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Reaction monitoring with the 
Virsa™ Raman analyser

The biopharmaceutical manufacturing industry can benefit from systematic studies to reduce production costs and 
guarantee product quality. In-situ monitoring of the nutrient and metabolite concentrations provides continuous 
feedback so that experimental conditions can be optimised in real time. If the status of the reaction is measured 
continuously, then the process can be terminated immediately at a pre-defined reactant or product concentration.

The main challenge when monitoring reactions is to avoid disturbing the process itself. Raman spectroscopy is not 
harmful to living systems, can extract chemical information from reaction mixtures in situ, and is not impeded by 
water, enabling analysis in aqueous solutions. The technique is rapid and capable of quantitatively monitoring the 
concentrations of reactants and products.

In this application note, we demonstrate the monitoring of fermentation of glucose to ethanol and carbon dioxide by 
yeast in real time, using the Virsa™ Raman analyser.
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Collecting Raman data and model creation
We coupled an immersion fibre-optic Raman probe to a Virsa analyser. The Virsa analyser is optimised for process 
monitoring applications and can be operated in both laboratory and industrial environments. It is compatible with a 
range of fibre-optic probes and supports multiple laser wavelengths. In this experiment, we used 785 nm excitation to 
minimise the autofluorescence background from live yeast. 

For the calibration model, spectra were collected from 50 ml samples of aqueous glucose solutions with 
concentrations ranging from 0 to 50 g/l, and yeast at 5 g/l. Five spectra from each calibration sample were collected 
over the spectral range 800 cm-1 to 1500 cm-1, with an exposure time of 120 seconds. The averaged Raman spectra 
for each glucose concentration are shown in Fig 2. 

Figure 1. Reference Raman spectra for glucose and ethanol. Raman bands that provide optimal specificity 
are highlighted.

Requirements for monitoring
Monitoring concentration changes during 
biopharmaceutical processing requires prior Raman 
analysis of each chemical to determine detection limits 
and to optimise experimental parameters. Glucose (a 
reactant) and ethanol (a product) have strong Raman 
bands at 1125 cm-1 and 880 cm-1 respectively (Fig. 1), 
with minimal spectral overlap between the two. 

Typically, the intensities of Raman bands vary linearly 
with concentration changes, so calibration models can 
be generated to quantify this relationship. Renishaw’s 
WiRE™ software calculates a robust partial least squares 
(PLS) calibration model from the Raman spectra of 
known concentrations of glucose in water.
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Figure 3. Fermentation process using the Virsa anlyser.

During fermentation, spectra were 
collected every 30 minutes over an 
18.5-hour period from a 200 mL mixture 
of glucose (50 g/L), water and yeast (5 
g/L). An exposure time of 120 seconds 
was used, with a power of 90 mW at the 
sample. The spectral region of interest 
was 800 cm-1 to 1500 cm-1 to capture both 
key glucose and ethanol peaks. 

The collected spectra were continually 
predicted from the PLS model using 
Renishaw’s Monitor™ software module. 
This enabled real-time monitoring of the 
ongoing fermentation reaction, providing 
quantitative information about glucose 
concentration.

Figure 2. Raman spectra for glucose calibration. The glucose peak at 1125 cm-1 is  highlighted.
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Fermentation 
monitoring
Over the 18.5-hour experiment, the 
glucose peak reduced in intensity, whilst 
the ethanol peak increased in intensity 
(Fig. 5). This indicated that the yeast was 
metabolising the glucose and converting 
it to ethanol and carbon dioxide. The 
PLS model, targeted around the 1125 
cm-1 peak, monitored the change in 
glucose concentration throughout the 
reaction. The Monitor module predicted 
the glucose concentration in real time 
(Fig. 4). The initial concentration of 50 g/L 
was reduced to ~4 g/L by the end of the 
reaction (Fig. 6).

Figure 5. Raman spectra collected during the fermentation reaction (one spectrum collected every 30 
minutes over 18.5 hours). The highlighted peak at 1125 cm-1 shows the decrease in glucose concentration.

Figure 4. Renishaw Monitor™ software module. The top panel 
shows the concentration change over the first 4 hours of the 
18.5 hour experiment. The lower panel shows the most recently 
collected Raman spectrum.
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Figure 6. Overall change in glucose (black) and ethanol (red) concentration during the 18.5 hour 
fermentation process.

Conclusion
The Virsa Raman analyser can monitor in real time the 
concentration of reactant and products during a fermentation 
process using a Raman immersion probe and multivariate 
modelling software.

This valuable in-situ information on the reaction progress 
enables precise control and optimisation of the biomanufacturing 
conditions. You can also determine in real time the reaction end 
points and terminate reactions as soon as the optimal end point 
is reached.  

The Virsa Raman analyser is optimised to be a part of a 
process analytical technology (PAT) framework for 
biopharmaceutical manufacturing. It is compatible with a range of 
fibre-optic probes, for easy in-situ sampling from most chemical 
reactors. The Virsa analyser is robust and portable by design, so 
it can be quickly moved between laboratory, pilot and full-scale 
production facilities.
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