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Furthermore, the prevalence of Sarcocystis spp. was 
easily assessed by histology, suggesting considerable 
concerns in this regard. Our study reveals a high 
substitution rate and insufficient or improper 
labelling in minced meat and meat products sold 
on the different chain supermarket in Italy without 
a significant association with the groups. Overall 
trends indicate that cheaper species can be mixed 
with more expensive species for economic purposes 
although unintentional cross contamination in the 
processing procedures may occur.

The rate of mislabeling in the present study 
was 25.7% which is slightly higher than a recent 
study conducted in U.S. which reports the 21% 
of mislabeling rate for ground meats (Kane and 
Hellberg 2015). Another study carried out in Istanbul 
reported a 53.4% of samples of meat and meat 
products incorrectly labelled (Özpinar et al. 2013). 

The reasons for the presence of DNA of undeclared 
species could be either the deliberate introduction 
of meat from other species in order to commit a 
fraud or the consequence of a cross‑contamination 
in the production chain. DNA microarray method 
used in the present study is essentially qualitative 
but the manufacturer declares that the signal 
intensity, given by the DNA probe hybridization, is 
somehow proportional to the amount of DNA in 
the sample. The majority of non‑compliant samples 
showed a weak signal, probably explainable with 
unintentional cross‑contamination, but 7 samples 
had a very strong signal: all of them were minced 
meat and five of them were prepared directly at 
selling points. This finding shows that a particular 
attention should be paid by controllers to minced 
meat prepared in small production sites belonging 
to shops and supermarkets: in these sites there could 
be a higher risk of contamination either intentional, 
to get rid of leftover meat, or unintentional, due to 
very poor cleaning procedures, giving rise to heavy 
contamination loads. 

The histological technique based on light 

bacteria and inflammatory cells in at least 1 out 
5  slides, without revealing a significant association 
between the findings and the groups.

Examination of histological sections revealed 
the presence of at least one parasite in one slide 
per sample (Figure 1D), which were identified as 
Sarcocystis, in 40 (83.3%) out of 48 samples of Group 
1 and 26 (49.1%) out of 53 samples of Group  2, 
revealing a statistically significant association 
(p  <  0.01) of the finding with the groups, with the 
highest incidence in the Group 1. 

The number and distribution of the positive 
slides in the two groups is reported in Figure 2D. 
Inflammation was not detected along with parasites 
in the positive samples. 

Discussion 
Due to the rising awareness of the public health 
and lifestyle improvement, consumers pay more 
attention to quality and safety of meat. On the other 
hand, high importance of a clear and trustworthy 
identity of the species in meat products has become 
important due to economic, safety and religious 
issues. 

Analytical methods are applicable based on different 
types of fraud, but it seems that there is not a perfect 
analytical tool able to provide an answer for all the 
existing problems. Each single technique has its own 
characteristics and individual limitations, particularly 
in minced and homogenised meat, where animal 
tissues may occasionally be mixed with various 
ingredients. Recently, to strengthen analytical 
methods, some multivariate techniques have been 
suggested to be more effective to determine meat 
authenticity as reviewed by Vlachos and colleagues 
(Vlachos et al. 2016). 

In this survey the histological analysis allowed to 
detect specific tissues, sometimes unwanted, as well 
as to identify various microorganisms, inflammation 
and other ingredients in different meat products. 
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Figure 3. A. Bacterial cells detected in the two groups (mean scores), p < 0.01. B. Inflammatory cells detected in the two groups (mean scores), p < 0.01.


