
This study shows a feasibility assessment to use CLADE  MIRA Analyzer as a rapid and
reliable method for screening and detection of sorbitol adulterants at low concentrations.
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Rapid detection of sorbitol adulteration 
with MIR/FTIR spectroscopy

Introduction
Sorbitol is used in biopharma products as a formulation excipient, stabilizer, tonicity
modifier and sweetener. Sorbitol may be vulnerable to adulteration with lower-cost glycols
ethylene glycol (EG) and diethylene glycol (DEG). 
In order to prevent QC risks, analytical teams require quick and easy methods to detect
these contaminants, even when present at very low concentrations. The specifications for
sorbitol require a maximum allowable concentration of 0.1% for the sum of EG and DEG.

In this study, we assessed the feasibility of using MIR/FTIR spectroscopy to detect low levels
of EG and DEG in sorbitol samples.

Experimental details
Step 1 – Establish a sorbitol working range for this study
In this pre-test, we used CLADE  MIRA Analyzer to analyse sorbitol samples at 7 different
concentrations (Figure 1). Each individual measurement took 4 minutes and delivered a
full chemical fingerprint of the sample.
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Figure 1. Mid-IR FTIR spectra of sorbitol samples with varying sorbitol concentration (ranging from 100
mg/mL to 700 mg/mL).



In order to model the relationship between the high-dimensional spectral data and our
target variable (concentration), we performed Partial Least Squares (PLS) regression. This
multivariate analysis enabled us to obtain a robust calibration.

Step 2 – Spectra of analytes
We measured spectra of 3 analytes included in this study: sorbitol, ethylene glycol (EG)
and diethylene glycol (DEG) (Figure 3). We can observe that each analyte has its own
spectral pattern, which supports feasibility for EG/DEG detection in sorbitol samples. 

In Figure 2 we show the PLS regression
of predicted versus reference sorbitol
concentration, which gave a very good R2
close to 1. 

We also calculated RMSE (root mean
square error) and MAPE (mean absolute
percentage error) values. 

These are well established parameters to
express the accuracy of the PLS model.
Low RMSE and MAPE values indicate the
good performance of these models.

Taken together, these results report on high accuracy, linearity, and predictive reliability
of this calibration model.

Figure 2. The PLS regression of predicted vs
reference sorbitol concentration. Key: MAPEC - the
mean absolute percentage error of calibration.
RMSEC - the root mean square error of calibration.

Based on the trade-off between spectral signal and liquid-handling robustness, 500
mg/mL was selected for the EG/DEG feasibility DoE.

While measuring the 7 sorbitol samples, we noted that higher sorbitol concentrations
produced higher injection pressure, which is consistent with increased viscosity. 



Sample EG [%] EG [mg/mL] DEG [%] DEG [mg/mL] Sum EG+DEG
[%]

Sorbitol_DoE_01 0 0 0 0 0

Sorbitol_DoE_02 0.075 0.375 0.075 0.375 0.15

Sorbitol_DoE_03 0.15 0.75 0 0 0.15

Sorbitol_DoE_04 0 0 0.15 0.75 0.15

Sorbitol_DoE_05 0.05 0.25 0.05 0.25 0.1

Sorbitol_DoE_06 0.1 0.5 0 0 0.1

Sorbitol_DoE_07 0 0 0.1 0.5 0.1

Sorbitol_DoE_08 0.025 0.125 0.025 0.125 0.05

Sorbitol_DoE_09 0.05 0.25 0 0 0.05

Sorbitol_DoE_10 0 0 0.05 0.25 0.05

To evaluate the feasibility of low concentration EG/DEG detection in sorbitol mixtures, we
measured a set of samples with constant sorbitol concentration (500 mg/ml) and varied
concentrations of ethylene glycol and diethylene glycol (sum) between 0 and 0.15% (Table 1). 
All samples were measured in sets of 5 replicates.

Table 1. Breakdown of sample composition for 10 sorbitol/EG/DEG mixtures used in this study.

Figure 3. FTIR/MIR spectra of sorbitol, ethylene glycol (EG) and diethylene glycol (DEG).

Step 3 – Feasibility DoE



The DoE of mixtures were analysed with the CLADE  MIRA Analyzer (4 min run
time/measurement). 
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The acquired spectra of mixtures show the characteristic sorbitol profile (Figure 4).  

Figure 4. Overlay of 10 spectra obtained from measurements of 10 mixtures for this DoE.

The EG+DEG information is represented in the spectra, but it requires multivariate
analysis to extract it from the high-concentration sorbitol background.

In order to visualise the differences between the sample, we performed Principle
Component Analysis (PCA).

Step 4 – Principle Component Analysis (PCA) to visualise sample differences

We performed PCA analysis to evaluate the spectral differences (spectra variance) in the
above dataset.  

In order to remove variance in sorbitol concentration from sample preparation, we initially
normalized spectra via SNV (Standard Normal Variate). Then, we performed Principle
Component Analysis (PCA) with normalized spectra. 

The results (Figure 5) show a clear separation of a sample without EG/DEG (DoE_01) and
samples with low EG/DEG at 0.05% EG/DEG (DoE_08, Doe_09, DoE_10) as well as samples
with higher EG/DEG concentration at 0.1 – 0.15% EG/DEG. 



Figure 5. PCA Analysis of normalised spectra containing mixtures of sorbitol, EG and DEG.

This confirms that spectral information on EG/DEG presence in sorbitol mixture samples
can be detected with this method.

Step 5 – Partial Least Squares Regression (PLS) to predict EG and DEG
concentrations
We calibrated PLS models using the DoE
samples described in Table 1 to predict the
concentrations of EG and DEG in sorbitol
samples.

The results and performance of the PLS
models for EG and DEG and shown in Figure
6 and Figure 7, respectively. 

The PLS models predict the concentration
of EG and DEG and the plots show the
calculated ratio of EG and DEG in sorbitol,
based on the weights from sample
preparation. 

For EG and DEG we have a good accuracy
expressed in low values for MAE (mean
absolute error) and RMSE (root mean square
error), a low LOQ (limit of quantification)
and a very good R2 close to 1.

Figure 6. Predicted vs. Reference plot of the PLS
model for EG prediction.



Figure 7. Predicted vs. Reference plot of the PLS model
for DEG prediction

Figure 8. Predicted vs. Reference plot of EG and DEG
sum

These results validate the feasibility to use the CLADE  MIRA Analyzer and multivariate
data analysis to check for adulteration of sorbitol with ethylene glycol (EG) and diethylene
glycol (DEG), even when EG/DEG are present at low concentrations. 
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In summary, CLADE  MIRA Analyzer is a suitable method for rapid and easy checks on
sorbitol samples to detect possible adulteration or contamination with EG/DEG.
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Conclusion

Figure 8 shows the sum ratio of EG and DEG and allows the evaluation whether the
specified limit for EG and DEG of 0.1 % is exceeded or not, with low error values (MAE and
RMSE) and a very good R2.

This demonstrates a very good performance of the models and confirms the suitability of
the MIRA Analyzer to be used for the detection and quantification of EG and DEG in
sorbitol.

Contact us 
to discuss your application with an expert! 

Email: sales@clade.io 
Tel: +49 176 126 67 006 
Website: https://clade.io/ 

CLADE GmbH, Schelztorstraße 54-56, 73728 Esslingen am Neckar, Germany
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