
• Introduction

➢ Milk is a complex biological fluid, the chemical composition of
which reflects the physiological, nutritional and health status of
cattle. In recent years, metabolomics has become a reference
approach in milk analysis, providing a detailed insight into low
molecular weight metabolites involved in essential biological
processes.

➢ Modern techniques, such as nuclear magnetic resonance (NMR)
and liquid or gas chromatography with mass spectrometry (LC-
MS, GC-MS), can identify and quantify amino acids, fatty acids,
sugars, organic acids and other bioactive compounds.

➢ Thus, metabolomics is emerging as an interdisciplinary field,
integrating biology, analytical chemistry and bioinformatics to
obtain a holistic assessment of milk quality and cattle health.

Table 1. Summary of metabolomic approaches applied to bovine milk, 
highlighting analytical techniques, target metabolites, and main research 

applications reported in the scientific literature

▪ Results and discussions

➢ Metabolomic analysis of cow's milk provides a complex insight into the
biochemical dynamics that reflect the health of the animal and the
quality of the final product.

➢ The integration of NMR, LC-MS and GC-MS techniques allows the
simultaneous identification of a large number of metabolites, including
amino acids, fatty acids, sugars and organic acids, with high sensitivity
and specificity.

Figura 1. Schematic representation of the metabolomic workflow applied to bovine milk

✓ Figure 1 summarizes the workflow of metabolomics studies in the
literature, from biological sample collection and processing to
instrumental analysis and statistical interpretation of data.

✓ Metabolomics is emerging as an integrative field, capable of connecting
chemical and biological data into a coherent system for assessing
animal health and the nutritional value of milk.

▪ Conclusions

✓ The application of modern techniques (NMR, LC-MS, GC-MS) allows the
identification of biomarkers associated with physiological state, diet
and possible diseases, such as mastitis.

✓ Metabolic profiles can be used to assess the quality and authenticity of
dairy products, contributing to traceability control in the food industry.

✓ Studies in the specialized literature confirm the role of metabolomics
as an interdisciplinary field, capable of correlating chemical and
biological data for a holistic evaluation of cow's milk.

UNIVERSITY OF LIFE SCIENCES ”KING MIHAI I” FROM 

TIMISOARA

”YOUNG PEOPLE AND MULTIDISCIPLINARY RESEARCH

 IN APPLIED LIFE SCIENCES”

13-14 November, 2025

”Young people and multidisciplinary 
research in applied life sciences”

ADVANCED ANALYTICAL TECHNIQUES APPLIED IN COW MILK 
METABOLOMICS 

Adina-Mirela ARITON¹*, Silviu-Ionuț BORȘ¹, Ioana POROȘNICU¹, Vasile VINTILĂ¹,
Elena UNGUREANU2

¹Research and Development Station for Cattle Breeding Dancu, Iasi, Sos. Iasi - Ungheni No. 9, Romania
2“Ion Ionescu de la Brad” Iași University of Life Sciences,  Mihail Sadoveanu Alley, no.3, Romania

Abstract: Milk metabolomics provides a comprehensive analysis of the biochemical content of cow's milk,
revealing both the animal's physiological condition and the quality of the end product. Through the
identification and quantification of low-molecular-weight metabolites, such as amino acids, fatty acids, sugars,
and organic acids, metabolomics enables the detection of biomarkers associated with mastitis, nutritional
imbalances, and milk authenticity. The establishment of reliable metabolic profiles relies on advanced
analytical techniques, including nuclear magnetic resonance spectroscopy and liquid or gas chromatography
coupled with mass spectrometry. This study synthesizes and critically reviews recent research on bovine milk
metabolomics employing these state-of-the-art methodologies, aiming to elucidate the biochemical diversity
and metabolic complexity underlying milk composition.
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