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Introduction 
Metabolomics is a rapidly growing field of study that 

has the potential to revolutionize our understanding of 
biological systems. At its core, metabolomics is the study of 
the small molecules or metabolites that are produced by cells, 
tissues, and organisms as they carry out biochemical 
reactions. These metabolites provide a snapshot of the 
metabolic state of an organism and can provide valuable 
insights into its physiology, biochemistry, and pathology. 
Metabolites 

Metabolites are small molecules that are involved in 
the chemical reactions that take place in living organisms, 
including humans. These molecules are produced by cellular 
processes such as digestion, metabolism, and biosynthesis. 
Small molecules with masses between 50 and 1500 Daltons 
are often the focus of metabolomics research. Small 
molecules includes both endogenous and exogenous 
molecules. Endogenous are natural molecules present inside 
living organisms. 

Endogenous Molecules Exogenous Molecules 

Sugars 
Lipids  
Amino acids 
Fatty acids 
Phenolic compounds  
Alkaloid 

 

Drugs  
Environmental 
contaminants 
Food additives 

Metabolome 
The metabolome refers to the complete set of 

metabolites and their interactions within a biological system. 
Metabolomics 

Metabolomics is the scientific study of metabolites, 
which involves the identification and quantification of the 
complete set of metabolites present in a particular biological 
sample or system. 
 Principle & Tools: 

The principle tool used in metabolomics is mass 
spectrometry, a technique that can be used to identify and 
quantify the individual metabolites in a sample. Mass 
spectrometry involves ionizing the molecules and then 
measuring their mass-to-charge ratios. By comparing the mass 
spectra of the metabolites in a sample to those of known 
metabolites, researchers can identify the specific metabolites 
present. Other commonly used tools in metabolomics 

include nuclear magnetic resonance (NMR) spectroscopy, 
which can be used to measure the chemical environment of 
molecules in a sample, and high-performance liquid 
chromatography (HPLC), which can be used to separate and 
quantify individual metabolites in a complex mixture. 

Steps involved: 

i. Experiment design 

ii. Sample prepration 

iii. Data acquisition 

iv. Data processing 

v. Statistical analysis using softwares. 
Approaches of Metabolomics: 

Targeted and untargeted approach: 
The metabolome can be fully scanned using 

untargeted discovery metabolomics, patterns can be 
identified, and "metabolic fingerprinting" can be used to 
classify phenotypes globally according to relationships 
between pathways. An untargeted analysis is typically 
validated by targeted metabolomics, which involves 
hypothesis testing. The targeted techniques (tandem-
MS/MS), also known as "biased or directed metabolomics "or 
"metabolic profiling," include doing a quantitative study on 
particular small molecules/metabolites or perturbations 
along a metabolic pathway using a known standard. 
Applications 

Metabolomics has many important applications in 
fields such as medicine, agriculture, and environmental 
science. In medicine, metabolomics can be used to diagnose 
diseases and monitor the effectiveness of treatments. For 
example, changes in the levels of certain metabolites in the 
blood or urine can be used to identify early-stage cancers, 
such as prostate or bladder cancer. Similarly, metabolomics 
can be used to monitor the levels of drugs or other 
therapeutic agents in the body, which can help to optimize 
treatment regimens. 

One important application of metabolomics in 
medicine is in the field of precision medicine. Precision 
medicine is a new approach to healthcare that seeks to tailor 
treatments to individual patients based on their unique 
genetic and metabolic profiles. Metabolomics can play a key 
role in this approach by providing information about an 
individual's metabolic state that can be used to develop 
personalized treatment plans. For example, metabolomics 
can be used to identify patients who are more likely to 
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experience toxic side effects from chemotherapy or who may 
require higher or lower doses of a particular drug. 

In agriculture, metabolomics can be used to improve 
crop yields and quality. For example, by measuring the levels 
of specific metabolites in plants, researchers can identify 
which plants are more resistant to pests or which plants are 
more nutritious. This information can be used to develop 
new crop varieties that are more resilient and more 
nutritious. Similarly, Food product quality and safety may be 
monitored using metabolomics. By monitoring the 
concentrations of certain metabolites in food samples, 
researchers can identify the presence of contaminants or 
other substances that may be harmful to human health. 

In environmental science, metabolomics can be used 
to monitor the health of ecosystems and to identify 
environmental contaminants. For example, by measuring the 
levels of certain metabolites in the tissues of fish or other 
organisms, researchers can identify the presence of pollutants 
in water ways. Similarly, by measuring the levels of 
metabolites in soil or plant samples, researchers can identify 
the effects of pollution or other environmental stressors. The 
study of interactions between organisms and their 
surroundings may also be done using metabolomics. For 
example, researchers can use metabolomics to study the 

metabolic changes that occur in plants and animals in 
response to changes in temperature, humidity, or other 
environmental factors. 

Another important application of metabolomics is 
in drug discovery and development. By measuring the 
metabolic changes that occur in cells or tissues in response to 
drug treatments, researchers can identify new drug targets 
and develop more effective therapies. For example, 
metabolomics can be used to identify the metabolic pathways 
that are involved in cancer cell growth and to develop drugs 
that target these pathways. Similarly, metabolomics can be 
used to identify new therapeutic targets for diseases such as 
diabetes and cardiovascular disease. 
Conclusion 

In conclusion, metabolomics is an important and 
rapidly growing field of study that has many important 
applications in medicine, agriculture, and environmental 
science. The principal tools used in metabolomics are mass 
spectrometry and NMR spectroscopy, which can be used to 
identify and quantify metabolites in biological systems. By 
providing valuable information about the metabolic state of 
organisms, metabolomics has the potential to improve our 
understanding of disease, agriculture, and the environment. 
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