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TIPOLOGIA DI BORSA RICEVUTA: ____________________________________________________________ 
 
TIPOLOGIA DI RELAZIONE (es.: metà periodo o finale): __________________________________________ 
 
TITOLO DELLA RELAZIONE: _________________________________________________________________ 

_______________________________________________________________________________________ 

 

RELAZIONE:  
 

Background  

It is well recognized that a healthy diet is one of the first recommended nutrition interventions for the 

prevention of aged-related chronic diseases1. Mediterranean diet, rich in vegetables, cereals,  legumes, and 

with a low content of saturated fatty acids and sugars, is often suggested to avert the risk of cardiovascular 

and metabolic diseases2. In light of this, the integration of plant-based alternatives to meat and dairy foods 

in the diet has been recently implemented3. Nevertheless, plant-based foods, especially those highly 

processed to mimic the texture and flavor of animal-derived foods, although considered healthier, may be 

more susceptible to the threat posed by the Maillard reaction. Maillard reaction is one inevitable reaction 

that takes place during food processing and confers specific flavor and color to food. However, some 

Maillard reaction products (MRPs), such as acrylamide, hydroxymethylfurfural (HMF), -dicarbonyl 

compounds and Advanced Glycation-End products (AGEs), represent a potential threat for human health 

when ingested with diet. The accumulation of these compounds has been indeed linked to many chronic 

diseases including diabetes, atherosclerosis, cancer, and neurodegenerative diseases4–7. In our latest work, 

we demonstrated that in aged mice a high oral intake of Methylglyoxal, one of the main precursors of 
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AGEs, can induce alterations in the brain and might establish an environment predisposing to AD-like 

pathological condition8. 

MRPs formation can occur greatly in animal-derived foods that are high in fat, protein, and sugar, such as 

meat or milk. These foods are prone to MRPs formation as they can be subjected to cooking or thermal 

treatments, thus allowing their consumption and ensuring an extended shelf life9,10. Numerous studies have 

been already undertaken over the years to assess the safety of animal-derived foods in terms of their 

content of MRPs11. However, plant-based foods are also processed by various techniques during their 

production from harvesting of the plants until packaging, yet very little is known so far about the formation 

of MRPs in these kinds of products12. For example, a study recently showed that glycation of plant proteins 

takes place in plants due to their photosynthetic metabolism and their proteome is continually subjected to 

glycation, resulting in early glycation adducts and AGEs13. Moreover, plant proteins have different amino 

acid profiles compared to animal proteins14, therefore the susceptibility to MRPs formation can differ. 

Considering these differences when compared to animal-based foods, it has become really important to 

analyze how MRPs formation occurs in plant-based foods. Therefore, in order to accurately evaluate the 

impact of these compounds on human health, proper identification and quantification of MRPs in plant-

based foods are indispensable.  

Goals of the project  

This project represents a starting point to investigate the possible presence of harmful MRPs in food of 

plant origin. In the context of nutritional intervention for the prevention of chronic diseases, the novelty of 

this research approach is to highlight aspects of food that are still little considered.  

In particular, this project aims at evaluating how food production and manipulation can affect the content 

of MRPs in different plant-based foods, in comparison with the animal correspondents. Consequently, new 

strategies to decrease their formation in food could be identified in order to update regulations that can be 

applied during production, manipulation, and thermal processes with the final goal to obtain plant-based 

foods with high safety standards. 

To study the MRPs content in different animal- and plant–based foods, we are employing specific analytical 

techniques. For this purpose, I am working on this project in collaboration with the University of 

Copenhagen at the Department of Food Science and under the supervision of Marianne Nissen Lund and 

Halise Gül Akillioglu. Lund group has extensive expertise in the analysis and study of food protein 

modifications and MRPs formation 15–17. 

Experimental design and methodologies 

The characterization of the MRPs profile is performed on several kinds of traditional and plant-based meat 

alternatives as well as in different types of traditional and plant-based milk. 
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In these first 3 months, most of the experiments were focused on sample preparation. This allowed me to 

learn many different techniques in food manipulation for their subsequent analytical analysis. In more 

detail, both traditional and plant-based meat samples have been cooked with three different heating 

methods (baking, frying and grilling) and finely chopped in a food processor. For dairy products, milks and 

plant-based drinks have been freeze-dried for 96h. For all these samples, dry matter and protein content 

have been established.  

After these initial steps, both meat (36 samples) and dairy products (12 samples) were hydrolyzed with a 

microwave-assisted hydrolysis protocol and for each sample, two technical replicates were processed. The 

hydrolysis protocol used was previously established by the hosting lab15, providing not only a comparable 

hydrolysis efficiency to conventional acid hydrolysis but also a faster sample preparation. In more detail, 

samples were hydrolyzed by microwave heating at 150°C for 1 min followed by 10 min at 165°C using a 

Biotage Initiator + microwave synthesizer. Hydrolysate (500 μL) was evaporated to dryness by using a 

centrifugal vacuum concentrator and the residue was dissolved in equal volume of Milli-Q water, mixed 

vigorously and filtered through 0.22 μm nylon filters.  

Clear filtrate will be analyzed after proper dilutions in terms of their i) total amino acid content with high-

performance liquid chromatography with a fluorescence detector (HPLC-FLD), ii) AGEs content with Liquid 

Chromatography with tandem mass spectrometry (LC-MS/MS) and iii) N-Ɛ-(carboxymethyl)lysine 

concentration with HPLC or LC-MC/MS analysis. For this latter analysis, samples have been firstly reduced 

by using 1 M sodium borohydride (in 0.1 M NaOH) and hydrolyzed afterward in the same microwave oven 

as described above. Fresh food extracts will be prepared for the determination of the content of:  i) HMF 

and furfural with HPLC with diode-array detection (HPLC-DAD), ii) acrylamide with LC-MS/MS, iii)  -

dicarbonyl compounds by derivatization with o-phenylenediamine and subsequent separation and 

detection of the corresponding quinoxalines with liquid chromatography and UV detection and finally iv) 

free amino acids with HPLC-FLD. 

 

Scientific impact of the research   

Plant-based food alternatives are usually associated with a healthier diet but there are still many unknowns 

about the safety of these products. The outcomes of the project will help to fill the gap of knowledge 

regarding the safety of plant-based foods and shed light on how MRPs formation occurs during processing, 

storage, and cooking. 

The acquired knowledge from this project will also open new lines of research, such as i) identifying new 

strategies to avoid or at least reduce MRPs formation in foods and ii) better understanding the mechanism 

of action of the dietary MRPs at biological levels.  
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La Società Italiana di Farmacologia dichiara che i dati personali comunicati dall’utente sono trattati in 

conformità alle disposizioni del D. Lgs. 196/2003, così come modificato dal D. Lgs. 101/2018, ed alla 

normativa comunitaria (Regolamento UE 2016/679) secondo quanto indicato specificamente 

nell’informativa privacy reperibile sul sito internet della Società all’indirizzo: https://sif-

website.s3.amazonaws.com/uploads/attachment/file/240/Informativa_Privacy_SIF_Generica.pdf che 

l’utente, con la sottoscrizione del presente Contratto, dichiara di aver compiutamente visionato, compreso 

e accettato. 
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