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1. Introduction - In efforts to better understand complex bio-based raw materials, a method of 

characterising the MW of collagen chains based on rheological measurements has been investigated. It is 

well known that high MW fibrillar proteins, such as collagen, represent a real option for making advanced 

biological and structural materials(1). However, although they possess a triple helix fibrillar structure that 

confers excellent mechanical properties, it is not possible to accurately measure the size of these chains to 

design new materials. Especially when these proteins are in their native state. The difficulty lies in their 

particular sensitivity to be degraded/denatured in the presence of solvents or high temperatures. MW 

measurement techniques (size exclusion chromatography(2), electrophoresis(3), etc.) represent 

destructive methods that fragment the protein and do not give a true value of the molecular weight 

distribution (MWD). Currently, the main uses of collagen are in the food and biomedical industries, 

where low MW are required, so thermomechanical and chemical processes are applied to native collagen, 

therefore current methods of characterising are sufficient(2). However, to exploit the advantages of native 

MW in higher value-added applications (biopolymers), no suitable characterisation tool exists. The use of 

the rheometric technique to measure MW has been widely reported for conventional macromolecules(4). 

It is a method based on translating the molecular motions of individual chain segments into Gaussian 

MWD in a melt-based assay. The challenge has been to achieve the conditions of maximum molecular 

mobility of collagen in an oscillatory test, in a very narrow temperature window, avoiding damage to the 

structure. Therefore, the aim of this research has been to study how to obtain the MW in collagen by non-

destructive rheological methods with the help of Machine Learning tools. 

2. Experimental  -  Fresh bovine hides were skinned and neutralised using a process described by Lai et 

al(5). Collagen solutions at different concentrations were prepared. A Python tool based on an automated 

mathematical analysis has been programmed to correct the experimental curves and find matches in G` 

and G`` for those samples that were affected by the test parameters. The data were analysed with 

RheoWin software. Low MW collagen samples were obtained by applying thermo-mechanical shear. The 

proposed rheological method was applied to validate it with conventional measurement techniques. 

3. Results and Discussion - Figure (1a) demonstrates how the method finds a point of coincidence 

between the theorical rheological parameters G 'and G''. This occurs for all samples at the different 

temperatures used. With the theoretical curves, the master curve (1b), the relaxation spectrum (1c) and the 

MWD gaussian curve (1c) are constructed. MW between 105 and 107g/mol with narrow distributions 

were obtained. Rheological tests could only be carried out between 23 and 34°C (denaturation close to 

40°C). Determination of the MWD under stress or strain conditions is possible, provided the tests are 

within the linear range of viscoelasticity. It is necessary to work at concentrations higher than 4% w/w. 

GPC of low MW samples demonstrated the reliability of the proposed method. 
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Figure 1. Sequence of steps to apply the proposed method to obtain MWD by the rheological route 

4. Conclusions - The results obtained are promising and provide a good approximation to the quantitative 

characterisation of the MWD of native collagens and other bio-based materials. 
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