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RESUMO

O Saqué é uma bebida alcodlica tradicional e popular no Japao, produzida a partir
de arroz, agua e dois microrganismos conhecidos como Aspergillus oryzae e
Saccharomices cerevisiae. Existem diferentes tipos de saqués resultantes das
matérias-primas utilizadas e variantes empregadas no processo de produgao,
parametros que definem as caracteristicas organolépticas e a composigéo quimica
do produto final. Este estudo foi realizado para melhor entender as caracteristicas
dessa bebida através dos marcadores encontrados em dois grupos de amostras
provenientes de paises distintos. Para isso, foram analisados saqués produzidos no
Japao e no Brasil empregando-se a técnica de espectrometria de massas de alta
resolucdo com ionizagdo por electrospray (ESI-HRMS). Através da investigagao
metaboldmica foram identificados como marcadores Japoneses: acido sativico,
rafinose, acido pangamico, tralkoxydim e erythroskyrin e Brasileiros: acido
3-Carboxi-2,3,4,9-tetrahidro-1H-pirido[3,4-b]indol-1-propanocico, acido abscisico,
pantoyllactone glucoside, propoxur e fusarina C, classificados, posteriormente, como
marcadores de: arroz, cultivo, produgcado e qualidade. Este estudo pode ser utilizado
como uma alternativa para avaliar as matérias-primas e tratamentos empregados,
além dos processos de produgao existentes em outros paises, a fim de melhorar e

complementar os ja existentes no Brasil.

PALAVRAS CHAVE: Saqués; Marcadores biolégicos; Composi¢céo quimica;

Espectrometria de massas.



ABSTRACT

Sake wine is a traditional and popular alcoholic beverage in Japan made with water,
rice and two microorganisms known as Aspergillus oryzae and Saccharomyces
cerevisiae. There are different types of sake as a result of raw materials and variants
applied in the production process, parameters responsible for the organoleptic
characteristics and the chemical composition of the final product. This study was
carried out in order to better understand the characteristics present in this beverage
through the markers found in two sample groups from different countries. For this
purpose, sake wines produced in Japan and Brazil were analyzed using the
electrospray ionization (ESI) high-resolution mass spectrometry (HRMS). Through
the metabolomic investigation were identified as Japanese markers: sativic acid,
raffinose, pangamic acid, tralkoxydim and erythroskyrin, and as Brazilian markers:
pantoyllactone  glucoside, abscisic acid, propoxur, fusarin C and
3-Carboxy-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole-1-propanoic acid. Those
markers were, afterward, classified as rice, culture, production and quality markers.
This approach suggests an alternative to learn and comprehend the sake wine
production process and the raw materials used in other countries, and furthermore,

improve and complement the existing processes in Brazil.

KEY WORDS: Rice wines; Biological markers; Chemical composition; Mass

spectrometry.



LISTA DE ABREVIATURAS E SIGLAS

ADI - Acceptable daily intake

ANVISA - Agéncia Nacional de Vigilancia Sanitaria

A. oryzae - Asperqillus oryzae

CE-TOF-MS - Capillary Electrophoresis time of flight mass spectrometry
ESI - lonizagéo por electrospray (Electrospray ionization)

GC-MS - Gas chromatography—mass spectrometry

GOM - Gohyakumangoku

HILIC-TOF-MS - Hydrophilic interaction liquid chromatography time of flight mass
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HRMS - Espectrometria de massas de alta resolugdo (High-resolution mass
spectrometry)

KOS - Koshitanrei

K7 - Kyokay n° 7

mg/kg b.w - miligrama/kilograma peso corporal (body weight)
MS - Espectrometria de massas (Mass spectrometry)

MS/MS - Espectrometria de massas sequencial

m/z - massa/carga (mass / ion charge)

PLS-DA - Analise discriminante por minimos quadrados parciais (Partial least
squares discriminant analysis)

S. cerevisiae - Saccharomyces cerevisiae

UPLC-QTOF-MS - Cromatografia liquida ultra-alta eficiéncia acoplada a
espectrometria de massas por quadrupolo e tempo de voo (Ultra-high performance
liquid chromatography-quadrupole time of flight mass spectrometry)

VIP - Importancia da variavel na projecao (Variable Importance in Projection)
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INTRODUGAO

Saqué

O saqué é uma bebida alcodlica com uma tradicdo de mais de 1300
anos no Japao. Algumas evidéncias indicam que a tecnologia de producgédo da
bebida foi levada por imigrantes provenientes do sul da China para a antiga corte
imperial Japonesa (1). No Brasil, a bebida foi trazida com a chegada dos primeiros

imigrantes japoneses em 1908 no Kasato-Maru (2).

A bebida, também conhecida como vinho de arroz, é produzida a partir
da sacarificacdo e fermentacdo do arroz cozido por Aspergillus oryzae e

Saccharomyces cerevisiae, respectivamente (3).

A S. cerevisiae fermenta apenas agucares simples, como a glicose. Os
graos de arroz contém amido, dessa forma, € necessario um processo de
sacarificagdo para conversdo do amido em glicose antes do processo de
fermentacdo. Com essa finalidade, no processo produtivo sdo adicionadas enzimas
do A. oryzae, também, conhecido como koji. A preparacao do koji é feita através da
inoculacdo de seus esporos no arroz cozido a vapor, processo realizado a
temperatura e umidade controlados. Essa cultura de A. oryzae produz,
principalmente, dois tipos de enzimas: glicoamilase e alfa-amilase, sendo o balango
entre elas de fundamental importancia na determinacao da qualidade do saqué (1).
Além de sua utilizagdo na produgdo do saqué, € amplamente, empregado em

produtos fermentados de origem Japonesa, como miso, shoyu, shochu e picles (4).

As leveduras utilizadas em processos de fermentacdo de etanol sao
geralmente representadas pelo Saccharomyces cerevisiae. Entretanto, as
leveduras de saqué diferem de outras leveduras fermentativas em algumas
caracteristicas que as tornam mais adequadas a esse processo especifico de

producdo, como adicdo de um aroma agradavel ao produto final e uma alta
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producdo de etanol a temperaturas mais baixas. Analises genéticas relacionaram
caracteristicas desses microrganismos ao processo de produg¢ao da bebida como,

por exemplo, formacao de espuma ou biossintese de compostos (3).

O arroz é utilizado com principal matéria-prima na produgdo do saqué.
Os graos sao polidos, lavados, deixados de molho em agua e cozidos a vapor,
seguido de fermentagdo com agua, levedura e koji (5). O polimento dos graos de
arroz faz parte do tratamento da matéria-prima, sendo realizado com o objetivo de
remover impurezas antes do processo de producido do saqué, como por exemplo,
excesso de gorduras, proteinas, minerais e fitatos, que poderiam diminuir a
qualidade e o sabor final da bebida. No geral, quanto maior o polimento do gréo, ou
seja, quanto maior a porcentagem de remogao do grao, mais sofisticada tende a
ser a bebida, devido a uma maior taxa de fermentacao, teor alcodlico, agucares e
compostos volateis presentes no produto final (6). Outra etapa importante no
tratamento do arroz é a absor¢céo de agua pelos graos no processo de molho, ja
que essa absorgdo determina a digestibilidade do arroz cozido, afetando

positivamente o processo de fermentagao (7).

Variedades de arroz utilizadas estritamente para a producéo de saqué
possuem graos maiores em relagdo ao tradicional arroz utilizado na alimentagao
oriental. Além disso, possuem uma estrutura opaca localizada no centro do grao
conhecida como nucleo-branco (8,9). Os tecidos do nucleo-branco promovem a
gelatinizacdo do arroz cozido no processo de producdo do saqué e induzem a
invasao do koji, devido a isso, sdo importantes na produgao da bebida. Diferencas
nas propriedades fisicas de mesmas variedades de grdos que possuem O
nucleo-branco e graos que nao possuem foram reportadas, entretanto, as
propriedades quimicas sao as mesmas (9). A busca na area de inovagao de novos
tipos de saqués envolve o desenvolvimento de novos tipos de arroz com
caracteristicas que tornem o produto final unico, para isso, cultivares de arroz com

baixo teor de glutelina e amilose, por exemplo, ja estdo sendo avaliados (5).



Processo de producgao
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Figura 1: Processo simplificado empregado na produgao do saqué.

Fonte: Elaborado pelo autor.

O processo se inicia a partir da escolha dos graos de arroz e tratamento
dessa matéria-prima. Esses graos sao polidos, lavados para retirada do farelo,
deixados de molho para absorgdo de agua e cozidos a vapor (10). A partir deste
arroz cozido sado preparados o0 koji e o shubo. Uma parte desse arroz cozido €
inicialmente fermentada com o fungo A.oryzae durante 5 a 7 dias (koji). Uma parte
do koji é misturado na agua, a levedura S. cerevisiae, ao arroz cozido e ao acido
latico de grau fermentativo ou a bacilos produtores de acido latico, sendo essa
mistura (shubo) incubada durante 7 dias a 4°C . A condigdo acida nessa mistura é
necessaria para suprimir o crescimento de microrganismos que estragam a bebida.

Para o processo de fermentacgéo principal sdo misturados o arroz cozido, o koji, 0



13

shubo e a agua em 3 etapas, ao longo de 4 dias. Em média, o tempo de incubagao
€ realizado a temperaturas entre 8° a 18°C, levando de 3 a 4 semanas para ser
finalizado. Apos esse periodo, a mistura é filtrada para retirada do arroz nao
dissolvido e a levedura. Segue-se um processo de sedimentagéo para precipitagcao
de particulas restantes e uma nova filtragdo para separacdo dessa porgao mais
clara. A bebida é aquecida a 60°C para esterilizagdo do liquido e inativagao de
enzimas durante o processo de pasteurizagdo (10,11). Segue-se um processo de
envelhecimento realizado, normalmente, de 6 meses a 1 ano, seguido de ajuste de

teor alcodlico e envasamento (10).

Composicao e caracteristicas organolépticas

Na composicdo quimica do saqué ja foram reportadas agua, alcoois,
carboidratos, proteinas, acidos carboxilicos e minerais (12,13). As caracteristicas
organolépticas do saqué, provavelmente, s&o resultantes da concentracdo e
combinagcdo de compostos quimicos presentes na bebida (14). Esses atributos
perceptiveis incluem acidez, dogura, salinidade e amargor, além de textura e
limpidez do liquido. Ha evidéncias de que o aroma da bebida esteja relacionado a
presenga de alcool e compostos estéricos, e o sabor, a glicose, aminoacidos e
acidos organicos (15). Entretanto, apesar de existirem estudos com o objetivo de
identificar compostos e relaciona-los a essas caracteristicas, a correlagao exata
necessita de estudos complementares (14). A qualidade desejada do produto final
€ garantida através das caracteristicas dos subprocessos integradas ao processo
como um todo. Dessa forma, além de analises quimicas, também podem ser
empregadas analises sensoriais por operadores treinados ao longo do processo
(16).
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Comparagao com outras bebidas fermentadas

O saqué é a bebida com maior teor alcodlico obtida através de
fermentagao, sem destilagdo (4). De uma maneira geral, para a produgéo de vinhos
sdo utilizadas leveduras, principalmente as da espécie Saccharomyces cerevisiae
para o processo de fermentagcdo alcodlica. Neste caso, os acucares das uvas
dissolvidos no mosto (glicose e frutose) sdo transformados em alcool etilico e
subprodutos (glicerol, acetaldeido, acido acético, etc) (17). Para bebidas
produzidas a partir de grdos, como € o caso da cerveja e do saqué, sao
necessarias enzimas para a transformagao do amido em agucar antes do processo
de fermentagdo. No caso das cervejas, o malte produzido a partir da germinagao
controlada artificialmente da cevada (malteagdo) € utilizado no processo de
sacarificagdao devido a presenga de amido e enzimas na sua composicao (18,19).
Para o saqué, o processo de sacarificagdo e fermentagdo ocorrem

simultaneamente, através da ag¢ao do koji e da levedura, respectivamente.

Analise de bebidas alcodlicas

Globalmente, 43% da populagdo mundial sdo considerados bebedores
atuais, ou seja, consumiram bebidas alcodlicas nos ultimos 12 meses (20). Devido
a esse numero, os estudos de bebidas alcodlicas despertam interesse em muitos
ramos da ciéncia, ja que englobam desde analises antropoldgicas que relacionam o
alcool a comportamentos sociais e culturais (21), a descobertas da composicao
quimica dos produtos. As técnicas empregadas na determinagdo da composicao
quimica das bebidas alcodlicas podem ser utilizadas no desenvolvimento de novas
bebidas a partir de novas fontes de matérias-primas (22), relacionar as moléculas
encontradas a caracteristicas geograficas do local de produgao (23), pode ser uma

forma de melhorar o rendimento ou entender de forma mais profunda o processo
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produtivo (24, 25), associar os compostos quimicos a beneficios a saude (26) ou
mesmo, avaliar autenticidade ou adulteragdo de bebidas (27). Muitos estudos
empregam técnicas analiticas cromatograficas (27, 28, 29, 30) ou as associam a

espectrometria de massas (31, 32, 33).

Espectrometria de Massas

Espectrometria de massas € uma poderosa ferramenta na analise
qualitativa e quantitativa de biomoléculas como proteinas, acidos nucléicos e
carboidratos (34). Na técnica, as moléculas de interesse sao introduzidas na fonte
de ionizacdo do equipamento, onde sao, primeiramente, ionizadas para aquisicao
de cargas positivas ou negativas. Os ions tém sua trajetéria desviada de acordo
com suas relagcbes massa/carga (m/z) sendo o espectro de massas uma
representacado grafica da abundancia relativa dos sinais de acordo com a relagao
m/z dos compostos (35). Devido a alta sensibilidade, precisdo de massa, facilidade
na obtencao de informagdes estruturais dos compostos estudados, baixo limite de
deteccdo, rapidez analitica e uma diversidade de aplicacbes (34,36), a
espectrometria de massas tem sido aplicada com sucesso em diversas areas
como, por exemplo, na area nutricional e de alimentos (37). As mais recentes
aplicagbes na area de problemas bioquimicos estdo relacionadas a proteoma,
metaboloma e metabolizacdo de drogas. Além disso, podem ser utilizadas no
controle de poluicao, area forense, monitoramento de processos e muitas outras
(36).

Historicamente, dificuldades na caracterizacido de biomoléculas através
de espectrometria de massas ocorriam devido a grandes quantidades de
impurezas nas amostras, baixa exatiddo de massa, principalmente para compostos
de maior peso molecular e processos de ionizacao ineficientes (34). Antes da

introdugdo da ionizag&o por electrospray, muitas vezes a maior limitagdo da técnica
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era a obtengdo da amostra de interesse no vacuo na forma de ions adequados

para a analise de massa (37).

O desenvolvimento nas técnicas de ionizagao por electrospray (ESI)
permitiram o aumento na complexidade de analise, como identificacdo de
estruturas desconhecidas e aquisicdo de informagdes de amostras de interesse
(34). ESI é um método no qual a solugdo é nebulizada para criar um fino jato de
goticulas, no qual, a vaporizagdo ocorre conforme essas goticulas atravessam a
interface atmosférica, introduzindo os ions no analisador (37). A técnica € uma
ferramenta poderosa na producdo de ions no vacuo, provenientes de espécies de
moléculas grandes e complexas em solugao (38). Considerada um processo de
ionizagao branda, pode ser aplicada a moléculas grandes e frageis que possuem
funcdes vitais em sistemas bioldgicos, ja que produz moléculas ionizadas com
pouca ou nenhuma fragmentacédo (34,38). Na area laboratorial clinica € uma
ferramenta importante na andlise de amostras com concentragbes extremamente
baixas, compostos nao volateis e biomoléculas labeis que nao sao facilmente
analisaveis por outras técnicas convencionais (35). Na area de alimentos, a técnica
ja foi empregada, por exemplo, na caracterizagdo de processos de producédo de
cerveja (39), analises de extratos de produtos naturais (40), presenga de taurino

em energeéticos (41) e controle de qualidade em azeite de oliva (42).
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OBJETIVOS

Objetivo geral

Encontrar e identificar marcadores de saqués Japoneses e Brasileiros
utilizando a técnica de espectrometria de massas de alta resolugdo com ionizagao

por electrospray.

Objetivos especificos

Relacionar os compostos encontrados com as matérias-primas utilizadas

e 0 processos de produgao empregados.
Comparar os marcadores encontrados entre os grupos analisados.

Verificar a presenga de contaminantes e associa-los as etapas do

processo de producéo.
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RESULTADOS

MARKERS OF SAKE WINE USING A HIGH-RESOLUTION MASS
SPECTROMETRY APPROACH

Patricia Yukari Saiki, Karina Akemy Ikejiri, Tatiane Melina Guerreiro, Flavia Luisa Dias Audibert,

Jeany Delafiori, Rodrigo Ramos Catharino*

Abstract

Sake wine is a traditional and popular alcoholic beverage in Japan made with water,
rice and two microorganisms known as Aspergillus oryzae and Saccharomyces
cerevisiae. This study was carried out in order to better understand the
characteristics present in this beverage through the comparison between groups
from different countries (five samples produced in Japan, and five samples
produced in Brazil). The analysis was performed using the electrospray ionization
(ESI) high-resolution mass spectrometry (HRMS), followed by a partial least
squares discriminant analysis (PLS-DA), markers relevance by VIP score,
metabolites mass-based search via repository of information and fragmentation of
the target molecules by MS / MS to confirm the results. It was possible to notice
differences between the groups and pointed out markers coherent with the sake
wine production process, such as sativic acid, raffinose, pangamic acid, abscisic
acid, pantoyllactone glucoside and
3-Carboxy-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole-1-propanoic acid. Besides that,
it was possible to identify some quality markers such as erythroskyrin, tralkoxydim,
propoxur and fusarium C. This approach suggests an alternative to learn and
comprehend the sake wine production process and the raw materials used in other
countries, and furthermore, improve and complement the existing processes in

Brazil.
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Introduction

Sake wine is an alcoholic beverage primarily produced from rice and
water. The microorganisms responsible for the starch conversion into ethanol are
known as Aspergillus oryzae (koji mold) and Saccharomyces cerevisiae (sake
yeast), through a simultaneous and controlled process known as saccharification
and simultaneous fermentation [1].

The production process involves the starch hydrolysis into glucose by the
koji mold enzymes, and the glucose conversion into ethanol by the sake yeast
action [2]. Approximately 300 compounds have already been identified in sake, and
its composition depends on the combination between the parameters and the raw
materials used in the production process, which include, for example, the rice
species and type of grain polishing, water quality, koji mold, yeast strains and
fermentation parameters [3,4]. In general, sakes are composed of alcohols,
carbohydrates, amino acids, esters, carboxylic acids and inorganic compounds, in
which, amino acids and high alcohol concentration are the major contributors in the
beverage taste development [3, 5]. Roughly, the steps in the sake production
process are: rice selection, polishing, washing, maceration and grains vaporization,
followed by fermentation, mixture filtration, sedimentation, filtration, pasteurisation
(or non-pasteurization), aging, adjustment and packaging [6].

Different approaches have been developed to evaluate the parameters
diversity involved in the quality and in the final sensory and metabolic sake
characteristics. Rice is the main material used in this beverage production. In
general, two rice types (Oryza sativa L.), sake rice and cooking rice, have been
used in this process [7] . The cooking rice consumed in Japan, when compared to
sake rice, has a smaller size and a lower lipid concentration, but a higher protein

concentration, conditions that are not favorable to sake flavor [2].
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Within the sake rice group there are many varieties, for example,
Gohyakumangoku (GOM), Yamadanishiki (YAM), and the genetic crossing between
GOM and YAM known as Koshitanrei (KOS), which differ from each other in grains
polishing properties, components, and metabolites present in the final product with
its uses [7]. The grains polishing is part of the raw material treatment, where its
main purpose is to remove unnecessary substances to the process such as
proteins, lipids and minerals. Generally, a beverage produced from a more polished
grain tends to be more refined. A polished rice of 70 and 75% is used for a
non-premium sake, which means that 30% of the grain was polished and 70% of
grain was used to produce the beverage [8]. Koji mold is prepared by inoculating its
spores into an amount of steamed rice in a temperature, humidity controlled
environment [6].This Aspergillus oryzae culture has a high proteolytic and
saccharification activity. Moreover, it is also used in the miso, or soy sauce
production [9]. From the Saccharomyces cerevisiae species, sake yeast has
characteristics such as high ethanol production, growth and fermentation at
temperatures higher than 15° C, which justify its choice in the sake production
process [10]. In the past, there was a wide variety of products, due to the different
sake yeasts used without preculture, since they were produced individually and
naturally in the fermentation environment. Over the years, in Japan, the majority of
the production has been made using a typical sake yeast strain known as S.
cerevisiae Kyokai no. 7 (K7) which have ensured an improvement in the sake
quality, however, it reduced the taste varieties. Currently, most producers keep
utilizing the K7 group in a purified pre-culture, however, there are still some
producers who perform the process in the same manner as in the past [11]. The
pre-culture is prepared in a small scale mixture (shubo or moto) with koji mold,
water, sake yeast, lactic acid and steamed rice. Lactic acid suppresses the growth
of microorganisms that are harmful to the product development, and can be
obtained by adding lactic acid to the moto (sokujo-moto) or by including lactic acid
bacteria in the mixture (yamahai-moto) [12].

Sake is a millennial and traditional drink in Japan, consumed in both low

and high temperatures. The major sake producers in the eastern country (around
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20) produce approximately, an average of 50% of the total country production,
however, it is estimated that there are 2000 sake producers in Japan, excluding
Okinawa prefecture [3]. The existing and commercialized sake types in Japan differ
among themselves due to the raw materials used and the production process
employed. They are: Ginjo, Daiginjo, Junmai, Junmai ginjo, Junmai daiginjo,
Honjozo, Futsu-shu, Nigorizake, Sparkling, Taruzake, Genshu, Koshu,
Nama-chozo-shu, and Namazake [6]. Considerable interest in the study of this type
of alcoholic beverage is due to the growing interest in Brazil. In 2017, it was
estimated that there were 1.5 million Japanese citizens in the country [13],
associated with 9th position in the world rice production ranking [14].

The Decree N°6.871, from June 4, 2009, which regulates the law 8.918,
from July, 14, 1994 provides the standardization, registration, inspection and
production of alcoholic beverages in Brazil. Specifically for sake wine
commercialized in Brazilian national territory, the regulation predict an alcoholic
content of 14 to 26% by volume at 20 °C, as basic ingredients, the rice must
saccharified by the fungus Aspergillus oryzae and, optionally, potable ethyl alcohol
of agricultural origin, water, natural flavors and sugar. The main classification among
Brazilian types is due to the sucrose concentration per liter. They are: dry (less than
thirty sucrose grams per liter) and liqueur (more than thirty sucrose grams per liter)
[15].

Metabolic studies are widely performed in Japan to identify and
characterize possible markers related to production and storage processes and
correlate them to the organoleptic final product characteristics, using techniques
such as CE-TOF MS, GC/MS, HILIC- TOF-MS, UPLC-QTOF-MS [7]. However, no
comparative study between sakes produced internationally and nationally in Brazil
using MS has been performed so far.

The metabolomics consist of identifying and quantifying a vast number of
components with particular physicochemical properties and different classes such
as amino acids, lipids, nucleotides, etc. [16]. The use of high technology as mass
spectrometry (MS) as well as its ionization techniques is employed in the

identification of these substances. The electrospray ionization technique (ESI) has
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contributed in the last years to the growth in the direct application of MS in different
matrices in identification and comparison studies, due to the increased sensitivity of
the equipment and the simplicity in the preparation of the samples [17,18].

The aim of this study was to find, identify and understand the non-target
metabolic profile (absence of target metabolite) of sakes produced in Japan and
Brazil using electrospray ionization (ESI) high-resolution mass spectrometry
(HRMS).

Materials and Methods

Chemical and Reagents

Formic acid and methanol solutions were purchased from J.T. Baker
(Xalostoc, Mexico) and used with no further purification. Deionized water was
obtained with a Milli-Q system (Millipore, USA).

Samples

The sake samples were divided in two groups: Japanese and Brazilian
samples. The Brazilian group were purchased from commercial establishments in
Sao Paulo and Campinas, Brazil. The Japanese samples were commercially
obtained from different establishments in Japan. The entire information about the

samples are described in Table 1 and 2.

Table 1: lapanese samples

tdentification Code Location af Preduction
S Yamanashi, lapdo
AS Yamanashi, Japdo
8 Kyoto, lapdo
q Akita, Japdo

10 Hokkaida, Japdo
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Table 2: Brazilian samples

ldentification Code Llocation of Preduction
AS 530 Paulo, Brasil
C 530 Paulo, Brasil
AD 530 Paulo, Brasil
AR 530 Paula, Brasil
SPAK 530 Paula, Brasil

Samples were prepared by placing 10 uL of sake wine sample in a 1,5
mL Eppendorf tube with 990 uL of methanol:water (1:1). Subsequently, 2 pL of

formic acid was added to the tube solution test.

Equipment

High-resolution mass spectra were obtained using an LTQ-XL Orbitrap
Discovery instrument (Thermo Scientific, California, USA). The injection pump uses
a continuous flow of 10 pyL.min—-1 and a 500-puL Hamilton Gastight glass syringe
(Hamilton, Nevada, USA). The acquisition time was 30s in a scan range from 100 to

1000 m/z for positive mode. Experiments were carried out in five replicates.

Data management

Fingerprints obtained were processed using MetaboAnalyst 4.0 and
tables of m/z values as functions of intensities were extracted from the bulk spectra.
In order to identify differences between the two groups, score plots were obtained
after PLS-DA of normalized data. Through the VIP score analysis was possible to
verify the relevance of each marker. To identify the molecules a fragmentation by
MS/MS was made for each possible marker associated with a research in
metabolomic database Metlin. It was considered a 4 decimal places for mass

accuracy and a mass error less than 2 ppm.
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Results and Discussion

MS fingerprints are represented by figure 1 and 2. From the PLS-DA
analysis presented in figure 3 it was possible to verify the statistical differences
between the groups. The results found after components identification were

presented in tables 3 and 4. The MS/MS fragments are presented in tables 5 and 6.
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Figure 1: Representative fingerprinting of the Japanese group. The ion indications
correspond to the identified markers shown in table 3.
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Figure 3: Score plot derived from PLS-DA illustrates the statistical evidence of
metabolomics differences between Japanese and Brazilian groups. The red spots
correspond to Japanese group and the green ones, to the Brazilian group.



Table 3: Japanese markers found after PLS-DA and VIP score analysis
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Expertmental Theoretical Mass (m/z) lon  0(PPM) Compound Compound Description
Mass (m/z)
387.2149 387.2143 [M+K]+  -155 Sativic acid Product from the oxidation of linoleic acid [21]
543.1328 543.1322 [M+K]+  -1.10 Raffinose Free sugar found in developing rice grains [23]
330.2070 330.2064 [M+H]+  -1.82 Tralkoxydim Herbicide for weed control at rice [28]
459.2679 459.2677 [M+Na]+  -0.44 Pangamic acid Compound Isolated from rice bran [25], also known as B15 or vitamin B15 [26]
478.2209 478.2200 [M+NaJ+  -1.88 Erythroskyrin Mycotoxin produced by Penicillium islandicum [35]

Table 4: Brazilian markers found after PLS-DA and VIP score analysis

Experimental Theoretical Mass (m/z) lon 4 (PPM) Compound Compound Description
Mass (m/z)
470.1582 470.1576 [M+K]+  -1.28 Fusarin C Mutagenic mycotoxin produced by some Fusarium species [56]
310.1491 310.1496 [M#+NH4]+ 161 Pantoyllactone glucoside Compound present in rice seedlings that grow aerobically in the dark [48]
2101121 210.1125 [M+H]+ 1.90 Propoxur Insecticide [53]
247.1337 247.1334 [M+H-H20]+ -1.21 Abscisic Acid Stress hormone [41]
271.1088 271.1083 [M+H-H20]+ -1.84  3-Carboxy-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole-1-propanoic acid Compound produced by species of Saccharomyces cerevisiae [50]
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Table 5 MS/MS fragments from Japanese markers

Compound Precursor ion (m/z) Product ions (m/z)
Sativic acid [M+K]+ 387 175, 370, 352, 274
Raffinose [M+K]+ 543 525, 331, 335, 381
Tralkoxydim [M+H]+ 330 197, 169, 199
Pangamic acid [M+Na]+ 459 441, 442, 312, 261
Erythroskyrin [M+Nal+ 478 460, 461, 381, 394

Table 6: MS/MS fragments from Brazilian Markers

Compound Precursor ion (m/z] Product ions (m/z)

Fusarin C [M+K]+ 470 452, 308, 424, 453

Pantoyllactone glucoside [M+NH4]+ 310 292, 293, 276, 219

Propoxur [M+H]+ 210 192, 191, 135, 181

Abscisic Acid [M+H-H20]+ 247 147, 229, 85, 230
3-Carboxy-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-1-propanoic acid [M+H-H201+ 271 224, 253, 242,210

Japanese Sake wines

The Japanese group presented 5 markers: sativic acid, raffinose, pangamic acid,
tralkoxydim and erythroskyrin, which were split into: raw material, and quality

markers.

Rice Markers

The fatty acids are lipidic components which perform an important role in the
structure of cell membranes and also, in several metabolic processes in different
living beings [19]. Fatty acids have already been found in the composition of rice,
and from that, 75% are from unsaturated type. Within this group, oleic and linoleic
acids are highly predominant. The sativic acid, also known as
9,10,12,13-Tetrahydroxyoctadecanoic acid [20], is a product from the oxidation of
linoleic acid [21] and, due to its presence in the rice composition, it can be
considered a potential biomarker of rice consume and its derivatives products [22].
Other chemical compounds that can be observed in the rice composition are free
sugars. Studies indicate that in developing rice grains, a high concentration of free
sugars is found, such as raffinose, sucrose, melibiose, glucose and fructose,
although the raffinose and fructose concentration are greater in rice bran [23]. The

presence of these oligosaccharides in the developing grains indicates the possibility
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that they are involved in hemicellulose synthesis in bran and ground rice [24]. The
presence of rice bran markers may be indicative that the sakes analyzed were
produced with less polished rice grains, considered as non-premium beverage
types. Pangamic acid, also isolated from rice bran, is a compound [25], also known
as B15 or vitamin B15. It is commercially sold usually in a blend form with other
compounds, but is not widely recognized as a vitamin, since there is not much
evidence that it is essential to the human diet and it is not yet known whether the
deficiency in the consumption of pangamic acid is associated with any disease [26].
However, there are already associations of effects related to the lactic acid
decrease during exercise and reduction of fatigue [25]. The compound was isolated

in its crystalline form in 1951 from the rice bran and apricot seeds [27].

Quality markers

The evaluation of contaminants presence is important to determine the quality of
analyzed products. Tralkoxydim is one of the compounds which was found and
identified as a marker of Japanese sake group. This compound is utilized as
herbicide for weed control at rice, wheat, barley, rye, maize and other cereals crops
cultures [28]. It belongs to cyclohexanedione group, which acts on acetyl coenzyme
A carboxylase (ACCase), an important enzyme in biosynthesis and production of
fatty acids in plants. Tralkoxydim is capable to inhibit ACCase, even in nanomolar
concentrations of this enzyme, hence, it is efficient against undesired weed growth
[29]. The effectiveness of herbicides depends on the application method, frequency,
humidity and soil type, in addition to other environmental conditions [30].
Specifically, the cyclohexanediones group is affected by the presence of salts in the
water, use of adjuvant compounds, pH, ultraviolet light and antagonistic herbicides
[31], hence, it is important to consider parameters that may influence their action
during utilization. Tralkoxydim belongs to toxicity category Ill and it is classified as a
"likely to be a human carcinogen" [32]. The herbicide persistence in the soil and
water after use is not considered long [33]. In 2011 the Japanese government

announced a schedule for review of agricultural chemicals, and the Tralkoxydin is
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one of the compounds present in the list [34]. The maximum residue level allowed
for rice cultivars in the Asian country is 0.02 ppm [28], but in the present study a
quantification of this compound was not performed. Another molecule evaluated as
a quality marker was Erythroskyrin. The compound is a mycotoxin produced by
Penicillium islandicum [35]. This fungi is widely distributed and causes the
decomposition of rice, wheat, corn, and other food [36]. It produces a large amount
of secondary metabolites, where at least 27 being considered as toxic [37].
Between 2003 and 2004, 1% of harvested rice in Japan showed contamination by
Penicillium, while that rate in stored rice was higher than 13% [36]. The "Yellow rice
syndrome" was related to toxic disturbances associated with consumption of rice
contaminated with Penicillium species. Other toxins found in yellowed rice include
lutcoskyrin, cyclochlorotine, and islanditoxin, with each compound being quite toxic
[38]. In 1950 an experiment revealed that some mycotoxins produced by Penicillium
Islandicum, such as flavoskyrin, islandicin and erythroskyrin induced liver tumors in
rats and mice [39], however their significance in human and animal health remain
unclear [38]. Although cases of human poisoning have not been associated with
yellowed rice, recommendations have already been made to the Japanese
Government regarding the control and inspection of imported rice, as well as safety
measures for the handling of domestic rice during post-harvest and long term
storage [40]. A method for the analysis of Luteoskyrin, one of the compounds
produced by Penicillium Islandicum, was able to detect and quantify mycotoxin in

Chinese sakes [36]. The mycotoxin found in the present study was not quantified.

Brazilian Sakes

The Brazilian sake group presented 5 markers: abscisic acid, pantoyllactone
glucoside, 3-Carboxy-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole-1-propanoic acid,
propoxur e fusarin C, which were divided into: rice, cultivation, production and

quality markers.
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Rice markers

The abscisic acid, as known as ABA, was found as a rice marker on Brazilian
group. This compound is a stress hormone which belongs to the sesquiterpenes
group [41], being the main hormone in the control of the plants' survival capacity in
adverse and changing environments [42], and its signalling pathway is considered a
very old adaptation to the terrestrial environment [43]. ABA was initially identified in
the 1960s as a growth inhibitor in cotton fruits and leaves of sycamore. Over the
years, studies have already demonstrated their role as regulator of many aspects of
plant growth and development, including embryo maturation, seed dormancy,
germination, cell division and stretching, floral induction and responses to
environmental stresses such as drought, salinity, cold, pathogen attack and UV
radiation [41,44,45]. Studies report that ABA concentrations increased drastically in
plants under stress conditions due to drought, in the case of wheat and avocado
this increase was 40 times in relation to non-stressed plants. Another study related
the increase of the concentration of ABA and its analogues in the presence of
herbicides, and the results indicated that the protection of the plant against these
chemical compounds can be induced by the ABA and its analogues, similar to

situations of environmental stress [46].

Cultivation markers

In Brazil, two types of ecosystems are predominant in rice cultivation: the wetland
and the upland. In the wetland system, flood irrigation is predominant, in which 75%
of the country's national rice production is carried out in this way since it is not as
dependent on climatic conditions as the other form of cultivation. This system is
characterized by the creation of an anaerobic condition that promotes a series of
changes in the plant development and nutrient absorption. On the other hand, the
upland ecosystem is characterized by the aerobic developmental condition of the

root of the plant, as it is used for most other cereals [47]. The compound found,
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known as pantoyllactone glucoside (PLG), is present in rice seedlings that grow
aerobically in the dark, accumulating, along with sugars and amino acids, in
developing coleoptiles. This compound is primarily regulated by the O, level but has
its concentration reduced in the presence of CO, and ethylene, which are abundant
in submerged rice crops. The PLG begins to disappear as seed grows, around 5
days after sowing, being transformed into pantoyllactone primeveroside (PLP) by
the action of light. No accumulation of PLG and PLP was detected in seedlings
germinated and grown either aerobically in the dark or under hypoxic conditions
[48]. Its function is still not very clear, but there are indications that it is related to the
biosynthesis of pantothenic acid and Coenzyme A, in general, to the growth of rice
seeds [49].

Production Markers

The 3-Carboxy-2,3,4,9-tetrahydro-1H-pyrido [3,4-b] indole-1-propanoic acid
belongs to the class of organic compounds known as harmala alkaloids and is also
known as 1-(2-carboxyethyl)-1,2,3,4-tetrahydro-b-carboline-3-carboxylic acid. This
compound is produced by species of Saccharomyces cerevisiae [50] and can be
found in soy and worcester sauces, yeast extract and wine [51, 52].
3-Carboxy-2,3,4,9-tetrahydro-1H-pyrido [3,4-b] indole-1-propanoic acid can be
considered a marker of fermentative processes carried out by yeasts of the

Saccharomyces cerevisiae type.

Quality Markers

Propoxur, also known as PHC, is a chemical compound belonging to the phenyl
methylcarbamate group, being used as an insecticide. According to ANVISA the
acceptable daily intake (ADI) is 0.02 mg/kg b.w, being the compound belonging to
the category Il (highly toxic products) in the toxicological classification of

compounds [53], however, studies in mice did not present carcinogenic or
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teratogenic effects to its exposure. In the human body, the carbamates, in general,
are not retained, thus, do not present cumulative effects. The insecticide is used in
food storage areas, domestic houses, domestic animals and culture of fruits,
vegetables, ornamental plants, grapes, rice, corn, alfalfa, soybeans, cotton, sugar
cane and cocoa [54]. In 2018, Propoxur was one of the insecticides that had the
import tax withdrawn by the Brazilian government [55]. Another compound classified
as contaminant was Fusarin C, a mutagenic mycotoxin produced by some
Fusarium species [56]. In tropical countries, as in the case of Brazil, it is associated
with F. verticillioides or F. proliferatum that attack cultivars of rice, corn and some
fruits [57]. A study analyzed 350 seeds of 10 rice cultivars in Rio Grande do Sul and
the percentage of Fusarium species found was 1.8% [58]. Mycotoxins cause large
economic impacts on Brazilian agriculture, since the infection of grains and
sub-products during storage and harvesting makes these foods unfeasible for
consumption. It is estimated that during the production, transport or storage stage
25% of the world's food is affected by fungal growth. In the human body, mycotoxins
produced by Fusarium species can lead to symptoms such as diarrhea, loss of air,
starvation, loss of muscle tone, anorexia, encephalopathy and hepatic necrosis,
which may potentialize some diseases [59]. The presence of abscisic acid can be
directly related to the identification of Propoxur and Fusarin C, since the hormone is

responsible for protecting the plant in stress situations.

According to table 7 it is possible to make a direct comparison between the markers
found in the analyzed groups.

Table 7: Comparative of markers betwen the groups

Markers Japanese Brazilian
Sativic acid
Rice Raffinose Abscisic Acid
Pangamic acid
Production 3-Carboxy-2,3,4,9-tetrahydro-1H-pyrido[3,4-b]indole-1-propanoic acid
Cultivation Pantoyllactone glucoside
Quality Erythroskyrin Fusarin C

Tralkoxydim Propoxur
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Conclusion

The ESI-HRMS demonstrated to be a simple and rapid approach to analyze
complex mixtures, such as sake. The technique is convenient due to fast injection
and small sample size requirement. When associated with PLS-DA and VIP score,
the results are capable to demonstrate the differences between the groups from the
same beverage type. MS shows evidence that the sake production process is
similar in Brazil, however other elements have influence in the final product, such
as, environment, supplies, raw materials and climate. This can also be a mode to
evaluate the quality and contaminants presence, such as pesticides and
mycotoxins. This approach suggests an alternative to learn and comprehend the
sake production process and the raw materials used in other countries, and

furthermore, improve and complement the existing processes.
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DISCUSSAO GERAL

Através dos fingerprintings obtidos a partir dos grupos analisados foi
possivel verificar que existem compostos comuns entre os saqués japoneses e
brasileiros, entretanto, o perfil geral dos espectros € diferente, revelando
caracteristicas especificas a cada grupo. Apés a avaliagdo do PLS-DA foi possivel
confirmar a separacao e diferenciacdo entre os grupos japoneses e brasileiros,
ainda que dentro dos proprios grupos houvesse uma diferenciacao, evidenciando
uma necessidade de considerar todas as etapas e processos envolvidos na
produgdo da bebida como relevantes aos compostos encontrados nos produtos
finais. Subsequente a analise de VIP score definiu-se a relevancia de cada
marcador, sendo possivel identifica-los e relaciona-los a cada etapa do processo de

producao.

Os processos de producdo dos saqués japoneses sdo mais conhecidos
e divulgados em estudos cientificos, justamente pela importancia e tradicdo da
bebida no pais, entretanto, no caso dos saqués brasileiros, quase nenhuma
informacdo a respeito do tratamento de matéria-prima e processo produtivo
empregado é divulgada. Os marcadores encontrados forneceram evidéncias de

como essa produgéo é realizada no Brasil.

A identificacdo de marcadores de arroz nos dois grupos foi importante, ja
que o grao € a principal matéria-prima utilizada na produgéo do sake, sendo dessa
forma, uma evidéncia de que o arroz foi utilizado no processo. A diferenca entre os
tipos utilizados, o modo de cultivo, tratamento e preparo dos graos pode ser a
razao pela qual diferentes marcadores de arroz terem sido encontrados nos grupos
comparados. No grupo Brasileiro, ainda foram definidos marcadores relacionados
ao modo de cultivo do arroz, em um sistema de producédo aerdbico, também
conhecido como terras altas e marcadores de processo de producao fermentativo

empregado no preparo da bebida. Os pesticidas, assim como os outros compostos
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encontrados, ndo foram quantificados, mas € importante avaliar a presenca desses
compostos, ja que apesar de processos de fermentagao e, possivel, pasteurizagao

ainda foram encontrados nos produtos finais.
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CONCLUSAO

O trabalho alcangou seu objetivo, pois a técnica empregada foi capaz de
encontrar e identificar compostos presentes nas amostras analisadas, de uma
maneira rapida e simples. Ainda foi possivel entender melhor o processo de
producao da bebida através de associagdes dos marcadores encontrados com as

etapas de producéo ja conhecidas em literatura.

A analise foi uma maneira de evidenciar que muitos fatores acabam
influenciando na composi¢gao quimica do produto final, desde o manuseio da
matéria-prima a processos empregados na fabricacdo do produto. Além disso,
pode ser uma abordagem para controle de qualidade da bebida, ja que foram

encontrados contaminantes nos produtos.

O estudo abre uma janela para mais estudos de melhoramento de

produto e processo de bebidas alcodlicas como os saqués.
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