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Biochemical and microbial profiling
establish “Eu” (a traditional fermented
beverage of Toto people) as a probiotic
health drink
Soumita Bhattacharjee1, Pallab Kar1, Indrani Sarkar1, Arnab Sen1 and Chandra Ghosh2*

Abstract

“Eu,” is a traditional millet-based mild alcoholic beverage consumed by the Toto tribe of West Bengal. Eu is prepared
through the fermentation of millet with locally groomed starter culture “Moaa.” The study highlighted the overview of
the traditional process of Eu preparation along with its molecular and biochemical characterization. Semi-structured
interviews were conducted for collecting the ethnobotanical data and the samples. We have also included qualitative
assays like acute toxicity, antioxidant, gas chromatography-mass spectrometry (GC-MS), molecular docking, and
physiochemical characteristics such as pH and alcohol content. Moreover, metagenomics of the starter culture has
been reported. This type of study on Eu has not been done previously. Therefore, it seems to be a pioneer report
especially on the metagenomic analysis of Eu. Results revealed that Eu has a very low alcohol content (approximately
1-3%) and a high antioxidant capacity. GC-MS analysis identified thirteen different bioactive compounds.
Metagenomics analysis revealed that the Eu has a high source of various beneficial gut microflora. Overall Lactobacillus,
Lactococcus, Enterococcus, Leuconostoc, and Pediococcus are dominant genera identified in the starter culture. The
present study revealed that the consumption of Eu is safe and has the potential to scavenge reactive oxygen species
(ROS). Hence, the commercialization of Eu can be an alternative source of income for the poor endangered Toto tribe.
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Introduction
Consumption of alcoholic beverages started way back in
the pre-Vedic period [1]. India is an abode of several
tribal communities and is widely distributed in different
geographical regions. Cutting across the communities,
alcoholic beverages are hugely popular among Indian
tribal people. Natural fermentation is an ancient preserva-
tion technique that has been carried forward by the
indigenous knowledge of the ancestors among tribes [2].
Socio-linguistic groups throughout India have traditionally
used plants for fermentation and for brewing different

types of beverages. Interestingly, almost every tribe has its
indigenous alcoholic beverages and the preparation, as
well as preservation techniques. There are several reports
on the fermented beverages of different tribes like Judima,
Haria, Jou, and Jaanr, but only a few pieces of literature
are available on Eu [3].
Eu is the most popular recreational drink of Toto. Toto

tribe is an endangered, most primitive Indo Bhutanese
Mongoloid isolated group in West Bengal and they are
“Forest dwellers.” This small group of primitive tribes living
in a small enclave of Alipurduar District called “Totopara”
in the vicinity of Madarihat (gateway to Jaldapara National
park) (Fig. 1). As per the first census after Independence in
1951, Totos were almost extinct with only 321 members
but now according to the latest census of 2011, the total
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population of Totos increased to 1387, among them 737
are men and 650 are women [4]. Eu preparation is an inte-
gral part of their culture and practices. It is consumed by
both males and females equally in huge amounts during
festivals, marriages and religious ceremonies, etc. [4].
People from the Toto tribe also often use Eu as the remedy

for various chronic ailments. Besides, the poor
economic condition of the tribe led them to use the
brew as a health drink or as an energy source. A
well-prepared Eu is sweet in taste with very mild
alcohol content. Interestingly, every Toto family pre-
pares this drink but only a few families sell it.

Fig. 1 Map of Toto inhabited area. Totopara is situated in West Bengal, India [Source: earth.google.com]
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Being a primitive resident of the sub-Himalayan
Region, the Toto tribe has acquired knowledge of wild
medicinal plants. The topographical features of the
region remain the driving force for the selection of wild
herbs used for Eu preparation. Eu is prepared from fer-
mented seeds of finger millet (Eleusine coracana), grown
in the semi-arid sub-Himalayan region. The traditionally
prepared round and flattened rice ball or amylolytic
starter culture is the main source for the mild alcohol
production in the Eu. Generally, the starter cultures used
in traditional drinks contain a heterogeneous mixture of
probiotic microbes which may impact the digestibility of
the people resulting in a stout physical body. Although
some bacteria used in those starter cultures are cultur-
able, several others are non-culturable too. Lamentably,
this microbial population present in Eu starter culture
has not been evaluated yet.
In the present study, we intended to characterize mi-

crobes present in Eu starter and also used Ilumina based
16S RNA for the evaluation of uncultured microbes.
Moreover, we have also studied the methodology of the
Eu preparation along with the herbs present in the
starter culture. Characterization of Eu by way of the
qualitative assay, antioxidant activity, and GC-MS ana-
lysis has also been done. Besides we have done in silico
docking along with energy minimization to evaluate the
reactive oxygen species (ROS) scavenging activity of Eu
through various in silico techniques.

Materials and methods
Survey
“Totopara,” the home of the unique “Toto” tribes located
22 km away from Madarihat and situated in 26° 49′
48.00″ N latitude and 89° 18′ 36.00″ E longitude in the
Alipurduar District of West Bengal. The survey was
started during 2018-2019. It is nearly impossible to
know when the Toto tribe started preparing Eu. Eu is
mainly a boiled and fermented millet product; however,
modifications occur when a starter mixture is added.
During the interactions with the Toto people, several
questions have been asked including natural resources

and ingredients, storage and preparation methods, and
health-related problems. A total survey was further
divided into two parts: (i). A starter culture or “Moaa”
preparation (ii). Processing and fermentation method-
ology of millet for Eu preparation.

(1) Basic ingredient used in starter culture/“Moaa”/rice
tablet preparation

Moaa (the starter used in Eu preparation) serves as a
source for microorganisms which is added for the initi-
ation of fermentation. The diameter of the starter cul-
ture ranges from 2 to 14 cm. Moaa is made up of locally
grown rice powder and variations come with the
addition of formulated medicinal plants (Table 1). Prep-
aration of this starter-culture is as follows:
Rice is soaked for 12-14 h, put in a large wooden

motor. Four-five (4-5) chili and 3-4 g wild plants are
blended using a heavy pastel. Water is added and rice
cakes are made with variable diameters. Charcoal is
added to the rice cakes to prevent fungal growth. The
old starter culture is sprinkled over the new one. New
rice cakes are covered by special ferns (containing sori)
or the large size leaf of Hatipoilo. Then finally the
“moaa” is sun-dried for 1-5 days. After drying these rice
cakes can be used for several months.

(i) Fermentation of millet

Seeds of finger millets are collected (5-10 g) and boiled
in a large-sized (15-20 L) open container for at least 45
min. The excess water is removed by using a locally
made filter called “Jitung” (a porous bamboo bucket).
Boiled seeds are sun-dried for a day. After drying, starter
culture or moaa is mixed with the boiled seeds and kept
in a large mud container (15-20 L) called, “Monsoi” cov-
ering with a cotton cloth and kept it in dark for 1 week
(5-8 days). After 1 week, the fermented seeds are soaked
in freshwater for 1 h before use. Eu is now ready for
consumption and this refreshing drink is served in a spe-
cially made bamboo glass called “polio” (Figs. 2, 3).

Table 1 List of plants used in Eu preparation

Common name Scientific name Family Local name Parts
use

Importance

Finger millet Eleusine coracana (L.) Gaertn. Poaceae Kodo/marua/mambai seeds Calcium and High protein [5]

Rice Oryza sativa L. Poaceae Anku Seeds High amylase content [6]

Chili Capsicum annuum L. Solanaceae Gajamuri Fruit Anti-bacterial [7]

Bayur tree Pterospermum acerifolium (L.) Willdenow Malvaceae Lassu/gaitra/Hantipiley Leaf Antioxidant and antiinflammatory [8]

Leadwort Plumbago zeylanica L. Plumbaginaceae Chetoar Leaf Enhancer [9]

Chickweed Drymaria cordata (L.) Willd. ex Schult. Caryophyllaceae Makabi Leaf Little bitterness, old, Digestive
problems [10]

Lady fern Athyrium nigripes (Blume) T. Moore Aspleniaceae Changra Leaf Anti-microbial [11]

Bhattacharjee et al. Journal of Ethnic Foods            (2021) 8:16 Page 3 of 13



Sample collection and primary characterization
Freshly prepared Eu and the amylolytic starter culture
(Moaa) were collected from Toto houses in Totopara
near Madarihat, Alipuduar District. We have collected
three replicates in three different seasons of the year.
The alcohol content was measured by an alcohol meter
(Borosil). The pH determination of the filtrate was mea-
sured by a pH meter (Lab India) at room temperature.

Ethical statement
For assessing the acute toxicity level of Eu, the rat
animal model was used with proper guidelines. All the
animals used in the experiment were reviewed and ap-
proved by the Animal Ethical Committee, Department
of Zoology, NBU (Permit No. 840/ac/04/CPCSEA).

Animal maintenance
Male Wistar albino rats were used for the acute toxicity
experiment. Animals were purchased from authorized
vendors in Kolkata, India. Adult rats (n = 5) were kept
in polypropylene cages (Tarson, India) with bedding ma-
terial (padding husk). The rats were kept in the animal
house of the Department of Zoology, the University of
North Bengal, with proper food and water. The animals
were kept for at least 7 days for acclimatization before
the experiment.

In vivo acute toxicity test
Acute toxicity tests were done according to the OECD
guideline No. 423 for rodents. The dosage was set as
2000 mg/kg/BW (according to OECD guideline 423).
The treated rats were kept under observation for 7 days
for any delayed signs of toxicological effects.

Solvent selection for qualitative assay
Fifty (50) milliliters fresh sample was filtrated through
Whatman No. 1 filter paper. Filtered samples were con-
centrated at reduced pressure and temperature and ly-
ophilized. Dry powder was stored at 4 °C for further use.
Nine different solvents with different polarities were
used as extracting solvents. They were hexene, benzene,
chloroform, diethyl ether, ethyl acetate, acetone, ethanol,
methanol, and water (according to increasing polarity
from hexane to water).

Qualitative screening of sample
Qualitative tests of the sample including total carbo-
hydrate, reducing sugar, protein, flavonoid, tannin,
ascorbate, cardiac glycoside, alkaloid, and saponin
were done as per Labar et al. (2019) [12] with slight
modifications.

Fig. 2 Flow sheet of Eu (a fermented millet-based beverage) in Totopara
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In vitro antioxidant assay
A fresh sample (50 mL) was filtered using Whatman No.
1 filter paper, for avoiding the disturbance of bio-
colloidal particles. The sample was concentrated at re-
duced pressure and temperature using a rotary evapor-
ator then lyophilized. Dry powder was stored at 4 °C for
further use.
Various in vitro antioxidant activity, namely, DPPH

(2,2-diphenyl-1-picrylhydrazyl), total antioxidant, nitric
oxide, hydroxyl radical, hydrogen peroxide, hypochlor-
ous acid, superoxide radical scavenging activity, and
ferric reducing power assay were performed to
determine the free radical scavenging activity of the
Eu sample [13, 14].

Quantification of total phenol and flavonoid content
The total phenol content was of the sample was mea-
sured by using Folincio Calteu at 725 nm where gallic
acid used as standard [15]. Total flavonoid content was

measured and absorbance was taken at 510 nm and
Quercitin was used as standard [15].

Gas chromatography-mass spectrometry (GC-MS) analysis
The active compounds of the sample were determined
by the GC-MS analysis using the standard protocol
of GCMS-QP2010. The details of the methodology
have already been discussed in one of our previous
papers [16].

In silico molecular docking
Compounds identified from GC-MS analysis were used
for in silico molecular docking purposes. Nuclear factor-
kappa beta (NF-κβ) plays a crucial role in coordinating
the expression pattern of genes regulating cerebral ische-
mia. It has been proposed earlier that oxidative stress
can decrease the expression of the NF-κβ complex [17].
Moreover, adenylate cyclase is important in regulating
oxidative stress. This protein is also associated with

Fig. 3 Ethnic preparation of Eu by the Toto tribal people. A Boiling of finger millet. B Sun drying the boiled seeds. C-F Starter preparation. G Rice
tablet. H Charcoal modification. I Sprinkle of starter culture to the boiled seeds
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neuroprotective functionalities following cell injury [18].
Previously, it has been reported that hemeoxygenase 1
can reduce the endoplasmic reticulum (ER) stress, inflam-
matory stress, and oxidative stress. This protein is also as-
sociated with various emerging therapeutic strategies [19].
In this consequence, we have targeted three receptor pro-
teins, namely, Human IkB kinase beta (4KIK), the crystal
structure of human soluble adenylyl cyclase with the
inhibitor bithionol (5D0R), and hemeoxygenase 1 in com-
plex with inhibitor (6EHA) were used for molecular dock-
ing study. All the protein structures were downloaded
from PDB database (https://www.rcsb.org/). PDB struc-
tures were converted to pdbqt after calculation of Gastei-
ger charge. Ligand molecules were downloaded from
NCBI pubchem database (https://pubchem.ncbi.nlm.nih.
gov/) in sdf format. SMILES server (https://cactus.nci.nih.
gov/translate/) converted sdf format to pdb. Finally, those
ligand-pdb structures were converted to pdbqt format
after torsion calculations. Finally, molecular docking was
performed through the Auto-dock vina tool (http://vina.
scripps.edu/). Energy minimization was done based on
steepest descent and conjugant gradient methods with
100 cycles for each algorithm.

Metagenomic DNA extraction from the starter culture
The dry rice tablets (Moaa) were ground using a sterile
motor pastel. Two (2 g) grams of powdered sample was
dissolved and homogenized in 19 mL of 0.85% normal
saline (NaOH) solution. The samples were filtered using
Whatman No. 1 filter paper. The resulting filtrate was
then centrifuged at around 8000 rcf for 15 min. The pal-
lets were subjected to total community DNA extraction
using a DNA extraction kit (QIAGEN, ZYMO RE-
SEARCH, Thermo Fisher). The DNA was kept at −20 °C
until further processing. Furthermore, 16S Metagenomic
amplicon sequencing (V3-V4 region-based) was done
and analyzed.

Metagenomic sequencing based on V3-V4 part of
16SrRNA
Illumina™ Nextseq platform used for the 16S rRNA. The
primer sequences used were as follows: 5′AGAGTTT-
GATGMTGGCTCAG3′ for the forward strand and 5′
TTACCGCGGCMGCSGGCAC3′ for the reverse strand.
Forty (40) nanograms of extracted DNA was used for
amplification along with 10 pM (picoMolar) of each pri-
mer. The amplicons from each sample were purified
with Ampure beads to remove unused primers and an
additional 8 cycles of PCR was performed using Illumina
barcoded adapters to prepare the sequencing libraries.
Libraries were purified using Ampure beads and quanti-
tated using Qubit dsDNA High Sensitivity assay kit. Se-
quencing was performed using Illumina Miseq with a 2
× 300PE v3 sequencing kit.

Bioinformatics analysis
Raw data QC was done using FASTQC and MULTIQC,
followed by trimming of adapters and low-quality reads by
TRIMGALORE. The trimmed reads are further taken for
the processing which includes merging of paired-end reads,
chimeria removal, and OUT abundance calculation and es-
timation correction, this is achieved by QIIME/MOTHUR/
KRAKEN/BRACKEN workflows [20]. This workflow en-
ables highly accurate investigations at genus level. The data-
bases used are SILVA/GREENGENES/NCBI. Each read is
classified based on percent (%) coverage and identity. For
further validation of obtained result, we used MG-RAST
web server (https://www.mg-rast.org/) [21].

Statistical analysis
For reproducibility, all analyses were performed three
times and reported as the mean ± SD. Statistical analyses
were performed by one-way analysis of variance
(ANOVA) with Dunnett’s test using KY Plot version 5.0
(32 bit) for windows. P < 0.05 was considered significant.

Results and discussion
Survey
The survey was conducted among the tribal people of
Totopara in Alipurduar District of West Bengal to access
the traditional knowledge of Eu preparation. After the suc-
cessful interaction with more than 50 tribal people in
Totopara, the Eu preparation technology has been sum-
marized in two categories as the starter for Eu preparation
and brew of Eu. The main ingredient of the beverage is
low cost and easily grown finger millet and rice cake. The
medicinal importance of Eu had been reported by the
elders of the Toto community. A total of seven plants are
used in Eu, which have a huge ethnomedicinal value in
the locality. During this survey, we have found that the
Toto community consumes Eu throughout the year.
Another attraction of Eu preparation is that all the females
of the community cooperatively made the brew.

Alcohol content and pH of the sample
The alcohol content of the brew was 0.5-3% (pH 3.2-4.1)
and this mild alcohol content is not harmful to their
health and is quietly refreshing and useful as an energy
drink. As compared to other commercial alcoholic
drinks (40-60%), low alcoholic content in Eu is useful in
compensating for water loss during heavy work pressure
in the summer season.

Acute toxicity test
Rats were fed with Eu extract at a dose of 2000 mg/kg/
day/BW. It revealed no toxicological symptoms.
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Qualitative test
Qualitative screening is very important for the functional
characterization of the sample. Among the nine different
extracting solvents, methanol and acetone persistently
proved to be the most potent solvent. Solvent extraction
plays a crucial role in the extraction of potential com-
pounds. Total carbohydrate, reducing sugar, flavonoid,
protein, and tannin were present in the higher polarity
solvents that are in water, acetone, and ethanol. Metha-
nol showed the best solvent for the extraction of chemi-
cals (see Additional file 1).

Antioxidant assay
Cellular metabolism is the main reason for the
generation of reactive oxygen species (ROS) or reactive
nitrogen species (RNS) [22]. Stress is also the reason for
ROS production. Free radicals are originated from the
unpaired electrons of reactive molecules. Major ROS in-
cludes hydroxyl radical, hydrogen peroxide, hypochlor-
ous acid whereas major RNS is peroxynitrite. This ROS
and RNS play a crucial role in depression and anxiety

[23]. Studies have reported that ROS generation causes
endogenous disorder and also increases the probability
of neurodegeneration and associated cognitive disorders.
One of the important and most used assays is DPPH

free radical scavenging assay. Eu showed the highest
scavenging activity that is 59.95 ± 0.57% with respect to
the standard ascorbic acid (Fig. 4A). DPPH can accept
hydrogen or electron radicals and provide stability, work
as a source of natural antioxidants [24]. A gradual de-
crease of the color was observed with the increasing
concentration of the sample. DPPH scavenging assay
showed the presence of a significant amount of antioxi-
dants in the sample. Moreover, it was also revealed that
the total antioxidant activity proportionally raised with
Eu concentration. In the present study, total antioxidant
activity was found to be 71.30 ± 1.73% (at 200 μg/mL)
when compared to standard ascorbic acid (Fig. 4B). This
result showed that the sample has a high neutralizing
capacity of endogenous ROS formation.
Nitric oxide (NO) can easily couple with oxygen to

form peroxynitrite and peroxynitrite. Nitric oxide is a

Fig. 4 Antioxidant activity of Eu. A DPPH activity. B Total antioxidant activity. C Nitric oxide scavenging activity. D Ferric reducing power assay
[Data expressed as mean ± SD. Units in μg/mL.*p <0.05, **p <0.001; NS, non significant when compared with standard]
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mediator for cellular activation resulting in inflammatory
cellular damage. However continuous coupling of NO
with superoxide causes the formation of peroxynitrile
that leads to a cognitive disorder. At the site of inflam-
mation, hypochlorous acid is produced due to chlorine
ion oxidation that causes the target cell lysis [25]. The
sample has a significant capacity to scavenge this nitric
oxide in its high concentration although it is lower than
the standard curcumin (61.64 ± 0.65% at the 200 μg/
mL) (Fig. 4C). It was found that Eu not only inhibits ni-
tric oxide but also secures cellular lysis by preventing
the formation of hypochlorous acid. Ferric reducing
power assay is a method for the determination of anti-
oxidant levels in biological samples. In this study, the
highest concentration (200μg/mL) of Eu showed better
reducing power activity than the standard BHT (Fig. 4D).
Oxygen is the most electronegative atom and is always

ready to form superoxide. Mitochondria are the main
site for cellular oxygen consumption [26]. Defective
working of mitochondria due to the formation of

superoxide leads to many neurodegenerative disorders,
apoptosis, and tissue damage. Although the superoxide
radical scavenging assay is lower in the sample than the
standard quercetin (Fig. 5A). The sample has enough in-
hibition capacity to establish its positive role to protect
our body from superoxide-mediated tissue damage.
ROS production is enhanced by free ion that leads to

reduction of hydrogen peroxide and formation of hy-
droxyl radical [27]. In the present study, Eu showed
higher hydrogen peroxide scavenging activity than the
standard sodium pyruvate (Fig. 5B) which proved the
presence of some antioxidant compounds within the
sample.
Hydroxyl radicals are formed by the excited atomic

oxygen with water or the decomposition of hydrogen
peroxides (H2O2). In the biological system, hydroxyl rad-
icals are found to be formed in immune action through
macrophages when exposed to pathogens but sometimes
it leads to neurological autoimmune disorder [28].
Hydroxyl radicals are well known to break purine and

Fig. 5 Antioxidant activity of Eu. A Superoxide radical scavenging assay. B Hydrogenperoxide scavenging activity. C Hydroxyl radical scavenging
assay. D Hypochlorous acid scavenging assay [Data expressed as mean ± SD. Units in μg/mL.*p < .05, **p < .01, ***p < .001; NS, non-significant
when compared with standard]
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pyrimidine bases also affects the deoxyribose backbones
of DNA. Eu showed the ability to inhibit the formation
of hydroxyl radical (41.83 ± 1.54% at 200 μg/mL) than
the standard mannitol (Fig. 5C).
In the case of cellular inflammation, activated phago-

cytic cells (neutrophils) release hydrogen peroxide and
generate potent reactive oxygen species (ROS) like hypo-
chlorous acid (HOCl) by oxidation of Clˉ in the presence
of myeloperoxidase enzyme (MOP) [29]. For hypochlor-
ous acid scavenging assay, Eu showed significant radical

scavenging activity when compared with respective stan-
dards (Fig. 5D).
Due to the presence of aromatic rings and redox poten-

tial in phenolic compounds, they can absorb and inhibit-
ing free radicals. Flavonoids are also known as a scavenger
of free radicals [30]. The total amount of phenolic content
was 62 ± 7% gallic acid equivalent per 100 mg of the sam-
ple was observed. Total flavonoid content was 54 ± 6%
quercitin equivalents per 100 mg sample. The presence of
high phenolic and flavonoid content in the sample

Table 2 List of compounds identified in Eu sample by GC-MS analysis and their biological activity

Compound Molecular
weight (g/mol)

R. time Molecular
formula

% amount of
compound

Biological activity

2-Hydroxypropanoic acid 90.08 5.622 C3H6O3 24.58 Antimicrobial [31]

1,2,3-Propanetriol 229.23 8.317 C10H15NO5 67.62 No activity found

1,2,4 Butentriol 106.12 11.99 C4H10O3 2.92 No activity found

Ethyl .alpha.-d-glucopyranoside 208.21 15.89 C8H16O6 1.30 Skin roughness, prevent water loss,
cure hepatic function disorder [32]

Octadecanoic acid, methyl ester 284.5 17.87 C17H35 CO2H 0.11 Anti-inflammatory, anticancer,
anti-arthritic [33]

n-Hexadecanoic acid 256.43 18.35 C16H32O2 1.30 No activity found

N1-Isopropyl-2-methyl-1,2-propanediamine 130.122 20.042 C7H18N2 0.05 No activity found

Octadecanoic acid, 2,3-dihydroxypropyl ester 283.5 21.355 C14H28O4 0.03 Antifungal, antitumor [34]

cis-9-Hexadecenal 157.5 21.233 C16H13O 0.91 Antimicrobial [35]

9-Octadecenal, (Z)- 158.24 22.82 C18H36O 0.06 Antimicrobial, anti-inflammator y[35]

Bis(2-(Dimethylamino)ethyl) ether 198.22 22.688 C8H20N2O 0.21 No activity found

1,2-Benzenedicarboxylic acid 166.13 23.275 C8H6O4 0.33 Antimicrobial and antifouling [36]

Ethyl 9-hexadecenoate 282.5 24.37 C18H32O2 0.50 Antimicrobial [37]

Fig. 6 Gas chromatography-mass spectrometry (GC-MS) analysis of Eu sample
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indicates the inhibition of free radicals and also antimuta-
genic properties. The presence of high antioxidants within
the sample had been observed.

GC-MS analysis
Different bioactive compounds were identified in the GC-
MS analysis of the Eu sample. A total of 13 compounds
have been identified in the sample (Table 2) which corre-
sponds to Fig. 6 and the screened phytoconstituents have
been provided in Table 2. Of these compounds, ethyl
.alpha.-d-glucopyranoside, hexadecanoic acid, and octade-
canoic acid have an active role in the suppression of skin
roughness against ultraviolet B radiation, antibacterial, and
antioxidant activity respectively [32–34].

Molecular docking
The in silico docking study revealed that ethyl 9-
hexadecenoate was showing a better binding affinity for
IkB kinase (−6.9 kcal/mol), whereas 9-octadecenoic acid
(Z)-, methyl ester, and n-hexadecanoic acid showed a
better affinity for adenylyl cyclase (−7.4 kcal/mol) and
hemeoxygenase 1 respectively (−6.0 kcal/mol) (Fig. 7).
Thus, these mentioned compounds may have some
beneficial roles on the signaling-related proteins modu-
lating the signaling cascade (see Additional file 2).

Metagenomic profiling of Eu
The bacterial profiling was identified from Phylum to genus
level in the amylolytic starter culture. The major bacterial
phyla identified in the starter were Acidobacteria, Actinobac-
teria, Bacteroidetes, Chlamydiae, Chloroflexi, Chlorophyta,
Cyanobacteria, Deinococcus-Thermus, Euryarchaeota, Firmi-
cutes, Fusobacteria, Gemmatimonadetes, Nitrospirae, Planc-
tomycetes, Proteobacteria, Streptophyta, Thaumarchaeota,
Thermotogae, and Verrucomicrobia (Fig. 8). Some other un-
classified sequences were present but they were not consid-
ered in this study. Interestingly, the major part of lactic acid

bacteria (LAB) like Lactobacillus, Lactococcus, Enterococcus,
Leuconostoc, and Pediococcus were present in the starter cul-
ture (Fig. 9)A, B. These LAB strains can convert hexose
sugar to lactic acid thus they inhibit the growth of other
harmful bacteria by providing an acidic environment. Gluco-
nobactor and Bifidobacteria present in the starter culture
have been known to reside in the human gastrointestinal
tract and proven to reduce gut inflammation and constipa-
tion [38]. The most abundant genus found in the starter cul-
ture was Weissella which exhibited antibacterial and anti-
inflammatory activity [39]. Faecalibacterium is a gram-
positive bacteria and it boosts the immune system [40].
Dialister, a probiotic strain known to increase carbohydrate
breakdown. Moaa, the starter culture is the source of this all
functional microflora in Eu fermentation. The beneficial role
of this probiotic and fermenting bacteria present in the
starter culture has a direct effect on the health of these tribal
people.

Fig. 7 Molecular docking of (A) ethyl 9-hexadecenoate with IkB kinase, (B) 9-octadecenoic acid (Z)-, methyl ester with adenylyl cyclase, (C) n-
hexadecanoic acid with Hemeoxygenase 1

Fig. 8 Major phyla present in the starter culture
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Fig. 9 A Different groups of bacteria present in the starter culture. B Major genera present in the starter culture
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Conclusion
This study for the first time emphasizes the traditional
practice of Eu preparation as well as GC-MS analysis
and microbial association. The microbes present in the
brew increase the breakdown of complex macromole-
cules into smaller substances thus facilitating bioavail-
ability. The health-promoting effects of lactic acid
bacteria, probiotic microflora, and herbs used in this
brew likely make Eu a nutritional health drink rather
than a recreational drink. The low pH, increased acidity,
and alcohol content in Eu inhibit the growth of patho-
genic organisms. Plants used in the starter culture and
the microorganism have the synergistic scavenging activ-
ity of ROS and RNS. The metagenomic study has be-
come one of the important tools for analyzing the
unculturable microbial population present in a specific
niche. The metagenomic study revealed that no harmful
bacteria were present in the starter culture. As the tribe
uses it as a stress releaser and intake of high amount
without any harmful effect, the total nutrition properties
have to be explored. The alcohol content is very low in
the sample and could not cross the blood-brain barrier
in high amounts and also compensate for water loss dur-
ing heavy work pressure. This tribe belongs to the poor
and primitive origin and they believe that Eu consump-
tion helps them to do their hard work. Besides, the tribe
also consumes Eu as a remedy for pain, headache, jaun-
dice, and dysentery. They dedicate Eu to their spiritual
God for their good health and protection of the natural
resources. Eu is a harmless, source for plenty of benefi-
cial bacteria. Thus, it may be used as an energy drink or
as a food supplement. The probiotic nature of Eu should
be explored further for its industrialization and recom-
mendation as a health drink.
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