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Abstract

Rice beverages are traditionally prepared and consumed popularly by the different ethnic groups of North East India
and claimed to have several health benefits. In an attempt to validate the traditional claims, effects of different
fractions of the beverage were studied using mouse model. To investigate its effects on behavior, mice were treated
with different fractions of rice beverage that included the beverage as a whole, insoluble and soluble fractions.
Intragastric treatments of these fractions were given to the mice (n = 6 per group) for 30 days, and behavioral studies
were performed on elevated plus and Y maze to evaluate anxiety and spatial memory, respectively. Next-generation
sequencing of metagenomic DNA of the beverage indicated the presence of 157 OTUs, and 26 bacterial genera were
dominant with an abundance of 0.1%. The insoluble fraction and the whole beverage treatments reduced the
anxiety-like symptoms in animals indicating the probable role of microbes. Spatial memory improved in all the
treatments compared to the control, of which the rice beverage treatment showed the highest levels (p < 0.05). Gas
chromatography and mass spectroscopy-based metabolite profiling of the beverage revealed 10 alcohols, 29
sachharides, 43 acids, and 13 amino acids. Findings of this study suggest a positive effect of rice beverage on anxiety
and spatial memory of mice, justifying the claims by ethnic communities on its role on mood regulation.
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Introduction
North East India consists of eight states, namely
Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizo-
ram, Nagaland, Sikkim, and Tripura (Fig. 1) and phys-
iographically categorized into the Eastern Himalayas,
Northeast Hills (Patkai-Naga Hills and Lushai Hills), and
the Brahmaputra and Barak Valleys. The region is home
to around 225 tribes which makes it rich in diverse eth-
nicity culture and food practices [1]. The foods prepared
and consumed by these communities have a strong con-
nection with their sociocultural, spiritual life, and health.
These foods include different types of fermented foods
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and beverages. The rich ethnic diversity and surplus avail-
ability of bioresources contribute to a huge reserve of
artisanal foods and beverages in this region which are
often commercially available in small regional markets.
Most of the ethnic communities of this zone prepare and
consume fermented foods and beverages; however, the
name, recipe, and preparation method often varies from
tribe to tribe. Since rice is the major staple food of the
region, a wide variety of rice-based fermented alcoholic
beverages are popularly consumed. Each tribe has a recipe
for the preparation of the starter, which serves as the
source of microbial inoculam, and also, the beverage has
a different vernacular name based on the tribe. Though
the overall process remains the same for each tribe, the
differences lie in the compostion of starter, variety of rice
to be used for fermentation, and some additional steps
during filtration of the final product. The starter serves
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Fig. 1 The seven states of North East India are inhabited by many indigenous communities having diverse food habits. Majority of these
communities consume fermented foods and beverages. Assam is a state in this region with a rich diversity of rice-based fermented beverages. The
beverage holds an intrinsic value in the sociocultural life of these communities (map adapted from https://www.pikpng.com)

as inoculum consisting of starch-degrading and alcohol-
producing microbes along with lactic acid bacteria. It has
been reported to contain the bacteria Lactobacillus plan-
tarum, Lactobacillus brevis , Leuconostoc lactis, Weissella
cibaria, Lactococcus lactis, Weissella para mesenteroides,
and Leuconostoc pseudomesenteroideetc [2]. The starter is
mixed with cooked rice under hygienic conditions for fer-
mentation, and the liquid is separated from the mass by
decantation and filtration [3]. Consumption of rice bever-
age is traditionally believed to exert health benefits per-
taining to improved digestive, excretory, and endocrine
functions and relieves stress [3]. The beverage has been
reported to be rich in essential nutrients such as car-
bohydrates, amino acids, and organic acids along with
other aromatic compounds [4]. The carbohydrates serve

as energy source and also add to the overall taste of the
beverage. Also, they exert prebiotic and neuromdulatory
effects by regulating the gut microbiota [5]. The presence
of amino acids in abundance is also an indication of low-
molecular-weight peptides in the beverage which could
attribute to its antioxidant and antimicrobial properties
[6, 7]. Additionally, they also contribute to the organolep-
tic properties of the beverage pertaining to taste, aroma,
etc. [8]. Beyond basic nutrition, the amino acids in the
beverage also confer additional health benefits. For exam-
ple, glutamatic acid acts as precursor for important neu-
rotransmitters thereby affecting the mental health [9].
Beta alanine is yet another amino acid having antioxidant,
immune-enhancing, and anti-aging properties, and also,
it has been reported to demonstrate anxiolytic effects,
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in human, rat, and mouse models [10–12]. A growing
body of evidence indicates the roles of fermented foods in
the brain and cognitive health promotion [13, 14]. These
effects arise due to the synergistic effect of the microbes,
their metabolites, and the nutrients in these foods [15]. A
recent study in mice has reported the effect of fermented
beverage Kefir in reducing stress and repetitive behav-
ior by positively modulating the microbiota-gut-brain axis
[16]. Similarly, another study revealed the effect of red
wine in improving the spatial memory and fear memory
in mice [17].

Considering the health benefits of fermented foods and
the nutritional content of the traditionally brewed rice
beverage, we hypothesize that the overall nutrients and
microbes in the beverage may improve the brain function.
Therefore, this study aimed to explore the effects of rice
beverage and its fractions on anxiety and spatial memory,
using mouse model in an attempt to validate the claims
by ethnic communities (Fig. 2). To the best of our knowl-
edge, this is the first study on the effect of traditionally
brewed rice beverage on the anxiety and spatial memory
in mice.

Fig. 2 Summery of the experimental process performed in the study
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Methods
Rice fermentation
Rice beverage was prepared based on the traditional
knowledge of Tiwa community of Assam. The starter cake
was prepared using different plants and rice as described
in our earlier patent [18]. Further, 1 kg of rice (Oryza
sativa) was boiled and allowed to cool down to room tem-
perature. A 30 g of starter cake, crushed into powder, was
mixed with the cooled rice and kept for solid state fermen-
tation for 8 days at 30 ◦C. After fermentation, the mass
was sieved with a muslin fabric to obtain rice beverage
(RB) which was further centrifuged at 5000 rpm for 5 min
to separate the supernatant containing the soluble fraction
(SF), and the pellet was resuspended in sterile water up to
the initial volume, denoted as insoluble fraction (IF).

Biochemical analyses and non targeted profiling of rice
beverage metabolites by gas chromatography–mass
spectrometry (GC-MS)
The pH was measured in a digital pH meter (pH510,
Orion Star A111). The alcoholic fraction was evaporated
and collected in a rotary evaporator to estimate the alco-
hol by volume using potassium dichromate reagent [19].
Reducing sugars, antioxidant activity, and total phenolic
content was determined as described elsewhere [20–22].
GC-MS was carried out as per protocol descibed by Das
et al. [4]. Briefly, the methanolic extract of the beverage
was concentrated under vacuum and derivatized usingN-
methyl-N-(trimethylsilyl) trifluoroacetamide (MSTFA).
GC–MS analysis was carried out in a Shimadzu GC
2010 Plus-triple Quadrupole. The peaks were identified
using the National Institute of Standards and Technology
(NIST) library, USA, and the column bleeds were removed
prior to analyses.

Next-generation sequencing (NGS) of metagenomic DNA
extracted from rice beverage
Metagenomic DNA from rice beverage was extracted fol-
lowing protocol described by Das et. al [23]. The DNA
was subjected to NGS with sequencing service provider
Macrogen Inc. (Seoul, Republic of Korea). The V3–V4
region of bacterial 16S rDNA was amplified using 341F–
805R primers. The NGS library was prepared using the
Nextera XT library preparation kit following the Illumina
MiSeq protocol (Illumina Inc., 2017). Sequencing was car-
ried out in an Illumina MiSeq machine (MiSEq 2500)
following 2 × 300 bp paired-end chemistry with the mul-
tiplexed pooled samples. The trimmed sequences were
checked for FASTQ, and the high-quality regions with an
average Phred score higher than 20 were considered for
further analysis using QIIME (Quantitative Insights Into
Microbial Ecology) pipeline. Each sequence was assigned
taxonomy at phylum, class, order, family, and genus levels
with 97% homology.

Animals and experimental design
Five-week-old (36 ± 6 g) male Swiss albino mice (n = 6
per group) were used for the study. Animals were housed
in polypropylene cages (Tarsons, India), each cage con-
taining 3 mice. They were fed ad libitum standard rodent
pellet diet and water. Animals were divided randomly,
based on treatments. A 7 μl/g body weight of RB, IF, and
SF was administered whereas the controls (CT) received
sterile water using gavage. The dosage was equivalent
to the reported human intake of the beverage based on
their body weight to make a consistent gavage volume. All
experiments were conducted following the guidelines of
the Committee for the Purpose of Control And Supervi-
sion of Experiments on Animals (CPCSEA), Ministry of
Environment, Forest and Climate Change, Government of
India, New Delhi, and approved by the institutional ani-
mal ethical committee (approval no. IASST/IAEC/2016-
17/07).

Behavioral analyses
After 30 days of treatment, elevated plus (EP) and Y maze
tests were conducted following standard procedures to
study anxiety and spatial memory, respectively, using the
methods described earlier [24, 25]. The tests were con-
ducted in an isolated room by placing the mouse in the
mazes. An infrared camera (D3D, UK) was mounted par-
allel to the mazes to track the animal’s movement. The
mazes were made up of acrylic material, matte black in
color, and cleaned with non-abrasive paper towels using
70% ethanol before and after each test. Animals were
acclimatized prior to the start of the study.

EP maze test
The EP maze consisted of four arms, 30 cm long and 5 cm
wide and was elevated 50 cm above the floor. One pair
of opposing arms was exposed with a 3-cm-high parame-
ter border along the outer edges while the other pair was
enclosed with opaque walls of 12 cm high . The animal
was allowed to explore the maze freely for 300 s, and the
process was recorded . Out of 300 s, the time spent in the
open arm was calculated as a measure of anxiolysis [26].

Ymaze test
Th Y maze consisted of three arms of equal lengths of
38 cm separated from each other by 120◦ and designated
as A, B, and C for scoring. They were habituated to explore
the mazes for 10 min having access to two arms. Dur-
ing the test run, a mouse was placed at the center of the
maze and allowed to move freely through the maze dur-
ing a 5-min session. Entry of the hind limb into an arm of
the Y maze was considered for the scoring. Spontaneous
alternation (SA), defined as the tendency of the animal to
explore new arms, was calculated as a measure of spatial
memory [27].
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Statistical analyses
Behavioral parameters on the EP and Y maze across
the groups were measured, and one-way ANOVA was
performed using SigmaPlot to determine the differences
among the treatment groups. Statistical significance was
considered at (p < 0.05).

Results and discussion
The biochemical properties of the beverage (Table 1) are
in line with the previous reports[4]. Out of 13 amino
acids detected by GC-MS (Table 2), methionine, pheny-
lalanine, threonine, and valine fell into the category of
essential amino acids. This is a good indication in terms
of the nutritional content of the beverage. Moreover,
the complex L-Val-L-Leu has been reported to promote
healthy gut bacteria [28]. Next, beta alanine has been
effective in reducing anxiety and increasing BDNF expres-
sion in rats. Similarly, phenylalanine and glutamic acid are
also reported to have neuromodulatory effects [29, 30].
Other components, viz. cinnamic acid and threonic acid,
have also shown memory-enhancing activities [31]. Fur-
ther, sugars like allose and trehalose exert neuroprotective
activities [32, 33].
From the NGS data, 574,030 quality reads showed

a significant homology with predicted rRNA sequences
in the Greengene database. A total of 157 OTUs were
observed of which Bacillus was the most abundant genus
(42.5%) (Fig. 3). Similar to our findings, Bacillus has
been found to be the most dominant genus in Chinese
rice wine and plays important roles like development
of flavor, production of important metabolic products,
and synthesis of organic acids [34]. Next, an unclassi-
fied genus from Enterobacteriaceae was dominant, which
is also present commonly in wines and other fermented
beverages and exert antimicrobial activity by producing
bacteriocins [35]. Next, the dominant taxa belonging to
Leuconostocaceae produces lactic acid from carbohydrate
fermentation and confers probiotic attributes. Moreover,
Lactococcus and Lactobacillus have also been reported to
exert such activities.
In the EP maze, more time spent in the open arms

reflects less anxiety. IF treatmet spent the longest duration
(162.55 s) in the open arm of the EP maze followed by RB

Table 1 Biochemical parameters of the rice beverage

Parameter Inferences*

pH 3.98 ± 0.005

Alcohol by volume (% v/v) 10.55 ± 0.07

Reducing sugars (mg/ml) 3.86 ± 0.33

Percent inhibition of DPPH free radicals 29.80 ± 0.21

Antioxidant activity (ascorbic acid, mg/ml) 1.22 ± 0.12

Total phenolic content (gallic acid equivalent, mg/ml) 0.392 ± 0.01

*Mean of 3 replicates± standard error

(160.3 s) and SF (87.65 s) treatments. Significant differ-
ences were observed in the RB and IF groups compared
to the SF group (p < 0.05) (Fig. 4). A higher SA % in the
Y maze reflects augmented spatial memory. RB showed
the highest SA % (74.56%), followed by IF (73.65%) and SF
(62.75%). The spatial memory was improved significantly
(p < 0.05) in all treated groups with respect to the CT
group (Fig. 5).
In the present study, the IF was devoid of alcohol and

consisted of microbes and nutrients present in the fer-
mented residues whereas the SF was devoid of microbes,
but sugars and other dissolved constituents were present.
The rice beverage, in contrary, was a combination of
these two fractions. The presence of prebiotic and pre-
biotic components in the beverage is an indicative of
“synbiotic” effects, wherein an array of health beneficial
properties could be attributed which could include regu-
lation of mental well being. In the EP maze, the RB and
IF fractions showed differences with the SF. Interestingly,
a synergistic effect was displayed in the Y maze due to
the combined effects of different fractions. Spatial mem-
ory improved in all the treatments due to combined effect
of the components.
The bidirectional interaction between the central ner-

vous system and the enteric nervous system, known as the
gut-brain axis, exhibits the communication between emo-
tional and cognitive centers of the brain with the gastroin-
testinal tract [36]. Notably, this communication between
the gut and the brain is regulated via the microbes by
several pathways including the immune system, the vagus
nerve, or by modulation of neuroactive compounds by
the microbiota. Therefore, the microbes are considered to
be key regulators of this communication, thereby regu-
lating the mental well-being by the pshycobiotic activity.
With extensive research on GBA, the role of microbiota
in the regulation of the brain, behavior, and cognition is
becoming clearer [37].
Bacillus, the most dominant genus observed in this bev-

erage, have been known to exert multiple health benefits
and probiotic attributes due to their tolerance and surviv-
ability under hostile environment of the gastrointestinal
tract [38]. With this, they have been utilized in several fer-
mented foods for their functional properties [39]. In line
with our findings, this genus has been reported to enhance
the mood by affecting the gut-brain axis [40]. Other
bacteria like Enterobacteriaceae, Leuconostoc, Staphylo-
coccus, Lactococcus, and Lactobacillus have been reported
in different fermented foods with health benefits [41].
Furthermore, Leuconostoc is another probiotic bacterium
which has been reported to demonstrate neuroprotective
activity by improving the brain-derived neurotropic factor
(BDNF) [42]. Furthermore, several species of Lactobacil-
lus, Lactococcus, and Streptococcus have been extensively
studied for their probiotic and brain modulatory effects.
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Table 2 List of metabolites obtained by GC-MS of the rice beverage

Amino acids Acids Alcohols Sugars

Beta-alanine (Acridin-9-ylamino)-acetic acid 1-Monolinoleoylglycerol 2-Deoxy-galactopyranose

DL-ornithine 1,2,3-Propanetricarboxylic acid 4-Hydroxyphenylethanol 3-Alpha-mannobiose

Glutamic acid 1,2-Benzenedicarboxylic acid D-mannitol Beta-D-(+)-talopyranose

Glycine 1,4-Benzenedicarboxylic acid Dulcitol Beta-DL-lyxopyranose

L-aspartic acid 2,5-Dimethoxycinnamic acid Galactinol Beta-gentiobiose

L-glutamic acid 2-Butenedioic acid Glucitol D-(-)-erythrose

L-methionine 2-Hydroxypropane-1,2,3-tricarboxylic acid L-threitol D-(-)-lyxofuranose

L-phenylalanine 2-Isopropyl-3-butyric acid Myo-Inositol D-(-)-lyxose

L-proline 2-Keto-l-gluconic acid Pentitol D-(-)-ribofuranose

L-threonine 3,4-Dihydroxymandelic acid Xylitol D-(-)-ribose

L-valine 3,4-Dimethylbenzoic acid D-(+)-cellobiose

L-Val-L-leu 3,5-Dimethoxycinnamic acid D-(+)-trehalose

Serine 5-(3,4-Dimethoxyphenyl) pentanoic acid D-allose

5-Pyrimidinecarboxylic acid D-fructose

9,12,15-Octadecatrienoic acid D-galactose

Acetic acid D-glucopyranose

Benzeneacetic acid D-glucose

Benzenepropanoic acid D-psicose

Benzoic acid D-ribopyranose

Butanedioic acid Fructose oxime

Butanoic acid Galactose oxime

Carbamic acid Gulose

Cyclopentanecarboxylic acid L-(-)-fucose

D- (+)-Glucuronic acid L-(-)-sorbose

Decanoic acid Lactulose

D-gluconic acid Maltose

Dodecanoic acid Melibiose

Ethanedioic acid Talose

Ethyl phosphoric acid

Glucaric acid

Heptadecanoic acid

Hexadecanoic acid

Hexanedioic acid

Idonic acid

L-threonic acid

Pantothenic acid

Pentanedioic acid

Phosphoric acid

Propanoic acid

Tetradecanoic acid

Trans-2,4-Dimethoxycinnamic acid

Prebiotic components are yet another trait to curb the
neurological complications [43]. The inclusion of prebi-
otics and probiotics have been known to palliate psy-
chiatric disorders like panic disorder, generalized anxiety

disorder, major depression, and impaired brain function
due to IBS [44]. The dietary components (prebiotics and
probiotics) that influence the brain and behavior are
defined as psychobiotics which modulate the gut-brain
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Fig. 3 Bacterial diversity of the traditionally fermented rice beverage, based on 16s rDNA sequences. A total of 157 bacterial genera were detected,
of which, 20 were present in a relative abundance of at least 0.1%

axis [45]. Moreover, polyphenols and their derivatives in
wines have been known to positively affect the stress-
induced neuronal response and in reducing anxiety. Addi-
tionally, these metabolites also affect the gut microbiota
leading to healthy host physiology [46]. As diet remains a
major factor to influence the brain and behavior, inclusion
of psychobiotic elements can be effective for the preven-
tion and treatment of certain neurological diseases [47].

Fig. 4 Effects of different rice beverage fractions on behavioral
parameters of mice as observed in the EP maze. During a 300 s test,
the time spent on the open arm of the maze (expressed as
mean ± SEM) denotes less anxiety like behavior in the animals.
Significant difference (*p < 0.05)

Altogether, it is clearly evident that the components
of the beverage affect the behavior and cognition that
provides a clue of interference with the gut-brain axis.
However, further research is required for subsequent val-
idations considering several parameters such as dose and
persistence of such effects. These studies would provide
novel insights for the therapeutic potential of rice bever-
age for neurological complications.

Fig. 5 Spontaneous alternation (%) as calculated by scoring the
entries into the new arms of the Y maze. The animal’s ability to
explore new arms of the maze is related to an improved spatial
memory. Significant difference (*p < 0.05, **p < 0.05)
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Conclusion
Emergent research on the functional properties of fer-
mented foods has led to global surge in their consumption,
mainly due to the associated health benefits. There are
certain fermented foods which are prepared by differ-
ent ethnic communities as a culinary practice and remain
away from commercial markets despite having health
modulatory effects. These foods have a long history of
consumption and are strongly associated with culture and
tradition and often used as traditional medicine. More-
over, there is a lack of scientific justification of many such
claims. Administration of rice beverage fractions showed
improved brain functions in mice. These observations
were due to a synergistic effect of nutritional compo-
nents including prebiotics as well as microbes. Whether
these results could be considered for the neuromodula-
tory effects of the beverage, further studies could target
on its utilization as a functional food-based therapeutic
interventions.
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