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Abstract
In the last decade, the advent of genomics, transcriptomics, proteomics and other
post-genomics technologies has yielded a wealth of research techniques which
allowed scientists to explore cells and their metabolism from a new perspective.
A 'systems approach', combining a general overview of the organism with
detailed insight in specific processes is gaining importance, rather than the
traditional reductionist approach. The insights gained in microbial metabolism
as well as the novel Nomics-technologies which have been developed, provide
numerous opportunities for the (food) industry.
Industrial researchers are now facing the challenge to adopt and to implement
these technologies for large scale, routine processes in order to - among others
- control the safety of food products, monitor and steer industrial fermentation
processes, and screen for novel activities. This chapter will highlight a few
potential applications and discuss these in view of the specific requirements
asked for by the industrial setting.

1. Introduction
The food industry is in continuous transition, adopting an innovative and
market-oriented position (De Vos, 2005). Within this trend, there are amp le
opportunities for genomics-based approaches to be applied in the food
industry. These include, transcriptomics, proteomics and other post-genomics
approaches (Figure 1) and these are important new tools that may be applied
in the food industry for the optimization of processes and to gain better insight
into mechanisms. In addition, these so called Nomics approaches offer
opportunities in the development of novel products and the diversification of
processes. In addition, Nomics approaches will also offer opportunities to
advance food quality assurance and allow running cost to be reduced to
affordable levels. Finally, in the field of probiotics, Nomics offers analytical
approaches to substantiate health claims. In this paper a short overview of these
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Figure 1. Overview of classical single gene-based approaches (left) versus genomicsbased approaches (right), some of the methodologies (middle), and the important
position ofbioinformatics needed to analyse and interpret the post-genomics data.

applications will be given in the dairy industry, while discussing an Nomics
example in relation to cheese making.

2. Dairy industry
In view of its economic importance and the scientific developments related to
lactic acid bacteria and other dairy starters, an example of industrial milk
fermentations will be used to illustrate the industrial potential of Nomics.
• NOmics can contribute to process optimization by improving the
understanding, monitoring and steering of dairy fermentations and to select
specific starters- or even develop novel starters - for the manufacture of
fermented dairy products, such as cheese and yoghurt;
• NOmics will contribute to preservation, leading to long-shelf life products,
and quality assurance, for example via the rapid detection and identification
of microbial contaminants. The Nomics techniques will shorten the residence
period in the factory and speed up whole production processes because of
the rapid on-line analysis of the ingredients used for cheese making, such
as raw milk;
• In the area of health foods, Nomics will be used to assist the design of new
processes, and new products. Screening of ingredients and substantiation
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of functional claims can be facilitated by "'omics. Monitoring the effect of
foods on gut micro biota, and development of new biofunctional ingredients
on the basis of the study of the microbiota in gut and metabolites, as well
as in-vitro comparisons of impact on human and animal cell lines, can help
to substantiate health claims.

3. Quality assurance
The area of quality control is an important application area for "'omics in the
food industry, especially for the identification of process-specific microbial
contaminants. Rapid methods of analysis without enrichments are expected to
be used in three to five years from now. New methods of analysis could be based
on DNA micro-arrays containing probes relevant Tor, microbial contaminants
that occur in specific processes, robust enrichment media, reliable DNA
extraction methods, and PCR amplification. Such detection systems will not
only detect, but also identify the contaminant.
The procedures of new detection systems could start with a non-selective
enrichment, followed by extraction using a standard kit. The final step would
be DNA amplification and identification. The procedure could be performed
in a standard food lab. Up to 200 samples could be detected in one test, with
about 2000 samples per day. The method should be compatible, reliable and
selective. "'Omics should reduce the time for detection to less than twenty-four
hours from the product to the result, including identification.

4. A systems approach in aroma production
"'Omics enable a systems approach of food fermentaions. For example, in cheese
making, "'omics can be used in the linking of consumer aroma preferences to
fermentations. Fermentation derived flavours make a large contribution to the
acceptability of cheese. Strain selection, process design, and process control will
influence the speed of cheese maturation, and have significant effects on the
correct flavour develop ment as well. This can be illustrated by the use of
propionibacteria in the flavour of certain types of cheese. The process starts with
the addition of concentrated Propionibacterium spp . to raw milk (Figure 2). After
a production time of 3-15 days during which the primary fermentation takes
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Figure 2. Use of propionibacteria to produce flavour in cheese.

place, the propionibacteria will start to grow and produce their special flavour
during the secondary fermentation .
How will "'omics influence the production of the flavour? The flavour or aroma
is a combination of specific metabolites produced by microorganisms from the
used raw materials. Metabolites depend on the enzyme activity, while the enzyme
activity is based on the genotype (Figure 3) . On the basis of research on aroma,
metabolites, and genotypes, a database for the three can be built.

Metabolites

Aroma profile

Enzyme activity
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Figure 3. The NOmics of flavour production.
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The application of Nomics in aroma production, can be seen as an innovative
approach that has been termed "Aromics". Aromics is focusing on the complete
profile of flavour compounds and hence the first step is to analyze the aroma
of the product. Consumer preferences will be determined and linked to the
flavour profiles. In addition, key flavour compounds will be identified.
Subsequent steps will include the development of new avenues for strain
selection and process control.
Considering the screening for new organisms, the question is where to start?
The genome sequence of a food-related Propionibacterium freudenreichii has been
determined in a collaboration between two industries (Friesland Foods and
DSM) and allows for predicting its metabolic potential by in silica pathway
analysis. With this tool, the metabolic properties of the genomes may be
predicted, which enables a screening of culture collections for specific metabolic
properties.

5. Conclusion
In general, it is clear that the food industry has an interest in Nomicsappraoches. NOmics will be used in the quality assurance, and to produce new
fermented products with better predictable processes. It will enable a better
understanding of the risks of certain food microbial contaminants and to control
these. This will also be useful for the quality prediction, such as the development
of flavour compounds.
It is also foreseen that transcriptome analysis will contribute to feed forward
steering of food fermentation processes. Genome sequences, metabolites and
others can be used in the food industry to speed up the process. Finally, NOmics
will be instrumental for developing in silica processes.
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