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This PhD thesis research project is aimed to investigate microbial population in complex ecosystems such as 
fermented foods by using culture independent approaches. In this context already adopted techniques, such as 
LH-PCR and FISH will be strengthened; moreover enumeration of total viable microorganisms present in 
fermented diary products by using a novel multiplex quantitative reverse-transcription PCR (qRT-PCR) analysis 
will be performed. A multiplex strategy to simultaneously quantify different lactic acid bacteria in a 
heterogeneous microflora will be considered. 

Valutazione della presenza, vitalità e attività dei microrganismi negli alimenti mediante 
tecniche di non coltivabilità 

Questo progetto di tesi di dottorato ha lo scopo di valutare la popolazione microbica in ecosistemi complessi 
quali gli alimenti fermentati sfruttando un approccio culture independent. In questo contesto saranno migliorate 
tecniche già adottate, come la FISH e la LH-PCR; inoltre saranno quantificati i microrganismi vitali totali 
presenti in prodotti lattiero-caseari fermentati utilizzando un’innovativa analisi quantitativa mediante 
retotrascrizione-PCR multiplex. Sarà considerata una strategia multiplex per quantificare simultaneamente 
differenti specie di batteri lattici all’interno di una microflora eterogenea.   

1. State-of-the-Art 

Foods are complex ecosystems composed of the environment and the organisms that live in it. Microbial 
population in foods, in particular fermented foods, are normally constituted by many different species that have 
markedly different growth requirements and come from different sources. As microorganisms are extremely 
diverse and highly dynamic, it is not surprising that the many different types of microbial species present in food 
exist in a number of physiological states that possess different requirements for survival and growth (Dolan et 
al., 2009).  
Culture-based techniques have been widely used to study these complex ecosystems, however, there are many 
drawbacks. Understanding the dynamics of such communities is very laborious and time-consuming and the 
inability to cultivate more than a small proportion of the microorganisms that can be visualized by direct count 
procedures makes it difficult to obtain information on the entire microbial community (Jany et al., 2008). 
Moreover, under some stress environmental conditions cells are induced to a physiological state in which they 
are metabolically active but incapable to form colonies in plate cultures, a state so called “viable but non 
cultivable”. Furthermore, species occurring in low numbers are often out-competed in vitro by numerically more 
abundant microbial species (Hugenholtz et al., 1998).  
Thus, to study interactions among microorganisms, it is important to study the ecosystem without dissociating it. 
Culture-independent techniques, such as FISH (fluorescent in situ hybridization) using rRNA-targeted 
oligonucleotide probes (Ercolini et al., 2003; Bottari et al., 2006) and those involving PCR, provide new insight 
by helping to define the biodiversity of communities and allowing the detection and identification of viable, non 
viable, and viable but non cultivable populations. Various PCR-based molecular typing methods have been 
developed for the analysis of populations, providing a rapid, yet well representative fingerprint of the microbial 
community structure without cultivation (Ercolini et al., 2002; Duthoit et al., 2003; Hori et al., 2006). An 
increasing number of new methodologies employ automatic sequencing systems with laser detection of 
fluorescently labelled DNA fragments (Marsh 1999; Osborn et al., 2000; Sanchez et al., 2006; Suzuki et al., 
1998). Length heterogeneity PCR (LH-PCR) analysis distinguishes different organisms based on natural 
variations in the length of 16S ribosomal DNA sequences. To date it has been used to study microbial 
communities in different environments (Ritchie et al., 2000; Brusetti et al., 2006) and in food-associated 
ecosystems such as dairy (Lazzi et al., 2004).  
In a complex ecosystem, not only identification but also quantification is important to obtain the real 
composition and the relative proportions of microbial species. Recently, real-time PCR has demonstrated to be a 
powerful technique to reach this goal in several food matrices (Friedich and Lenke, 2006; Pfannebecker and 
Fröhlich, 2008; Scheirlinck et al., 2008; Sheu et al., 2009).  A disadvantage of DNA-based methods is that they 
do not distinguish between viable and non-viable cells. DNA from lysed cells can persist for a long time in the 
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environment; detection of RNA would help to determine the viability of the microorganisms because it is 
degraded rapidly upon cell death. Coupling reverse transcription with real time quantitative PCR (qRT-PCR) for 
enumeration of microorganisms has been shown to be both accurate and sensitive for quantification purposes 
(Hierro et al., 2006) and it has the potential to be applied directly to enumerate viable microorganisms in food 
samples as an alternative approach with respect to the standard plate and direct count methods (Dolan et al., 
2009).  

2. PhD Thesis Objectives and Milestones 

Within the overall objective mentioned above, this PhD thesis project can be subdivided into the following 
activities according to the Gantt diagram given in Table 1: 
A1) Assessment of complex microbial populations by using LH-PCR technique in natural whey starters and 
long ripened cheese, improvement of the method to better discriminate microorganisms and a deeper knowledge 
of unknown data registered so far; 
A2) Improvement of FISH analysis and coupling with LH-PCR technique for a polyphasic approach on solid 
dairy matrices; 
A3) Development of a novel multiplex qRT-PCR strategy to simultaneously quantify different lactic acid 
bacteria in dairy matrices: choice of the target gene (A3.1), primer design (A3.2), assessment in a dairy model 
with known bacterial species (A3.3), setting up an efficient RNA extraction method from dairy matrices (A3.4), 
application of the novel multiplex qRT-PCR to enumerate microbial composition in natural whey starters (A3.5); 
A4) Assessment of microbial population dynamics during hard cheeses fermentation and ripening. Long 
ripened cheeses (such as Parmigiano Reggiano and Grana Padano) will be collected at different stages of 
ripening and will be analyzed by using culture independent techniques; 
A5) Writing and Editing  of the PhD thesis, scientific papers and oral and/or poster communications. 

Table 1: Gantt diagram for this PhD thesis project. 

                                 Months 
Activity                       

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

A1) LH-PCR improvement                         
A2) FISH improvement                         
A3) Multiplex qRT-PCR                         

1) Choice of target gene                         
2) Primer design                         
3) Assessment in a dairy 
model 

                        

4) RNA extraction method                         

 

5) Whey starter analysis                         

A4) 
Long ripened cheese sampling 
and analysis 

                        

A5) Thesis and Paper Preparation                         
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