1- Esquema da baga do café (Casal, 2004)

1.1.2 - A importancia econdmica do café

Os setores de producédo e comercializacdo de café desempenham um papel muito
importante na economia mundial. Embora o café ndo pertenca ao grupo dos principais
produtos agricolas, como é o caso do trigo, arroz, éleos ou aglcar, com volumes de
producdo mundial muito superiores, o café ocupa um lugar com impacto no comércio
internacional, encontrando-se em segundo lugar, depois do petréleo bruto (Casal, 2004).
E ainda de salientar os seus efeitos fisiol6gicos e ainda o sabor e aroma agradaveis que
fazem aumentar o seu consumo continuo (Grembecka et al., 2007).

A producdo mundial ronda os 5 milhdes de toneladas de café verde (Thorn, 1995),
0 que equivale a uma exportacdo de quase 90 milhGes de "sacos", unidade em que este
comeércio é definido, e que corresponde a 60 kg. O café constitui uma importante fonte de
rendimento para mais de 70 paises. Portugal importa uma maior percentagem de café
robusta, contrariamente a outros paises, mas com um tendéncia para diminuir com o
passar dos anos. Angola tem sido o principal pais fornecedor de café, mas actualmente o
Brasil, a Indonésia e Timor Leste estdo a assumir também um papel importante na

exportacdo de café robusta (Casal, 2004).



1.1.3 - Espécies do café

1.1.3.1 - Café Arabica (Coffea arabica, L.)

Esta espécie, nas suas variedades e formas cultivadas, d& origem a cerca de 65-
70% da producdo mundial dos cafés comerciais. Tem origem nas zonas de montanha e
terras altas da Abissinia, (mais de 1000 metros de altitude), onde cresce em estado semi-
silvestre nos estratos inferiores da floresta (Cardoso, 1994; Ferrdo, 2009).

As variedades mais conhecidas sdo Typica e Bourbon, mas, a partir delas,
desenvolveram-se muitas linhagens e cultivares, tais como Caturra (Brasil, Colémbia),
Mundo Novo (Brasil), Tico (América Central), San Ramon e Blue Mountain (Jamaica).

O cafeeiro Arabica em estado selvagem pode atingir 8-10 metros de altura (alturas
inferiores em cultura) e os ramos sdo compridos, flexiveis e pendentes. Possui folhas
ovaladas verde-escuras, sendo geneticamente diferente de outras espécies de café, pois
tem quatro conjuntos de cromossomas em vez de dois, sendo alotetrapldide (44
cromossomas) autogamico (auto-fértil) (Ferrdo, 2009). O seu conteudo de cafeina é
menor que o da robusta, isto é cerca de 0,9% a 1,7% (Clifford, 1987).

A bebida de café Arébica é bastante perfumada, adocicada, com uma ligeira acidez
e achocolatada (Ximenes, 2010).

1.1.3.2 - Café Robusta (Coffea canephora, L.)

O café produzido pela espécie Coffea canephora, também usualmente designado
como café Robusta, produz um café de qualidade inferior ao Café arabica. E originario e
cultivado na Africa ocidental e central, em toda regido do sudeste da Asia e no Brasil,
onde ele é conhecido como variedade Conillon. O arbusto que produz o café robusta é
relativamente pequeno e volumoso, pode atingir os 10 metros de altura.

Os seus frutos arredondados levam a volta de 11 meses para amadurecer. As
sementes sdo de formato ovalado e menores que as do Coffea arabica. Contrariamente ao
coffeea arabica, a sua bebeida é aspera, adstringente, pouco perfumados e mais amarga,
com um creme castanho tendendo para o cinzento. Os solidos oriundos desta espécie sdo
muito mais solUveis em agua do que os sélidos da espécie Coffea arabica (Ximenes,
2010).



1.2. O Café verde
1.2.1 - Composicao quimica

O café verde tem na sua composi¢do hidratos de carbono, proteinas, lipidos e
minerais, a semelhanca dos demais produtos de origem vegetal. Os componentes que
efectivamente o caracterizam sdo, maioritariamente, a cafeina, os acidos clorogénicos e a
trigonelina (Clarke, 2003).

A composicdo quimica do café verde depende principalmente da espécie e da
variedade em questdo, e numa extensdo menor, de outros factores, tais como, praticas
agricolas, grau de maturacdo e condi¢des de armazenamento do grdo. Visto a composicao
variar consoante a espécie € dificil apontar valores médios para cada tipo de café. Na
tabela 1 encontra-se a composi¢do média dos varios componentes quimicos do café verde

e as diferencas entre o café arabica e robusta (Macrae, 1985).

Tabela 1 - Composicdo Média (% peso seco) dos Grdos de Café Verde Arébicas e
Robustas (Macrae. 1985).

Constituinte Arabica Robusta
Minerais 3,0-4,1 4,0-4,5
Cafeina 0,9-1,2 1,6-2,4

Trigonelina 1,0-1,2 0,6-0,75
Lipidos 12,0-18,0 9,0-13,0

Acidos Clorogénicos 5,5-8,0 7,0-10,0
Totais
Acidos Alifaticos 1,5-2,0 1,5-2,0
Oligossacarideos 6,0-8,0 5,0-7,0
Polissacarideos Totais 50,0-55,02 37,0-47,02

Aminoéacidos 2,0 2,0

Proteinas 11,0-13,0 11,0-13,0

a Polissacarideos brutos



1.2.1.1 - Hidratos de Carbono

O café verde tem na sua constituicdo hidratos de carbono, que podem ser
subdivididos em polissacarideos e em agucares de baixo peso molecular, os quais incluem
tri-, di- e monossacarideos, podendo também ser divididos em acucares redutores e
acucares ndo redutores. A quantidade de polissacarideos dos graos de café verde ronda os
50% do seu conteudo, sendo as arabinogalactanas o grupo maioritario de polissacarideos
extrataveis com &gua quente dos graos de café verde (Nunes e Coimbra, 2001; 2002).

A sacarose é 0 maior agucar livre presente no café verde. Em média, os graos de
café verde arabicas contém maior quantidade deste acucar (5-8,5%) do que os robustas
(2-5%) (Clarke e Vitzthum, 2001). Os polissacarideos presentes nos gréos de café verde
sdo predominantemente a celulose, as arabinogalactanas do tipo Il e as galactomananas
(Fisher et al., 2001).

A Manose @ Manose @ Glucose /\ Ramnose
Acetilada O Gajactose W Arabinose @ Acido Glucurénico

Figura 2 — Estrutura dos polissacarideos maioritarios dos gréos de café verde: a)
galactomananas; b) arabinogalactanas

As arabinogalactanas sdo constituidas por uma cadeia principal de residuos de
galactose em ligagdes B(1—3), alguns dos quais sdo substituidos na posicdo O-6 com
varias combinagdes de residuos de galactose em ligacdo P(1—6). A estes residuos de

galactose encontram-se ligados pequenas cadeias de residuos de o-L-arabinose, que



podem conter no terminal nao redutor a-L-ramnose (Nunes et al., 2008). Redgwell et al.,
destacam ainda a formac&o de ligacGes covalentes entre arabinogalactanas e proteinas a
que ddo o nome de AGPs.

Os grédos de café verde sdo compostos por aproximadamente 15% de AGPs
(Redgwell et al., 2002). O conteldo de proteina das AGPs do café verde varia entre 0,4 e
1,9% (Nunes et al., 2008), sendo relativamente baixo quando comparado com outras
AGPs.

As galactomananas nos graos de café arabicas sdo formadas por cadeias lineares
de residuos de manose em ligagcdes PB(1—4), sendo alguns destes residuos de manose
substituidos na posic¢do O-6 por residuos de galactose em ligagdo o (Figura 2) (Bradbury
e Halliday, 1990).

1.2.1.2 - Proteinas

As proteinas representam um dos constituintes mais importantes dos tecidos
vegetais pois, em muitas sementes, representam a principal substancia de reserva. No caso
do grdo de café, sdo a celulose e hemicelulose a desempenhar esse papel, contudo as
proteinas acabam por ser importantes porque, durante o processo de torra, sdo sujeitas a
transformacgfes que promovem o aparecimento de novos compostos que poderédo
influenciar o sabor e aroma da bebida (Ferrédo, 2009).

A percentagem de proteina em varias espécies de café verde pode variar entre 8-
13% e estas proteinas podem ser divididas em soltveis em &gua (50%) e insoluveis (50%).
(Coimbra et al., 2011).

Quase todos os valores referenciados se baseiam na determinacao do teor de azoto
total que é multiplicado pelo factor 6,25, dando origem ao teor de “proteina bruta”, o que
também engloba teores de azoto de compostos ndo proteicos (Marques, 2011).

As proteinas encontram-se predominantemente na forma livre no citoplasma ou
ligadas a polissacarideos nas paredes celulares, e consequentemente, 0s aminoacidos
resultantes das hidrélises sdo uma medida verdadeira das proteinas presentes (Macrae,
1985). As proteinas do café verde, e em particular as proteinas de armazenamento 11S
representam um importante reservatorio de aminoacidos livres e peptideos (Rogers, et al.,
1999).



1.2.1.3 - Compostos fendlicos

Os compostos fenolicos sdo um dos grupos de compostos que podem ser
encontrados no café. Podem ser classificados pelo nimero e arranjo de atomos de
carbono, contendo pelo menos um anel aromatico, com um ou mais grupos hidroxilo
ligados, sendo muitas vezes encontrados de forma conjugada com acUcares e acidos
orgénicos (Crozier et al., 2009). Os acidos clorogénicos sdo o principal grupo de
compostos fenolicos presentes nos gréos de café verde e incluem diferentes grupos de
compostos ou isdmeros, formados por esterificacdo de uma molécula de &cido quinico e
uma ou duas moléculas de acido cafeico, acido feralico e/ou acido p-cumarico, que Sao

derivados do acido cindmico (Figura 3).

OH
HO,C OH HO,C 7 R
OH OH OF
a) Acido quinico b) Acido cinamico

Figura 3 — Estruturas dos: a) acido quinico, b) formacdo dos derivados do &cido
cindmico: cafeico (R=0H), fertlico (R=0me) e p-cumarico (R=H) (Perrone et al, 2008)

Os principais grupos de &cidos clorogénicos presentes no café verde sdo: acidos
cafeoilquinicos (CQA), com 3 isémeros (3-, 4- e 5-CQA); dicafeoilquinicos (diCQA),
com 3 isémeros (3,4-diCQA,; 3,5-diCQA; 4,5-diCQA); acidos feruilquinicos (FQA), com
3 isomeros (3-, 4- e 5-pCoQA) e seis misturas de diésteres do &cido cafeoil-feruil-quinico
(FQA) (Clifford, 2003). O &cido 5-cafeoilquinico representado na figura 4 é o que se

encontra em maior quantidade entre todos os acidos clorogénicos do café.

COH

OH OH
OH

Figura 4 — Estrutura do acido 5-cafeoilquinico



O conteldo de acidos clorogénicos dos gréos de café verde pode variar de acordo
com as caracteristicas genéticas — espécie e cultivar, grau de maturacdo, € menos
importante, praticas culturais, clima e solo (Clifford, 1985).

Os compostos fendlicos apresentam propriedades benéficas a salde, nao sé
devido a sua elevada atividade antioxidante, mas também como agentes hepatoprotetores
(Hemmerle et al, 1997), hipoglicemiantes e antivirais (Farah e Donangelo, 2006). A
atividade antioxidante destes compostos esta fortemente associada ao numero e posi¢do

de grupos hidroxilo que possuem no seu anel aromatico (Ozgen et al, 2006 ).

1.3 - O café torrado
1.3.1 - Processo de torra

Os principais atributos sensoriais que tornam o café tdo apreciado em todo o
mundo sé se desenvolvem com a torra. Do ponto de vista técnico, a torra € uma operacao
complexa, em que ha influéncia mutua de variadissimos parametros (Casal, 2004).

Torrar a uma temperatura inicial de 100°C e uma temperatura final de 200°C causa
alteracdes profundas nos grdos. As propriedades fisicas e quimicas dos grdos de café
torrado sdo fortemente influenciadas pelas condices durante a torra, em particular pelo
tempo e temperatura de torra, assim como pela quantidade de calor transferido. Estes
aumentam de volume (50-80%) e alteram a sua estrutura e cor. O verde é substituido pela
cor castanha, perde-se cerca de 11-20% do peso do grdo, e forma-se o aroma tipico dos
grdos de café. Simultaneamente, a gravidade especifica desce de 1,126-1,272 para 0,570-
0,694, e por isso, o café torrado flutua na 4gua e o café verde afunda. Os grédos duros e
dificeis de quebrar tornam-se quebradicos e macios depois de torrados (Belitz et al.,
2004).

O processo de torra é dividido em 4 fases principais (Belitz et al., 2004) A
secagem, desenvolvimento, decomposi¢do e torra completa. As alteracOes iniciais
ocorrem acima de uma temperatura de 50°C, a esta temperaturra as as proteinas dos
tecidos celulares desnaturam e a &gua evapora. Acima dos 100°C ocorre 0 acastanhamento
devido as pirolises dos compostos organicos e ocorre ainda o inchamento dos grdos e uma
destilacdo seca inicial. Por volta dos 150°C dé&-se a libertacéo dos produtos voléateis (agua,
CO,, CO), fazendo aumentar o volume do grdo. A fase de decomposicdo que comega a
180-200°C, ¢ reconhecida pelo rebentamento dos graos, formacdo de fumo azulado e

libertacdo do aroma a cafe.



1.3.3 - Composi¢ao quimica

Os principais atributos sensoriais que tornam o café tdo apreciado em todo o
mundo s6 se desenvolvem com a torra. Do ponto de vista técnico, a torra € uma operagao
complexa, em que ha influéncia matua de variadissimos parametros, como o tempo e a
temperatura de torra dos grdos. Na tabela 4 podemos observar a composi¢cao média do
café torrado, em funcdo da variedade de café torrado e para um grau médio de torra
(Belitz, 2004).

Tabela 2 — Composi¢do do Café Torrado (para um grau médio de torra) (Belitz, 2004).

Conteudo (%) =

Componente
Aréabica Robusta
Cafeina 1.3 2,4
Lipidos 17,0 11,0
Proteinas ® 10,0 10,0
Hidratos de Carbono 38,0 41,5
Trigonelina, Niacina 1,0 7,0
Acidos Alifaticos 2,4 2,5
Acidos Clorogénicos 2,7 31
Componentes Volateis 0,1 0,1
Minerais 4,5 47
Melanoidinas ° 23,0 23,0

a Baseado nos sélidos. O contetido de 4gua varia entre 0,1 e 5%.
b Calculado como a soma dos aminoacidos apds hidrdlise acida.

¢ Calculado por diferenca.

1.3.3.1 Hidratos de Carbono

Ap0s a torra, o conteudo em polissacarideos dos grdos de café torna-se mais
extractavel, isto devido provavelmente a alteracfes nas estruturas dos polimeros dado que
0s tornam mais solGveis. O conteldo e a natureza dos polissacarideos que sdo extraidos

dos gréos de café apos a torra sdo determinantes para as caracteristicas das infusdes de
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café. Os polissacarideos tém influéncia na retencdo de substancias volateis (Maier, 1975),
contribuem para a viscosidade da bebida (Ehlers, 1980), contribuem para o corpo das
infusdes de café (Illy e Viani, 1995) e para a estabilidade da espuma das infusGes de café
expresso (Nunes et al., 1997).

A celulose e os polissacarideos, como a manose, galactose e arabinose, sdo
insollveis, apds a torra uma parte deles é degradada em fragmentos, tornando-se solGveis.
A sacarose, presente no café verde é decomposta no café torrado até concentracdes de
0,4-2,8%.

Os polissacarideos maioritarios das infusdes de café torrado sdo as
galactomananas que em conjunto com as arabinogalactanas, sdo 0s componentes
maioritarios do material extractavel com agua quente (Figura 5) (Nunes e Coimbra, 2001;
2002).

Gal Ara Gal

1 1 1

l l

é 6 6

—4)-Man-(1—4)-Man-(1—4)-Man-(1—4)-Man-(1—4)-Man(1—4)-Man-(1—4)-Man(1—
23 2
[ 1
Ac Ac Ac

Figura 5 — Representacdo esquematica da estrutura das galactomananas das infusfes de
café Torrado.

1.3.3.2 Proteinas

As proteinas sdo degradadas durante o processo de torra, assim sendo ha também
uma diminuicdo da quantidade total de aminodcidos. As proteinas sollveis séo
constituidas por aproximadamente 85% de globulinas e algumas funcionam como
proteinas de reserva 11S (Rogers et al, 1999). Na tabela 3 estdo representadas as
diferencas entre a composicdo de aminoacidos das proteinas antes e depois do processo
de torra. A arginina, o acido aspartico, a cisteinam a histidina, a serina, a treonina e a
metionina sdo aminoacidos especialmente reactivos, e a sua quantidade diminui
ligeiramente no café torrado, enquanto os amino&cidos estaveis, como a alanina, o acido
glutdmico e a leucina aumentam ligeiramente. Oa aminoacidos livres ocorrem apenas em

pequenas quantidades no café torrado (Belitz et al., 2004).
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Tabela 3 — Composicao dos Gréos de Café Colombia apds Hidrélise Acida, antes e depois
do Processo de Torra (Belitz et al., 2004).

Aminoéacido Café Verde (%) Café Torrado (%) »
Alanina 4,75 5,52
Arginina 3,61 0
Acido Aspartico 10,6 7,13
Cisteina 2,89 0,69
Acido Glutamico 19,8 23,2
Glicina 6,40 6,78
Histidina 2,79 1,61
Isoleucina 4,64 4,60
Leucina 8,77 10,3
Lisina 6,81 2,76
Metionina 1,44 1,26
Fenilalanina 5,78 6,32
Prolina 6,60 7,01
Serina 5,88 0,80
Treonina 3,82 1,38
Tirosina 3,61 4,35
Valina 8,05 8,05

a A perda no processo de torra é cerca de 17,6%.
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1.3.3.3 Compostos Fenolicos

Os &cidos clorogénicos desempenham um papel importante na formacao da cor,

sabor e aroma do café durante o processo de torra (Moreira et al., 2000).

Durante o processamento do café, os acidos clorogénicos podem ser parcialmente

isomerizados, hidrolizados ou degradados a compostos de baixo peso molecular. As

temperaturas elevadas observadas no processo de torra produzem também a formacéao de

lactonas e a polimerizacdo dos CGA com outros componentes do café para formar
melanoidinas (Farah e Donangelo, 2006). CondicGes drasticas de torra podem produzir
perdas de mais de 95% de acidos clorogéenicos, com uma perda de 8-10% por cada 1% de
matéria seca perdida (Clifford, 2000). O conteldo total de &cidos clorogénicos pode variar
no café comercial entre 0,5 a 7%, dependendo do tipo de processamento, grau de torra

(tabela 4), mistura e condicdes analiticas.

Tabela 4 — Contetdo de Acidos Clorogénicos (%), em Funcdo do Grau de Torra (Farah

et al., 2005)
Cru/Grau de Torra Arébica Robusta
Cru 6,9 8,8
Clara 2,7 3,5
Média 2,2 2,1
Escura 0,2 0,2

De acordo com Leloup et al. (1995), durante a torra, o diCQA pode ser

parcialmente hidrolisado em monoésteres e acido cafeico, o qual pode ser outra vez

hidrolisado, descarboxilado e degradado numa série de fenolicos simples. A formacao de

acidos clorogénicos lactonas ocorre depois de 6 a 7% de perda de peso (Farah et al.,

2005). Cerca de 7% dos acidos clorogénicos no café arabica e 5,5% no café robusta,

parece ser transformado em 1,5-quinolactonas durante o processo de torra (Figura 6).
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Figura 6 — FormacAo da 1,5-y-quinolactona a partir do Acido Clorogénico durante a
Torra, e os dois maiores Acidos Clorogénicos Lactonas no Café Torrado: 3-
cafeoilquinico-1,5-y-lactona (esquerda) e 4-cafeoilquinico-1,5-y-lactona (direita) (Farah
e Donangelo, 2006)

1.3.3.4 Melanoidinas

As melanoidinas sao geralmente definidas como macromoléculas nitrogenadas de
elevado peso molecular, de cor castanha, resultantes de reacfes de Maillard. Podem ser
formadas por ciclizacdo, desidratacdo, retroaldolizacdo, rearranjos, isomerizacéo, e
condensacéo de produtos iniciais da reacdo de Maillard (Montavon, et al., 2003; Martins,
et al., 2000).

As bebidas de café sdo uma das principais fontes de melanoidinas. Estas
desempenham um papel importante no desenvolvimento do aroma durante o processo de
torra (Ciori, 2002), e estdo também presentes em outros produtos alimentares consumidos
diariamente, como por exemplo, o cacau, o0 pdo, 0 malte e 0 mel. Durante o processo de
torra dos grédos de café verde, os polissacarideos e as proteinas sdo degradados (Macrae
et al., 1985), e a reac¢cdo de Maillard toma lugar entre os grupos amina dos aminoacidos,
peptideos ou proteinas e 0s grupos carbonilo dos agucares redutores, e apds uma série de
reacgdes sdo produzidos como produtos finais, compostos castanhos aromaticos, de alto
peso molecular contendo azoto, sollveis em agua, designados de melanoidinas (Friedman
etal., 1996).

Apesar de um grande nimero de estudos acerca da estrutura das melanoidinas ter
sido realizado nos ultimos anos, a estrutura quimica destas ndo foi ainda completamente
elucidada, devido ao facto de néo ser possivel a separagdo das melanoidinas em moléculas

com estrutura uniforme que permitia a sua caracterizacdo. Contudo, a partir de sistemas
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modelo foi possivel criar diferentes propostas para a estrutura destas moléculas: 1)
polimeros com unidades repetitivas de furanos e/ou pirr6is unidos por reacdes de
condensacao; 2) proteinas modificadas, associadas a compostos de baixo peso molecular
através do grupo e-amino da lisina ou através do grupo guanidina da arginina; 3)
polimeros resultantes da degradacdo de acUcares, por condensacdo alddlica, durantes as
fases iniciais das reacdes de Maillard (Nunes e Coimbra, 2010; Tressl et al., 1998). A
Figura 7 representa uma ilustracdo simplista da formagdo das melanoidinas do café uma
vez que como referido anteriormente estes mecanismos de formacdo sdo ainda

desconhecidos.
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Figura 7 - llustracdo da formacdo das melanoidinas do café (Moreira et al., 2012).

As melanoidinas das infusdes de café sdo na realidade uma mistura de

melanoidinas com diferentes propriedades fisico-quimicas, podendo conter
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galactomananas, arabinogalactanas, proteinas e compostos fendlicos condensados
(Adams et al., 2005).

As melanoidinas podem ser isoladas tendo por base o seu elevado peso molecular
e a purificacdo de diferentes populacdes de melanoidinas é aperfeicoada utilizando
propriedades como a solubilidade, a carga, a capacidade quelante para ies metalicos e a
hidrofobicidade. O material de alto peso molecular (HMWM) tem sido isolado atraves de
membranas de didlise. Contudo, outros compostos de alto peso molecular, tais como
polissacarideos quimicamente modificados e proteinas séo retidos juntamente com as
melanoidinas. Com o intuito de obter uma fracdo de melanoidinas com diferentes
composicdes em polissacarideos, o material de alto peso molecular pode ser submetido
ao procedimento de fracionamento em etanol.

Todos estes componentes podem aumentar a complexidade e a heterogeneidade
das melanoidinas do café.

Tém sido utilizados dois procedimentos para descrever ou medir o grau de
formagdo de melanoidinas. Em primeiro lugar, a quantidade de melanoidinas é
determinada por diferenca, o que significa que essa quantidade é medida pela
percentagem de compostos que nao podem ser contabilizados para a diferenca (100% -
% de compostos conhecidos), ou seja, subtraindo o material conhecido, tais como 0s
polissacarideos e as proteinas, ao total de material (Montavon, et al., 2003). A cor
castanha das melanoidinas pode também ser quantificada pela medicdo da cor dos
produtos da reacdo de Maillard, através de medicoes espectrofotométricas. O Kmix é um
parametro determinado tendo em conta a Lei de BeerLambert, Abs= Kmixbc, onde Kmix
corresponde ao coeficiente de extin¢do (L.g-1 .cm-1), b a dimensdo da célula (cm)eca
concentragéo (g.L-1).

Os Kmix sdo determinados tendo em conta os maximos de absorvancia dos
compostos presentes no café. O Kmix, é determinado a 280, 325 e 405 nm, sendo estes
valores de comprimento de onda especificos para detetar a presenca de diferentes
compostos presentes na bebida de café. Assim, 0 Kmix 280nm permite detetar a presenca
de cafeina e de CGA, o Kmix 325nm permite detetar a presenga de CGA, permitindo
assim eliminar a interferéncia por parte da cafeina e 0 Kmix 405nm permite detetar a
presenca de melanoidinas [48-50]. O quociente entre o valor do Kmix 405nm e o total de
material desconhecido ¢ designado por “Melanoidin Browning Index” (MBI) (Montavon,

et al., 2003).
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1.4 — Objectivos

As melanoidinas s&o um dos principais componentes do material de alto peso
molecular das infusbes de café torrado. Actualmente a sua estrutura ainda ndo é bem
conhecida. A sua natureza quimica embora ndo totalmente conhecida, inclui
polissacarideos, proteinas e compostos fendlicos. Trabalhos anteriores demonstraram que
os compostos fendlicos incorporados nas melanoidinas do café numa forma condensada,
sendo a quantidade de compostos fenolicos incorporados dependente da quantidade de
compostos fendlicos no café. Esta observacdo foi realizada utilizando o modelo no grédo
obtido por enriquecimento dum café arabica por uma mistura de compostos fenolicos
extraidos do café. De forma a validar esta conclusdo neste trabalho tem-se por objectivo
comparar os niveis de compostos fendlicos condensados incorporados durante 0 processo
de torra dum café arabica e de um café robusta, este ultimo contendo tipicamente valores
superiores de compostos fendlicos. Sera ainda objetivo obter mais informacéo estrutural
dos compostos fenodlicos incorporados no café através da utilizacdo de técnicas de
degradacédo de fendlicos condensados como aqueles utilizados para a caracterizacéo da

lenhina.
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Abstract

The amount of phenolic compounds incorporated in Robusta coffee melanoidins are
significantly higher than that incorporated in Arabica coffee melanoidins. The phenolic
compounds incorporated in both coffee melanoidins are mainly present in condensed
form (~60%), glycosidically linked (~34%) and esterified (~6%). The glycosidically
linked phenolic compounds present in coffee melanoidins are present as intact caffeic and
ferulic acids being released after methanolysis of coffee melanoidins. Also significant
amounts of quinic acid were released by methanolysis, 2.27% for Robusta and 0.92% for
Arabica coffees, corresponding to 0.65 mol / mol with respect to the phenolic compounds
recovered by methanolysis for Robusta coffee and 0.35 mol / mol to Arabica. The amount
of phenolic compounds incorporated to coffee melanoidins account for ~6% and ~ 9%
for arabica and robusta coffees respectively showing that after polysaccharides and
protein, phenolic compounds are one of the main components of coffee melanoidins

probably impacting on their reactivity and health benefits of coffee melanoidins.

Keywords: Coffee, Arabica coffee, robusta coffee, melanoidinas, phenolic compounds.
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1. Introduction

Coffee is one of the most consumed beverages in the world, being much appreciated by
their organoleptic characteristics and stimulating power. The roasting of green coffee
beans is an important step in coffee processing. During this process polysaccharides and
proteins are degraded (Macrae, 1985), and Maillard reaction takes place between the
amine groups of amino acids, peptides or proteins and the carbonyl groups of reducing
sugars and after a series of reactions are produced as final products, brown aromatic
compounds, high molecular weight nitrogen-containing water-soluble designated
melanoidins (Friedman, 1996). Melanoidins are one of the main component of the high
molecular weight material of coffee infusions (Moreira et al., 2012) and present in other
several heat-processed foods such as bread, malt and beef (Hofmann et al., 1999; Ledl &
Schleider 1990). Nevertheless their detailed structure is not yet available, but some
important structural features have been elucidated in recent years as the presence of
polysaccharides, proteins and phenolic compounds. Earlier works have shown that
phenolic compounds are present in coffee melanoidins in esterified and in condensed
structures (Nunes, Cruz & Coimbra, 2012; Coelho et al., 2014) with a higher abundance
of phenolic compounds in condensed structures. Model studies have shown that the
amount of phenolic compounds incorporated into coffee melanoidins is dependent on the
content of chlorogenic acids present in coffee beans (Coelho et al., 2014) As the amount
of chlorogenic acids in coffee Arabica and coffee Robusta is one of the main differences
between these two types of coffees (Belitz et al., 2004), it is expected that the amount of
phenolic compounds incorporated into coffee melanoidins during roasting will be
different for these two coffee varieties. In order to confirm this hypothesis the
incorporation of phenolic compounds into coffee melanoidins during roasting of one
arabica (Honduras) and one robusta (India) coffee roasted to the same medium degree of

roasting (~8% roasting loss) were compared.
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2. Materials and methods
2.1. Material

Green coffees used in this work were selected according to their chlorogenic acid content
typical of Arabica and robusta coffees. Initially green coffees from robusta Angola (CGA
content 7.14% caffeine content 1.98%), Uganda (CGA 7.19%, Caffeine 1.89%), Vietnam
(CGA 8.03%, Caffeinel.99%), India (CGA 9.40% Caffeine 2.57%) and Arabica Brazil
(CGA 6.40% Caffeine 1.06%), Columbia (CGA 6.53% Caffeine 1.02%) Honduras (CGA
6.97% Caffeine 1.06%). Green coffees with higher content of CGA from arabica
(Honduras) and robusta (India) coffees were selected (Supplementary Figure S1). The
water content of green Honduras coffee was 7.04% and 7.22% for India green coffee.
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Supplementary Figure S1 — Chromatograms of chlorogenic acid (325 nm) and caffeine
(280 nm) for India (a and b, respectively) and Honduras (c and d, respectively) green
coffees. 1 — 3-CQA, 2 — 1-FQA, 3 - 5-FQA, 4 — 3-FQA, 5 - 4-CQA, 6 — Caffeine, 7 —
5-CoQA, 8 —5-FQA, 9 - 4-FQA, 10 — 4-CoQA, 11 - 3,4-diCQA, 12 — 3,5-diCQA, IS —
Internal Standard (Veratric acid).

2.2. Roasting of Coffee Bean Sample

Green coffee bean samples were roasted on a Probat Pre 1Z 88 coffee roaster at 200

degree. Roasted coffee stayed one day on ambiente temperature, to released CO-.

2.3. Chlorogenic Acid and Caffeine Content of Green and Roasted Coffees

Chlorogenic acids (CGA) were extracted overnight from green and roasted ground coffees
(1 g) with 100 mL of a solution of methanol/water (70:30 v/v) containing 0.5% Na2SO
with constant stirring (125 rpm) in the dark. To the solution was added 1 mL of veratric
acid as internal standard (100 mg/mL, in methanol). After filtration of the coffee powder,
the colloidal material present in the extracts was precipitated by the addition of 1 mL of
Carrez | and 11 solutions (Trugo & Macrae, 1984). The extracts were analyzed by HPLC
(Dionex, Ultimate 3000) by injection of 25 uL of the sample on a reversed-phase HPLC
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column (C18-ACE; 25 cm length, 0.45 cm internal diameter, and 5 um particle diameter).
Eluent A was a 5% formic acid aqueous solution, and eluent B was methanol. The eluent
program was as follows: 0—5 min, 5% eluent B; 5—45 min, 40% B; 45—65 min, 70% B;
65—75 min, 5% B. The column temperature was set at 25 °C, and the flow was 0.8
mL/min. The eluent was continuously monitored from 200 to 600 nm with a photodiode
array detector (PDA-100, Dionex). Caffeoylquinic acids (CQA) were guantified by the
internal standard method using a 5-CQA calibration and was performed by comparison
with the retention time and literature values (Farah et al., 2006; Perrone et al., 2008).

Caffeine was quantified in the same way by using a caffeine calibration curve.
2.4. Color of Roasted Coffee Powder

Roasted coffee powder colors were directly measured with a Minolta chroma meter
(model CR-300, Minolta, Tokyo, Japan). The equipment was set up for illuminant D65
and 10° observer. The equipment was calibrated with a white standard (L* = 97:71; a* =
—0:59; and b* = 2:31), and each sample was put on a Petri dish and reed in five different
locations. Numerical values of chroma (C*), hue (h) were calculated according to the

following formulas:
C*=,/(a*)*+ (b*)?

b
h* = tan™? (—*>

a x

2.5. Preparation of Coffee Brews and Isolation of the High Molecular Weight
Material (HMWM)

Roasted coffee beans were ground (250um), and infusions were prepared by extraction
of 30 g of powdered coffee with 1L of water at 80 °C during 20 min. After filtration cloth,
the filtrate was filtered again, this time under vacuum through glass fiber paper, and the
residue was washed with 20 ml of distilled water. The infusions were concentrated in
vacuo on a rotary evaporator at 40 ° C until 200 ml (settled volume in a volumetric flask).
For determining the total solids content was removed 50 mL of each of the infusions,
these having been lyophilized after freezing. The total solids obtained for India coffee

infusion was 26.30% and for Honduras coffee infusion it was 21.30%. For the isolation
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of HMWM, the remaining 150 ml were dialyzed at 4 ° C (dialysis membrane with 12-14
kDa MWCutoff) until the dialysis water is present colorless. After dialysis, the retentate
was freeze-dried, giving the HMWM.

2.6. Characterization of Coffee Bean Samples and HMWM fractions

Green and roasted coffee were characterized according to their content of sucrose, glucose
and fructose by anion exchange chromatography. It also determined the content of total
sugars by anion exchange chromatography after Saeman and acid hydrolysis (Nunes &
Coimbra, 2001). Protein content was determined according to the Dumas method
(PRIMACS, Carbon-Nitrogen/Protein analyzer, Skalar, The Netherlands), by multiplying
the nitrogen content by 6.25.

2.7. Spectroscopic Analysis

For all coffee samples, a 1 mg/mL solution was prepared by dissolving 5 mg sample in 5
ml of 3M urea solution. Absorbance was measured at 280, 325 and 405 nm using a
spectrophotometer. To ensure linearity, the absorbance value of three wavelengths had to
be between 0.1 and 1.3, so a solution was prepared for media absorbance at 405 nm and
then diluted 5 to 15 times for reading at 325 and 280 nm. The specific extinction

coefficient (KMIX) was calculated using the Lambert-Beer law:

Abs = K (L g7 cm™Y)x Concentration(g L™1)x Cell length(cm)

2.8. Antioxidant Activity

For all coffee samples, a 1 mg/mL solution was prepared by dissolving 5 mg sample in 5
ml of 3M urea solution. It was placed 19mg of ABTS and 5 ml of ultrapure H,O in a first
tube, the second tube was placed 38 mg of potassium peroxidissulfitand 1 mL of ultrapure
H,0. 88 uL was removed from the second tube to the first tube. The tubes were placed in
complete darkness for 16h. It was prepared a 20mmol acetic acid solution (2.7 ml / 1000
ml H,O, pH = 4.5, and retired 2.78 ml of the first tube to 250 mL acetic acid solution. For
the determination of antioxidant activity calibration, the line was composed of a control

test and five patterns with different concentrations of Trolox. It was removed 200 uL
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sample to a test tube and added 2 mL of ABTS. Absorbance was measured at 734 nm

after 15 minutes at ambient temperature.
2.9. Adsorbed Phenolic Compounds

For determination of the adsorbed phenolic compounds in coffee melanoidins, a 5Smg/mL
solution of coffee melanoidins were analyzed by direct injections (100 mL) on a RP-
HPLC by the method described previously for chlorogenic acids determination. For
determination of the effect of melanoidins in the determination of free phenolic
compounds, melanoidin solutions (5 mg/mL) were spiked with different concentration of
5-CQA and incubated overnight at room temperature. Each solution was analyzed by RP-
HPLC as described previously and the areas were compared with that of aqueous

solutions of 5-CQA with the same concentrations.

2.10. Alkaline Saponification

For determination of ester-linked phenolic compounds, melanoidins were subjected by
alkaline saponification by using a procedure that prevented oxidation of phenolic
compounds (Nardini et al., 2002). To 750 pL of the melanoidin solution (12 mg/mL), 750
puL of 2 M NaOH solution containing 2% (w/w) ascorbic acid and 20 mM
ethylenediaminetetraacetic acid was added. After incubation for 1h at 30°C, the mixture
was quenched to pH =~ 1 with 330 uL of 5 M HCI to precipitate most of the coffee material,
preventing precipitation during further analysis. The mixture was stored for 2h at 4°C,
the precipitate was removed by centrifugation, and the supernatant was analyzed by
reversed-phase HPLC. Experiments were performed at least in duplicate. A calibration
line was made with caffeic acid, ferulic acid, quinic acid and 4-hydroxycinnamic acid
(Supplementary Figure S2). For calibration line it was used the same method as the

samples.
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Supplementary Figure S2 — Chromatogram of alkaline saponification (325 nm) for India
coffee.

2.11. Alkaline Fusion

In a nickel crucible, 1g of solid NaOH and 100 mg of zinc dust were weighed, and, after
fusion of the mixture at 350 °C, 5 mg of HMWM was also (Batistic & Mayaudon, 1970).
After 10 s, the nickel crucible was removed and rapidly cooled on ice. The fusion cake
was solubilized by adding 6 M HCI, and 200 pL of internal standard solution was added
(1 mg/ml veratric acid on etanol) and acidified with 6 M HCI to pH 1-2. The acidic
mixture was extracted three times with 50 mL of diethyl ether. After evaporation of the
organic solvent under vacuum, the residue was analyzed by HPLC. Quantification was
performed by the internal standard method using gallic acid, hydroquinone, 3,4-
dihydroxybenzoic acid, 4-hydroxybenzoic acid, resorcilic acid, 2,3-dihydroxybenzoic
acid, benzoic acid and salycilic acid (Supplementary Figure S3).
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Supplementary Figure S3 - Chromatogram of alkaline fusion (280 nm) for India coffee.

2.12. Methanolysis

For methanolysis was weighed about 5 mg of sample and added 2 ml of a methanol
solution 0.5 M HCI ( 2mL dry methanol + 280 uL of acetyl chloride) (Nunes et al., 2008).
Added to the cold (on ice) . Tubes were placed in a heating block at 90 ° C for 24h. On

the next day the samples were evaporated at 40 ° C and was added 200 pL of internal

standard solution (mg / ml veratric acid in methanol) and evaporated again. After

evaporating it was added 250 uL pyridine and 250 uL of BSTFA and placed in a heating

block at 70 ° C for 30 min. After derivitation sample were analysed by GC. A calibration

line was made with caffeic acid, ferulic acid, quinic acid and 4-hydroxycinnamic acid

(Suplemtary Figure S4). For calibration line it was used the same method as the samples.
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Supplementary Figure S4 — Structure and mass spectra of standards after silylation
released by methanolysis — a) Quinic acid derivative; b) p-Coumaric acid derivatives; c)
Ferulic acid derivative and d) Caffeic acid derivative. e) Internal standard used (Veratric
acid)

2.13. Statistical Analysis

All chemical analyses of green coffees, roasted coffees, soluble solids and HMWM were
performed in duplicate unless otherwise stated. Significant differences (p < 0.05) in
chemical composition were analyzed by one-way ANOVA or two-way ANOVA using
the software Statistica 8.0 (StatSoft, Inc., Tulsa, OK, USA). A Tuckey HSD post hoc test
was performed for detecting significantly different means (p <0.05).

3. Results and Discussion
3.1. Chemical Composition of Green and Roasted Coffee

The chemical composition of green and roasted Arabica and Robusta coffees used in this
work are shown in Figure 1 and Table S1 to Table S3. They present the typical
composition of Arabica and robusta coffees (Macrae, 1985; Belitz et al., 2004),
concerning their content in chlorogenic acids (Farah et al., 2006), caffeine (Clifford,
1987) and sucrose (Clarke & Vitzthum, 2001). As can be observed the amount of
chlorogenic acids in India robusta coffee are significantly higher than that present in

Arabica Honduras coffee (34.7% higher). Also the amount of caffeine present in robusta

35



coffee is significantly higher than that of Arabica coffee (144% higher). The inverse trend
Is observed for the simple sugars, where the amount of sucrose is significantly higher in
the Arabica coffee when compared to the robusta coffee (53.8% higher). Concerning the
composition of polymeric sugars (Supplementary Table S1), it is observed that robusta
coffee contained a higher amount of galactose, suggesting a higher amount of
arabinogalactans in their cell walls, being in accordance with the typical cell wall
composition of robusta coffees when compared to Arabica coffee (Bradbury & Halliday,
1990). Roasting of both coffees for the same degree of roast (~8%) resulted in a drastic
decrease in the chlorogenic acid content of both arabica and robusta coffees (Table 2),
being observed a decrease of 60% for Arabica coffee and 68% for robusta coffee,
although the amount of chlorogenic acids consumed is significantly higher in robusta
coffee (6.379/100g) when compared to Arabica coffee (4.19g/100g). Also during roasting
there was observed a significant decrease in the amount of sucrose (98% for Arabica and
99% for robusta), but again the amount of sucrose consumed during roasting is
significantly higher for arabica (7.0 g/100g) when compared to robusta (4.6 g/100g). Also
there was observed a significant decrease in the total polysaccharides present in coffee
beans being in accordance with the literature (Redgwell et al., 2002; Oosterveld et al.,
2003).
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Figure 1 — Chemical composition of green and roasted coffee Honduras and India
Coffees. For each chemical component, identical letters in the same row are not

significantly different (t-Student test, p<0.05)
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Supplementary Table S1 — Total Sugar Composition (Grams per 100 g, as is Basis) of
Green and Roasted Coffees

Rha Ara Gal Man Glc Glcp Total
olym

Green

Honduras 0.04+0.0 2.00+0.24 7.82+0.31 16.2+0.9 9.76x0.20 6.17 35.8t1.6
India 0.06£0.0 1.98+0.06 9.96+0.30 15.0£1.2 9.00£1.1 6.69 36.0x2.7
Roasted

Honduras 0.02+0.0  1.15+0.16 6.25+1.07 16.9+2.5 6.11+1.01 5.99 30.5+4.7
India 0.06£0.0 1.53+0.11 8.96+0.26 15.5+0.1 6.12+0.36 6.08 32.2+0.3

Supplementary Table S2 — Chlorogenic Acid (CGA) Composition of Green and Roasted
Coffees (Grams per 100 g, as is Basis)

Green Roasted

Honduras India Honduras India
3-CQA 0.501+0.034 0.666+0.025 0.079+0.007 0.090+0.000
1-FQA 0.059+0.000 0.059+0.000 0.018+0.000 0.043+0.000
3-CoQA - - 0.073+0.000 0.080+0.000
5-CQA 4.353+0.253 5.061+0.295 1.492+0.143 1.517+0.095
3-FQA 0.061+0.007 0.072+0.006 0.654+0.002 0.661+0.038
4-CQA 0.657+0.001 0.932+0.031 0.029+0.005 0.014+0.001
5-CoQA 0.098+0.004 0.070+0.004 0.182+0.000 0.185+0.000
5-FQA 0.369+0.000 0.843+0.000 - -
4-FQA 0.060+0.008 0.059+0.008 - -
4-CoQA 0.069+0.005 0.070+0.005 - -
3.4-diCQA 0.284+0.036 0.760+0.025 0.054+0.000 0.060+0.000
3.5-diCQA 0.459+0.088 0.798+0.020 0.201+0.029 0.379+0.005
Total 6.972+0.140 9.397+0.346 2.781+0.209 3.029+0.192
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Supplementary Table S3 - Soluble Sugar, Caffeine, and Protein Contents (Grams per 100
g, as is Basis) of Green and Rosted Coffees

Suc Glc Fru Total Caffeine Protein
Green
Honduras  7.14+0.53 0.02+0.00 0.03+0.01 7.19+0.53 1.05+0.05 11.68+0.92
India 4.49+0.00 0.07+0.01 0.12+0.01 4.67+0.02 2.57+0.02 12.97+0.83
Roasted
Honduras  0.14+0.00 0.05+0.00 0.01+0.00 0.20+0.00 0.88+0.05 13.34+0.98
India 0.04+0.00 0.02+0.00 0.01+0.00 0.07+0.00 1.59+0.17 16.08+1.18

Although both coffees were roasted for approximately the same organic loss. India
coffees showed a higher L* and b* value. The higher L* value means that this coffee
showed a higher lightness and its higher b* value means that it also presented higher
yellow component. Although the red component given by a* were not significantly

different for both coffees (Supplementary Table S4).

Supplementary Table S4 — Chromatic Properties of Roasted Coffee Powders

L* a* b* c* h*
37.628+0.742 9.966+0.113a 15.746+0.328 18.635+0.330 56.669
40.406+0.210 9.864+0.112a 18.984+0.571 21.394+0.554 62.544

Honduras

India

3.2. Chemical composition of the high molecular weight material of roasted coffee
brews

The high molecular weight material (HMWM) was isolated from coffee infusions
prepared from arabica and robusta roasted coffees. The amount of HMWM recovered
from robusta coffee infusions was higher (7.6 g/100g) than that obtained from arabica
coffee (5.7 g/100g). Although the difference when compared to total soluble solids
extracted from each coffee was not almost inexistent (32g/100g TS and 29 g/100g TS for
arabica and robusta coffees. respectively). Polysaccharides were the main component
presented of HMWM significantly higher in robusta coffee (46.29/100g) when compared
to arabica coffee (37.29/1009), this being in accordance with the literature (Coelho et al.,
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2014). Protein was the second higher component present in the HMWM (~12 g/100g)
with no significant differences between the coffees. These results are also in accordance
with literature (Coelho et al., 2014). The HMWM obtained from robusta coffee presented
a higher value of Kmix 405. Kmix 325 nm and Kmix 280 nm when compared with arabica
coffee. The HMWM brown color corresponds to 56% and 45% of the brown color of the
total solids. The amount of unknown material can be calculated by subtracting the
percentage of polysaccharides and protein present in the HMWM. The results shown that
arabica coffee had a significantly higher value of unknown material (51.5%) when
compared with robusta coffee (41.5%). Melanoidin brown index (MBI) was calculated
dividing the Kmix 405 nm values by amount of unknown material. Robusta coffee had a
significatly higher value of MBI when compared with arabica coffee (+31%). These
results suggest that CGA amount in the initial green coffees can have a higher influence
on the brown color formation of the HMWM when compared to sucrose. As Arabica
coffees showed a higher amount and degradation of sucrose during roasting when
compared to robusta coffee were the amount of degraded CGA was higher.

The amount and nature of phenolic compounds incorporated in the melanoidins from both
coffees were studied by determination of the amount of adsorbed phenolic compounds,
esterified phenolic compounds and phenolic compounds released by alkaline fusion
(Coelho et al., 2014). Nevertheless as a previous model study has shown. The phenolic
compounds can react with reducing sugars and be linked by glycosidic bonds either
through the phenolic group or though the hydroxyl groups of quinic acid (Moreira et al.,
2015). So in order to be able to differentiate this kind of linkages a methanolysis was
applied to the HMWM and the efficiency and linkages cleaved by this method were
studied by applying it to phenolic standards as chlorogenic acid, Hepertidin naringin and
ellagic acid. In all standards, with the exception of ellagic acid, the initial product was
totally consumed and the corresponding quinic and caffeic acid for chlorogenic acid
(Supplementary Figure S5), rhamnose, glucose and hesperetin for hespertin
(Supplementary Figure S6), and rhamnose, glucose and naringenin for naringin
(Supplementary Figure S7). The methanolysis of elagic acid didn’t allow to degrade its
structure, being recovered only the initial phenolic compounds (Supplementary Figure
S8).
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Figure S8 — Chromatograms of products of ellagic acid methanolysis after silylation

These results show that methanolysis can cleave the ester bonds but also the glycosidic
bonds between sugar glycosides and phenolic compounds. So methanolysis was applied
to the HMWM of both coffees for quantification of quinic acid, caffeic acid, ferulic acid
and 4-hydroxycinnamic acid (Figure 2). As can be observed there was possible to detect

caffeic. ferulic and quinic acid after methanolysis of the HMWM.
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Figure 2 — GC-MS chromatogram of methanolysis products obtained for India HMWM
a) total ion current and identification of the sugar components; b) extracted ion
chromatograms showing the presence of quinic, ferulic and caffeic acids. IS — internal
standard.

Figure 3 shows the results obtained by applying all these four methods. As can be

observed (Supplementary Table S5) both HMWM contained a very small amount of

adsorbed phenolic compounds ranging from 0.078 to 0.107 mmol/100g of the HMWM.
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The alkaline fusion of the HMWM released a significantly higher amount of phenolic
compounds from robusta coffee when compared to arabica coffee. This results show that
during roasting the amount of phenolic compounds incorporated in robusta coffee is
higher than that incorporated in arabica coffee. This being due to the higher amount of
CGA in robusta coffee when compared to Arabica coffee, being in accordance with
previous results using “in bean” models (Coelho et al., 2014). The amount of esterified
phenolic compounds was not significantly different between both coffees, although being
significantly higher than the amount of adsorbed phenolic compounds (26.9 times
higher). The amount of phenolic compounds released by methanolysis was for both
coffees significantly higher than that released by saponification (6.2 times higher). These
results show that a significant amount of phenolic compounds are incorporated in coffee
melanoidins in a glycosidic linked formed, confirming the model studies of Moreira et al.
2015. The amount of glycosidic bound phenolic compounds represent in average 34% of
the phenolic compounds released by alkaline fusion a value significantly higher than that
ester linked (6% in average for both coffee). Nevertheless the amount of phenolic
compounds only released by alkaline fusion still represent 60% of the phenolic
compounds present in the HMWM. Calculating the amount of phenolic compounds
released as caffeic acid it can be concluded that the amount phenolic compounds present
in the HMWM of robusta coffee represent ~8.9% while for the Arabica coffee it
represents ~5.8%. The amount of quinic acid recovered by methanolysis correspond to
2.27% for robusta coffee and 0.92% for arabica coffee. The amount of quinic acid
recovered the HMWM is in the same range of that released by alkaline saponification by
Bekedam et al. 2008. Interestingly the amount of quinic acid recovered by methanolysis
represent 0.65 mol/mol in relation to the phenolic compounds recovered by methanolysis
for the robusta coffee and 0.35 mol/mol for arabica coffee. The amount of phenolic
compounds incorporated in coffee melanoidins correspond to 14.8 and 20.2% of the
chlorogenic acid lost during the roasting process being in agreement with the results
obtained by Carina et al. 2014. The Kmix at 325 and 280 nm obtained for the HMWM
are in agreement with the amount of phenolic compounds recovered by alkaline fusion.
The ABTS scavenging capacity is in agreement with the different amount of total
phenolic compounds released by alkaline fusion (1.53 times higher in robusta in relation
to arabica coffee), with the robusta coffee HMWM showing a 1.37 times higher
antioxidant capacity.
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Figure 3 - Profile of phenolic compounds present in the HMWM of (a) India (robusta)
and (b) Honduras (arabica) coffees; Tuckey post-hoc test *** - p<0.001; **** - p<0.0001.

Supplementary Table S5 — Phenolic compounds released from HMWM (mmol/100g)

Honduras India

Adsorbed

3-CQA 0.011+0.002 0.010+0.004
3-CoQA 0.005+0.001 0.011+0.006
5-CQA 0.015+0.002 0.017+0.004
3-FQA 0.022+0.001 0.050+0.002
5-CoQA 0.012+0.001 0.006+0.001
3.4-diCQA 0.008+0.001 0.006+0.001
3.5diCQA 0.005+0.001 0.007+0.001
Total 0.078+0.0028%2 0.107+0.01182
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Saponification

Caffeic 1.74+0.02 2.89+0.078
4-hydroxycinnamic 0.030+0.001 0.029+0.000
Ferulic 0.161+0.000 0.407+0.029
Total 1.93+0.118%2 3.33+0.02%2
Methanolysis

Caffeic acid 11.6%2.5 17.1£1.6
4-hydroxycinnamic n.d n.d

Ferulic acid 2.0£0.3 2.1+0.3
Total 13.6+4.18 19.2+1.38
Quinic acid 4.840.3 11.8+1.5
Alkaline Fusion

Gallic Acid 0.200+0.006 0.305+0.056
Hydroquinone 1.80+0.27 3.23+0.37
3.4-dihydroxybenzoic Acid 10.6+4.2 19.0+0.3
4-hidroxybenzoic Acid 9.30+4.85 17.0£3.6
Resorcylic Acid 5.46+0.88 3.86+0.20
2.3-dihydroxybenzoic Acid 0.928+0.055 1.21+0.05
Benzoic Acid 2.18+0.09 0.965+0.389
Salycilic Acid 1.77£0.17 3.68+2.84
Total 32.3+2.3 49.3+3.5
ANOVA %Variation
Interaction p<0.0001 (4) 3.9

Coffee Variety p<0.0001 (1) 3.2

Phenolic Method p<0.0001 (4) 91.8

Rows with the same symbol (8) and columns with the same letter are not significantly

different (p<0.05). Tuckey post-hoc test.
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Table 1 — Chemical Composition and Spectroscopic Properties of the High Molecular

Weight Material Isolated from Honduras and India Roasted Coffee Infusions.

Honduras India
Yield (g/100g Coffee) 5.69 7.63
Rha 0.21+0.02 0.77+0.05
Ara 3.47+0.07 4.67+£0.25
Gal 28.2+1.3 32.7+3.8
Man 4.51+0.46 7.62+0.94
Glc 0.82+0.10 0.53+0.03
Total Sugars 37.2+0.6° 46.2+5.1°
Protein 11.3+0.4% 12.3+1.0%
Antioxidant Activity TEAC (mmol Trolox/1009) 0.38+0.03% 0.52+0.01°
Kmix280nm 6.49+0.522 7.4940.462
Kmix325nm 5.34+0.382 6.30+0.37°
Kmix405nm 2.72+0.222 2.87+0.18?
MBI 5.28 6.93

For each chemical component, identical letters in the same row are not significantly
different (t-Student test, p<0.05)

4. Conclusions

The amount of phenolic compounds incorporated into coffee melanoidins during roasting
is higher in robusta coffee when compared to arabica coffee this being due to the higher
amount of chlorogenic acids in green coffees. A high amount of phenolic compounds
present in coffee melanoidins were present as intact caffeic and ferulic acid residues that
can be released by methanolysis that account in average for 34% that with those released
by alkaline fusion. Also the amount of quinic acid released by methanolysis is higher in
robusta coffee when compared to Arabica coffee corresponding to 0.65 mol/mol in
relation to the phenolic compounds recovered by methanolysis for the robusta coffee and
0.35 mol/mol for Arabica coffee. This difference in phenolic compounds incorporated in
coffee melanoidins from both species agree well with the antioxidant activity of both
melanoidins and also with their Kmix at 280 and 325 nm. The amount of phenolic

compounds incorporated to coffee melanoidins account for ~6% and ~ 9% for arabica
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and robusta coffees respectively showing that after polysaccharides and protein, phenolic
compounds are one of the main components of coffee melanoidins probably impacting
on their reactivity and health benefits of coffee melanoidins.
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