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Abstract

Rice beer is traditionally prepared and consumed by various ethnic populations in the Southeast Asian countries. To under-
stand the probable effects of rice beer on human health, present research was aimed to study biochemical parameters, micro-
bial diversity and metabolites of major rice beer varieties of Assam, namely Apong (Poro and Nogin), Xaaj and Joubishi.
Alcoholic content of rice beer varieties varied from 9.41 to 19.33% (v/v). Free radical scavenging activity against DPPH- and
ABTS* were 1.94-4.14 and 1.69-3.91 mg of ascorbic acid/ml of rice beer, respectively. In relation to antioxidant activities,
phenolic content varied from 2.07 to 5.40 mg gallic acid/ml of rice beer. Next-generation sequencing of 16S rDNA showed
that 18 genera of bacteria were present irrespective of rice beer varieties in which lactic acid bacteria were the dominant
group (90% abundance). Functional predictions based on the bacterial profiles indicated pathways, such as metabolisms of
carbohydrate, amino acid, vitamins and cofactors, and xenobiotic biodegradation, to be active in the rice beer varieties. Out of
18 core bacterial genera, 7 had correlations with the predicted functions. Gas chromatography and mass spectroscopy-based
metabolite analysis revealed that the metabolite profiles of the rice beer varieties consisted of 18 saccharides, 18 organic
acids, 11 sugar alcohols, 8 amino acids, 1 vitamin and nutraceutical compounds thiocoumarine, carotene, oxazolidine-2-one
and acetyl tyrosine. Due to the presence of potent prebiotics, probiotics and nutraceuticals, rice beer may have health benefits
which need to be studied further.
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Introduction

The knowledge of fermentation traces back to ancient civi-
lizations of the world where various forms of foods and
beverages had been integral to human diet and lifestyle.
Microbial enzymes during fermentation act on the complex
substrates and convert it to simpler forms, thereby enhancing
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its nutritional properties and shelf life (Aidoo et al. 2006; Ray
et al. 2016). Fermented foods and drinks are enriched in lactic
acid bacteria (LAB) including the genera Leuconostoc, Lacto-
bacillus and Streptococcus. Such bacteria produce an array of
compounds such as vitamins, bacteriocins and organic acids
which confer health benefits to the consumers (Yadav et al.
2016; Yadav and Shukla 2017). In addition to LAB and pro-
biotics, fermented products are also enriched with prebiotic
molecules which can modulate the indigenous intestinal flora
of the host. LAB in combination with certain prebiotic com-
pounds are also used in therapeutics against certain metabolic
syndromes (Dahiya et al. 2017). Among fermented products,
beverages are of utmost importance which can be classified
into fruit-based wines, beer and cereal-based alcoholic bev-
erages (Das et al. 2014; Zapata et al. 2019). In cereal-based
alcoholic beverages, Saccharomycescerevisiae plays a key
role in producing a large number of volatile compounds that
enhance flavor and nutritional properties (Dangi et al. 2017).
A wide variety of cereal-based alcoholic beverages are pre-
pared and consumed by different ethnic communities as an
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integral part of their socio-cultural activities (Ghosh et al.
2014, 2016). Assam, a northeastern state of India is home
to diverse ethnic communities, mostly of Mongoloid origin
who are known for their skill in the preparation of rice beer.
The methods of rice beer fermentation are similar among the
ethnic groups with some variations in the starter cakes which
contain various herbs and rice flour (Das et al. 2012). The
rice beer varieties consumed in Assam have similarities with
some cereal-based alcoholic beverages of the world, such as
Shaosingiju and Laochao of China, Sake of Japan, Chongju
and Tkaju of Korea, Brem-Bali and Tape-Ketan of Indonesia
and Khaoumak of Thailand (Aidoo et al. 2006). The major rice
beer varieties of Assam are Apong (Poro and Nogin), Xaaj and
Joubishi prepared by the ethnic communities, namely Mishing,
Ahom and Bodo, respectively (Das et al. 2016). It is believed
that consumption of rice beer reduces stress and prevents
gastrointestinal infections (Ray et al. 2016). Few studies had
reported the microbial composition of the starter cake and the
biochemical composition of the rice beer (Bhuyan et al. 2014;
Das et al. 2014; Ghosh et al. 2015; Sha et al. 2017). However,
a detailed study on the microbial diversity, their functionalities
and the metabolites of rice beer varieties is not yet available
to understand their probable effects on health. Therefore, this
research aimed to study the microbial diversity and metabolites
of major rice beer varieties of Assam, namely Apong (Poro
and Nogin), Xaaj and Joubishi using culture-independent tech-
nique coupled with GC-MS analysis.

Materials and methods
Rice beer samples and reagents

A total of 27 rice beer samples of Apong (Poro and Nogin),
Xaaj and Joubishi varieties were collected from nine villages
in Assam, India, prepared by Mishing,Ahom and Bodo ethnic
groups, respectively (Supplementary Table S1). The sam-
ples were stored at 4 °C during transit to the laboratory and
stored at — 20 °C for further analysis. Triplicates samples
from each location were pooled in equal quantities to form
nine composite samples representing nine locations for the
three ethnic groups. Details about the substrates (rice vari-
ety) and the herbs used in the starter cakes are presented in
supplementary Table S2. All the reagents and enzymes were
procured from Sigma-Aldrich (St. Louis, Missouri, USA)
unless otherwise mentioned.

Biochemical analyses of rice beer

Estimation of alcohol

Alcohol contents of the rice beer samples were estimated
following potassium dichromate method with some modi-

fications (Caputi et al. 1968). Briefly, a 1000 pl rice beer
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sample was centrifuged at 8000 rpm for 5 min and a 100 pl
of the supernatant was mixed with 125 pl of 1 M potassium
dichromate and incubated at 62.5 °C for 15 min. A standard
curve with ethanol (Merck Millipore, India) was prepared
and the absorbance of both the standards and samples was
recorded at 600 nm. Alcohol content was expressed as %
(v/v).

Assay of antioxidant activity

Antioxidant activities of the rice beer samples were deter-
mined following 2,2-dipheny 1-1-picrylhydrazyl (DPPH)
method with some modifications (Ghosh et al. 2015).
Briefly, 50 ul of rice beer was added to 450 ul of 0.1 mM
of DPPH in methanol. After 30 min of incubation at 37 °C,
free radical scavenging capacity was evaluated by measuring
the decrease of absorbance at 517 nm. Antioxidant activity
was also further supplemented by 2,2'-azino-bis(3-ethylb-
enzothiazoline-6-sulphonic acid) or ABTS assay with some
modification (Adak et al. 2013). Briefly, 20 pl of rice beer
was added to 1000 ul 7 mM ABTS in 2.45 mM ammonium
persulfate solution. After 1 min of incubation at room tem-
perature, free radical scavenging capacity was evaluated by
measuring the decrease of absorbance at 734 nm. A stand-
ard curve was prepared with ascorbic acid (Sigma-Aldrich,
USA) and the antioxidant activity was expressed as mg of
ascorbic acid equivalent to 1 ml of rice beer.

Scavenging activity (%) =(1 — Agnpie/Acontrol) X 100,
where A, Was the absorbance in the presence of the
sample or reference material and A ., was the absorbance
of the control containing all the reaction reagents except the
sample or reference material.

Estimation of total phenol

Total phenolic contents of the rice beer samples were deter-
mined following Folin—Ciocalteu (FC) method as earlier
described by Singleton et al. (1999). In brief, 5 pl of rice
beer supernatant was added with 150 pl of FC reagent (1:10)
and incubated at 37 °C for 30 min. Thereafter, 100 pl of
0.1 M Na,CO; was mixed with the reaction mixture and
heated at 45 °C for 20 min. The reaction mixture was cooled
to room temperature and the absorbance was measured at
765 nm. A standard curve of gallic acid (Sigma-Aldrich,
USA) was prepared and phenolic content was expressed as
mg of gallic acid/ml of rice beer sample.

Study on culture-independent bacterial diversity
Metagenomic DNA extraction

Metagenomic DNA from the rice beer samples were
extracted following the method earlier described by Romi
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et al. (2015) with some modifications. Briefly, 5 mg of
0.1-mm Zirconia beads was added to 1 ml of rice beer and
homogenized at 5000 rpm in a vortex (Genie® 2, MoBio
Laboratories, Inc., USA) for 2 min. Thereafter, the sam-
ples were subjected to enzymatic lysis with 100 U/ml of
mutanolysin, 0.1% of 10 mg/ml proteinase K and 20 mg/
ml lysozyme for 15 min. Following enzymatic treatment,
equal quantity of phenol:chloroform (1:1) was added and
centrifuged at 12,000 rpm for 20 min. Following centrifuga-
tion, the phase-separated upper layer was collected in a fresh
tube. DNA was precipitated by adding 3.5 M sodium acetate,
washed with 70% ethanol and finally dissolved in 20 ul TE
(Tris—=EDTA) buffer.

Next-generation sequencing (NGS) analysis

NGS analysis was carried with the sequencing service
provider Macrogen Inc. (Seoul, Republic of Korea). Pure
double-stranded DNA was subjected to PCR amplification
using 341F-805R primer pairs spanning the V3-V4 region
of 16S rDNA gene. The NGS library was prepared using
the Nextera XT library preparation kit according to the Illu-
mina MiSeq protocol (Illumina Inc., 2017). Sequencing was
carried out in an Illumina MiSeq machine (MiSEq 2500)
following 2 X 300 bp paired end chemistry with the mul-
tiplexed pooled samples. All the sequences were deposited
in the MG-RAST server under study ID mgp 85043 (Sup-
plementary Table S3).

NGS data analysis

The NGS data were analyzed using QIIME2 (v 2018.6) pipe-
line (Caporaso et al. 2010) using various built-in plugins.
DADAZ? plugin (Callahan et al. 2016) was used for denois-
ing, filtering, merging and chimera removal from the raw
INlumina reads. Sequences having a minimum Phred score
of 25 were considered for analysis and hence truncated at
270 bp for proper merging of forward and reverse sequences.
For phylogenetic classification, the sequences were aligned
with MAFFT (Katoh and Standley 2013) prior to phyloge-
netic tree construction using FastTree2 (Price et al. 2010).
Taxonomic assignment was performed by training a Naive
Bayes classifier specific to V3—V4 region using the most
recent SILVA 132 database (Quast et al. 2013). Taxonomic
classification was collapsed and assigned at the genus level.
For functional prediction, closed reference OTU picking was
performed using VSEARCH (Rognes et al. 2016) on 97%
similarity clustered OTUs using the Greengenes 13_5 data-
base. The QIIME?2 artifacts were converted to BIOM format
and subjected to PICRUSt (phylogenetic investigation of
communities by reconstruction of unobserved states) analy-
sis to predict the functional features of the bacterial profiles
of the rice beer varieties (Langille et al. 2013). OTUs were

normalized by copy number and predicted functional catego-
ries were created using the Kyoto encyclopedia of Genes and
Genomes (KEGG) (Kanehisa et al. 2010).

Gas chromatography and mass spectrometry (GC-
MS) analysis

The rice beer samples were extracted with a mixture of
methanol and water (9:1) for 16 h. The mixture was centri-
fuged at 8000 rpm for 8 min and a 200 pl of the supernatant
was further concentrated under vacuum at 45 °C for 60 min.
To the concentrated sample, a 50 pl of methoxyamine
hydrochloride containing 15 mg/ml pyridine was added
and incubated at 70 °C for 45 min. After cooling, 50 ul of
N-methyl-N-(trimethylsilyl) trifluoroacetamide (MSTFA)
was added and incubated at 70 °C for 1 h (Das et al. 2014).
The MSTFA-derivatized samples were subjected to GC—MS
analysis in a Shimadzu GC 2010 Plus-triple Quadrupole
(TP-8030) GC-MS/MS system fitted with EB-5MS column
(length: 30 m, thickness: 0.25 um and ID: 0.25 mm). The
temperature of both the injector and detector was maintained
at 200 °C. The oven temperature was maintained at 100 °C
for 2 min and then allowed to rise up to 300 °C at a ramping
rate of 10 °C/min and finally for 10 min at 300 °C. The mass
spectrometer was operated in the electron ionization (EI)
mode at 70 eV with a source temperature of 200 °C and a
continuous scan from 45 to 600 m/z. The peaks were iden-
tified by matching the National Institute of Standards and
Technology (NIST) library, USA. Noisy peaks and columns
bleeds were removed prior to data analysis.

Statistical analysis

Statistical analyses were conducted within the R pack-
age v 3.5.1. All the biochemical tests were performed
in triplicates and one-way ANOVA was performed to
determine the differences in biochemical properties
among the rice beer varieties. To analyze the differences
in microbial diversities among the rice beer varieties,
Kruskal-Wallis H test was performed. To understand the
interactions among the microbes in the rice beer varie-
ties, Spearman’s rank correlation analysis was carried out
using the rcorr package (Harrell and Harrell 2018) and
correlation matrix was visualized through corrplot pack-
age (Wei et al. 2017). Heatmap was constructed using
gplots package (Warnes et al. 2009). All other graphs and
illustrations were visualized using the ggplot2 package
(Wickham 2016). Network analysis between core bac-
terial genera and predicted functions was visualized by
Cytoscape 3.6.1 software (Shannon et al. 2003) using the
Metscape app (Karnovsky et al. 2011). Statistical analysis
on the metabolites detected in the GC-MS analysis was
performed with MetaboAnalyst V 4.0 (Chong and Xia
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2018). The differences in metabolites among the rice beer
varieties were calculated based on partial least square
discriminant analysis scores. Statistical significance was
considered at p < 0.05 for all the analysess.

Results
Biochemical properties of the rice beer varieties

Alcohol contents of the rice beer varieties were within
the range of 9.41-19.33% (v/v) (Table 1). The Joubishi
sample RB09 had the highest content of alcohol (19.33%)
whereas the NoginApong sample RB02 had the least alco-
hol content (9.41%) (p <0.05). Free radical scavenging
activity against DPPH- indicating antioxidant activities
of the rice beer varieties was expressed as mg of ascor-
bic acid/ml of rice beer. The antioxidant activities var-
ied within a range of 1.94-4.14 mg/ml of ascorbic acid.
The Xaaj sample RB0O5 exhibited highest antioxidant
activity (4.14 mg/ml), the Xaaj sample RB06 had least
antioxidant activity 1.94 +0.37 mg/ml (p <0.05). Simi-
lar trend was observed in case of free radical scavenging
activity against ABTS™. The antioxidant activities varied
within a range of 1.69-3.91 mg/ml of ascorbic acid. The
Xaaj sample RB0O5 exhibited highest antioxidant activity
(3.91 mg/ml) and the Xaaj sample RB06 had least anti-
oxidant activity (1.69 mg/ml) (p <0.05) (Table 1). Total
phenolic content was expressed as mg of gallic acid/ml
of rice beer. The phenolic contents were within a range
of 2.07-5.40 mg/ml of rice beer. However, there was no
significant difference in the phenolic contents of the rice
beer samples.

Culture-independent bacterial diversity

To understand the total bacterial diversity of the rice beer
varieties, NGS analysis of 16S rDNA amplicons was per-
formed and analyzed with the QIIME?2 pipeline. An average
of 30,000 high-quality reads per sample was considered for
examining the bacterial diversity. Alpha diversity, a measure
of species richness and evenness within a sample, was deter-
mined by considering the observed OTU, Faith’s phyloge-
netic diversity (FPD), Shannon’s diversity index and Pielou’s
evenness (PE) (Table 2). Observed OTU, FPD, Shannon
diversity and PE measure the unique number of features,
community richness incorporating phylogenetic relationship
between features, community richness and community even-
ness, respectively. Observed OTU varied across all the sam-
ples like FPD and Shannon diversity indices. The number of
observed OTUs varied from 67 in the Joubishi sample RBO7
to 753 in the NoginApong sample RB02. The NoginApong
sample RB02 also had highest FPD and Shannon diversity
indices (62.23 and 7.02, respectively) and the Joubishi
sample RB07 had lowest (11.86 and 3.16, respectively). PE
index ranges from O to 1, in which the higher value indicates
more evenness in the species of a community. The PE value
was highest in the Xaaj sample RB05 (0.31) and lowest in
the NoginApong sample RB020 (0.73).

Taxonomic assignment was performed for the obtained
features by training a naive classifier against SILVA 132
database and a total of 257 genera were obtained. The dif-
ferential abundance of the dominant genera (> 1% abun-
dance) spanning all the samples are represented in a heatmap
(Fig. 1). The NoginApong sample RB02 had a wider variety
of bacteria dominated by LAB. In addition to LAB, a group
of acetic acid-producing bacteria, environmental contami-
nants such as Vibrio and Pseudomonas were also present

Table 1 Biochemical properties of rice beer varieties collected from different ethnic groups

Sample information

Biochemical properties

Community Sample ID Variety Alcohol content (% v/v) Antioxidant activity (ascorbic acid  Phenolic (gallic acid
equivalent mg/ml) equivalent mg/ml)
DPPH- ABTS+
Mishing RBO1 Poro Apong 10.67 +1.02e 3.01£0.18c 2.04+0.06f 2.99+1.05a
RB02 Nogin Apong 9.99+£0.40c 3.47+0.06a 3.23+£0.03c 2.80+0.21a
RBO03 Nogin Apong 10.37+£0.57d 3.17+0.08a 1.80+£0.03g 2.07+0.25a
Ahom RB04 Xaaj 14.82 +£0.25hf 3.19+0.14a 2.85+0.06d 4.14+0.38a
RBO05 Xaaj 14.04+0.81i 4.14+0.17a 3.91+0.04a 3.93+0.78a
RB06 Xaaj 9.41+0.66b 1.94+0.37b 1.69+£0.34g 2.64+0.52a
Bodo RBO07 Joubishi 12.26 +£0.74bf 3.60+0.02ac 3.48+0.07b 3.43+0.48a
RBO0S8 Joubishi 12.94£0.19cg 3.01+£0.31d 2.58 +£0.09¢ 3.62+0.89a
RB09 Joubishi 19.33+£0.37a 3.44+0.09a 3.90+0.07a 5.40+1.35a

The values are expressed as mean+ SEM. Values within a column with the same letters (a, b, ¢, d, e, f, g, h, and i) are not significantly different

(p<0.05)
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Table 2 Microbial diversity indices of the rice beer varieties

Sample ID Faith PD Observed OTUS Pielou’s Shannon index

evenness
RBO1 21.27 298.00 0.61 4.99
RB02 62.23 753.00 0.74 7.03
RBO3 29.44 339.00 0.63 5.34
RB04 26.53 220.00 0.55 4.30
RBO05 29.38 201.00 0.31 2.39
RB06 35.13 425.00 0.68 5.96
RBO07 11.90 67.00 0.52 3.16
RBO08 27.56 309.00 0.61 5.04
RB09 44.27 175.00 0.59 4.42

in the NoginApong samples. The PoroApong sample RB0O1
and the Xaaj sample RB06 were enriched with the bacte-
rial genera Paracoccus, Enterococcus,Olivibacter and Cel-
lulosimicrobium. The bacterial genera Stenotrophomonas,
Neoasia, Pantoea,Dickeya and Rhizobiaceae were found in
all the samples. Core bacterial diversity was computed by
considering a minimum of 1% of abundance with occur-
rence in at least 80% of the samples. A total of 18 genera
of bacteria were found as core bacteria across the samples
in which LAB was the dominant group (Fig. 2a). Lacto-
bacillus (42.36-92.25% abundance) was the predominant
genus in all the rice beer samples except the NoginApong
sample RB03 and the Xaaj sample RB05, in which Weis-
sella and Pediococcus were the dominant genera (34.36%
and 89.09% abundance, respectively). LAB, such as Leu-
conostoc and Lactococcus were also present in all the sam-
ples. Leuconostoc was dominant in the Xaaj sample RB06
(9.21% abundance), whereas Lactococcus was dominant
in the Joubishi sample RB09 (11.21% abundance). Apart

Color Key

Fig. 1 Heatmap showing the differential abundance of bacterial gen-
era in various rice beer samples. Bacterial abundance (>1%) of the
microbes were scaled in a range of — 2 to 2 and clustered accord-
ing to Euclidian distance matrix. Sample codes Poro Apong (RB01),
Nogin Apong (RB02 and RB03), Xaaj (RB04, RBO5 and RB06) and
Joubishi (RBO7, RBO8 and RB09)
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Fig.2 a Relative abundance (%) of core bacterial genera in the rice
beer samples. Sample codes Poro Apong (RBOl), Nogin Apong
(RB02 and RBO03), Xaaj (RB04, RBO5 and RB06) and Joubishi
(RB07, RB0O8 and RB09). b Correlation matrix among the 18 core
bacterial genera. The Spearman’s rank correlation coefficients ranged
from 1.0 to — 1.0, corresponding to a strongly positive to a strongly
negative correlations and has been represented in hierarchal order in
the correlation plot

from LAB, Acetobacter, Acinetobacter, Bacillus, Dickeya,
Enterococcus, Enterobacter, Exiguobacterium, Glucono-
bacter, Janibacteria, Rothia, Klebsiella, Pseudomonas and
Staphylococcus were the members of the core bacteria in
the rice beer varieties. Correlations among the core bacterial
genera were determined based on Spearman’s rank correla-
tion (Fig. 2b). A general negative correlation was observed
between Lactobacillus with other LAB genera (r<— 0.36,
p <0.05). Among the LAB, only Weissella and Leuconostoc
were positively correlated to each other (r=0.61, p <0.05).
Interestingly, positive correlations were observed between
Acinetobacter and LAB (r>0.27, p < 0.05), with the excep-
tion of Pediococcus (r=— 0.47, p<0.05).

The functional features were predicted using PICRUSt
in context of KEGG pathways. A total of 24 pathways were
enriched in the rice beer samples depicting active microbial
metabolisms. Spearman’s ranked correlations between the
core bacteria and the predicted KEGG pathways were ana-
lyzed to understand the probable roles of the core bacteria.
Lactobacillus, Lactococcus,Acinetobacter, Pediococcus,
Leuconostoc, Weissella and Gluconobacter had correlations
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with 13 predicted pathways (p >0.05) (Fig. 3). Lactobacillus
was positively correlated with all the 13 pathways (r>0.45,
p <0.05), followed by Acetobacter (r>0.27, p<0.05)
and Lactococcus (r>0.086, p <0.05). However, negative
correlations with the predicted pathways were observed
with Pediococcus (r <— 0.48, p <0.05), Leuconostoc
(r<—=0.095, p<0.05) and Weissella (r<— 0.126, p <0.05).

Metabolite profiling by GC-MS analysis

A total of 230 compounds were detected in all the samples.
However, only 66 compounds having importance in metabo-
lisms were taken into consideration for analysis. The profiles
of these compounds included 18 saccharides, 18 organic

Acinetobacter X A: Amino acid metabolism
T i B: Biosynthesis of secondary
metabolites

C: Carbohydrate metabolism

Lactobacillus

Pediococcus "
E: Energy metabolism

Leuconostoc G: Glycan metabolism

L: Lipid metabolism

M: Membrane transport

0: Metabolism of other amino acids
V: Metabolism of cofactorsand
vitamins

T: Metabolism of terpenoids and
polyketides

N: Nucleotide metabolism

Weissella

Lactococcus

Gluconobacter

Acetobacter S: Transport and Catabolism

X: Xenobiotics biodegradation
and metabolism

Fig.3 Network analysis showing the linkages of core bacterial genera
to predicted functional pathways. Blue and red branches connecting
the nodes indicate positive and negative correlations, respectively.
The width of the branch depicts the strength of correlation

acids, 11 sugar alcohols, 8 amino acids, 1 vitamin along
with the compounds thiocoumarine, carotene, oxazolidine-
2-one (pharmaceuticals), butane, acetyltyrosine, mono-
ethylmalonate and mevalonic lactone (Table 3). The peak
area (%) of metabolites detected by GC-MS analysis has
been provided in the Supplementary file. Multivariate sta-
tistical analysis was performed with the data on metabolites
using partial least squares discriminant analysis (PLS-DA)
test among the rice beer samples (Fig. 4). In the PLS-DA
plot, the rice beer samples clustered separately according to
their origins. However, the Xaaj samples RB0O5 and RB06
clustered together depicting similarity in their metabolite
profiles.

Discussion

In Asia and Africa, the cereals rice, corn, wheat, millet, sor-
ghum, etc. constitute more than 80% of the diet. Digestibility
and nutritional value of a complex form of cereal depend
on its processing as feed. Fermentation of cereals reduces
antinutritional factors and provides more macro- and micro-
nutrients (Shewry and Hey 2015; Sokrab et al. 2014). Rice
beer is prepared using a starter cake made of rice flour and
herbs which is mixed with cooked rice and fermented in a
solid state for 7-10 days. After fermentation, the ferment is
diluted and consumed as a refreshing drink. In cereal-based
fermentation, the saccharolytic activity of microbes convert
the complex starch into simple sugars which in turn are con-
verted into organic acids and alcohol. The content of both
acids and alcohols in a beverage depends on the microbial

Table 3 List of metabolites
of the rice beer varieties as

detected by GC—MS analysis

Saccharides Organic acids Amino acids Others
D-Mannopyranoside  Pentanoic acid (valeric acid) Glycine Butane
D-Glucopyranoside ~ Propanoic acid L-Proline Thiocoumarine

DL-Glyceraldehyde
Glyceryl-glycoside
D-(—)-Ribofuranose
D-(+ )-Talose

Hexadecanoic acid (palmitic acid)  Serine
Pentanedioic acid

Octadecanoic acid (stearic acid)
Eicosanoic acid (arachidic acid)

1-(+)-Ascorbic acid

Alanine-Thr N-Acetyltyrosine

Piedase cllodlayan
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p-Glucose

D-Galactofuranose

Lactulose
p-Lactose
3-Mannobiose
2-Mannobiose
p-Fructose

D-(+ )-Trehalose
Maltose

D-(+ )-Cellobiose
Sedoheptulose
Lyxopyranoside

Tetradecanoic acid (myristic acid)
Butanoic acid

Heptadecanoic acid

Propanoic acid

D-Gluconic acid

Galactonic acid

Butyric acid

Acetic acid

Hydroxyisobutyric acid
p-Galactopyranosiduronic acid
Phthalic acid

Lactic acid

Alanine psi-psi-Carotene
L-Valine Quinoxaline-2-carboxamide
L-Leucine Physovenine

L-Glutamic acid

Sugar alcohols
Glycerol
Pentitol
Xylitol
Glucitol
L-Fucitol
Myo-inositol

Oxazolidin-2-one

Sugar alcohols

Dulcitol

L-Threitol
4-Hydroxyphenylethanol
L-(—)-Arabitol
Adonitol/ribitol
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Component 2 (16.8 %)

Fig.4 Partial least square discriminant analysis (PLS-DA) plot based
on the metabolite profiles of the rice beer samples. Sample codes
Poro Apong (RBO1), Nogin Apong (RB02 and RB03), Xaaj (RB04,
RBO05 and RB06) and Joubishi (RB07, RB08 and RB09)

consortia in the starter cake and their succession during fer-
mentation (Ghosh et al. 2015). Moreover, starch content of
a rice variety used, the process of saccharification and the
plant materials used in the starter cake determine the quality
of the beverage (Huang et al. 2018).

In this study, the major rice beer varieties of Assam were
characterized to understand the composition of microbes and
their functions in the rice beer. The alcohol content of the
Xaaj samples RB0O5 and RB06 and Joubishi sample RB09
was found to be higher which could be due to the use of
glutinous variety of rice (Khan et al. 2017). The microbial
enzymes deconjugate the phenolics from the fibres (Sokrab
et al. 2014) and render them soluble in the rice beer. The free
polyphenols either from the herbs or rice may have contrib-
uted to the antioxidant activities of the rice beer varieties
(Deka et al. 2018). The antioxidant activity was highest in
the Xaaj sample RB0S5, while phenolic content equivalent
was higher in the Joubishi sample RB09. The results sug-
gested that apart from phenolic compounds, other metabo-
lites such as ascorbic acid and organic acids (such as acetic,
butyric and propanoic acids) may also have a role in the
antioxidant activity (Chen et al. 2018). Microbes have a very
complex role in cereal fermentation and involves mixed cul-
tures of yeasts, bacteria and fungi (Das et al. 2014). A study
on Marcha and Thiat, a starter cake used for the preparation
of alcoholic beverage in Sikkim and Meghalaya states in
India showed that proteobacteria was a dominant phylum
followed by Firmicutes and Actinobacteria (Sha et al. 2017).
A study showed that succession of moulds and yeasts fol-
lowed by LAB played an important role in fermentation of
rice to produce alcohol and lactic acid (Ghosh et al. 2015).
In the present study, metagenomic approach detected a wider

diversity of bacteria in the rice beer varieties. Alpha diver-
sity indices were used to determine the diversity within a
sample and were expressed as observed OTU, FPD, Shan-
non and PE indices. The NoginApong sample RB02 had
highest microbial diversity and species richness. On the
contrary, the Xaaj sample RB06 had low bacterial diver-
sity, probably with conserved functionalities. PE signifies
the community structure in terms of equality in number of
species. It was observed that PE index for the Xaaj sample
RBO05 was lowest suggesting dominance of a single genus
or a group of highly conserved genera. Culture-independent
study showed the presence of 18 core bacteria in which the
LAB Lactobacillus, Leuconostoc, Pediococcus, Lactococ-
cus and Weissella had higher abundances in all the rice beer
varieties. Previous studies have also reported the dominance
of Weissella, Pediococcus and Lactobacillus in the starter
culture used for rice beer fermentation (Cai et al. 2018).
Therefore, such LAB might have migrated from the starter
cakes and played an important role in fermentation of rice
beer. The group of LAB can convert hexoses into organic
acids by homolactic or heterolactic fermentation. The homo-
lactic fermenters Pediococcus, Lactococcus, Streptococcus
and Lactobacillus were present across the samples and can
produce lactic acid from hexose sugars. Moreover, heterolac-
tic fermenters which include Leuconostoc and Weissella are
known to convert those hexoses simultaneously into lactate,
carbon dioxide and ethanol (Steinkraus 1983). Apart from
their role in fermentation, a number of studies have reported
LAB as probiotics those confer health benefits (Amara and
Shibl 2015). In a more recent study, Lactobacillusplan-
tarum isolated from fermented drink Raabadi exhibited a
good hypocholesterolemic effect (Yadav et al. 2016). Pres-
ence of such bacteria in rice beer might be beneficial to the
consumers. Moreover, the presence of Acetobacter and Glu-
conobacter and their positive correlations with Pediococcus
indicated probable conversion of sugar or ethanol to acetic
acid (Doran-Peterson et al. 2008). Production of organic
acids adds flavor and increases the shelf life by decreasing
the pH of rice beer (Vandenbergh 1993). Interestingly, the
concordance of functional pathways with the core bacte-
ria showed that Pediococcus had negative correlations with
membrane transport and metabolisms of cofactors and vita-
mins. Besides, the positive correlations of Lactobacillus and
Weissella with organic acid-producing bacteria indicated
accumulation of organic acids that can prevent the growth
of other bacteria by interfering with membrane potential,
active transport and metabolism of cofactors (Davidson et al.
2013). The Pediococcus-dominant Xaaj sample RB0O5 had
less dominance of other bacteria which indicated that it acted
as an antagonist to other bacteria. Apart from Pediococcus,
other LAB Lactobacillus and Lactococcus also had negative
correlations with Klebsiella, Pseudomonas, Staphylococcus
and Enterobacteria. The presence of Klebsiella, Rothia and
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Staphylococcus as core bacteria across the samples could
be linked to the unhygienic practices during rice beer pro-
cessing. In addition, Dickeya might have originated from
plant parts used in the starter cake preparation (Yamazaki
etal. 2011). Gluconobacter, Lactobacillus and Lactococcus
are also involved in the production of aromatic compounds
which may contribute towards the enhancement of flavor
in rice beer (Zou et al. 2018). The genera such as Acine-
tobacter, Enterococcus, Exiguobacterium, Enterobacter,
Gluconobacter,Janibacteria and Pseudomonas are common
environmental bacteria. Due to their widespread occurrence
in soil and water, these bacteria might have mixed with the
starter cakes or rice beer during preparation. A similar func-
tional core microbiota in a Chinese rice wine was reported
by Huang et al. (2018).

In the GC-MS analysis, 18 organic acids were detected
in all the rice beer samples of which acetic, butyric, propa-
noic and lactic acids are known to have potent antimicro-
bial and gut-health-promoting effects (Tanaka et al. 2016).
Additionally, the oligosaccharides such as melibiose, cello-
biose, mannobiose have been detected in rice beer which can
be utilized by gut commensals to produce SCFAs. SCFAs
are involved in maintaining the health of gut (Gibson et al.
2017). Lactulose, sedoheptulose and trehalose are used in
the treatment of constipation and hepatic encephalopathy
(Shukla et al. 2011). Glycerol is the major alcohol in beer
that contributes to the sensory property and taste (Langstaff
and Lewis 1993). Other sugar alcohols detected in the rice
beer samples were pentitol, xylitol, glucitol, fucitol, dulcitol
and threitol. Among these, xylitol has been used as dietary
supplement and as laxative (Mikinen 2016). In addition,
physovenine, quinoxaline-2-carboxamide, oxazolidin-2-one,
acetyl tyrosine and thiocoumarine were detected in the rice
beer samples. Physovenine has been reported as acetyl cho-
linesterase (AChE) inhibitor and is used in the treatment of
Alzheimer’s disease (Hostettmann et al. 2006). Quinoxaline-
2-carboxamide and oxazolidin-2-one are used in the treat-
ment of hypertensions (Wookey et al. 2004).

Moreover, there was concordance among the GC-MS-
derived metabolites and microbiome-derived pathway pre-
dictions. The metabolites detected are either end products or
intermediates produced in due course of microbial metabo-
lisms as per the predicted pathways. The saccharides, amino
acids, vitamins and other secondary metabolites detected in
the GC-MS analysis can be linked to the predicted pathways
of carbohydrate metabolism, amino acid metabolism and
metabolism of vitamins and other cofactors, respectively.
However, a robust linking of metabolites to the predicted
pathways was not possible as many of the intermediate
compounds involved in a pathway were not detected in the
GC-MS analysis.

This study for the first time showed the microbial com-
position and their relation with metabolic pathways of the
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major rice beer varieties of Assam. The presence of LAB,
Acetobacter as well as yeast and moulds plays an important
role in the final characteristics of rice beer. The synergis-
tic actions of the microbial consortia converted the starchy
materials present in rice into potentially beneficial com-
pounds which included mannobiose, sugar alcohol, organic
acids and amino acids. The presence of LAB and nutraceu-
ticals in the rice beer may provide health benefits to the
consumers which needs to be studied further.
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