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Abstract 

The growing global population and increasing food demand require sustainable protein sources, with 
rapeseed meal emerging as a promising alternative to meat. It contains over 40% protein with a 
favorable amino acid composition. Traditionally, protein isolation relies on alkaline extraction, but 
this method can lead to protein denaturation and reduced digestibility. Therefore, alternative methods 
such as enzymatic treatment, ultrasound-assisted extraction, and deep eutectic solvents (DESs) have 
been explored. DESs are eco-friendly and biodegradable solvents that enhance protein extraction 
efficiency while preserving the native structure and functionality of proteins. 
This study compares the efficiency of two DESs (ChCl:urea and betaine:citric acid) with 
conventional alkaline extraction at pH 12 for rapeseed protein isolation, focusing on yield and 
antinutrient content. The highest yield was achieved with ALK12 (36.9%), followed by DES2 
(betaine:citric acid) at 31.3%, while DES1 (ChCl:urea) had the lowest yield (23.2%). Interestingly, 
despite its lower yield, DES1 provided the highest protein purity (95.8%), significantly surpassing 
ALK12 (86.0%) and DES2 (70.3%). These differences may be attributed to the physicochemical 
properties of the solvents, such as viscosity, polarity, and alkalinity, which influence protein 
solubilization, diffusion, and stability during extraction and precipitation. The antinutrient content 
varied depending on the extraction method. Isolates obtained with DESs contained approximately 
1.4 times more phytic acid compared to the ALK12 isolate, likely due to pH conditions favoring its 
solubility. The total phenolic content in the ALK12 isolate was nearly three times higher than in 
DES2 and almost four times higher than in DES1, indicating enhanced polyphenol extraction under 
alkaline conditions. Similarly, tannin content in the ALK12 isolate was about 1.5 times higher than 
in the DES isolates. No glucosinolates were detected in any of the isolates. 
These findings suggest that DESs represent a sustainable alternative for rapeseed protein isolation, 
with acidic formulations offering a balance between extraction efficiency and retention of 
antinutritional compounds. While ALK12 achieved the highest yield, DESs provide environmental 
benefits and better protein structure preservation, making them promising candidates for advancing 
plant protein extraction technology. 
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