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RESUMO GERAL

Caxiri é uma bebida fermentada tradicional alcodlica produzida a partir
da mandioca, milho e batata-doce pelos indigenas Jurunas ou Yudja no Brasil. A
fermentacdo do caxiri esta associada ao aumento na populagédo microbiana total,
sendo que as leveduras representam a maior populacdo. O produto final é
caracterizado por maiores concentracbes de etanol e de acido lactico. A
dindmica da comunidade microbiana foi investigada por técnicas dependentes de
cultivo. A comunidade microbiana complexa mudou na estrutura e composicao
durante o processo fermentativo. A populacéo bacteriana variou 2,51 - 5,66 log
UFC/mL, e a populagdo de levedura variou de 4,15 log UFC/mL a 6,73 log
UFC/mL, no decorrer de 48 horas de fermentacdo. De 237 isolados bacterianos
foi possivel identificar espécies dos géneros Lactobacillus, Weisella,
Leuconostoc e Enterococcus. De 108 isolados leveduriformes foi possivel
identificar as espécies Saccharomyces cerevisiae, Pichia kluyveri, Candida
tropicalis, Debaryomyces fabryi e Rhodotorula sp. Os valores de pH e de sélidos
soltveis totais diminuiram, de 6,5 — 3,0 e de 9,0 — 3,0 durante a fermentacao,
respectivamente. A concentracdo final de etanol foi de 88,15 g/L ,e a de acido
lactico foi de 14,25 g/L. Este estudo permitiu um melhor conhecimento da
dindmica da microbiota e dos metabdlitos produzidos durante a fermentagdo do

caxiri.

Palavras-chaves: caxiri, Jurunas, microrganismos, cCompostos.



GENERAL ABSTRACT

Caxiri is a traditional alcoholic brew produced from cassava, corn and
sweet potato Yudja or Jurunas by Indians in Brazil. The caxiri fermentation is
associated with increased of total microbial population, and yeasts represent the
largest population. The final product is characterized by higher concentrations of
ethanol and lactic acid. The dynamics of the microbial community was
investigated by technigues dependent and independent of cultivation. The
complex microbial community structure and composition changed during the
fermentation process. The bacterial population ranged from 2.51 to 5.66 log
CFU/mL, and yeast population ranged from 4.15 log CFU/ml to 6.73 log
CFU/mL during 48 hours of fermentation. Of 237 bacterial isolates were
identified species of the genera Lactobacillus, Weisella, Leuconostoc and
Enterococcus. Of 108 isolates were identified yeast species Saccharomyces
cerevisiae, Pichia kluyveri, Candida tropicalis, Debaryomyces fabryi e
Rhodotorula sp. The pH and soluble solids decreased from 6.5 to 3.0 and from
9.0 to 3.0 during fermentation, respectively. The final ethanol concentration was
88.15 ¢/L, and lactic acid was 14.25 g¢/L. This study allowed a better
understanding of the dynamics of the microbiota and metabolites produced

during fermentation of caxiri.

Key-words: caxiri, Jurunas, microorganisms, compounds.
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1 INTRODUCAO

Os alimentos fermentados indigenas tém significante importancia na
alimentacdo indigena e complexa diversidade de microrganismos. Sua
microbiota ainda é pouco estudada. Estudos tém sido realizados com bebidas
indigenas fermentadas produzidas de forma artesanal, a partir de diferentes
substratos (SCHWAN et al., 2007; RAMOS et al., 2010; SANTOS et al., 2012).
O estudo da microbiota e a analise nutricional destas bebidas séo relevantes
tanto para o conhecimento cientifico como para a satde publica.

O caxiri, em particular, é tradicionalmente associado a rituais sagrados e
profanos dos indios Yudja, sendo que esta bebida é ritualmente consumida em
festas ou por grandes grupos que se preparam para realizar um trabalho coletivo,
tais como corte de arvores ou a plantagdo de campos de culturas (LIMA, 2005).

Este trabalho foi realizado com o objetivo de estudar a microbiota
presente durante o preparo da bebida fermentada alcodlica indigena caxiri
(produzida a partir de mandioca, milho e batata doce), utilizando técnica
dependente de cultivo e método molecular para agrupamento dos isolados, assim

como, conhecer e estudar a composicdo e o valor nutricional da bebida.
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2 REFERENCIAL TEORICO

2.1 O povo Yudja (Juruna)

No territério brasileiro, segundo Pagliaro (2005), os povos indigenas
somam mais de 200 povos, falantes de aproximadamente 180 linguas. Esses
povos estdo presentes em &reas rurais e urbanas, com caracteristicas sociais e
culturais, bem como com trajetorias historicas, econémicas e politicas diversas.
A maior parte dessa populacdo distribui-se por diversas aldeias, situadas no
interior de 593 terras indigenas, de norte a sul do territério nacional
(INSTITUTO SOCIO AMBIENTAL, 2007).

Muitos desses povos indigenas habitam o Parque Indigena do Xingu
(Figura 1). Esse localiza-se na regido nordeste do Estado do Mato Grosso, na
porcdo sul da Amazonia brasileira (INSTITUTO SOCIO AMBIENTAL, 2007).
Segundo Garcia (2008), é possivel constatar similaridades e diferencas entre os
povos indigenas de uma mesma regido, como os povos Krahd, Makuna e
Juruna, que se localizam na regido Amazénica Brasileira. Os povos Makuna e
Juruna vivem em regido de floresta amazbnica, proximos de grandes rios,
enquanto que os Kraho vivem em regido de cerrado, proximos de pequenos rios.

A primeira noticia que se tem a respeito do povo Yudja é data de 1625,
informando sua localizag&o ao norte do estado do Parg, segundo Oliveira (1970).
Ainda no século XVII o povo Juruna sofreu um movimento migratério rumo ao
Sul do estado do Para, atigindo o estado de Mato Grosso. Este movimento
migratorio se deu, pois os Jurunas estavam sofrendo assédios de missionarios e
de expedicOes de resgates que tentavam catequizd-los. A figura 1 ilustra a

localizag&o dos povos indigenas habitantes do Parque Indigena do Xingu.
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=] Terras Indigenas
7 Floresta/Cerrado
| Desmatamento

Figura 1 Localizacdo dos povos indigenas habitantes do Parque Indl’gena’do Xingu —
MT. Fonte: Departamento de Documentacéo/Dedoc, Fundagdo Nacional do Indio/Funai.

2.2 Fermentacé&o alcoodlica

A glicose esta presente no metabolismo dos animais, dos vegetais e de
microrganismos. Ela é relativamente rica em energia potencial e, por isso, é um
bom combustivel. Como 0s organismos vivos surgiram em uma atmosfera sem
oxigénio, a quebra anaerdbia da glicose é, provavelmente, 0 mecanismo mais
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antigo de obtencdo de energia das moléculas orgéanicas (NELSON e COX,
2011).

Resumidamente, a fermentacdo alcodlica pode ser representada pela
Equacdo de Gay-Lussac. Nesta equacao € possivel observar que 1 mol de glicose
(180 g) produz 2 moles de etanol (92 g) e dois moles de didxido de carbono
(CO,) (88 g) e 57 kcal de energia.

CeH1206 + 2Pi + 2ADP—2C,Hs0H + 2CO, + 2ATP + 2H,0 + 57 kcal

Sob o ponto de vista bioquimico, a fermentacdo € um processo
catabdlico anaerdbio que ndo envolve cadeia respiratria ou citocromos. O
processo da fermentacdo alcodlica caracteriza-se como uma via catabdlica, na
qual ha a degradacdo de moléculas de agUcar (glicose ou frutose), no interior da
célula de microrganismos (levedura ou bactéria), até a formacdo de etanol e
CO,, havendo liberacédo de energia quimica e térmica (NELSON e COX, 2011).

A glicolise é a via central do catabolismo da glicose, sendo que o
piruvato é o produto final desse processo, o qual pode seguir diferentes vias
metabdlicas: fermentacdo alcoolica, fermentacdo lactea e respiracdo através do
ciclo de Krebs e cadeia respiratoria. Na fermentagdo alcodlica, leveduras e
outros microrganismos sdo responsaveis pela transformacdo de glicose em
etanol e CO, (Figura 2).

A glicose é convertida em piruvato pela glicélise, o piruvato é
convertido em etanol e CO, em um processo de dois passos: 0 piruvato sofre
descarboxilagdo em uma reacdo irreversivel catalisada pela piruvato
descarboxilase; e no segundo passo, por meio da a¢éo da alcool desidrogenase, 0
acetaldeido é reduzido a etanol, com o NADH, derivado da atividade da
gliceraldeido 3-fosfato desidrogenase, fornecendo o poder redutor (NELSON e
COX, 2011).
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Glicose
Glicohse

(10 reaghes sucessivas)

v
2 Piruvato |
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Figura 2 Catabolismo da glicose. Fonte: Lehninger (1995).

A piruvato descarboxilase é encontrada em todos 0s organismos que
promovem a fermentacdo alcodlica e em leveduras utilizadas em cervejarias e
em processos de panificacdo; a alcool desidrogenase é encontrada no figado

humano, e em muitos organismos que sdo capazes de metabolizar o alcool.

2.3 Microbiologia da fermentacao

A fermentacdo € realizada principalmente por leveduras, entretanto
algumas bactérias também sdo capazes de produzir alcool. As leveduras sdo
fungos unicelulares, com tamanho médio de 5 a 8 um de diametro, formadas por
membrana plasmética, espaco periplasméatico e parede celular, a qual é
constituida principalmente por polissacarideos e pequenas quantidades de
peptideos, apresentando uma estrutura semi-rigida e permeavel (WARD, 1991,
PACHECO et al., 2002)

Segundo, Pacheco et al. (2002), as leveduras sdo habeis para crescer e
eficientes na producéo de etanol em valores de pH de 3,5-6,0 e temperaturas de

28-35 °C. Contudo, conforme a concentracdo inicial de etanol produzida, a
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temperatura chegaré aproximadamente a 40 °C, resultando em um decréscimo da
produtividade da fermentacdo. Este decréscimo ocorre devido aos efeitos que a
levedura sofre pela formacdo do produto, uma vez que esta é bastante
susceptivel a inibicdes pelo etanol. Concentracdes de 1-2 % (p/v) de etanol sdo
suficientes para retardar o crescimento, e em concentracfes em torno de 10 %
(p/v) de etanol, a taxa de crescimento é quase nula.

Algumas espécies de bactérias também sdo capazes de fermentar
sacarose, glicose e frutose. De acordo com McDonald et al., 1991, os
Lactobacillus buchneri fermentam monossacarideos (glicose e frutose) com
maior eficiéncia, quando comparado com a fermentacdo de dissacarideos
(sacarose). Essa bactéria é capaz de converter acido latico em acido acético e
1,2-propanodiol em condigdes de anaerobiose, sendo mais eficiente em pH
baixo, préximo a 3,8 (OUDE ELFERINK et al., 2001).

As diferentes espécies de microrganismos presentes na fermentacdo do
mosto influenciam diretamente na qualidade do produto final. Esses
microrganismos precisam ter um bom desenvolvimento em condigdes
especificas (temperatura, pH, concentracdo de sélidos solUveis totais, aeracao,
entre outros) do processo fermentativo, bem como, serem capazes de tolerar as

diferentes concentragdes de metabdlitos produzidos durante a fermentacéo.

2.4 Alimentos fermentados produzidos a partir de diversos substratos

Fermentacdo pode ser descrita como mudancas bioquimicas provocadas
pela atividade metabdlica de microrganismos e/ou enzimas na oxidacdo de
carboidratos em ambientes aerdbicos, anaerdbicos ou parcialmente anaerdbicos
(WALKER, 1998). A fermentagdo € uma das formas mais antigas de
processamento e preservagdo de alimentos no mundo, remontando mais de 7000
anos na Babilénia (SHETTY e JESPERSEN, 2006).
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Alimentos fermentados tradicionais preparados a partir dos tipos mais
comuns de cereais (arroz, trigo, milho ou sorgo) sdo bem conhecidos em varias
partes do mundo. Alguns sdo utilizados como corantes, especiarias, bebidas e
alimentos secundarios da dieta, enquanto poucos sao utilizados como alimentos
principais da dieta (STEINKRAUS, 1998).

O ‘fufu’ ¢ um tipo de alimento fermentado produzido a partir da
fermentacdo da mandioca. As leveduras envolvidas durante a producdo de fufu
foram descritas por Oyewole (2001), sendo identificadas durante as 96 horas de
fermentagdo leveduras dos géneros Pichia, Candida, Saccharomyces e
Zygosaccharomyces e bactérias pertencentes aos géneros Streptococcus,
Geotrichum, Corynebacterium, Lactobacillus e Leuconostoc. Neste mesmo
tranbalho o autor estudou a interacdo entre leveduras e bactérias acido laticas,
sendo utilizados isolados de Candida krusei e Lactobacillus plantarum. Os
resultados demostraram que o desenvolvimento de culturas iniciadoras para
fermentacdo de mandioca para producdo de ‘fufu’ apresentou melhores
resultados quando se inocula leveduras associadas as bactérias &cido laticas.

A ‘agbelina’ ¢ um alimento a base de mandioca, no qual as raizes séo
descascadas, raladas e misturadas a um in6culo tradicional. A microbiota
predominante durante a fermentacdo envolve bactérias do é&cido latico,
principalmente Lactobacillus plantarum, Lactobacillus brevis e Leuconostoc
mesenteroides. A lise da celulose presente no tecido da mandioca é realizada
pelos Bacillus spp., Candida krusei, C. tropicalis, Zygosaccharomyces bailii e
fungos filamentosos, através de sua atividade celulolitica. Este alimento é
largamente consumido em paises como Ghana, Togo e Benin (MANTE et al.,
2003).

No Congo a partir da fermentacdo da mandioca é produzido o
‘sourdough’, uma massa muito utilizada como massa base para preparo de

outros alimentos (MIAMBI, et al., 2003). Durante a fermentacdo para producdo
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de sourdough, foram identificadas bactérias e leveduras pertencentes aos géneros
Lactobacillus, Pediococcus, Weissella, Clostridium, Propionibacterium,
Bacillus, Candida e Saccharomyces.

Um alimento produzido a partir da fermentacéo espontanea de mandioca
¢ chamado de polvilho azedo (LACERDA et al., 2005). Esta farinha é
amplamente usada na América Latina, especialmente na Coldmbia e no Brasil,
para producdo de pdes de queijo e outros alimentos tradicionais. A microbiota
presente durante a fermentacdo do polvilho azedo é bem diversificada, sendo
encontradas bactérias e leveduras de diferentes géneros tais como Lactobacillus,
Bacillus, Bifidobacterium, Lactococcus, Streptococcus, Enterococcus, Candida,
Debaryomyces, Kluyveromyces, Galactomyces e Issatchenkia.

Segundo Tamang (2005), no nordeste da india, uma variedade de
alimentos fermentados doces é produzida com soja, e sdo consumidos por
pessoas da etnia da regido.

Na Africa é bastante comum o consumo de alimentos fermentados
produzidos a partir da fermentagdo de cereais. Abriouel et al. (2006)
identificaram através de TTGE (Temporal Temperature Gradient Gel
Electrophoresis) os micro-organismos presentes em dois alimentos fermentados
tradicionalmente consumidos na Africa — ‘poto poto’ e ‘dégué’. O “poto poto’ é
um alimento produzido pela fermentagdo de milho. Este alimento é utilizado
pelas familias do Congo para criangas que estdo na fase de pds aleitamento
materno. Ja o ‘dégué’ ¢ um alimento fermentado usando milheto como substrato,
sendo consumido pelas familias da Burkina Faso. Em ambos o0s casos a
fermentacdo é espontdnea e sem nenhum controle da microbiota envolvida
durante a fermentagdo. Nos dois alimentos fermentados analisados por Abriouel
et al. (2006), espécies de bactérias acido laticas foram dominantes, sendo

encontrados Lactobacillus plantarum, L. paraplantarum, L. acidophilus, L.
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casei, Bacillus e Escherichia coli nas amostras de ‘poto poto’. E L. fermentum,
L. casei, L. brevis, L. gassei e Enterococcus nas amostras de ‘dégué’.

O ‘doenjang’ ¢ uma pasta produzida na Korea, tradicionalmente obtida
da fermentacdo da soja e tem sido consumida por seculos como uma fonte de
proteina e ingrediente aromatizante. Durante a producdo de ‘doenjang’ uma
variedade de bactérias, leveduras e fungos filamentosos foram encontrados.
Bactérias 4cido laticas — Lactobacillus plantarum, L. sakei, e outros grupos tais
como Bacillus subtilis, B. licheniformis, Leuconostoc mesenteroide,
Enterococcus faecium, foram predominantes, além de serem encontradas
leveduras e fungos filamentosos tais como Debaryomyces hansenii, Candida
krusei, Candida etchellsii e Candida (KIM et al., 2009).

2.4.1 Alimentos fermentados indigenas

A mandioca é um dos substratos muito utilizado pelos povos indigenas
para preparo de seus alimentos. Estudos vém sendo realizados com alimentos
fermentados a base de mandioca, sendo que a fermentacao é realizada de forma
doméstica e espontanea (MIAMBI et al., 2003; LACERDA et al., 2005;
SCHWAN et al., 2007; ALMEIDA et al., 2007).

O ‘cauim’ ¢ uma bebida fermentada de mandioca produzida pelos povos
indigenas Tapirapé. Almeida et al. (2007) e Schwan et al. (2007) identificaram a
microbiota presente na fermentacdo da bebida cauim, e observaram que ha uma
grande diversidade de microrganismos. Ainda segundo Almeida et al. (2007),
varios substratos sao usados pelos Tapirapé para produgdo do ‘cauim’ tais COMO
arroz, mandioca, milho, amendoin, semente de algoddo, abobora, buriti, banana
e outras frutas. A microbiota envolvida na fermentacdo da mandioca para
producdo do ‘cauim’ foi descrita por ambos os autores, sendo esta composta por

bactérias do género Lactobacillus, mas ocorreram também os géneros Bacillus,
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Corynebacterium e Paenibacillus. Dentre as leveduras os géneros encontrados
foram Saccharomyces, Candida, Pichia e Debaryomyces.

O ‘Hawaijar’ ¢ um fermentado indigena a base de soja com seu flavor e
viscosidade caracteristico, comumente consumida em Manipur, na india. Os
microrganismos dominantes nesta bebida foram identificados, sendo encontradas
espécies dos géneros Bacillus — B. cereus, B. subtilis, B. licheniformis e
Staphylococcus — S. aureus, S. sciuri (JEYARAM et al., 2008).

Ramos et al., 2010, estudaram a microbiota envolvida durante todo o
processo de produgdo de cauim usando amendoim e arroz como sustratos. Esta
bebida também ¢ produzida e consumida por indios Tapirapé. Foram
encontradas espécies de Lactobacillus fermentum, L. plantarum, L. paracasei,
bactérias do género Corynebacterium e Bacillus. Leveduras do género Pichia,
Saccharomyces, Candida e Kluyveromyces também foram identificadas.

Santos et al. (2012), ressaltam a importancia dos alimentos fermentados
em todo o mundo, sendo que a diversidade de suas propriedades nutricionais e
organolépticas, diferem de acordo com as diferentes matérias-primas utilizadas
no preparo. Ainda 0s mesmos autores destacam o extenso uso da mandioca
como substrato, para alimentos consumidos no Brasil, Asia e Africa. O caxiri é
produzido a base de mandioca e batata doce pelos indios Yudja. As especies de
leveduras ja descritas foram: Saccharomyces cerevisiae, Rhodotorula
mucilaginosa, Pichia membranifaciens, Pichia guilliermondii e Cryptococcus
luteolus. As bactérias encontradas foram Bacillus pumilus, Bacillus spp.,
Bacillus cereus, e Bacillus subtilis. Também foram encontradas as espécies

Sphingomonas sp., e Pediococcus acidilactici.

2.5 Metabolitos da fermentacao
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Durante a fermentacdo alcodlica sdo formados, além do etanol,
importantes componentes em menores quantidades. Dentre eles, podem-se citar
os alcodis superiores, glicerol, aldeidos, ésteres e acetatos, compostos
importantes para a formacdo do aroma de bebidas alcodlicas fermentadas, como
o vinho (LURTON et al., 1995; DIAS, 1996; MARQUES & PASTORE, 1999).

2.5.1 Alcoois

2.5.1.1 Etanol

O etanol é um composto formado a partir da via Embden-Meyerhoff-
Parnas (EMP) ou via glicolitica. Duas reac@es relacionadas a essa via conduzem
a producdo de etanol, por meio da fermentacdo alcodlica. Na primeira, 0
piruvato é descarboxilado, produzindo acetaldeido e liberando CO,. Em uma
segunda reacdo, o acetaldeido é entdo reduzido para produzir etanol e, a0 mesmo
tempo, uma molécula de NADH é oxidada a NAD" para cada molécula de etanol
produzida (CAMPBELL, 2005) (Figura 3).
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Figura 3 Rota metabolica de micro-organismos do género Clostridium sp durante
fermentacdo anaerdbia de varios substratos (DE SAA et al., 2014).

2.5.1.2 Glicerol

O 1,2,3-propanotriol conhecido como glicerol ou glicerina, € um

composto formado em grandes quantidades nas fermentagdes realizadas por
Saccharomyces cerevisiae (ABBAS, 2006). Este é formado no principio da
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fermentacdo, pela reducéo da diidroxicetona-fosfato a glicerol-fosfato, o qual é
fosforilado e gera o glicerol (Lehninger et al., 1995). Sua proporcéo depende da
quantidade inicial de acUcares, das leveduras e das condigdes do processo
fermentativo (PEYNAUD, 1989).

A producdo de glicerol esta envolvida com a producdo de etanol. Em
condicBes normais de crescimento, a maioria da glicose assimilada pela levedura
é convertida a etanol. Nesse processo, 0 NAD" é reduzido a NADH, que sera
reoxidado durante a reducdo do acetaldeido para a formagdo de etanol. Uma
pequena por¢do do NADH é desviada e usada na reducdo da diidroxicetona-
fosfato, a qual é desfosforilada e gera glicerol. Devido ao excesso de etanol,
pode haver um desvio da rota e 0 NADH formado ser4 utilizado para a formagéo
de glicerol em vez de etanol (LENHINGER, 1995).

Ribereau-Gayon (1978) citam que, por seu sabor doce, quase igual ao da
glicose, e por sua untuosidade, o glicerol contribui de forma importante para as
propriedades organolépticas do vinho, que podem ser percebidas com as

primeiras impressdes gustativas.

2.5.1.3 Metanol

O metanol ou alcool metilico € um composto natural presente nas
bebidas alcoolicas, em quantidades pequenas em relagdo aos demais
componentes (BLINDER et al., 1988).

O metanol ndo é um produto normal da fermentacdo, ou seja, ndo é
produzido pela levedura, e sim pela hidrélise da pectina metilada presente em
algumas matérias-primas. Este processo é catalisado por uma enzima péctica, a
pectinametilesterase (PME) que hidrolisa o grupo metil éster da pectina a
metanol e poligalacturonato (ZOECLEIN et al., 2001).
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No organismo, o metanol é oxidado a &cido formico e, posteriormente, a
CO,, provocando uma acidose grave (diminuigdo do pH sanguineo), afetando o
sistema respiratorio e podendo levar ao coma ou até mesmo a morte (MAIA,
1994). Sua ingestdo, mesmo em quantidades reduzidas, em longos periodos de

consumo, pode ocasionar cegueira e a morte (CARDOSO, 2006).

2.5.1.4 Alcodis superiores

Os alcodis superiores sdo alcot6is com mais de dois atomos de carbono,
formados durante o processo oxidativo. A sua formagdo estd ligada ao
metabolismo dos aminoacidos. Existem duas vias para a biossintese destes
compostos: uma via catabolica dos aminoacidos por descarboxilacéo, seguida de
reducdo dos alfa-cetoacidos obtidos por transaminagdo (mecanismo de Ehrlich);
e uma via anabdlica dos aminoacidos via os a-cetoacidos correspondentes, a
partir dos agucares. Geralmente, a proporgdo relativa das duas vias sédo de 25% e
75%, respectivamente (BAYONOVE et al., 1998).

Os principais alcodis superiores sintetizados durante a fermentagdo
alcodlica sdo o 1-propanol, 2-metil-1-propanol ou isobutanol, 2-metil-1-butanol
ou alcool amilico, 3-metil-1-butanol ou alcool isoamilico, feniletanol, 2,3-
butanodiol (BARRE et al., 2000). Segundo Cardoso (2006) trabalhos indicam
gue os alcodis superiores, conferem odores especiais as bebidas e sdo
considerados como solventes sobre outras substancias aromaticas, interferindo
nos graus de volatilidade e nos efeitos sensoriais da bebida. As vias de formagédo

de alguns desses alcoois estdo mostradas na Figura 4.
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Figura 4 Formacdo de alcoois superiores a partir de aminodcidos em leveduras
fermentativas. Modificado de Swiegers et al. (2005).

Quando presentes em concentra¢fes muito baixas, os alcoois superiores

proporcionam caracteristicas desejaveis as bebidas; no entanto, concentraces

elevadas resultam em aroma forte e sabor picante (SWIEGERS et al., 2005).

Com o aumento do nUmero de carbonos, o aroma modifica-se

substancialmente e o0s alcodis tornam-se oleosos, alguns deles lembram

fortemente aroma de flores e sdo chamados de 6leo fusel e diminuem o valor
comercial e a qualidade das bebidas fermentadas (CARDOSO, 2006).
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Entre as varidveis que afetam a concentracdo de alcodis superiores
formados encontra-se o tipo de levedura, o estado nutricional do mosto, a
temperatura da fermentacgdo, o pH, a quantidade de sélidos em suspensdo, época

de colheita da matéria-prima e a presenca de oxigénio (ZOECLEIN et al., 2001).

2.5.2 Compostos carbonilicos

Os aldeidos sdo compostos muito volateis, de odor penetrante, que
afetam o aroma das bebidas alcodlicas. Sdo compostos intermediarios da
formacgédo dos alcodis, sendo formados pela descarboxilacdo de oxo-acidos ou,
entdo, pela oxidagdo dos respectivos alcoois, como ocorre com o furfural e o
hidroximetilfurfural que possuem aroma penetrante e enjoativo (CARDOSO,
2006).

2.5.3 Acidos organicos

Os acidos organicos sdao compostos de grande importancia, pois tem
influéncia sobre diversas propriedades organolépticas, como aroma, sabor e cor,
e também estdo relacionados ao controle da estabilidade microbioldgica das
bebidas (MATO et al., 2005).

Durante a fermentacéo alcodlica sdo formadas mais de uma centena de
acidos organicos, sendo que sua origem depende principalmente de trés vias do
metabolismo da levedura. Um determinado nimero de compostos como acetato,
succinato, a-cetoglutarato, malato e citrato derivam diretamente do piruvato pelo
funcionamento limitado do ciclo dos acidos tricarboxilicos. Esses &cidos
organicos tém um efeito direto sobre as caracteristicas organolépticas do produto
acabado, e intervém no valor do pH da bebida fermentada. Outros &cidos

organicos (acido isovalérico e &cido isobutirico) derivam das vias de sintese dos
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aminoécidos e dos alcodis superiores. A maioria dos &cidos organicos restantes é
produzida durante a via de sintese dos &cidos graxos, a partir de malonil-CoA
(ALVES et al., 2011).

Os acidos graxos possuem odores considerados negativos, mas a sua
concentracdo raramente atinge o limiar de percepg¢do; eles desempenham um

papel de equilibrio no aroma fermentativo (ETIEVANT, 1991).

2.5.4 Esteres

Estes compostos juntamente com os alcodis superiores, sao 0s principais
constituintes do aroma fermentativo. Os ésteres sdo compostos, cuja, presenca
nas bebidas alcodlicas esta direta e fortemente ligada ao aroma, sendo
considerados os compostos produzidos por leveduras que tem mais influéncia
sobre 0 aroma das bebidas (BERRY & SLAUGHTER, 2003; ABBAS, 2006).

Os ésteres etilicos e o0s acetatos de alcodis superiores sao
biogeneticamente derivados do acil-CoA que ddo origem aos ésteres etilicos dos
acidos graxos e aos acetatos de alcodis superiores por alcodlise (BAYONOVE et
al., 1998). A Figura 5 mostra as rotas de formag&o do acetato de etila e acetato

de isoamila.
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Figura 5 Rota de formagdo dos ésteres acetato de etila e do acetato de isoamila em
leveduras fermentativas. Modificado de Swiegers et al. (2005).

2.5.5 Compostos sulfurados

Os compostos sulfurados sdo classificados em dois grupos: os de baixo
peso molecular e os de peso molecular superior. Para 0 primeiro, 0 grupo
funcional sulfurado é predominante sobre o odor (cheiro de “ovo podre”). No

segundo, a participacdo no aroma é mais complexa (ETIEVANT, 1991;
DUBOIS, 1994).

2.5.6 Compostos nitrogenados
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Os compostos nitrogenados volateis mais abundantes do vinho sdo as
acetamidas de aminas primarias e suas aminas correspondentes (ALVES et al.,
2011).

As acetamidas mais abundantes obtidas por acetilacdo das aminas pela
levedura sdo: N-(2-metilbutil)-acetamida, N-(3-metilbutil)-acetamida, N-(2-
feniletil)-acetamida, N-(3-metilopropil)-acetamida, N-pentilacetamida, N-
etilacetamida (DUBOIS, 1994; BAYONOVE et al., 1998).

2.5.7 Lactonas

As lactonas sdo componentes aparentados dos hidroxiacidos, pois
resultam da esterificacdo intramolecular desses &cidos. Os 4-hidroxiacidos
conduzem as y-lactonas (ciclo com cinco atomos) e 0s 5-hidroxiacidos, as 8-
lactonas (ciclo com seis atomos) (BAYONOVE et al., 1998). Um exemplo de
lactonas macrociclicas, sdo os antibiéticos macrolideos (de cadeia grande),
pertencentes ao grupo da eritromicina (CAREY, 1999).

2.5.8 Fendis volateis

Os principais fenois volateis produzidos pelas leveduras sao obtidos por
descarboxilagdo enzimatica dos &cidos p-cumérico e ferrulico. S&o eles o 4-
vinilfenol e o 4-vinilgaiacol, respectivamente.

A formacdo desses compostos pode ser atribuida a contaminagdo por
leveduras Brettanomyces/Dekkera ou, em quantidades mais baixas, a
intervencgdo de bactérias (CHATONNET et al., 1995). O aumento e a produgao
do 4-etilfenol sdo inibidos por aumento da concentracdo de etanol, sendo

inteiramente impedidos para teores de cerca de, 13% (v/v) (DIAS, et al., 2003).
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2.6 O uso de métodos moleculares para estudos de diversidade microbiana

Vérios meios de cultivo seletivos tém sido utilizados para a deteccdo de
diferentes grupos de microrganismos, entretanto as técnicas dependentes de
cultivo classicas nem sempre sdo eficientes para a identificacdo (HOLZAPFEL,
et al., 1997). A preparacdo dos meios de cultura seletivos € onerosa e tem a
limitagdo de ndo ser absolutamente seletiva. Uma desvantagem é que nem todos
0s microrganismos sdo cultivaveis, ou seja, ndo podem crescer em meio de
cultura. De acordo com Theunissen et al., (2005) torna-se impossivel isolar e
identificar um namero significativo de espécies microbianas (THEUNISSEN et
al., 2005). O uso de técnicas moleculares na microbiologia de alimentos tem
oferecido véarias melhorias no campo da deteccdo e identificagdo microbiana
(COCOLIN et al., 2004). A rep-PCR é um método auxiliar e de rapida resposta
para analise da diversidade e ecologia microbiana baseado em sequéncias de
DNA dos microrganismos em estudo. Nielsen et al., 2011, estudaram clones de
Klebsiella pneumoniae utilizando a rep-PCR. Bourdon et al., 2011, realizaram
comparagdo de quatro métodos, incluindo semi-automatizado rep-PCR, para a
tipagem de Enterococcus faecium. Bonacorsi et al., 2009 diferenciaram grandes
grupos clonais de cepas de Escherichia coli meningitis.

Diferentes autores (MUYZER e SMALLA, 1998; ERCOLINI, 2004;
COCOLIN et al., 2007) tem descrito a aplicacdo da técnica de DGGE para
estudos no campo da ecologia microbiana. No inicio dos anos 90, Muyzer et al.
(1993) desenvolveram a técnica de eletroforese em gel de gradiente desnaturante
(DGGE) com a proposta de caracterizar o perfil dos microrganismos presentes
em amostras ambientais. A técnica de DGGE permite analisar produtos de PCR,
de acordo com suas sequéncias de nucleotideos e o tamanho dos produtos
(MUYZER et al., 1993).
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As técnicas moleculares sdo ferramentas excepcionais para a deteccdo,
identificagcdo e caracterizacdo de microrganismos envolvidos em diversos

ambientes e ecossistemas de alimentos.

2.7 Analise nutricional de alimentos

O aumento do interesse sobre a demanda organica de nutrientes nos
alimentos e o estabelecimento de padrdes nutricionais de ingestdo tem elevado a
necessidade de se determinar a composicdo quimica dos micronutrientes, como
as vitaminas e aminoacidos, presentes nesses alimentos (PAIXAO e
STAMFORD, 2004).

Para uma melhor avaliacdo da composicdo nutricional dos alimentos
fermentados indigenas, faz-se necessario uma analise fisico-quimica
aprofundada das amostras. Entre as andlises, deve-se fazer a determinacdo dos
acucares solUveis totais, de proteina bruta, de amido, de pH, de sélidos solUveis
totais (°Brix).

Por métodos analiticos de Cromatografia Liquida de Alta Eficiéncia,
deve-se, determinar as concentracBes de etanol, glicerol, metanol, &cidos
organicos (&cido acético e acido latico), agucares (glicose, frutose, sacarose e
maltose), vitaminas e aminoécidos. A Cromatografia Liquida de Alta Eficiéncia
(CLAE) é 0 método quimico de identificacdo e quantificagdo de maior eficiéncia
atualmente, podendo a separacao analitica ser através da fase normal ou reversa,
as quais se acoplam detectores de UV e/ou de fluorescéncia (PAIXAO e
STAMFORD, 2004). As colunas de fase normal sdo polares (silica e outros) e
produzem separagdo em fases moveis extremamente apolares (SNYDER et al.,
1997; TURNER et al., 2001), enquanto as de fase reversa sdo revestidas em grau
variavel (de 6 a 18%) com polimeros apolares, octilsilano (C8) e octadecilsilano

(C18), que propiciam melhor resposta com fases méveis polares (SNYDER et
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al., 1997). Santos et al., (2012) e Alves et al., (2011), utilizaram a CLAE na
determinagéo e quantificacdo de compostos produzidos durante a fermentacdo
da bebida indigena caxiri e para o estudo da bebida fermentada de lichia, Litchi
chinensis Sonn, respectivamente.

A Cromatografia Gasosa (CG) € uma técnica para separacao e analise de
misturas de substancias volateis. A amostra é vaporizada e introduzida em um
fluxo de um gas adequado denominado de fase mdvel gas de arraste. Este fluxo
de gas com a amostra vaporizada passa por um tubo contendo a fase estacionaria
(coluna cromatografica), onde ocorre a separacdo da mistura. A FE pode ser um
solido adsorvente (Cromatografia Gas-S6lido) ou, mais comumente, um filme de
um liquido pouco volatil, suportado sobre um sélido inerte (Cromatografia Gés-
Liquido com Coluna Empacotada ou Recheada) ou sobre a prdpria parede do
tubo (Cromatografia Gasosa de Alta Resolucio) (DEGANI et al., 2011). A GC E
aplicavel para separacéo e andlise de misturas, cujos constituintes tenham ponto
de ebulicdo de até 300 °C e que sejam termicamente estaveis. Para a substancia
ser arrastada por um fluxo de gés ela deve se dissolver ao menos parcialmente
por esse gas. Sendo assim, misturas cujos constituintes seja volateis ou semi-
volateis podem ser separadas por GC. A Cromatografia Gasosa tem sido
utilizada em diversos trabalhos a fim de se obter o perfil de compostos volateis
encontrados em bebidas fermentadas e destiladas. Silva et al., (2009), através da
Cromatografia Liquida de Alta Eficiéncia conseguiram detectar compostos
volateis de cachagas produzidas com leveduras de diferentes procedéncias.
Duarte et al., (2009), utilizaram do método para a caracterizacdo do mosto de

gabiroba Campomanesia pubescens (DC).
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CAPITULO 2

MICROBIAL DIVERSITY AND METABOLITES PRODUCED DURING
THE FERMENTATION OF CAXIRI
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RESUMO

Este trabalho foi conduzido com o objetivo de estudar a microbiota e
avaliar as caracteristicas fisico quimicas, da bebida indigena de mandioca e
milho, caxiri. Foram utilizadas técnica dependentes de cultivo e 0os métodos
moleculares Rep-PCR (ITS1 e ITS4) e sequenciamento com a finalidade de se
obter uma melhor analise da microbiota nas diferentes amostras da bebida.
Foram encontradas as seguintes espécies de leveduras: Saccharomyces
cerevisiae, Pichia kluyveri, Candida tropicalis, Debaryomyces fabryi e
Rhodotorula sp.. Os isolados bacterianos identificados sdo Bacillus subtilis,
Lactobacillus fermentum, Lactobacillus helveticus, Klebsiella pneumoniae,
Staphyococcus carnosus, Escherichia coli. Através da cromatografia liquida
(HPLC) foi possivel observar a concentragdo final de etanol de 88,15 g/L e de
acido lactico foi de 14,25 g/L. O valor de pH decresceu de 6,50 para 3,00 e de
solidos soluveis totais de 9,0 para 3,0 durante a fermentacdo, respectivamente.
Os compostos volateis foram detectatados através da cromatografia gasosa (GC-
FID).O estudo permitiu conhecer a dindmica da microbiota e a produgédo de

metabolitos durante a fermentagdo do caxiri.

Palavras-chave: Bebida fermentada indigena, HPLC, GC-FID, caxiri de milho,

diversidade microbiana.
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ABSTRACT

This study was conducted to study the microbiota and to evaluate the
physical chemical characteristics of the indigenous beverage cassava and corn,
caxiri. Data dependent culture and molecular methods Rep-PCR (ITS1 and
ITS4) and sequencing in order to obtain a better analysis of microbial diversity
in the different samples was used beverage. The following species of yeasts
were found: Saccharomyces cerevisiae, Pichia kluyveri, Candida tropicalis,
Debaryomyces fabryi and Rhodotorula sp.. Bacterial isolates are identified
Bacillus subtilis, Lactobacillus fermentum, Lactobacillus helveticus, Klebsiella
pneumoniae, Staphyococcus carnosus, Escherichia coli. Through liquid
chromatography (HPLC) was observed final ethanol concentration of 88.15 g/L
and lactic acid was 14.25 g/L. The pH decreased from 6.50 to 3.00 and total
soluble solids of 9.0 to 3.0 during fermentation, respectively. The volatiles were
detected by gas chromatography (GC-FID). The study helped identify the
dynamics of the microbiota and the production of metabolites during

fermentation caxiri.

Key-Words: Indigenous fermented beverage, HPLC, GC-FID, caxiri, microbial
diversity.
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1 INTRODUCTION

Fermentations yielding alcohol and / or acid generally offer low-cost
ways of preserving food. The ethanol is germicidal and, as long as the fermented
product remains anaerobic, the product is reasonably stable and preserved
(STEINKRAUS, 1997). Alcohol serves as a source of calories; undesirable for
the overfed population, but valuable to the calorie-deficient villager
(STEINKRAUS, 1996). The alcoholic fermented beverages are produced and
consumed, usually in commemorative occasions, by different indigenous
peoples. Depending on region and ethnicity, there are variations in the raw
materials and the fermentation time for the production (ANDRADE et al., 2003).

Traditional or indigenous foods and beverages are normally produced by
natural processes, being prepared artisanal and empirically, without knowledge
of the presence of microorganisms to trigger the fermentation (STEINKRAUS,
1996; GOTCHEVA et al., 2000). In most of these products the fermentation
involves mixed cultures of yeasts, bacteria and fungi. Some microorganisms
may participate in parallel, while others act in a sequential manner with a
changing dominant microbiota during the course of the fermentation
(BLANDINO et al., 2003). Diversity and functional dynamics of microbial
strains involved in different traditional fermented food should be diligently
studied to get a full understanding of the microbial activities that can assist in
technical development of the fermentation processes (OGUNTOYINBO e
NARBAD, 2012).

Indigenous fermented products in different parts of the world are
considered to have improved flavour, texture, increased shelf-life, bioavailability
of micronutrients, and reduced or absence of antinutrition and toxic compounds
among others (SEFA-DEDEH et al., 2004; OBILIE et al 2004). Previous works

on Brazilian fermented foods have revealed a complex and significant microbial
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biodiversity responsible for these inherent desirable characteristics (ALMEIDA
et al., 2007; RAMOS et al., 2010 and 2011; SANTOS et al., 2012; MIGUEL et
al., 2012). Some of these foods include cauim from cassava and rice, peanut and
rice cauim, cauim from cotton seed and rice, caxiri from cassava and sweet
potato,and corn and rice calugi.

According to Almeida et al. (2007) Lactobacillus, Bacillus,
Corynebacterium and Enterobacter were identified in the cauim beverage,
produced from cassava and rice. Ramos et al. (2010) reported that the
Lactobacillus plantarum, Lactobacillus fermentum, Lactobacillus paracasei and
Lactobacillusbrevis were dominant throughout fermentation of peanuts,
cottonseeds and rice. Recently, Miguel et al. (2012) reported the presence of L.
plantarum, Streptococcus salivarius, Streptococcus parasanguis, Weissella
confusa, Enterobacter cloacae, Bacillus cereus and Bacillus sp. and the yeasts
Saccharomyces cerevisiae, Pichia fermentans and Candida sp. during the
fermentation of calugi, a porridge produced from corn and rice.

Santos et al (2012) studied the caxiri produced using cassava and sweet
potato and found that during the alcoholic fermentation (104.69 g/L) occurred an
increase in the total microbial population, with yeast being the largest group of
microorganisms. The bacteria were mainly represented for Bacillus subtilis,
Bacillus  pumilus, Lysinibacillus fusiformis, Lactobacillus fermentum,
Pediococcus acidilactici and Enterobacter sp.. The dominant yeast identified
was S. cerevisiae, although Rhodotorula mucilaginosa, Pichia membranifaciens
and Pichia guilliermondii were also found. The authors also reported that the
final product was characterized by a high content of ethanol and a high
concentration of lactic acid.

Organic acids are generated in fermented products as a result of
hydrolysis, biochemical metabolism and microbial activity. Quantitative

determination of organic acids is of wide importance in fermented foods due to
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technical, nutritional, sensorial and microbial reasons (SHUKLA et al., 2010).
Some studies have examined the volatile organic acid contents in traditional
fermented foods and beverages by using gas chromatography (GC) and high
performance liquid chromatography (HPLC) methods (ALMEIDA et al., 2007
MAGALHAES et al, 2009; SHUKLA et al., 2010; SANTOS et al., 2012;
MIGUEL et al, 2012). These are the most widely used techniques in organic
acid analysis, because of the speed, selectivity, sensitivity, reliability and simple
sample preparation methods involved (AOAC, 1975; GOMIS and ALONSO,
1996; SHUKLA et al.,2010).

Caxiri is a spontaneously fermented alcoholic beverage produced mainly
by Yudja people, that inhabits the Xingu Indigenous Park, Brazil, one of the
largest and most famous indigenous land worldwide. According with Lima
(2005) caxiri is traditionally associated with sacred rituals and is ritually
consumed at parties or by large groups preparing to perform collective work,
such as felling trees or planting fields of crops. The caxiri produced by these
people, is a brew primarily made with cassava and sweet potato, but other
substrates can be used in its manufacture, like corn and regional fruits (SANTOS
etal., 2012).

Due to the uncontrolled fermentation progression that occurs with
natural microbiota, the traditional method of making cassava corn caxiri, have to
be studied to deliver safe products, and moreover, to maintain the indigenous
food traditions. Thus, the objective of the present study were to identify the
microorganisms involved in the fermentation of cassava corn caxiri by PCR-
DGGE and determine the metabolites present in the fermentation process by gas
chromatography-flame ionization detection (GC-FID) and high-performance

liquid chromatography (HPLC).
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2 MATERIAL AND METHODS

2.1 Beverage making and sampling

The alcoholic cassava corn caxiri is traditionally prepared by women from
the Yudja people, at Pakaya tribe, located at S&o José do Xingu — Mato Grosso,
Brazil. The substrates used in the preparation were native cassava, sweet
potatoes (Ipomoea batatas L.) and corn (Zea mays).

To prepare approximately 100 L of the cassava and corn caxiri, 50 Kg of
bitter cassava (Manihot esculenta Crantz) roots were harvest, cut into pieces and
allowed to ferment for two days submerged in water. This process provides
softening, and this softened and fermented cassava is known as puba (SANTOS
et al., 2012). Then, the cassava tubers were peeled, cut in small pieces, put inside
of raffia bags and placed in a handmade wood press for 2 hours, to remove the
excess water. The cassava mass that resulted from the pressing was sieved to
remove undesirable parts and subsequently grated into flour. Next, the mass was
stirred with wooden paddles until the flour was uniformly roasted
(approximately 2 h). Roasting and pubas’s processes are very important for
preparing the beverage; these stages probably are related with detoxification by
removing cyanide content of the bitter cassava roots. Thereafter, the flour was
homogenized with approximately 80 L of water and passed through a sieve
straw to obtain a homogenous liquid. Simultaneously, 21 ears of corn were
harvested, husked and grated on artisanal aluminum graters. The grated corn was
then milled in wooden mortar and the corn mass was mixed with about 20 L of
water, sieved to retire the peels and cooked until obtained a corn porridge (40
minutes). Three kilogram of sweet potatoes (Ipomoea batatas L.) were grated
and then mixed with other processed substrates. The mixture was well

homogenized and placed inside the open wvessel at room temperature
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(approximately 30 °C) to initiate the fermentative process (Figure 6). Three

fermentations were performed in the same conditions as described above.

| Earsofcoml Soak in water (2d)
! !
Husk and grate Peel and cut
I
Milling Pressing (2h)
1 |
Mix with water Sieving
!
Sieving Roasting (approximately Zh) Swest potatoss Gkg)
I
Cooking (40 min) Add water and sieving (straw) Grating
e seeseeeeessssssssssesesssssnssedersesssssessesessssssseesessssmssssessesss |
[ Mixture in pans |
!
[ Homogeneization ]
]

[ Fermentation (approximatelv 30°C) ]

Figura 6 A flow diagram for the processing of cassava roots, corn and sweet potato into
caxiri.

The samples were taken at 24 h intervals. At each time of sampling, 20
mL of fermenting substrate were collected into sterile empty bottles for
physicochemical analysis and another 20 mL were added to sterile bottles
containing 180 mL of saline peptone diluents (0.1% peptone (HIMEDIA,
Mumbai, India), 0.5% NaCl (MERCK, Darmstadt, Germany), 0.03% Na,H,PO,
(MERCK), 20% glycerol (HIMEDIA) for microbial analysis. They were kept at

— 20 °C until analysis. Samples were taken by duplicate.
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2.2 Microbial enumeration, isolation, purification and maintenance

The samples were mixed in a stomacher at normal speed for 60 s, and
10-fold dilutions were prepared. Five different culture media were used to count
the microorganisms: YPD agar (1% vyeast extract (MERCK, Darmstadt,
Germany), 1% peptone (HIMEDIA, Mumbai, India), 2% glucose (MERCK,
Darmstadt, Germany), 2% agar (MERCK, Darmstadt, Germany) containing 100
mg/L chloramphenicol (SIGMA, St. Louis, USA) and 50 mg/L
chlortetracycline (SIGMA, St. Louis, USA)) was used for yeast enumeration, the
plates were incubated at 30 °C for 2-5 days; nutrient agar medium (MERCK,
Darmstadt, Germany) was used as a general medium for the viable aerobic
mesophilic bacteria (AMB) population, the plates were incubated for 3 days at
30 °C; MRS (De Man Rogosa Sharpe, MERCK, Darmstadt, Germany) agar
containing 0.1% nystatin (SIGMA, St. Louis, USA) under anaerobic conditions
was used for LAB count, the plates were incubated at 30 °C for 2 days; Glucose
Yeast Calcium Carbonate (GYC) agar (5% glucose, 1% yeast extract, 3%
CaCOs, 2% agar) at pH 5.6 was used for growth of acetic acid bacteria (AAB)
the plates were incubated at 28 °C; and Violet Red Bile with Glucose (VRBG,
MERCK Darmstadt, Germany) was utilized for the isolation of bile-tolerant
Gram-negative Enterobacteriaceae (GNE), the plates were incubated at 37 °C for

48 hours. All samples were plated in triplicate.

2.3 Microbial Identification

2.3.1 Phenotypic characterization of isolates



54

Subsequently, the morphological characteristics of each colony type
were recorded and counts were made. The square root of each colony type were
isolated and purified. The purified isolates were stored at —80 °C.

The yeasts were characterized according to Kurtzman et al. (2011) by
morphologic (macroscopically and microscopically) characteristics, and
subsequently by biochemical tests: fermentation of carbohydrates (glucose,
fructose, sucrose and maltose), carbohydrates assimilation (glycerol, raffinose
and lactose), DBB (Diazonium Blue B test), urea hydrolysis, and cycloheximide
and temperatures (30 °C, 37 °C and 45 °C) tolerance.

Bacteria were grouped according to their shape and arrangement, Gram
test (positive or negative) and catalase, oxidase, motility and sporulation
capacities according to Bergey's Manual of Determinative Bacteriology (Holt et
al. 1994) and The Prokaryotes (HAMMES AND HERTEL, 2003). The Gram-
negative bacteria were identified using the kits Bac-Tray I, 1l and 11l (DIFCO)

according to the manufacturer's instructions.

2.3.2 Rep-PCR fingerprinting

The bacterial isolates were grouped by Rep-PCR technique. For
amplification of DNA was used rep-PCR reaction with a total volume of 20 pl
containing 1U of Taqg polymerase, 2.5 pl of 10X buffer, 200 mM of each dNTP,
3.0 mM MgCI2, 0.8 mM of primer GTG5 (5' GTGGTGGTGGTGGTG 3'), 1%
(v/v) formamide, 0.1% (w/v) BSA, 2 pl DNA template and sterile milli-Q water
to make up to 20 pl. The program used for reaction was: 5min initial
denaturation at 94 ° C, 30 cycles of 95 ° C for 30 s, 45 ° C for 60s, 60 ° C for 5
minutes, following a final extension of 16 min at 60 ° C (GERVERS et al.,
2001). The PCR product was separated by electrophoresis in 2% agarose gel in
1X TAE buffer with a voltage of 70 V for 4 hours using a DNA marker 1Kb
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reference. Gels were stained with Syber-Green, visualized in UV light and
photographed. From the different rep-PCR profiles were selected
microorganisms, the genetic material of which were amplified and sequenced
using primers from its rDNA region sequences is shown below the primer 27f
(5'AGAGTTTGATCCTGGCTCAG3") and reverse 1512r primer
(5’ACGGCTACCTTGTTACGACT 3') (DEVEREUX et al., 2004).

The yeast isolates were grouped by rep-PCR. The rep-PCR reaction was
total volume of 20ul containing 1U of Taq polymerase, 2.5 pl of 10X buffer,
200 mM of each dNTP, 3.0 mM MgCl,, 0.8 mM of GTG5 primer (5
GTGGTGGTGGTGGTG 3'), 1% (v / v) formamide, 0.1% (w / v) BSA, 2 ul
DNA template and sterile milli-Q water to make up to 20 pl. The program used
for reaction was: 5min initial denaturation at 94 ° C, 30 cycles of 95° C for 30 s,
45° C for 60s, 60 ° C for 5 minutes, following a final extension of 16 min at 60 °
C (ANDRADE et al., 2006). The PCR product was separated by electrophoresis
in 2% agarose gel in 1X TAE buffer with a voltage of 70 V for 4 hours using
DNA marker 1Kb reference. Gels were stained with Syber-Green, visualized in
UV light and photographed. From the different rep-PCR profiles were selected
microorganisms, the genetic material of which were amplified and sequenced
using primers from its rDNA region sequences is shown below ITS1 (5'
TCCGTAGGTGAACCTGCGG3) and ITS4 6}
TCCTCCGCTTATTGATATGC3) (WHITE et al., 1990). The resulting
fingerprints were Analyzed using the BioNumerics, version 4.0 software
package (APPLIED MATHS, Sint-Martens-Latem, Belgium) and the similarity
among digitized profiles was Calculated using the Pearson correlation, and an
average linkage (UPGMA unweighted pair group method or with arithmetic
Averages) dendogram was derived from the profiles. The PCR products were

sequenced and sequences Macrogen she obtained will be aligned with the
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GenBank database, using the BLAST program (NATIONAL CENTER FOR
BIOTECHNOLOGY INFORMATION, Maryland, USA).

2.4 Analysis of the microbial community during cassava corn caxiri
fermentation by PCR-DGGE

2.4.1 Total DNA extraction and PCR amplification

Total DNA from samples at different times of fermentation was
extracted using the Nucleo Spin Tissue kit (MACHEREY-NAGEL, Diren,
Germany) and was performed according to manufacturer's instructions. The
DNA samples were verified in 1% agarose gels.

The DNA from the bacterial community was amplified with primers
968fGC /1401r (ZOETENDAL et al., 1988), spanning the V6-V8 region of the
16S rRNA gene. The DNA from the yeast population was amplified with the
eukaryotic universal primers NL1GC and LS2 which amplified a fragment of the
D1-region of the 26S rRNA gene with approximately 250 bp (COCOLIN et al.,
2000). All reactions were performed in a 25 uL. volume containing 0.625 U Taq
DNA polymerase (PROMEGA, Milan, Italy), 2.5 mL 10X buffer, 0.1 mMdNTP,
0.2 mM each primer, 1.5 mM MgCl, and 1 mL of extracted DNA. The
amplification was performed according to Ramos et al. (2010). Aliquots (2 mL)
of the amplified products were analyzed by electrophoresis on 1% agarose gels
before the DGGE analysis.

2.4.2 PCR-DGGE analysis and bands sequencing

The PCR products from the microbial communities were analyzed by
PCR-DGGE using a BioRadDCode Universal Mutation Detection System
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(BIORAD, Richmond, CA, USA) according to the procedures previously
described by Ramos et al. (2010). Denaturation gradients were used that varied
from 40 to 70% for the bacterial products (100% corresponded to 7 M of urea
and 40% [v/v] of formamide), and 30 to 60% for the yeasts products.
Electrophoresis was conducted at a constant voltage of 70 V for 16 h (bacteria
and fungi) and at a constant temperature of 60 °C. Following electrophoresis, the
gels were stained with SYBR-Green | (Molecular Probes) (1:10.000 v / v) for 30
min. The images were visualized and photographed using a Transilluminator
(LPix®).

Selected bands from the PCR-DGGE gels were excised with a sterile
blade and placed in 50 uL of sterile Milli-Q water at 4 °C overnight to allow the
DNA to diffuse out of the polyacrylamide matrix. The DNA was subsequently
re-amplified using the same PCR conditions described above. The PCR products
were purified and sequenced by Macrogen Inc. (SEOUL, South Korea) and the
obtained sequences were compared with those available in the GenBank
database with the BLAST algorithm (NATIONAL CENTER FOR
BIOTECHNOLOGY INFORMATION, Maryland, USA).

2.5 Physico-chemical analysis of the beverage

The samples in duplicate were characterized by pH, total soluble solids
(° Brix), protein, fat (AOAC, 2000) and total sugars (DISCHE, 1962).

2.6 Substrates and metabolites

2.6.1 HPLC analysis
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Carbohydrates (glucose, sucrose, maltose and fructose), organic acid
(acetic acid, lactic acid, malic acid and succinic acid) and alcohol (ethanol and
glycerol) analyses were performed according to methodology proposed by
Duarte et al. (2010). A Shimadzu liquid chromatography system (Shimadzu
Corp., Japan) equipped with a dual detection system consisting of a UV-Vis
detector (SPD 10Ai) and a refractive index detector (RID-10Ai) was used. A
Shimadzu ion exclusion column Shim-pack SCR-101 H (7.9 mm x 30 cm) was
used at an operating temperature of 30 °C for ethanol and glycerol and 50 °C for
acids. Perchloric acid (100 mM) was used as the eluent at a flow rate of 0.6
ml/min. Acids were detected via UV absorbance (210 nm), while alcohols were
detected via RID. Carbohydrates were analyzed on a Supelcosil LC-NH2
column (4.6 mm x 25 cm) operating at 30 °C with acetonitrile: water (75:25) as
the mobile phase at a flow rate of 1 ml/min. The sugars were detected via RID.
Individual compounds were identified based in the retention time of standards
injected at the same conditions, and their concentrations were determined using

the external calibration method. All samples were examined in quadruplicate.

2.6.2 GC-FID analysis

Volatile compounds from samples were extracted according to Duarte et
al., (2010). The extract containing the volatile compounds was analyzed in a
Shimadzu GC Model 17A equipped with a flame ionization detector (FID) and a
capillary column of silica DB Wax (30m x 0.25mmi.d. x 0.25um) (J & W
Scientific, Folsom, Calif., USA). The temperature program began with 5 min at
50 °C, followed by a gradient of 50 °C to 190 °C at 3 °C/min; the temperature
was then maintained at 190 °C for 10 min. The injector and detector temperature
were kept at 230 °C and 240 °C, respectively. The carrier gas (N,) was used at a

flow rate of 1.2 ml/min. Injections of 1 pL were made in the split mode (1:10).
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Volatile compounds were identified by comparing the retention times of the
compounds in the samples with the retention times of standard compounds
injected under the same conditions. Volatile compounds were quantified with 4-
nonanol at a final concentration of 312 pg/L as an internal standard. The

samples were examined in duplicate.

3 RESULTS AND DISCUSSION

3.1 Microbial counts

The microbial population dynamics in different fermentation times is
shown in Figure 7. According to other studies microbial population found in
different indigenous fermented foods is diverse and complex needs to be studied
carefully (ALMEIDA et al., 2007; RAMOS et al., 2011; SANTOS et al., 2012;
SCHWAN et al., 2007).The population of yeast during the fermentation process
ranged between 4.15 and 6.73 CFU/mL, the microorganisms become dominant
the end of the fermentation process. The 108 yeast isolates showed no ability to
break down urea and all produced ascospores, being characterized as members
of the Phylum Ascomycota. The yeasts may be characterized as fermentative
yeasts, since all showed the ability to ferment at least one carbohydrate they
were subjected (maltose, fructose, glucose and sucrose).

Among the main yeasts identified in indigenous fermented foods and
beverages, the most common is Saccharomyces cerevisiae (JESPERSEN et al.,
2003, SCHWAN et al., 2007, DUARTE et al., 2009, RAMOS et al., 2010,
SANTOS et al., 2012). However, other yeast species also plays an important role
in the spontaneous fermentation of fruits and grains. Ramos et al., (2010)
detected in the drink cauim indigenous species Candida sp, Pichia

guilliermondii, Kluyveromyces lactis and Rodotorula toruloides. In the last
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hours of fermentation of peanut and rice were only detected species Candida sp,
Saccharomyces cerevisiae, and Kluyveromyces lactis. According to Romano et
al., (2006) of the species S. cerevisiae plays a vital role in fermentation of the
maize dough, the basis of the daily diet in South America and Africa.

The population Enterobacteriacea and acetic bacteria remained
practically constant during the fermentation process, respectively reaching a
population of 3.63 CFU/mL and 2.98 CFU/mL at 120 hours of fermentation.
The mesophilic bacteria population ranged between 3.63 and 4.66 CFU/mL,
whereas the end of the fermentation process the population was 3.97 CFU/mL.
The population of lactic acid bacteria varied moderately reaching a value of 4.1
CFU/mL at the end fermentation process. According to Nout & Sarkar (1999),
the growth of yeasts in fermented foods is favored by the acidification of the
environment by bacteria, and the growth of bacteria is stimulated by the
presence of yeasts, which can provide growth factors such as vitamins and
soluble nitrogen compounds. Among the 237 isolated Gram-positive bacteria,
73.37% and 26.63% do not sporulate. Through microscopy it was possible to
characterize them as bacilli (65%) and cocci (35%). Was characterized Gram-
negative bacteria only 17.13% of the bacterial population.

Ramos et al., (2010) by DGGE identified on the beverage cauim
indigenous the species Lactobacillus plantarum, L. fermentum, L. paracasei, L.
brevis and Bacillus sp. Santos et al. (2012) detected the species Pediococcus
acidilactici, B. subtilis, B. amyloliquefaciens, Lysinibacillus sphaericus, B.
pumilus, Lysinibacillus fusiformis, B. simplex Sphingomonas sp., B. megaterium
through grouping by ARDRA.

Lactic acid bacteria, acetic bacteria and yeasts are responsible for the
production of lactic acid, acetic acid and alcohol (MIGUEL, et al., 2012).
Blandino et al., (2003) emphasized that LAB, AAB and yeasts are important

groups of microorganisms in food fermentation from cereals produced with
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indigenous sorghum, wheat, corn and rice. According to Ramos et al., (2010) the
production of acids and other antimicrobial components during fermentation can
promote the security and stability of the final product.

Just as Santos et al. (2012) have not been isolated from filamentous

fungi fermented alcoholic beverage caxiri.
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Figura 7 Numbers (log CFU/mI) of different microrganisms during 120 hours of
fermentation of corn caxiri.

The population of AAB and Enterobacteriaceae remained practically
constant during the fermentation process, reaching a population of 2.98 log
CFU/mL and 3.63 log CFU/mL at 120 hours of fermentation, respectively. The
mesophilic bacteria population ranged between 3.63 and 4.66 log CFU/mL,
reaching at the end of the fermentation process the population of 3.97 log
CFU/mL. Mesophilic bacteria have been found in many foods and beverages
fermented from cereals and roots (ALMEIDA et al, 2007; GADAGA et al.,
1999; RAMOS et al, 2011; FOMA et al., 2012; MIGUEL et al., 2012; SANTOS
et al., 2012). The population of mesophilic bacteria found in cassava caxiri

studied by Santos et al. (2012) was higher than that found in this study probably
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because the use of different substrates. According to other indigenous fermented
foods studies the microbial population found is diverse and complex and it vary
according to the way and substrate utilized (ALMEIDA et al., 2007; RAMOS et
al., 2011; SANTOS et al., 2012; SCHWAN et al., 2007).

A total of 345 strains were isolated and identified to species level.
Among them, 108 isolate belong to yeast group. All yeast isolates showed no
ability to break down urea and all produced ascospores, being characterized as
members of the Phylum Ascomycota. These yeasts were characterized as
fermentative yeasts, since all of them showed ability to ferment at least one of
the carbohydrates tested (maltose, fructose, glucose and sucrose).

Among the 237 bacteria isolates, 82.87% were Gram-positive bacteria,
and 17.13% were Gram-negative. The great majority of Gram-positive isolates
were able to sporulate (73.37%). Through microscopy it was possible to
characterize the Gram-positive ones as bacilli (65%) and cocci (35%) forms.

According to Rep-PCR, the isolates were grouped into groups. It was
possible to identify the yeast species Saccharomces cerevisiae, Pichia kluyveri,
Candida tropicalis, Debaryomyces fabryi and Rhodotorula sp. and regarding
bacteria species, it was found species, Bacillus subtilis, Lactobacillus
fermentum, Lactobacillus helveticus, Klebsiella pneumoniae, Staphyococcus

carnosus, Escherichia coli sp. (Table 1).
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Tabela 1 Genbank accession number of microorganisms of the species identified.

Access number Similarity Species
Bacteria
Gl:26245917 99% Escherichia coli
JX406820.1 98% Bacillus subtilis
JF811579.1 97% Lactobacillus fermentum
GI:597512677 98% Klebsiella pneumoniae
Gl1:2182827 91% Lactobacillus helveticus
G1:32330231 96% Staphylococcus carnosus
Yeasts
AB280539.1 100% Saccharomyces cerevisiae
AM262826.1 99% Saccharomyces cerevisiae
EU649673.1 100% Saccharomyces cerevisiae
U53879.1 99% Saccharomyces cerevisiae
AM262825.1 99% Saccharomyces cerevisiae
FM199969.1 99% Pichia kluyveri
HQ398237.1 98% Candida tropicalis
FJ662410.1 100% Candida tropicalis
EF197999.1 98% Candida tropicalis
AY125962.1 99% Debaryomyces fabryi

The species S. cerevisiae was the dominant yeast detected in the corn
caxiri, as also described by Santos et al. (2007) in cassava caxiri.

Other indigenous fermented foods and beverages have identified S.
cerevisiae as the most common yeast (JESPERSEN et al., 2003, SCHWAN et
al., 2007, DUARTE et al., 2009, RAMOS et al., 2010, SANTOS et al., 2012).
According to Romano et al., (2006) the species S. cerevisiae plays a vital role in
fermentation of the maize dough, the basis of the daily diet in South America
and Africa. However, other yeast species also plays an important role in the
spontaneous fermentation of fruits and grains. Ramos et al., (2010) detected in
cauim the indigenous species Candida sp, Pichia guilliermondii, Kluyveromyces

lactis and Rodotorula toruloides. In the last hours of fermentation of peanut and


http://www.ncbi.nlm.nih.gov/nucleotide/402810674?report=genbank&log$=nucltop&blast_rank=76&RID=13M13H8A014
http://www.ncbi.nlm.nih.gov/nucleotide/347300859?report=genbank&log$=nucltop&blast_rank=2&RID=13K8DU52015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=116874850&dopt=GenBank&RID=TFTUM44R014&log$=nucltop&blast_rank=51
http://www.ncbi.nlm.nih.gov/nucleotide/1262303?report=genbank&log$=nucltop&blast_rank=3&RID=EZY75A9001N
http://www.ncbi.nlm.nih.gov/nucleotide/311991089?report=genbank&log$=nucltop&blast_rank=1&RID=EZC0W603016
http://www.ncbi.nlm.nih.gov/nucleotide/222477011?report=genbank&log$=nucltop&blast_rank=3&RID=EZWNDW1P01S
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rice were only detected species Candida sp, Saccharomyces cerevisiae, and
Kluyveromyces lactis. The S. cerevisiae dominance was not surprising, since
caxiri is an alcoholic beverage, the high ethanol concentration (approximately
90 ¢/L) may eliminate the less alcohol tolerant yeasts. Further, some authors
(ASSANVO et al, 2006; COULIN et al, 2006; SANTOS et al., 2012) have
reported that the concentration of fermentable carbohydrates and protein favored
the fermentative metabolism of yeast S. cerevisiae, which metabolizes sugars
quickly and synthesizes ethanol. S. cerevisiae yeast species are more abundant
and involved in several cassava fermented foods, such as fufu, attieke and caxiri.

The microbiota present in fermented foods, such as lactic acid bacteria,
acetic bacteria and yeasts may be associated with the production of lactic acid,
acetic acid and alcohol (MIGUEL, et al., 2012). Blandino et al., (2003)
emphasized that LAB, AAB and yeasts are important groups of microorganisms
in food fermentation from cereals produced with indigenous sorghum, wheat,
corn and rice. The production of acids and other antimicrobial components
during fermentation can promote the security and stability of the final product
(RAMOS et al., 2010). Therefore, the microbial diversity is directly related to
sensorial and safety characteristics of the final product. Our results indicated that
the methodology allowed the identification of Saccharomces cerevisiae, Pichia
kluyveri, Candida tropicalis, Debaryomyces fabryi, Rhodotorula, Bacillus
subtilis, Lactobacillus fermentum, Lactobacillus helveticus, Klebsiella
pneumoniae, Staphyococcus carnosus, Escherichia coli. and their dynamics
during the fermentation process. The yeast population was predominant during
the fermentation process, being S. cerevisie responsible for the main ethanol
content (11°GL). LAB was also found, being related to lactic acid content. The
high concentrations of ethanol and lactic acid in corn caxiri may confer safety to
the final product, since this beverage is rudimentary produced without hygienic

practices. However, more studies should be performed in order to develop a



65

controlled process using selected starter cultures and to provide a final product
with better quality.

3.1.1 Culture-independent analysis with PCR-DGGE

The Fig. 8 show the PCR-DGGE fingerprints eukaryotic communities
(A) and prokaryotic (B), respectively. Samples taken at intervals of 24 hours
fermentation caxiri (BF, TO, T24, T48, T72, T96 and T120 hours). Fingerprints
PCR-DGGE detected that the eukaryotic communities (A) though has different
profiles where nine bands were excised and their DNA was sequenced. Despite
presenting different profiles, from DNA sequencing, was found just
Saccharomyces cerevisiae, possibly indicating the polymorphism of the species
in the different profiles obtained.

Five different DNA fragments of procaryotes were excised from the
PCR-DGGE (Fig.8B) gel. The fragments were amplified and then sequenced
using universal primers prokaryotic. It was found during the fermentation
caxiria wide range of prokaryotes. In prokaryotic PCR-DGGE profile was
detected Lactobacillus fermentum (band 2), Enterobacter cloacae (band 3),
Candidatus arthromitus (band 4) and Lactobacillus helveticus (band 5).
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Figura 8 Changes in eukaryote (A) and prokaryote (B) communities during caxiri
fermentation. The fingerprints were generated by PCR-DGGE of the V6-V8 region of
the 16S rRNA gene from the bacterial community. The DNA from the yeast population
was amplified with the eukaryoyic universal primers NL1GC and LS2 which amplified
fragment of the D1 region of the 26S rRNA.

3.2 Chemical characterization of the beverage

The results of chemical analysis are shown in Table 2. Fructose, glucose,
maltose, ethanol, methanol and glycerol were detected, but not sucrose (Fig. 9
and Fig. 10). The hydrolysis of the sucrose, a disaccharide, results in the release
of fructose and glucose in the fermentation medium. Obtaining simple sugars
can be done by enzymes, invertase enzyme of the yeast S. cerevisiae. The
glucose and fructose molecules are isomers. In the next step, the zimase, another
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enzyme synthesized by S. cerevisiae, conversion catalyzes the reaction of
glucose and fructose in ethanol and carbon dioxide. Tartaric, malic, succinic,
lactic, acetic, propionic and butyric acids were also evaluated throughout the
fermentation of caxiri (Table 2).

Different organisms may cause fermentation of different substances. The
bacteria responsible for fermentation fats lead to the production of butyric acid
(Table 2). The yeast ferments the glucose and some bacteria are able to ferment
lactose. In industry, the lactic acid is manufactured by the controlled

fermentation of hexoses milk, corn and molasses.



Tabela 2 Physical and chemical characters evaluated in the fermentation of alcoholic fermented beverage caxiri.

Fermentation time (h)

0 24 48 72 96 120
pH 6.5 4.0 3.0 /3.0 3.0 3.0
°Brix 9.0 9.0 7.0 55 55 55
Protein (%) 0.21+£0.04 0.26 £ 0.00 0.29 £0.04 0.34+£0.01 0.30+£0.05 0.29+£0.01
Compounds (g/L)
Acids
Tartaric 0.05+0.00 0.33+£0.03 0.31+£0.05 0.28 £0.04 0.21+£0.03 0.07+£0.10
Malic 0.09£0.00 0.07+£0.01 0.27+£0.25 0.39+£0.01 0.51+0.06 0.55+0.04
Succinic 0.24 £0.00 0.21+£0.01 0.21+£0.00 0.20 £ 0.02 0.21+£0.02 0.24 £0.09
Latic 5.85+0.03 7.48£0.41 9.19+0.48 9.22+0.05 15.09 + 0.01 14.25+0.00
Acetic 0.22 £0.00 0.28£0.01 0.28£0.01 0.34+£0.01 0.22+0.01 0.21+£0.00
Propionic 0.05+0.01 0.04 £0.01 0.04 £0.01 0.05+0.00 0.05+0.00 0.05+0.01
Butiric 0.10+£0.00 0.17 £0.00 0.17 £0.00 0.15+0.03 0.13+0.01 0.13+0.01

P
i
i



69

The initial pH in caxiri was 6.5 decreasing during the fermentation
process, reaching value of 3.0 at 48 h remaining constant until 120 h. This
decrease may be directly related to the acids presence. Organic acids, mainly
lactic acid, are produced by LAB activity, which were the predominant bacteria
during the process, and the second largest group following the yeasts group. The
°Brix value was reduced from 9.0°Brix (0 h) to 5.5 °Brix (120 h). The °Brix
decrease may be related to yeast metabolism, mainly S. cerevisiae, producing
high yield of ethanol. The amounts of protein remained constant throughout the
fermentation process corn caxiri.

The Figure 9 presents the profiles of the maltose, lactic acid and ethanol
compounds simultaneously. The lactic acid concentration ranged from 5.85 g/L
(Oh) to 14.25 g/L (120h) during fermentation. The maltose was the most
abundant carbohydrate detected in caxiri with an initial concentration of 19.12
g/L (Oh). During the first 24 hours of fermentation occurred a significant
decrease of maltose, and it was observed a concentration of 0.33 g/L at the end
of fermentation (120h) These results are in concurrence with those described by
Santos et al. (2012), where it was associated the Bacillus species with the
availability of maltose (via hydrolysis of starch). The ethanol content increased
throughout the fermentation (Fig. 9). The initial concentration of ethanol was
0.16 g/L (Oh) reaching its peak at 96 hours fermentation with 92.16 g/L,
corresponding to approximately 11°GL. Santos et al., (2012) also found high
ethanol concentration (83.9 g/L) in the cassava caxiri beverage, which was
associated to Saccharomyces cerevisiae presence, in concurrence with our
results. Foma et al., (2012) reported that alcohol concentration of the beverage
munkoyo was variable during fermentation process. This variation could be
explained by the different initial populations of yeasts at the beginning of
fermentation process and also by the interaction between yeast and LAB. The

ethanol yield is dependent on a number of steps that must be followed from
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obtaining the raw material and during the processing and storage of the product.
Some factors of fermentation should be controlled, such as aeration,
temperature, pH, nutrients, bacterial contamination, and the concentration of
ethanol in the fermentable medium. Agitation should be performed at the
beginning of fermentation for better multiplication of yeasts during fermentation
being avoided because the presence of oxygen can promote the formation of
acetic acid. In this study acetic acid was detected at concentrations of between
0.22 g/L at the beginning of the process and 0.21 ¢g/L at the end of the

fermentation process. The pH showed up around 6.5 to 3.0.
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Figura 9 Profile dynamics of maltose, lactic acid and ethanol during fermentation of
corn caxiri.

Figure 10 shows the concentrations of fructose and glucose, glycerol and
methanol in different samples of corn caxiri. The concentration of fructose
showed moderate variation throughout the fermentation process (Fig. 10). The
fructose concentration was almost constant during the process, varying from
0.02 g/L at 0 h to 0.08 g/L during the first 72h of fermentation. At the end of the
process (120h) the concentration was 0.05 g/L. There was a decrease in the

concentration of glucose in the fermentation corn caxiri. The initial glucose
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Figura 10 Profile dynamics of fructose, glucose, glycerol and methanol during
fermentation of caxiri.

concentration was rapidly (24 h) consumed by microbial activity, reducing from
0.72 g/L (Oh) to 0.24 g/l (120h). In contrast, there was an increase in glycerol
production during the fermentative process. The initial concentration of glucose
was rapidly (24 hours) consumed by microbial activity, reduction of 0.72 g/L
(Oh) 0.24 g/L (120h). In contrast, there was an increased glycerol production
during the fermentation process, which is favored by low pH (4.0 — 3.0) of the
fermentation medium.

This result indicated the yeast metabolism, since the increase of
glycerol content is coincident with the increase observed in yeast population.
The concentration of glycerol increased from 0.15 g/L (Oh) to 2.25 g/L (120h).
The methanol concentration was minimal (0.05 g/L) during the fermentation
process.

According to Lurton et al. (1995), S. cerevisiae strains are permanently
in the manufacture of alcoholic beverages, allowing the production of ethanol

and secondary compounds such as glycerol esters, alcohols and other
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compounds responsible for the aroma of alcoholic beverage. Oliveira et al.
(2005) inferred that different yeast strains may directly influence quantitative
variations of secondary compounds. Santos et al. (2012) observed the presence
of different S. cerevisie strains, which may contribute for secondary compounds
found in cassava caxiri.

The concentrations of organic acids such as tartaric, malic, succinic,
acetic, propionic and butyric acids were found during the fermentation process
and are presented in the Figure 11. The production of tartaric, acetic, propionic
and butyric acids was relatively low. The production of acetic acid can be
attributed to the presence of AAB, even with a low population observed in
Figure 7, as well as the S. cerevisiae presence, which may also contribute for
acid acetic production (LURTON et al, 1995). In contrast, the malic acid and
succinic acids concentrations were high. The malic acid produced during the
process, varied from 0.09 g/L (Oh) to 0.55 g/L (120h).The high content of malic
acid negatively influences the sensory quality of the beverages (DUARTE et al.,
2009). The succinic acid concentration increased during the first 24 h of
fermentation and was slowly reduced during the process, remaining 24 g/L at the
end of fermentation. According, Swiegrs et al., (2005) succinic acid production
was due to the presence of heterofermentative LAB that are able to grow during
the fermentation of the beverage and producing succinic acid by fermentation of

sugars.
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The results of the volatiles compounds analysis are shown in Table 3.
Thirteen volatiles compounds were identified and quantified during the
fermentation of corn caxiri, using GC-FID. Aldehydes, acetaldehyde and

furfural were detected.

—i— Tartaric acid
-=8==Malic acid
—s—Succinic acid

= » = Acetic acid

Organic acids (ZfL)

=% * Propionic acid

et Bustiric acid

Fermentation time [h)

Figura 11 Profile dynamic organic acids identified by HPLC during fermentation caxiri.



Tabela 3 Concentrations of volatiles compounds in the fermented alcoholic beverage caxiri, as determined by GC-FID.

Fermentation time (h)

0 24 48 72 96 120
Compounds (ug/L)
Acetaldehyde 51.35+ 1.68 55.76 + 1.44 37.26 +1.66 34.78+1.27 35.68 + 2.40 42.35+2.90
1,1-dietoxyethane  19.65 + 1.67 32.39+6.97 213.06+1.95 226.24+3.04 77.08+1.90 15.21+£0.33
Isobutylacetate 51.21+1.64 50.20 +1.23 49.21+293 47.26+1.55 47.01 +1.45 49.15+1.25
Ethylbutyrate nd nd 1545+1.20 18.33+0.27 19.65 £+ 1.32 30.18 +1.82
Ethyllactate nd nd 33.61+176 52.06+1.73 71.29+1.42 73.37+£2.05
Furfural nd nd nd 109.31+2.45 8854+1.21 77.21+1.43
Butyricacid 12.39+1.38 1476 +£1.23 19.89+1.16 25.86+1.22 25.06 + 1.03 21.23+2.04
Furfurylalcohol nd nd 78.23+233 8325+21 104.22 £ 2.47 nd
2-phenylethanol nd nd 432.75+2.48 837.23+11.97 991.90+10.01 1022.76 +2.78
Diethylmalate nd nd 44,39 +2.02 59.37+1.09 88.32 £ 2.27 nd
Octanoicacid nd nd 66.07£0.41 94.26 +£1.02 96.32 + 2.82 121.49+3.18
Nonanoicacid nd nd 30,09+1.32 28.12+1.21 18.62 £ 2.02 nd
Decanoicacid nd 98.02+£0.60 122.31+1.83 123.04+0.32 nd nd

nd - not detected; + standard deviation

s
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There was a decrease in concentration of acetaldehyde during the
fermentation from 55.76 pg/L (24 h) to 34.78 pg/L (72h), showing an increase at
120 hours of fermentation to 42.35 pg/L. Furfural was detected after 72 hours
fermentation at a concentration of 109.31 ug/L, which was reduced to 77.21
ug/L at the end of the process. The organic acids may interact with other
substances such as alcohols and aldehydes, which produce flavor compounds
added during the fermentation process (LIU, HAN and ZHOU,
2011).Acetaldehyde is typically formed during fermentation process to produce
foods and beverages from cereals, such as maize, rice and sorghum
(BLANDINO et al. 2003). The furfural is formed from the acid hydrolysis of
polysaccharides heating or fragments containing pentoses and hexoses (LAKE et
al. 2001). This compound is commonly found in foods, including cocoa, coffee,
alcoholic beverages, fruits, vegetables and bread (ADAMS et al., 1997).

Isobutyl acetate, ethyl butyrate, ethyl lactate and diethyl malate were the
esters detected. The isobutyl acetate concentration remained almost constant,
being detected early in the fermentation at a concentration of 51.21 pg/L. The
lowest concentration found was 47.01 pg/L at 96 hours. A content 0f15.45 pg/L
of ethyl butyrate was observed at 48 hours, but at the end of the fermentation the
concentration was 30.18 pg/L. Ethyl lactate, diethyl malate were detected in the
first 24 hours of fermentation. However, after 48 hours there was an increase in
the production of these compounds ranging from 33.61 ug/L to 73.37 pg/L and
from 44.39 pg/L to 88.32 ug/L (96h), respectively. Diethyl malate was not
produced after 120 hours. Ethyl acetate and isobutyl acetate were identified in
the spontaneous fermentation of thuanao and it was correlated to fruit flavors
such as apple, banana, pineapple (DAJANTA et al., 2011).

The production of butyric acid was observed during the entire process.
The initial concentration of this compound was 12.39 pg/L, and the highest

concentration (25.86 pg/L) was detected at 72 hours. Octanoic and nonanoic
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acids were not detected in the first 24 hours of fermentation. The first compound
showed an increase, reaching maximum concentration of 121.49 pg/L the end of
the process. Nonanoic acid reached maximum concentration of 30.09 pg/L at
48h. Decanoic acid was detected after 24 hours of fermentation and had an
initial concentration of 98.02 pg/L. This compound reached maximum
concentration of 123.04 pg/L at 72h and after this time it was not detected.

The alcohols produced were furfuryl alcohol and 2-phenylethanol. They
were detected only from 48 h of fermentation. The furfuryl alcohol showed an
increase from 78.23 pg/L at 48h to 104.22 ug/L at 96 h. At 120 h this compound
was not detected. The compound 2-phenylethanol had a significant production
from 432.75ug/L at 48 h to 1022.76 ug/L at the end of the process. The presence
of alcohol was observed in other studies as essential compounds in the quality of
taste of foods such as soy sauce (LEE and KWOK, 1987), miso (KU, CHEN and
CHIOU, 2000) and Korean doenjang (PARK, GIL and PARK, 2003).

The production of 1,1-diethoxyethane was initiated with 19.65 pg/L and
was excessively increased during the first 72 hours of fermentation, obtaining a
yield of 226.24 pg/L. From 72 h, its concentration was reduced to 15.21 pg/L
(120h).
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4 CONCLUSIONS

In this work we studied the diversity of microbial populations and the
kinetics of these with the production of metabolites involved in alcoholic
fermentation caxiri corn, food whose raw cassava, sweet potato and corn,
produced and consumed by Juruna indigenous Brazil. Through the isolation of
the microorganisms and with the aid of molecular technigues, it was possible to
identify the S. cerevisiae species as a predominant throughout the fermentation
process. Mesophilic bacterial species, Enterobacteriacea, lactic acid bacteria and
acetic acid, were also present during fermentation. It was possible to correlate
the high concentrations of ethanol with the prevalence of S. cerevisiae and is
known through other studies as more specialized microorganisms for ethanol
production. Other compounds detected in the beverage as lactic acid are derived
from the presence of different species of bacteria identified as Lactobacillus
fermentum. Further studies are needed to develop a controlled process using

microorganisms selected to ensure a quality final product to consumers.
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