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PDO cheeses and milks harbour startling microbial diversity

In France, 46 regional cheeses possess protected designation of origin (PDO) status. France’s rich
regional landscapes, terroirs, shape the microbial diversity of PDO cheeses, giving rise to their unique
flavours. Researchers from INRAE, CEA, CNAOL, and CNIEL made this remarkable discovery after
analysing the bacteria, yeasts, and moulds found in over 2,000 samples of French PDO cheeses and
in nearly 400 milk sources. Published August 6 in ISME Communications, this work uncovered a
strong relationship between microbial diversity and cheese production practices.

Protected Designation of Origin (PDO) is an EU labelling scheme that guarantees the authentic regional identity of
consumer food products. In France, 51 dairy products, including cheeses, butters, and creams, carry the PDO seal, a
sign of artisanship and adherence to specifications related to production zones, production processes, and livestock
diets, among other factors.

Cheese flavour, texture, and rind formation are all influenced by the bacteria, yeasts, and moulds introduced by milk
sources and the fermentation process. These microbes can then go on to enrich the intestinal microbiota of cheese
consumers.

For the first time ever, the microbial diversity of French PDO cheeses and their milk sources were studied by a team of
researchers from INRAE, CEA, the French National Council for Dairy Products of Designated Origins (CNAOL), and the
French National Interprofessional Centre for the Dairy Industry (CNIEL). As part of the MetaPDOcheese project (see
sidebar below), the researchers worked with committed PDO stakeholders to collect samples from 386 farmers and
cheese producers across France; they simultaneously gathered detailed information about cheese production
methods.

They analysed 44 varieties of ripened cheese, all PDO. These cheeses were representative of seven cheese families
(e.g., blue cheeses, pressed cooked cheeses) that are consumed worldwide. In the end, researchers from Genoscope'
(CEA) sequenced the microbes in over 2,000 samples of French PDO cheeses and nearly 400 milk sources.

The results revealed the existence of extremely rich microbial assemblages: 820 bacterial species and 333
mould/yeast species in the cheeses, and 1,230 bacterial species and 1,367 mould/yeast species in the milk sources. A
large proportion of the microbes in the cheeses likely come from the milk sources: there was overlap for approximately
42% of the bacterial species and 64% of the mould/yeast species.

After integrating the information on cheese production practices, the researchers found that species assemblages were
influenced by variables such as geography, regional topography, and anthropogenic drivers—factors for which PDO is

1 division of the CEA's Frangois Jacob Institute of Biology. Specialising in environmental genomics, Genoscope develops bioinformatics
methods and conducts biodiversity-focused research in genomics and metagenomics. It is also a national sequencing centre and thus
makes its services available to the entire scientific community via France Génomique.



an aggregated proxy. From these findings, it is clear that regional artisanship helps cultivate the microbiota of
cheeses.

This study has yielded valuable insights into the link between microbial diversity and the practices used to produce
PDO cheeses, including how these dynamics may be affected by climate change.

A 2017 recipient of France Génomique funding for major sequencing projects, MetaPDOcheese is coordinated by INRAE (the
SAYFOOD and UMRF research units). The project arose from brainstorming by the Microbial Ecosystems Group within the Joint
Technical Network (RMT) for Terroir Cheeses. It has two main objectives: 1) to help those in PDO industries to better exploit omics
approaches and 2) to answer ecological questions related to cheese and milk microbial assemblages. Ultimately, the project wants to
identify techniques (e.g., technological tools, seeding practices) for fostering and safeguarding microbial diversity in cheese
ecosystems, allowing stakeholders to develop methods for managing microbial resources in situ.
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