
                                  © 2022 IJRTI | Volume 7, Issue 8 | ISSN: 2456-3315 

IJRTI2208087 International Journal for Research Trends and Innovation (www.ijrti.org) 524 

 

Microbial source tracking of faecal microorganisms using 

metabolomics 

Anamika Bagchi 

B.Tech Food Technology, Techno India, West Bengal University of Technology 

Abstract: For prioritising control over human health outcome, microbial source tracking is an innovative field that uses 

variety of methods to govern and identify the link between faecal microorganisms found in water to their host source. In 

order to find such linkage, metabolomics is used as an method to determine the correlation between host-specific 

microorganisms with pathogens of interest through the presence of faecal indicator microorganisms. 

 

1. Introduction: 

Consuming safe and healthy food products is an essential need, in order to produce a positive global health impact for humans 

and animals. There is always a huge loss in commodities being reported due to food recalls and other important factors. Most of 

the time, the reason behind such an event is due to microbial contamination. Biological contamination of environments occur due 

to mainly faecal bacterial contamination from runoff and discharge from different sources, leaking of septic tanks, wastewater 

effluents, manure applications, wildlife, and etcetera.  

Microbial source tracking (MST) describes a pool of methods and an investigative strategy for determination of faecal pollution 

sources in environmental waters. They rely on the association of certain faecal microorganisms with a particular host. Traditional 

methods to monitor faecal contamination are based on faecal indicator bacteria (FIB), such as faecal coliforms, E. coli, faecal 

streptococci and faecal enterococci in potable and non-potable waters. The problem arises as the traditional methods using FIB 

are not able to pin-point the source of contamination, which is necessary in order to prioritize control. MST strategy depends upon 

source tracking by finding the associations between faecal microorganisms and particular host through identity strains of indicator 

bacteria or virus, phenotypic or genotypic methods and based on closed matches. Many such methods depend on the basis of 

signature molecule or markers which are used to assess the quality of environmental water.  

Limitations in choosing faecal indicator bacteria include wide diversity of pathogens present in sewage water, which makes them 

difficult to culture and identify due to their presence in low concentration in environmental waters. This approach to select FIB 

for low pathogenic potential, high level in sewage and faeces, and relationship to pathogen presence has caused an impact in 

finding MST markers. Due to various interdependencies between FIB and pathogens (comprised of bacteria, enteric viruses, and 

protozoans such as cryptosporidium spp. and giardia spp.) metabolomics studies can be conducted to identify the various small 

molecules that interplay the various intricacies in the micro-biome of the environmental waters. 

Metabolomics is defined as the science of study of small molecules or metabolites with size less than 1500 Daltons approximately 

involved in a biochemical change that represents the metabolome under study. The metabolome is defined as the totality of 

molecular changes occurring in biological or chemical systems with one output acting as an input for a biochemical reaction to 

subsequently occur. Metabolomics, by its nature has challenges from study design to data analysis, but since it aims to quantify 

and identify metabolites, techniques such as Nuclear Magnetic Resonance or Mass spectrometry can be used to track source 

contamination and possibly prioritize control. Nuclear magnetic resonance or NMR is an analytical spectroscopic method for 

determining structures of small molecules or metabolites in solution, while Mass spectrometry is another analytical technique 

which is used to detect and identify chemical compounds and often coupled with different chromatographic techniques.  

1a.Goals and Objectives: 

i. Understand the microbial source tracking markers 

ii. Use metabolomics techniques such as NMR or Mass Spectrometry to uniquely isolate and associate toxic metabolites to 

native microbiota. 

1b.Expected Outcome: 

 Able to identify microbial source tracking markers. 

 Able to use metabolomics techniques such as NMR or Mass Spectrometry to identify and quantitate toxic metabolites. 

 Able to extrapolate the results backwards to pin-point the sources of contamination. 

2. Rationale and Significance: 

Faecal microorganisms play a tremendous role in identifying disease causing or producing pathogens with highly associated 

human health outcome. Microbial source tracking would play a significant role in identifying and establishing MST markers for 
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metabolomics to indicate or to identify the sources of contamination in comparison to traditional methods. Toxic metabolites that 

are produced during germination of faecal microorganisms would be associated with the native microbiota. Studies have shown 

that there is an elevated FIB concentration due to sewage water, in comparison to human sewage in environmental water sources 

(Harwood etal, 2014). 

The need for a close match is essential for source identification. Validation and standardisation of methods, along with large scale 

field testing is necessary for positive source tracking in order to prioritise control. Spectral fingerprinting can be done in order to 

detect the toxic metabolites, where spectral patterns are compared based on statistical significance of the measured intensities. 

Samples are compared based on their pre-processed spectra and only those regions showing statistically significant groups are 

retained for identification.  

The need to convert MST marker to human associated marker is required in order to find the host-specific microorganisms and to 

find the limit of detection and sensitivity against human waste samples. These human associated markers would enable us to 

identify biomarkers for the diverse toxic metabolites present in the samples. In nuclear magnetic resonance based metabolite 

annotation, the most common approach would be to use either experimental or simulated reference library compounds to match or 

to fit the existing biological spectra with chemical shifts. Since the low pathogenic potential in such environmental waters is 

notably seen, different conditions such as pH and concentration would be a concerning factor in order to determine specific 

spectral data. The most common approach would be to find peaks using fingerprinting approach and find the metabolites step by 

step, moving from easy to difficult ones slowly.  

One of the major challenges that would be faced is the development of standardised data repositories to reflect the sensitive and 

diverse nature of the toxic metabolome present in such samples. These can be overcome by proper spectral pre-processing and 

data clean-up in order to generate properly analysed results by statistical approaches and references with library independent 

methods data repositories.  

3. Research Methods: 

Microbial source tracking is an emerging field which focuses on the linking of faecal microorganisms found in water to their host 

source. Water sample is collected from different sources and enumeration of faecal indicator microorganisms is done to ascertain 

their presence. The water samples are filtered for subsequent biomass removal such as stones or leaves etcetera. Next, the water 

samples are centrifuged to form pellets for methanol/chloroform extraction for further analysis and transferred to 5 mm NMR 

tubes. A 800 MHz Avance III spectrometer for 1-HD-NOESY and 1-H-13-C HSQC spectra for each sample be recorded.  

Samples will be automatically tuned, matched and shimmed. Spectra will be analysed using fingerprinting approach. Proper data 

analysis and statistical analysis will be done based on untargeted metabolomics approach for toxic metabolites and signal 

identification will be done in lieu with online databases such as HMDB,BMRB and MMCD database. Toxic metabolites then 

identified will be used to correlate to the particulate host using the human associated markers or biomarkers and possible source 

of contamination could be identified. 
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