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TAXONOMIC CONCEPTS AND PRACTICE WITH COMPLEX 
MICROBIAL COMMUNITIES 

                                                       
KURTZMAN Cletus P. * 

Bacterial Foodborne Pathogens and Mycology Research Unit 
National Center for Agricultural Utilization Research 
Agricultural Research Service 
U.S. Department of Agriculture 
Peoria, Illinois USA 
 
*e-mail: cletus.kurtzman@ars.usda.gov 

 

 

Ecology is a study of relationships among organisms and habitats, and a key factor in 
understanding microbial ecology is detection and correct identification of the 
microorganisms present.  For yeasts, as well as other microbial groups, the introduction of 
DNA-based methods provided a major turning point in the advancement of microbial 
ecology.  Rapid, accurate identification of yeasts became possible with the introduction of a 
barcoding system based on nucleotide sequences of the D1/D2 domains of the nuclear large 
subunit ribosomal RNA gene (Kurtzman and Robnett, 1998; Fell et al., 2000) and the internal 
transcribed spacer (ITS), which is located between the small and large subunit rRNA genes 
(Scorzetti et al., 2002; Kurtzman and Robnett, 2003).  Use of these and other gene sequences 
has resulted in a doubling of known yeast species in little over a decade and has allowed 
grouping of species into phylogenetically circumscribed clades.  An example is the Yarrowia 
clade (Fig. 1), which consists of 13 species, but prior to DNA comparisons Y. lipolytica was 
the only known species of this clade.   
 
What first became apparent from molecular comparisons was that the Ascomycota is 
comprised of three major lineages, the Saccharomycotina (typical budding yeasts such as 
Saccharomyces), the Pezizomycotina (filamentous molds such as Aspergillus) and the 
Taphrinomycotina, a basal group that includes Schizosaccharomyces, Taphrina and several 
other genera.  Phylogenetic analysis of the Basidiomycota showed that yeasts occur in nearly 
all major lineages of this subphylum.  Because our working definition of a yeast is a fungus 
of the Ascomycota or the Basidiomycota that divides by budding or fission and which 
produces a sexual state that is not enclosed in a fruiting body, it has become apparent that the 
yeast morphotype is found in many of the major lineages of the Mycota (Kurtzman et al., 
2011).  

Phylogenetic placement of yeasts is having a major effect on classification with many species 
being reassigned to other genera.  In addition, the system of classification used for fungi, 
which was given in the International Code of Botanical Nomenclature (Vienna Code), 
specified that asexual species could not be classified in the same genus as species with a 
sexual state.  DNA comparisons showed two things.  Genera circumscribed on the 
morphology of sexual states were often polyphyletic and that asexual species were often 
closely related to sexually reproducing species.  The new code of nomenclature, the 
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International Code of Nomenclature for algae, fungi, and plants (Melbourne Code) (McNeill 
et al., 2012), now permits inclusion of sexual and asexual species in the same genus as seen 
for Yarrowia (Fig. 1).   

 

                                                
FIGURE 1. Phylogenetic placement of teleomorphic and anamorphic species of the Yarrowia clade determined 
from maximum likelihood analysis of D1/D2 LSU rRNA gene sequences. As a result of changes implemented in 
the Melbourne Code, the Candida species present in this clade can be reassigned to Yarrowia as new combinations. 

With a system of classification based on phylogeny, we can now ask if members of a genus 
or larger clade have the same or similar ecological niches and whether a phylogeny-based 
system of classification can serve to predict which species may be of medical and 
biotechnological importance.  For example, species of Saccharomyces are ethanol tolerant 
and widely used for fermentation of alcoholic beverages.  The species may be isolated from 
ripe fruit, but also from tree bark, which is an unusual substrate for sugar tolerant species.  
With the widespread availability of DNA-based markers, this issue can be further examined 
to determine if tree bark is really a niche for Saccharomyces species or have they collected 
on bark following distribution by insects, rain or other vectors (Libkind et al., 2011)? 

In contrast to Saccharomyces, species of Pichia, Saturnispora and Kregervanrija have much 
reduced ethanol tolerance and assimilate glucose, but often no other sugars (Table 1).  
However, organic acids such as citric and succinic acids serve as carbon sources and may 
reflect the success of these species in colonization of habitats such as tree fluxes and acidified 
food products where organic acids are common.   Some yeasts are able to grow on methanol 
as a sole source of carbon.  Methanol can be formed in metabolizing tree leaves and is also a 
degradation product of lignin.  Yeasts that metabolize methanol are now assigned to the 
genera Ogataea, Kuraishia and Komagataella, but in pre-DNA systematics, the methanol 
utilizing species were scattered among many other genera, thus concealing their kinship and 
common metabolism.  Similarly, species that can ferment D-xylose to ethanol are found only 
in the ascosporic genera Pachysolen, Scheffersomyces and Spathaspora.  The latter two 
genera are somewhat closely related but, surprisingly, Pachysolen is a distant relative to these 
taxa (Kurtzman and Robnett, 2013), which suggests that the trait of D-xylose fermentation 
may have arisen twice in the ascomycete yeasts. 

 Candida oslonensis CBS 10146 
 Yarrowia keelungensis CBS 11062 
 Candida galli NCAIM Y.01486       

 Yarrowia deformans CBS 2071 
 Yarrowia divulgata F6 17 
 Yarrowia porcina NCAIM Y.02100              Yarrowia 
 Yarrowia lipolytica NRRL YB-423 
 Yarrowia yakushimensis CBS 10252       Clade 

 Yarrowia bubula NCAIM Y.01998 
 Candida hollandica CBS 4855 
 Candida phangngensis CBS 10407 

 Candida alimentaria CBS 10151 
 Candida hispaniensis NRRL Y-5580 

 Aciculoconidium aculeatum NRRL YB-4298 
 Trichomonoascus ciferrii NRRL Y-10943 
 Candida bentonensis NRRL YB-2364 52 

77 97 
77 51 

90 

0.1 
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TABLE 1. Unique metabolic characteristics of certain phylogenetically defined yeast genera. 
 
Estimation of microbial populations is still frequently made from agar plate counts.  Many 
microbial species require special growth conditions and plating on commonly used media at 
moderate temperatures with short incubation times can result in missing the presence of these 
taxa (Rosa and Péter, 2006).  DNA probes designed for known species can be used to detect 
and quantify populations in particular habitats.  Peptide nucleic acid (PNA) probes offer a 
means for detection and quantification of species in clinical samples, food products and other 
substrates through fluorescence in situ hybridization (FISH).  PNA probes have a peptide 
backbone to which is attached nucleotides complementary to a species-specific target 
sequence, and a fluorescent label is added for detection by fluorescence microscopy (Stender 
et al., 2001).  If probes are complementary to rRNA, the whole cell of the target species will 
fluoresce when visualized, which will also allow quantification by cell counts.  A number of 
other methods have been developed for DNA-based detection of species, but these also 
require a known target species.  For example, the technique of real time PCR is widely 
employed in food and beverage analyses and has been used for detection and quantification 
of spoilage yeasts in orange juice and in wine fermentations (e.g., Cocolin et al., 2001).  
Another useful method is denaturing gradient gel electrophoresis (DGGE), which has been 
used for species identification and quantification of yeast populations in foods and beverages.  
The technique is based on separation of DNA fragments that differ in nucleotide sequences 
(e.g., species-specific) through decreased electrophoretic mobility of partially melted double-
stranded DNA amplicons in a polyacrylamide gel containing a linear gradient of DNA 
denaturants (i.e., a mixture of urea and formamide).  A related technique is temperature 
gradient gel electrophoresis (TGGE), in which the gel gradient of DGGE is replaced by a 
temperature gradient (Muyzer and Smalla, 1998).  Applications of DGGE have included 
identification and population dynamics of yeasts in sourdough bread, in coffee fermentations 
and on wine grapes (Prakitchaiwattana et al., 2004).  Levels of detection are often around 103 
cfu ml-1, but102 cfu ml-1 have been reported, which compares favorably with standard plate 
count methods (Prakitchaiwattana et al., 2004).   
While species-specific DNA sequences have been quite helpful for detecting known species, 
many species are still unknown.  Genus-specific DNA probes can expand the reach of 
detection and have been developed for some economically important genera, such as done 
for Zygosaccharomyces (Hulin and Wheals, 2014).  However, detection and quantification 

Genera Characteristics 
  
Blastobotrys (teleomorph = 
Trichomonascus) 

Growth on adenine, glycine, uric acid, n-hexadecane, 
putrescine 

Komagataella, Kuraishia, Ogataea Growth on methanol 
Pachysolen, Scheffersomyces, 
Spathaspora 

Fermentation of D-xylose 

Pichia Growth on glucose (but none or few other sugars), 
ethanol, glycerol, organic acids 

Saccharomyces High ethanol tolerance 
Torulaspora, Zygosaccharomyces High sugar tolerance 
Yarrowia Production of lipases and proteases 

http://www.ncbi.nlm.nih.gov/pubmed?term=Hulin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24382328
http://www.ncbi.nlm.nih.gov/pubmed?term=Wheals%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24382328


http://www.ncbi.nlm.nih.gov/pubmed?term=Hulin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24382328
http://www.ncbi.nlm.nih.gov/pubmed?term=Wheals%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24382328


 
 

19 
 

MICROBIAL NETWORKS AND METABOLIC FLUXES IN FOOD 
FERMENTATIONS 

 
VOGEL Rudi F. * 

 
Lehrstuhl für Technische Mikrobiologie, Technische Universität München, Germany 
 
* Corresponding Author: rudi.vogel@wzw.tum.de 

 
 
With the major exception of milk, most raw materials for food fermentations cannot be 
pasteurized prior to fermentation. Therefore, the composition and dynamics of microbiota 
developing from autochthonous contaminants or deliberately added starter strains in food 
fermentations is dictated by intrinsic (e.g. nutrients, pH, aw) and extrinsic (e.g. T, 
atmosphere) parameters. The metabolism and genetic background thereof has been studied 
for many members of such microbiota, partly in detail. However, most of these investigations 
were done with single strains of microorganisms in suspension, while most food 
fermentations harbor typical (stable) microbial consortia. Therein, lactic acid bacteria 
comprise the core group and have attracted most attention. In many food fermentations they 
are in mutual interactions with yeasts (e.g. sourdough, water and milk kefir, olive), acetic 
acid bacteria (water and milk kefir) or coagulase negative staphylococci (e.g. sausage 
fermentation).  
 
When it comes to the selection of starter strains for food fermentation many strain specific 
special traits need to be considered. While some of these, like production of aroma 
components, homopolysaccharides or bacteriocins can be referred to defined genetic 
determinants, others like competitiveness over autothonous microbiota of a specific raw 
material or compatibility with other strains in a starter culture of mixed strains are suspected 
to be multifactorial. A better understanding of the interaction of natural microbial consortia 
in food fermentation enables deliberate combinations and exploitation of strains as 
synergistic pairs or even groups and thus foster food safety, process stability and reproducible 
quality of a product. In this communication, examples for nutrient competition, tolerance and 
mutual interaction are given focusing on the metabolism of consortial key members in 
sausage fermentation, water kefir and sourdough. 
 
Sausage fermentation is determined by the interactive metabolism of coagulase negative 
staphylococci (CNS) and facultatively heterofermentative lactobacilli with clearly defined 
key roles (Rantsiou et al. 2005). CNS, namely Staphylococcus (S.) carnosus and S. xylosus 
reduce nitrate to nitrite, which subsequently impacts on color and flavor of the products and 
supports inhibition of unwanted bacteria in the acid environment resulting from the lactic 
fermentation of Lactobacillus (L.) sakei or L. curvatus. Consequently, current strain selection 
focuses on maximal nitrate reductase activity or pH reduction, which is the key factor in 
product safety. However, staphylococci compete for nutrients with the lactobacilli and suffer 
from low pH. This frequently results in very low numbers of staphylococci in the 
intermediate (acid) phase of sausage fermentation. While numbers may increase with 





 
 

21 
 

differently shaped and distributed shares of the same overall metabolic turnover. Up to now, 
reconstitution of the granula with combinations of single isolates, have not been successful. 
This may be due to unknown metabolic interactions or environmental conditions needed for 
granula formation. We have studied the synergism between main representatives of water 
kefir yeasts and lactobacilli in a co-culture model system. Co-cultivation of yeasts and 
lactobacilli in water kefir medium significantly increased cell yield of all interaction partners, 
delineating the interaction of these water kefir isolates as mutualism. The support of 
Zygotorulaspora (Z.) florentina was due to the acidification of the medium by the lactobacilli, 
whereas the growth of lactobacilli was improved by the disposal of essential nutrients 
produced by yeasts. The trophic interaction between Lactobacillus (Lb.) hordei and yeasts is 
constituted by the release of amino acids and vitamin B6 from yeasts, whereas Lb. nagelii is 
supported in growth by their production of amino acids. The interaction of Z. florentina and 
Lb. nagelii was further examined to reveal that co-cultivation elicited the release of arginine 
by the yeast, which was an essential nutrient for Lb. nagelii (Stadie et al. 2013). 
 
In traditional ambient temperature, backslopped sourdoughs based on rye or wheat (often 
designated as Type I doughs) heterofermentative lactobacilli live in consortia with yeasts, 
with key organisms L. sanfranciscensis  and Candida (C.) humilis (Meroth et al. 2003a; 
Meroth et al. 2003b). At first glance it is not at all clear why a heterofermentative bacterium 
should be able to take over in this habitat, because it should gain only 1 ATP from glucose 
and therefore run into a metabolic disadvantage as compared to any homofermenter. 
However, the role of glucose in sourdough and for this bacterium is different from that one 
in other environments or for most bacteria. This is because the main carbon source in 
sourdough is maltose resulting from hydrolysis of starch by cereal enzymes. Upon pmf driven 
import of maltose L. sanfranciscensis uses maltose phosphorylase to gain glucose and 
glucose-1-P (Ehrmann and Vogel 1998). While the latter is converted to glucose-6-P and 
enters glycolysis without ATP consumption, glucose is released in the abundance of maltose. 
This causes glucose repression in most competitors, preventing them from the use of maltose, 
while this repression is absent in L. sanfranciscensis. Furthermore, L. sanfranciscensis can 
produce acetate instead of ethanol in the heterofermentative pathway in the presence of an 
electron acceptor and gain additional ATP in the acetate kinase reaction (Knorr et al. 2001). 
In the lack of oxygen in sourdough fructose is used as electron acceptor and reduced to 
mannitol (Korakli and Vogel 2003). Here it comes to the role of C. humilis in this consortium. 
It hydrolyses gluco-fructans present in these flours providing fructose for reduction to 
mannitol by L. sanfranciscensis and using glucose thereof and released from L. 
sanfransiscensis upon maltose cleavage. While Saccharomyces cerevisiae might be able to 
fill this role of Candida in the sourdough system, most strains are not acetate tolerant and 
perceive acetate as a stressor eliciting sporulation. Still, other lactobacilli share these 
metabolic traits, so: why L. sanfranciscensis? Comparative transcriptomic analyses enable 
predictions of further responses to environmental conditions and further interactions between 
L. sanfranciscensis and C. humilis. 
 
L. sanfranciscensis is a minimalistic specialist displaying the smallest Lactobacillus genome 
so far (Vogel et al. 2011). It is therefore a nice model to facilitate interpretation of gene 
expression changes in a limited genomic setting. Indeed a widely overlapping gene 
expression change can be observed when L. sanfransiscensis is grown under aerobic 
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Schizosaccharomyces species presently sequenced (Rhind et al. 2011), is so different from 
that of S. cerevisiae (in agreement with their enormous phylogenetic distance) that only 
limited conclusions can be drawn from their direct comparison. A number of their similarities 
(genome compactness, incomplete mitDNA) correspond to converging evolution rather than 
conservation from their common ancestry. 
 

 
 
FIGURE 1. Overview of Ascomycota yeast genome evolution. 
 
Major subgroups defined from proteome comparisons coincide with distinct genome architectures whose most 
characteristic features are listed in vertical boxes.(1): refers to spliceosomal introns only; (2): B and E refer to 
bacterial and eukaryotic tRNA decoding rules, respectively, C refers to yeast CUG code (Marck et al., 2006, Morales 
et al., 2013); (3): incomplete (inc) refers to absence of complex I genes. The similarities between 
Schizosaccharomyces and other yeasts (dotted boxes) correspond to converging evolution rather than conservation 
from a common ancestry. Major hypothetical evolutionary events deduced by parsimony are indicated by numbered 
circles on the consensus tree topology: 1: intron loss; 2: switch to bacterial decoding mode and other changes in 
non-coding RNAs; 3: point centromeres, triplication of mating cassettes and loss of mitochondrial genes; 4: genetic 
code alteration; 5: whole genome duplication. Major yeast species whose genomes served to define the subgroups 
are listed (published complete sequences only, hybrids and draft sequences ignored, Dujon, 2015b). Taxonomy 
according to (Kurtzman et al., 2011). All yeasts belong to the Saccharomycotina subphylum, except 
Schizosaccharomyces (Taphrinomycotina, dotted line). The Pezizomycotina branching (filamentous fungi) is not 
shown. 
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the losses over long evolutionary times, and it is now clear that this is achieved by the 
combination of distinct mechanisms. Next to the duplications that increase gene copy number 
without enlarging the repertoire of their products (at least initially), horizontal acquisition of 
single genes or of large chromosomal segments bearing several genes have been 
demonstrated in yeast genomes. Prone to subsequent duplications in the host genome after or 
during the transfer events, they often bear important innovative power for the recipient 
lineages (e.g. life under anaerobiosis, nitrate assimilation). Capture of genes or fragments 
from plasmids, transposable elements or viral sources has also been mentioned in yeast 
genomes and, in specific cases, has determined important novel function (e.g. mating type 
switching in Kluyveromyces). Similarly, the presence of mtDNA fragments (NUMTs) in 
yeast chromosomes is also almost universally observed and the transfer of mtDNA sequences 
to chromosomes has been obtained experimentally. This phenomenon has an intrinsic 
mutagenic potential by DNA insertion, but no evidence exists so far to my knowledge that 
NUMTs created novel functions. By contrast, the de novo creation of functional protein-
coding genes by limited mutational alteration of ancestral non-coding sequences, for long 
time regarded as nearly impossible, has now been clearly demonstrated in S. cerevisiae. 
Although the number of such examples remains presently limited, the abundance of 
protogenes (i.e. ribosome-bound transcripts of non-coding regions) in the S. cerevisiae 
genome suggests a considerable evolutionary potential for this phenomenon. It may, indeed, 
explain at least in part the universal presence of orphan genes in every yeast genome. 
 

 
 
TABLE 1. Sources of genome evolution identified in yeasts. 
 
 
Finally, yeast genomes even challenge the classical notion of clear, tree-like phylogenies 
during evolution because interspecies hybrids, for long time suspected as evolutionary dead-
ends, have now been found in several distinct lineages (Morales and Dujon, 2012). Originally 
suspected for the major brewing strains, Saccharomyces pastorianus, the phenomenon 
affects wine yeasts but also other genera of Saccharomycetaceae not directly involved in 
industrial fermentations such as Zygosaccharomyces. Hybrid genomes were also found in 
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Introduction 
The use of plants to extract and modify the pollutants (phytoremediation) is a recent 
development in green technology aimed to remedy soils, sediments, surface water and 
groundwater contaminated by metals, organics and radionuclides. Furthermore, root 
associated microorganisms can contribute to soil bioremediation by degrading or modifying 
the pollutants (rhizoremediation) and/or sustaining plant growth (plant growth promotion, 
PGP) (Ma et al. 2011). Plant-microbe interactions in the rhizosphere also have the potential 
to favor microbial cometabolic degradative processes of toxic organic chemicals, such as 
Polychlorinated Biphenyls (PCBs), due to root exudate molecules that act as co-metabolites. 
In PCBs phyto- rhizo- remediation, three main mechanisms are involved: i) plant uptake from 
soil (phytoextraction) and accumulation in stem and leave tissues, ii) enzymatic 
transformation (phytodegradation) and iii) plant enhancement of the microbial activity in the 
root zone, improving bioremediation, by the release of secondary metabolites (SMs) in root 
exudates (rhizoremediation) (Uhlik et al. 2013). 
The SIN Caffaro is a large polluted site of national priority located in the Northern Italy, 
originated by the activities of the former Caffaro s.p.a. chemical factory. The soil in the site 
presents a mixed contamination of halogenated Persistent Organic Pollutants, particularly 
PCBs, and heavy metals in variable concentrations, uneven distributed in the area and often 
exceeding the safety values. This study represents the first report about the structure of the 
bacterial communities associated to highly polluted soils of the SIN Caffaro (Italy) along a 
gradient of environmental selection toward the resident community potentially able to 
support soil remediation. The diversity of the cultivable bacteria associated to the rhizosphere 
of three autochthonous plants collected from the most contaminated area is moreover 
described, focusing on the study of PGP activities that might help plant growth during future 
intervention on a site-scale. 
 
Materials and Methods 
Soil samples were collected during different sampling campaigns (phases 1 to 3) in three 
areas within the SIN Caffaro. During phase 2, 63 samples were collected from 9 stations at 7 
depths along the soil horizon, comprised between 0-100 cm. Finally, during phase 3, 64 soil 
samples were collected at 0-40 cm depth and an accurate homogenization procedure was 
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Matrix-assisted laser desorption/ionization time-of-flight mass-spectrometry (MALDI-TOF 
MS) is an emerging tool for high-throughput and rapid microbial identification. Due to 
relatively higher accuracy, good database on clinically important microorganisms and low-
cost of MALDI-TOF MS than other microbial identification methods, it has started replacing 
existing practices prevalent in clinical diagnosis. However, applicability of MALDI-TOF MS 
in the area of environmental and microbial diversity research is still limited mainly due to the 
lack of database on non-clinical microorganisms. Intense research activities in microbial 
diversity by conventional as well as by innovative high throughput methods has substantially 
increased the number of diverse microbial species known today. This important area of 
research is in urgent need of rapid and reliable method(s) for identification of microorganisms 
from various ecosystems. MALDI-TOF MS, in our opinion, appears to be most suitable 
method for such studies. Like other automated microbial identification systems (MIDI, Vitek, 
Biolog etc.) MALDI-TOF MS also rely on reference database for identification of 
microorganisms. Although instruments made by different manufacturers follow similar 
principle, the major differences remains in the procedure and algorithm used in creating their 
own reference database. Differences in approach to creating separate databases is reflected 
in the level of accuracy in identification of the same set of microorganisms (Carbonnelle et 
al., 2012). Failure in MALDI-TOF MS based identifications have been attributed mainly to 
lack of reference spectra in the databases associated with the instruments, or inability of the 
spectra to differentiate similar species (Seng et al., 2013). Therefore, there is a need to 
augment the existing MALDI-TOF MS databases with spectra of more microorganisms from 
different environments to increase wider application of this technology. This suggestion is 
based on the fact that positive correlations have been observed between number of reference 
spectra present in MALDI-TOF MS database and reliable identification (Calderaro et al., 
2014).  
Hundreds of millions of microorganisms populate the earth and each year the number of new 
validly published names of bacteria increases (Parte, 2014). A large number of already known 
(some unknown as well) microorganisms are isolated in microbial diversity and 
environmental microbiology studies. The MALDI-TOF MS platforms have very few spectra 
database of strains of non-clinical origin, resulting in a very low identification percentage 
(43-65%) for microbes isolated form soil, water and other environments (Table 1). Creating 
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database(s) incorporating reference MALDI-TOF MS spectra of such microorganisms is a 
challenging task which requires urgent attention. The creation of in-house database 
supplementing the limited commercial database has been proved to be highly advantageous 
for the identification of several bacteria, which are under-represented in the commercially 
available databases like Borrelia, Brachyspira, Bradyrhizobium, Leptospira and Nocardia.  
 
 

Ecological sites 
Total 
isolates 

Identified 
(%) 

Total 
genera 

Insect guts, Western Ghats 975 508 (52.1) 22 
Hot springs, Himachal Pradesh 1207 522 (43.2) 35 
Wet land ecosystems, North West India 601 346 (57.6) 29 
Various ecosystems, North East India 371 195 (52.6) 20 
River sediments, North India 2026 1307 (64.5) 47 
Extrem ecosystems, Orissa, Bihar and 
West Bengal 718 449 (62.5) 9 
Mangroves, Eastern Ghats 838 393 (46.9) 23 
Effluent treatment plants /contaminated 
sites 304 143 (47.0) 19 
Marine environments, Arabian Sea 753 359 (47.7) 14 

 
TABLE 1. MALDI-TOF MS based identification of microorganisms from different ecological sites of India. 
 
Unfortunately, these in-house databases are not in public domain and remain inaccessible to 
other researchers. Development of an open access and universal database incorporating 
MALDI-TOF MS spectra of as many microorganisms as possible has been proposed as more 
appropriate than commercial and individual in-house databases. It is imperative that such 
databases be well curated and be continuously updated. We hope that more and more 
researchers will volunteer to make their in-house databases available in public domain. In 
addition to this, sample processing methods have also been reported to influence the MALDI-
TOF MS spectra (Freiwald and Sauer, 2009). Different sample processing methods like, 
direct colony, formic acid extraction, trifluoroacetic acid extraction and physical disruption 
methods were used to get satisfactory results on identification of microbes using MALDI-
TOF MS. It is desirable to have a standard well defined sample processing method which can 
be applied in majority of microorganisms in building high quality spectra database. It is also 
understood that a single sample processing method could not be applied for all types of 
microorganisms but deviation from an accepted standard sample processing method should 
be minimum.  
In this article, we discussed different aspects of MALDI-TOF MS spectral database 
development and sample processing to improve microbial identification results from non-
clinical origin. Since MALDI-TOF MS is rapid, easy to operate and less expensive, it may 
also play a bigger role in quality control and validation of microbial strains preserved in large 
culture collections, institutes and industries. Hence, it is anticipated that in the upcoming era 
of microbial culturomics MALDI TOF MS systems with extended databases (as advocated 
in earlier) will play a key role in bringing a revolution in microbial ecology and diversity 
studies as it did in the field of clinical diagnosis. It is expected that, with availability of 
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new sequencing technique were assembled, using two different analysis routines, to obtain 
the consensus sequence:  

1- De Novo Assembly: all the reads were assembled without any reference, in order to 
let the software find recognizable paired reads useful to generate one or more 
contigs; these assemblies were then aligned with ITS sequence, obtained by 
conventional sequencing, to highlight heterogeneous sites; 

2- Map to Reference: all the reads were directly assembled using the ITS Sanger 
sequence as reference; the result is an alignment in which gaps and nucleotide 
substitutions are present and highlighted. 

 
 
 
 
 
 
 
 
 
 
 
FIGURE 1. Contig Assembly (a) and alignment of the assembly with the ITS Sanger sequence (b) of the reads 
obtained from the Next Generation Sequencing of one of the tested strains. 
 
The heterogeneity displayed by the reads was calculated for the whole sequence and in the 
four separated regions, ITS1, 5.8S rDNA, ITS2 and LSU within the D1/D2 domain, in order 
to evaluate whether the heterogeneity is spread out with the same degree throughout the two 
loci or if it is concentrated in specific areas.  
These results will be useful to spread light in the mechanism of internal heterogeneity and to 
choose the regions for the evaluation of species diversity (low heterogeneity) and of species 
variability (high heterogeneity) to be used in metagenomics studies.  
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ITS, barcode, heterogeneity, NGS, metagenomics 
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Introduction 
Spalting is the coloration of wood by fungi, and is classified in three categories: bleaching, 
that is caused by white rot fungi, pigmentation, that is generated by secondary metabolites of 
Ascomycetes and the zone lines, which are mostly melanin molecules generated by 
Ascomycetes and Basidiomycetes (S.C. Robinson, Richter, & Laks, 2007). The most utilized 
spalting species are Xylaria polymorpha, which develops zone lines, Scytalidium cuboideum, 
which develops red pigmentation, Scytalidium ganodermophthorum, which has yellow 
pigmentation and Chlorociboria aeruginosa that has a blue-green pigment (S.C. Robinson, 
Richter, & Laks, 2008; Sara C. Robinson et al., 2014).  
As many of these fungi, specially the ones that develop pigmentation, do not have a fruiting 
body, there is little research about them, specially in the Amazon rainforest. Peru, is a South 
American country known for its diversity, both fungal and otherwise. This research focused 
in the Madre de Dios area of the southern Peruvian Amazon. Potential spalting fungi were 
collectd, cultured, isolated, and sequenced. Most of the collected species were related to well-
established North American fungi in the order of Helotiales, and within the genre Scytalidium 
and Xylogone (some Xylogone species have recently been reclassified as Scytlidium species). 
Wood species most commonly spalted included pashaco (Macrolobium sp.), in a secondary 
growth forest. 
 
Materials and Methods 
Samples were collected in the district of Las Piedras, in Madre de Dios, Peru; under the 
permit number 0328-2013-MINAGRI-DGFFS-DGEFFS, issued by the Peruvian Forest 
Service (SERFOR). The methodology of the collection consisted of locating dead logs and 
branches along the different trails that are located in the area. On each one of them, a 
longitudinal cut was made with a machete, until reaching the xylem. If zone lines or pigments 
were present, a sample of the stained wood was collected (varying sizes depending on amount 
of spalting). Tissue cultures ere made from the samples, later refined to single species pure 
cultures on 2% potato dextrose agar (PDA). Pure cultures were exported under the permit 
002822 MINAGRI-DGFFS issued by SERFOR to the Forest Pathology laboratory at Oregon 
State University (OSU) to prepare the samples for sequencing. The DNA isolation was done 
with the QIAGEN® DNeasy Plant Mini Kit. PCR was performed using the hot start 
polymerase and cleaned with EXOsap-IT.. Samples were sequenced at the Center for 
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metabolites produced by endobiotic fungi isolated from eight medicinal plants against 
Ehrlich Ascites Carcinoma (EAC) mice model. 

Materials and Methods 
A total number of 1500 plates were used for isolation of endobiotic fungi from eight 
medicinal plants by surface sterilization technique (Abdel-Azeem & Salem 2012) on six 
media after Atlas (2004). Taxonomic identification of fungal isolated using phenotypic 
characteristics down to the species level was mainly based on the relevant identification keys. 
Two endophytic fungi: Trichothecium roseum and Stachybotrys chartarum were chosen to 
survey their ability to produce potential anti-cancer metabolites. Fungi were grown on PDA 
medium at 28oC for 5 days, and then were cultured PDB medium for 14 days at 25  oC on a 
shaker at 180 rpm and filtrated. Liquid filtrate and grinded frozen mycelia were extracted 
with ethyl acetate, and both of aqueous and solvent layers were collected separately. Crude 
broth extract was obtained under reduced pressure and reconstituted in 5% dimethylsulfoxide 
in ethanol (v/v). The therapeutic effects of EtOAc and aqueous extracts were evaluated 
against Ehrlich ascites carcinoma (EAC) cells in vivo in which seventy female Swiss mice 
were divided into 7 groups (10 animals/group). Evaluated parameters included EAC-bearing 
mice body weight gain (BWG), tumor volume (TV), median survival time (MST) and 
percentage increased life span (%ILS). Moreover, their effects on some liver and kidney 
biochemical parameter and several tumor markers were also investigated (Nyland & 
Mattoon, 2002, Rudloff, 2005). 
 
Results 
A total number of 1274 CFU, which were assigned to 75 species, 32 genera and 8 new records 
to Egypt was isolated during the present study. Ascomycota was represented by 74 species 
(98.66% of the total isolated species) and only 1 for Zygomycota. Anamorphic Ascomycota 
came first by recording 45 species and teleomorphic Ascomycota came second by recording 
29 species out of 75. 
The sequences of the 18s rDNA region partial sequence of the T. roseum isolate and S. 
chartarum were 1012 and 1344 pb respectively. The 18S partial sequence data of the isolated 
T. roseum and S. chartarum isolates were more than 99% identical with the 18S partial 
sequence data of the reference strains no. U69892 and KC78690 deposited in GenBank 
respectively. Both EtOAc and aqueous extracts of T. roseum significantly decreased BWG 
and TV, but significantly increased MST and % ILS, 23-27 and 48-71%, respectively. The 
four fungal extracts showed anticancer activity more than 30%. Aqueous extract of T. roseum 
came first by recorded a maximum inhibition ratio of 63.89% followed by EtOAc extract 
(53.48%) without any changes in liver and kidney functions. The tumor markers for breast 
cancer (CA 15.3), ovarian cancer (CA 12.5), pancreas cancer (CA 19.9), carcinoembryonic 
antigen (CEA) and alpha-fetoprotein (AFP) were significantly reduced. Results showed that 
T. roseum isolated from medicinal plants is a strong candidate to control MCF-7 breast cancer 
cell-line and the present work contributed to the inventorying and conservation of fungal 
endobionts in Egypt. 
 
Keywords 
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Introduction 
Table olive fermentation represents a stressful environment for microorganisms. The most 
adapted bacterial species to this niche are Lactobacillus pentosus and Lactobacillus 
plantarum even if the reasons of this ability are not completely understood. In a previous 
study, L. pentosus C11, a resistant strain to olive brine stresses, was mutagenized by random 
mutagenesis (Perpetuini et al., 2013). Five transposition mutants (obaD, enoA1, TTobaAB, 
TTgpi, TTobaC), unable to face olive brine conditions, were identified, allowing the 
detection of essential genes for L. pentosus C11 growth under table olives fermentation 
conditions. Two of these genes encode metabolic functions (enoA1 and gpi), for the others, 
no function is predicted (oba genes). Since biofilm formation represents one of the main 
bacterial strategy to survive in stressful environments, in this study, the same strain and its 
derivative mutants were investigated for adhesion capacity and biofilm formation on olive 
skin during fermentation by plate counts, confocal microscopy, reverse transcription-
quantitative PCR (RT-qPCR) and microbial adhesion to solvents (MATS) test.  
 
Material and methods 
Bacterial strains and culture media 
Strains were routinely grown at 37°C in MRS medium (Oxoid), with erythromycin 
supplementation (5 mg/l) when necessary or YG medium (10 g/l yeast extract, 10 g/l glucose) 
at pH 6.0. The brine-derivative medium, used to grow bacteria in the stressful conditions, 
was supplemented with 20 g/l glucose and 20 g/l yeast extract (Oxoid), adjusted to pH 6.0, 
and pasteurized at 65 °C for 45 min. 
 
Olive fermentations process and subsequent bacteria counts 
Lactobacillus pentosus C11 (107 CFU/ml) was inoculated in sterile glass jars, containing 300 
ml pasteurized brine (70 g/l NaCl, pH 4.0) and 300 g of olives. Jars were maintained at 25 
°C for 2 months. The planktonic (non-adhering) cells were collected by centrifugation. To 
collect sessile (attached) bacteria, olive samples (300 g) were placed in one liter Erlenmeyer 
flask containing 300 ml of PBS and 10 g of glass beads (2 mm diameter) (Biosigma) which 
was agitated on a shaker at 200 rpm for 1 h at 4 °C to detach microorganisms from olive skin. 
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FIGURE 1. Concentrations of (a) MEL, (b) TEE, (c) MI1 and (d) MI2 in ng/109 cells. 1: S. cerevisiae UMY255; 2: 
S. cerevisiae EC1118; 3: S. cerevisiae IOC 18-2007; 4: T. delbrueckii UMY196; 5: T. delbrueckii UMY336; 6: T. 
delbrueckii CBS1146T; 7: Z. bailii ATCC36947T. 
 
After a preliminary screening, three strains (S. cerevisiae EC1118, T. delbruekii CBS1146T 
and Z. bailii ATCC36947T) belonging to different species were selected for further 
determination of TRP derivative production during alcoholic fermentation. MEL, MI1 and 
MI2 were not detected in musts before the inoculations. On the contrary, TEE was found at 
very low concentrations ranging from 0.07 ng/mL to 0.33 ng/L except for Chardonnay must 
where it was not detected. During alcoholic fermentation, MEL, MI1 and MI2 were not 
produced by all the selected yeast strains in our experimental conditions. However, yeasts 
were all able to accumulate TEE up to 2.78 ± 0.39 ng/106 cells in Chardonnay inoculated with 
T. delbruekii CBS1146T. Interestingly, a new compound was detected (RT 2.33 min) only in 
enological condition.  
 
Conclusions 
The results obtained in this work have confirmed that S. cerevisiae is able to release TRP 
derivatives (MEL, MIs and TEE) (Sprenger et al., 1999; Gomez et al., 2012; Rodriguez-
Naranjo et al., 2012). Furthermore, we have shown, for the first time, that also non-
Saccharomyces yeasts are able to produce MEL and other TRP derivatives. In particular, the 
levels and the types of these metabolites varied greatly, depending on the yeast strain and cell 
growth environment. In our oenological conditions, yeasts were unable to produce the same 
indoleamines (i.e. MEL and MIs). However, some yeasts synthesized high concentrations of 
a new MI and TEE in fermented musts. Further investigation will need to clarify the yeast 
pathways involved in MEL metabolism and the enological steps and conditions potentially 
effecting MEL, MIS and TEE synthesis in wine. 
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Introduction 
The microbial spoilage of meat products with short shelf lives is responsible for a significant 
amount of food waste in Europe. Understanding this phenomenon could help food scientists 
to build ecological engineering strategies for improving the sustainability of this type of food. 
Meat spoilage is a complex ecological process which needs some theoretical input and a 
greater focus on ecological questions before new conceptual approaches to control the 
process could be done. Our recent work showed that meat spoilage involves poorly 
characterized bacterial communities (1). This study has significantly clarified the questions 
about the level of richness and evenness of these microbial ecosystems. Nevertheless, our 
ability to understand the mechanisms underlying who does what in the genesis of spoilage is 
weak. 
 
Strategy  
From this first analysis, we have moved forward to successfully perform spoilage-controlled 
ecological engineering. More precisely, to overcome the challenge of complexity, our 
strategy was based on using a specific species among those found on the natural meat 
bacterial ecosystems and to widely assess its intra-species diversity. Beef carpaccio was 
chosen as meat model. This meat product is traditionally eaten raw but due to a thin slicing, 
making a product with high contamination surface, beef carpaccio is a very edible product 
highly sensitive to spoilage. In a previous study we have shown that packaging may influence 
the microbiota of beef carpaccio (2). However, this analysis based on culture-dependent 
method revealed to be somewhat biased as few species among the most abundant ones were 
likely undetected (1). Furthermore, lactobacillus sakei, one of the most abundant species 
using culture-dependent method revealed to be a sub-dominant population using quantitative 
metagenomic analysis. This species which is known to harbor a wide intra-species diversity 
(3) and a potential for controlling the beef meat ecosystem toward lower spoilage (4) could 
then be used as a good candidate for testing ecological hypotheses of strains consortia versus 
single strains.  
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Or strategy is summarized in Figure 1: Carpaccio Meat Model Used for the Experimental 
design of Testing Protective Cultures. Based on quantitative metagenomic experiments, 
analysis were performed to evaluate bacterial richness and evenness describing the spoilage 
phenomena. Specific Bio-markers were designed to follow specifically the top10 species 
identified in beef carpaccio meat by quantitative PCR.  We followed the spoilage microbiota 
naturally found in each carpaccio sample. Then, Factorial design was used to build various 
L. sakei strain consortia and to generate lineage-admixted synthetic microbial communities 
for ecological theory testing (second part of the figure). Plackett & Burman screening 
factorial design for evaluating the influence of genotypic-dependent L. sakei Strains 
Consortia. Strains X1 to X7 were originating from the three intra-species lineages lineages 
(3) (red= lineage 1; green=lineage2; blue=lineage 3). 
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Introduction 
Hard cheese production require long ripening time creating the optimal conditions for 
spoiling microorganisms able to survive in the food matrix. Late blowing in cheese caused 
by butyric clostridia is a well-fitting example (Ingham et al., 1998; Klijn et al., 1995; Vissers, 
2007). Different clostridial species alone or in association, have been related during time to 
the blowing problem, but few data are available about their dynamic changes in the cheese 
shape and their relationships all along the ripening period. In Italy, Grana Padano (GP) hard 
cheese is produced from raw cow's milk added with natural whey starter cultures and 
protected from clostridia spoilage by lysozyme addition (www.granapadano.com). The aim 
of the present work was to assess the microbial communities of spoiled hard cheese using 
new NGS technologies associated to quantitative and qualitative cultivation-independent 
techniques. These approaches have not yet been applied for the study of microbial 
communities involved in late blowing spoilage. Respectively, a PCR-Denaturing Gradient 
Gel Electrophoresis (PCR-DGGE) approach to obtain a qualitative characterization of 
clostridia heterogeneity, a TaqMan qPCR on single C. tyrobutyricum species and an NGS 
approach based on Illumina MiSeq sequencing of total bacteria were applied to 83 Grana 
Padano cheese samples from nine production facilities, with or without the addition of 
lysozyme and with blowing defects appearance at different ripening times. Information 
gathered from this study could be useful to assess the effect of lysozyme as a preservative 
and to measure the effects of ripening time on clostridial population and their relationships 
with other bacterial species present in the cheese paste.  

 
Materials and Methods 
A total of 83 samples of hard cheese with different ripening times (1-23 months), positive or 
negative to lysozyme, and showing anomalous pastry defects and cavities were collected 
from the Grana Padano cheese production area in Northern Italy. Total bacterial DNA was 
extracted for each cheese sample using the bead-technology based FastDNA® SPIN kit and 
the Fast-Prep® Instrument. A 16S-based Clostridium cluster-I specific PCR and DGGE 
analysis was based on a 235 bp fragment amplification specific for the order of Clostridiales. 
Denaturing gradient gel electrophoresis (DGGE) was performed on the amplified fragments 
using an INGENY phorU-2 DGGE system. Only products migrating as a single band, were 
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in accordance with those obtained by PCR-DGGE analysis even targeting different 16S 
hyper-variable regions and with a major resolution and quantitative power for the NGS 
approach. Analyses of NGS data defined three main clusters, the first (Cl-A) characterized 
by the dominant presence of C. butyricum, the second (Cl-B) by a co-presence of C. 
butyricum and C. tyrobutyricum and the third (Cl-C) by a higher prevalence of C. 
tyrobutyricum. Moreover, although the two analytical methods were not totally comparable, 
the quantitative data obtained from qPCR on C. tyrobutyricum were in accordance with the 
results of NGS analysis. In addition, Clostridium cluster I-specific PCR-DGGE data 
demonstrated that C. tyrobutyricum, previously described as the main responsible of hard 
cheese spoilage (Klijn et al., 1995; Le Bourhis et al., 2005), was the most frequent species, 
hosted in the 50% of total samples. Lysozyme, rather, seemed to influence bacterial 
distribution both in terms of Clostridium and Lactobacillus, the two most abundant genera, 
together with Streptococcus, found in the analyzed cheeses. Among clostridia, C. 
tyrobutyricum was negatively affected by lysozyme. Recent experiments in milk and RCM 
medium proved that lysozyme was particularly effective in limiting C. tyrobutyricum cells 
and spores growth respect to other clostridia (Avila et al., 2014). Otherwise, C. butyricum 
resulted the most prevalent species when lysozyme was added to milk. This observation 
confirmed the in vitro data (Avila et al., 2014) of high resistance of C. butyricum to this 
additive. Our data, based on both genus specific DGGE and NGS approaches revealed that 
C. butyricum is a common component of the clostridial population involved in late blowing 
of hard cheese. C. sporogenes, which was detected in approximately 20% of the analyzed 
samples, always associated to C. butyricum or C. tyrobutyricum and present in low amounts, 
seemed to be independent on lysozyme addition. Shifts in the Lactobacillus community were 
also observed in the 
presence of lysozyme for both bacterial species of the primary lactose fermentation and 
NSLABs. An increase in the proportion of L. delbrueckii and obligate heterofermentative 
NSLABs was detected in the presence of added muramidase, while in its absence L. 
helveticus and other NSLABs, such as L. rhamnosus, L. casei and L. buchneri, were more 
abundant. Several ecological relationships were also found. Most of the samples from cluster 
Cl-C, characterized by a high abundance of C. tyrobutyricum, showed also the dominance of 
S. thermophilus and L. rhamnosus. A possible relationship between S. thermophilus, L. 
rhamonosus and C. tyrobutyricum could be explained by the effect on germination produced 
by L(+)lactate an end product of lactose metabolism by the first two bacteria that, alone or in 
association with amino acids, such as alanine, is the most effective germinant for C. 
tyrobutyricum (Bassi et al., 2009). Differently from other clostridia detected in cheese, C. 
tyrobutyricum is able to use lactate as energy source. This species metabolizes both D(-) and 
L(+) racemic forms of lactic acid, although D(-) lactate acid is more rapidly dissimilated to 
butyric acid when cells grow in RCM medium (Huchet et al., 1997). The analysis of the C. 
tyrobutyricum genomes (Bassi et al., 2013c; Jiang et al., 2013) revealed the presence of genes 
coding for both D and L lactate dehydrogenases and of an L-lactate permease. All the samples 
dominated by C. butyricum (cluster Cl-A) were also clustered in Lb-A, where L. delbrueckii 
was the most abundant Lactobacillus. Based on the energetic metabolism, it cannot be 
explained why the presence of L. delbrueckii relates to a higher prevalence of C. butyricum.  
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Introduction 
High-throughput sequencing (HTS) targeting the 16S RNA gene or 16S rRNA has become 
the main approach for the culture independent analysis of microbial communities. It requires 
the extraction and partial purification of microbial DNA or RNA from foods, HTS of variable 
regions of the target using one of the several platforms available, analysis of the raw 
sequences by a variety of bioinformatic pipelines to identify Operational Taxonomic Units 
(OTUs) and for the presentation and analysis of abundance data using a variety of statistical 
tools. Although deposit of the sequence projects in public databases makes the raw data of 
such studies readily available, their analysis requires significant bioinformatic skills and 
computing resources, and no tool has been developed yet for the analysis and presentation of 
OTU abundance data obtained in different studies. Network analysis tools are increasingly 
being used for the presentation of OTU-sample networks and microbial interaction networks. 
In the first case, two types of nodes (sample and OTUs) are connected by edges representing 
abundance of OTUs in a given sample. Network analysis software (such as Cytoscape or 
Gephi) is then used to create information rich displays which efficiently allow to capture the 
similarity relationships among food samples and to identify core and sample or food group 
specific communities. Although a variety of node or network specific statistics may be used 
to characterize the topology of networks from different studies, these have been rarely 
calculated in food microbial ecology studies. Microbial abundance data can also be used to 
infer microbial co-occurrence and co-exclusion relationships, thus providing insight into the 
network of positive (commensalism, mutualism) and negative (competition, amensalism, 
parasitism) that shape microbial communities. This work describes the development of a data 
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repository and network analysis tool for the rapid exploration and analysis of bacterial food 
microbial communities data. The tool, which we named FoodMicrobionet, is made publicly 
available using an interactive interface at http://www2.unibas.it/parente/fmbn1_0web. 
 
Materials and methods 
Data included in the current version of FoodMicrobionet (1.0) include published studies on 
cheese and starter cultures (Ercolini et al., 2012; De Filippis et al., 2014; De Pasquale et al., 
2014a, 2014b; Dolci et al., 2014), fermented milks (Marsh et al., 2013), raw and fermented 
meats (De Filippis et al., 2013; Greppi et al., 2015), sourdoughs (Ercolini et al., 2013; 
Rizzello et al., 2015), and olive fermentation (Cocolin et al., 2013). In addition, data from 
unpublished studies on undefined starters, fresh and ripened cheeses, sourdoughs and fresh 
meat products were also included. Most sequence data were obtained using a single platform 
(Roche Life Sciences 454 Junior) and processed using a common software (QIIME versions 
1.6.0 or 1.8.0) and  pipeline (de novo UCLUST pipeline for OTU picking, with RDP and 
Greengenes database for taxonomic assignment) in a single sequencing centre (Department 
of Agricultural Sciences, University of Naples Federico II) using the V1-V3 region of 16S 
DNA or cDNA as a target. OTU abundance tables were used to build edge (with edge weight 
representing the abundance of an OTU in a given sample) and node (with metadata for both 
OTUs and samples) tables, which were imported in Gephi 0.8.2 beta. Nodes statistics (degree, 
i.e. the number of samples in which a given OTU is found or the number of OTUs for a given 
sample; weighted degree, i.e. the abundance of a given OTU in a given sample; abundances 
summed to 100 for each sample node) were calculated and styles were applied to enhance 
the display: the colour of the node was attributed on the basis of a custom field containing 
families for OTUs and Food subgroup for samples; the size of the nodes was made 
proportional to the weighted degree of the node; edge thickness was made proportional to the 
weight of the connection. A Yfan Hu force based layout algorithm was applied to highlight 
similarities among food samples and to identify core and sample-specific communities. 
Simplified versions of the networks were obtained by filtering. The whole network was then 
exported for web visualisation using the Sigmajs exporter plugin of Gephi. Microbial 
interaction networks were inferred for selected groups of samples using the Conet 
(v1.0.7beta) app of Cytoscape 3.2.1 and topological properties of the networks were 
calculated using the Network Analyzer tool. Finally, Systat 13 was used for graphical 
analysis of selected properties of sub networks. 
 
Results and discussion 
The current version (1.0) of FoodMicrobionet includes 552 sample and 964 OTU nodes, with 
18,115 OTU-sample interactions, and is by far the largest repository of data on bacterial 
communities in foods. The database can be used to rapidly extract information on food 
bacterial communities by exploiting the metadata in the nodes table. Examples are presented 
in Figure 1. 
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phytate and starch, respectively. Only one C. humilis strain showed all the activities tested. 
The ability to solubilize phytate was detected in 19% of LAB strains, while none was able to 
digest casein. Our data suggest that amylase activity is widespread among S. cerevisiae and 
occasionally found in C. humilis.  
Microbial diversity of CPT sourdough, investigated by PCR-DGGE, confirmed the 
occurrence of L. sanfranciscensis associated with C. humilis and S. cerevisiae (Fig. 1). 
Moreover, the absence of microorganisms in the VBNC state was revealed. The same 
molecular method was used to compare microbial populations of CPT sourdough maintained 
in four different bakeries. PCR-DGGE profiles showed the presence of the same yeast and 
LAB communities in three sourdoughs (A, B and D). On the contrary, the fourth sourdough 
(C) showed different profiles. In particular, LAB communities were characterized by the 
absence of L. sanfranciscensis and by the presence of Weissella cibaria/W. confusa, L. 
alimentarius/L. paralimentarius and L. pontis (Fig. 1a). Yeast community was characterized 
only by S. cerevisiae (Fig. 1b).  

 
Figure 1. DGGE profiles of sourdough samples from different Tuscan bakeries (A, B, C, D). (a) LAB Marker (M): 

 Lb. plantarum IMA B23,  Lb. brevis DSMZ 20054,  Lb. curvatus IMA LB51,  Lb. fermentum DSMZ 20052, 
 Lb. sanfranciscensis DSMZ 20451,  Lb. panis DSMZ 6035. Numbered fragments were sequenced and colour 

indicates the sequence homology from GeneBank:  Lb. sanfranciscensis,  Lb. pontis,  W. cibaria/W. confusa,  
Lb. alimentarius/Lb. paralimentarius. (b) Yeast Marker (M):  S. cerevisiae ATCC 32167,  K. exigua DBVPG 
6956,  C. humilis DBVPG 6753,  D. bruxellensis IMA 1L. Sequenced fragments are marked with numbers and 
the colour indicates the sequence homology from GeneBank:  S. cerevisiae,  C. humilis. 

Our results suggest that sourdough microbial communities structure remains stable when 
sourdoughs are refreshed using the same wheat flour type and the same protocol provided by 
the CPT procedural guideline. The different composition of yeast and LAB communities 
found in sourdough C suggests that changes in the procedure adopted by the bakery C may 

(a) 

(b) 

(b) 
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Introduction 
In the last decades, honeybees have been afflicted by different kinds of biotic and abiotic 
stresses (pathogens, climate changes, pesticides), posing a serious threat to the agricultural 
field and natural ecosystems (Klein et al., 2007; Aizen et al., 2009). New sustainable 
strategies to help bees are envisaged, also considering the EU ban of antibiotics in 
beekeeping. The use of commensal bees gut microorganisms and their related secondary 
metabolites to re-establish the worn-out gut microbiota and control diseases spread are more 
and more taken into consideration. This work was aimed at the administration to bees of 
Lactobacillus and Bifidobacterium strains, previously isolated from healthy honeybee gut 
and possessing antimicrobial activity against bee pathogens 
(Paenibacillus larvae, Melissococcus plutonius and Nosema ceranae), in order to check 
their effect on health status and wellness of the beehive superorganism. Moreover, the 
microbial gut community of control and treated bees was evaluated. 
 
Material and methods 
Six strains deriving from bee gut (Bifidobacterium asteroides DSM 20431, B. coryneforme 
C155 B. indicum C449, Lactobacillus kunkeei Dan39, L. plantarum Dan91 and L. johnsonii 
Dan92) were mixed in a sucrose sugar solution 1:1 (w:v) and applied in field. The preparation 
was sprayed weekly over the frames during the four weeks preceding Linden honey flow on 
nine hives. Further nine hives were selected as control for a total of 18 beehives monitored. 
Both treated and control hives were standardized according to health status and genetic 
potential prior to the experiment beginning (Audisio and Benítez-Ahrendts, 2011). Gut 
samples, randomly collected among workers bees from both treated and control hives, were 
processed for microbial honeybee gut community analysis by qPCR, PCR-DGGE and NGS 
(IlluminaMiSeq sequencing).  
 
Results and discussion 
Improved honey, pollen and brood production were observed in treated hives, associated with 
interesting change in the microbial gut community. Linden stored honey was 59% higher 
than the control at the end of the blooming, 1 month after the end of the treatments. The brood 
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Introduction 
The first gut microbial population plays a critical role in the health of the host contributing 
to the development of the immunity, host response to pathogens, bioavailability of nutrients 
and host metabolic activity. Scientific evidences suggest that microbial dysbiosis of the 
intestine of the newborn can be directly correlated with several gut diseases (Di Gioia et al., 
2014; Rodriguez et al., 2015). It is well known that colonization in the early days after birth 
is influenced by several factors (Fouhy et al., 2012), however, the administration of 
antibiotics to the mother during labor, referred to as intrapartum antibiotic prophylaxis (IAP), 
has not received much attention, although this practice is routinely used in group B 
Streptococcus positive women to prevent the infection of newborns. A recent study showed 
a significant reduction of bifidobacteria in newborns born to mothers subjected to IAP with 
respect to untreated mothers using qPCR on DNA extracted from feces (Aloisio et al., 2014).  
The advent of Next Generation Sequencing (NGS) has determined a revolutionary approach 
in the study of complex microbial community such as the human intestinal microbiota. In 
particular, it has allowed to reveal much about its structure and function giving a high 
throughput data, not allowed by other approaches. Recent studies analyzed the critical points 
that could affect the efficiency of NGS analysis, in particular, the choice of the primers used 
for amplifying the 16S rDNA target regions can lead to a selection of specific components 
of the intestinal microbiota at the expense of others (Milani et al., 2013). This work is aimed 
at evaluating, for the first time, the main effects of IAP on the whole microbiome composition 
of newborns at seven days after birth using a parallel sequencing targeted to seven different 
regions of the 16S rDNA gene. 
 
Material and methods 
The study was conducted on 20 newborns, 10 of them born by mothers positive to GBS and 
treated with 2 g of ampicillin at least 4 h before delivery (IAP group), whereas the other 10 
were born to mothers negative to GBS (control group). Fecal samples of newborns were 
collected at 7 days after birth and used for DNA extraction using the QIAamp DNA Stool 
Mini Kit, with a slight procedure modification (Aloisio et al., 2014). Sequencing was 
performed with Ion PGM platform. Ion 16S Metagenomics kit was used to amplify the 7 
different 16S hypervariable regions (V2,V3,V4,V6+7,V8,V9) to be sequenced. Obtained 
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Introduction 
Understanding and controlling food spoilage represent today a scientific, economic, and 
ecological challenge: approximately 1/3 of food production is lost every year (Gustavsson et 
al., 2011) mainly due to microbial spoilage. Bacteria responsible for spoilage are diverse and 
their spoiling ability is strain-dependent and depending on the type of food, storage and 
processing conditions and on bacterial communities sharing food environment. Brochothrix 
the second genus belonging to the Listeriaceae family, with B. thermosphacta as the main 
species is a psychrotrohic and ubiquitous bacterium. It has been highlighted in many food 
matrices and is consistently associated with the spoilage process. B. thermosphacta is 
considered as one of the dominant organisms associated with spoilage of chilled meat and 
seafood products stored aerobically, vacuum packaged or under modified atmosphere. The 
result of its activity on these products is the production of metabolites responsible for the 
appearance of off-odors such as acetoin (Dainty and Mackey, 1996). Although this species 
was isolated from a wide variety of food matrices, few studies have focused on its genotypic 
diversity and on the genetic function involved in spoilage development.  
The aim of this work was to evaluate the intraspecies diversity of B. thermosphacta isolates, 
issued from various ecological origins (meat, poultry, fish and environment).  
 
Material and methods 
A collection of 159 strains of B. thermosphacta isolated from bovine slaughterhouse 
environment and from different food matrices (milk, pork/beef/lamb/horse/poultry meats, 
and seafood products) was constituted from various laboratory collections (Table 1). Strains 
originating from food matrices were isolated from both fresh and spoiled products. 
All the isolates and the reference strains B. thermosphacta DSMZ 20171T, B. thermosphacta 
DSMZ 20599, and B. campestris DSMZ 4712T, and L. innocua CIP 8011 as an outgroup 
control strain, were genotyped by Rep-PCR (repetitive element palindromic PCR) using 
primer (GTG)5 (Gevers et al., 2001). L. innocua CIP 8011 was used as an outgroup control 
strain. The resulting DNA profiles were analyzed using the BioNumerics software Systems 
(Bio-Numerica 250 UPGMA Dice Correlation, Applied Maths, Sint-Martens-Latem, 
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Introduction  
Wood exposed in outdoor applications can remain wet for extended periods of time, although 
moisture level can vary depending on climatic conditions. Untreated wood in ground contact 
can quickly reach favorable moisture conditions that allow fungal colonization. The natural 
resistance of wood to biological degradation varies widely among wood species and even 
within the same species. Untreated western redcedar and Douglas-fir heartwood are less 
susceptible to decay, in contrast to the untreated sapwood of Douglas -fir or red alder. A 
diverse array of fungi can participate in the degradation process, but changes in fungal 
community composition over the course of decay are poorly understood of because the 
complexity of these communities and the absence of long-term studies. Such studies would 
help to better understand the patterns of fungal colonization in wood exposed under varying 
environmental regimes. These data could have important implications for improving wood 
performance under changing environmental conditions. In this study, patterns of fungal 
colonization of three wood species were assessed using a culture-dependent molecular 
approach in a ground-contact field test to provide preliminary insights into differences in 
fungal colonization patterns associated with climate and substrate. 
 
Materials and Methods  
Twenty-four stakes of Douglas-fir (Pseudotsuga menziesii) heartwood and sapwood, western 
redcedar (Thuja plicata), and alder (Alnus sp.) were prepared according to procedures 
described in American Wood Protection Association Standard E7-09 (AWPA, 2012). Stakes 
were installed in a field site in Corvallis, Oregon, US. Stakes were assessed for fungal 
colonization after 3, 6 and 9 months of exposure by cutting them into 50 mm-cubes at 
predetermined sampling points (above ground, ground line and below ground). The cubes 
were used for either moisture content determination or fungal isolation. Moisture content 
(MC) at time of harvest was determined gravimetrically. The cubes for fungal culturing were 
cut into six smaller cubes, flame-sterilized and placed into Petri-dishes with 1.5% malt extract 
agar (MEA) or 1.5% MEA with Benomyl added. Any fungi growing from the wood were 
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transferred to new MEA plates to obtain pure cultures that were grouped into morphological 
taxa. Fungal DNA was CTAB-extracted from representatives of each morphological taxon. 
The ITS region of the DNA was amplified by PCR with the universal ITS4 and ITS1-F primer 
set. All amplified DNA was checked in 1% agarose gels. The PCR products were cleaned 
and sequenced at the Center for Genome Research and Biocomputing of Oregon State 
University (CGRB). The nucleotide sequences were compared to sequences available on the 
National Center of Bioscience Informatics (NCBI) site using BLAST (Basic Local 
Alignment Search Tool) for identification to the nearest taxonomic group. Conditions for 
decay development were assessed using precipitation and temperature data obtained from the 
National Climatic Data Center (NCDC). 
 
Results 
A total of 327 pure cultures were obtained and grouped into 40 unique morphotaxa using the 
sequence matches from BLAST. The morphotaxa belonged to Ascomycetes (87%), 
Basidiomycetes (12%) and Mucoromyetes (0.6%) (Figure 1). Phialophora mustea (14%) was 
isolated 47 times and Cadophora sp (11.6%) was isolated 38 times. These species were 
dominant in isolations from wood with soft rot and wood in ground contact which may 
indicate that they were well established in the wood substrate. Only one Basidiomycete 
occurred in all three collections, Trametes versicolor (2.8%) that was isolated 9 times. Decay 
fungi such as Postia placenta and Armillaria novoae became more common after 6 months 
of exposure.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 1. Fungal taxa frequency in stakes exposed in a field test near Corvallis, OR-USA for 3, 6 and 9 months. 
 
Average MC of stakes at the three collection times increased from above ground (21%) to 
ground line (40%), and finally below ground (43%). Isolation frequency also increased as 
MC increased from above to below ground. These results show the importance of consistent 
moisture for fungal colonization. Isolation frequency also varied between wood types. 
Isolation frequencies were higher in non-decay resistant red alder (38%) and Douglas-fir 
sapwood (37%). Isolation frequencies in the moderately durable Douglas-fir heartwood and 
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Results and discussion 
Preliminary results (fig.1) show that season has an effect on the endophytic community in 
oak leaves and also the chemistry and the morphology of the leaves. The use of different tree 
in the sampling has no influence. This preliminary result suggests that the bacterial 
community is influenced by seasonality and we are going to gain more information with 
shotgun metagenome. With this technique we will be able to focus our attention on specific 
class of genes linked to nitrogen cycle, UV protection that are associated with the seasonality 
and are considered to provide a potential benefit to the plant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 1. The figure shows the results of DCA (Detrented Correspondence Analysis) of all endophytic samples. 
Black triangle: spring; square: early summer; cross: late summer; plus: autumn. 
 
Contrary to the endophytic community that is relatively simple, the decomposing community 
is complex and influenced by more than one factor, biotic and abiotic. The experiments will 
led to a more holistic view of the process due the long time observation and the differential 
approach that we are using. The study will focus on characterization of the litter, amount of 
lignin, cellulose and hemicellulose with Thermal Gravimetric Analysis (TGA). The 
transplantation experiment will give information of the Home Field Advantage (HFA). 
Transplantation will also simulated a new possible future scenario with different temperature 
and humidity. The enzymatic characterization focus on different type of enzyme involved in 
degradation of different polymers such as laccase, peroxidase, amylase and 
cellobiohydrolase. 
Next to those classical microbiological techniques, the metagenome will be used to gain 
information on who is inside and which are their function. The application of this technique 
to both projects will led us to characterize the taxonomic composition and their gene contents 
in the two scenario. This will led also to focus on specific class of genes that are present on 
both dataset and that can play a role in the different stage of the life cycle of a leaf such as 
genes involved in the nitrogen cycle.  
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a)  
                                                                                                                                                                                         
                                                                                                    
 
 
 
 
 
 
 
 
 
 

b) 
 
 
 
 
 
 
 
 
 
 
 

 
FIGURE 1. Comparison of the frequencies of AR genes in a) feces and b) saliva of vegans, ovo-lacto vegetarians 
and omnivores. 
 
Overall, resistance genes to macrolide-lincosamide-streptogramin B and tetracyclines were 
prevalent in both types of biological samples, irrespective of the diet considered. The genes 
erm(B), tet(W) and tet(M) were detected with the highest frequency in both saliva and feces, 
followed by tet(S), blaZ and tet(K). These results are in agreement with those collected in 
previous studies, demonstrating the high spread of the same genes in food (Garofalo et al., 
2007; Federici et al., 2014) and environmental ecosystems (Gueimonde et al., 2006; Seville 
et al., 2009; Card et al., 2014). As the three diets were concerned, a lack of interference by 
the omnivore and ovo-lacto vegetarian diet with an increased occurrence of the transferable 
resistances under study was seen. By contrast, a low interference of the vegan diet with the 
occurrence of some AR genes was found, with tet(M) and erm(A) notably prevalent in saliva 
and feces respectively, and tet(K) significantly less abundant in feces of this group of 
volunteers. These results match with those very recently published on the composition and 
metabolism of salivary (De Filippis et al. 2014) and fecal (Ferrocino et al., 2015) microbiota 
of the same volunteers, which clearly demonstrated a high similarity of the microbiota 
associated with the oral cavity and gut of subjects following the three diet regimes.  
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Introduction 
The microbiota from the surface of smear-ripened cheeses includes a large variety of bacteria, 
yeasts and moulds, which activity contributes to the development of the typical organoleptic 
properties (flavour, texture and colour) and it also limits the growth of spoilage 
microorganisms such as Pseudomonas, or of pathogens such as Listeria monocytogenes. A 
better knowledge of the cheese surface microbiota would be useful for improving the control 
of its activity during cheese ripening and for improving the quality of the final products. For 
example, in many cases, microorganisms that are deliberately inoculated do not establish 
themselves at the surface of cheese. Furthermore, the growth and activity of these 
microorganisms is influenced by numerous factors, which are mainly unknown, and which 
are at the origin of variations in the organoleptic and sanitary quality of the final product. The 
cheese surface microbiota is also an interesting model system to address microbial ecology 
questions. Indeed, it is mainly composed of culturable microorganisms, its complexity is 
limited (typically 5-10 dominant species), it can be studied during a reasonable time-scale (a 
few weeks), and its activity is associated with changes in substrate composition that can be 
quantified. 
For a long time, investigation of microbial physiology during cheese ripening was hampered 
by a lack of methods that could be applied to the solid and complex cheese matrix. However, 
during the last years, the development of efficient mRNA extraction methods from cheese, 
and the sequencing of the genomes of the most important cheese species, offers the possibility 
to investigate cheese microbiota by metatranscriptomic analysis. Such analyses can be 
performed after assembling sequencing reads, and the resulting contigs are then submitted to 
functional annotation (Lessard et al., 2014). Another possible approach is to perform short-
read sequencing and to map the corresponding reads to reference genomes (Dugat-Bony et 
al., 2015). One advantage of the latter approach is that, due to the higher throughput of short-
read sequencing, more reads are produced, which results in a higher sensitivity. In the present 
study, we aimed to test this approach on a reblochon-type cheese, and to use it to better 
characterize the activity of the cheese surface microbiota during ripening. For that purpose, 
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a database of reference genomes was constituted by including one reference genome for each 
of the five species that were used during cheesemaking, and RNA sequencing (RNA-seq) 
was performed after ribosomal RNA depletion.  
 
Material and methods 
Reblochon-type cheeses were manufactured at pilot-scale from pasteurized cow's milk, using 
five inoculated microorganisms: two lactic acid bacteria (Streptococcus thermophilus and 
Lactobacillus delbrueckii ssp. bulgaricus), one surface bacterium (Brevibacterium 
aurantiacum), and two yeasts (Debaryomyces hansenii and Geotrichum candidum) 
(Castellote et al., 2015). After 5, 14, 19 and 35 days, cheese rinds were sampled, RNA was 
extracted and rRNA was depleted using the Ribo-zeroTM Magnetic gold kit (yeasts and 
bacteria) (Epicentre). After reverse transcription, cDNA were sequenced using a short-read 
sequencing technology (Illumina HiSeq), generating approximately 75 million reads for each 
cheese sample. Reads were then mapped against the genome of the five species, and those 
that mapped on only one CDS sequence were kept for further analyses. For each CDS, the 
read numbers were normalized to the total number of CDS reads ("library" normalisation) or 
to the number of CDS reads from each species ("species" normalisation). Functional 
classification of the reference CDSs was performed using the Kyoto Encyclopedia of Genes 
and Genomes (KEGG) annotations. Differential gene expression analysis was done using the 
Bioconductor DESeq2 package in the statistical environment R. 
 
Results 
From day 5 to day 19, most of the sequencing reads (approx. 65%) mapped on the reference 
CDSs. However, at day 35, only about 35% of the reads mapped on the reference CDSs, 
which may due to the growth of adventitious microorganisms, to a decrease in rRNA removal 
efficiency or to the decrease of RNA integrity. When the detection cut-off for each CDS was 
fixed to a mean value of 10 reads per sample, a large proportion of the reference CDSs was 
detected. Indeed, depending on the strain, between 75 and 96% of the CDSs were detected, 
except for B. aurantiacum, for which the low CDS detection level (2%) was due to poor 
growth. Interestingly, an excellent repeatability of gene expression levels was obtained, as 
the coefficient of variation for cheese replicates (three separate cheeses sampled at the same 
ripening time) was typically about 15 to 30%. In addition, there was a very good correlation 
between the gene expression levels measured by RNA-seq and those measured by reverse 
transcription real-time PCR (for a set of 80 genes, R2 of the linear regressions of the log of 
fold changes was 0.850). Only little changes were observed in the transcriptomes of the two 
lactic acid bacteria from day 5 to day 35, which may be explained by the fact that they were 
in the stationary growth phase during all that period. However, considerable changes were 
observed for the yeasts. For G. candidum, there was a higher expression level for genes 
involved in amino acid metabolism and lipid metabolism at day 35 than at the beginning of 
ripening, and the opposite was observed for genes involved nucleotide metabolism, in 
transcription and translation (FIGURE1). 
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FIGURE 1. Functional classification of the G. candidum transcripts during cheese ripening. Functional classes were 
determined according to KEGG annotations of the CDSs. 

Detailed examination of the induction/repression profiles of specific genes or groups of genes 
revealed interesting information regarding the metabolic adaptation of microorganisms to the 
evolution of the cheese environment during the ripening process. For example, expression of 
genes involved in detoxification (multidrug transporters) and iron transport increased at the 
end of ripening for D. hansenii. Expression of the mitochondrial genes and of genes involved 
in the electron transport chain decreased for both G. candidum and D. hansenii. Expression 
of the PMA1 gene (plasma membrane H+ ATPase) decreased for G. candidum and D. 
hansenii, probably as the result of the alkalinisation of the cheese medium. A large increase 
of expression of genes involved in NAD+ de novo biosynthesis was observed for G. 
candidum. Ammonia importers were more expressed at the beginning of ripening than at the 
end, whereas the opposite was observed for ammonia exporters, which is probably the 
consequence of the large ammonia accumulation in cheese. Gene expression profiles also 
revealed changes in amino acid catabolism during ripening, and different behaviours were 
observed for D. hansenii and G candidum. Some genes were selected to devise bioindicators, 
based on real-time PCR analyses, which are useful to characterize technological or biological 
activities during cheese ripening. 

Conclusion 
This work is an example showing how metatranscriptomic analyses provide insight into the 
activity of microbial communities for which reference genome sequences are available. 
Interestingly, reliable data were obtained even for cheese samples in which part of RNA was 
degraded, showing that a good RNA integrity is not mandatory for metatranscriptomic 
analysis. Such approach may be extended to more complex microbial communities. In the 
future, this will be facilitated by the increase of the throughput of DNA sequencing 
technologies, by the increase of the size of the corresponding reads, and also by a higher 
availability of the genome sequences of reference strains. 
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Introduction 
Biogenic amines (BA) are low molecular weight organic compounds that can be present in 
fermented foods. A high content of biogenic amines in dairy products undermines food 
quality and safety and has toxicological consequences for consumers. Therefore, the potential 
role of microorganisms with amine degrading activity acquired a particular interest in the last 
few years to prevent or reduce biogenic amine accumulation in food products, especially 
fermented foods. BA include different classes on the basis of their structure: monoamines 
(including tyramine, 2 phenyl-ethyl amine and tryptamine), diamines, such as histamine, 
putrescine and cadaverine, and polyamines (spermine and spermidine) (Lee and Kim, 2013). 
These compounds are mainly produced by the decarboxylation of amino acids by microbial 
action. Microbial activity may often cause the formation of BA in food. It is reported that 
enterococci and hetero-fermentative lactobacilli are the main tyramine and histamine 
producers, respectively, but other LAB and some Gram-negative bacteria may also be 
involved in BA formation in cheese (Calzada et al., 2013). Therefore, the detection of bacteria 
possessing amino acid decarboxylase activity is important to estimate the risk of BA food 
content and to prevent biogenic amines accumulation in food products. Otherwise, some 
bacteria are able to degrade BA. Little is known about the enzymatic activities responsible 
for BA degradation, but the enzymes named Amine Oxidases (AOs) are involved in this 
process.  
The amino oxidase activity of several bacteria dominating some ecosystems have been 
employed to reduce BA content in food (García-Ruiz et al. 2011). Two main classes of AOs 
have been described: flavin-containing monoamine oxidases and copper-containing amine 
oxidases (CuAO), generally found in a wide range of microbial, plant, and animal systems 
(Lee and Kim 2013). However, AOs have been characterized only from some bacterial 
genera (Zaman et al., 2010, Lee and Kim, 2013) and enzymes belonging to different classes 
may be involved in the degradation of BA. In order to select strains for application in the 
control of levels of biogenic amines during cheese ripening, the main purpose of this study 
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Results and discussion 
The occurrence of genetic determinants encoding amino acid decarboxylases was 
investigated by a molecular approach, also extending the analysis to activities that were not 
previously explored. About 36% of the PCR-screened isolates did not show the ability to 
produce BA. By an integrated microbiological and molecular approach, presumptive amine-
degrading bacteria were found in 14 out of 20 cheeses, including all the Sicilian cheese 
typologies and just three Apulian typical dairy products (Caprino di Biccari, Cacio and 
Pecorino Foggiano). Furthermore, 34% of LAB showed the ability to grow in the CDM 
synthetic medium supplemented with at least one of the main BA, including 38% of Sicilian 
isolates and 25% of Apulian isolates. About 90% of our isolates appeared able to use at least 
two different BA as nitrogen source to grow. Eighty-one presumptive cheeseborne amine 
degrading/aminoacid decarboxylase-negative isolates were selected and genetically 
identified. As expected, bacteria belonging to various LAB genera (Lactobacillus, 
Lactococcus, Leuconostoc, Streptococcus, Enterococcus, Pediococcus and Weissella) and 
species were isolated from the different cheese samples. Some authors reported, infact, that 
strains belonging to the genera Brevibacterium, Lactobacillus, Pediococcus and Micrococcus 
are capable of reducing histamine, tyramine and putrescine concentrations in fermented food, 
such as wine and cheese (Callejon et al., 2014). Some authors have used BA-degrading 
bacteria in order to diminish BA in foods. In addition, a strain-specificity of degrading 
activities was noticed. The ability of microorganisms to decarboxylate amino acid is known 
to be highly variable (Landete et al., 2007) and this behavior was registered for two our E. 
faecalis strains isolated from the cheeses Vastedda della valle del Belíce and Pecorino 
Siciliano PDO The presence of producer microorganisms does not necessarily determine the 
formation of BAs in cheese, since proteolysis must also occur, the pH must be corrected, and 
the ripening period must be long enough (Fernández et al., 2007). To gain insight into the 
molecular determinants of the enzymatic activities responsible for amine degradation, we 
isolated and characterized genomic fragments including determinants for hydrolase and 
alpha-amylase activity, besides methyltransferase and exonuclease domains. We are 
investigating their potential role in amine degradation, in order to support the application of 
emerging methods based on cheese-borne LAB cultures as control measure to reduce BA 
accumulation in cheese. 
 
Conclusions 
Accumulation of BA in cheese and other foods is a matter of public health concern. In our 
work, we detected cheese-borne LAB with the potential to degrade BA. Further analysis are 
in progress to study their effective ability to reduce BA in cheese during ripening and to 
isolate the corresponding coding genes and to study their expression. Therefore, the study 
might support the application of emerging methods based on LAB cultures as control 
measure to reduce BA accumulation in cheese. 
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Lactic acid bacteria, biogenic amines, degradation, cheese. 
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Introduction 
Long ripened cheeses harbour a viable microflora at the end of ripening, mainly composed 
of non-starter lactic acid bacteria (NSLAB), deriving from the raw milk and dairy 
environment, contributing to the final characteristics of cheese (Settanni & Moschetti, 2010). 
Among NSLAB, the species Lactobacillus rhamnosus, Lactobacillus casei and Lactobacillus 
paracasei are regarded together as L. casei group, due to their phylogenetic and phenotypic 
relatedness (Felis & Dellaglio, 2007). These species were frequently found in Grana Padano 
(GP) and Parmigiano Reggiano (PR), becoming the dominant bacterial population during 
ripening (Gatti et al., 2014). The metabolic strategies adopted by L. casei group to grow and 
survive in the cheese environment, which is lactose free, probably rely on the activation of 
alternative metabolic pathways, to exploit different nutrient sources present in the cheese 
matrix. Recent studies performed on L. rhamnosus growing in a cheese model system (Lazzi 
et al. 2014) revealed an upregulation of the gene spxB, coding for pyruvate oxidase (POX), 
an enzyme that catalyses the oxidation of pyruvate to acetyl-phosphate, with subsequential 
ATP production. The role of respiratory metabolism in L. casei group is raising a growing 
interest (Zotta et al., 2014), and spxB gene is involved in this functionality. Given the 
potential role of spxB in bacterial growth during cheese ripening, its presence and diversity 
was explored over a L. casei group isolates collection through High Resolution Melt (HRM) 
analysis. Moreover, spxB sequence heterogeneity in L. casei group allowed to use this gene 
to target the metabolically active microflora with High-Throughput Sequencing (HTS). In 
order to get an overall depiction of microbial evolution during GP ripening, HTS was also 
performed on 16s rRNA sequence.   
 
Materials and methods 
The first part of the study was performed on 74 wild isolates belonging to L. casei group, 
isolated from cheese at different stages of ripening. A PCR screening on the genomic DNA 
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species. Bioinformatic analysis led to the identification of 80 OTUs, whose distribution 
among the samples allows to clearly distinguish between samples belonging to CM1 and 
CM2. Among these, L. casei group represents, on average, 51% of the viable bacterial 
population. The other metabolically active species, with a relative abundance higher than 1% 
in both cheese-makings, were: L. fermentum, L. helveticus, L. delbrueckii, S. thermophilus 
and, to a lesser extent, L. buchneri. All the species showed fluctuation related to the ripening 
age of the cheese.  
Regarding spxB gene, 76 sequence types were retrieved, with an overall similarity of 99,5%. 
The sequences were grouped into four macro-clusters, according to their sequence similarity 
to reference strains available in public databases: two clusters were identified as L. 
rhamnosus, consisting of 22 (LR1_1-22) and 25 (LR2_1-25) sequences, respectively, and 
two clusters gathered together L. casei and L. paracasei, consisting of 13 (PC1_1-13) and 16 
(PC2_1-16) sequence types. Of these, 31 sequences were present with an abundance higher 
than 1%, and nine were present with an abundance more than 5%. Interestingly, a single 
sequence type is present in all the samples: it is PC2-5, belonging to the L. casei/paracasei 
group, and it increases in both cheese-making, representing one of the dominant genotypes 
(Fig.2). On the other hand, some sequences were exclusively present only in CM1 (LR1-1) 
or either in CM2 (LR1-9, LR1-20). Furthermore, 20 sequences were found in single samples, 
at an abundance >1%, with the highest diversity being present in the 12 mo. sample of CM1 
(Fig. 2). These results underline the importance to explore the genetic variability of metabolic 
genes, to achieve strain typing in a microbiota characterized from a few dominant bacterial 
species, but with a high intraspecific biodiversity. 
 

 
 

FIGURE 1. Relative abundance of sequence types of spxB among GP samples. The sequence types cited in the text 
are labelled. The black rectangle points to the elevate degree of diversity present among the L. rhamnosus sequence 
types in 12 mo. old sample. 
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FIGURE 1. DCA (Detrended Correspondence Analysis) of bacterial community structure of transects T0 (5 years 
old soil) and T1 (50 years old soil) after Illumina MiSeq high throughput sequencing. 
 
Samples from T0 were well separated by T1, indicating an important difference between the 
two microbial communities. There was also a gradient in bacterial diversity in T1, according 
to the geographical location. Finally, replicated samples of T0 were closely related, indicating 
that bacterial communities at microsite level are very similar, while a significant difference 
was visible among T0 sites. 
By looking for taxonomic differences it was interesting to note that T0 and T1 shared only 
24% of the overall bacterial OTU (996 OTU). At genus level, T1 and T0 shared 143 genera, 
while T0 had 85 unique genera, and T1 had only 17 unique genera: This result indicates that 
only well adapted bacterial genera can colonize the harsh and oligotrophic environment of 
T0. According to the taxon diversity analysis, in T0 there were the major representative 
belonging to Thermi, Cyanobacteria, and TM7 respect to T1, while T1 had more 
representative of Planctomycetes and Verrucomicrobia. Some of the OTU were significantly 
related to the geomorphology of the site, such as distance from the first T1 plot, as it was 
happened for some Planctomycetes. On the other hand representative involved in carbon 
recycling were scattered found between the two transects: In T0 there was the predominance 
of Acidimicrobia, Acetobacteraceae and Methylophilales, while in T1 Acidobacteria of Gp6 
or of Solibacteres, or Methylacidiphilales were predominant. Micrococcaceae, known to 
produce pigments conferring resistance to irradiation, were predominant in T1. Interestingly 
the presence in T0 and T1 of N-involved bacterial taxa was significantly different between 
the two transects. Regarding diazotrophic bacteria, while T0 is mostly colonized by 
Cyanobacteria, T1 was colonized by a number of other N-fixers, such as Burlholderia, 
Opitutaceae, Rhizobiaceae, Phyllobacteraceae, Bosea sp., Devosia sp. or Rhodoplanes sp.. 
Even without any plant presence, Bradirhyzobiaceae were commonly present in all samples 
of T0 and T1. 
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an unambiguous A/C/G/T basecall from Sanger data. We discuss these results in the context 
of ongoing work to utilize this method for characterization of diverse microbial sequencing 
samples. 
 
 

 
FIGURE 1. Schematic of the plexWell workflow. A 96-well plate of PCR products is labels with well-specific DNA 
barcodes, and then pooled, and a library is generated that preserves the well-specific DNA barcodes on each 
sequenced fragment. 
 

 
 

 
 
 
 

FIGURE 2. Examples of (A) alignment of Candida 16S ribosomal read (Sanger) to reads generated by plexWell, 
and (B) a heterogeneous position observed by NGS but uncalled by Sanger. 
 
Keywords 
Next-generation sequencing, sample preparation, deep sequencing 
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Introduction 
Undesired microbial development in meat could appear during storage. Numerous storage 
methods had been applied to control the spoilage process. Among them, nisin-based active 
packaging have been developed as a powerful tool (La Storia et al., 2012). Species from 
Lactobacillales, Bacillales, Enterobacterales, Pseudomonadales and Vibrionales, appear to 
be the predominant spoilage microorganisms on meat/meat products in antimicrobial 
packaging (Sun et al., 2012). Indeed, it is poorly understood whether members of these 
microbial communities can really contribute to the spoilage process. High-throughput 
sequencing (HTS) is becoming an increasingly popular tool in food microbiology (Ercolini, 
2013). In the present study, beef burgers were stored at 4°C under vacuum in nisin-activated 
antimicrobial packaging. From 0 to 21 days of storage, analysis were performed to determine 
the loads of the main microbial groups and to monitor the microbiota diversity by RNA-based 
DGGE and pyrosequencing.  
 
Material and methods 
Microbial analysis: a nisin-based antimicrobial solution (NS) at 2.5% (Nisin, Sigma) was 
prepared as described by Ercolini et al. (2010). The antimicrobial solution was coated 
manually on the inner part of 12 bags of Linear Low Density Polyethylene (LLDPE) 
(30×30cm2) and on both sides of 72 LLDPE strips (30cm×10cm). Both bags and films were 
air dried (50°C) and used for the packaging of beef burger samples (100g each). Two 
independent batches were analyzed (A and B). A total of 324 burgers were prepared in 12 
activated bags, 6 for each batch (treated, T). An equal non-activated series was used as control 
(C). The samples were VP before thermal sealing and stored at 4 °C. After 0, 1, 3, 5, 7, 14 
and 21 days 6 samples from each bag were taken for microbial assessment as previously 
described (Greppi et al., 2015). DGGE analysis: RNA and DNA extraction, PCR and DGGE 
analysis were performed as described by Greppi et al. (2015). Statistical analysis: data from 
microbiological counts were analyzed by ANOVA with time or batch as the main factor while 
t-test was used to assess the differences between C and T samples at the same time and 
between C samples of the two batches. A combined data matrix including DNA and RNA 
fingerprints was obtained by Bionumerics 4.6 and dendrograms were retrieved by using Dice 
coefficient and UPGMA algorithm. The similarity distance matrix was used to build PLS-
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Introduction 
In the course of the last two decades, the field of microbial ecology, with food microbiology 
in particular, has undergone profound changes due to a methodological shift from 
conventional culturing approaches towards the use of culture-independent techniques (Justé 
et al., 2008). This transition has shed new light on the diversity and population dynamics of 
the microbiota present by bypassing a number of limitations associated with culture-based 
approaches. Today a wide variety of, mostly genetic, profiling methods is available, already 
signifying an important step in a better understanding of the microbial composition of many 
foods. Yet, despite evident advantages, they also have their specific limitations: parts of the 
micro-organisms present still remain uncharted and often, these techniques do not excel in 
speed and cost-effectiveness preventing a more wide-spread and routine use like in the food 
industry. 
 
A fast-paced evolving technique in the field of microbiology is matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS). Its high 
sensitivity and accuracy together with high throughput capacities have made it a state-of-the-
art technique for systematic characterization and identification of large numbers of microbial 
isolates of various origin (Freiwald and Saurer, 2009). Besides, it has been suggested to apply 
MALDI-TOF MS as a new tool in polyphasic taxonomy for the delineation of novel micro-
organisms (Vandamme and Peeters, 2014). However, still to date, its application for the 
culture-independent analysis of microbiota remains challenging and largely untouched. The 
fact that a given species can be identified through taxon-specific biomarker sets, i.e. mass 
peaks with a certain mass to charge (m/z) ratio (Fenselau, 2013), opens up perspectives to be 
able to discriminate and identify the different members within a community, however. With 
this, important advantages are the comparative simplicity of the mass spectra for a given 
species and the high reproducibility of the technique. 
 
In this study, we investigated the effect of an increasing complexity of a microbial mixture 
on the quality of the resulting MALDI-TOF MS profiles and as a consequence the usability 
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FIGURE 1. Quality, Reproducibility and Discriminatory power 
 
High similarity values between the 3 averaged spectra of each mixture demonstrate a high 
reproducibility. Also, the different mixtures, even when only differing in one species, could 
easily be distinguished. In colored boxes, are specific peaks that could visually be attributed 
to the respective species added newest to the mixture. However, individual members could 
not always be retrieved visually from the community profile or by just comparing the full 
spectra. Sensitivity of MALDI-TOF was at least as high as for DGGE with a detection limit 
situated around 1%.  Also here, actual sensitivity could be higher as this observation could 
also be biased by the software and visual restrictions (data not shown).  
 
The aforementioned problems explain the need for more specialized data interpretation 
software allowing further in-depth analyses. A more detailed analysis was performed using 
MASCAP taking into account peak lists, instead of a full spectral analysis.  This peak based 
analysis approach revealed more details with respect to the species present in the mixtures 
and regarding differences between the diverse mixtures. In Figure 2 the full MALDI-TOF 
MS profile of a mixture of 19 species is shown. On top, the 100% peak (i.e. peaks that occur 
in all 9 mass spectra of that mixture) profiles of that same mixture and the mixture missing 
the 19th species. Below are depicted the 100% peaks of species 19 with in red those peaks 
that were not present in any of the other 20 strains used in the dataset of this study. A similar 
approach was used to elucidate the composition of all mixtures by coupling peaks in the 
mixture profile to species specific peaks. 
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FIGURE 2. 
 

Finally, we addressed the inter-individual variations in cohoused laboratory mice. A relative 
uniformity of biological responses is essential in murine experimental models worldwide. 
Individuality in gut microbiota composition is shaped by complex environmental and host 
genetic factors (Benson et al., 2010) and consequently, variable bacterial communities 
correspond to specificity in immune and metabolic pathways (Walker et al., 2014; Patterson 
and Turnbaugh, 2014). The composition (and activities) of intestinal symbiotic microbial 
consortia highly depends on the mice genetic backgrounds (Campbell et al., 2012) but huge 
variations between isogenic adult mice reared in different research institutions and providers 
are observed too (Friswell et al., 2010), as well as important seasonal changes. Moreover, 
individuality in mice microbiota profiles may also evoke concerns for research purpose. Here, 
we questioned the diversity among ten specimens from the same conventional laboratory 
cage following 12 days of acclimatization. Figure 3 illustrates a detailed overvew of such 
individual profiles on the phylum, family and genus level. Abundances in Firmicutes can 
represent 60% to 90% while the Bacteroidetes range from 10 to 35%. Less frequent phyla 
such Tenericutes and Proteobacteria could or not be detected. For example, Ruminococcus 
spp are identified in only 6 mice from the group while four mice are Alistipes positive. Such 
diversity is constantly observed in cagemates from distinct providers upon the arrival and 
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following various diets or treatments (data not shown). Neither coprophagy nor long-term 
cohousing seems to be able to standardize this fact.  

 
 
FIGURE 3 

 
Conclusions 
Knowing the composition of the microbial community alone does not necessarily lead to an 
understanding of its function and functional metagenomic and (meta)-metabolomic might be 
required. However, such analyses are helpful to explain discrepancies among individuals 
considering the microbial determinant of biochemical individuality. Without playing the role 
of Cassandra, pointing out the huge technical bias and both inter /intra-individual variations 
as well as time-related changes of gut microbial composition, the separate profiling of 
bacterial communities is of major interest for scientists and clinicians. Indeed, it allows 
further stratification of distinct responders both in modelling immune and infectious diseases 
and for personalized therapeutic interventions. Collectively, this process is useful for the 
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correlated with different types of substrates. Again, the presence of the plant increases the 
metabolic activity of the soil microbial community.  
The result of DGGE gel is shown in Figure 3. There are a high number of bands, higher in 
the control and treated soils. The values of position and intensity of the bands were 
statistically processed to calculate the biodiversity indices of the microbial community, 
reported in Table 1. The value of richness (Rr) of soil is much lower than the pre-sowing soil 
samples at harvest. This demonstrates that the activity of the soil at the time of sowing still 
suffers from low metabolic activity due to the low winter temperatures and the absence of 
the plant. From table 1 we can also see how the reachness is greater in the control soil 
compared to treated soil. Observing the value of the Simpson diversity index (1-D) and 
Uniformity index (Ed) we see how the microbial community of Control and Treated soil 
samples show a high degree of diversity and uniformity (index values !-D and Ed> 0.9). Also 
from this value we can say that the effect of the inoculum has not brought imbalances at the 
community level of the soil; on the contrary, its increased uniformity (Ed), demonstrates that 
the inoculated bacteria are crucial for increasing biodiversity within the soil.  
 
 

 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 

              FIGURE 3. DGGE gel 
 
 
 
 
 

Samples Rr 1-D Ed 

Pre-
sowing 

31,9345 0,926039 0,983916 

Control 155,475 0,953489 0,986368 

Treated 121,912 0,950206 0,985399 

TABLE 1. Biodiversity indexes 
 

Pre-sowing     Control    Inoculated 
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Introduction 
Wheat is a well-characterized crop with a worldwide economic relevance, whose associated 
bacteria could influence the plant growth (Bulgarelli et al., 2013). Several bacteria 
contaminate grains, and hence flour, affecting the quality of leavened baked goods (De Vuyst 
et al., 2009). Some spore-forming bacteria (e.g. Bacillus sp.) cause rope spoilage in bread, 
but they can be inhibited by the use of sourdough (Valerio et al., 2012). Lactic acid bacteria 
(LAB), the dominant sourdough microorganisms, originate from flour and bakery 
environment. The current abundance of literature has not yet elucidated the origin of LAB 
(Minervini et al., 2014), but it suggests that LAB contaminating flour are a part of the 
endophytic microbiota of cereals. This study aims to assess with culture-dependent and -
independent approaches the composition of the wheat plant microbiota during the different 
phases of growth, and to establish the extent of flour contamination by endophytic lactic acid 
bacteria and other Firmicutes, which from the field become relevant for sourdough 
fermentation. 
 
Materials and methods 
Epigeous (leaves/spikes) and hypogeous organs of durum wheat (cultivars Odisseo and 
Saragolla) were sampled at tillering, stem elongation, booting, flowering, milk development, 
and physiological maturity. Epiphytic and endophytic bacteria were separated from each 
other and subjected to extraction of DNA. DNA was also extracted from grain and flour 
(processed wheat) of both cultivars and used as template, together with Firmicutes-specific 
primers, in next generation sequencing analyses performed through Illumina MiSeq by 
Research and Testing Laboratory (Lubbock, TX). Weighted and unweighted UniFrac 
distance matrices and OTU tables were used to perform ADONIS and ANOSIM statistical 
tests through the compare_category.py script of QIIME to verify the microbial populations 
in the different plant organs. Endophytic LAB extracted from plant organs and  
 
Results and discussion 
Beta-diversity indices showed that the composition of Firmicutes in durum wheat spikes was 
similar to that of processed grains. Bacillus, Exiguobacterium, Paenibacillus, 
Staphylococcus, Lactobacillus, Streptococcus, Enterococcus, and Lactococcus were the core 
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genera of wheat plant and processed samples (data not shown). All the above-mentioned 
Firmicutes were previously identified in wheat flour (Ercolini et al., 2013; Minervini et al., 
2015; Rizzello et al., 2015). Based on the results of this study, the spike or grain microbiota 
strongly contaminated the related flour. However, when flour is used for producing 
sourdough, only the most adapted microorganisms (mainly consisting of lactobacilli) are 
selected, leading to mature sourdough, whose microbiota greatly differs from that of flour 
(Ercolini et al., 2013). Within the core microbiota of wheat plant and processed samples, the 
relative abundance of each genus was affected by the plant organs, the cultivars, and the 
phenological stages. Overall, Bacillus was the most abundant genus in roots, especially at the 
epiphytic level. In this study, Bacillales were found as dominant OTUs in the Saragolla flour. 
Saragolla showed a lower relative abundance of OTUs belonging to Lactobacillus in roots, 
leaves, and spikes than did Odisseo durum wheat (data not shown). Saragolla had the fastest 
increase of OTUs belonging to LAB in roots and, especially, at epiphytic levels (leaves and 
spikes) during booting. At the endophytic level (spikes), Saragolla showed the highest 
number of OTUs belonging to Lactobacillus during milk development. However, the relative 
abundance of Lactobacillus markedly decreased at physiological maturity, probably because 
of the decrease of aw found at that stage. The LAB composition of spikes directly affected 
the bacterial community of processed wheat samples (grain and flour). As hypothesized, the 
OTUs found as endophytic bacteria of grains (Lactobacillus, Lactococcus, Enterococcus, and 
Streptococcus) were also found in the flour. In most of spontaneous sourdoughs, lactococci, 
eneterococci and streptococci are present only as intermediate organisms, whereas 
lactobacilli frequently dominate this ecosystem (Ercolini et al., 2013). In this study L. 
plantarum, one of the key-bacteria of sourdough, was the only species identified in both 
cultivars at all the phenological stages. Culture-dependent analyses confirmed L. plantarum 
as the endophytic LAB species found in both cultivars, at all phonological stages, as well as 
in the processed wheat samples. Several isolates of this species at different phonological 
stages of Odisseo (Fig. 1) and Saragolla (Fig. 2) wheat as well as in the processed wheat 
samples showed the same RAPD fingerprint. Besides L. plantarum, mesophilic (e.g., L. 
coryniformis) and thermophilic (L. helveticus and L. delbrueckii) lactobacilli were mainly 
isolated in the first phenological stages and in the milk development and physiological 
maturity stages, respectively (data not shown). 
 

 
 
 
 
 
 
 
 
 

 
FIGURE 1. Representative RAPD-PCR profiles of Lactobacillus plantarum isolated at the endophytic level from 
leaves  and spikes, grain, or flour of Odisseo durum wheat. Primer M13 was used for RAPD-PCR analysis. A 2-
logDNAladder (0.1 to 10.0 kb) was used as a molecular size standard (st). Capillary electrophoretic profiles were 
singly acquired by MultiNA. Strains isolated from different phenological stages and processed wheat and showing 
similar RAPD-PCR profiles are indicated by arrows. 
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Introduction 
Tropical mangroves are coastal habitats with harsh environmental conditions predominantly 
due to tidal cycles that determine sharp gradients of salinity, oxygen and nutrient availability 
[1]. Mangrove sediment is characterized by high concentrations of biogenic sulfide and 
natural toxic compounds such as tannins and polyphenols produced by plants to protect 
themselves from fouling. Among the animals that can cope with such challenging stresses, 
crabs are extremely well adapted representing the most abundant resident taxa in the 
mangrove all over the world. Beyond these stresses, crabs has also have to face a poor nutrient 
diet due to the very high C:N and C:P ratio of the food sources available. Despite this, they 
were able to colonize all ecological niches evolving different life-styles that range from 
strictly aquatic to arboreal, undergoing different levels of terrestrialisation. This adaptation 
is driven by major functional evolution of the gills toward a lung-based structure supporting 
bimodal breathing and catabolite excretion [2]. As common in extreme environments, 
animals resort to specific symbiosis essential for their homeostasis and survival. In mangrove 
forests sessile animals like the shipworm Neoteredo reynei, a wood-boring mollusk, harbors 
nitrogen-fixing bacteria within bacteriocytes inside gills, while the giant marine ciliate 
Zoothamnium niveum hosts chemoautotrophs sulphur-oxidizing bacteria [3]. Due to these 
premises, we investigate the reason for the success of mangrove crabs, hypothesizing that 
bacteria-gill symbiosis played a major force in shaping the unique adaptation of crabs to cope 
with the challenges of the mangrove ecosystem. 
 
Materials and Methods 
To test our hypothesis, we focused on two key stone mangrove crab species along the 
latitudinal distribution of the West Indian Ocean mangroves: the ocypodid Uca urvillei and 
the sesarmid Perisesarma guttatum [4]. These mangrove crabs were sampled across a large 
latitudinal range at their southernmost, northernmost and equatorial distribution sites on the 
South African (ZA) and Kenyan (KY) Indian Ocean coasts and the Red Sea Saudi Arabian 
(KSA) coast respectively. To explore the bacteria-gill association we used scanning and 
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microbial diversity was assessed by pyrosequencing of the V1-V3 region of the 16S rRNA 
gene and the sequences were analysed by using QIIME 1.8.0 software (Caporaso et al., 2010). 
 
Results and discussion 
Analyzing the adherence level to the MD, the subjects were divided in 3 groups with low, 
medium and high adherence to MD. Only 11% of the subjects had low adherence level, while 
also 30% of the omnivores showed high MD adherence rates. This remarkable adherence to 
the Mediterranean diet makes the cohort a good model for a population following a healthy 
Western diet. The overall structure of the microbiota was similar in subjects across the 
different diet types. Using PAM clustering, we identified 3 enterotypes (ET), accordingly to 
a previous report (Arumungam et al., 2011). The three clusters were associated with 
abundance of Bacteroides (ET1), Blautia/Coprococcus (ET2) and Prevotella (ET3) (Figure 
1). The enterotype clustering was not affected by the diet type as all three ETs included 
omnivores, vegetarian as well as vegan subjects showing that the diet is not associated with 
a global change in the microbiota. Similarly, the Prevotella/Bacteroides ratio was not diet-
dependent in this dataset.  
 

 
FIGURE 1. Between-class analysis, which visualizes results 
from PCA and clustering based on Jensen-Shannon distance of 
the fecal samples analyzed in this study showing a stratification 
of samples in three enterotypes (ET). 
 
 
 
 
 
 
 
 
 

sPLS-DA regression based on significantly different dietary patterns showed a diet-based 
separation of Firmicutes (ET2) away from the Bacteroidetes (ET1 and ET3) enterotypes 
(Figure 2A). Consistently, significant differences were observed between ETs based on 
energy from carbohydrates and intake of vegetable proteins (higher in ET1 and ET3, P<0.01) 
and of total, saturated and monounsaturated fat and animal proteins (higher in ET2, P<0.01). 
The data indicate that the Bacteroidetes ETs are more linked to an agrarian diet and the 
Firmicutes ET to an omnivore diet; accordingly, higher Firmicutes/Bacteroidetes abundance 
ratios were found in most of the omnivores. Morover, associations were found between 
specific taxa and nutrient/food intake. Veillonella, Roseburia, Haemophilus, Lachnospira 
and Prevotella were correlated with vegetable-based diets, in particular with the consumption 
of pulses, fruit and vegetables and the intake of nutrients typical of vegetable foods, like fibre, 
starch, folate, beta-carotene and vitamin C. Lachnospira and Prevotella also displayed strong 
negative correlations with the omnivore diet. Blautia, Adlercreutzia, Enterococcus, Alistipes, 
Lactobacillus, Streptococcus, Ruminococcus (from the Lachnospiraceae family, L-
Ruminococcus) correlated positively with the typical omnivore foods, such as meat, fish, 
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Bioremediation refers to the decontamination of soil, water bodies and sediments through 
biological means. Intrinsic bioremediation is used to describe the natural attenuation of 
pollutants without any human intervention. Quite often the natural attenuation rates of 
contaminants in the environment are very low and hence, human intervention is required to 
enhance biodegradation rates. This human intervention to enhance biodegradation rates is 
what turns bioremediation from a natural attenuation process to a decontamination 
technology. In this paper the challenges that need to be overcome for a successful application 
of bioremediation are presented through several practical examples where the integration 
between the fields of microbiology and engineering is demonstrated. 
 
Biostimulation or bioaugmentation? 
Bioaugmentation is defined as the inoculation of contaminated soil, sediment or sludge with 
isolated strains or consortia with specific organic compound degrading capabilities to 
enhance in-situ or ex-situ bioremediation applications. Bioaugmentation is primarily used to 
overcome the problem of lack of microbes expressing the appropriate catabolic potential to 
mineralize target contaminants.  
Bioaugmentation is equivalent to increasing the metabolic capabilities of the microbiota 
present in the soil. Such an increase is actually the result of an enlargement of the genetic 
capacity present at the site. In that respect, bioaugmentation corresponds to an increase in the 
gene pool and, thus, the genetic diversity of the site. In principle, this genetic diversity could 
be increased by augmenting the microbial diversity (Dejonghe et al. 2001). 
A bioaugmentation attempt is considered successful if the rate and percent of pollutant 
removal is increased and if the augmented species are not outgrown by the indigenous 
populations. 
Excluding certain xenobiotics, one can forcefully claim that the indigenous microbial 
populations are most of the time capable to degrade organic pollutants if suitably stimulated. 
In such cases, bioaugmentation can only be justified if the requested time period for 
bioremediation is very short. Bioaugmentation at very high numbers (>109 cells/mL) is 
expected to yield satisfactory results in the short term, although the presence of a large 
indigenous degrading microbiota and nutrient availability in the contaminated soil may 
render bioaugmentation totally unnecessary (Cavalca et al. 2002). If on the other hand, time 
is not of essence, the indigenous populations will most likely yield the desired results in the 
longer run.  
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Materials and methods 
FTIR experiments were carried out as described in Corte et al. (2010). Four inhibitors were 
used at increasing concentrations (mM): 30, 60, 120 and 240 for acetic acid; 13, 27, 53 and 
106 for formic acid; 7, 14, 29 and 56 for furfural; 7, 15, 30 and 59 for HMF. Each dose of 
inhibitor was reported in the manuscript as relative concentration (RC) of the third level 
considered as the highest concentration of these inhibitors found in lignocellulosic 
hydrolysates. Inhibitors were formulated also into four mixtures (RC25, RC50, RC100, RC200) 
obtained adding every toxic compound at the concentrations reported above. Inhibitors were 
added to the cells of S. cerevisiae Fm17, Fm84 and DSM70049 and the control was obtained 
by exposing the cells to distilled sterile water. Cells were incubated 1 h at 25 °C in a shaking 
incubator at 50 rpm, then yeast cells were prepared for FTIR measurements. All tests were 
carried out in triplicate. Synthetic Stress Indexes (SIs) were calculated according to Corte et 
al. (2010) for the Global Stress Index (GSI) and four different spectral regions: fatty acids 
(W1), amides (W2), mixed region (W3) and carbohydrates (W4). The biocidal activity tests 
were carried out to compare the metabolomic damages with the loss of viability. 100 µL of 
each cells suspension prepared for FTIR analysis were serial diluted to determine the viable 
cell counting, in triplicate, on YPD (Yeast Peptone Dextrose) plates. The biocidal effect was 
measured as % of cell mortality induced at different concentrations. 
 
Results and discussion 
In order to search for superior yeast, a collection of 120 thermo-tolerant S. cerevisiae strains 
was assessed for inhibitor tolerance when grown in complex and minimal broths with 
increasing concentrations of inhibitory compounds (Favaro et al., 2013 and 2014). Through 
the distribution analysis of their ability to withstand inhibitors, three different strains (Fm17, 
Fm84 and DSM70449) were selected as representative for the uppermost, medium and low 
inhibitors tolerance and analysed with a FTIR-based bioassay. 
Firstly, the study of the metabolomic alteration induced by single inhibitors on yeast was 
carried out by calculating Stress Indexes (SIs), and coupled with cell mortality (%) of the 
three strains, when exposed to increasing concentration of single inhibitory compounds (data 
not shown). In general, at low inhibitors concentrations (RC25 and RC50), the comparison 
between metabolomic and mortality data allowed to define three different categories of 
response. Fm17 showed low mortality values and relatively low metabolomic responses, the 
typical behavior of a resistant strain. On the contrary, DSM70449 displayed the highest 
mortality and the lowest responses, the pattern of a sensitive strain. Fp84 had low mortality 
values and high metabolomic changes. This third behavior is potentially interesting in the 
case of secondary metabolites of industrial importance, but is likely to trigger a waste of 
metabolic energy deployed for resistance rather than for ethanol production. 
Inhibitors mixtures severely reduced cell viability with the exception of RC25 (Figure 1), a 
partially biocidal concentration causing 26, 44 and 64% mortality in Fm17, Fp84 and 
DSM70449, respectively. The evolution of SIs showed that the metabolomic response was 
proportional to the different strain resistance level, further supporting the original 
classification of these three strains as resistant, intermediate and sensitive, respectively. 
Indeed, RC25 pointed out to three different types of response where the sensitive yeast 
(DSM70449) gave low metabolomic response with a Global Stress Index (GSI) of 0.6 
arbitrary units (a.u.) and high mortality (64%), the tolerant strain Fm17 low metabolomic 
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Introduction 
The steady increase in alcohol levels in wine is one of the main challenges faced by the 
oenological industry. High alcoholic strength might impair wine sensory quality, or 
discourage consumers, concerned about health or road safety. The problem is complex and 
is being addressed by researchers involved in all the stages of wine production (Teissedre, 
2013). In this context, development of low alcohol yield Saccharomyces cerevisiae yeast 
strains has been a hot topic for several years (Cadiere et al. 2011; Varela et al. 2012; Tilloy 
et al. 2014), but modifying ethanol yields in this species has proven to be tough. 
The current interest of the wine industry on alternative yeasts, and the metabolic diversity 
they offer, open interesting alternatives to genetic modification. Our research group proposed 
using the respiratory metabolism of these alternative yeast species for reducing the alcohol 
content of wine (Gonzalez, et al. 2013). We have now addressed the impact of three easily 
manageable environmental factors (temperature, nitrogen source, and oxygen supply level) 
on the aerobic metabolism in synthetic must of some of these yeasts. 
 
Materials and methods 
A commercial S. cerevisiae wine yeast strain, EC1118, Metschnikowia pulcherrima CECT 
12898, Candida sake CBS 5093, and Kluyveromyces lactis CECT 10669. Batch cultures were 
performed in a defined medium containing 200 g/L glucose, 6 g/L citric acid, 1.7 g/L YNB 
without amino acids and ammonium sulphate, 0.018 g/L myo-inositol and different 
concentrations of ammonium chloride. The pH of medium was adjusted to 3.5 with NaOH. 
Experiments were performed in a DASGIP parallel fermentation platform, with 200 mL 
medium, 250 rpm, and a gas flow of 1.0 L/h. The cultures were sparged with either pure air 
or mixtures of air, O2 and N2, to get 10 %, 21 % and 50 % oxygen content in the inlet gas. 
Exhaust gas was cooled in a condenser and the instant concentrations of O2 and CO2 in the 
exhaust gas recorded with a GA4 gas analyser. 
The concentrations of glucose, glycerol, ethanol, and acetic acid were determined by HPLC. 
Two calculations were performed with analytical data from the 72 h samples. Alcohol level 
reduction was calculated as the difference between the expected increase in ethanol content, 
according to sugar consumed up to this time point and the actually measured ethanol content. 
Even though this alcohol level reduction value is useful for comparison between conditions 
and strains, it is probably overestimated, since part of the ethanol produced will have been 
lost by stripping. In addition, an integrative parameter, Efficacy (efficacy for alcohol level 
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while no reports on extended stability even under such low water activity conditions has 
benne reported yet, to the best of our knowledge. Partially purified BE, obtained by acid 
precipitation from cell-free culture supernatants after growth in mMSM-glucose medium, 
were subjected to FT-IR analysis for identification of the main functional groups present. The 
FT-IR spectra of most of the isolates, suggested that the produced BS/BE belong to the 
glycopeptide/glycoprotein and glycolipid classes of BS. 
The selected isolates were also tested for their growth and surface-active molecules 
production on a relatively cheap and highly available carbon source. All the isolates were 
able to grow on mMSM with 2%v/v soybean oil as main carbon source and produce surface-
active molecules. In specific, the highest emulsification index was equal to 69.17±1.2% and 
some of the produced molecules were able to reduce the surface tension of the medium from 
72.66±0.3 to 29.60±1.15 mN/m. Also in this case, the produced emulsions were stable up to 
eight months of incubation at room temperature retaining up to 98% of their activity and for 
some of the isolates the emulsification activity was stable in the presence of 300 g/l NaCl. 
The results obtained highlight that the microbes from marine habitats could be a source of 
BS able to act under extreme conditions; criteria required in the event of oil spills occurring 
at high depth (Jackson et al., 2015). Moreover, the development of BS formulations to be 
applied in the case of oil spill would benefit from the results obtained in this study. Indeed, 
sprydrying or lyophilization could be applied for the recovery/conservation of BS and in both 
procedures, the molecules are subjected to low water activity conditions.  
With regard to the isolates identity, partial 16S rRNA gene sequencing revealed the bacteria 
to be mainly from the Marinobacter genus. Although there are many reports on the 
production of surface-active molecules from marine bacteria, to the best of our knowledge, 
there have been no reports on the characterization of surface-active molecules production 
from the Marinobacter species. In this genus there are more than 33 validated species, but 
literature regarding these bacteria deals mainly with the description of the species while no 
reports on the putative biotechnological potential of these non-pathogenic bacteria are 
available.  
 
Conclusions  
The results obtained here highlight the potential of the produced surface-active molecules 
obtained from marine bacteria for application in various industrial sectors. In specific, owing 
to their activity and stability under harsh non-conventional conditions including high salt 
concentrations and temperature extremes, the BS/BE produced here would be very 
interesting for the development of formulations to be applied in for the bioremediation of oil 
spills under marine environment. 
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were ordered and aligned against the reference genome of C. acetobutylicum DSM 792. 
MAUVE (Darling et al., 2004) and RAST (Aziz et al., 2008) software was utilized to inspect 
the loss of pSOL1 megaplasmid comparing the assembled contigs of the deficient mutant 
strain against the genome of the type strain DSM 792 C. acetobutylicum. SNPs analysis was 
performed with kSNP3.0 (Gardner et al., 2015). Volumetric analysis was used to compare C. 
acetobutylicum type strain and the mutant Mu56 and hydrogen amount was measured by gas 
chromatography. Biochemical hydrogen potential (BHP) was assessed using the AMPTS 
(Automatic Methane Potential Test System, Bioprocess control, SE). 
 
Results and Discussion 
C. acetobutylicum pSOL1 deficient mutant Mu56 was obtained by repetitive cells subculture. 
The loss of the megaplasmid was inspected by PCR technique. Specific primers were used 
to amplify a 452 bp and a 549 bp fragments of the adhE2 and the adhE genes, respectively, 
which are part of the coding region responsible of the solventogenic pathway and harbored 
by the pSOL1 megaplasmid.  The attended PCR products were obtained using the genomic 
DNA of C. acetobutylicum DSM792 as template while no PCR products resulted from the 
amplification of the Mu56 DNA. The southern blot was carried out to confirm the result of 
PCR amplification reactions. The adhE  gene was used as probe and a high signal resulted in 
the pattern of digested genomic DNA of C. acetobutylicum DSM 792. No signal was detected 
in digested DNA of the mutant Mu56, confirming the loss of the megaplasmid pSOL1. 
Complete genome analysis was performed for the mutant strain Mu56 and the available 
genome in GenBank of C. acetobutylicum DSM792 was used as comparison. The analysis 
confirmed the loss of pSOL1 megaplasmid in Mu56 strain. Whole genome of C. 
acetobutylicum Mu56 was screened for the possible presence of SNPS. In total 134 SNPs 
were detected: 21 were unannotated genomic regions and 113 were coding-protein annotated 
regions. Among these 87 genes in C. acetobutylicum Mu56 were found to contain SNPs, a 
probable consequence of the 56 subculture steps carried out to obtain the cured strain. Some 
of this SNPs could contribute in the metabolic changes occurring in Mu56 strain. It is well 
known that the loss of pSOL1 cause the interruption of the solventogenic pathway. The 
results of Gas Chromatography Volatile Fatty Acids analysis were a further confirmation 
because butanol was not detected in Mu56 metabolites. Hydrogen production was evaluated 
by BHP analysis using deproteinized whey as substrate Fig.1. The production of H2 in Mu56 
strain started before the parent strain DSM 792. The Mu56 H2 yielded 4,41±0,01 mol H2/mol 
lactose while DSM 792 produced 3,81 ±0,089 mol H2/mol lactose. 
The number of cells at the end of the fermentation process was 7,51±0,04 log cells ml-1 for 
Mu56 and 8,06±0,03 log cell ml-1 for the DSM 792 type strain, therefore the hydrogen yield 
of Mu56 resulted 18,96% higher than that of DSM792, if correlated with the number of the 
cells.  . SEM analysis were carried out on both strains and it was evident that the loss of 
pSOL1 caused morphological changes in cells, the interruption of sporogenesis and an 
increase in the degeneration process, with highlighted autolysis in strain Mu56.   
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microbial inoculation. 
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The biomethanation process involves the conversion of organic waste to methane by 
anaerobic digestion carried out by a cooperation of numerous microorganisms with different 
functional capacities. The quality and quantity of produced methane depends on the 
metabolic transformations conducted by microorganisms during the process. In this work, a 
small-scale anaerobic digestion of organic municipal solid waste was carried out in ten pilot 
digesters (100L) to supervise the microbial populations occurred during the process and the 
relationship between microbial communities and biogas production. Eight anaerobic 
digesters were inoculated with animal manure and other two were used as non-inoculated 
controls. Samples were analysed before anaerobic digestion and after 26 days of 
experimentation. Bacterial diversity was evaluated by PCR-DGGE and the generic and 
functional microbial groups were also enumerated by using differential selective media. 
Biogas production, pH and temperature were also determined. Preliminary results obtained 
from PCR-DGGE and cluster analysis, performed to estimate the percentage of similarity of 
microbial populations, showed that the bacterial populations were mostly influenced by 
municipal organic waste different treatments. Moreover, microbial populations involved in 
initial step of biogas process such as cellulolytic, amylolytic, pectinolytic, proteolytic 
bacteria were influenced by waste composition and decreased of 1-2 Log CFU/g at the end 
of the process. Methanosarcina spp. and Methanobacterium spp. were the most abundant 
methanogenic species detected showing a concentration of about 8 and 9 Log CFU/g, 
respectively. Interesting was the inverse correlation observed between acid percentages and 
methane production. In fact, methane was detected only in the digesters with pH>4.30. 
Results obtained showed that is important to take under control microorganisms which 
exhibited very different metabolic capacities to understand the desired reactions and to 
obtain an initial community evenness, important factors for stable operation of mixed 
microbial cultures.  
This work was supported by Provincia di Avellino, NHP-ESCo and SIB. 
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cultures in South-East Asia. It is responsible of major economic losses due to weakening, 
necrosis and death of the host plant. This fast-growing agro-industry in the tropical belt is 
now confronted to the emergence of Ganoderma in Cameroon. However, the incidence and 
epidemiology of the disease, as well as the species involved, differ from what has been 
observed in Asia. This research project aims to characterize the diversity and the genetic 
structuration of aggressive Ganoderma species found in plantation sites in Cameroon, using 
the ITS, nuc-SSU, nuc-LSU and mt-SSU molecular markers for phylogenetic analysis, 
complemented by a morpho-anatomic description of the samples. During this project, 43 
samples of Ganoderma spp. have been collected on oil palm trees in 5 plantation sites of the 
SOCAPALM group in Cameroon, from which 40 pure culture isolates have been produced. 
A phylogeny based on the molecular marker nuc-SSU data of our samples has been 
reconstructed. 
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Constructed wetlands (CWs) are engineered systems which reproduce the natural water 
remediation processes occurring in nature in order to reuse the final effluent for agricultural 
purposes. The aims of this study were to monitor the sanitation efficiency of a full-scale 
horizontal sub-surface flow CW combined with UV treatment and to evaluate the Antibiotic-
Resistance (AR) in enterococci, isolated, both in influent and in three different effluents, in 
12 consecutive months. For this purpose, the microbiological indicators Escherichia coli, 
total coliforms and enterococci were monitored by plating counts. Moreover, the levels of 
enterococci sensitivity to different antibiotics molecules were measured using microdilution 
assay. The results showed that the levels of microbiological indicators were significantly 
lowered in water samples collected downstream the CW system, compared to the water 
samples collected upstream the CW system. While the CW system allowed an efficient 
reduction in E. coli population, reaching a final value below the Italian limits required for 
wastewater reuse in agriculture, a moderate reduction was achieved for enterococci count. 
The taxonomic identification of isolates reveled the dominance of the species Enterococcus 
faecalis both in influent ad effluents, followed by Enterococcus faecium and Enterococcus 
hirae. Most of enterococci isolates showed high AR to most of the tested antibiotics and 
variable sensibility to glycopeptides and beta-lactam both in influent and effluent samples. 
Strong differences were also observed among sampling times with a higher AR levels 
monitored in the period from April to June. In conclusion, while the CW system considered 
in the present study is suitable for the water reuse in agriculture, according to the Italian 
legislation, the presence of enterococci at high concentrations underlined the persistence of 
this bacterial group in water environment with a potential risk to serve as a genetic reservoir 
of transferable AR, a matter of concern for public health. 
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Cold environments have been extensively studied since 1960s for their microbial 
biodiversity. Early studies reported the occurrence of bacterial communities in such habitats; 
only in the last fifteen years the presence of yeast populations has been investigated. Cold-
adapted yeasts isolated from cold environments were regarded either as psychrophilic or 
psychrotolerant organisms, which are both metabolically active at low temperatures. 
Therefore the study of cold-adapted yeasts may result interesting for their taxonomy, ecology, 
physiology, as well as for their potential biotechnological application. In this regard soils 
from four forest sites located in the Italian Alps in South Tyrol were sampled in spring and 
autumn 2014 at different altitudes (from about 600 to 2,000 m a.s.l.). The influence of 
different abiotic parameters (e.g. geo-morphological, micro-climatic, physical and chemical 
conditions) on yeast culturable diversity was taken into consideration. Seven-hundred and 
sixty-four yeast strains were isolated at four different incubation temperatures (4, 10, 20 and 
30°C). The isolates were identified by sequencing their D1/D2 domains of 26S rRNA gene 
and ITS. Sequences were compared with those published in GenBank database (BLASTN 
freeware from www.ncbi.nlm.nih.gov/BLAST). The results of identification reported that 
Basidiomycota predominated the yeast diversity in these ecosystems: in particular the species 
Trichosporon porosum, Cryptococcus terricola and Cryptococcus podzolicus accounted for 
over 50% of the total isolates. A few abiotic parameters apparently affected the frequency of 
isolation of some culturable species. All yeast strains were checked for their optimal growth 
temperature: these tests confirmed the psychrophilic or psychrotolerant status of the 
organisms. The expression of some extracellular cold-active enzymatic activities of 
biotechnological relevance was also observed. 
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Caciocavallo Silano is a traditional Italian pasta-filata cheese produced according to a back-
slopping procedure. In this study, we used 16S rRNA and total RNA shotgun sequencing to 
study the microbiota and the metatranscriptome of this cheese during the ripening. A first 
experiment suggests that cheese ripening follows a gradient from the core towards the crust, 
driven by non-starter lactic acid bacteria (NSLAB) growth: from 10 to 60 days of ripening, 
lactobacilli progressively increased in the cheese core. Moreover, metabolic pathways related 
to protein and amino acid catabolism were over-expressed in the cheese core, while 
carbohydrates metabolism was enriched on the crust. Based on these results, we tried to 
accelerate the ripening process through increasing the temperature (from 16 to 20 °C, 
condition B) or decreasing the relative humidity (RH) (from 75 to 65%, condition C). 16S 
rRNA sequencing showed that the higher temperature promoted NSLAB growth in the 
cheese core. Therefore, we further studied the metatranscriptome of samples of cheese core 
and crust ripened in standard conditions (A) and at higher temperature (B) for 10, 20 and 30 
days. Moreover, proteolysis was studied through Liquid Chromathography - Mass 
Spectrometry (LC-MS) and the volatile profile was determined by Solid Phase 
Microextraction Gas Chromathography coupled to Mass Spectrometry (SPME-GC/MS). 
Metatranscriptome of cheese core and crusts clearly clustered separately. Interestingly, genes 
encoding for proteases, peptidases, amino acid and peptide transporters were enriched in the 
core of samples ripened at 20 °C. Accordingly, a decrease in high molecular weight peptides 
and an increase in many volatile compounds concentration were detected in samples B 
compared to the control. This study provided an in-depth description of the distribution of 
microbial activities driving cheese ripening, suggesting that the increase in the temperature 
may accelerate the ripening process through promoting NSLAB growth. 
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Food processing plants are populated by microbial consortia that play a fundamental role in 
food quality and safety. In this study, a culture-independent high-throughput amplicon 
sequencing of both 16S and 26S rRNA was used to investigate the microbial ecosystem of a 
dairy plant and cheeses produced therein. Cheese samples and surface swab-samples from 
equipment used for their production were collected. Investigating the interactions between 
cheese and environmental microbiota can be fundamental in understanding how these 
interactions may have a role in the process of fermentation, influencing cheese quality and 
safety. The microbiota of environmental swabs showed a high diversity, including more than 
200 operational taxonomic units (OTUs) with variable relative abundances (0.01-99%) 
depending on the species and samples. A core microbiota shared by 70% of the samples was 
found and a co-existence of lactic acid bacteria (LAB) and possible spoilage-associated 
bacteria was highlighted. The most representative core members were Streptococcus 
thermophilus, Pseudomonas, Acinetobacter and Psichrobacter; while the most abundant 
OTUs in the yeasts group were Kluyveromyces marxanius, Yamadazyma triangularis, 
Trichosporon faecale, and Debaryomyces hansenii. Beta diversity analysis showed that, 
based on the composition of the microbiota, the samples grouped according to their nature 
that showing a high level of similarity. Moreover, differential distribution of metabolic 
pathways between the two categories of samples were shown by predicted metagenomes. 
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Brettanomyces bruxellensis yeasts represent a one of the most important microbial causes of 
wine spoilage in worldwide. Nowadays, the origin, presence and diffusion to of these 
spoilage yeasts is still uncertain and debated. The aim of the work was to evaluated the 
presence of B. bruxellensis on the surface of the grape berries through enrichment and 
selective media and compare with those isolated in the winery environment using molecular 
fingerprinting and physiological characteristics. The strains were submitted to molecular  
analysis with RAPD-PCR (M13, M14) and minisatellites (PIR1, PIR3). Results of typing 
procedures showed that the 15 strains of B. bruxellensis, coming from the vineyard, were 
grouped into six clusters, while the 28 strains, isolated from the cellar, were grouped in ten 
biotypes. After the comparison, three biotypes exhibited a full correspondence between 
strains isolated in grape surfaces and winery. Interestingly, one of these, includes 5 strains 
coming from grapes and 14 from winery strains indicating that this genotype is dominant in 
this specific ecological niche (44% of total strains). Afterward further physiological 
characterizations were carried out on the population of B. bruxellensis in synthetic must and 
the results showed that  there is a correspondence of the ethylphenol concentration between 
strains within the various groups. 
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Under normal condition the consumption of foods or beverages containing biogenic amines 
(BAs) have not toxic effects because they are rapidly detoxified by the activity of the amine 
oxidizing enzymes (MAO and DAO). However in presence of high BAs content, in allergic 
individuals or if MAO inhibitors are applied the detoxification system is not capable of 
metabolizing BAs, inducing toxicological risks. The presence of BAs in foods is due to the 
enzymatic decarboxylation of free amino acids by microorganisms that possess this activity. 
Recently the use of food microorganisms able to degrade BAs once they have been 
synthesized has been proposed. In order to isolate and characterize BA-degrading bacteria, 
Pecorino cheese samples were screened. Among the isolates only 24 strains were found able 
to degrade tyramine/histamine, 14 of which belonging to different Enterococcus species (E. 
faecium, E. italicus, E. casseliflavus and E. gallinarum), 6 to Leuconostoc mesenteroides and 
2 to Corynebacterium variabile. None was positive for the hdc gene, while 8 had tdc gene, 
indicating their potential to produce tyramine. In order to evaluate their capacity of producing 
and degrading tyramine and histamine the strains were suspended in phosphate buffer 
containing precursors or the two BAs. The analyses of supernatants by HPLC showed that 
all the strains did not produce histamine, while 8 strains produced tyramine. As regards BA-
degrading ability the strains showed a great variability, ranging from 0 to 44% degradation 
for tyramine and from 4 to 32% for histamine. However only 2 strains reduced the histamine 
content of about 30% and four strains tyramine of about 40%. The two strains with high 
histamine oxidase activity shown no or low ability to oxidize tyramine. 
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Opuntia ficus-indica (L.) Mill.  native to Mexico, is widely distributed in arid and semi-arid 
regions of South and Central America, Africa and the Mediterranean area. Due to the high 
ecological adaptability, O. ficus-indica is able to growth in all arid and semi-arid 
environments. Given the trend of the Mediterranean area towards the global desertification 
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and the decline of water resources, the cultivation of O. ficus-indica is constantly increasing 
since may have a role in effective food production systems as fruit and vegetative crop. 
Despite the wide use of fresh cactus fruits and young cladodes investigations into the ecology 
of fungi and bacteria associated with fruiting plants is largely lacking. Fruits and cladodes 
were collected in September 2014 from 12 distinct O. ficus-indica organically certified 
cultivars among four major distinct Mediterranean regions (n =  3 for each region) across 
South of Italy (Puglia, Sicily and Sardinia) and North of Tunisia (Jendouba, Kasserine and 
Le kef) where O. ficus-indica is largely represented. The epiphytic and endophytic microbial 
diversity was investigated through a culture-dependent approach with molecular 
identification. Deep community pyrosequencing approach, targeted at the 16S rRNA and ITS 
R1 loci, to examine the richness and composition of bacterial and fungal communities 
associated with O. ficus-indica was also adopted. Complementary community-level 
physiological profiles determined by the use of Biolog EcoPlates confirmed the diversity and 
richness of O. ficus-indica microbial community. This study highlighted, through a 
comprehensive and comparative approach, the dominant microbiotas of 12 Mediterranean O. 
ficus-indica cultivars, which determined some of the peculiarities of the geographical 
community structure. 
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Pecorino di Farindola is a traditional cheese produced in artisan plants in the Abruzzi region, 
in the east side of the Gran Sasso mountain, Central Italy. Ninety Enterococcus isolates were 
collected from raw milk, curd and cheeses at different ripening stages up to a maximum of 
150 days. All isolates were identified by 16S rRNA gene sequencing. Additionally, antibiotic 
resistance profile of strains to 18 antimicrobial agents was determined using minimum 
inhibitory concentration (MIC). The MIC results were interpreted according to CLSI 
breakpoints. Moreover the genetic determinants (vanA, vanB, vanC1 and vanC2/C3) for 
vancomycin resistance were investigated. The dominant species were Enterococcus faecalis 
(64 strains) and Enterococcus faecium (14 strains), followed by Enterococcus gallinarum, 
Enterococcus hirae and Enterococcus casseliflavus. All strains, except for E. faecium, 
showed high resistance to streptogramin. Enterococcus gallinarum and E. faecalis strains 
showed a moderate resistance to tetracycline (30-36%), rifampin (20%), erythromycin 
(18%). Furthermore E. faecalis strains had a moderate resistance also to gentamycin and 
streptomycin. The strains of E. faecium showed a low resistance (7%) to some of the 
mentioned antibiotics. No strain had the vanA and vanB genes. Enterococcus gallinarum and 
E. casseliflavus strains were resistant to vancomycin (100%), as confirmed by the presence 
of vanC1 and vanC2/C3, respectively. Even if enterococci do not represent a serious risk to 
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cheese are mainly due to their richer indigenous NSLAB population. In the present study, 
almost one-hundred lactic acid bacteria (LAB) strains were isolated from fresh, 6 and 8 
months ripened Piacentinu Ennese cheeses, provided from 3 different farms, in order to select 
strains to be use as starter cultures . Firstly, the LAB strain were screened for technological 
and safety aspects i.e. acidifying activity, sensitivity to different class of antibiotics, biogenic 
amine production and antimicrobial activity versus different pathogens (Listeria 
monocytogenes, Escherichia coli, Staphylococcus aureus, Pseudomonas spp). Then the 
strains were characterized and identified using a polyphasic approach, which combine a 
molecular fingerprinting technique (GTG5-PCR), a proteomics approach (MALDI-TOF MS) 
and sequencing analysis of the 16S rRNA gene.  Results revealed that 90% of the strains 
exhibited good  acidifying activity in skim milk; most of the strains (78%) showed variable 
resistance to the antibiotics tested and only few strains exhibited high  resistance. All strains 
were not able to produce biogenic amines and 65% of the strains showed antimicrobial 
activity against the pathogens tested. Molecular characterization revealed that most of the 
strains isolated from fresh cheese were ascribed to Lactococcus lactis species, while several 
NSLAB were detected in the 6 and 8 ripened cheese. In detail, most strains consisted of 
Pediococcus pentosaceus, Lactobacillus plantarum, Lactobacillus paracasei and 
Lactobacillus rhamnosus. In addition to these dominant groups, some isolates identified as 
Lactobacillus pentosus and Streptococcus macedonicus were retrieved from the old cheese 
samples. 
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Natural casings are portions of animal intestines that have been used for centuries in the 
manufacturing of many typical dry-fermented sausages. Because of their intestinal origin, 
casings have a high microbial load, but their possible role as inoculants of microorganisms 
that can play a role in the ripening of dry-fermented sausages has not been investigated yet 
in detail. Here, we analyzed by means of culture-dependent methods and Illumina high-
throughput sequencing of 16S rRNA amplicons the bacterial ecology of hog, cow and ovine 
casings at different stages of their preparation for sausages production. We also compared 
the bacterial ecology of casings, meat mixtures and sausages at different ripening stages in 
the production chains of Salame Mantovano, a typical Italian dry-fermented sausage. 
Culture-based methods relied on the isolation and characterization of strains on different 
typical media, while for the molecular methods multi-million reads were originated and 
analyzed after amplification and Illumina MiSeq sequencing of 16S rRNA amplicons. From 
the animal casings, several strains of Staphylococcus, Lactobacillus, Bifidobacterium, 
Vagococcus and Clostridium were counted in significant amounts, isolated and characterized 
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at phylogenetic level. High-throughput sequencing analyses revealed a high bacterial 
diversity, which differed strongly between casings of different animal species. It was also 
found that the technological processes had a strong impact on the casings bacterial ecology, 
with a significant reduction of undesired microorganisms, and an increase in the proportion 
of lactobacilli and staphylococci. Finally, the analyses on the production chain of Salame 
Mantovano revealed that several strains found in the casings before stuffing were also 
detected in the final ripened products, thus confirming our main hypothesis. This work shows 
the importance of the use of natural casings in the manufacturing of typical dry-fermented 
products, and highlights the role of high-throughput sequencing technologies as powerful 
tools to gain a better comprehension of food fermentations. 
_________________________________________________________________________ 
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Lactic acid bacteria (LAB) have been used to inhibit undesirable bacteria in ferment foods. 
Different studies showed how adjunct cultures are active against spoilage bacteria and 
pathogens in different foods. In cheese the spoilage can affect the shelf life of the product 
with smear on the cheese surface and packaging blowing. Recently cultured-independent 
methods, and in particular next generation sequencing (NGS), have been used to evaluate the 
complete microbiota in complex ecosystems and we applied this technique to better 
understand the microbial community in fresh cheese at the end of its shelf life. The cultivation 
based methods and NGS analysis over the shelf life period, showed that the spoilage 
microbiota at 8°C and 14°C is composed of primarily by species of Enterobacteriaceae and 
Moraxellaceae. To limit the outgrowth of these bacteria we tested in in vitro cheese model 
13 different lactic acid bacteria (LAB). Three out of 13 bacteria, namely Lactobacillus 
rhamnosus RH05, L. sakei LK04 and Carnobacterium maltoaromaticum CNB04, were the 
most effective in inhibiting Gram negative bacteria and so they were assessed in industrial 
trials either alone or in combination.  Soft cheese with and without adjunct cultures were 
prepared and stored at 8°C and 14°C until the end of the shelf life. Traditional counting 
colonies and next generation sequencing demonstrated that the use of adjunct cultures 
reduces the growth of spoilage microbiota at both temperatures of storage. In particular 
during industrial experiments Carnobacterium maltoaromaticum CNB04 showed the most 
evident activity against psychotropic spoilage microbes. 
_________________________________________________________________________ 
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Four scotta-innesto natural starter cultures (SR30, SR56, SR63, SR74) for Pecorino Romano 
cheese, collected on different Sardinian dairy plants and lyophilized in the 1960s, were tested 
for antibiotic susceptibility. To screen the complex microbiota for antibiotic-resistant bacteria 
and resistance genes, reactivated and concentrated cultures (about 5x108 cfu/ml) were 
inoculated (105 cfu/ml) in IST-lactose and LSM broth (ISO 10932:2010) containing 
tetracycline, erythromycin, clindamycin, ampicillin, gentamycin, chroramphenicol, or 
tylosine at different concentrations (EFSA, 2012). By this screening, only one culture (SR56) 
out the four tested was suspected to contain LAB resistant to tetracycline and erythromycin. 
To estimate the load of presumptive antibiotic-resistant LAB, decimal dilutions of SR56 were 
inoculated in broth with tetracycline (4, 8, 16 mg/l), erythromycin (2, 4, 8 mg/l), and without 
antibiotics as control. Only cocci-shaped bacteria grew in broths with antibiotics. The 
estimated load of presumptive tetracycline- and erythromycin-resistant cocci was 104 cfu/ml 
and 103 cfu/ml, respectively. A pool of colonies, picked up from plates streaked with an 
aliquot of growth-positive broths, was tested by PCR for Enterococcus faecium, 
Enterococcus faecalis, Enterococcus durans, Streptococcus thermophiles, tetM, ermA and 
ermB genes. Only E. faecium and tetM were detected. Furthermore, 30 E. faecium, out of the 
80 isolated from plates containing antibiotics, harboured tetM: these isolates turned out to 
belong to 3 different SmaI pulsotypes, 27 out of 30 shared the same profile. Pecorino Romano 
cheese samples at 5 and 8 months of ripening (minimum time for consumption), 
experimentally made with a starter composed by SR56 and SR30, were seeded in IST agar 
medium with 8 mg/l tetracycline, erythromycin or clindamycin, and without antibiotic. 
Bacterial loads in antibiotic-containing media were in the order of 102 cfu/g in spite of a load 
of 107 cfu/g in control medium. No E. faecium were isolated from plates with antibiotics. 
_________________________________________________________________________ 
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Lactobacillus casei is a lactic acid bacterium used in the production of fermented and 
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functional foods. Several strains of L. casei were able to grow under aerobic and respiratory 
conditions, expressing phenotypes with more competitive (higher stress survival and biomass 
production) features. In this study, an evolution experiment was performed to evaluate the 
genotypic and phenotypic adaptation of respirative strain L. casei N87. Sixteen propagations 
(~ 45 generations) were carried out in aerobic and respiratory conditions. A total of 660 
colonies were randomly isolated, cultivated in anaerobiosis (AN), aerobiosis (AE) and 
respiration (RS), and screened for their tolerance or sensitivity to one or more conditions. 
The progress of propagations promoted biomass production and rate of oxygen uptake, 
indicating the increase of oxygen-tolerant phenotypes during the adaptive cultivations. Ten 
mutants were selected and again propagated in anaerobiosis, aerobiosis and respiration to 
evaluate kinetics of growth, biomass production, oxygen consumption, catalase activity and 
tolerance of oxidative stress. The mutant AE-51 (sensitive to aerobic and respiratory growth, 
with the lowest µmax and oxidative stress tolerance) and mutants AE-284 and RS-337 (with 
the best growth and oxidative stress performances) were used for whole-genome sequencing 
(Illumina HiSeq2000). Several single nucleotide polymorphisms (SNPs) were detected in 
mutants. SNPs principally affected upstream sequences of mobile elements and tRNA genes 
(tRNASer and tRNAVal). In AE-284 and RS-337, point mutations were also found in 
upstream regions of aryl-alcohol dehydrogenase (involved in metabolism of aromatic 
compounds), and only in respirative RS-337 on the upstream sequence of NAD(P)HX 
dehydratase (involved in the removal of toxic hydrated forms of NADH and NADPH). 
Evolution towards aerobic and respiratory lifestyle did not cause nonsense modifications 
(stop codons and truncated proteins) in mutants. Given the short duration of selection it is 
likely that respiration-competent L. casei strains may naturally evolve under conditions 
favouring respiration. 
_________________________________________________________________________ 
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Bioindicators are organisms that rapidly reveal the quality of environment, by highlighting 
the effect of environmental changes on a population, community, habitat or even on an 
ecosystem. On the basis of this characterization, bioindicators are useful in assessing 
additive, synergistic and antagonistic effects upon living organisms within a broad pollutant-
based spectrum of complex environments. Even several bioindicators are used worldwide, 
the utilization of bacteria is quite limited, mainly due to different theoretical and conceptual 
constrains representing a very novel topic. The aims of the work were i) to determine the 
presence of multi-contaminants from agricultural, municipal and industrial activities in 
complex freshwater environments through the differential shifts of the microbial community 
structures ii) to examine the antibiotic resistance spread in freshwater channels using Class I 
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Quorum sensing is a process of cell-to-cell communication widely employed by a variety of 
gram-positive and gram-negative bacterial species to coordinate communal behavior. 
Quorum sensing requires production, secretion, and detection of extracellular signal 
molecules called autoinducers, some of which are used for intraspecies communication, 
while others promote interspecies communication. Bacteria use quorum sensing to regulate 
a variety of phenotypes, such as biofilm formations, toxin production, exopolysaccharide 
production, virulence factor production and motility.  The aim of this preliminary research 
was to study the involvement of this cell-to-cell communication in laboratory calcium 
carbonate precipitation by Gram negative bacteria. We tested the production of AHL 
autoinducers by seven Gram negative bacterial calcifying strains named C3, C5 and C14 
isolated from a soil sample (L'Aquila, Central Italy), A7, A11 and A14 from moonmilk 
(Grotta Nera, Central Italy) and PHP7 strain of Burkholderia ambifaria from corn 
rhizosphere (Nancy, France), by cross streaking them with an AHL- strain of 
Chromobacterium violaceum (CV026).  Only the strain PHP7 induced the production of 
violacein in Chromobacterium violaceum (CV026). After, we produced an AHL- mutant of 
the strain PHP7 of Burkholderia ambifaria. The AHL- mutant grown on B-4 agar plates lost 
the calcifying capability of the wild type strain. Calcium carbonate crystals produced by the 
wild type strain of Burkholderia ambifaria showed at SEM observation the presence of 
geometrically streamed bacterial imprints. All these preliminary evidences suggest that the 
activation of quorum sensing-regulated genes may be a prerequisite for in vitro bacterial 
calcite precipitation, in some instances. 
_________________________________________________________________________ 
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Rice (Oryza sativa L.) being the primary staple food feeds more than two fifth population of 
the world and its demand is increasing around 12% annually. Endophyte play key roles in 
physiological processes of host plant influencing enhancement of biotic and abiotic stress 
resistance. They improve plant growth by helping host in fixation of atmospheric nitrogen. 
Two hundred and forty endophytic strains were isolated from leaves, stem and roots of wild 
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rice Oryza alta and Oryza officinalis under aerobic condition. One hundred and thirteen 
strains were screened as diazotroph by acetylene reduction assay (ARA) and their cluster 
representatives were further corroborated by nifH gene amplification. The isolated 
diazotrophs were grouped into XII clusters by SDS-PAGE of whole cell protein pattern 
which was further confirmed by insertion sequence-based polymerase chain reaction (IS-
PCR) finger printing pattern. The sequencing and phylogenetic analysis of 16S rDNA of the 
cluster representative strains showed the great genetic diversity and belongs to genera 
Enterobacter, Klebsiella, Raoultella, Burkholderia, Pseudomonas and Acinetobacter. In 
addition physiological, biochemical and phenotypic characterization using API 20EN Kit and 
Biolog microplate also supported the strains diversity. Their phylogenetic analysis based on 
16S rRNA gene sequences was done to locate their closest relatives. Results further 
confirmed the endophytic nature and nitrogen fixing ability of the isolated strains. 
Representative strain B48 isolated from O. alta belongs to genus Raoultella of family 
Enterobacteriacae and it is reported for the first time in wild rice. Moreover the strains B69 
and B80 have the potential of novelty which need further exploration.  
_________________________________________________________________________ 
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Catalase reduces oxidative stress by degrading hydrogen peroxide to molecular oxygen and 
water. Genes encoding for heme-dependent catalase are present in 23 species of lactic acid 
bacteria, while those for manganese-catalase only in 13 species. Available genomes of 
Lactobacillus casei do not include sequences annotated as heme- or Mn-catalase and, 
recently, several recombinant approaches have been used to express these proteins in L. casei 
and improve oxidative stress tolerance. In this study, catalase activity was detected in 4 L. 
casei strains. Whole-genome sequencing (Illumina HiSeq2000) confirmed the presence of 
both heme-catalase (1461-bp gene) and Mn-catalase (936-bp gene) and two different PCR-
products were clearly found in the strains. The effect of cultivation (anaerobiosis or 
aerobiosis) and supplementation with hemin, manganese and/or iron was investigated (24 
factorial experiment in chemically defined medium) on the catalase production of respirative 
strain L. casei N87. Kinetics of growth, enzymatic activity, tolerance of oxidative stress and 
expression of heme- and Mn-catalase genes were measured in all conditions. The presence 
of cofactors and respirative growth improved biomass production in L. casei N87. Catalase 
genes were differently expressed on the basis of manganese and hemin supplementation, 
confirming the different nature of two enzymes. Total catalase activity and tolerance of 
oxidative stress were higher in respiratory cells when both manganese and hemin were added. 
However, relevant gene expression and enzymatic activities were found in Mn-supplemented 
anaerobiosis. Lack of iron in the substrate significantly reduced catalase activity and 
expression levels in all conditions. Acquisition of catalase genes is probably due to genetic 
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element transfer from other lactobacilli or pediococci sharing the same ecological niches. 
Exploitation of L. casei strains with intrinsic catalase activities may be a relevant feature for 
health (prevention of human diseases) and food (reduction of rancidity and discolouration) 
related applications. 
_________________________________________________________________________ 
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Marasmius is a genus of saprobic macrofungi found on leaf litter in worldwide. Since 
Thailand is locate on tropical region that have the mega-diversity of organism including 
fungi. All previous work on the diversity of Thai Marasmius were conducted in upper-north 
region of Thailand. Phu Hin Rong Kla National Park, located in lower northern Thailand, has 
different types of forest and also diverse fungal habitats. Owing to the research regarding 
Marasmius from Phu Hin Rong Kla National Park is limited; therefore, species diversity of 
Marasmius from this area were studied. Based on morphology and the internal transcribed 
spacer (ITS) of rRNA gene, 17 taxa of Marasmius section Sicci were found. Six of them, 
Marasmius thailandicus, M. umbelliformis, M. haematocephalus f. sinapis, M. 
mandeangensis, M. mungkood and M. rongklensis are new taxa while the others, M. 
persicinus and M. ferrugeneus are reported for the first time in Thailand. 
_________________________________________________________________________ 
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The role of non-Saccharomyces yeasts during the must alcoholic fermentation must was re-
valued since they can positively contribute to wine quality. Unfortunately, fermentation 
conducted with natural flora diminished predictability of the process and of the wine features. 
For this, the combined use of non-Saccharomyces and Saccharomyces cerevisiae cultures 
gained interest. Among non-Saccharomyces, Starmerella bacillaris (Candida zemplinina) 
seems to have a positive role in the winemaking. Aim of this work was to investigate 
Starmerella bacillaris strain in scalar fermentation with Saccharomyces cerevisiae for 
producing Italian Sangiovese wines. These were compared to those obtained with a 
commercial Saccharomyces cerevisiae. The wines were analyzed for pH, alcohol strength, 
total and volatile acidity, residual sugars, mannoproteins, biogenic amines, ethyl carbamate 
and volatile compounds. Starm. bacillaris, inoculated in must at 6 log CFU/ml, developed at 
25°C up to five days from inoculation, after that S. cerevisiae, inoculated in scalar 
fermentation, was able to carry on the fermentation. No significant difference was recorded 
for the wine chemical-physical features except for the alcohol strength (11% for the wine 
obtained with S. cerevisiae, 9.8% for wines from scalar fermentation). The principal 
component analysis of the volatile data showed that wines from scalar fermentations were 
characterized by an increased content of short and medium chain fatty acid-esters and 
significant higher mannoprotein content. The highest histamine content was detected in 
wines from scalar fermentation (2.7 ppm), althought this value slightly exceeded the 
restricted German limit (2 ppm). The results outlined the synergic effects of the scalar 
fermentation for the production of wines characterized by highest contents in mannoproteins 
and specific volatile compounds. Although, the scalar fermentation resulted in wines with 
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techniques because not cultivable or present in too low concentration. Three traditional 
scotta-innesto natural starter cultures (SR30, SR56, SR63), collected on different Sardinian 
dairy plants and lyophilized in the 1960s, were revitalised in 2013-2014 to be characterized 
both from a microbiological and a technological point of view. Two starter mix were 
constituted by mixing SR30+SR56 (Mix A), and SR30+SR63 (Mix B), to produce 
experimental Pecorino Romano PDO cheese A (CA) and B (CB), respectively. Moreover, a 
commercial selected starter (CSS) was employed to produce a control cheese (CC). All of 
the above starters were used to perform three manufactures in three consecutive weeks, in 
different periods of the year. Genomic DNA was extracted by a commercial kit, 
FTA®/CloneSaver cards, and phenol/chloroform/isoamyl alcohol, from SR30, SR56, SR63, 
CSS, thermized milk, and cheeses from a representative batch, at different sampling points 
(24h, 1, 3, 5 and 8 months). The aim of this work was to evaluate the complexity of microbial 
communities, while assessing the effectiveness of different DNA extraction methods with 
respect to different molecular techniques (genus/species-specific PCR, Rep-PCR(GTG)5, 
RAPD-PCR(M13) and PCR-DGGE(V3 region)), using culture-dependent methods as 
support. DNA extraction methods affected the performances of the different molecular 
biology techniques, but DGGE. Compared with cheeses, in milk a higher number of species 
was detected by DGGE. Rep- and RAPD-PCR fingerprints of starters and cheeses were 
grouped by BioNumerics software with respect to samples origin. Particularly, a high 
similarity was observed between CA and CB profiles, which were very different from CC. 
The combination of the different classic and molecular techniques applied turned out to be 
very effective to understand the complexity of microbial communities colonizing milk, 
starters and cheeses. 
_________________________________________________________________________ 
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Campylobacter bacteria are the most commonly reported cause of acute bacterial enteritis in 
EU and broiler chickens are considered a major source of this pathogen. The aim of this study 
was investigated on the presence of Campylobacter spp both in broiler and slaughter to 
evaluate a possible correlation between these two environments. Six broiler farms located in 
the central Italy were undergone to experimentation using microbial and molecular 
approaches. Twenty-five cloacal swabs and fifteen neck skins samples from each farms was 
detected using ISO 10272-1:2006. There was a discrepancy between the presence of 
Campylobacter in farm and in slaughter with a great abundance in farm and scarcity in 
slaughter. Indeed, Campylobacter war detected in all farms (with exception of farm C) of 
about 42% of positive cloacal swabs. For each positive cloacal swabs and neck skins samples 
three purified colonies were isolated (121 strains) and identified by multiplex PCR. Resulted 
showed that C. coli (67,7%) was most common, followed by C.jejuni (19,8%),  C. lari (1%) 
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and mixed C. coli and C. upsaliensis (9,1%). The molecular characterization obtained by 
AFLP showed the presence of three major clonal groups between C. jejuni species and four 
clonal groups were found between C. coli isolates. Therefore, AFLP analysis was considered 
a suitable method for population studies of Campylobacter. Also antimicrobial susceptibility 
for ciprofloxacin, nalidixic acid, erythromycin, streptomycin, gentamicin, tetracycline and 
chloramphenicol was investigated: all strains of C. coli had a similar profile while only the 
isolates from a farm were resistant to erythromycin. Differences were also seen in the C.jejuni 
isolates from two different farms since in one they were resistant to streptomycin. 
_________________________________________________________________________ 

 
PS4-07 

 
COLLETOTRICHUM SPECIES ASSOCIATED WITH CULTIVATED CITRUS 

ANTHRACNOSE IN TUNISIA 
 

RHAIEM Azza (1), TAYLOR Paul W J (2) 
 

(1) National Gene Bank (Banque Nationale de Gènes), Tunisia; (2) Faculty of Veterinary and Agricultural Sciences, 
The University of Melbourne, Australia 
 
The genus Colletotrichum includes many plant pathogenic species causing diseases, 
commonly known as anthracnose, on a wide range of crops of major importance. In citrus, 
Colletotrichum species may be saprobic, endophytic or pathogenic. Three citrus diseases 
caused by different Colletotrichum species have been reported worldwide: anthracnose, post-
bloom fruit drop and key lime anthracnose. None of these diseases have previously been 
reported in Tunisia. In this study, twenty-one isolates of Colletotrichum sp. obtained from 
stems of different cultivated Citrus varieties showing anthracnose-like symptoms in Tunisia 
were characterized.  Multilocus phylogenetic analyses based on internal transcribed spacer 
(ITS), glyceraldehydes 3-phosphate dehydrogenase (GAPDH), glutamine synthetase (GS) 
and ApMat sequences, revealed that all Tunisian isolates belonged to the C. gloeosporioides 
species complex. Two main clades of isolates were identified within the complex, with 19 
isolates corresponding to C. gloeosporioides and two a putative new species. Among the 
isolates belonging to the first clade, one isolate showed high closeness with an Australian C. 
gloeosporioides isolate from Citrus sinensis. The two isolates corresponding to the new 
species were both obtained from Citrus reticulata. Pathogenicity tests confirmed the three 
groups of isolates to be pathogenic and revealed a significant (pathogen x host) interaction 
and an eventual specificity in causing infection on fruits and detached leaves after wounding 
or without wounding according to the inoculated varieties. These results are in agreement 
with previous studies in Italy that found that Colletotrichum gloeosporioides was the 
predominant pathogen of cultivated citrus species. In addition, one new potential 
Colletotrichum species that causes anthracnose of citrus was identified. 
_________________________________________________________________________ 

 
 
 

  
 




















































































































































































