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Attention to food quality and safety will never decrease.
Thus, studies of food microbiology and food-associated
microbial ecology are always timely and scientifically rel-
evant.
The ‘cultural’ evolution in food microbiology has shifted

the focus from the traditional cultivation of food microbes
to the consideration of food as a microbiologically
dynamic matrix (Cocolin and Ercolini, 2015). Food can
potentially host bacteria, yeasts, filamentous fungi and
even viruses. These organisms do not simply inhabit food
but also possibly contribute to food quality and safety,
depending on what kind of activities and interactions are
established in the conditions where foods are produced,
stored and distributed. We experimented with a wide
range of culture-independent approaches to study micro-
bial ecology. Today, we fortunately possess a huge tool-
box of molecular biology and data analysis methods that
we can use. Food microbiota is routinely studied with
rRNA amplicon-based high-throughput sequencing
approaches, which have good potential for food quality
screening, monitoring population dynamics and meta-ana-
lyses based on interactive databases of food microbiota
(Ercolini, 2013; Parente et al., 2016). Additionally,
metagenomics conducted with shotgun libraries can aid in
the exploration of both taxonomic composition and func-
tional diversity of microbial communities using a much lar-
ger amount of information. For example, in-depth analysis
of the cheese microbial maturation process and a better
understanding of the metabolic activities and interactions
within the cheese microbial community are possible with
metagenomics. The cheese microbiome could serve as a
simplified model for understanding microbial dynamics in

even more complex environments (Wolfe et al., 2014). In
addition, when metatranscriptomics data are available
along with metagenomics data for the same sample, tran-
scription rates for specific genes are obtainable. There-
fore, in situ high-throughput gene expression studies are
readily available to explore functional variations in food
microbial consortia (De Filippis et al., 2016).
Microbial communities can be studied at different

levels of taxonomic resolution. However, identification
and characterization of microbial strains, their genes and
their functions are fundamental to the study of their role
in food. This is traditionally accomplished with whole- or
partial-genome sequencing after strain isolation and culti-
vation in vitro, and many strains of food-associated
microbial species have been sequenced thus far.
The future of this research is the extraction of strain gen-

ome profiles from metagenomics data sets. Once nucleic
acids are extracted from a food of interest, researchers
can make shotgun libraries, obtain the metagenome by
sequencing and then use up-to-date, challenging and
rewarding collection of bioinformatics tools to study the
genomes of the strains of interest. Draft or even complete
genomes can be retrieved from metagenomics data.
Therefore, strain-level monitoring in food can be achieved.
Several strain-tracking bioinformatics approaches have
been developed (Eren et al., 2015; Luo et al., 2015;
Truong et al., 2015). The most recent, PanPhlAn, is a pan-
genome-based phylogenomic analysis tool using metage-
nomics data to provide strain-level microbial profiling
(Scholz et al., 2016). This approach is used to build a pan-
genome of a species of interest by extracting all the genes
from the available reference genomes and defining the
gene family clusters. Once the gene family abundance is
calculated within the metagenome, then strain-specific
genes can be identified. Therefore, it is possible to explore
strain-level diversity within the same sample and also com-
pare foods on the basis of the different genomic signatures
of strains from the target species. These strain-level com-
parisons will be enormously robust and powerful and can
overcome the recent disappointing attempts of strain-level
characterization of food microbes based on high-through-
put species-specific (not rRNA-based) amplicon sequenc-
ing (De Filippis et al., 2014; Ricciardi et al., 2016).
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This high-throughput strain-level characterization
approach can be used to investigate three different
groups of food-associated microorganisms: (i) patho-
gens, (ii) spoilers and (iii) fermentation players.
Genomewide strain characterization will play a key role

in the identification of the pathogenic bacterial species
carried by food that are responsible for food poisoning.
GenomeTrakr (promoted by the FDA) is a genomic data-
base of pathogens isolated from foodborne outbreaks.
Retrieving foodborne pathogen genomes directly from
metagenomics data would allow for rapid identification of
the sources of foodborne outbreaks and overcome the
limitations of culture-dependent methods. These tech-
niques will be relevant during episodes of foodborne dis-
ease outbreaks to help characterize suspected foods and
contaminated food-processing environments as well as
biological specimens from the human subjects involved.
Metagenomically inferred multilocus sequence typing
focused on genes that encode for toxins or other patho-
genic traits will be useful for wide-scale characterizations
of epidemiological interest. This approach will predict the
behaviour of foodborne pathogens or strain-dependent
responses to food handling and storage conditions. It is
also expected to bring forth new knowledge that will pro-
vide the basis for future risk assessments.
Similarly, in situ profiling of food spoiling microbes with

strain-level resolution will improve identification of their
adaptation strategies in food and food-processing envi-
ronments, and the new knowledge acquired from these
studies will help develop innovative preservation strate-
gies to selectively inhibit spoilage-associated microbial
functions in food.
Lactic acid bacteria (LAB) and yeasts perform crucial

functions in many fermented foods and have been
extensively studied for years. They can participate in a
microbiota that drives spontaneous fermentation in arti-
sanal food making or be deliberately added to food as
starter cultures. Quantitative monitoring of the key func-
tions of strains involved in fermentation and food ripen-
ing would be very informative. The behaviour of
microbial species in food is strain-dependent and poorly
predicted. A high-throughput strain-level characterization
of food fermentative processes will allow monitoring of
the succession of different strains from the same species
during manufacturing, observation of shifts in strain
abundance according to system variations and recogni-
tion of strains with activities relevant to specific pro-
cesses. This will enable customization of strain-level
composition of microbial starters according to specific
performance and needs. Moreover, when we couple
strain-level metagenomics and metatranscriptomics, we
will understand how to direct and exploit this genomic
potential for our research. We will better predict the
microbial response to changes in food fermentation or

ripening conditions, which will be useful for designing
strain-targeted process interventions to exploit microbial
performances for process optimization and increased
quality. Observing changes in genomic features between
cohabiting strains of the same species in a food micro-
biome will give the unprecedented possibility to use pro-
cessing conditions to modulate technologically relevant
activities in specific strains. In other words, we might
soon be capable of deciding the exact dynamics and
conditions necessary for proteolytic or lipolytic activity to
obtain a desired cheese aroma because we will know
how such functions are regulated by human intervention
in ripening conditions. In the context of natural fermenta-
tions, comparative genomics of strains from the meta-
genomes of natural starters will help us understand what
raw materials and food sources yield the best possible
fermentation performers, better understand the dynamics
that drive the selection of specific activities, and guide
the development of specific strains that deliver desirable
food products. Finally, there is still hope to discover
unculturable and undescribed genotypes with interesting
features from natural starters.
It is time to dive into the complex metagenomes of

food and obtain the best possible strain characterizations
that can be used for the improvement of food quality and
safety.
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