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Introduction  

The relationship between the human host and an enormous 

number of microbial symbionts is clearly understandable due 

to the establishment of the Human Microbiome Project 

(HMP), which served as a bridge between the real 

physiological setup and the Human Genome Project (HGP).1 

The microbial ecological parameters of the human 

gastrointestinal (GI) tract in terms of microbial niche 

specificity have significant functional significance and have 

been associated with various diseases such as digestive 

ailments, metabolic syndrome, diabetes, obesity, psoriatic 

arthritis, celiac malabsorption, psychiatric illnesses, and 

more.2 The survival ability and retention capacity of 

microbes, specifically commensals or probiotics, in the GI 

tract in relation to virulence and colonization factors 

ultimately depend on niche factors.3 Naturally, foods may 

contain microbes, whether purposefully added or prepared 

exclusively as a dietary addition. The definition of probiotics 

according to the International Scientific Association for 

Probiotics and Prebiotics (ISAPP) includes products made 

up of an appropriate viable count of distinct strains of live 

microorganisms that provide benefits for the well-being of 

consumers. Nowadays, some well-known probiotic strains 

include Lactococcus, Lactobacillus, Pediococcus, Bifidobacterium, 

and Streptococcus species, either as a combination or individual 

isolates.4,5 Researchers are using culture-independent methods, 

such as next-generation sequencing (NGS), to define the 

contents of various types of probiotic foods and determine 

the types and relative amounts of beneficial bacteria present 

in them.6,7 

Currently, researchers are interested in non-dairy products, 

including vegetable pickles and traditional fermented foods 

(such as Kimchi: Korean traditional fermented vegetables, 

Sha’a: a maize-based fermented beverage, Ganjang: traditional 

Korean fermented soy sauce), to explore the diversity of microbes 
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and associated health benefits.7-10 Isolation, identification, 

and characterization of probiotic lactic acid bacteria from 

cereal and legume-based foods like idli batter and tempeh 

are also a principal interest of investigators worldwide.11,12 

The 16S gene, responsible for the small ribosomal 

subunit (16S rRNA), is the most widely used phylogenetic 

marker for bacterial sequences of various existing species. 

Through NGS sequencing targeting the V3-V4 region, 

researchers can analyze microbiomes up to the genus level.13 

However, in this region, there is no available data on 

microbiome studies using NGS metagenomic approaches in 

non-dairy-based probiotics. In the current study, we used a 

culture-independent technique involving NGS to determine 

the contents of various types of traditional and homemade 

probiotic foods, including two types of fermented idli batter, 

vegetable pickle (prepared with oil and without oil), 

fermented vegetable mixture, and shinni, followed by unique 

traditional preparations. All the selected samples are Indian 

traditional foods with unique compositions, and no such 

explorations have been made previously. This approach will 

provide significant outcomes to determine the identity and 

relative presence of common beneficial bacteria, as well as 

the occurrence of bacteria not reported earlier. 

 

Materials and Methods 

Raw Sample Preparation 

Six samples were prepared, including two types of 

fermented idli batter, two types of vegetable pickle, a 

vegetable fermented mixture, and shinni, using unique 

traditional methods while maintaining laboratory conditions 

as shown in Figure 1A. Each sample had different 

ingredients to create specific bacterial microbiome ecosystems 

for niche-specific analysis. The ingredients and amounts of 

each sample used in this study are listed in Table 1. 

 

 
 

Figure 1. A) Prepared Six Non-Dairy based Traditional Fermented Food Samples; B) Phylogenetic Relationship among Selected Microbiomes. 
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Table 1. All the Samples Utilized in this Study Enlisted with Types, Ingredients and Amounts 

Sample Type 
Pickled / 

Non-Pickled 
Sample Name Ingredients Scientific/Extended Name Amount 

Liquid _batter 

Non-Pickled 

Idli_batter-1 

Rice  Oryza sativa 300 gm 

Mung dal  Vigna radiata L. 100 gm 

Methi dana  Trigonella foenum-graecum 5 gm 

Distilled water  - 100 ml 

Idli_batter-2 

Rice  Oryza sativa 300 gm 

Urad dal  Vigna mungo L. 100 gm 

Meethi dana  Trigonella foenum-graecum 5 gm 

Distilled water  - 100 ml 

Shinni 

Wheat flour  Triticum aestivum 100 gm 

Banana  Musa acuminata 2 nos. 

Dusted Jaggery  Saccharum officinarum L. product 5% 

Distilled water  - 250 ml 

Sodium chloride  NaCl 6.50% 

Fermented_veg 

Fermented_veg_mix 

Cabbage Brassica oleracea, var. capitata 200 gm 

Radish  Raphanus sativus var. Longipinnatus 200 gm 

Ginger  Zingiber officinale 25 gm 

Lemon  Citrus limon L. 2 nos. 

Distilled water  - 650 ml 

Sodium chloride  NaCl 7.50% 

Pickled 

Pickled_veg_without_oil 

Cauliflower  Brassica oleracea 250 gm 

Carrot roundels  Daucus carota L. 250 gm 

Cucumber diced  Cucumis sativus L. 250 gm 

Cloves  Syzygium aromaticum 4 nos. 

Garlic peeled  Allium sativum 6 nos. 

Ginger sliced  Zingiber officinale 6 tbsps. 

Fresh green Chilies  Capsicum frutescens 6 nos. 

Mustard seeds  Brassica nigra 3 tsp. 

Indian Bay leaf  Cinnamomum Tamala 1 no. 

Distilled water  - 100 ml 

Sodium chloride  NaCl 3tsp. 

Vinegar  Acetic Acid 100 ml 

Sugar   Soluble carbohydrates 25 gm 

Pickled_veg_with_oil 

Cauliflower  Brassica oleracea, var. botrytis 250 gm 

Carrots Daucus carota L. 250 gm 

Turnips/shalgam Brassica rapa subsp. rapa 250 gm 

Cumin seeds Cuminum cyminum 10 gm 

Black cardamoms  Amomum subulatom Roxburgh 4 nos. 

One inch Cinnamon  Cinnamomum verum 2 nos. 

Cloves  Syzygium aromaticum 8 nos. 

Mustard seed oil  Brassica nigra 350 ml 

Coarsely grated 

Ginger  

Zingiber officinale 6 tbsps. 

Coarsely grated Garlic  Allium sativum 4 tbsps. 

Red chilli powder  Capsicum annuum 1.5 tbsps. 

Mustard seed powder  Brassica nigra 1.5 tbsps. 

Sodium chloride  NaCl 1.5 tbsps. 

Vinegar  Acetic Acid 10 ml 

Grated Jaggery  Saccharum officinarum L. products  150 gm 

Ginger-garlic paste  Zingiber officinale and Allium sativum paste 1 tbsp. 

tbsps.: Tablespoons; tps.: Teaspoons. 

 

DNA Extraction and DNA Quality Control for NGS 

DNA extraction was performed using a suitable method for 

all the samples with commercially available DNA extraction 

kits (QIAGEN) according to the manufacturer's recommendations. 

The extraction was outsourced to Biokart India Pvt. Ltd., 

Bangalore, India. Extracted DNA from the samples was 

assessed using NanoDrop and gel electrophoresis before 

proceeding to PCR amplification. The NanoDrop readings of 

the optical density ratio (at 260 and 280 nm wavelengths) in 

the range of approximately 1.8 to 2 were used to evaluate the 

DNA quality. 

 

PCR Amplification of V3-V4 Region of 16s Gene 

The composition of the TAQ Master MIX includes High-

Fidelity DNA Polymerase, 0.5 mM dNTPs, 3.2 mM MgCl2, 

PCR enzyme buffer with forward (V13F) and reverse primer 

(V13R) (sequences 5’-AGAGTTTGATGMTGGCTCAG-3’ 

and 5’-TTACCGCGGCMGCSGGCAC-3’, respectively). For 

each sample, 40 ng of extracted DNA was used for 

amplification along with 10 pM of each primer for up to 25 

cycles, maintaining conditions including a denaturation 

temperature of 95 °C for 15 sec, an annealing temperature of 

60 °C for 15 sec, an elongation temperature of 72 °C for 

2mins, a final extension at 72 °C for 10mins, and holding at 

4 °C. 

 

Library Preparation and Sequencing Data Generation 

The amplicons from each sample were decontaminated with 
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Ampure beads to remove unexploited primers, and an 

additional 8 cycles of PCR were performed using Illumina 

barcoded adapters to prepare the sequencing libraries. 

Library purification was done using Ampure beads and 

quantitated through the Qubit dsDNA high sensitivity assay 

kit. Sequencing was executed using Illumina MiSeq 

administered with a 2x300PE v3 sequencing kit. 

All the generated sequencing data (fastq files) submitted 

to NCBI-SRA (National Centre for Biotechnology Information 

- Sequence Read Archive as BioProject (https://www.ncbi. 

nlm.nih.gov/sra/PRJNA1236850) with specific accession 

numbers: Idli_batter-1 (https://www.ncbi.nlm.nih.gov/bio 

sample/47406561), Idli_batter-2 (https://www.ncbi.nlm.nih. 

gov/biosample/47406562), Shinni (https://www.ncbi.nlm.nih 

.gov/biosample/47406563), Fermented_veg_mix (https://www. 

ncbi.nlm.nih.gov/biosample/47406564), Pickled_veg_without 

_oil (https://www.ncbi.nlm.nih.gov/biosample/47406565) and 

Pickled_veg_with_oil (https://www.ncbi.nlm.nih.gov/biosample 

/47406566).  

 

Data Filtering, Normalization, Bioinformatic and Statistical 

Analysis 

To improve downstream statistical analysis, data filtering 

has been performed to remove low-quality or uninformative 

features.14 The metagenomic sequences underwent data 

filtering to eliminate features with a prevalence below 20% 

and a threshold count of 4, as well as the removal of features 

with low variance (10% or n = 3) based on standard 

deviation. After filtering, a total of 136 features were 

considered for further statistical and bioinformatic analysis. 

Normalization was also conducted to address inconsistencies 

in sampling depth and data sparsity, enabling more 

biologically meaningful comparisons.14 The total sequence 

read counts for six samples were 114,336, with an average 

of 19,056 and a range of 2,294 to 30,150. The data were 

rarefied to a minimum library size of 2,294 and scaled using 

Total Sum Scaling (TSS) to standardize all samples for 

comparison. 

For bioinformatic analysis, a well-constructed pipeline 

based on the non-commercial package QIIME 2 (Quantitative 

Insights into Microbial Ecology 2, https://qiime2.org) in the 

Miniconda3 environment was followed.15 The overall steps 

included trimming and excluding low-quality reads, assembling 

short reads into overlapping contigs (consensus sequences), 

aligning sample sequences, identifying phylogenetic relationships 

and/or functions, visualizing data, and conducting statistical 

analysis.16 The samples were clustered using the Ward clustering 

algorithm based on the Euclidean distance measure.17 

The MicrobiomeAnalyst (https://www.microbiomeanalyst 

.ca) was used for statistical investigation and visualization of 

data.18 Differential abundance analysis with analysis of 

covariance (ANCOVA) was determined using different 

statistical parameters such as log2-fold changes (log2FC), 

false discovery rates (FDRs), standard error and p-value 

where statistical significance was estimated at p < 0.05.19-22 

To analyze α and β-diversity in terms of community 

structure, the Chao1 index at the OTU level and analysis of 

group similarities (ANOSIM) were used in this study. The 

analysis of core microbiome, clustering analysis with 

heatmap (using the Euclidean distance method) for taxon 

level abundance comparison, dendrogram (following the 

Bray-Curtis distance method), and random forest model (as a 

structural and functional classifier) were applied following 

methodologies stated elsewhere.15 The functional diversity 

profiling using metagenomics data of all the test samples 

/microbiome was predicted based on the KEGG (using 

categories of pathways and modules) or COG (Cluster of 

Orthologous Groups) annotation systems.18 The whole 

analysis was performed on Ubuntu 20.04.2 LTS 64-bit OS, 

3.36.8 Gnome version, NVIDIA® GeForce RTX™ 4060, 16 

GB memory, Intel® Core™ i7 processor. 

 

Results 

Taxonomic Profiling and the Bacterial Prevalence 

The dendrogram plot analysis revealed the phylogenetic 

differences/similarities between the microbiomes of the test 

samples, as represented in Figure 1B. Comparatively, the 

Liquid_batter food type exhibited more species richness than 

Fermented_veg (Figure 2A). Shinni had the maximum 

species-rich niche, whereas Fermented_veg_mix and Pickled 

_veg_with_oil occupied approximately the same position on 

the graph. The taxonomic plot analysis clearly shows the 

occurrence and bacterial prevalence from phylum to genus 

level. Phylum-level taxonomic plot analysis (Figure 2B) 

revealed that most of the bacteria in the test samples belong 

to the phyla Proteobacteria and Firmicutes, although some 

specific bacterial abundance of the phylum Bacteroidetes 

was found in Fermented_veg_mix and in pickled_veg 

(without_oil and with_oil). Bacteria belonging to the class 

Bacilli are abundantly present in both fermented idli batter 

and in shinni. Bacteria belonging to Gammaproteobacteria 

are dominantly present in Fermented_veg_mix, as well as in 

Idli_batter-2, and pickled_veg (without_oil and with_oil) 

showed class Alphaproteobacteria dominance (Figure 2C). 

According to the order-level taxonomic plot analysis 

(Figure 2D), bacteria belonging to the order Lactobacillales 

showed a higher prevalence in both fermented idli batter 

samples and shinni. On the other hand, bacteria belonging to 

the order Enterobacterales were dominantly present in 

Fermented_veg_mix and also showed a mixed occurrence of 

different orders of bacteria, including Lactobacillales, 

Pseudomonadales, Xanthomonadales, and Caulobacterales. 

Both pickled_veg (without_oil and with_oil) microbiomes 

exhibited a dominant presence of bacteria of the order 

Lactobacillales as well as Rhodospirillales. All test samples 

of microbiome analysis showed different culturable and non- 
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Figure 2. A) Species richness between Fermented_veg and Liquid_batter food types. Taxonomic plot analysis B) Phylum level; C) Class level; D) 

Order level; E) Family level; F) Genus level. 

 

culturable bacterial presence belonging to several families 

like Acetobacteraceae, Actinomycetaceae, Lactobacillaceae, 

Leuconostocaceae, and Streptococcaceae (Figure 2E). 

The genus-level taxonomic analysis (Figure 2F) displayed 

that bacterial genera Lactobacillus, Lactococcus, Weissella, 

and Pediococcus were highly dominant in both fermented 

idli batter. Acetobacter, Lactobacillus, Weissella, and 

Pediococcus were dominant in both Pickled_veg (without_oil 

and with_oil), while Serratia, Pediococcus, and Acetobacter 

were dominant in Fermented_veg_mix. The genera Weissella, 

Lactobacillus, Pediococcus, and Serratia were abundant in 

Shinni. Among the top enriched genera, two lactic acid 

bacterial genera, Pediococcus and Weissella, were found in 

all test microbiome structures. Some well-known probiotic 

genera like Lactobacillus, Lactococcus, and Enterococcus 

were also found among the top enriched genera for all the 

test samples except Fermented_veg_mix. The species-level 

taxonomic analysis revealed the presence of bacteria such 

as Serratia marcescens, Acinetobacter rhizosphaerae, 

Brevundimonas diminuta, and Stenotrophomonas geniculata 

in the Fermented_veg_mix as well as Shinni. 

 

Core Microbiome Comparative Analysis 

The α-diversity measured by Chao1 at the OTU (Operational 

Taxonomic Unit) level showed a diverse difference in 

species richness between Fermented_veg and Liquid_batter 

(food types), with the sample Shinni showing the maximum 

level of α-diversity among all test samples (Figure 3A). The 

β-diversity of the microbiome profile at the genus level 

depicts dissimilarities between microbial communities in 

pickled and non-pickled sample clusters (Figure 3B). The 

Venn diagram in Figure 3 represents how similar or 

dissimilar components and taxa are present in the studied 

microbiome (C and D, respectively). A total of 3, 6, 9, 5, and 

3 unique taxa were found in Idli_batter-1, Idli_batter-2, 

Pickled_veg_with_oil, Fermented_veg_mix, and Shinni, 

respectively. 

The core microbiome refers to the set of taxa that are 

detected in a high fraction of the population above a given 

abundance threshold. In order to perform core microbiome 

analysis, the count data has been transformed to 

compositional (relative) abundance. Core microbiome 

analysis displayed that approximately ten genera were 

shared in all the test samples at the lowest detection 

threshold of 0.01% (Figure 4A). The shared core 

microbiome (i.e., detected throughout all of the test food 

samples) included Pediococcus, Weissella, Lactobacillus, 

Lactococcus, Acetobacter, Serratia, Leuconostoc, Acinetobacter, 

Brevundimonas, and Stenotrophomonas bacterial genera at 

the detection threshold from 0.01 to 0.1%. Statistical 

analysis of covariance reflects significant positive covariance 

evidence (Figure 4B), where the p-value ranged between  
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Figure 3. A) α-diversity and B) β-diversity based on core microbiome comparative analysis of six samples; (C-D) Venn diagram showing core 

microbiome similarities/dissimilarities among test samples; C) Composition; D) Taxa. 

 

 

 

Figure 4. A) Core Microbiome comparative analysis using relative abundance (%) correlated with the prevalence pattern of six test samples; B) 

Statistical significance as per p-value analysis; C) Mean Decrease accuracy pattern; D) Genus Pediococcus abundance among Fermented_veg and 

Liquid_batter food types (represented in filtered and log transformed count). 
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0.000952 and 0.0388 for genera Pediococcus, Acinetobacter, 

Stenotrophomonas, Brevundimonas and Serratia. The mean 

decrease accuracy plot (Figure 4C) was created to analyze 

how much accuracy the model loses by the removal of each 

component. The Pediococcus genus showed the highest 

value as mean decrease accuracy, hence it has more 

importance in determining variables for the structural 

arrangement. The single-factor statistical comparison 

between test samples has been studied for the genus 

Pediococcus, where the Liquid_batter food type showed 

more diversified bacterial abundance than Fermented_veg, 

as represented through the box plot in Figure 4D. 

Hierarchical clustering of taxa with a heat tree (from 

phylum to genus level) and a heatmap (only at the genus 

level) was constructed based on the abundance pattern of 

taxonomic levels with the detailed view mode of <1500 

features (Figure 5A and C, respectively). In Figure 5B, 

the phylogenetic tree demonstrates the evolutionary 

relationships among bacterial phyla, highlighting various 

specific subclades, including Pediococcus, Weissella, 

Lactobacillus, Lactococcus, Acetobacter, and Serratia with 

high abundance. 

 

 

 
Figure 5. A) Heat tree showing the abundance of organisms in all the microbiome communities where the abundance pattern correlated with the 

size and color of nodes and edges based on OTU and read counts; B) Phylogenetic tree representing the evolutionary relationships of bacterial 

phyla, showing different distinct subclades and their close relatedness based on recent common ancestral sharing. The colored points and shapes 

specify the food types, and the size of black circles represents the abundance intensity of respective phyla; C) Heat map showing a comparative 

analysis of genus-level taxonomic units. 

 

Functional Profile Analysis of Microbial Community 

Different food microbiomes have their own unique 

metabolic activities due to specific microenvironments/ 

niches that allow specific types of microbial genera to be the 

principal components. Results of functional profiling through 

KEGG Orthology (KO) gene-mediated metagenomic analysis 

revealed various metabolic activities such as metabolism of 

cofactors and vitamins, amino acid metabolism, nucleotide, 

carbohydrate, nitrogen, lipid, terpenoid, and energy metabolism, 

xenobiotics degradation and metabolism, and production of 

antibiotic-like compounds (secondary metabolites) for all the 

test samples, which were expressed in relative abundance 

(Figure 6A). Clusters of orthologous genes (COG) functional 

potential (Figure 6B) included amino acid transport and 

metabolism, carbohydrate transport and metabolism, cell 

cycle control, cell division and chromosome partitioning, 

cell wall membrane envelope biogenesis, coenzyme 

transport and metabolism, energy production and 
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conversion, inorganic ion, lipid, nucleotide transport and 

metabolism, post-translational modification of protein 

turnover, chaperones, replication, recombination and repair, 

transcription, and secondary metabolites biosynthesis 

transport and catabolism. There were 19 KEGG modules 

(Figure 6C) including De novo purine biosynthesis 

(M00048), Fatty acid biosynthesis (M00083), bacterial C10-

C20 isoprenoid biosynthesis (M00364), Leucine and 

Isoleucine biosynthesis (M00432 and M00535), and 

Galactose degradation (M00632). 
 

 
Figure 6. Functional Profiling of the Microbiome among Six Metagenome Samples, with Two Different Main Subtypes (Fermented_veg and 

Liquid_batter) in Terms of Relative Abundance Stated as a Value between Zero (lowest abundance) and One (highest abundance) predicted at: A) 

KEGG level metabolism showing the distribution of the top nine metabolic functions; B) COG level showing the distribution of the top fourteen 

clusters of orthologous genes; C) KEGG modules showing the distribution of 19 significant common modules between the studied samples. 

M00048: De novo purine biosynthesis, M00050: Guanine ribonucleotide biosynthesis, M00083: Fatty acid biosynthesis, M00088: Ketone body 

biosynthesis, M00095: C5 isoprenoid biosynthesis, mevalonate pathway, M00116: Menaquinone biosynthesis, M00117: Ubiquinone biosynthesis, 

M00120: Coenzyme A biosynthesis, M00127: Thiamine biosynthesis, M00309: Non-phosphorylative Entner-Doudoroff pathway, M00364: C10-

C20 isoprenoid biosynthesis in bacteria, M00365: C10-C20 isoprenoid biosynthesis in archaea, M00373: Ethylmalonyl pathway, M00374: 

Dicarboxylate-hydroxybutyrate cycle, M00375: Hydroxypropionate-hydroxybutylate cycle, M00432: Leucine biosynthesis, M00535: Isoleucine 

biosynthesis, M00572: Pimeloyl-ACP biosynthesis, M00632: Galactose degradation (Leloir) pathway. a: Fermented_veg_mix. b: Pickled_veg_with_ 

oil. c: Pickled_veg_without_oil. d: Idli_batter-1. e: Idli_batter-2. f: Shinni. 
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Discussion 

According to Zhang et al.23 study, a diversity of non-

culturable bacteria may exist in different foods, including 

fruits, vegetables, dairy products, meat products, rice and 

flour-related products. With the help of Next-generation 

sequencing (NGS) technique, we can identify and characterize 

the diverse microorganisms from different sample types with 

more precision and accuracy compared to traditional micro 

biological techniques. NGS can also be used to identify 

closely related bacterial species like the Lactobacillus casei 

group, which are not easy to discriminate based on 

traditional methods.24 

The range of GC content may correspond with the 

ecological niche, genomic size, and structure of bacteria. 

Occasionally, it may vary even for strains.24,25 According to 

our study, the GC contents (V3-V4 amplicon region) were in 

the range between 51% to 54.5%, with approximately 53% 

as the mean value. Previous research supports our results 

that Lactobacillus have GC contents ranging from 32% to 

52%.26 Bacteria belonging to different phyla, including 

Proteobacteria, Actinobacteria, Bacteroidetes, Firmicutes, 

and Acidobacteriota, showed a varied range of GC contents, 

approximately 30% to 70%, 55% to 75%, 30% to 75%, 30% 

to 55%, and 52% to 65%, respectively.27 Earlier studies on 

different isolates of probiotic Bifidobacterium showed varied 

GC contents of the genome ranging between 59.27% to 

62.77%.25 

In this study, we have found a diverse range of potential 

probiotic bacteria present in the test samples. Approximately 

99%, 97%, 70%, 90%, 30%, and 75% of potential probiotic 

bacteria were found among the top enriched genera of 

Idli_batter-1, Idli_batter-2, Pickled_veg_without_oil, Pickled 

_veg_with_oil, Fermented_veg_mix, and Shinni, respectively. 

Commonly known pathogenic bacteria such as Pseudomonas 

and Staphylococcus were identified in 1-8% of Idli_batter-1, 

Pickled_veg_with_oil, Fermented_veg_mix, and Shinni, 

while approximately 30% presence was confirmed in 

Pickled_veg_without_oil among the top enriched genera. 

Recent studies from various regions around the globe have 

revealed that certain species within these genera possess 

good probiotic potential. 

According to the study by Hu et al.,28 plant growth 

capacity and nutrient assimilation can be enhanced by using 

probiotic Pseudomonas communities, which contain beneficial 

microbes. Another study highlighted the probiotic nature of 

Staphylococcus gallinarum FCW1 MCC4687, isolated from 

naturally fermented coconut water. Only Pickled_veg_with_ 

oil showed a high percentage abundance of two genera: 

Bacteroides and Prevotella (of the Phylum Bacteroidetes). 

Various factors, including the nutritional constituents present 

in food, may impact the conformation of niche-specific 

microbiota. Based on the published literature, bacteria 

belonging to the genus Bacteroides are mostly clinical 

pathogens that cause anaerobic infections. However, they 

have a positive association with the host,29 and microbiomes 

constructed by Prevotella are capable of fermenting 

carbohydrates more quickly than Bacteroides-mediated 

niches.30 All the samples showed the presence of a 

significant level of Proteobacteria, which is believed to 

prepare the gut for colonization with a large number of 

anaerobes essential for good gut function by lowering the 

redox potential and utilizing oxygen in the gut micro 

environment.31 The Phylum Firmicutes was also abundant in 

all test food samples except Fermented_ veg_mix. Most 

potential probiotic bacteria belong to the phylum Firmicutes, 

which may enhance the composition of the microbiota by 

fermenting dietary fiber and could also interact with the gut 

mucosa to maintain the host's healthy gut.32 

The comparative report on taxonomy revealed the 

presence of a single common bacterial genus, Lactococcus, 

in fermented Idli_batter-1, Idli_batter-2, and Pickled_veg_ 

with_oil whereas the Acetobacter genus is common between 

Pickled_veg_without_oil and Pickled_veg_with_oil. Although, 

bacteria such as Cystobacter sp., Gemmiger formicilis, 

Megamonas sp., Prevotella copri, Lactobacillus zeae, 

Roseburia sp., Bacteroides sp., and Acinetobacter johnsonii 

were exclusively found in Pickled_veg_with_oil, possibly 

due to the presence of five distinct food compositions 

(Brassica rapa, Cuminum cyminum, Amomum subulatum, 

Cinnamomum verum, Capsicum annuum). On the other 

hand, Shinni had two dissimilar food compositions (Triticum 

aestivum and Musa acuminata) which exclusively constituted 

Alcaligenes faecalis, Stenotrophomonas geniculata, and 

Weissella paramesenteroides bacteria (Figure 3C and D). 

Two completely different food microbiomes of Idli_batter-2, 

Fermented_veg_mix shared three bacteria Sphingomonas 

sp., Stenotrophomonas sp., and Acinetobacter rhizosphaerae. 

Comparison between Idli_batter-1 and Shinni showed only 

one common genus Lactobacillus. Different types of 

traditional pickles are well-known foods that can be 

prepared using popular and ancient techniques, which offer 

tremendous health benefits. According to Behera et al.33, 

different species of Lactobacillus, Leuconostoc and 

Pediococcus were identified from vegetable-based pickles 

(Nozawana-Zuke pickle or Tursu), radish pickle, cucumber 

pickle, Chinese pickle (Paocai), cabbage and carrot pickle, 

and Korean traditional fermented vegetables (Kimchi). One 

similar taxon and thirteen different taxa are present between 

two fermented idli batter samples (Idli_batter1 and 2), 

though Idli_batter-1 showed a higher beneficial bacterial 

load (including Lactobacillus sp., Lactococcus sp., 

Pediococcus sp.), possibly due to the change of a single food 

constituent (Vigna radiata in place of Vigna mungo) only 

(Figure 3C and D). According to previous studies, fermented 

idli batter can be a good source of lactic acid bacteria (LAB) 

and all the isolated LAB displayed a diverse range of 
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antibacterial activity against known pathogenic bacteria.34-36 

Microbiome instabilities can be reduced through prebiotic -

supplemented probiotic treatment. Prebiotics are characteristically 

oligosaccharides or more complex saccharides that are 

resistant to digestion, absorption, and adsorption by the host 

before fermentation, and can be utilized by commensal 

bacteria, specifically beneficial for the human host.38 Some 

types of naturally occurring prebiotics include galactooligo 

saccharides (GOS), fructooligosaccharides (FOS), and 

inulin. GOS can be found in cow's milk, yogurt, and 

colostrum, whereas FOS and inulin are mainly found in 

more than 3,600 fruits and vegetables, such as asparagus, 

beans, cereals, and mostly belonging to the Cichorium 

family, such as chicory, bananas, large onions, and garlic.39 

In the current study, we have used similar types of 

vegetables and ingredients to prepare traditional fermented 

foods to ensure prebiotic properties, which can stimulate the 

growth of good bacteria and preferably contribute to creating 

a beneficial microbiome. 

The KEGG metabolism experiment based on relative 

abundance showed that amino acid metabolism, carbohydrate 

metabolism, and metabolism of cofactors and vitamins were 

higher in Liquid_batter food type whereas Fermented_veg 

food type displayed high bacterial relative abundance related 

to the metabolism of polyketides, terpenoids, nucleotides, 

energy, xenobiotics, and xenobiotics biodegradation. 

Hormones, short-chain fatty acids (SCFAs), neurotransmitters 

and anti-inflammatory cytokines producing psychobiotic 

bacteria,40 including Bifidobacteria, Lactobacilli, Enterococci, 

Streptococci, and Escherichia were most frequently 

abundant in our samples. Literature review suggests that 

SCFAs producing bacteria, including Prevotella, Bacteroides, 

Ruminococcaceae, and Lachnospiraceae are good for a 

healthy gut environment,41 which could help humans by 

maintaining a balance through reducing the Firmicutes to 

Bacteroidetes ratio as well as decreasing the presence of 

lipopolysaccharide (LPS) producing bacteria, and facultative 

anaerobic bacteria.42 

Explicitly, amino acid metabolism was higher in 

Fermented_veg_mix, Idli_batter-2 and shinni, whereas both 

types of idli batter and shinni displayed carbohydrates, co-

factors and vitamin metabolism. Prevotella found in Pickled 

_veg_with_oil is normally found in specified food enriched 

with monounsaturated fatty acids (such as the “Mediterranean 

diet”) that correlates with the reduction of traditional risk 

factors defining metabolic syndrome (MetS) and cardio 

vascular disease (CVD).43,44 The detailed analysis of KEGG 

modules revealed different pathways such as leucine, isoleucine, 

fatty acid, C5 isoprenoid, pimeloyl-ACP biosynthesis and 

mevalonate, non-phosphorylative Entner-Doudoroff pathway 

found more in fermented idli batter (both 1 and 2) as well as 

shinni. This advocates that these food microbiomes are 

connected with the production of different essential amino 

acids and important vitamins like biotin (vitamin B7).45 

Fermented_veg_mix and Pickled_veg (with_oil and without 

_oil) showed guanine ribonucleotide biosynthesis, which is a 

method related to purine nucleotide biosynthesis and can 

eventually synthesize GMP to GTP, which helps to form 

RNA.46 The C10-C20 isoprenoid biosynthesis was also found 

to be enhanced in samples of vegetable ingredients, reflecting 

that these microbiomes are capable of producing isoprenoid 

bioactive compounds like different terpenes.47 Comparable 

to our study, food-derived LAB also displayed C10-C20 

isoprenoid biosynthesis and the pentose phosphate pathway.48 

Finally, although the study showed that NGS-based 

metagenomic approach is an acceptable technique to identify 

different types of bacterial presence in food microbiomes, it 

has some limitations. The study revealed the presence of 

several known beneficial as well as pathogenic bacterial 

genera in the test microbiomes. However, it is not possible 

to determine the specific characteristics of beneficial or 

pathogenic bacteria based on the detection method used. 

Further in vitro isolation might be a future scope to address 

this issue. Another limitation of the study was the species-

level taxonomical analysis. Only a few species-level 

identifications were confirmed, as mentioned in the results 

section. 

 

Conclusion 

It is a novel NGS-based culture free research work to 

explore diversified bacterial microbiomes including 

beneficial probiotics from non-dairy based traditional food 

products such as fermented idli batter, vegetable pickles, 

fermented vegetables and shinni. Thus, metagenomic analysis 

revealed probiotic bacterial prevalence in each test sample, 

which confirms all tested locally available non-dairy based 

foods can be used as good sources of probiotics. Metabolic 

pathway and functional analysis displayed all the tested 

microbiomes can play diverse metabolic activities and are 

crucial for human metabolism. Based on the maximum 

presence of probiotic beneficial bacteria, all the samples can 

be represented in increasing order: 

Fermented_veg_mix < Pickled_veg_without_oil < Idli_batter-

2 < Shinni < Pickled_veg_with_oil < Idli_batter-1. 
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