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1. PHD PROJECT DESCRIPTION (4000 characters max., including the aims and workplan) 

 
Project title: Development of methodology for a comprehensive analysis of biocolloids and their application 

in dairy industry 

1.1.Project goals aimed at development of an innovative approaches for the analysis and production of functional 

dairy products such as butter and cheese with increased spectrum of health-promoting properties. The innovative 

ingredients of these products will include the natural whey proteins, their complexes with trace metals important for 

the proper functioning of the body and probiotic microorganisms capable of biosynthesis of biologically active 

compounds. The need to manage dairy waste such as whey, which is generated in the production of cheese and caseins, 

forces scientists and entrepreneurs to look for new technological solutions. The first step includes basic study of the 

nature, stability, volatile compounds and other features of whey. Then, metal complexes using d-electron metals (e.g. 

iron, zinc) and proteins isolated from whey will be produced, which is a new and desirable technological solution. Such 

metal composites have potential for the production of a new generation of functional food. During the project 

implementation, a method of whey purification will also be developed. Subsequently the preparations with newly 

synthesized metal-protein complexes and fortified with probiotic bacteria will be developed. It is expected that such 

preparations will support the bioavalability of essential trace metal. Moreover, the final product potentially will have 

antioxidant, anticarcinogenic and bactericidal properties.  

1.2. Outline 

 The d-electron metal ions (dMI) such as Zn and Fe are important modulators of many biological 

processes. dMI are essential for nearly all aspects of metabolism in almost each biochemical process as they 

are required as cofactors for the proper enzyme activity [1-2]. Besides, metal ions participate in the wounds 

healing, hormones production or maintaining normal levels of vitamins [3-5]. Dysfunction of metal 

concentration in living organism is associated with a wide variety of diseases including cancer, infectious 

diseases, and neurodegenerative disorders. Despite the wide array of theoretical knowledge about metal - 

protein binding, a specially whey protein, processes occurring at interfaces is inadequately discussed in 

literature. For instance, the resulting effects of metal-protein interaction with nanoparticle /nanocomposite 

formation or protein aggregation are often undervalued. Thus, there is an unmet need for their 

comprehensive characterization. Moreover, the study on the interaction of transition metals like Zn and Fe 

with proteins is required, as they play important role in proper organism functioning and might have high 

application potential in dairy industry for production of value-added products [6].  

Scientific research shows that dairy products such as butter or cheese can be a source of health-promoting 

compounds such as vitamins [7]. Currently, the deficiency of vitamin is a big problem, among others D3, which 
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requires its additional supplementation. Dairy products are an excellent carrier of the biologically active 

compounds (i.e. vitamins). However, there is little knowledge about the possibility of the microorganisms in 

the synthesis of vitamin D3 during fermentation in dairy products, e.g. the process conditions, in particular 

the microorganism dosage and distribution in the raw material. For human health, the supplementation with 

adequate amount of vitamins and other micronutrients (e.g. Zn and Fe) is equally important. Their presence 

is essential for proper growth and development, sexual maturation, building the body's resistance, cell 

differentiation, tissue regeneration and wound healing. Enriching of dairy products with zinc in the form of 

metal-protein complexes is an innovative approach. Still, the interaction of zinc with biomolecules such as 

proteins - one of the most important issues, which should be taken into account and thus attracts increasing 

interest in the field of chemistry and biomedicine.  

1.3. Work plan will be realized according to main research task: 

 development of methodology for preparative isolation of protein material from sweet and acid whey 

 isolation and cultivation of microorganisms from sweet and acid whey capable of vitamin D 

biosynthesis 

 synthesis of a biologically active preparations with utilization metal ions, proteins and bacterial cells  

 analysis of the physicochemical and biological properties of the obtained preparations by separation 

(SDS-PAGE, LC-MS, GC-MS, LDI) and other instrumental techniques (FTIR, SERS, UV-VIS) 

 formulation of a prototype of food products (e.g. butter, cheese) in cooperation with dairy factory 

with the addition of metal complexes and bacterial isolates capable of biosynthesis of vitamin D3.  
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1.5. Required initial knowledge and skills of the PhD candidate 

PhD candidate should be skilful and have creative thinking, familiar with the separation (SDS-PAGE, LC-MS, 

GC-MS, LDI) and other instrumental techniques (FTIR, SERS, UV-VIS). Candidate should also have experience 

in microorganisms isolation, culturing and identification. The experience in the sample preparation and 

analysis with utilization of LDI-TOF MS technique is also required. Knowledge in field of nanomaterials 

synthesis will be highly honoured. The knowledge and skills connected to the utilization of software for data 

processing and microorganisms identification by LDI-TOF MS technique, e.g. FlexAnalysis, FlexControl, and 

MALDI Biotyper will be favoured.  

1.6. Expected development of the PhD candidate’s knowledge and skills 

PhD candidate will gain knowledge and skills in field of microbiology, analytical chemistry and dairy science. 

Candidate will get specialized knowledge in microbial identification, metal-protein complex synthesis and 

their physicochemical characterization by separation and other instrumental techniques.  

Moreover, the skills of analytical and statistical data processing will be developed during PhD study. During 

the study student will be able to present obtained data in form of high-impact factor publication. Moreover, 

the possibility to present posters and oral presentations at domestic and international conferences will be 

ensured. As part of the PhD project, it is planned to develop new technological solutions with a high level of 

creativity, legally protected by a patent. 

 
  




