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ABSTRACT

	Aims: To assess the microbiological quality/species in pre-probiotic products available online in India.
Study design:  gDNA extraction from Pre-probiotic products, 16S metagenomic analysis, compare the data of bacteria detected with those mentioned on the product label.
Place and Duration of Study: Department of Molecuar Biology, Genexplore Diagnostics and Research Centre Pvt. Ltd., Ahmedabad between December 2024 to March 2025.
Methodology: Four multispecies pre-probiotics (capsule form) with an expiry of more than six months available in India were selected randomly and purchased from online platforms. gDNA was extracted. The quantity and quality of DNA was checked by Qubit 3.0 and 1.0% agarose gel electrophoresis. Library preparation was carried out using Ion Torrent 16S metagenomics kit, quantified, dilute, loaded onto Ion 550 chips by Ion Chef and sequenced by Ion S5 sequencer. Torrent Suite was used for quality control, trimming and analysis. Bioinformatics analysis was done by using Metagenomics 16S w1.1, QIIME and BLAST. 16S rRNA metagenomics using Ion GeneStudio S5 Plus simple targeted sequencing system to evaluate the bacterial composition. 
Results: This analysis revealed that all the products failed to meet the diversity of bacterial composition mentioned on the label. Sufficient DNA could not be obtained from product P3 and was excluded from further analysis. The results were as follows: product P1 (6 out of 14) (42.85%) namely, Lactobacillus casei, L.  rhamnosus, L. paracasei, Bifidobacterium bifidum, and B. breve; P2 (0 out of 4); and P4 (3 out of 10) (30%) namely, L. rhamnosus, L. casei and Lactiplantibacillus plantarum bacterial species were detected, respectively. Other bacteria including pathogen or opportunistic pathogen such as Acinetobacter junii, Burkhoderia arboris, B. latens, Klebsiella pneumoniae, Propionibacterium acnes, Serratia marcescens, etc. were also detected. The products also contained probiotic bacteria other than those mentioned on the label. 
Conclusion: Metagenomic analysis revealed the non-conformity of bacterial composition in the pre-probiotics tested. Although useful molecular technique, its standardization is essential to serve as a regulatory requirement for probiotics. 
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1. INTRODUCTION 
The word “Probiotics” originated from a Greek word “pro bios” meaning “for life”. The Food and Agriculture Organization (FAO) defines probiotics as a “living non-pathogenic microbe(s), when consumed in appropriate quantities, give valuable health impacts to their host (Al-Fakhrany & Elekhnawy, 2024). The imapct of probiotics and synbiotics on human health, methods for studying the effect and mechanisms underlying the same have been reviewed recently (Bhatia A et al., 2025). The FAO/WHO (2006) recommendations include a set of requirements for a product or strain to be referred to as "probiotic," as well as clinically necessary actions to be taken in order to further probiotics' acceptance by the medical community (Food and Agriculture Organization, & World Health Organization, 2006). The global market for probiotics was expected to grow to an astonishing $50 billion by 2021 (Shireen & Aneesh, 2021).  According to the projections, the global probiotic market is expected to increase at a rate of 8.1% per year, reaching US$ 85.4 billion by 2027. They have been successfully marketed in a variety of forms, ranging from traditional foods to prescribed drugs (Guarner et al., 2024). According to imarc report (2025) the market size of probiotics in India is valued at US$ 2.2 billion and forecasts its growth to US$ 10 billion by 2033 (CGAR of 17.8%) (https://www.imarcgroup.com/india-probiotics-market#). There are different types of probiotics: oral supplement or a drug; and forms such as capsules, syrups/suspensions, powder and tablets. There are three major categories of probiotics: i) probiotics which have no health claims, ii) probiotics as a food supplements with specific health claims, and iii) probiotics as a drug or oral supplements (Hill & Guarner, 2014). Probiotics have been shown to treat a wide range of illnesses and conditions by spanning the gap between the pharmacological and non-pharmacological sectors (Kesavelu Sr. et al., 2020). Probiotics act by competing with pathogens for resources and binding receptors, thereby making it difficult for them to survive and adhere to the gut mucosa. They produce components such as short chain fatty acids (SCFA), organic acids, hydrogen peroxide, bacteriocin, other antimicrobial compounds, etc. thereby decrease the number of pathogenic microorganisms in the gut. Probiotics enhance the intestinal barrier function by promoting the synthesis of mucin proteins, modulating the expression of tight junction proteins such as occluding and claudin 1 that regulate the immunological response in the gut. Probiotics modulate the dendritic cells, macrophages, B and T lymphocytes to control adaptive and innate immune response. Some specific probiotic strains can alter mood, behavior, gastrointestinal motility, and stress-related pathways via altering serotonin, gamma-aminobutyric acid (GABA), and dopamine levels (Latif A et al., 2023). 
According to the FAO/WHO (2006) guidelines probiotic product labels should clearly show the identification of each microorganism as per current nomenclature (with strain designation preferred), indicate minimum number of each strain until expiry, dosage for health benefits, storage conditions, manufacturers details, certifications, etc. Further, in 2017, the International Probiotics Association (IPA) and the Council for Responsible Nutrition (CRN) proposed new guidelines for manufacturers to comply. The product labels should indicate the colony forming units (CFUs) of live microorganisms, and in case of formulations with multispecies and/or strains it was recommended to mention the CFUs of all species as well as each species on the label (Council for Responsible Nutrition and International Probiotics Association, 2017). The composition and quality of probiotic formulations available in the global market including those in India has been reviewed, which highlighted the inconsistences in microbial composition as well as presence of contaminants in many products ((Kesavelu Sr. et al., 2020; Mazzantini et al., 2021). In some parts of the world the use of the word probiotic on product label is regulated, for example in the European Union (EU), the use of it is understood to be a health claim, and requires health claim approval by the EFSA (Marsh et al., 2014). Therefore, manufacturers of products containing GRAS strains are not permitted to use the word probiotic on the product label by the EFSA. However, this FDA allows its use (de Simone Claudio, 2019). It is important to note that in Canada and the United States, clinical evidence of safety of the probiotic strain has to be provided by the manufacturers. In case of product containing multi-strains, the clinical evidence should be for the entire combination (Turkmen et al., 2019). 
Multiple methods are used to evaluate the microbial load and diversity in probiotic foods and oral supplements: i) Culture dependent method (determination of CFU using appropriate media); ii) Culture independent method [Flow-cytometry, Fluorescence in situ hybridization (FISH), PCR methods, metagenomics, etc.]. The colony-forming units (CFUs), which indicates the number of viable cells, is commonly used to measure the number of organisms in a probiotic product. Although the CFU in many probiotic supplements vary between 1 to 10 billion, strain designation is essential in clinical situations. This determines an association between specific strains and mixtures of specific strains at effective dosages (Gupta & Garg, 2009). Identifying and characterizing the organism or products to the genus and species level using globally recognized techniques, such as DNA-DNA hybridization, sequencing of DNA encoding 16S rRNA, Pulsed Field Gel Electrophoresis (PFGE), or Randomly Amplified Polymorphic DNA (RAPD) is the first step in using an organism or products as probiotics. The next step is to confirm that the specific strain utilized is appropriately identified. Direct genetic study to determine the bacterial, fungal, and virus diversity in a sample, is referred to as metagenomics. This can be carried out via a targeted technique or an adaptor ligation PCR approach for shotgun sequencing (Satam, 2023). 16S rRNA metagenomics is a type of targeted metagenomics using universal primers for amplifying and sequencing the conserved areas of this gene, and used to evaluate bacterial diversity in the polymicrobial community in environmental, food, clinical samples, etc. It has also been used in studying the bacterial diversity in probiotics (Gueimonde & Collado, 2012; Lugli et al. 2019; Kamble et al. 2020).  
We report here a 16S rRNA metagenomics approach based on NGS for the analysis of four pre-probiotics capsule products available online in India to explore the bacterial composition with reference to the information provided on the label. This methodology is also called Genetic Identity Card (GIC), which reveals the bacterial diversity in the probiotic formulation.  The results showed several inconsistencies among the probiotics species detected and those declared on the label by the manufacturers in all the four products. Several pathogens were also detected, which can cause health issues.   
2. material and methods 
2.1 Samples
[bookmark: _Toc194082190]Four multispecies pre-probiotics (capsule form) with an expiry of more than six months were selected randomly and purchased based on quality, label descriptions (diversity in microbial species, licensing such as FSSAI, FDA, Halal, usage/application, etc.) from online platforms. They were labelled as P1, P2, P3 and P4 for unbiased analysis and stored at stored at 40C until analysis (Table 1). 
[bookmark: _Toc194247769]
2.2 DNA extraction 
Two capsules of each probiotic were dissolved by vortexing in 10ml sterile distilled water (15mL sterile centrifuge tube). Then, 400µL of the diluted probiotic capsules and 200µL of DNA Extraction Buffer (DEB) were added to a sterile Eppendorf micro-tube (1.5mL). After vortexing for 10 second 250µL DEB, was added. Again after vortexing 20µL of Lysozyme (50mg/ml) was added and incubated at 37ºC for 30 mins. Then 30µL 10% SDS and 20µL proteinase K were added, vortexed and incubated in dry bath at 65ºC for 1 hours and mixed by inverting after every 10-15 mins (till lysis). It was then centrifuged at 8000 rpm for 5 mins and the supernatant was transferred into another sterile 1.5mL Eppendorf tube. Then freshly prepared 525µL of Chloroform: Isoamyl alcohol (24:1 v/v) was added and mixed by inverting for 10 mins. After centrifugation at 8000 rpm for 5 mins, the supernatant was transferred into another tube. This step was repeated once. 630µL chilled Isopropyl alcohol (100%) was added, mixed by inverting the tube and incubated at -20ºC for 30 mins. After centrifugation at 8000 rpm for 5 mins and the supernatant was discarded. 250µL of Ethanol (75%) was added to the pellet. Supernatant was discarded carefully after centrifugation at 8000 rpm for 5 mins, this step was repeated once, and the pellet was air dried by incubation at 65ºC in dry bath. The pellet was dissolved in pre-warmed 30µL, 1X TE and stored at -20ºC till further analysis.

Table 1. List of probiotic capsule supplements analyzed by 16S rRNA metagenomics

	Product (No. of species detected / Total no. of species mentioned on the label)
	Pre & Probiotic composition

	P1 
(6/14 species, 42.85%)
	Probiotic: Lactobacillus plantarum, Lactobacillus fermentum, Lactobacillus acidophilus*, Lactobacillus casei*, Lactobacillus rhamnosus*, Lactobacillus reuteri, Lactobacillus salivarius, Lactobacillus paracasei*, Lactobacillus gasseri, Bifidobacterium bifidum*, Bifidobacterium lactis, Bifidobacterium breve*, Streptococcus thermophilus, Saccharomyces boulardii (CFUs : 30 Billion+); Prebiotic: Fructooligosaccharides

	P2 
(3 species)
	Probiotic: Streptococcus thermophilus, Lactobacillus acidophilus, Bifidobacterium longum (CFUs : 5 Billion spores each); Prebiotic: Fructo oligosaccharides; Other components: Starch, Lactose, Talc and Approved Colour 

	P3 
(1/4 species, 25%)
strain designation provided
	Probiotic: Streptococcus faecalis T-110 JPC, Clostridium butyricum TO-A, Bacillus mesentericus TO-A JPC, Lactic acid bacillus* (Lactobacillus sporogenes) (CFUs: 60, 4, 2, 100 million, respectively)

	P4 
(3/10 species, 30%)

	Probiotic: Bifidobacterium bifidum, Bifidobacterium lactis, Bifidobacterium breve, Bifidobacterium longum, Lactobacillus acidophilus, Limosilactobacillus reuteri, Lacticaseibacillus rhamnosus, Lactiplantibacillus plantarum*, Lacticaseibacillus casei*, Levilactobacillus brevis (CFUs : 50 Billion); Prebiotic:  Polydextrose

	* Detected in 16S metagenomics analysis



[bookmark: _Toc194082191]2.3 Quantification and quality check by agarose electrophoresis
Quantification of extracted DNA was carried out using a Qubit 3.0 (Thermofisher Scientific). 2µL of extracted DNA sample was mixed with 1µL Bromophenol blue (gel loading dye) and 1.0% agarose gel electrophoresis was carried out at 150V for 10mins. Gel image was observed using gel documentation system (BIOTOP).

[bookmark: _Toc194082193]2.4 Library preparation
Library preparation was carried out using Ion Torrent 16S metagenomics kit. Primers for the amplification of the hypervariable region of 16S rDNA gene of bacteria and archaea: Primer set 1: V2, V4, V8; and Primer set 2: V3, V6-7, V9 were used The 16S hypervariable regions were amplified by PCR and the products were purified in a PCR tube. The concentration was determined for library preparation. The DNA was purified after End repair, purification of pooled amplicons, ligation and nick-repair. The library concentration was determined for template preparation and sequencing.

2.5 Sequencing by Ion Torrent GeneStudio S5 Plus
The libraries were quantified by QUBIT fluorometer to obtain accurate input concentrations. The libraries were diluted to the specified concentration and loaded onto Ion 550 chips by Ion Chef. Then the Ion S5 sequencing reagents were added. The chip was loaded into the sequencer’s slot, after sequence run and the sequence data was stored in a bioinformatics workstation. Torrent Suite was used for quality control, trimming and analysis.

[bookmark: _Toc194082195]2.6 Data Analysis (Ion Reporter v5.20 - 16S rRNA Profiling)
The data was analysed by Metagenomics 16S w1.1 to detect population diversity of a sample. Operational taxonomic unit (OTU) tables were used by QIIME to generate alpha-beta diversity results in metagenomics analyses. The reads from Binary Alignment Maps (BAMs) were filtered based on primer and length. The unique reads and abundance over a set threshold was analyzed by Multistage BLAST of reads against databases.

3. results and discussion
[bookmark: _Toc194082197]3.1 Extraction and quality check of DNA
Genomic DNA was extracted from the four probiotic products (P1, P2, P3, and P4). The concentration and ratio of DNA samples was calculated by EPOCH (BioTek) and QUBIT 3.0 (ThermoFisher Scientific). The concentration (ng/µl) of DNA library by QUBIT 3.0 was 7.02, 10.80 and 5.72, respectively for P1, P2 and P4, respectively. Concentration of Product P3 was too low, hence it was not included in 16S metagenomics library preparation and further analysis.
[bookmark: _Toc194082203]3.2 16S rRNA metagenomics analysis of probiotic products
Top 10-15 bacterial species detected based on % mapped reads, by 16S metagenomics are listed for the three products (P1, P2 and P4) as shown in Table 2, 3 and 4. No probiotic species mentioned on label were detected in product P2. However, several probiotic species were detected such as B. coagulans, B. acidiproducens and Novosphingobium sediminicola. Whereas in P1 and P4 six (6) out of fourteen (14) (42.85%), and two (2) out of 10 (2%) bacterial species mentioned on label were detected, respectively. It was interesting to note the detection of several probiotic species (B. acidiproducens, B. coagulans, Bifidobacterium animalis, Bifidobacterium longum, Hafnia alvei, Lactobacillus delbrueckii, etc.) not mentioned on the label as well as opportunistic pathogen or pathogen (Acinetobacter lwoffii, Klebsiella pneumoniae, Morganella morganii, Serratia marcescens, Serratia rubidaea, etc.). 

Table 2. Reads and abundance of bacterial species in Product P1 by 16S metagenomics analysis.

	Sr. No. 
	 Species
	 % of mapped reads

	1
	 Bifidobacterium longum#
	10.59

	2
	 Lactobacillus paracasei*
	8.28

	3
	 Bifidobacterium  bifidum*
	3.93

	4
	 Lactobacillus  acidophilus*
	3.01

	5
	 Lactobacillus zeae#
	0.82

	6
	 Serratia marcescens**
	0.21

	7
	 Lactobacillus casei*
	0.1

	8
	 Sphingomonas yabuuchiae
	0.04

	9
	 Serratia rubidaea**
	0.04

	10
	 Lactobacillus rhamnosus*
	0.02

	11
	 Bifidobacterium breve*
	0.01

	12
	 Lactobacillus delbrueckii#
	0.01

	13
	 Acinetobacter lwoffii**
	0.01

	14
	 Enhydrobacter aerosaccus
	0.01

	15
	 Nevskia ramosa
	0.01


[bookmark: _Toc194247773]		* probiotic mentioned on product label 	
		** opportunistic pathogen or pathogen 
		# probiotic not-mentioned on product label


Table 3. Reads and abundance of bacterial species in Product P2 by 16S metagenomics analysis.

	Sr. No.
	Species
	% of mapped reads

	1
	 Bacillus coagulans#
	26.75

	2
	 Bacillus acidiproducens#
	8.88

	3
	 Serratia marcescens**
	1.76

	4
	 Hafnia alvei#
	0.27

	5
	 Lactobacillus delbrueckii#
	0.19

	6
	 Nevskia  ramosa
	0.13

	7
	 Serratia rubidaea**
	0.12

	8
	 Novosphingobium sediminicola#
	0.1

	9
	 Klebsiella variicola#
	0.08

	10
	 Enhydrobacter aerosaccus
	0.08

	11
	 Serratia sp.**
	0.04

	12
	 Novosphingobium nitrogenifigens
	0.03

	13
	 Klebsiella pneumoniae**
	0.03

	14
	 Enterobacter sp**.
	0.02

	15
	 Morganella morganii**
	0.02


		** opportunistic pathogen or pathogen 
		# probiotic not-mentioned on product label


Table 4. Reads and Abundance of bacterial species in Product P4 based on 16S metagenomics analysis

	Sr. No. 
	 
 Species
	 % of mapped reads

	1
	 Bifidobacterium animalis#
	1.65

	2
	 Lactobacillus paracasei#
	1.51

	3
	 Lactobacillus gasseri#
	0.52

	4
	 Lactobacillus plantarum*
	0.34

	5
	 Lactobacillus zeae#
	0.15

	6
	 Lactobacillus sp.
	0.06

	7
	 Serratia marcescens**
	0.06

	8
	 Sphingomonas yabuuchiae**
	0.04

	9
	 Lactobacillus casei*
	0.02

	10
	 Lactobacillus pentosus#
	0.02

	11
	 Lactococcus piscium#
	0.02

	12
	 Lactococcus lactis#
	0.01

	13
	 Serratia rubidaea**
	0.01

	14
	 Nevskia ramosa
	0.01


		*probiotic mentioned on product label 
		** opportunistic pathogen or pathogen 
		# probiotic not-mentioned on product label

 3.3 Krona Chart
Krona chart indicating the taxonomic identification and relative abundance of bacteria isolated from probiotic capsules is given in Table 5. Each circle represents the phylum, class, order, family, genus and species. The circle represents different classification levels, with the innermost part indicating a higher level and outer part indicating a lower level. Each primary category or branch in the hierarchy is assigned a distinct colour for clear differentiation from others.

Table 5. Summary of the diversity from Krona charts

	Product
	Consensus 
	Firmicutes
	Actinobacteria
	Proteobacteria

	P1
	8,49,988
	6,05,244 (71%)
L. paracasei (12%)
L. acidophilus (4%)
	2,11,918 (25%)
B. longum (42%)
B. bifidium (16%)

	32,763(4%)
S. marscens (5%)
S. rubidaea (1%)

	P2
	 4,48,788
	2,58,862 (58%)
B. coagulans (46%)
B. acidiproducens (15%)
	ND
	1,89,691 (42%)
S. marscens (4%)

	P4
	11,79,105
	11,11,589 (94.0%)
Lactobacillus spp. 
L. casei (2.0%)
	50,860 (4.0%)
Bifidobacterium sp.
	16,653 (1.0%)
Serratia sp.


[bookmark: _Toc194082208]
3.5 Discussion
There is an increasing demand for probiotics due to its acceptability and awareness campaign in social media. Diverse probiotic products, with or without prebiotics are easily available to the consumers in the form of ingestible pills, capsules, tablets, suspensions, etc. in food store as well as online. The diversity of probiotic species, their numbers (CFU), general health benefits and regulatory license(s) are mentioned on the labels of such products. Therefore, it is necessary to check the microbial quality of such products from regulatory point of view by culture-dependent and culture-independent methods. Advanced culture-independent methods such as next-generation sequencing (NGS): 16S rRNA amplicon sequencing, 16S rDNA phylogenetic microarray, and metagenomics sequencing, and metabolomics are used for analyzing the diversity and relative abundance in multi-species probiotics and study its effect on gut microbiome. Illumina and Ion Torrent are widely used platforms for metagenomics analysis.  However, these approaches may not provide accurate quantification of the total viable probiotic microorganism or their physiological state in the product, which is essential to determine the potential benefits of these products (Nyanzi, 2020; Chen, 2015).
In the present study three probiotic capsule supplements available online labelled as P1, P2 and P4 were analyzed for the detection of bacterial species mentioned on the label by 16S metagenomics. The results showed that the species mentioned on the label of products P2 were not detected. Different pathogenic, non-probiotic and probiotic species were detected which were not mentioned on the label of the products. There was non-compliance in the species diversity mentioned on the label for all these products. 
Similar reports have been published on this quality and safety aspects of probiotic products worldwide. Evaluation of seven probiotic products from the U.K. market suggested that almost all the products contained one probiotic bacterium listed on the label, but none of the multispecies products contained all the labelled bacteria mentioned on the label. Only three (3) products out of seven contained claimed culture concentration/numbers. This reflects poor quality of the products and need for a worldwide legislation for the proper and standardized quality and efficacy of the product (Fredua-Agyeman, 2016). Twenty (20) probiotics from Indian market eight (8) single strain and twelve (12) multi-strain were evaluated by culture, viable plate count, DNA isolation and targeted metagenomics. It was concluded that there is poor relationship between quality and quantity of the selected probiotics and their label claims, which raises concerns regarding safety in the clinical usage, especially among risked age groups which include new-born, children, and adults. This is reported as the first study to evaluate the quality of probiotics in India, especially by metagenomics (Kesavelu, et al. 2020). In a recent study, all of the bacterial genera mentioned by the manufacturer were observed in nine (9) out of seventeen (17) probiotic products purchased from market of different countries such as Armenia, Canada, Poland, Russia, Spain, U.K, etc. Lactobacilli were found in more than 80% of probiotics, and 29% of probiotics did not have microorganisms, according to manufacturer’s claims. More than 70% of probiotics possessed additional bacterial species that were not specified in the composition. It was concluded that changes in the bacterial composition of probiotic can have adverse effect on product aroma, storage, transportation, as well as harmful effect on human health. It also indicated the poor conditions for the manufacture of these products (Syromyatnikov, 2022). A report on 16S metagenomics analysis of a synbiotic supplemental capsule containing twenty-five (25) bacterial species revealed the presence of bacterial species not mentioned on the product label, some were pathogenic species (Upasani, 2025). It also provided some insights for testing of these products using molecular tools for regulatory purpose. There is no established regulatory authority for probiotic products in India (Foligné, et al. 2013; Soni, et al. 2023). The ICMR-DBT guidelines released in 2011 needs to be revised for providing stringent regulations on the manufacture, quality check, labelling and inclusion of molecular techniques for probiotic products. The NGS approaches are rapid but the cost of the equipment, bioinformatics and technical expertise required to analyze the metagenomics data may be a barrier for standardization and acceptance of these advanced culture-independent technologies. 
The results presented here on 16S metagenomics analysis of the multi-species synbiotic product reveals the presence of bacteria not mentioned on the product label and some pathogenic species. It is necessary to develop protocols for the use of molecular biology tools for evaluating the identity and diversity of microorganisms in such food supplements. This will also help the regulatory bodies to formulate a global legislation for the quality and safety of these products.




4. CONCLUSION
There are very few studies on the use of metagenomics approach for checking the microbial quality of probiotic products available in India. The present study shows the role of 16S metagenomics in the assessment of bacterial diversity in probiotic capsule supplements to detect the probiotic organisms mentioned on the product label by the manufacturer. One product (P2) analyzed did not reveal any of the probiotic organisms mentioned in the label. In product P1 six (6) species of fourteen (14), and product P4 two (2) out of ten (10) bacterial species mentioned on the label were detected. Several pathogenic and probiotic bacteria (not mentioned on the label) were detected. This indicates the poor GMP, quality check and stringent regulatory norms in the manufacture of these products especially in developing countries. 16S metagenomics is a useful tool, however it requires standardization and consensus by regulatory agencies for its use to assess probiotics. 
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