NMR: Enabling technology in sustainable protein production
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Abstract

Biotechnological approaches are increasingly recognized as key enablers of sustainable food production
and circular bioeconomy solutions. Among these, enzymatic protein hydrolysis (EPH) and cultured meat
(CM) production have emerged as promising technologies for generating high-value protein ingredients
while improving resource utilization. Effective process monitoring is essential in both applications to ensure
process control, product quality, and operational efficiency. Nuclear Magnetic Resonance (NMR)
spectroscopy offers a versatile analytical platform capable of providing information-rich measurements of
complex biological systems. This study demonstrates the potential of 1H NMR spectroscopy as a process
analytical technology (PAT) tool for monitoring and optimizing both cultured meat production and
enzymatic protein hydrolysis. In the first study, 1H NMR spectroscopy (400 MHz) was applied to monitor
spent culture media from laboratory-scale bovine cell cultivation experiments designed to evaluate
alternatives to fetal bovine serum (FBS). NMR analysis enabled simultaneous quantification of nutrient
consumption and metabolite formation throughout the cultivation process. Key nutrients, including glucose,
pyruvate, and free amino acids, were monitored alongside metabolites such as lactate, acetate, and formate.
The resulting metabolic profiles provided insights into cellular activity and culture performance. Data
interpretation was supported using both direct spectral integration and multivariate modeling approaches,
including partial least squares (PLS) regression, enabling quantitative assessment of process dynamics. The
second study examined the application of 1H NMR spectroscopy for monitoring enzymatic hydrolysis of
poultry by-products. A total of 108 hydrolysate samples were analyzed, covering a full factorial
experimental design where hydrolysis time, enzyme concentration, and temperature were systematically
varied. NMR fingerprints captured changes in the molecular composition of hydrolysates and enabled
detailed investigation of the effects of processing conditions on protein degradation and amino acid release.
In addition, multivariate regression models based on NMR spectra were developed to predict key product
quality attributes, including average molecular weight, demonstrating the capability of NMR to provide
reliable estimates of hydrolysis performance. Collectively, these studies highlight the broad applicability of
NMR spectroscopy for monitoring complex biotechnological processes. In cultured meat production, NMR
facilitated tracking of nutrient utilization and accumulation of metabolic by-products, providing
information relevant for process control and optimization. In enzymatic protein hydrolysis, NMR enabled
assessment of protein degradation and prediction of critical quality parameters. The results demonstrate that
NMR-based metabolite and fingerprint analysis can serve as a powerful technology, supporting enhanced
process understanding, monitoring, and optimization in emerging sustainable food biotechnologies.



Referencer

1. Aspevik T. et al., Top Curr Chem, 2017, 375:53. 2. Post M. et al., Nature Food, 2020, 1, 403. 3. Wubshet G. et
al., Proteins: Sustainable Source, Processing and Applications, Academic Press, 2019, Vol. 8, pp. 225-258.



