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RESUMO

O desenvolvimento de novos hibridos de Theobroma cocoa resistentes
ao fungo Moniliophtora perniciosa alterou caracteristicas fisioldgicas do fruto e,
consequentemente, influenciou a qualidade do produto final. A inoculacdo de
microrganismos durante o processo fermentativo do cacau vem sendo
investigada como alternativa na melhoria da qualidade do chocolate. Este estudo
foi realizado com o objetivo de identificar a comunidade microbiana durante o
processo fermentativo do hibrido PS1319, avaliar a dindmica e a influéncia da
inoculacdo de trés leveduras no perfil de compostos volateis, nos pardmetros
quimicos (carboidratos, etanol e acidos organicos), na concentragdo de
alcaloides puricos e na qualidade sensorial dos chocolates. A comunidade
microbiana eucaridtica do hibrido PS1319 fermentado espontancamente e
inoculado foi obtida por PCR-DGGE. Ambas as fermentacdes apresentaram
perfil semelhante de bandas, sendo identificadas como Hanseniaspora uvarum,
Pichia kluyveri e Saccharomyces cerevisiae. O comportamento dinamico da
inoculacdo de H. uvarum, P. kluyveri e S. cerevisiae, durante o processo
fermentativo, foi avaliado pela andlise de qPCR. A populagdo de S. cerevisiae
(7,9 log cell/g) e P. kluyveri (5,9 log cell/g) foi maior na fermentacdo inoculada,
enquanto a de H. uvarum (4,5 log cell/g) manteve-se constante em ambas as
fermentagdes. Carboidratos, etanol e acidos organicos foram avaliados na polpa
e no grio, durante a fermentagdo do cacau. Apés 72 horas de fermentagdo, a
concentragdo de carboidratos estava abaixo de 3 g/kg, em ambas as
fermentagdes. Na fermentagdo inoculada, a concentragdo minima de acido
citrico (1 g/kg) foi detectada com 72 horas de fermentagdo, enquanto na
fermentagdo espontanea foi alcangada com 48 horas. A concentragdo de etanol
foi duas vezes maior na fermentagdo inoculada, porém, ndo influenciou a
concentragdo de 4cido acético que apresentou concentragcdes similares (2,9
g/kg), em ambas as fermentagdes. Os compostos volateis foram detectados e
quantificados por GC-FID, no tempo inicial e final da fermentagdo do hibrido
PS1319, sendo identificados 33 compostos volateis. Os alcaloides puricos foram
identificados por meio de analises cromatograficas. A propor¢do de teobromina
em relacdo a cafeina foi de 5,99, na fermenta¢do espontinea ¢ de 3,82, na
fermentag@o inoculada. Os chocolates foram avaliados sensorialmente pelo teste
de aceitag@o, check-all-that-apply (CATA) e dominancia temporal das sensagdes
(TDS). Em relagdo ao teste de aceitacdo dos chocolates, ndo houve diferenga
significativa entre as amostras inoculadas ou néo inoculadas. De acordo com o
teste CATA, os chocolates se destacaram em relagdo ao atributo amargo. O
perfil sensorial dos chocolates foi obtido por meio do teste TDS. O chocolate
elaborado a partir do cacau fermentado espontaneamente destacou-se pelos
atributos doce, adstringente e frutado, sendo os atributos amargo e cacau



dominantes durante toda a andlise. Para o chocolate elaborado com cacau
inoculado, os atributos foram frutado e adstringente, sendo o atributo amargo
dominante durante toda a andlise. A inoculacdo influenciou o perfil dos
compostos volateis e sensorial dos chocolates, destacando-se os atributos
amargo e frutado.

Palavras-chave: Fermentagdo de cacau. Chocolate. Culturas iniciadoras.



ABSTRACT

The  development of  resitant  Theobroma  cocoa  hybrid
towards Moniliophtora perniciosa mould changes the physiological characteristics
of the fruits and consequently influencing the quality of the final product. The
inoculation of microorganisms during cocoa fermentation process have been
investigated as alternative to improve the quality of chocolate. This study aimed to
investigate the effect of yeast inoculation during cocoa fermentation on the volatile
compounds profile, chemical parameters (carbohydrates, ethanol and organic acids),
concentration of purine alkaloids and sensory quality of chocolates. The eukaryotic
microbial community during the spontaneous and inoculated fermentation of
PS1319 hybrid was obtained by PCR-DGGE. Both fermentations showed similar
profiles, detecting the dominant yeasts Hanseniaspora uvarum, Pichia kluyveri and
Saccharomyces cerevisiae. The dynamic behavior of the yeast starter culture
(Hanseniaspora uvarum, Pichia kluyveri and Saccharomyces cerevisiae) during the
fermentation process was evaluated by qPCR analysis. The population of S.
cerevisiae (7.9 log cell/g) and P.kluyveri (5.9 log cell/g) was higher in inoculated
fermentation, while the H. uvarum (4.5 log cell/g) remained almost the same.
Carbohydrates, ethanol and organic acids were measured from the pulp and beans
during the cocoa fermentations. At 72 h, the concentration of carbohydrates was
lower than 3 g/kg for both assays. In the inoculated fermentation, the minimum
concentration of citric acid (1g/kg) was detected at 72 hours of fermentation, while
in the spontaneous fermentation it was achieved at 48 hours of fermentation. The
ethanol concentration was twice higher in inoculated fermentation, but did not affect
the concentration of acetic acid, which showed similar concentrations (2,9g/Kg) in
the both fermentations. The volatile compounds were detected and quantified by
GC-FID at the beginning and end of fermentation process. A total of 33 volatile
compounds were identified. The purine alkaloids were identified by
chromatographic analysis. The relative proportion of theobromine and caffeine was
5.99 in the spontaneous fermentation and 3.82 in the inoculated fermentation.
Chocolates were evaluated by acceptance test, check-all-that-apply (CATA) and
temporal dominance of sensations (TDS). In the acceptance test, there was no
significant (p<0.05) difference between inoculated or not inoculated samples.
According to CATA test, chocolates showed the bitter attribute as dominant. While
the TDS test related the chocolate produced by yeast inoculation to sweet, astringent
and fruity attributes. The bitter and cocoa attributes were dominant throughout the
analysis. The inoculation influenced the profile of volatile compounds and sensory
attributes of chocolate, especially regarded to the bitter and fruity attributes.

Keywords: Cocoa fermentation. Chocolate. Starter cultures.
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PRIMEIRA PARTE

1 INTRODUCAO

Sementes da Theobroma cacao L. é a principal matéria-prima na
elaboragdo de chocolates. A qualidade e o aroma/sabor do produto final sao
influenciados tanto pelas caracteristicas genéticas de cada hibrido quanto pela
etapa de fermentagdo ¢ secagem (CAMU et al., 2008; SCHWAN; WHEALS,
2004; THOMPSON; MILLER; LOPEZ; 2001).

A sucessdo microbiana presente durante o processo fermentativo do
cacau desencadeia uma série de alteragdes fisico-quimicas que sdo necessarias
para o desenvolvimento do aroma/sabor de "chocolate” (SCHWAN; WHEALS,
2004). As leveduras presentes no meio hidrolisam a polpa por meio da
despectinizacdo, o que reduz a viscosidade, ¢ produzem etanol a partir da
metabolizacdo de carboidratos sob condigdes acidas (pH 4,0) e anaerodbicas.
Simultaneamente, o acido citrico é assimilado por BAL heterofermentativas,
causando aumento do pH. Com o aumento da aeracéo, ocorre o desenvolvimento
das bactérias do acido acético que oxidam o etanol a acido acético, provocando
elevacdo da temperatura, causando morte do embrido, e desencadeia uma série
de reag¢des no interior do cotilédone (NIELSEN et al., 2007, THOMPSON;
MILLER; LOPEZ; 2001; SCHWAN; ROSE; BOARD, 1995).

Os compostos volateis formados durante o processo fermentativo estdo
compreendidos entre alcoois, aldeidos, cetonas, acidos e pirazinas. Altas
concentragdes de alcoois, aldeidos e cetonas sdo desejaveis para a obtencdo do
aroma/sabor floral, doce e frutado (RODRIGUEZ-CAMPOS et al., 2012). Os
alcaloides, como metilxantinas, teobromina e cafeina, contribuem com o
amargor ¢ a adstringéncia no cacau. Os ésteres estdo relacionados ao

aroma/sabor frutado (CAMU et al., 2008; JINAP; ZESLINDA, 1995).
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O Brasil € o sexto pais produtor de cacau no mundo (FAO, 2012), sendo
seu processo fermentativo caracterizado por apresentar fermentacdo espontanea,
ndo controlada, processada em fazendas e sem a adi¢do de culturas iniciadoras
(PEREIRA et al.,, 2013). O controle do processo fermentativo, utilizando
microrganismos definidos, permite que os produtores fornecam um produto mais
uniforme e de alta qualidade, obtendo melhor preco por améndoas bem
processadas (VUYST et al. 2010).

Este estudo foi realizado com o objetivo de avaliar a dindmica ¢ a
influéncia da inoculagdo de trés leveduras no perfil dos compostos volateis, nos
pardmetros quimicos (carboidratos, etanol e 4cidos orgdnicos) e na qualidade
sensorial dos chocolates produzidos a partir da fermentagdo do hibrido de cacau

PS1319.
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2 REFERENCIAL TEORICO

2.1 Cacau

Theobroma cacao L., pertencente a familia Malvaceae, ¢ considerada a
espécie mais plantada do género Theobroma (SCHWAN; FLEET, 2014) Com
base nas caracteristicas morfoldgicas e nas origens geograficas, o cacau é
classificado em trés grupos, ‘Criollo’, ‘Forasteiro’ ¢ ‘Trinitario’ (CHEESMAN,
1944).

O cacau Criollo foi a primeira arvore a ser cultivada, sendo encontrada,
principalmente, na América Central e na América do Sul (SOUNIGO et al.,
2003; CHEESMAN, 1944). A cultivar Forasteiro ¢ subdividida em Lower e
Upper Amazonian Forasteiros (IWARO et al., 2001; CHEESMAN, 1944). O
‘Trinitario’ € proveniente do cruzamento entre ‘Criollo’ e ‘Lower Amazonian
Forasteiros’ (SOUNIGO et al., 2003; CHEESMAN, 1944).

As plantagdes de cacau sdo formadas por trés tipos de variedades
comerciais: tradicional, hibrido e clonal. As variedades tradicionais sdo
formadas pela polinizagdo aberta, sendo conhecidas como Amenolato, nos
paises da Africa, Comum da Bahia, no Brasil e Nacional, no Equador. Os
hibridos sdo formados pela mistura interclonal de hibridos produzidos pela
polinizagdo controlada de clones selecionados (SCHWAN; FLEET, 2014).

Por volta de 1989, as plantag¢des de cacau na Bahia foram atacadas pelo
fungo Moniliophthora perniciosa (Crinipellis perniciosa), que culminou tanto
na reducdo da producio quanto no consumo interno e na exportacdo do cacau. A
Comissdo Executiva do Plano de Recuperagdo da Lavoura Cacaueira, CEPLAC,
iniciou um programa de melhoramento do cacaueiro, habilitando produtores e
trabalhadores rurais a selecionarem plantas com indicativo de resisténcia e/ou

tolerAncia a Moniliophthora perniciosa (Crinipellis perniciosa). Essa pratica
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resultou no surgimento de novos hibridos resistentes a esta doenca. Entretanto,
as caracteristicas fisioldgicas de cada hibrido interferem no processo
fermentativo do cacau, resultando em chocolates com carateristicas sensoriais
peculiares (RAMOS et al, 2014; MOREIRA, et al. 2013; SCHWAN,
WHEALS, 2004; FREIRE; SCHWAN; MORORO, 1999; CLAPPERTON et al.
1994).

O processamento do cacau inicia-se com a abertura dos frutos recém-
colhidos, sendo transferidos para caixas de madeira, em que se inicia a
fermentagdo espontanea, que dura de 3 a 7 dias. A fermentagdo é um processo
que apresenta alto efeito no perfil dos compostos volateis, devido a presenca de
microrganismos, como leveduras, bactérias do acido acético e bactérias do acido
latico (RODRIGUEZ-CAMPOS et al., 2012; SCHWAN; WHEALS, 2004).

As leveduras sdo favorecidas com o baixo pH da polpa, causado pela
presenca de acido citrico, juntamente com baixos niveis de oxigénio, produzindo
etanol e enzimas pectinoliticas. As bactérias do acido latico metabolizam glicose
e acido citrico da polpa para produzir acido latico. Apds 48 horas de
fermentagdo, as bactérias do acido latico decrescem, dando espago para o
crescimento das bactérias do acido acético que atuam, principalmente, na
oxidagdo do etanol em acido acético. As reagdes exotérmicas desta oxidacdo
promovem aumento da temperatura na massa fermentante, o que leva a morte do
embrido, a desagregacdo da parede celular e a libertagdo de enzimas endogenas
dos grios, importante para a formag¢do de precursores de aroma como
aminoacidos livres, peptideos e agucares redutores. Os sabores e o aroma
acentuam-se como resultado da degradacio de Strecker, reacdo de Maillard, e
contribuem para o desenvolvimento do aroma especifico durante o
processamento da améndoa (SCHWAN; WHEALS, 2004; THOMPSON;
MILLER; LOPEZ 2001; VOIGT et al., 1994; QUESNEL, 1965).
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Apoés a fermentacdo, os grios de cacau sdo submetidos ao processo de
secagem, o qual pode ser realizado tanto ao sol quanto por secagem artificial, a
70 °C (RODRIGUEZ-CAMPOS et al., 2012).

Durante o processo de torrefagdo ocorre o desenvolvimento do
aroma/sabor e da cor, observando-se uma redugdo na adstringéncia, amargor e
acidez. Os principais grupos quimicos encontrados estio compreendidos em
ésteres, alcoois, dcidos, aldeidos, acetonas e pirazinas. Os alcoois, ésteres e
acidos se desenvolvem durante processo fermentativo, sendo os principais
grupos volateis encontrados no final da fermentagdo (RODRIGUEZ-CAMPOS
etal., 2011, 2012; JINAP; THIEN; YAP, 1994).

A presenga de dlcoois ¢ desejavel para a obtencdo de produtos com
aromas florais e doces (ACULEY et al., 2010; FRAUENDORF, SCHIEBERLE,
2008), e a sua concentracdo, provavelmente, diminui durante o processo

fermentativo, devido a oxidagdo a acido acético e as perdas por evaporagdo

(GALVEZ et al., 2007, SCHWAN; WHEALS, 2004).

Os aldeidos e as cetonas aumentam com o tempo de fermentag3o,
produzindo aromas frutados e florais (RODRIGUEZ-CAMPOS et al., 2012). Os
ésteres estdo relacionados ao aroma/sabor frutado (JINAP; ZESLINDA, 1995).

2.2 Microbiota presente no cacau

O processo fermentativo do cacau ¢ uma associacdo de diversos
microrganismos, como leveduras, bactérias acéticas (BAA) e bactérias laticas
(BAL) (ROMBOUTS, 1952). Inicialmente, as leveduras presentes no meio, sob
condigdes anaerobicas, metabolizam os monossacarideos da polpa em etanol e
excretam enzimas pectinoliticas que promoverdo a despectinizagdo da polpa,
permitindo a aeragdo da massa de cacau. Simultaneamente, as BAL metabolizam

o acido citrico, promovendo o aumento do pH do meio e, com o aumento da



14

pressdo de oxigénio, oferecem ambiente adequado ao desenvolvimento das BAA
que, por meio da reacdo exotérmica de oxidagdo etanol em &cido acético,
promovem o aumento da temperatura da massa, alcangando 45 °C ou mais. As
modificagdes quimicas ocorridas no cacau s3o fundamentais para o
desenvolvimento do aroma/sabor de chocolate (CAMU et al. 2007; NIELSEN et
al., 2007; SCHWAN; WHEALS, 2004, 1995)

Hanseniaspora uvarum, Pichia kluyveri e Saccharomyces cerevisiae sao
algumas espécies de leveduras dominantes durante o processo fermentativo do
cacau no Brasil (RAMOS et al., 2014; MOREIRA et al., 2013; PEREIRA et al.,
2012, 2013; PEREIRA; GUEDES; SCHWAN, 2013) e contribuem com as
alteracdes fisico-quimicas ocorridas no cacau.

As principais fungdes das leveduras sdo produgdo de etanol em
condigdes de baixas concentragdes de oxigénio e altas concentragdes de
agucares, que é eventualmente consumido por processo oxidativo; produgdo de
acidos organicos, que permeabilizam e provocam a morte dos cotilédones dos
grios e producdo de alguns compostos volateis organicos que podem contribuir
como precursores do aroma/sabor do chocolate e secretam pectinases que
reduzem a viscosidade da polpa, permitindo a aeracdo da massa e criam um
ambiente favordvel ao desenvolvimento das bactérias acéticas (SCHWAN;
ROSE; BOARD, 1995; OUATTARA et al., 2008; SCHWAN; WHEALS, 2004).

As BAL, Lactobacillus plantarum e Lactobacillus fermentum, sdo as
principais cepas que dominam o processo fermentativo do cacau, caracterizadas
como aerotolerantes, tolerantes a acido e a etanol, além de serem capazes de
fermentar o 4cido citrico presente na polpa. O acido citrico e os agucares
presentes no meio sdo convertidos em acido latico, dcido acético e manitol,
promovendo um ligeiro aumento do pH do meio, estabilidade microbiologica,
produzindo moléculas precursoras de sabor e desenvolvimento de cor dentro dos

grios (CAMU et al., 2007, 2008; DANIEL et al., 2009; NIELSEN et al., 2007).
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As BAA, principalmente espécies do género Acetobacter, se
desenvolvem durante a fase aerdbica do processo fermentativo. O 4cido acético
¢ considerado um dos principais metabdlitos produzidos por reagdo exotérmica
(convertendo etanol a acido acético), promovendo a morte do embrifo, o
aumento da permeabilidade da parede celular do grio e a liberagdo de moléculas
precursoras do aroma/sabor de chocolate (CAMU et al., 2007; BRITO, E. S. et
al., 2000, HANSEN; OLMO; BURRI, 1998; HOLM; ASTON; DOUGLAS,
1993; NIELSEN et al., 2007).

2.3 Cultura iniciadora

A cultura iniciadora pode ser definida como uma prepara¢do microbiana
de, pelo menos, um microrganismo, a ser adicionada a uma matéria-prima para
produzir um alimento fermentado. Esta cultura acelera e conduz o processo de
fermentacdo (LEROY; VUYST, 2004).

As culturas iniciadoras sdo amplamente utilizadas na industria de
alimentos para a producdo de bebidas alcoodlicas, lacteos, embutidos carneos e
no setor de panificagio (LEROY; VUYST, 2004). Estes microrganismos
contribuem no controle dos processos de fermentacdo e na padronizagdo do
produto final. No entanto, a defini¢cdo da cultura iniciadora deve ser realizada
apos a compreensdo do processo fermentativo, das caracteristicas da matéria-
prima e do microrganismo que se deseja utilizar.

A fermentacdo dos grdos de cacau é um processo espontineo e
incontrolado, realizada por meio de processos agricolas que, geralmente,
resultam em produtos finais de qualidade variavel. Os problemas comumente
encontrados envolvem os niveis de acidez e a falta de aroma/sabor de cacau
resultantes da incompleta fermentag@o, ou o aparecimento do off-aroma/sabor,

resultante de um excesso de fermentacdo e da deterioragdo dos grios
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(SCHWAN, 1998; SCHWAN; WHEALS, 2004; VUYST et al.,, 2010). A
inoculagdo de microrganismos durante o processo fermentativo do cacau esta
sendo investigada como uma alternativa na melhoria da qualidade do chocolate.

Os microrganismos utilizados como culturas iniciadoras durante o
processo fermentativo do cacau compreendem espécies de leveduras
(Saccharomyciae cerevisiae, Pichia kluyveri e Klyveromyces marxianus),
bactérias do acido lactico (Lactobacillus fermentum e Lactobacillus lactis) e
bactérias do acido acético (Acetobacter pasteurianus e Gluconobacter oxydans
subsp. suboxydans) (CRAFACK et al., 2013, 2014; RAMOS et al., 2014; LEAL
et al., 2008; LEFEBER et al., 2010, 2012; MOENS; LEFEBER; DE VUYST,
2014; SCHWAN, 1998).

A inoculagdo de leveduras, como Saccharomyces cerevisiae, Pichia
kluyveri e Kluyveromyces marxianus, apresentou grande impacto na qualidade
sensorial do chocolate. Elas atuaram na prevengdo do crescimento de
microrganismos indesejaveis, devido ao rdpido consumo dos carboidratos
presentes na polpa e a elevada producdo de etanol (RAMOS et al., 2014),
influenciaram no perfil sensorial dos chocolates, contribuindo com notas doce,
frutado e aroma de cacau (CRAFACK et al., 2013) e melhoraram a drenagem da
polpa, aumentando a aeragdo e a velocidade de degradacdo das proteinas da

semente e reduzindo a acidez dos cotilédones (LEAL et al., 2008).
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3 CONSIDERACOES FINAIS

O processo fermentativo do cacau ¢ realizado por uma sucessdo de
microrganismos essenciais ao desenvolvimento do aroma/sabor de chocolate e,
quando conduzido de maneira espontinea e incontrolada, resulta em produtos
finais com qualidade variada. A inoculagdo de microrganismos durante a etapa
de fermentacdo auxilia na inibicdo de microrganismos indesejaveis e contribui
com uma maior padronizagdo do produto final. A presenca de leveduras no meio
¢ essencial para o sucesso da fermentacdo e, além disso, sua inoculagdo tem

influenciado o perfil dos compostos volateis e sensorial do chocolate.
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Abstract

One of the most important step in order to obtain chocolate is cocoa beans
fermentation that is carried out by a well-defined succession of microbial
activities, especially yeasts that are strongly correlated to the development of
chocolate characteristics. This study aimed to evaluate the impact of
Saccharomyces cerevisiae, Pichia kluyveri and Hanseniaspora uvarum starter
cultures on the microbial dynamics during cocoa bean fermentations. Moreover,
we analyzed their effects on the sensory profiles of chocolate and on chemical
parameters such as carbohydrates, ethanol and organic acids. Yeast populations
were assessed by qPCR. S. cerevisiae was predominant during spontaneous
(average 5.4 log cell/g) and inoculated (average 7.2 log cell/g) fermentations.
The H. uvarum seemed to be suppressed by the other two yeasts, as it showed
similar population (approximately 4.0 log cell/g) even in the inoculated assay.
Carbohydrates were consumed quickly at inoculated fermentation (68% and
42% were consumed in the inoculated and control assays respectively, at 24 h).
Ethanol content was higher in the inoculated (8.3 g/kg at 48 h) than in the
control (4.6 g/kg at 96 h) fermentation. Consumers did not report a significant
preference for either chocolate (p<0.5). However, differences in the flavour
attributes were noted, as consumers reported stronger coffee and sour attributes
in the inoculated assay. This is the first time qPCR has been used to assess the
dynamic of yeasts during the complex fermentation of cocoa beans. The
inoculation accelerated the process. S. cerevisiae and P. kluyveri likely

contributed coffee, sour and bitter flavour to the inoculated chocolate.

Keywords: cocoa fermentation, starter culture, chocolate, qPCR, sensory

analysis
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1.0 Introduction

Cocoa beans (Theobroma cacao L.) are the principal raw material of
chocolate manufacture. Fermentation of the beans is essential for removing the
pulp that envelops the beans and developing precursors of chocolate flavour
(Fowler, 2009; Thompson, Miller, Lopez, & Camu, 2013). Cocoa fermentation
consists of well-defined microbial succession that is initially dominated by
yeasts and subsequently surpassed by lactic acid bacteria (LAB), acetic acid
bacteria (AAB) and then aerobic spore forming bacilli (Ardhana & Fleet, 2003;
Garcia-Armisen et al., 2010; Lima, Almeida, Nout, & Zwietering, 2011; Schwan
& Wheals, 2004). According to Ho, Zhao, and Fleet (2014), the yeast growth
and activity are essential for cocoa bean fermentation and the development of
chocolate characteristics. The yeast metabolism results in ethanol production,
which will be converted to acetic acid by AAB, causing an increase in
temperature during the fermentation, and a very strong vinegar-like aroma.
(Schwan & Wheals, 2004). Saccharomyces, Hanseniaspora (anamorph
Kloeckera) and Pichia have been reported as the predominant genera found
during cocoa fermentations (Daniel & Meyer, 2009; Jespersen, Nielsen,
Henholt, & Jakobsen, 2005; Moreira, Miguel, Duarte, Dias, & Schwan, 2013;
Nielsen, Henholt, Tano-Debrah, & Jespersen, 2005; Nielsen et al., 2007; Pereira,
Miguel, Ramos, & Schwan, 2012). The use of starter culture for better control of
the fermentation process in order to improve the quality of the fermented cocoa
have been proposed by some researchers (Crafack et al., 2013; Leal Jr, Gomes,
Efraim, de Almeida, & Figueira, 2008; Lefeber, Papalexandratou, Gobert,
Camu, & De Vuyst, 2012; Schwan, 1998). In order to observe the dynamic of
starter culture during fermentations, plating or denaturing gradient gel
electrophoresis (DGGE) techniques have been used for evaluation of starter
culture species (Crafack et al., 2013; Lefeber et al., 2012; Schwan, 1998).

However, these methods may present some limitations. The plating method
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requires different types of media and different culture protocols that influence
which species are recovered. The metabolic status of the cells also results in the
presence of viable but non-culturable (VBNC) microbes, whose influence on
fermentation can be underestimated because the population dynamics cannot be
evaluated accurately (Amann, Ludwig, & Schleifer, 1995; Cocolin & Ercolini,
2008). DGGE serve as a fast source of information about the global population
structure and may even detect the presence of the VBNC species (Giraffa &
Neviani, 2001). However, it is not possible to quantify the population by using
this technique. Quantitative real-time PCR (qPCR) is a faster and more reliable
alternative to detect to quantify specific yeasts during fermentation (Hierro,
Esteve-Zarzoso, Gonzalez, Mas, & Guillamén, 2006) and is particularly
advantageous for VBNC yeasts because of its sensitivity (Zott et al., 2010).
Although the technique cannot distinguish living cells from intact dead cells, it
remains the most widely used method for the evaluation of yeast dynamics
during fermentation because VBNC cells may continue to influence the final
product’s characteristics regardless of their actual status (Cocolin & Ercolini,
2008). From our knowledge, qPCR has not been used to evaluate the yeast
dynamic during the complex fermentation of cocoa. This work aimed to
inoculate three yeast species (S. cerevisiae, H. uvarum and P. kluyveri) during
cocoa fermentations via qPCR and evaluate their dynamic behavior. Further, the
effect of these inoculations on the sensory qualities of chocolate was evaluated.
The chemical parameters (carbohydrates, ethanol and organic acids) during

fermentations were also studied.

2.0 Material and Methods
2.1 Fermentation and sampling
The fermentation experiments were conducted at the Vale do Juliana

cocoa farm in Igrapiina, Bahia, Brazil. The ripe cocoa pods from PS1319 hybrid
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(Porto Seguro, Uruguca, BA, Brazil) were harvested in November 2013. The
cocoa pods were manually opened with a machete and the beans were
immediately transferred to the fermentation house. The fermentation started
approximately 4 h after the breaking of the pods and was performed in 0.06 m’
wooden boxes. Each fermentation used 100 kg of cocoa beans. Fermentations
were performed both with and without inoculation (control) of a mixed yeast
starter culture containing Saccharomyces cerevisiae CCMA 0200 (LNF- CAl1,
LNF Latino America, Bento Gongalves, Rio Grande do Sul, Brazil), Pichia
kluyveri CCMA 0237 and Hanseniaspora uvarum CCMA 0236 at the beginning
of the process. The P. kluyveri and H. uvarum species were separately grown in
YPD broth [10 g/L Yeast extract (Merck); 20 g/L Peptone (Himedia); 20 g/L
dextrose (Merck)] at 30°C and 150 rpm, and replicated every 24 h. The cells
were recovered by centrifugation (7000 rpm, 10 min) and re-suspended in 1 L of
sterile peptone water [1 g/L Peptone (Himedia)]. This solution was spread over
the cocoa beans, reaching a concentration of approximately 10 cells/g of cocoa.
The S. cerevisiae CCMA 0200 yeast, which is lyophilized by LNF, was weighed
(as recommended by the manufacturer's instructions) and mixed in the solution
with other yeasts to reach a population of approximately 10’ cells/g of cocoa. All
fermentations were evaluated over a period of 168 h, and samples of
approximately 100 g each were withdrawn at 0, 24, 48, 72, 96, 120, 144 and
168 h of the process. The samples were taken approximately 40 cm from the
surface of the center of the fermenting cocoa mass, placed in sterile plastic pots
and transferred to the laboratory. The samples for chemical and culture-
independent analyses were stored at —20°C. All fermentations were performed in

triplicate.



29

2.2 DNA extraction and qPCR reaction

The total DNA from the cocoa pulp was extracted from samples with a
QIAamp DNA Mini Kit (Qiagen, Hilden, Germany) in accordance with the
manufacturer's instructions for DNA purification from tissues. The DNA was
stored at —20°C for further use.

Specific primers for the S. cerevisiae, P. kluyveri and H. uvarum yeast
species used in this study were previously described by Diaz, Molina, Néhring,
& Fischer (2013) and are shown in Table 1. The specificity of each primer pair
was  confirmed by  searching in  GenBank  using  BLAST
(http://www.ncbi.nlm.nih.gov /BLAST/).

Real-time PCR was carried out using the Rotor-Gene Q System
(Quiagen, Hombrechtikon, ZH, Switzerland). Each reaction comprised 12.5 uL.
2x Rotor-Gene SYBR Green PCR Master Mix (Qiagen, Stockach, Konstanz,
Germany), 0.8 uM of each primer (Invitrogen, Sao Paulo, SP, Brazil) and 1 uL
template DNA extracted from cocoa pulp for a total volume of 25 uL. The
mixture was heated to 95°C for 10 min, followed by 40 cycles of denaturation at
95°C for 10 s, and annealing/extension at 60°C for 15 s. The cycling temperature
was then increased by 1°C every 5 s from 50°C to 99°C to obtain the melting
curve. All analyses were performed in triplicate. The DNA concentration in the
samples was limited to 50 ng per analysis, except for standard curves prepared
from samples containing a known number of yeast cells. For standard curves, all
yeast species were cultivated in YPD agar at 30°C for 24 h. The cells were
counted using a Neubauer chamber. DNA was extracted using the QIAamp
DNA Mini Kit (Qiagen, Hilden, Germany) and serially diluted (1:10) from 10°-
10" down to 10 cell/mL. Each point on the calibration curve was measured in

triplicate.
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2.3 Carbohydrates, alcohols and organic acids analysis

The carbohydrates (glucose and fructose), organic acid (acetic, lactic,
and citric acids) and alcohol (ethanol) from cocoa pulp and beans were extracted
and analyzed using a liquid chromatography system (Shimadzu, model LC-
10A1, Shimadzu Corp., Japan) equipped with a dual detection system consisting
of a UV-Vis detector (SPD 10A1) and a refractive index detector (RID-10A1). A
Shimadzu ion exclusion column (Shim-pack SCR-101H, 7.9 mm X 30 cm) was
operated at 30 °C for carbohydrates and alcohols, and 50 °C for acids. Perchloric
acid (100 mM) was used as the eluent at a flow rate of 0.6 mL/min. The acids
were detected via UV absorbance (210 nm), while the alcohols and
carbohydrates were detected via RID. All samples were analyzed in triplicate,
and individual compounds were identified based on the retention time of
standards injected using the same conditions. The sample concentrations were
determined using an external calibration method. Calibration curves were
constructed by injecting different concentrations of the standards under the same
conditions of the samples analyses and the areas obtained were plotted a linear
curve whose equation was used to estimate the concentration of the compounds

in the sample (Ramos, Dias, Miguel, & Schwan, 2014).

2.4 Sensory analysis of chocolate

After fermentation, the beans were sun dried in drying greenhouses.
Thereafter, the dried beans from the two different fermentation processes
(control and inoculated) were sent for chocolate production at Sartori and
Pedroso Alimentos Ltda. (Sdo Roque, SP, Brazil). The chocolate contained 70%
cocoa.

The sensory analyses of the two kinds of chocolates (from control and
inoculated fermentations) were performed using a consumer acceptance test

followed by a check-all-that-apply (CATA) question. The tests were conducted
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on 51 adults over 18 years of age. Participants were 19.3% male and 80.7%
female and were consumers of dark chocolate. For the acceptance test, the
consumers evaluated how much they liked each sample using a 9-point hedonic
scale (1 = dislike extremely; 2 = dislike very much; 3 = dislike moderately; 4 =
dislike slightly; 5 = neither like nor dislike; 6 = like slightly; 7 = like
moderately; 8 = like very much; 9 = like extremely) (Stone & Sidel, 1993). For
the CATA question, the consumers were asked to evaluate seven sensory
attributes and select those they considered appropriate to describe the chocolate.
The attributes were sour, fruity, bitter, astringent, coffee, nutty and sweet.

The tests were performed in closed cabins with white illumination at the
Sensory Analysis Laboratory, Food Science Department, Federal University of
Lavras (Lavras, MG). The samples were labeled with three random digits on a
white surface. These samples had a monadic form and followed a balanced order
of presentation (Walkeling & Macfie, 1995). The chocolate was presented in 50
mL plastic cups containing approximately 2.5 g each. The subjects rinsed their
mouths with water between tastings. The sensory analysis was performed with

the approval of the local ethics committee (Federal Lavras University, Brazil).



Table 1 Specific primers used for qPCR analysis and qPCR parameters of standard curves obtained from 10-fold dilution
of yeast strains DNA by qPCR

Species Primers qPCR parameters
Name Sequence Prsoi(Zi:ct R? Slope Eff;ﬁ;:)ncy
S. cerervisiae SC-5fw 5’- AGGAGTGCGGTTCTTTGTAAAG-3’ 215 bp 0.999 -3.420 96

SC-3bw 5’-TGAAATGCGAGATTCCCCT-3’

P. kluyveri PK-5fw 5’-AGTCTCGGGTTAGACGT-3’ 169 bp 0.998 -3.634 88
PK-3bw 5’-GCTTTTCATCTTTCCTTCACA-3’

H. uvarum HU-5fw 5’-GGCGAGGATACCTTTTCTCTG-3’ 172 bp 0.998 -3.515 93
HU-3bw 5’- GAGGCGAGTGCATGCAA-3’

Primers were described by Diaz et al. (2013).

[43
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3.0 Results
3.1 gPCR analysis

Spontaneous and inoculated fermentations of cocoa in a farm scale were
performed in this study. For inoculations, the starter culture containing S.
cerevisiae, P. kluyveri and H. uvarum yeast species was used. The dynamic
behavior of the population of the starter culture species during cocoa
fermentations in the two assays (control and inoculated) was monitored by
gPCR. The sequences and product sizes of the primers are summarized in Table
1, as well as the qPCR parameters obtained for standard curves. Standard curves
were established for each primers set. The reaction efficiencies ranged between
88% (P. kluyveri) and 96% (S. cerevisiae) with high reproducibility. The lowest
detection limit was 107 cells mL™". The melt curve analysis for each PCR showed
a single peak (data not shown).

The yeasts S. cerevisiae, P. kluyveri and H. uvarum were detected and
quantified during control and inoculated fermentations by qPCR (Fig.1). S.
cerevisiae was predominant in both fermentations; however, in the control the
population was lower (ranging from 4.4 to 5.9 log cell/g) than in the inoculated
fermentation (ranging from 6.7 to 7.9 log cell/g). In the control, the population
of H. uvarum and P. kluyveri ranged from 3.4 to 4.5 log cell/g and 2.8 to 3.7 log
cell/g, respectively. Whereas in the inoculated assay, P. kluyveri showed higher
population than in the control (3.6 to 5.0 log cell/g) and H. uvarum showed
similar population (3.6 to 4.5 log cell/g). It was expected that higher populations
of these species would be found in the inoculated fermentation than in the
control; however this was not the case for H. uvarum. It seems that the other
yeasts, mainly S. cerevisiae, detected in highest numbers may inhibit the H.

uvarum growth.
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Figure 1 Dynamic behavior of S. cerevisiae (<), P. kluyveri (A), and H. uvarum
(OJ) yeasts populations during the spontaneous (a) and inoculated (b)
fermentations of cocoa, measured by qPCR. Standard deviation of
mean ranged from 0.003 to 0.1 log cell g
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3.2 Carbohydrates, ethanol and organic acids during cocoa fermentation
Carbohydrates, ethanol and organic acids were measured from the pulp
and beans during the cocoa fermentations (Fig. 2 and 3). Their concentrations at
0 and 168 h are shown in Table 2. For the pulp, the initial concentrations of
glucose, fructose and citric acid were approximately 25, 30 and 90 g/kg,
respectively. The consumption of these compounds was observed at the initial
time of fermentation (until around 70 h) and carbohydrates were consumed
faster in the inoculated fermentation than in the control (Fig. 2). At 24 h of
fermentation, glucose decreased to values of 13.8 g/kg (control) and 5.4 g/kg
(inoculated), and fructose showed concentrations of 17.4 g/kg (control) and
12.8 g/kg (inoculated). From 72 h, the concentration of carbohydrates was lower
than 3 g/kg for both assays. Sucrose was not detected at the beginning of the
fermentation, likely because it was hydrolyzed into glucose and fructose given
that the fruit harvest was performed three days before fermentation. This
procedure is common on Brazilian cocoa farms because the producers have
observed that it accelerates the fermentation process. Citric acid present in the
pulp was also consumed; however, in the inoculated assay this acid showed
concentrations lower than 1 g/kg only at 72 h, while for the control this
concentration was reached at 48 h. As observed in Fig. 2, from 96 h for control
and 144 h for inoculated fermentation, citric acid showed an increase, likely
related to microbial metabolism. At the end of fermentation (168 h) the
concentrations of citric acid detected were 14.0 and 12.1 g/kg for control and

inoculated assays respectively.
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Figure 2 Carbohydrates, organic acids and ethanol detected in the pulp during
(a) spontaneous and (b) inoculated fermentations of cocoa. ¢ =
glucose; [ = fructose; A= ethanol; x= acetic acid; * = lactic acid; o=
citric acid

As expected, the ethanol concentration in the pulp was higher in the

fermentation inoculated with yeasts, reaching the peak of ethanol production
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(around 8 g/kg) from 48 to 72 h, compared to the control, which showed
maximum concentration of 4.6 g/kg at 96 h. This fact may be due mainly to the
S. cerevisiae inoculation, which was the predominant yeast detected by qPCR.
For the acetic acid, the maximum concentrations were similar between the
control and inoculated fermentations: 2.5 and 2.9 g/kg respectively, detected at
144 h. As ethanol was metabolized into acetic acid by acetic acid bacteria, it
might have been expected that the highest concentrations of this acid would be
in the inoculated assay; however, the concentrations of both fermentations were
similar. This may be due to the high temperature of the fermentations’ mass,
around 45-50°C (data not shown), which favors ethanol evaporation and did not
affect in the acetic acid concentration at the end of the process. Lactic acid was
produced in the middle of the fermentation process (between 48 and 72 h),
showing maximum concentrations of 1.2 g/kg (control) and 0.8 g/kg (inoculated)
at 48 h.

Fig. 3 shows the concentration of carbohydrates, ethanol and organic
acids in the beans. The concentration of carbohydrates (lower than 2.7 g/kg) and
lactic acid (lower than 0.2 g/kg) are similar in both experiments. Regarding
ethanol, two peaks were observed in both assays. The first peak occurred at 48 h
with concentrations of 7.6 and 6.9 g/kg for control and inoculated fermentations,
respectively. The second peak for the control assay occurred at 120h (4.3 g/kg)
and for the inoculated assay at 96 h (12.6 g/kg). Acetic acid was detected in the
beans primarily toward the end of fermentation. The highest concentration of
this acid was observed at 144 h with values of 3.1 and 4.9 g/kg for control and
inoculated assays respectively. These data show that the production of ethanol
(between 48 and 72 h) as well as acetic acid (between 120 and 144 h), by
microbial activities in the pulp caused penetration into the cotyledon and in

combination with high temperature contributed to the death of the beans.
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Figure 3 Carbohydrates, organic acids and ethanol detected in the beans during
(a) spontaneous and (b) inoculated fermentations of cocoa. ¢ =
glucose; [ = fructose; A= ethanol; x= acetic acid; % = lactic acid; o=
citric acid



Table 2 Chemical compounds detected at 0 and 168 h in the control and inoculated fermentations.

Pulp Beans

Compounds Oh Control (168 h) Inoculated (168 h) Oh Control (168 h)  Inoculated (168 h)
Glucose 24.26+2.02° 0.60+0.01° 0.55+0.04° 0.58+0.02° 0.71 + 0.00° 1.08 + 0.09°
Fructose 31.20+2.71° 1.63+0.10° 1.28 £ 0.09° 1.02 + 0.09° 1.89 + 0.09° 0.25 + 0.00°
Citric acid 90.66 + 3.65 13.97 +1.32° 12.15 + 0.84° - - -

Lactic acid 0.03 + 0.00° 0.21+021¢ 0.05 + 0.05° ND 0.20 + 0.00° 0.06 + 0.00°
Acetic acid 0.41 + 0.00° 1.00 + 0.00° 2.23+0.10° 0.48 +0.01° 1.96 + 0.02° 3.98 +0.36°
Ethanol 0.71 £ 0.04° 1.22 +0.00 238+0.10° ND 1.07 + 0.00° 2.35+0.74°

Mean values + standard deviation within the same column followed by different superscript letters differ significantly (p < 0.05) by
ScotteKnott test. Citric acid were not detected in the beans.

6¢
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3.3 Sensory analysis

Sensory analyses were performed for both the chocolate produced from
spontaneous fermentation and that produced by inoculated fermentation. The
acceptance test and CATA question were given to untrained dark chocolate
consumers. There were no significant differences (p<0.5) in acceptance between
the two samples of chocolate. The result showed an average acceptance of 6.5
and 6.4 for chocolates produced by control and inoculated assays respectively.
This means that the consumers graded each of the chocolates “like slightly”.
Answers to the CATA question show that the consumers found each of the
chocolates to be mainly bitter (Fig. 4). However, a few differences were noted
between the two chocolate samples. The chocolates produced by spontaneous
fermentation were more related to sweetness than the chocolates produced by
inoculated assay, while the chocolates produced by inoculated assay were more

related to coffee and sour attributes than those from the control (Fig. 4).
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Sweeteness —>>) Bitter

Nut Coffee

Figure 4 Flavour profiles of the chocolates produced from cocoa beans
spontaneously fermented (continuous line) and cocoa beans fermented
with inoculations of yeasts starter culture (dotted line). The center of
the diagram corresponds to the lowest flavor intensity and the
perimeter to the highest flavour intensity

4.0 Discussion

The dynamics of three yeasts (S. cerevisiae, H. uvarum and P. kluyeri)
and their influence on sensory characteristics of chocolate were investigated in
this work. Isolates of these yeasts were used as starter culture in order to observe
their influence during the fermentation of cocoa beans and on the chocolate
produced by these fermented beans. Saccharomyces cerevisiae CCMA 0200
(LNF- CA1ll, LNF Latino America, Bento Gongalves, Rio Grande do Sul,
Brazil) was previously used as starter culture in fermentations of different cocoa
hybrids, including PS1319 (Ramos et al., 2014). According to Ramos et al., the
inoculation of this strain accelerated the fermentation process. H. uvarum

CCMA 0236 and P. kluyveri CCMA 0237 were isolated from cocoa
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fermentation (Moreira et al., 2013) and selected based on their stress tolerance
and fermentation performance in lab assays (data not shown). Hanseniaspora
uvarum has been described as an important yeast species associated with S.
cerevisiae detected during Brazilian cocoa fermentations (Moreira et al., 2013;
Ramos et al., 2014). Regarding P. kluyveri, this species has never been reported
as being the dominant yeast species, however it has previously been described in
fermentations in Ghana and Brazil (Daniel et al., 2009; Jespersen et al., 2005;
Moreira et al., 2013; Nielsen et al., 2005, 2007; Pereira et al., 2012). Crafack et
al. (2013) studied the influence of P. kluyveri on cocoa flavour and observed that
starter culture containing this yeast seemed to have a positive influence on the
flavour profile of chocolate. Further, Pereira et al. suggested testing this species
in association with S. cerevisiae as starter culture for cocoa bean fermentation.

In this study, a culture-independent method (qPCR) was used to detect
S. cerevisiae, H. uvarum and P. kluyveri, the starter culture species used for
cocoa fermentation. The qPCR is a faster and more reliable alternative to
identify and quantify yeasts during fermentation (Hierro, Esteve-Zarzoso,
Gonzalez, Mas, & Guillamén, 2006) than the methods based on the culture.
Further, VBNC yeasts may be detected (Zott et al., 2010). qPCR has been
employed to detect, identify and quantify either pathogens or beneficial
populations such as fermenting microbes or probiotics in food products (Hierro,
Esteve-Zarzoso, Gonzéalez, Mas, & Guillamén, 2006; Malorny, Lofstrom,
Wagner, Kramer, & Hoorfar, 2008; Masco, Vanhoutte, Temmerman, Swings, &
Huys, 2007; Zott et al., 2010). However, studies using qPCR for microbial
identification from complex environmental samples such as cocoa fermentation
are still scarce.

The qPCR revealed that S. cerevisiae and H. uvarum populations
showed similar values in the beginning of spontaneous (control) fermentation.

However, after 24 h S. cerevisiae was predominant (average 5.4 log cell/g)
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among the three species. The stressor conditions during cocoa fermentation,
including ethanol concentration and high temperature, influence the prevalence
of adapted yeast, such as S. cerevisiae, that have been said to dominate
fermentation (Andorra, Berradre, Mas, Esteve-Zarzoso, & Guillamén, 2012;
Ardhana & Fleet, 2003; Jespersen et al., 2005; Moreira et al., 2013;
Papalexandratou et al. 2013; Pereira et al., 2012; Ramos et al., 2014). S.
cerevisiae was followed by the H. uvarum population (average 4.0 log cell/g).
Hanseniaspora genus and S. cerevisiae have been described as predominant
yeasts during different laboratory and pilot-scale cocoa bean fermentations
(Moreira et al., 2013; Nielsen et al., 2007; Papalexandratou et al., 2013; Pereira
et al., 2012, 2013; Ramos et al., 2014; Schwan et al., 1995). The species H.
uvarum was previously described as an important yeast during different
Brazilian cocoa hybrid fermentations (Moreira et al., 2013; Ramos et al., 2014).
As expected, the P. kluyveri yeast was detected in low numbers (average 3.1 log
cell/g) during spontaneous fermentation.

When the yeast starter culture was employed, the yeast microbial profile
showed modifications. As observed in the results, S. cerevisiae was still
predominant (average 7.2 log cell/g) among the three species, as it was
inoculated in higher concentrations than the others. P. kluyveri showed its
highest (average 4.2 log cell/g) population in the inoculated assay, however H.
uvarum showed similar numbers between the assays (average 3.9 log cell/g).
The highest populations of S. cerevisiae and P. kluyveri likely suppressed the H.
uvarum growth in the inoculated fermentation. Although the inoculated yeasts
were previously tested for some stressful conditions (data not shown), in a
complex system containing different microorganisms a competition is an
important issue that should be considerate. The increase in the Saccharomyces
population matched a large decrease in the Hanseniaspora population, as has

been widely reported (Hierro, Esteve-Zarzoso, Mas & Guillamén, 2007; Nissen
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& Arneborg, 2003; Nissen, Nielsen, & Arneborg, 2003; Pérez-Nevado,
Albergaria, Hogg, & Girio, 2006). The ability of S. cerevisiae to displace other
microbial species during fermentations has always been attributed to its higher
fermentative power and capacity to withstand the increasingly adverse
conditions established in the medium as the fermentation progresses. These
conditions include high levels of ethanol and organic acids, low pH values,
scarce oxygen availability, high temperature and depletion of certain nutrients
(Bauer & Pretorius, 2000; Goddard, 2008; Hansen, Nissen, Sommer, Nielsen, &
Arneborg, 2001). Further, species belonging to Pichia genera, including P.
kluyveri as well as S. cerevisiae, have been reported as killer toxin-producing
yeast (Branco et al., 2014; Middelbeek, Stumm, & Vogels, 1980; Sangorrin,
Lopes, Jofré, Querol, & Caballero, 2008; Santos, Marquina, Leal, & Peinado,
2000). These species produce toxins against other yeast genera including killer-
sensitive strains of H. uvarum (Santos et al., 2000). All of these attributes
probably favored the S. cerevisiae and P. kluyveri growth relative to H. uvarum
during inoculated cocoa fermentation. Consequently, some characteristics
observed during fermentation, including high ethanol concentration (Fig. 2b and
3b) and the sour, bitter and coffee flavour detected in the chocolate (Fig. 4), may
be mainly related to the metabolism of these two yeasts’ isolates.

According to the chemical results, carbohydrates were consumed faster
(Fig. 2) in the inoculated assay. This is likely due to the higher population of S.
cerevisiae in the inoculated assay than in the control. Further, higher ethanol
concentrations (almost two times the concentration detected in the control) were
observed in this assay. However, this was not the case for acetic acid. Similar
results were found by Ramos et al. (2014) using S. cerevisiae CCMA 0200 as a
single inoculant in cocoa fermentation. These authors suggested that ethanol was
likely partially eliminated by evaporation and it did not affect in the acetic acid

concentration at the end of the process, concluding that the yeast S. cerevisiae
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CCMA 0200 accelerated the fermentation, preventing undesirable
microorganisms growth.

In order to investigate the influence of starter culture on the final
product, two chocolates were produced and their sensory characteristics were
evaluated. The consumers graded both chocolate samples “like slightly”.
Although there were no significant differences (p<0.5) in acceptance for
chocolates produced by spontaneous and inoculated fermentations, other
differences were observed. Bitter, sour and coffee flacour attributes were more
strongly detected in the inoculated sample. It is known that the quantity, nature
and distribution of the microorganisms present in the cocoa pulp will determine
the speed and intensity of the fermentation as well as the quality of the
fermented beans and the chocolate made from them (Camu et al., 2008). The
inoculated yeasts S. cerevisiae CCMA 0200 and P. kluyveri CCMA 0237, which
showed higher populations in the inoculated assay, may contribute to the sensory
characteristics observed in that assay. Further, the fermentation process seemed

to be accelerated in this assay.

5.0 Conclusions

This study is the first to use the qPCR technique to assess the dynamic
behavior of yeast during the complex fermentation of cocoa beans. A
predominance of S. cerevisiae was observed during spontaneous fermentation of
cocoa hybrid PS1319 compared to H. uvarum and P. kluyveri. During inoculated
fermentation, the population of H. uvarum seemed to be suppressed by the high
populations of the other two inoculated yeasts, mainly S. cerevisiae, which was
also predominant in the inoculated assay. Starter culture accelerated the
consumption of carbohydrates, and thus the highest ethanol concentrations were
observed. Further, the detection of highest and early ethanol and acetic acid into

the cotyledon in the inoculated assay, may contribute to acceleration in the death
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of the beans and consequently the fermentation process. The acceptance of
chocolate samples produced by the two different assays did not differ
significantly; however, a few differences in the attributes related to chocolate
flavour could be observed. The inoculation produced chocolate with stronger
coffee and sour notes than the chocolate produced by spontaneous
fermentations. However, studies regarding volatile compounds produced by
fermentation and microbial diversity are important in order to better understand
the role of these yeasts during cocoa fermentation and in the chocolate made

from the fermented beans.
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ARTIGO 2

Impacto da inoculacio de leveduras na concentracio dos compostos volateis

e no perfil sensorial do chocolate
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Resumo

Os chocolates sdo elaborados a partir das sementes fermentadas de Theobroma
cocoa. Durante o processo fermentativo ocorre uma sucessao de microrganismos
responsaveis pelas alteragdes fisico-quimicas ocorridas na polpa e no interior da
semente de cacau. Este estudo foi realizado como o objetivo de observar o efeito
da inoculagdo de leveduras no perfil de compostos volateis e da concentragdo de
teobromina e de cafeina do processo fermentativo do cacau. Andlise sensorial
dos chocolates contendo 70% de cacau também foi avaliada. A comunidade
eucariotica presente em amostras de cacau fermentadas espontancamente e
inoculadas com Saccharomyces cerevisiae, Pichia kluyveri ¢ Hanseniaspora
uvarum, durante o processo fermentativo do cacau, foi obtida pela andlise de
PCR-DGGE. Os microrganismos dominantes em ambas as fermentagdes foram
S. cerevisiae, P. kluyveri e H. uvarum. Os compostos volateis foram detectados e
quantificados por GC-FID, no tempo inicial e final da fermentagdo do hibrido
PS1319, sendo identificados 33 compostos volateis. A cromatografia liquida de
alta eficiéncia foi utilizada na identificacdo de teobromina e cafeina. A
propor¢do de teobromina em relacdo a cafeina foi de 5,99, na fermentacdo
espontanea, ¢ de 3,82, na fermentagdo inoculada. A inoculacdo de leveduras
influenciou o perfil dos compostos volateis e sensorial, resultando em chocolates

com dominéncia dos atributos amargo e frutado.

Palavras-chave: Comunidade microbiana, cultura iniciadora, analise sensorial.
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1. Introducao

A semente da Theobroma cocoa € a principal matéria-prima para a
elaboragdo de chocolate. Durante muitos anos, a plantacdo de cacau foi a
principal commodity produzida e comercializada no Brasil. Atualmente, o pais
ocupa a sexta posi¢do na produg¢do mundial (FAO, 2012).

O processamento pos-colheita ¢ uma etapa fundamental que determina a
qualidade do produto final. A etapa de fermentagdo ocorre devido a presenga de
diversos microrganismos responsaveis pelas modificagdes ocorridas no griao de
cacau, na producdo de metabolitos e no desenvolvimento de precursores do
aroma/sabor.

A sucessdo microbiana inicia-se em um ambiente anaerdbico propicio ao
desenvolvimento de leveduras que transformam os agucares presentes na polpa
em etanol, ¢ de bactérias do acido latico, que metabolizam o acido citrico em
acido latico, promovendo aumento do pH. As bactérias do dcido acético em
condicdes aerdbicas transformam o etanol em acido acético e a alta temperatura
resultante da reagdo exotérmica contribui para a morte do embrifo e a liberagio
de enzimas enddgenas (SCHWAN; ROSE; BOARD, 1995; NIELSEN et al.,
2007).

O metabolismo das leveduras ¢ fundamental para o desenvolvimento do
aroma/sabor de chocolate, além de contribuir com a produgdo do etanol e de
enzimas pectinoliticas. S30 os maiores produtores de ésteres e alcoois superiores
(HO; ZHAO; FLEET, 2014; CRAFACK et al., 2013; OWUSU et al., 2011;
SCHWAN &WHEALS, 2004).

Os compostos volateis formados durante o processo fermentativo estdo
compreendidos entre dalcoois, aldeidos, cetonas, acidos e pirazinas. Altas
concentragdes de dlcoois, aldeidos e cetonas sdo desejaveis para a obtengdo do

aroma/sabor florais, doces e frutados (RODRIGUEZ-CAMPOS et al., 2012). Os
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alcaloides, como as metilxantinas, teobromina e cafeina, contribuem com o
amargor e a adstringéncia no cacau, no entanto, suas concentragdes diminuem
durante a fermentacdo (LEFEBER et al., 2012; PAYNE et al., 2010; CAMU et
al., 2008; NAZARUDDIN et al., 2006; JINAP; ZESLINDA, 1995; KIM;
KEENEY, 1984).

A compreensdo da comunidade microbiana e as alteragdes fisico-
quimicas durante a fermentacdo do cacau sdo fundamentais ao desenvolvimento
de procedimentos de gestdo e para a producdo de cacau de alta qualidade
(RAMOS et al., 2014). Neste contexto, este trabalho foi realizado com o
objetivo de identificar a comunidade microbiana durante o processo
fermentativo do cacau e a influéncia da inoculagdo de diferentes leveduras na

concentragdo dos compostos volateis ¢ no perfil sensorial.

2. Material e métodos

2.1 Fermentagdo e amostragem

O experimento foi conduzido na Fazenda Vale do Juliana, Igrapiuna,
Bahia, Brasil. Os frutos maduros do hibrido PS1319 foram colhidos durante a
safra de 2013 (novembro), sendo abertos manualmente e conduzidos,
imediatamente, para a casa de fermentagdo, onde se iniciou a fermentagdo em
caixas de madeiras, contendo, aproximadamente, 100 kg de cacau. A inoculago
das leveduras foi realizada na massa de cacau, no inicio do processo. A
biomassa de cada levedura foi diluida em 500 mL de agua peptonada (0,1%)
contendo aproximadamente 10’ células/mL.

As fermentagdes foram conduzidas de forma espontdnea, ou seja, sem
adicdo de culturas iniciadoras (controle) e com a adi¢do de cultura iniciadoras.

As culturas utilizadas foram Hanseniaspora uvarium (CCMA 0236) e Pichia
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kluyveri (CCMA 0237), as quais foram previamente selecionadas como
potenciais culturas iniciadoras, baseando-se em estudos anteriores (MOREIRA
et al., 2013), e Saccharomyces cerevisiae CCMA 0200, armazenada na forma
liofilizada (LNF- CA11, LNF Latino America, Bento Gongalves, Rio Grande do
Sul, Brasil).

As fermentagdes de cacau foram avaliadas durante 168 horas, sendo
coletados 100 g de amostra a cada 24 horas. As coletas foram realizadas a,
aproximadamente, 40 cm da superficie em direcdo ao centro do fermentador,

sendo estocadas, a -20 °C, até a realizacdo dos testes.

2.2 Andalises das comunidades microbianas por PCR-DGGE

O DNA total das amostras obtidas das diferentes fermentagdes foi
extraido com DNA QIAamp Mini Kit (Qiagen, Hilden, Alemanha), de acordo
com as instrugdes do fabricante.

As reacdes de PCR foram realizadas em 25 pL contendo 0,125 U de Taq
DNA polimerase (Promega, Madison, EUA), 5 mL de 5x green go taq buffer,
0,2 mM dNTP, 1 uM de cada iniciador, 3 mM MgCl, e 0,5 ul de DNA extraido.
A regido do gene 18S rDNA utilizando os iniciadores NS3 (5’-CGC CCG CCG
CGC GCG GCG GGC GGG GCG GGG GCC GGG GGG GCA AGT CTG
GTG CCA GCA GCC-3") (GC clamp esta sublinhado) e YM951r (5'-TTG GCA
AAT GCT TTC GC-3") (HARUTA et al., 2006). As amplificagdes foram

realizadas de acordo com Ramos et al. (2010).

Os produtos da PCR foram analisados por PCR-DGGE, utilizando-se o
sistema BioRad DCode Universal Mutation Detection System (BioRad,
Richmond, CA, USA). As amostras foram aplicadas em gel contendo 8% (m/v)
de poliacrilamida (8% (v/v) acrilamida:bisacrilamida (37.5:1) em 0,5 x TAE).

Solugdes contendo de 35% a 60% de gradiente desnaturante foram utilizadas
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para as analises da comunidade eucariotica (100% de desnaturante corresponde a
7™M de ureia e 40% [v/v] formamida). A eletroforese foi realizada a uma
voltagem constante de 200 V, por 5 horas, a temperatura constante de 60 °C.
Apds a corrida, o gel foi retirado da placa e corado com SYBR Green®
(Molecular Probes, Oregon, EUA) (1:10,000 v/v), por 30 minutos e as imagens
foram visualizadas e fotografadas utilizando-se transluminador LPix Image
(LTB 20 x 20HE, LPix®, Brazil).

Os fragmentos de DNA presentes no gel foram excisados e
reamplificados com os mesmos primers descritos anteriormente. Os produtos de
PCR foram enviados para sequenciamento na Macrogen Inc. (Seoul, Coreia do
Sul) e as sequéncias disponiveis na base de dados GenBank foram comparadas
com as do algoritmo BLAST (National Center for Biotechnology Information,

Maryland, EUA).

2.3 Andlise de alcaloides puricos

Os alcaloides puricos, teobromina e cafeina, foram extraidos de acordo
com a metodologia descrita por Risner (2008), com pequenas modificagdes. A
extragdo consistiu em homogeneizar 0.,02 g de grdos de cacau com 5 mL de
agua MiliQ, por 5 minutos, em vortex, sendo 2 mL do sobrenadante filtrados
através de uma membrana de 0,22 pm (Millipore), para a analise de HPLC.

A analise foi realizada em cromatdgrafo (Shimadzu , modelo LC - 10AI,
Shimadzu Corp , Japao) equipado com o detector UV, a 273 nm. A coluna C18
Shimadzu foi utilizada e operada a 30 °C. A fase movel consistiu de dgua e
acetonitrila (80:20 v/v), a uma taxa de fluxo de 0,6 mL/min. As curvas de
calibracdo foram construidas a partir das diferentes concentragdes do padrio,

injetadas nas mesmas condi¢des das amostras analisadas. As areas foram obtidas
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plotando-se a curva de linearidade e a equag@o foi utilizada para estimar a

concentra¢do dos componentes da amostra

2.4 Identifica¢do dos compostos voldteis

Os compostos volateis das amostras de cacau (2,0 g) foram extraidos no
inicio e no final da fermentacdo, usando a técnica SPME-HS, descrita por
Rodriguez-Campos et al. (2011), com pequenas modifica¢des. A fibra 50/30 pm
de divinilbenzeno/carboxene/polidimetilsiloxano (DVB/CAR/PDMS) fornecida
por Supelco foi utilizada para extrair compostos volateis. A fibra foi equilibrada
durante, 15 minutos, a 60 °C e, em seguida, expostos ao cacau em pd, durante 30
minutos.

A anidlise foi realizada em cromatografo gasoso (GC), Shimadzu modelo
17 A, equipado com detector de ionizacdo de chama (DIC) e coluna capilar de
silica DB Wax (30 m % 0,25 mm i.d. x 0,25 um) (J & W Scientific, Folsom, CA,
USA). A temperatura do forno foi mantida a 50 °C, durante 5 minutos,
aumentando para 190 °C por incrementos de 3 °C/min e, em seguida, mantida a
190 °C, durante 10 minutos. As temperaturas do injetor e detector foram
mantidas a 230 e 240 °C, respectivamente ¢ o gas de arraste (N,) foi mantido a
uma vazdo de 1,2 mL/min. A identificacdo dos compostos volateis foi feita por
comparagdo de seus tempos de retengdo com os dos padrdes (DUARTE et al.,
2011).

2.5 Analise sensorial

Os provadores treinados ¢ previamente selecionados foram submetidos

ao teste de dominancia temporal das sensagdes (TDS) de chocolates, os quais

foram elaborados a partir de améndoas fermentadas espontaneamente (controle)
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e inoculadas com Hanseniaspora uvarum CCMA 0236, Pichia kiuyveri CCMA
0237 e Saccharomyces cerevisiae CCMA 0200, seguindo a metodologia
proposta por Albert et al. (2012). Na primeira sessdo, os provadores descreveram
todas as sensagdes percebidas durante a degustagdo dos chocolates. Os atributos
mais citados foram selecionados para analise de TDS, sendo eles acido, amargo,
castanha, doce, adstringente, café, frutado e cacau. Na segunda sessdo, os
provadores foram familiarizados ao programa e a metodologia proposta. Nesta
sessao foram definidos o tempo de 2 segundos de delay e a duracio total analise
de 35 segundos.

Os chocolates foram apresentados em copos plasticos de 50 mL,
codificados com trés digitos, contendo, aproximadamente, 2,5 g do chocolate em
barra. Agua foi utilizada para lavar a boca entre as amostras provadas. As curvas
de TDS foram obtidas de acordo com a metodologia proposta por Pineau et al.
(2009) para o software SensoMaker. O grafico TDS contém duas linhas que
correspondem ao “nivel de chance”, que € a taxa de dominancia que um atributo
foi escolhido ao acaso, e o “nivel de significancia”, que € o valor minimo para
que o atributo seja considerado significante (PINEAU et al. 2009). O calculo
utiliza o intervalo de confianga de uma propor¢do binomial, baseado na

aproximacgao normal, de acordo com Pineau et al. (2009).

= f'llpn{l _Pn]
Py = Py + 1.645 \/—

n

em que Ps ¢ o menor valor significativo (a = 0,05) em qualquer ponto no tempo
para uma curva TDS; n é o nimero provadores x repeticdes e Py ¢ igual a 1/p,

sendo p o nimero de atributos.
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3. Resultados

3.1 Comunidades eucaridticas encontradas durante o processo fermentativo

Na Figura 1 observa-se o perfil da comunidade microbiana eucariotica
obtida por PCR-DGGE, durante o processo fermentativo do hibrido PS1319,
fermentado espontaneamente e inoculado com culturas iniciadoras. A
fermentacdo inoculada apresentou bandas correspondentes as espécies
Saccharomyces cerevisiae e Hanseniaspora uvarium e, na fermentacio
inoculada, foram encontradas bandas de Hanseniaspora uvarium, Pichia
kluyveri e Saccharomyces cerevisiae. Fragmento correspondendo a Theobroma

cocoa também foi detectado.
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Figura 1 Comunidade eucaridtica encontrada durante a fermentacdo espontanea e inoculada do hibrido PS1319. As letras
representam os microrganismos identificados. A Pichia kluyveri, B Hanseniaspora uvarum, C Saccharomyces cereviseae
e D Theobroma cocoa

29



63

3.2 Andlise de teobromina e cafeina

A concentragdo dos alcaloides puricos, teobromina e cafeina, na
améndoa seca da fermentagdo espontanea, foi, respectivamente, de 6,23 g/kg
e 1,04 g/kg e, na fermentacéo inoculada, de 5,47 g/kg e 1,43 g/kg (Figura 2).
A concentrag@o de teobromina foi mais elevada na fermentacdo controle e a

de cafeina, na fermenta¢ao inoculada.

Concentragdo (g/L)
N w H (2} D

[
1

o
14

PS1319

PS1319 Inoculado

Figura 2 Teobromina e cafeina. Barra azul: teobromina, barra vermelha:
cafeina

3.3 Andlise dos compostos voldateis

Os compostos volateis foram detectados e quantificados por GC-FID
no tempo inicial e final da fermentagdo do hibrido PS1319, conduzida
espontaneamente e inoculada. Os compostos volateis detectados foram
agrupados em alcoois (12), ésteres (9), acido (7), aldeidos e cetonas (5)
(Figura 3), totalizando 33 compostos, descritos na Tabela 1.

Os ésteres foram detectados em maiores concentragdes no tempo
final da fermentagdo inoculada (17,50%). O composto etil acetato,
correlacionado ao sabor abacaxi, foi o principal composto produzido apos as

168 horas de fermentacdo. Em ambas as fermentagdes os alcoois foram
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detectados em maiores concentragcdes no inicio da fermentac¢do, sendo, 2-
heptanol e metanol encontrados, principalmente, da fermentagao espontanea
e inoculado, respectivamente. Dos aldeidos e cetonas, o volatil 2-nonanone
atribuido ao sabor doce foi o principal composto detectado (7,24%) no inicio
da fermentacdo espontdnea. Os dacidos foram encontrados em baixas

concentra¢des, em ambas as fermentacdes.

Alcohols
20

Aldehydes and
Ketones

Acids

----PS1319 INOC ——PS1319

Figura 3 Grupos de compostos volateis encontrados no final da fermentagéo
espontanea (linha continua) e inoculada (linha pontilhada)



Tabela 2 Concentragdo dos compostos volateis presentes no inicio (TI) e no final (TF) da fermentacdo espontaneamente e
inoculada do hibrido PS1319

Concentracio (%)

Componentes Odor® PS1319 TI PS1319 TE® PS 13191TI° PS13191TF¢
Alcoois
1-butanol ND¢ 1,01 3,50 0,77
1-propanol Doce 0,69 ND 0,65 0,13
1,3-butanodiol 1,63 0,12 0,69 ND
2-fenil etanol Mel, floral ND 0,54 ND 1,13
2-heptanol Doce, citrico 13,73 2,15 10,35 3,66
2-metil-1-butanol Frutado, uva ND ND ND 0,26
2-metil-1-propanol Vinho ND 2,13 ND ND
3-metil 1 butanol Chocolate 0,56 ND ND ND
Furfuril alcool Caramelo, doce 1,17 ND ND ND
Metanol 5,50 2,08 12,11 2,711
Octanol ND 3,22 ND ND
Total 22,13 11,21 27,33 9,87
Esteres

Etil acetato Abacaxi 0,14 3,05 3,27 15,17
Feniletil acetato Mel, frutado ND 0,34 ND 0,23
Etil lactato Frutado ND 0,20 0,78 0,29
Etil octanoato Frutado, floral ND 0,32 ND 0,08
Furfuril acetato Frutado, banana 0,04 ND 0,25 ND
Isoamil acetato Frutado, banana ND ND ND 0,69
Isobutil acetato Frutado 2,97 0,07 0,25 ND
Propil acetato ND 0,15 7,95 0,55
Propil butirato ND ND ND 0,46
Total 3,16 4,15 12,53 17,50

S9



Tabela 2, conclusio

Concentracio (%)

Componentes Odor® PS1319 TI° PS1319 TF® PS 13191TI° PSI319ITF°
Acido
Acido benzoico 0,42 ND ND 0,35
Acido decanoico Rango 0,17 ND ND 0,32
Acido hexanoico Pungente ND 0,12 ND 0,38
Acido isobutirico Rango, manteiga ND 0,19 ND 0,40
Acido nonanoico Gordura 0,95 0,26 1,05 0,55
Acido octanoico Doce, frutado 1,36 ND ND ND
Acido propanoico Pungente, rango ND 0,12 ND ND
Total 2,91 0,71 1,05 2,02
Aldeido e cetona
1,1-dietoxietano 0,24 0,05 1,15 0,07
2-nonanone Doce 7,24 1,57 ND 3,09
Acetaldeido 0,12 0,06 0,39 0,64
Hexanal 0,13 ND ND ND
Octanal ND ND ND 2,59
Total 7,74 1,69 1,54 6,04

* Obtido na literatura

°Fermentagdo conduzida espontaneamente

‘Fermentagdo inoculada com Hanseniaspora uvarium (CCMA 0236), Pichia kluyveri (CCMA 0237) e Saccharomyces cereviseae
(CCMA.0200)

4nd: ndo detectavel

99
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3.2 Andalise sensorial de chocolate

Os chocolates produzidos a partir de améndoas fermentadas
espontaneamente ¢ inoculadas foram submetidos ao teste de TDS. Os graficos da
Figura 4 representam os perfis sensoriais em relagdo aos atributos acido,
amargo, castanha, doce, adstringente, café, frutado e cacau, durante 35
segundos.

Os atributos amargo e cacau foram semelhantemente perceptiveis
durante os 35 segundos de analise do chocolate fermentado espontaneamente. O
atributo doce foi perceptivel aos 4,9 segundos, seguido dos atributos
adstringente, perceptivel aos 9,1 e 33,6 segundos, e frutado, aos 12,95 e 28,35
segundos de analise. O chocolate inoculado apresentou o atributo amargo
dominante durante toda a andlise sensorial e o atributo cacau foi perceptivel aos
30 segundos. O atributo frutado foi perceptivel aos 9,1 e aos 25 segundos, ¢ a

adstringéncia foi perceptivel aos 19,6 segundos de andlise.
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4. Discussio

A fermentagcdo do cacau consiste em uma sucessdo microbiana bem
definida, inicialmente dominada por leveduras, bactérias do acido latico e
bactérias do acido acético (ARDHANA; FLEET, 2003; GARCIA-ARMISEN et
al., 2010; LIMA, et al. 2011; SCHWAN; WHEALS, 2004). A quantidade ¢ a
distribuicdo dos microrganismos presentes na polpa irdo determinar a velocidade
e a intensidade da fermentagdo, bem como a qualidade do grio fermentado e o
produto final (CAMU et al., 2008).

Saccharomyces cerevisiae e Hanseniaspora uvarum s3o espécies
predominantes durante o processo fermentativo do cacau no Brasil (RAMOS,
2014; MOREIRA, 2013; PEREIRA et al., 2012; SCHWAN; WHEALS, 2004).
No entanto, a inoculagéo de S. cerevisiae, P. kluyveri e H. uvarum modificou o
perfil eucaridtico do processo fermentativo do cacau. As elevadas concentragdes
de S. cerevisiae e P. kluyveri no meio inibiram o desenvolvimento da H.
uvarum, que foi observado pela diminui¢do da intensidade da banda do PCR-
DGGE.

Saccharomyces cerevisiae e Pichia kluyveri sdo relatadas como
produtoras de toxina killer e, quando presentes no meio, sdo capazes de inibir o
desenvolvimento de células sensiveis (SCHMITT; BREINING, 2006;
MAGLIANI et al, 1997;). A produgdo de compostos antimicrobianos por
leveduras ja foi descrita em mais de cem espécies, sendo capazes de inibir
Hanseniaspora uvarum, Hanseniaspora guilliermondii e Hanseniaspoa
anémala, entre outros géneros (PEREZ-NEVADO et al., 2006; STARMER;
GANTER; ABERDEEN, 1992; BEVAN; MAKOWER, 1963).

A atividade microbiana gera metabolitos e condigdes responsaveis pela
morte do grao, desencadeando uma série de alteragdes bioquimicas essenciais ao

desenvolvimento do aroma/sabor de chocolate (PEREIRA, et al 2012).
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A atividade metabolica das leveduras é essencial para o sucesso da
fermentacdo de cacau, permitindo o aumento da concentragdo de oxigénio no
meio, devido a degradagdo a polpa, e diminui a acidez do meio devido a
metabolizagdo do acido citrico. Além disso, a producdo de etanol contribui para
a morte do embrido, auxiliando na liberagdo de enzimas enddgenas essenciais ao
desenvolvimento dos precursores do flavour (SCHWAN; WHEALS, 2004;
HANSEN; OLMO; BURNS, 1998; LEHRIAN; PATTERSON, 1983; LOPEZ;
DIMICK, 1995). A producao de metabolitos secundarios pelas leveduras (acidos
organicos, aldeidos, cetonas, alcoois superiores e ésteres) é conhecida por suas
propriedades aromaticas, contribuindo com a qualidade do chocolate (OWUSU
et al. 2011; SWIEGERS et al., 2005; SCHWAN; WHEALS, 2004;,ARDHANA,
2003).

A presenga de alcoois contribui com nota floral e doce, sendo
encontradas, no final do processo fermentativo, concentragdes similares em
ambas as fermentacdes (ACULEY et al, 2010; FRAUENDORFER;
SCHIEBERLE, 2008). A presenga de leveduras apiculadas no meio
fermentativo, como Hanseniaspora uvarum, contribui para o aumento da
produgdo de alcoois superiores (GIL, 1996). A concentragdo de ésteres foi 4,21
vezes maior na fermentacdo inoculada. A inoculagio de Pichia kluyveri
promove aumento na concentragdo de ésteres, contribuindo positivamente no
perfil do sabor/aroma do chocolate (CRAFACK et al. 2013). Os acidos foram
encontrados em baixas concentragdes, € 0 seu excesso de acidez nos cotilédones
durante a fermentag@o resulta em um chocolate com aroma/sabor indesejaveis
(WOOD; LASS, 1985, BIEHL; PASSERN, 1982, BIEHL et al., 1985). O acido
isobutirico foi detectado em baixas concentracdes na fermentacdo
espontanecamente (0,19%) e¢ na fermentagdo inoculada (0,4%), sendo sua
presenca indesejavel devido ao aroma/sabor estranhos produzido no cacau

(JENNING; SHIBAMOTO, 1980; SERRA-BONVEHI, 2005). Aldeidos e
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cetonas foram identificados em ambas as fermentagdes, apresentando
concentragdo maior na fermentag@o inoculada (6.04%).

A concentragdio de metilxantinas (teobromina e cafeina) varia de acordo
com o gendtipo e contribui com o amargor e a adstringéncia do chocolate
(LEFEBER et al.,, 2012; ; PAYNE et al, 2010; CAMU et al., 2008;
NAZARUDDIN et al., 2006; KIM; KEENEY, 1984). A elevada concentracao de
teobromina, comparada a da cafeina, é consequéncia do fato de o metabolismo
catalitico da teobromina a cafeina apresentar taxa limitada de conversdo na
biossintese da cafeina. A propor¢do de teobromina em relagdo a cafeina foi de
5,99, fermentagdo espontinea, e 3,82, fermentagdo inoculada, e esta taxa varia
de 1,9 a 10,6 (ASHIHARA, 2008; FRANCO; ONATIBIA-ASTIBIA;
MARTINEZ-PINILLA, 2013).

Os alcaloides puricos, teobromina e cafeina, estdo associados a efeitos
psicologicos atuando no sistema nervoso central, gastrintestinal, respiratdrio e
renal (LI et al., 2012).

De acordo com o teste TDS, os chocolates apresentaram perfis
diferenciados. A inoculagdo de Saccharomyces cereviseae, Pichia kluyveri e
Hanseniaspora uvarum contribuiu com a percepg¢do mais intensa dos atributos
amargo ¢ frutado. O volatil isoamil acetato apresentou concentragdo mais
elevada (0,69%) dentre os ésteres caracterizados, por apresentar odor frutado.
Crafack et al (2014) constataram que a inoculagdo de leveduras durante o
processo fermentativo do cacau influenciou o perfil sensorial, quando

comparado com a fermentacgdo espontanea.
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5. Conclusiao

As leveduras que dominaram o processo fermentativo inoculado do
hibrido PS1319 foram Saccharomyces cerevisiae, Pichia kluyveri e
Hanseniaspora uvarum. A inoculagdo das cepas selecionadas influenciou a
concentragdo dos compostos volateis e o perfil sensorial, apresentando chocolate
com maior dominéncia no atributo amargo e frutado. Entanto, a identificacdo
dos compostos fendlicos dos hibridos deve ser avaliada para compreender a

influéncia deles no perfil sensorial do chocolate.
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