
Savitzky– Golay 1st 

derivative 
slope offset RMSE R2

FTIR

Training (n= 95) 0.84 0.84 0.58 0.84

Cross-

validationa
0.79 1.15 1.00 0.74

Test (n=37) 0.90 0.67 0.99 0.77

R²: coefficient of determination; RMSE: root mean square error.
a: Leave-one-out cross-validation.

SNV slope offset RMSE R2

MSI

Training (n=95) 0.77 1.24 0.92 0.77

Cross-

validationa
0.73 1.48 1.10 0.66

Test (n= 37) 0.72 1.48 0.91 0.80
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CONCLUSIONS

The data derived from MSI had slightly better performances than the models derived from FTIR. The spectroscopy-

based sensors evaluated in the present study seem to give promising results regarding the estimation of the

microbial quality of minced beef.

RESULTS

❖ Sensors showed good performance with RMSE of

prediction for the test set being less than 1 log

CFU/g (MSI: 0.91, FTIR: 0.99) and R2 being

0.80, 0.77 for MSI and FTIR data, respectively.

❖When PLS-R was applied on FTIR and MSI data,

65% and 78% of the TVC counts were in the

range of +/- 1.0 log unit, respectively (Figure 1).

INTRODUCTION

The limitations of traditional microbiological analysis (e.g., retrospective results) could be overcome by

the development of spectroscopic-based sensors coupled with multivariate data analysis for the

estimation of microbiological quality. The latent have been deeply studied due to their properties, such

as speed, low cost and non-destructive character. The aim of this work was the prediction of the

microbiological quality of minced beef using Fourier transform infrared (FTIR) spectroscopy and

multispectral imaging (MSI).

METHODS

Experimental set up: Minced beef patties were stored at 0, 4, 8, and 12 °C. Duplicate samples for a maximum of 9 days were subjected

to conventional microbiological analysis (i.e., plate count method) for the enumeration of total viable counts (TVC) in parallel to the

acquisition of spectral data (FTIR, MSI). Data analysis: The acquired spectral data were pre-processed using Standard Normal Variate

(SNV), Savitzky–Golay derivatives in order to improve their quality and eliminate noise for the prediction of TVC. Partial least squares

regression (PLS-R) models were developed for each sensor and evaluated using the chemometric software Unscrambler® ver. 9.7.
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PREDICTION OF

TVCTable 1. Performance metrics of the PLS-R models correlating TVC

microbial populations in minced beef samples of FTIR and MSI data.

Figure 1. Comparison between the observed and predicted TVC values by the PLS-R models based on the FTIR spectral data (a) and

the MSI data (b) of minced beef for the training (blue symbols, 95 samples) and the testing (orange symbols, 37 samples) data sets

(dashed black line: the equity y=x line; dashed orange lines: the ± 1 log unit area).

a b

R²: coefficient of determination; RMSE: root mean squared error.
a: Leave-one-out cross-validation.


