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Abstract 

Background  Eu is a lesser-known and traditional millet-based fermented brew of the Toto tribe from West Ben-
gal, India. The starter culture used in this brew consists of diverse microflora. Identifying those microbes will 
not only help us gain a deeper understanding of the brew, but also quantify the impacts of this brew on the human 
system after consumption. Due to the progress in Illumina sequencing technology, the meta-profiling of 16S rRNA 
has emerged as a valuable resource for exploring the microbiome of any sample. We have utilised this tool (V3–V4 
region) to study the microbiome population of Eu.

Results  The microbial diversity present in the brew was mainly constituted of probiotic and fermenting bacteria. 
The nutrient profiling of Eu estimated the amount of protein, carbohydrate, free amino acid, and free fatty acid. The 
nutritional substance present in the brew probably supports the growth of the probiotic microflora. Reverse ecology-
based network analysis revealed considerable complementary interaction between humans and the microflora pre-
sent in the Eu. GC–MS outlining enlisted thirteen potent compounds from Eu, and a comprehensive network pharma-
cological study on those compounds revealed the anti-cancerous properties of Eu, especially against gastrointestinal 
malignancy, by reducing the proliferation of malignant cells and forming pro-inflammatory cytokines.

Conclusions  The current study focuses on the meta-profiling and nutritional characteristics of Eu, which highlight 
the beverage’s potential as a probiotic health drink. Reverse ecology analysis demonstrated that the probiotic micro-
flora competes strongly against pathogenic bacteria. Additionally, in silico network pharmacological research identi-
fied the drink as a potentially health-promoting and anti-cancer beverage.

Keywords  Traditional beverage, Meta-profiling, Nutrition, Starter culture, Microflora, Lactic acid bacteria, Reverse 
ecology, Network pharmacology

*Correspondence:
Arnab Sen
arnab.nbu@gmail.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42269-024-01171-9&domain=pdf


Page 2 of 12Bhattacharjee et al. Bulletin of the National Research Centre           (2024) 48:14 

Background
The cultural significance of alcoholic beverages traces 
back to the ancient Indus Valley Civilization. In India, 
various tribal communities have standardised the art of 
crafting ethnic brews (Tamang 2020). Often locally con-
sumed, these beverages feature indigenous microbial 
consortia added during preparation. The microbiota 
present in these drinks may augment the digestibility of 
foods, enriching nutritional quality (Dridi et  al. 2023). 
The ‘Toto’ tribe in West Bengal, India, a primitive mon-
goloid Indo-Bhutanese isolated group, relies heavily 
on woodland produce for their livelihood. One of their 
unique traditional drinks is Eu (/ju:/), a millet-based 
brew with low alcohol content and high antioxidant value 
(Bhattacharjee et  al. 2021). Eu is characteristically pre-
pared from fermented millet seeds with a spherical rice 
ball (‘Moaa/Moi/moe’), incorporating various locally 
grown herbs (Capsicum annuum L, Plumbago zeylanica 
L., Drymaria cordata (L.) Willd. ex Schult., Athyrium 
nigripes (Blume) T. Moore, Pterospermum acerifolium 
(L.) Willdenow).). These rice balls serve as amylolytic 
starter cultures, harbouring diverse microbial groups that 
influence the biochemical properties of the beverage.

Nevertheless, traditional culture-dependent analyses 
of the microbial world have limitations, prompting the 
espousal of next-generation sequencing technologies 
like meta-profiling studies. In this context, the microbial 
population of the amylolytic starter culture, especially 
through meta-profiling, remain rather uncharted. This 
approach can offer a novel back-slopping methodology 
for cultivating native microbiota in the preparation of 
fermented beverages. Fermented beverages, such as Eu, 
not only extend the shelf-life of raw ingredients, but also 
introduce probiotic microflora into the system. These 
probiotic microbes may enhance the host immune sys-
tem, contributing to overall health benefits (Das et  al. 
2017; Patel et  al. 2014). Considering the complex bio-
logical interactions among the microbes, reverse ecol-
ogy analysis emerges as a valuable tool for transforming 
high-throughput genomic data into ecological interac-
tions. However, despite studies on the bioactive con-
stituents of Eu, their effects on human diseases remain 
largely illusive. Network pharmacology, an in silico ana-
lytical approach, could light up the potential effective-
ness of Eu-derived compounds, especially alongside 
gastrointestinal malignancies. Recognising the declining 
tribal populations in India due to shifts in livelihood and 
urban relocation, preserving the indigenous knowledge 
of communities like the ‘Toto’ becomes crucial. In light 
of these considerations, our study focuses on the ‘Eu’ uti-
lising metagenomics and bioinformatics approaches. Our 
objectives cover determining Eu’s nutritional makeup, 
exploring microbial associations in the starter culture 

through NGS meta-profiling, investigating microbial 
interactions with reverse ecology and network analyses, 
and conducting a network pharmacological study on Eu’s 
potential efficacy against gastrointestinal cancer.

Methods
Sample collection
Freshly prepared ten tablets of amylolytic starter culture 
(Moaa/moi/moe) were collected from the rural houses 
in Totopara near Madarihat, at 26° 49′ 48.00″ N lati-
tude and 89° 18′ 36.00″ E longitude in the Alipurduar 
District of West Bengal on February 2020 (Additional 
file 1). Three bottles of freshly prepared Eu were also col-
lected in Borosilicate Glass Reagent Bottles (sample vol-
ume: 1000 mL). The samples collected in Totopara were 
brought to the laboratory in ice packs, and the starter and 
the liquid were kept in the refrigerator at 4 ºC for further 
proximate analysis.

Nutritional composition of Eu
The collected liquid sample (Eu) was subjected to analysis 
of the biochemical composition and the nutritional value 
using the standard protocol. Previously, we have done 
a lyophilised methanolic extraction of Eu for GC–MS 
analysis to obtain the bioactive compounds in the brew 
(Bhattacharjee et al. 2021).

Moisture content
The moisture content was estimated following the 
method defined by McCleary (2023). 5 mL of the sample 
was weighed (FW), then the same sample was oven-dried 
until completely dried. The dry weight (DW) of the sam-
ple was recorded and the following formula calculated 
the moisture content 

Ash content
Ash represents the presence of inorganic mineral content 
in the drink. The ash content has been determined as a 
routine analysis to evaluate the quality of traditional bev-
erages. The samples with high ash content could indicate 
high mineral content (Bayoï et  al. 2021). A 5  mL sam-
ple was calcinated at 500 ℃ for one hour to obtain the 
ash content. The ash content was expressed as a mg/mL 
sample.

Estimation of free fatty acid and free amino acid
Free fatty acid was estimated using Cox and Pearson’s 
standard method (1962). The estimation of free amino 
acids was done following the method of Moore and Stein 
(1948). The absorbance of the purple-coloured reaction 

Moisturecontent(%) =
(FW− DW)

FW
× 100
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mixture was finally taken at 570  nm against the blank 
after 15 min.

Estimation of total and reducing sugar
Total sugar content was determined using Anthrone rea-
gent following the standard method of Plummer (1978). 
The absorbance of the developed blue colour was meas-
ured at 515 nm.

Estimation of protein
Soluble protein was determined using the method of 
Bradford (1976). The absorbance of the colour change 
was measured at 595  nm, and protein was calculated 
using a standard curve of Bovine serum albumin (BSA).

Meta‑profiling
DNA extraction of the starter culture
The amylolytic starter culture or dry rice tablets (Moaa) 
were ground in a motor pestle. 3 g of powdered sample 
was dissolved and homogenised in 20 mL of 0.84% NaOH 
solution. The samples were then filtered using filter paper 
(pore size: 11 µm and diameter: 44 mm). The final filtrate 
was kept for DNA extraction using a kit (QIAGEN, Ger-
many). DNA of the sample was kept at – 20 ºC tempera-
ture until further use. In addition, V3–V4 region-based 
16S Metagenomic amplicon sequencing was also done 
and analysed.

PCR amplification 16SrRNA (V3–V4 based)
Illumina™ Nextseq platform was used for the 16SrRNA.
The bacterial 16S rRNA (V3–V4) region was amplified 
using the primer sequences of the forward strand: 5’AGA​
GTT​TGATGMTGG​CTC​AG3’(V13F) and 5’TTA​CCG​
CGGCMGCSGGCAC3’(V13R) for the reverse strand. 
The polymerase chain reaction (PCR) was done with the 
first denaturation step at 95 ºC (15 s), annealing at 60 ºC 
(15  s), elongation at 72º (2  min), and the final exten-
sion step for 10 min and hold at 4 ºC for 25 cycles (Sax-
ena et al. 2021). The extracted DNA (40 ng) and 10 pM 
(picoMolar) of each primer were used for amplifica-
tion. The amplicons were purified for each sample with 
1X Ampure beads (Xploregen Discoveries) to remove 
unused primers. The purified PCR product was subjected 
to Gel check and Nanodrop QC. The Nanodrop readings 
of 260/280 at an approximate value of 1.8–2 were taken 
to determine DNA’s quality. For preparing the sequenc-
ing libraries, eight cycles of PCR were performed using 
Illumina barcoded adapters. The Ampure beads Libraries 
were purified and quantified using a Qubit dsDNA High 
Sensitivity assay kit. IlluminaMiseq with a 2 × 300PE v3 
kit was used for Sequencing.

Processing of metagenomics data
FASTQC and MULTIQC were used to analyse raw data 
QC. Data lost after QC = 2968  bp. TRIMGALORE was 
used for trimming adapters and low-quality reads. Fur-
thermore, the trimmed reads are taken for processing, 
including merging of paired-end reads, chimera removal, 
and OUT abundance calculation. KRAKEN workflow 
used for Estimation correction. This workflow helps for 
highly accurate investigations at the genus level, SILVA 
(https://​www.​arb-​silva.​de/), and NCBI (https://​www.​
ncbi.​nlm.​nih.​gov/) databases used. A schematic illustra-
tion of the complete 16S metagenomics process is visu-
ally depicted in Additional file 2: Fig. S1.

16S metagenomic data for Eu has been submitted 
in NCBI SRA under the BioSample accession number 
SAMN29515284 with BioProject ID: PRJNA856115.

Metabolic pathway prediction and reverse ecology study
Reverse ecology analysis provides a relatively new 
method for investigating interactions among microbes 
within a specific sample. This analytical approach consid-
ers competition and complementation, comprehensively 
assessing microbial interactions (Sarkar et al. 2022, Bhat-
tacharjee el al., 2023).

The metagenomic analysis detected several predomi-
nant genera in the Eu. We used the KEGG and KEGG 
autonomic annotation server (KAAS) to obtain infor-
mation regarding the metabolic pathways of considered 
microbes.

This provided us with all the KEGG Ontology IDs (KO 
ID) for each gene. Those KO IDs were used for reverse 
ecology analysis. RevEcoR is open-source software 
designed for researching microbial community ecol-
ogy. The RevEcoR programme (https://​github.​com/​yiluh​
eihei/​shiny-​RevEc​oR.) of R was used for this calculation. 
This programme clearly shows the ecological interaction 
among the considered strains through competition and 
complementation index. Cytoscape software visualised a 
network based on the reverse ecology analysis data.

The metagenomic study identifies microbial diver-
sity from phylum to genus level. We have taken a cut-off 
value of 100 sequence count, and if the value is below 100 
for a specific genus, we have not considered it. This was 
done to keep a controllable quantity of output data and to 
eliminate the possibility of false positives.

In silico anti‑cancer study
Prediction of potential genes associated with gastrointestinal 
cancer
From the GCMS analysis, 13 bioactive compounds were 
detected in Eu. The SMILES of each compound were 
obtained from the online smile server and uploaded to 

https://www.arb-silva.de/
https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
https://github.com/yiluheihei/shiny-RevEcoR
https://github.com/yiluheihei/shiny-RevEcoR
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the Superpred server for target prediction of each com-
pound. Predicted targets with more than a probability 
score of 90% were taken for further analysis. This list of 
the unique genes from each compound was uploaded 
on the DisGeNET server (https://​www.​disge​net.​org/). 
DisGeNET is the database where we can find the target 
disease correlation. The obtained results were sorted 
for cancers related to the digestive system. These results 
were incorporated within Cytoscape 3.9.1 (https://​cytos​
cape.​org) to evaluate biomolecule interactions and net-
work visualisation (Shannon et al. 2003).

Results
Nutritional composition
The sample has low alcohol content. Various bioactive 
compounds were identified in the GC–MS analysis of Eu. 
Through GC–MS analysis in Eu, lactic acid synthesis by 
lactic acid bacteria benefits human health by limiting the 

growth of pathogens and working as an immune stimula-
tor (Das et  al. 2017). The protein content of the sample 
is 0.054 mg/mL, whereas the free amino acid content is 
0.008 mg/ mL. Total starch content, reduced sugar, and 
soluble sugar were calculated to estimate total carbohy-
drates. The starch content is 1.178 mg/mL, total soluble 
sugar is 0.074  mg/mL, and reducing sugar is 0.015  mg/
mL. The free fatty acid content is 0.109035 mg/mL. Ash 
value provides the content of inorganic minerals left 
behind after the water and organic matter have been 
removed by heating or some other evaporating method. 
The sample is also rich in mineral content, as indicated 
by a high ash content (2.76  mg/mL). Other parameters 
are enlisted in Table 1.

Meta‑profiling analysis
Primary data summary, alpha (α) diversity and rarefaction 
curve
The paired-end reads of the Eu sample gave 52% GC cov-
erage. FasQC report of the sample provided good-quality 
reads showing successful metagenomic sequencing.

Alpha diversity was determined to find the species 
diversity in the sample. Alpha (α) diversity of Eu starter 
culture is 14.08. The species richness in the sample was 
calculated with the help of a rare fraction curve. This 
curve generally shows a familiar pattern where, in the 
first phase, it proliferates for the most common species 
in the sample, and gradually, it makes a plateau as the rar-
est species remain to be sampled. For the Eu sample, the 
rarefaction curve started to form a plateau at the species 
count 1400 (Fig. 1). The receiver operating curve (ROC) 
was plotted with the whole microbial diversity of Eu. The 

Table 1  Nutritional profiling of Eu (An ethnic brew of Toto tribe)

Sample Eu

Weight in gm/shape 7.023/round

Moisture content (%) 18.61

Crude protein (mg/mL) 0.054

Total starch (mg/mL) 1.178

Free amino acid 0.008

Total soluble sugar (mg/mL) 0.074

Reducing sugars (mg/mL) 0.015

Free fatty acid (mg/mL) 0.109035

Ash content (mg/mL) 2.76

Fig. 1  Rare fraction curve of starter culture

https://www.disgenet.org/
https://cytoscape.org
https://cytoscape.org
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fitted AUC (area under ROC) was 0.905, and the empiric 
AUC was found to be 0.892 (Fig. 2). The Simpson diver-
sity index was found to be 3.85.

Study on taxonomic level from phylum to genus
The different microbial community present in the starter 
culture of the Eu is shown in Table 2 and Fig. 3 (a and b).

Ecological interaction among Eu microbial population
The reverse ecology analysis among the microbial popu-
lation of Eu was performed. Network based on reverse 
ecology is given in Additional files 3 and 4. The edges of 
pathogenic bacteria were shown in red, and non-patho-
genic bacteria were shown in blue. It was found that the 
beneficial bacteria of Eu, i.e. LAB and other fermented 
microbes, are also present in human guts. Those ben-
eficial bacteria were competing with the pathogenic 
bacteria of the Eu. This exciting finding indicates that 
the consumption of Eu may enhance the population of 
good gut microbes in humans. Since gut health is directly 
related to normal cognitive function, improved gut 

health after consumption of Eu may also enhance brain 
functionality (Yang et al. 2020) (Additional file 5). Thus, 
we may propose that the beneficial microbial population 
of the Eu will enrich the gut microbes of humans on the 
one hand and will challenge the pathogenic microbes of 
the Eu through resource competition on the other.

Network pharmacological study
A total of fifty-six targets were obtained from thirteen 
compounds of Eu. The result showed Ethyl alpha.-d-glu-
copyranoside is the most active compound with the high-
est number of targets. The targets with more than 90% 
interaction probability were taken into consideration. 
From DisGeNet, a list of 954 diseases that are associated 
with the predicted targets was downloaded. Out of these, 
eighty-two diseases are associated with pancreatic can-
cer, stomach cancer, colon cancer, and gastrointestinal 
cancer.

Discussion
All over the world, cereal-based products are the primary 
sources of dietary nutrients. However, sometimes cereals 
are deficient in some nutritional components like essen-
tial amino acids and micronutrients (Asrani et al 2023). 
Fermented millet, wheat, and rice beverages are very 
common and popular among the tribal ethnic groups 
in India. Eu is one of them and is mainly prepared and 
consumed throughout the year and in various religious 
festivals. Preparation of this liquor involves the conver-
sion of cooked millet by its physical, biochemical, and 
microbiological changes, including inoculation of starter 
culture and fermentation. Fermentation is the most 
straightforward and valuable process to increase cere-
als’ nutrient availability and functional qualities (Singh 
et al. 2015). Modern food processing uses techniques like 
pasteurisation and thermal heat processing to reduce the 
growth of microorganisms and raise the shelf-life of the Fig. 2  Receiver operating characteristic (ROC) plot analysis 

of the sample

Table 2  Microbial diversity in the starter culture of Eu, from Phylum to Genus level

Phylum Firmicutes, Proteobacteria, Actinobacteria, Chloroflexi, Cyanobacteria, Deinococcus-Thermus, Chlamydiae, and Planctomycetes

Class Bacilli, Alphaproteobacteria, Gammaproteobacteria, Clostridia, Actinobacteria, Bacteroidia, Flavobacteria, Negativicutes, Erysipelotrichi, 
Betaproteobacteria, Planctomycetacia, Deinococci

Order Lactobacillales, Rhodospirillales, Enterobacteriales, Clostridiales, Bacteroidales, Bacillales, Actinomycetales, Rhizobiales, Bifidobacteriales, 
Coriobacteriales, Pseudomonadales, Flavobacteriales, Selenomonadales, Erysipelotrichales, Caulobacterales, Burkholderiales, Planctomyc-
etales, Rhodobacterales

Family Leuconostocaceae, Acetobacteraceae, Enterobacteriaceae, Lactobacillaceae, Clostridiaceae, Ruminococcaceae, Prevotellaceae, Bacillaceae, 
Bifidobacteriaceae, Rhizobiaceae, Lachnospiraceae, Coriobacteriaceae, Flavobacteriaceae, Bacteroidaceae, Pseudomonadaceae, Micrococ-
caceae, Eubacteriaceae, Streptomycetaceae, Veillonellaceae, Erysipelotrichaceae, Caulobacteraceae, Bradyrhizobiaceae, Staphylococcaceae, 
Planctomycetaceae, Rhodobacteraceae, Deinococcaceae

Genus Weissella, Gluconobacter, Leuconostoc, Lactococcus, Lactobacillus, Pantoea, Acetobacter, Enterobacter, Clostridium, Prevotella, Bifidobacterium, 
Bacillus, Serratia, Faecalibacterium, Bacteroides, Agrobacterium, Pseudomonas, Chryseobacterium, Pediococcus, Collinsella, Ruminococcus, Cel-
lulosilyticum, Eubacterium, Arthrobacter, Streptomyces, Robinsoniella, Brevundimonas, Catenibacterium, Staphylococcus, Ethanoligenens, Bosea, 
Rhodobacter, Deinococcus
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Fig. 3  Microbial abundance of the sample a The graph represents the relative abundance of Family in the Log10 scale on the Y-axis, whereas 
the X-axis represents the different bacterial families. b The Y-axis represents the percentage of relative abundance of genera on the Log10 scale 
and X- the axis represents the different microbial genera present in the sample
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food. Different food preservatives are also widely used to 
reduce food spoilage due to microorganisms. With these 
modern techniques, in most cases, nutritional value 
becomes secondary. In contrast, LAB strains within any 
ethnic fermented food produce organic acids (lactic acid, 
acetic acid), and hydrogen peroxide, bacteriocins that 
reduce the growth of some pathogenic microbes within 
the food matrix, and these probiotic bacteria in Eu, can 
eliminate constituents like endotoxins and exotoxins 
(Das et al. 2017), and enrich the brew with malto-oligom-
ers, antioxidants, phenolics, and flavonoids which mod-
ulate the sensory quality of the brew. Through GC–MS 
analysis of Eu, several volatile compounds are detected, 
mainly including ester, alcohol, and acids. Most of these 
esters are the by-products of millet fermentation. The 
nutritional composition reveals that Eu contains many 
proteins, carbohydrates, free amino acids, and fat. The 
higher amount of ash in the Eu indicated the presence 
of more significant amounts of minerals in the beverage. 
In addition, the food supplements or the prebiotics and 
non-digestible carbohydrates in Eu promote probiotics 
and human health by enriching the nutrients and also 
modulating the gut microflora.

During the fermentation of Eu, a huge range of micro-
flora is involved, but only some of them will determine 
the taste and quality of the liquor. Fermented millet prod-
uct or Eu is recognised to be the platform for numerous 
biochemical and ecological processes where the micro-
bial population plays a vital role in the final conversion of 
carbohydrates into alcohol and esters. A schematic dia-
gram of the activity of Eu on the human body is shown in 
Fig. 4. The human body is a lively home for the trillions of 
bacteria that live symbiotically with the host, especially 
in the gastrointestinal tract (gut microbiota). The gut 
microbiota plays a vital role in modulating human over-
all health. The human gut is occupied by the phyla Pro-
teobacteria, Firmicutes, Actinobacteria, Bacteroidetes, 
Fusobacteria, and Verrucomicrobia, and 90% of them are 
Firmicutes and Bacteroidetes (Stojanov et  al. 2020). Fir-
micutes are the gram-positive bacteria that induce most 
of the Lactic acid bacteria. Common genera in Firmicutes 
include Weissella, Leuconostoc, Lactococcus, Lactobacil-
lus, Enterococcus, etc.

Lactic acid and acetic acid bacteria prevalent in the Eu
The microbes primarily found in the sample were probi-
otic LAB and other strains. The major Lactic acid bacte-
rial genera include Weissella, Leuconostoc, Lactococcus, 
Lactobacillus, and Pediococcus. Acidic production from 
this group also favours the growth of some yeast and sup-
presses the growth of some pathogenic contaminants. 
Probably, the presence of these LAB strains changes the 
taste of Eu and provides a hazy appearance to this drink. 

LAB strains are commercially used in pharmaceuti-
cal industries. Weissella, one of the presiding bacteria 
in Eu, can survive in the gastrointestinal tract and pro-
duces antimicrobial exopolysaccharides (Du et al. 2023). 
Moreover, the ability of Weissella to survive in the gas-
trointestinal tract produces different antimicrobial sub-
stances and a variety of compounds that promote the 
growth of other beneficial gut microbiomes (Teixeira  et 
al. 2021). Bifidobacterium, a well-known probiotic strain 
in Eu, inhibits the growth of other pathogenic contami-
nants and has active health-promoting properties. Bifido-
bacterium strains inhibit the growth of some pathogenic 
strains such as Staphylococcus aureus, Escherichia coli, 
Bacillus cereus, and Candida albicans (Georgievaet al. 
2015). Bifidobacterium along with Lactobacillus can 
reduce the cholesterol level, inhibit tumours, improve 
immune responses, and are also reported to prevent 
diarrhoea (Vinderola et  al. 2000). Another LAB strain, 
Pediococcusis, is susceptible to antibiotics and can also 
increase the expression of Bax protein and decrease the 
expression of Bcl 2 protein to induce apoptosis (Jafari-
Nasab et al. 2021). Acetic acid bacteria (AAB) belonging 
to Acetobacteraceae, including the genera Gluconobac-
ter, Acetobacter represented in the starter. Acetic acid 
bacteria can produce acetic acid by the oxidative fermen-
tation of ethanol. Vinegar, an aqueous acetic acid solu-
tion, has also been reported for its antibacterial activity 
and reducing cardiovascular diseases (Gomes et al. 2018). 
Bacteroides, an abundant microflora found in the sample, 
is known as a next-generation probiotic for its health-
promoting activities (Wang et al. 2021).

Environmental contaminants/plant pathogens
Some major environmental contaminants and a few 
opportunistic human skin pathogens were also detected 
in the sample: Pseudomonas, Pantoea, Streptomyces, and 
Staphylococcus. These ethnic fermenting methods are 
standard in rural houses where hygiene is often compro-
mised. This environmental and opportunistic pathogen 
in the starter culture probably came with the plants’ parts 
or during unhygienic practices.

Reverse ecology analysis
Every species lives in multifarious ecosystems. A micro-
bial community’s structural composition reveals diversity 
and function and the surroundings in which it survives. 
Conventional ecological methods are limited as they 
can only be applied on a small scale and for reasonably 
well-understood biological systems. Recently, a graph-
theory-based algorithm known as the reverse ecology 
approach (an in silico approach) has been established. 
It can investigate the metabolic links of all the spe-
cies present in a microbial community and predict their 
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interaction within the environment (Cao et  al. 2016). 
Several research papers demonstrate microbial interac-
tions using this tool, as evidenced by Sarkar et al. (2022) 
and Bhattacharjee et al. (2023).

Complementation index
The complementation index showed that the beneficial 
bacterial population was showing complementation with 
the non-pathogenic microbes. Also, the beneficial bacte-
rial sets complement one another. This shows they have a 
stable ecological interaction among them, which is better 

for any stable ecotype model. Thus here we may say that 
in Eu, the beneficial gut bacteria and the fermenting 
bacteria are acting as beneficial entities. This further 
strengthens our hypothesis that Eu can be considered a 
beneficial fermented beverage rather than an alcoholic 
drink (Additional file 6).

Competition index
From the competition index, it was clear that the patho-
genic bacteria in the Eu faced intense competition from 
the excellent gut microbes and fermenting bacteria in the 

Fig. 4  Schematic representation of the activity of Eu and starter culture (Moaa/moi/moe). Nutritional profiling shows its prebiotic nature. Through 
reverse ecology analysis, we validated the complementary effect of good bacteria from Eu microbiota on humans as well as the antagonistic effect 
of pathogens present in Eu on humans
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Eu. Pathogenic bacteria were competing with humans to 
get their nutrition from the host body and the good gut 
bacteria of the Eu. Microbial populations were compet-
ing with those pathogenic bacteria protecting the human 
body. This inter-cluster interaction (between the good 
and bad microbes of Eu) among the Eu microbial popula-
tion may help to maintain not only the quality of Eu, but 
also may enhance the upright impact of this drink on the 
human gut microbiome as well as on the overall health 
(Additional file 7).

Effect of the compounds of Eu in on the prevention 
of gastrointestinal cancer
Gastrointestinal cancer is one of the most lethal human 
cancers, which is a significant unresolved concern in the 
World (Quazi 2022). The gut is the most intricate part 
of the human body, comprising a wide range of micro-
biomes. Dysbiosis of these microbial populations within 
the GI tract can lead to several diseases, such as obesity, 
inflammatory bowel syndrome, and colorectal and GI 
cancer (Quazi 2022). Among all probiotics, lactic acid 
bacteria can prevent carcinogenic activity through vari-
ous mechanisms, provide promising results in the treat-
ment of cancer, and are well-known to influence human 
intestinal health (Jafari-Nasab 2021). Various bacterial 
constituents from LAB strains can suppress metastasis 
by modulating the immune system (Patel et  al. 2014). 
The metagenomic analysis of Eu showed mostly the LAB 
strains. However, the compounds and supposed targets 
of Eu against GI cancer remain unclear.

In this research, a ‘compound-target-disease’ network 
was established. Our studies showed that compounds of 
Eu were interacting with CES1, CHRM5, CNR2, CTSD, 
DPP8, DPP9, GGPS1, HIF1A, HSD17B10, MAPK1, 
NFKB1, PTGS2, RECQ2, S1PR2, S1PR3, SLC6A5, TDP1, 
TRIM24, and these proteins are involved with gastro-
intestinal cancer such as stomach cancer, colon can-
cer, and pancreatic cancer. A compound can be active 
against multiple target proteins, whereas multiple com-
pounds can modulate a target. Thus, compounds of Eu 
can work on a polypharmacological level to fight differ-
ent GI diseases. A crucial immunological feature of GI 
cancer is chronic inflammation during the over-activa-
tion of NF-κB and STAT3 (activator of transcription 3). 
This over-activation leads to oncogenic proliferation 
and explosion (Lee et al. 2016). From our in silico stud-
ies, we have found that all 13 compounds can target and 
modulate NF-κB. In addition, several pieces of evidence 
showed that n-hexadecanoic acid is an anti-inflammatory 
agent (Aparna et al. 2012).

Another protein regulated by Eu compounds was pros-
taglandin endoperoxide synthase-2 (PTGS2). PTGS2 
has the highest outdegree of 25, followed by NF-κB (an 

outdegree of 19). The PTGS2 gene codes for the cycloox-
ygenase enzyme, which converts arachidonic acid to 
prostaglandins. This can enhance the oncogenic sig-
nal. Most of the Eu-derived compounds were found to 
be interacting with the PTGS2 protein. Thus, they may 
modulate the expression of PTGS2 protein, preventing 
the chances of intestinal metaplasia. PTGS2 gene expres-
sion can be modulated by Helicobacter pylori infection in 
the gastric mucosa (Maddah et  al. 2024). The metagen-
omic analysis of Eu did not identify H. pylori in the Eu 
microbial population, indicating a positive role of Eu in 
maintaining a healthy gut system.

Mitogen-activated protein kinases (MAPK) are the ser-
ine-threonine kinases that play an active role in cell pro-
liferation and cancer onset. The endogenous formation of 
reactive oxygen species can trigger the expression of this 
protein. The network pharmacology study revealed sev-
eral Eu compounds interacted with the MAPK1, modu-
lating its expression. Furthermore, a previous report on 
the in  vitro antioxidant assay of Eu proved that Eu can 
reduce oxidative stress (Bhattacharjee et al. 2021). Thus, 
the antioxidant property of Eu can reduce the expres-
sion of MAPK, plummeting the chances of GI oncogenic 
onset.

The schematic representation of the network is shown 
in Fig. 5.

Conclusions
Human health is positively regulated with the help of 
probiotic organisms by enormously stimulating the 
immune system and inhibiting the growth of pathogens. 
In the ongoing post-pandemic situation, using probiotics 
and prebiotics is an alternative strategy against microbial 
infection. There are plenty of food and beverages con-
ventionally produced from cereals. However, a wide vari-
ety of ethnic products have not gotten enough scientific 
attention as required. In this study, we have analysed the 
biochemical, nutritional, and network pharmacological 
aspects of Eu, which has revealed that this ethnic brew 
has very little alcoholic content but a high protein and 
free amino acid. This result leads us to think that the 
Eu may be used as a healthy beverage. Furthermore, the 
metagenomic analysis identified a considerable popula-
tion of lactic acid and other fermenting bacteria. Those 
bacteria are primarily associated with our gastrointesti-
nal tract. Thus, consumption of Eu may also enrich the 
populace of these good gut microbes in our bodies since 
it is now a fact that there is a direct association between 
our gut and brain functionality through the ‘gut-brain-
axis’, an enriched community of good bacteria in our gut 
can lead to improved cognitive function. Moreover, the 
presence of lactic acid in Eu has numerous beneficial 
activities like immune-boosting, lowering cholesterol 
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levels, and modulating intestinal health. Network phar-
macological data support that the consumption of Eu can 
prevent gastrointestinal cancer. Hence, we may hypoth-
esise that this ethnic brew from the Toto community in 
West Bengal, India, has the potency to become a healthy 
drink, improving our overall health and well-being and 
preventing gastrointestinal cancer. However, the mul-
tifaceted nature of the human gut microbiome and the 
dose-dependent nature of the compounds need further 
detailed study through in vitro and in vivo analysis to val-
idate these preclinical findings.
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