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Parmigiano Reggiano (PR) cheese is a long-ripened hard cheese made in Northern Italy 
registered as a Protected Designation of Origin (PDO) in the European Union. PR is a well- known 
product for its high content of nutrients and taste. It is present on the market essentially in two 
formats: trimmed pieces and grated cheeses. When faced with a shortfall of demand of trimmed 
methods, sales of grated PR have increased by 5.2% [1]. Grated cheese must account specific 
technical parameters, as established in the procedural guideline [2]. They are inter alia: minimum 12 
months of ripening, less than 25% of particles having diameter less than 0.5 mm, and a quantity of 
rind less than 18% (w/w). However, it can happen that this limit can be exceeded because of process 
issues (e.g., mixing errors) or fraudulent reasons. This, together with the increase in sales, is the 
main reason why our attention focused on this kind of product.  

In this work, grated PR samples were analyzed by a sensors system with 8 MOX gas sensors 
inside. Six of them were produced at Sensor Laboratory (University of Brescia, Italy). Three of them 
were nanowires of MOX (two were tin oxides nanowires sensors using a gold catalyst on the 
alumina substrate and functionalizing one of them with gold clusters; the third sensor had an active 
layer of copper oxide nanowires). The other three sensors are prepared with Rheotaxial Growth and 
Thermal Oxidation (RGTO) thin film technology (one tin oxide functionalized with gold clusters, two 
pure tin oxide). The last two are commercial MOX sensors produced by Figaro Engineering Inc. 
(TGS2611 and TGS2602). Headspace of different types of grated PR cheese were analyzed, totalling 
452 samples; all of them were provided by Consorzio del Formaggio Parmigiano Reggiano (CFPR). 
Three characteristic parameters were taken into account: ripening degree (12 months or 24 months), 
rind working process (i.e., brushed or washed) and rind percentage (lower than 18%, between 18% 
and 26%, higher than 26%). Sensors’ resistances were recorded and their maximum variations for 
each measure were extracted as features. Data were analyzed using artificial neural networks 
(ANNs) as classifiers. Given the complexity of the problem due to the different considered variables 
of the grated PR, a hierarchical approach has been used [3]. The problem was divided in three steps: 
recognition of ripening degree; then, distinction of rind working process; finally, identification of 
rind percentage. For each step, a different number of ANNs was used: at the beginning, one ANN 
sorted samples in 12 months or 24 months classes; in the second step, two ANNs (one for each of the 
two classes of the previous step) classify the rind working process; at the end, four networks 
recognize rind percentage in three classes: lower than 18%, between 18% and 26% and higher than 
26%. ANNs were trained until they reached the higher classification rate. Results are shown in 
Table 1. Sensors’ array is able to recognize correctly all the samples in 5 out of 7 tasks. However, 
most misclassified samples are those with 12 months ripening and washed rind and this could be 
caused by higher quantity of humidity that characterizes these samples. 
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Table 1. Classification rates of ANNs for each step. 

STEP 1 STEP 2 STEP 3 

Ripening 
(12 months vs. 24 

months) 
98.89% 

Rind working 
process for 12 

months 
Samples 

(Washed vs. 
Brushed) 

100% 

Rind percentage 
(12 months 

washed) 
73.33% 

Rind percentage 
(12 months 
brushed) 

100% 

Rind working 
process for 24 

months 
samples 

(Washed vs. 
Brushed) 

100% 

Rind percentage 
(24 months 

washed) 
100% 

Rind percentage 
(24 months 
brushed) 

100% 
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