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Introduction
The Longissimus dorsi m. of beef is highly valued by consumers and is nor-
mally aged to increase tenderness, juiciness and flavour. However the micro-
bial load may increase during aging with associated risks for meat safety and 
shelf life. Traditional techniques to monitor microbial load are time consum-
ing, require sample preparation and interpretation of results. Hyperspectral 
imaging (HSI) coupled with chemometrics is a promising non-destructive 
and rapid technique for food analysis and food safety evaluation which may 
be employed for microbial growth monitoring. The objective of this study 
was to evaluate the potential of data fusion of visible-short wave near in-
frared (V-SWNIR) and near infrared (NIR) hyperspectral images and che-
mometrics to predict bacterial growth on beef longissimus dorsi m. under 
simulated normal and abuse storage conditions.
Methods
A total of 104 samples of the Longissimus dorsi m. from 9 cattle were stored 
at 4 ºC (n=53) for two weeks and at 10 ºC (n=51) for one week. During stor-
age period, samples were scanned in the V-SWNIR-HSI (400-1000 nm) and 
the NIR-HSI (880-1720 nm) spectral range. The total viable count of bacteria 
(TVC) of all samples was determined using the standard methodology ISO 
48833-1:2013. PLS-R, low level data fusion, spectral pre-treatments and the 
enhanced Monte Carlo variable selection method (EMCVS) were used to 
predict TVC values with the HSI data obtained.
Results
The best prediction model (R2

p=0.86, RPDp=2.58, RMSEp=0.94) was ob-
tained using the EMCVS and SNV + SD spectral pre-treatments on the Vis-
NIR reflectance spectra. TVC  predicted versus actual values are presented 
in Figure 1. Spectral differences between samples at day 0 from stored sam-
ples over the spectral range 630 to 700 nm may be related to the oxidation of 
myoglobin pigments due to microbial growth and proteolytic changes during 
storage.
Conclusion
The TVC values on Longissimus dorsi m. under simulated normal and abuse 
storage conditions were predicted adequately using low level data fusion 
of V-SWNIR and NIR HSI systems. This study demonstrates the potential 
of Vis-NIR hyperspectral imaging and chemometrics as a rapid tool for the 
prediction of microbial growth on meat during storage. 
 

 
Figure 1 
Predicted vs Actual TVC values obtained using the EMCVS + SNV + SD 
on the 400 -1720 nm spectral range.
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Table 1.  
Fenalår characteristics through the elaboration process 

 
Figure 2. 
Influence of the elaboration procedure and phase temperature/duration 
on the growth rates of Listeria monocytogenes in fenalår 
(expressed as Log10 cfu/g increase per h).

 
Figure 1: 
Fenalar elaboration procedure and sampling.
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