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Abstract: Recent investigation approaches, based on High-Throughput Sequencing (HTS) technologies,
allow to develop in-depth analysis of food microbiota/microbiome. HTS, which identify the modern Next
Generation Sequencing (NGS) techniques, contribute to food investigation advances by allowing to produce a
larger volume of data at a price that is decreasing. This contribute offers an overview about the latest and
most innovative techniques for analyzing food microbiota. Furthermore, the impact on food microbiology of
omics approaches based on HTS is discussed. Relevant metagenomics, metatranscriptomics, metaproteomics
studies concerning different food application fields are treated. The current scenario and pregnant omics and
multi-omics works are highlighted, showing the usefulness to adopt an integrated multi-omics approach in
different food microbiology areas, especially in food quality and safety. In this context, nowadays, food is
more and more considered not only as a source of energy but also as an affordable way to prevent diseases.
Finally, some technical limitations of multi-omics methods are outlined. If in the past an integrative omics
approach was not feasible because of the lack of expertise and technical limitations, the current technological
advances offer high performances in terms of standardization to investigate a wide data set coming different
platforms.
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1. INTRODUCTION

In relatively recent years, relevant changes in the approaches used for food microbiological analysis
occurred. The PCR (Polymerase Chain Reaction) method [1] has led to new strategies to study food
microbiota and it has become possible to investigate microorganisms without that any cultivation
approach is used.

Culture dependent methods have been characterized by laborious and time-consuming procedures and
allows generally to recovery less than 20-30% of total bacteria richness [2]. The introduction of
culture independent methods has allowed to understand and to overcome the limitation of microbial
cultivation [3]. It was applied in food microbiology as tools to analyze foodstuff microbiota, to study
fermentation and food spoilage processes and also to investigate the ecology of food-borne pathogens
[4, 5].

In PCR-based methods, DNA, RNA and proteins are the preferred targets. After amplification of the
nucleic acids extracted directly from the food matrix, the PCR product is subjected to specific
analyses in order to highlight differences in the amplified DNA sequences [6]. In this approach, the
selection of the DNA region to be amplified is very important. The most frequently regions used in
bacteria are related to the 16S rRNA coding gene, while the 26S rRNA (or Internal Transcribed
Spacer, ITS) is generally the target in yeasts. For these two genes large sequence databases have been
put in place.

In the last years the introduction of new methodologies in studying food microbiota occurred. These
methodology, called next generation sequencing (NGS), has a great advantage respect the previous
analysis methods, in which only a part of the considered food sample microbiota can be identified. In
fact, NGS allows to obtain in relatively short time a massive quantity of sequences from a single run
cycle [7].
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2. OMICS SCIENCES

The dissemination of omics sciences, that encompass several approaches, as metagenomics,
metatranscriptomics, as well as metaproteomics and metabolomics, has been made possible mainly
thanks to the development of NGS technologies. These approaches can generate huge amounts of data
with different levels of biological complexity, (DNA, mRNA, protein, metabolites, etc.).

Metagenomics allows the analysis of whole-genome sequences of DNA extracted from an organism,
in which bioinformatic tools are used to individuate differences between the sequences [8]. It is an
extremely powerful method that can be adopted to describe the genetic potential of several kinds of
microbiome, and includes two fundamental approaches: the amplicon sequencing method, that uses
the high-throughput 16S rRNA gene regions, and the shoutgun method which concerns the
coverage of the genome outside of the small 16S rRNA gene region and this means that specific,
strain level discrimination is achievable [9]. The last approach covering the entire genome of an
organism and skips the amplification step.

Figure 1 shows the differences between these two methods.
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Figure 1. targeted 16rDNA and shoutgun methods.

Metatranscriptomics is based on the retrieval and sequencing of mRNAs from a microbial ecosystem
and its focus is on the genes activity. It requires high-depth sequencing to detect differentially
expressed transcripts present in low abundances, consequently, metatranscriptomics is one of the most
expensive HTS approaches [10].

Metaproteomics allows the analysis of protein to understand the functions of the microbial
community. It may be defined as “the large-scale characterization of the entire protein complement of
environmental microbiota at a given point in time” [11].

Metabolomics allows to define the metabolic profile of different microbiome, including food
microbiome [12]. It refers to the systematic identification and quantification of the small molecule
metabolic products (the metabolome) of a biological system (as cell, tissue, organ) at a specific point
in time. Mass spectrometry (MS) and Nuclear Magnetic Resonance (NMR) spectroscopy are the
techniques most often used in metabolomics. A good advantage of both techniques is the high-
throughput capability of spectroscopic and structural information allowing to characterize a wide
range of metabolites simultaneously, with high analytical precision. Compared to NMR, MS is more
sensitive and provide information for metabolites present at low concentrations.
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All these omics approaches have been applied in food microbiology.
3. APPLICATIONS OF NEXT GENERATION SEQUENCING IN FOOD

Over the past two decades, omics technologies have dramatically changed biological research, and the
focus has been on advances in DNA sequencing methods [7]. Food microbiology benefited from
advances occurred in molecular biology and new techniques to detect and monitor microorganisms
have been developed.

Figure 2. shows some food application fields based on modern omics analytical techniques.

FOOD
AUTHENTICATION
\

FOOD FOOD
' CONTAMINATION) ‘ FERMENTATION

Figure 2. Application of omics studies in food microbiology fields
Innovative applications in food quality and safety are discussed in the following sections.
3.1 Food Quality

Consumers have nowadays a considerable attention to quality of foodstuffs and food ingredients.
Products must have exhaustive labelling reporting details describing the original raw materials and the
absence of harmful chemical and contaminants [13].

Pathogens can be present in the initial microbiota or colonize the processed product by contamination
during the food manufacturing activities. Salmonella spp. is one of the major pathogens responsible
for foodborne disease outbreaks and S.enterica is the most frequently isolated species [14]. Other
frequently foodborne pathogens belong to the genera Campylobacter, Yersinia, Shigella, Vibrio,
Clostridium, Bacillus, Listeria, and Staphylococcus has been reported [15].

Relevant approaches was devoted to screen undesired microorganisms in foodstuffs and to prevent the
spread of foodborne disease outbreaks [14]. Most of these pathogens are not easily individuated by
using traditional approaches, and metagenomic methods have been adopted, mainly using 16s rDNA
or 26s rDNA gene sequencing [16, 17]. These approaches have a growing importance also in the
authentication product activity [18]. In fact, the food market globalization has led a comprehensive
food supply chain, where raw materials are often processed in different countries. At the same time,
the industrialization of manufacturing processes are more complex and widely unknown to the
consumers [19].

The availability of advanced technologies and of commercial kits for DNA extraction allows to obtain
genetic material from biological material. However, the DNA certification is not necessarily
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synonyms of food quality [13]. In fact, environmental factors could affect the food organoleptic
properties [20] and, for this reason, the DNA-based approach should be combined with chemical food
studies. Therefore, the analysis of food metabolome is essential in the evaluation of food quality, in
fact metabolites are the final downstream products of the genome and of its interactions with the
environment [21]. Recently, some investigations have analyzed as the level of ripening of some foods,
as peach, depends on the abundance of several metabolites, including amino acids and sugars [22].
Examples of metabolic approaches on different foodstuffs include grape and wine [23].

The advantages of DNA analysis and metabolomics integration are relevant and would constitute a
good approach in food quality. One example is that of wine, which can be studied with both DNA
analysis of the grape and the metabolic identification of its characteristics, such as fermentation
behaviours and antioxidant properties.

The analysis of metabolome has been used in identifying specific chemical items related to the
geographic production area [24]. The origin of wine could also be supported by the DNA-based
analysis of must/wine microbiome [25].

An important aspect of food metabolome is the flavour and aroma determination. The volatile
metabolomics pattern of beer raw materials has been defined in a recent paper [26]. Similar results
were obtained with aromatic spices [27]. Furthermore, the integration of metabolomics technique with
other technologies is important to allow the link among microbial metabolites and sensorial attributes
[28].

DNA based approaches combined with the use of HTS technologies could provide great advantages in
this food quality because it allows to obtain a good overview of food pathogens [13].

Recently is known the need to address the food analysis by the exploitation of integrative omics
approaches. A recent study focusing on cheese ripening is an example in which data coming from
metagenomic, metatranscriptomic and biochemical analyses have been combined to obtain an overall
view of what happens during this process [29]. Another research showed that coupling
metatranscriptomic and metabolome data is effective in discovering the functional diversity of cheese
microbiota affected by different ripening conditions [30] .

Furthermore, HTS techniques have been applied to several samples of ricotta to evaluate the microbial
community composition in depth using both RNA and DNA as templates for NGS library
construction [31]. An integrated analysis based on multi-omics approach gave us the opportunity to
better understand how plants modulate their response to different environments [32]. Omics
techniques has been applied to detect also food authenticity and could be implemented to ensure food
integrity [18]. For instance, a multi-omics method to analyze metabolites, endogenous
oligosaccharides, proteins and peptides, has been used to find Biomarkers in Philippine Civet Coffee
[33].

Lastly, the correlation of data coming from different omics techniques, in a multi-omics approach,
would contribute to the overall quality of food products.

3.2 Food Safety

The importance of foodborne pathogens and the development of antimicrobial resistance have been
recognized as fundamental issues to food safety and health. In fact, new safety risks have to be taken
into consideration because of the continuous adaptation of relevant pathogens, changes in food
production methodologies and in the environment. Other factors which have contribute to the
increasing of foodborne diseases are the food supply globalization, the growing international food
trade and travel, changes in agricultural practices. Consequently, an increasing number of food is
considered as potential vehicle for illnesses.

At the same time, the interest to investigate fungal toxins, toxic chemicals and resulting changes
during food production processes is improving. There are a shift from traditional food problems which
were mostly of animal origin such as meat, eggs, to problems regarding fresh food of plant origin, and
traditional fermented food products [34]. This has led the development of new methods for identifying
hazards during food production, storage and delivery.

Several omics methods such as DNA based techniques, spectroscopy, sensory methods and
bioimaging have been used in food safety [35]. These techniques play a relevant role in the
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identification of antibiotics in food products and in the evaluation of adulteration of raw materials in
production. It has been demonstrated that effective methods of food analysis and detection of
adulterants can be further optimized through high-throughput methods [36-38]. Compared to
traditional methods, these technologies are sensitive and quick to generate information [39].

Particularly, the whole genome sequencing (shoutgun) as a tool for subtyping of pathogen isolates
represents considerable potential for improving the rapid detection of disease outbreaks [40]. A
relevant application based this metagenomic approach concerns the detection of foodborne pathogens
[41, 42]. Other metagenomics applications in food safety include the identification of novel and non-
culturable agents that cause disease [43].

In food safety area, integrated omics approaches have been also used. In detail, integrated
metagenomics and metabolomics methods have been adopted to enhance the safety of fermented
foods to identify microorganisms producing harmful metabolites. For this aim, 16S rRNA and
metabolomics were used to detect biogenic amines in Chinese rice wine [44]. Likewise the safety of
other fermented foods has been improved [45]. Furthermore, to study the fermentation process of
kombucha tea, ITS and metabolomics were combined to demonstrate that fungal population
evolutions was related to the improvement antioxidants levels [46]. Recent investigations have
assessed transcriptomes and/or proteomes of bacteria under particular conditions, for instance,
simulating the behavior of E. coli during beef carcass chilling [47]. Several studies have been
demonstrated that an integrated approach based on transcriptomics and proteomics to be utilized for a
rational development of new control strategies for foodborne pathogens [40].

As in food quality area, correlation of data coming from different omics techniques, would contribute
to improve safety of food products.

4. CONCLUSIONS AND DISCUSSION

As it is evident from what was discussed in the previous section, the future of food microbiology
analysis will be necessarily based on the exploitation of omics platforms and specially of multi-omics
platforms. This it is mostly essential to obtain an exhaustive characterization of food quality and
safety or to assess the effect of food on human cells and tissues. The availability of such platforms
responds to a general trend in food science about the linking between food and health. Nowadays,
food is more and more considered not only as a source of energy but also as an affordable way to
prevent future diseases.

In this scenario, a new discipline known as “foodomics” has been defined to study the food and
nutrition domains through the application of advanced omics technologies to improve consumer’s
well-being [48].

For example, a foodomics analysis was used to evaluate the effect of dietary polyphenols against
human colon cancer [49], in which has been tested the chemo-preventive effect of polyphenols from
rosemary on the total gene, protein, and metabolite expression in colon cancer cells. The genes,
proteins, and metabolites involved in this process were identified thanks to the multi-parameter omics
analysis.

If in the past an integrative omics approach was not feasible because of the lack of expertise and
technical limitations [50], the current technological advances offer high performances in terms of
standardization to investigate a wide set of food items. In fact, we may consider that multi-omic
approaches provide biological analysis coming from datasets that are usually large. An initial power
calculation to ensure sufficient sample size is thus necessary in large-scale studies. In addition a
detailed data analysis is necessary in order to define and develop a computational pipeline able to
integrate data generated from different platforms.

We believe that the spread of omics platforms will be able to simultaneously process different food
matrices with a multi-approach strategy, which will be made unified and standardized under the
control of bioinformatics tools.
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