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Safety Demonstration of Microbial 
Food Cultures (MFC) in Fermented 
Food Products

Foreword
During the IDF World Dairy Summit in Berlin in September 2009, the last meeting of the former 
Joint IDF Action Team on Safety and Functionality of Beneficial Micro-Organisms used in Dairy 
foods paved the way for the follow-up of current and upcoming activities related to probiotics 
and dairy starter cultures in IDF.

With the adoption of new IDF work titled Update of Inventory of Microorganisms with a Documented 
History of Use in Food (update on the IDF inventory of micro-organisms published in IDF Bulletin 
377/2002) a new IDF Task Force was established, comprising the following experts:

E. Bech Hansen (DK) – Chair, F. Bourdichon (FR) – Deputy Chair, B. Berger (CH), C. Farrokh 
(FR), M.L. Gerds (US), J. Håkansson (SE), W.P. Hammes (DE), J. Harnett (NZ), G. Huys (BE), 
S Kim (KR), M. Kleerebezem (NL), S. Laulund (DK) – EFFCA, V. Ninane (BE), A.Ouwehand (FI), 
I.B. Powell (AU), J.B. Prajapati (IN), Y. Seto (JP), E. Ter Schure (NL), A. Van Boven (NL), 
V. Vankerckhoven (BE), S-S Yoon (KR), A. Zgoda (FR), S. Casaregola (FR), J.C. Frisvad 
(DK) contributed to the group with expertise on the metabolism and taxonomy of yeast and 
filamentous fungi. 

P. Boyaval (FR), J. Dupont (FR), J.L. Jany (FR), S. Casaregola (FR) helped with the completion 
of the inventory of microbial species.

S. Tuijtelaars (IDF) assisted the process in her capacity of IDF staff officer in charge of the Task 
Force.

All these persons are acknowledged for their participation in this extensive work which was 
completed in due time.

The scientific rationale proposed for building and updating the inventory of microbial species 
with technological benefit in food fermentation was published on 15 March 2012:

Food Fermentations: Microorganisms with technological beneficial use

Bourdichon, F., Casaregola, S., Farrokh, C., Frisvad, J.C., Gerds, M.L., Hammes, W.P., Harnett, 
J., Huys, G., Laulund, S., Ouwehand, A., Powell, I.B., Prajapati, J.B., Seto, Y., Ter Schure, E., Van 
Boven, A., Vankerckhoven, V., Zgoda, A., Tuijtelaars, S., Bech Hansen, E.

International Journal of Food Microbiology; Volume 154, Issue 3, 15 March 2012, Pages 87–97 
and Erratum Volume 156, Issue 3, 1 June 2012, Page 301

The present IDF Bulletin is composed of four parts:
- Outline of the safety assessment of Microbial Food Cultures (MFC)
- Update of the previously published Inventory in IDF Bulletin 377-2002
- 2012 Inventory of Microbial Species with technological beneficial use
- Conclusion: Continuous Update Process within IDF to maintain the inventory

Nico van Belzen, PhD 
Director General of IDF
Brussels, September 2012
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Safety Demonstration of Microbial Food Cultures (MFC)  
in Fermented Food Products

1. A Safety Assessment of Microbial Food Cultures with History 
of Use in Fermented Dairy Products

F. Bourdichon1, B. Berger1, S. Casaregola2, C. Farrokh3, J.C. Frisvad4, M.L. Gerds5, W.P. Hammes6, 
J. Harnett7, G. Huys8, S. Laulund9, A. Ouwehand10, I.B. Powell11, J.B. Prajapati12, Y. Seto13, 
E. Ter Schure14, A. Van Boven15, V. Vankerckhoven16, A. Zgoda17, E. Bech Hansen4

Fermentation, as a process for manufacturing foods, has traditionally been used to preserve 
perishable products and enhance their nutritional value. Fermented foods are typically associated 
with local and traditional food consumption. They result from the action of microorganisms 
causing significant and desirable modifications to the food matrix, through biochemical 
changes. The growing body of evidence with regard to microorganisms and their ecological role 
in the food matrix has led to industrial applications of processes of fermentation starting in the 
early twentieth century through the use of specific dedicated microbiota with various levels of 
characterization.

Until recently, the safety of fermentation processes and the microorganisms employed has 
neither been questioned nor regulated. In recent decades, the fermentation processes have 
directly or indirectly come under various regulatory frameworks in many countries. Several of 
these regulatory frameworks put emphasis on “the history of use”, “traditional food”, or “general 
recognition of safety” without clear guidelines for the expected level of evidence. The evaluation 
of “positive” microorganisms ought to be conducted through a “classical” microbiological risk 
assessment (MRA) as used for the “negative” microorganisms – i.e. pathogenic species.

The scope of the current approach of microbial assessment has been widened to microbial 
species with a known implication in fermentation in all types of food matrices (dairy, meat, fish, 

1 Nestec Ltd., Nestlé Research Centre, Vers-chez-les-Blanc, CH-1000 Lausanne 26, Switzerland.
2 INRA, UMR 1319 Micalis, CIRM-Levures, AgroParisTech 78850 Thiverval-Grignon, France.
3 CNIEL, 42, rue de Chateaudun, 75314 Paris Cedex 09, France.
4 Department of Systems Biology, Technical University of Denmark, Søltofts Plads B. 221, DK-2800 Kgs. Lyngby, Denmark.
5 Cargill Regional Beef, Cargill, 3115 S. Fig Ave. Fresno, CA 93706, United States.
6 Institut für Lebensmittelwissenschaft und Biotechnologie - University of Hohenheim, Garbenstraße 21, D-7000 Stuttgart 70, 

Germany.
7 Fonterra Co-operative Group Ltd., Private Bag 11029, 4442 Palmerston North, New Zealand.
8 BCCM/LMG Bacteria Collection & Laboratory of Microbiology, Faculty of Sciences, Ghent University, K.L. Ledeganckstraat, 35, 

B-9000 Gent, Belgium.
9 EFFCA - European Food & Feed Cultures Association, Bd. Saint Michel 77-79, B-1040, Brussels, BELGIUM & Chr Hansen A/S, 

Boge Alle 10-12, DK-2970 Horsholm, Denmark.
10 Danisco Innovation, Sokeritehtaantie 20, FIN-02460 Kantvik, Finland.
11 Dairy Innovation Australia, 180 Princes Highway, Werribee, Victoria 3030, Australia.
12 Anand Agricultural University, Anand 388 110 Anand, Gujarat State, India.
13 Milk Science Research Institute, Megmilk Snow Brand  Co., Ltd., 1-1-2 Minamidai, 350-1165 Kawagoe, Saitama, Japan.
14 Laboratory & Quality Services FrieslandCampina, PO Box 226, 8901 MA Leeuwarden, Netherlands.
15 CSK Food Enrichment B.V., P.O. Box 225, NL-8901 BA Leeuwarden, Netherlands.
16 University of Antwerp, Vaccine & Infectious Disease Institute (Vaxinfectio), Campus Drie Eiken, Universiteitsplein 1, 2610 

Antwerp, Belgium.
17 Groupe Lactalis, Le Fromy, 35240 Retiers, France.
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vegetables, cereals, pulses, fruits, beverages, and vinegar), both in traditional and industrial food 
products worldwide. The characterization of microbial species is based on the latest changes in 
microbial taxonomy.

Advances in genetics and physiology have greatly increased our understanding of microbial 
phylogeny and have led to substantial changes in microbial taxonomy. These advances have 
generally facilitated the safe use of microorganisms, but have also led to some problems from 
a regulatory point of view, e.g. some newly described species with a long history of use may 
possibly be considered as novel. The most difficult problem to solve is to find a way to base a 
regulatory framework on evolving taxonomy when leading taxonomists cannot find a consensus 
position for the definition of the taxonomic unit or species. The proposed assessment can be 
conducted on currently used species of commercial food starter cultures, as well as on the 
microorganisms documented to constitute the safe and beneficial components of the complex 
communities associated with food fermentation processes.

Characterization of the species considered is key to performing a relevant assessment. The 
taxonomy is therefore based on species names with most recent standing in nomenclature. The 
implication of the proposed species in fermentation process is also documented with published 
available level of evidence.

Under European regulations, uncertainty may arise when a decision is required as to whether 
or not a food associated microorganism has to be deemed as novel. Changes in taxonomy may 
complicate the decision as well as progress of isolation techniques with regard to the use of more 
sensitive methods or intensified research interests. Based on our approach, it is reasonable to 
assume that newly described or identified microorganisms involved in the fermentation processes 
of traditional food should not necessarily be considered as novel (Vogel et al., 2011).

1.1. Introduction: Desired properties of Microbial Food Cultures (MFC) in 
fermented foods
Preservation of food including the use of fermentation of otherwise perishable raw materials has 
been used by man since the Neolithic period (around 10 000 years BC). The scientific rationale 
behind fermentation started with the identification of microorganisms in 1665 by Van Leeuwenhoek 
and Hooke (Gest, 2004). Pasteur revoked the “spontaneous generation theory” around 1859 
(Wyman, 1862, Farley and Geison, 1974). The role of a sole bacterium, “Bacterium” lactis 
(Lactococcus lactis), in fermented milk was shown around 1877 by Sir John Lister (Santer, 
2010). Fermentation, from the Latin word fervere, was defined as a chemical process by Louis 
Pasteur as “La vie sans l’air” (Life without air). From a biochemical point of view, fermentation 
is a metabolic process of deriving energy from organic compounds without the involvement of 
an exogenous oxidizing agent. Fermentation plays different roles in food processing. Major roles 
considered are:

(1) Preservation of food through formation of inhibitory metabolites such as organic acids 
(lactic acid, acetic acid, formic acid, propionic acid), ethanol, bacteriocins, etc, often in 
combination with decrease of water activity (by drying or use of salt) (Caplice and 
Fitzgerald, 1999).

(2) Improving hygiene through inhibition and even elimination of food pathogens (Adams 
and Mitchell, 2002, Adams and Nicolaides, 2008).

(3) Detoxification of food (e. g. removal of cyanogens, goiterogens, etc) (Hammes and 
Tichaczek, 1994).

(4) Improving wholesomeness through improved digestibility of polymers after removal of 
flatulence-causing compounds (van Boekel et al., 2010).

(5) Enrichment of food substrates with essential nutrients (vitamins, proteins and essential 
amino acid, fatty acids, etc) and enhanced bioavailability of food components through 
catabolism of the food matrix (Steinkraus, 2004).
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(6) Organoleptic properties through effects on flavor, texture and color: flavor compounds 
are produced by microorganisms during the initial fermentation step or during subsequent 
ripening. Examples include ripening by lactic acid bacteria in cheese products (Marilley 
and Casey, 2004, Smit et al., 2005, Lacroix et al., 2010) or yeasts in beverages and 
vegetable fermentation (Arroyo-Lopez et al., 2008, Sicard and Legras, 2011).

In the following proposed approach, we shall consider one or more documented metabolic 
activities of a microbial species contributing to the above roles as recognition of its role in a 
food fermentation process.

In the specific case of microorganisms, the history of use of the species, including information 
on the past and present use in different parts of the world, constitute the essential pieces of 
information.

1.2. Overview of Regulatory systems 
The need for documenting MFC is tightly linked to the international regulatory environment. It 
is thus pertinent to give a brief overview of the various regulatory systems in place for such 
cultures. It is, however, remarkable that MFC have not been defined legally. To alleviate this, 
EFFCA (European Food and Feed Cultures Association) has proposed the following definition: 
“Microbial food cultures are live bacteria, yeasts or molds used in food production”. MFC 
preparations are formulations, consisting of one or more microbial species and/or strains, 
including media components carried over from the fermentation and components which are 
necessary for their survival, storage, standardization, and to facilitate their application in the 
food production process.

United States

In the United States food and substances used in food are regulated according to the Food 
Drug and Cosmetic Act (1958), in which the status of Generally Recognized As Safe (GRAS) 
was introduced (FDA, 2010). Accordingly, a GRAS substance is generally recognized, among 
qualified experts, as having been adequately shown to be safe under the conditions of its 
intended use. A substance recognized for such use prior to 1958, is by default GRAS (like food 
used in the EU prior to May 15, 1997 not being Novel Food (Anon, 1997, ILSI Europe Novel 
Food Task Force, 2003). MFC are an integral part of traditional fermented foods. As a significant 
number of people have consumed these foods for many centuries before 1958, the fermenting 
microorganisms of these products can be said to be GRAS. If a substance (microorganism) is 
GRAS for one food use, it is not necessarily GRAS for all food uses. It is the use of a substance 
rather than the substance itself that is GRAS, as the safety determination is always limited to 
its intended conditions of use. When microorganisms with a safe history in food are employed 
for a different use or at a significantly higher dosage, a GRAS determination for these new uses 
is needed. There are 3 ways to obtain GRAS status for a MFC in the US: 

- A GRAS notification where a person/company informs FDA of a determination that the use 
of a substance is GRAS and receipt of a no-objection letter from FDA.

- A GRAS determination made by qualified experts outside of the US government and the 
result is kept by the person/company behind the determination.

- GRAS due to a general recognition of safety based on experience from common use in 
food by a significant number of people before 1958.

Lists of microorganisms and microbial-derived ingredients used in foods can be found at the 
FDA web site (FDA, 2001). As a result of the different ways to obtain GRAS, the FDA lists of 
GRAS substances are not expected to include all substances, nor all pre-1958 natural, nutritional 
substances. For a more comprehensive US regulatory update on MFC, we refer to a recent 
review by Stevens and O'Brien Nabors (2009).
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European Union

In the European Union, the MFC are considered to be ingredients and must satisfy the legal 
requirements of regulation (EC) n° 178/2002. Consequently, the responsibility for the safe use 
of microorganisms in food should be ensured by food manufacturers.

The European Food Safety Authority (EFSA) introduced in 2007 “Qualified Presumption of Safety” 
(QPS), for a premarket safety assessment of microorganisms used in food and feed production 
referred to EFSA for a formal assessment of safety (Anon, 2005, Leuschner et al., 2010). This 
is applicable to food and feed additives, food enzymes and plant protection products (Anon, 
2005). The QPS system was proposed to harmonize approaches to the safety assessment of 
microorganisms across the various EFSA scientific panels. The QPS approach is meant to be a 
fast track for species for which there is a sufficient body of knowledge, that all strains within a 
species are assumed to be safe. This presumption may be qualified by some restrictions such as 
the absence of specific characteristics (e.g. the absence of transmissible antibiotic resistance, 
absence of food poisoning toxins, absence of surfactant activity, and absence of enterotoxic 
activity). The QPS list therefore covers only selected groups of microorganisms which have 
been evaluated by the EFSA. The list is updated annually and published on EFSA’s web site 
(http://www.efsa.europa.eu/en/topics/topic/qps.htm). The absence of a particular organism 
from the QPS list does not necessarily imply a risk associated with its use. Individual strains 
may be safe but this cannot be judged from the existing knowledge of the taxonomic unit to 
which it belongs. Another reason that a species is not on the list could be that EFSA has not 
been asked to assess the safety of any strains of the species. A review by Herody et al. (2010) 
gives a thorough description of the European regulatory environment for microbial food 
cultures.

Denmark

Denmark is the nation with the first national legislation (since 1974) that specifically requires 
safety approval of MFC. More than 80 species used in 14 different food categories have been 
approved and are published at the Danish Veterinary and Food Administration web site (Anon, 
2009). In 2010 the regulation was changed. Approval is no longer needed, but a notification of 
a new species or a new application is still required before marketing in Denmark.

1.3. Microbial Taxonomy
The regulatory frameworks of MFC are based on the characterization of the considered species, 
using the most accurate updated information of systematics and taxonomy. It is therefore 
somewhat unfortunate that the definition of microbial species as a taxonomic unit still lacks a 
theoretical basis (Stackebrandt, 2007). Molecular methods have broadened the view we have 
of bacterial and fungal biodiversity. As a consequence it has been necessary to adopt a 
pragmatic approach to defining species, and microbial taxonomy has changed considerably 
in recent decades. There is no reason to believe that microbial taxonomy has found its final 
form, switching from phenotypic-based classification to a genetic-based one.

Kingdom Monera: the prokaryotes

As proposed by Stackebrandt in the third edition of The Prokaryotes (Stackebrandt, 2006), a 
prokaryotic species has a phylogenetic component given as “the smallest diagnosable cluster 
of individual organisms within which there is a parental pattern of ancestry and descendents” 
(Cracraft, 1983) and a taxonomic component given as “a group of related organisms that is 
distinguished from similar groups by a constellation of significant genotypic, phenotypic, and 
ecological characteristics.” (Colwell, 1970). In general a polyphasic approach to taxonomy is 
recommended in bacteriology (Vandamme et al., 1996).

In practice this means that a bacterial species is represented by a type strain with strains showing 
a high degree of phenotypic and/or genotypic similarity to that type strain regarded as belonging 
to the same species. Whilst objective measures of relatedness have been proposed (such as 
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% genome hybridization or sequence similarity) there is no simple consensual definition of the 
species as a taxonomical unit.

Kingdom Fungi: yeasts and molds 

Different concepts to define microbial species are used in fungal taxonomy (Guarro et al., 1999) 
without reaching a final consensus between the numerous relationships observed between 
phenotypic and molecular methods (Hawksworth, 2006).  Several definitions have been used to 
describe the yeast domain. Yeasts may be defined as being ascomycetous or basidiomycetous fungi 
that reproduce vegetatively by budding or fission, with or without pseudohyphae and hyphae, 
and forming sexual states that are not enclosed in fruiting bodies (Boekhout and Robert, 2003). 
Phylogenetic studies have now clearly shown the clustering of the hemiascomycetous yeasts 
forming a single clade within the ascomycota, the other yeasts belonging to the basidiomycetes 
(Hibbett et al., 2007).

Yeasts used to be commonly identified phenotypically but they are now identified from diagnostic 
sequences. Techniques using molecular biology are seen as an alternative to traditional methods 
since they analyze the genome independently of the physiological characteristics which may 
vary within the species (Boekhout and Robert, 2003, Fernández-Espinar et al., 2006). The 
nucleotide sequences of the domains D1 and D2 (located at the 5' end of the 26S ribosomal 
RNA gene), of the 5.8S ribosomal RNA gene and the adjacent intergenic regions ITS1 and ITS2 
and of various protein coding sequences such as the actin gene are used to delimit species in 
multigenic analysis (Daniel and Meyer, 2003). PCR amplification followed by restriction of the 
ITS ribosomal DNA regions or the non-transcribed DNA region NTS2 and NTS (also called IGS) 
are also used for the identification of yeasts, although this is considered not as accurate and as 
universal as D1, D2 or ITS sequencing (Nguyen et al., 2000, Fernández-Espinar et al., 2006). In 
addition, molecular techniques are more reproducible and faster than the conventional methods 
based on physiological and morphological characteristics. Furthermore, these techniques 
prevent misclassification of species on the basis of their sexuality. In some cases, ribosomal 
D1/D2 sequence comparison is not able to discriminate between species and more discriminating 
sequences have to be used in parallel (Jacques and Casaregola, 2008). Overall, a combination 
of proven loci such as ACT1, RPB1 and RPB2, and Elongation Factor genes are suitable if they 
are included in a multi locus analysis. Genomic studies have greatly helped the search for yeast 
identification markers (Casaregola et al., 2011; Aguileta et al., 2008).

The variability in the fungal kingdom is even wider considering molds: estimations are currently 
rated around 100 000 species. It is thought that there are between 700 000 and 1.5 million 
species that have been yet to be identified and classified (McLaughlin et al., 2009). It has been 
shown that ITS sequencing has a poor resolution at the species level (Skouboe et al., 1999) for 
Penicillium, and also in bar-coding projects it was found that CO1 or ITS sequences indeed have 
a poor resolution for many fungal genera (Seifert et al., 2007). It has therefore been proposed, 
as in zymology, to use several house-keeping genes such as β-tubulin and calmodulin for the 
phylogenetic component, and morphology, physiology, exoproteins and exometabolites for the 
phenotypic component of determinative taxonomy, so a polyphasic taxonomic approach is also 
recommended in mycology. 

Recently, a comprehensive monograph on all the genera of anamorphic fungi (hyphomycetes, 
fungi imperfecti, deuteromycetes, asexual fungi) has been written (Seifert et al., 2011). This 
book, together with the Dictionary of the Fungi (Kirk et al., 2008), gives an overview of the 
taxonomic status of all genera of filamentous fungi and how to find recent revisions of the 
different genera at the species level.

1.4. History of use
Fermented foods generally have a very good safety record (Caplice and Fitzgerald, 1999, Ross 
et al., 2002, Adams and Nicolaides, 2008). While fermented foods are in themselves generally 
safe, the fermentation process does not by itself solve the problems of contaminated drinking 
water, environments contaminated with human waste, improper personal hygiene, flies carrying 
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disease organisms, etc. Improperly fermented foods can be unsafe (Adams and Mitchell, 2002). 
However, application of the principles that lead to the safety of fermented foods and good 
manufacturing principles could improve the overall quality and the nutritional value of the food 
supply (Ross et al., 2002; Prajapati and Nair, 2003). 

The concept of ‘history of safe use’ has appeared recently in regulations and in safety assessment 
guidance. One definition of ‘history of safe use’ proposes ‘‘significant human consumption of 
food over several generations and in a large, genetically diverse population for which there exist 
adequate toxicological and allergenicity data to provide reasonable certainty that no harm will 
result from consumption of the food’’ (Health Canada, 2003). This definition was also discussed 
while building the QPS assessment of microorganisms proposed to EFSA (Anon, 2005). A long 
history of apparently safe use of given microorganisms for the making of a given food suggests 
a very high safety level for the consumption of such products. Even so, the application in food 
of a microbial strain belonging to a species with an accepted history of safe use remains subject 
to consideration of the potential presence of undesirable traits that are of a safety concern 
(Leuschner et al., 2010).

1.5. Undesired properties for MFCs
Although they have been used since ancient times in fermentation processes without any 
identified major concern, recent discoveries of rare events of adverse effects caused by mi-
croorganisms in fermented foods have been described and raise uncertainty about the level of 
risk, depending either on the food matrix or the susceptibility of the host (Gasser, 1994, Miceli 
et al., 2011).

Opportunistic infections

Opportunistic infections caused by commensal bacteria have been described in patients with 
underlying disease since the late 1970s (Berg and Garlington, 1979, Berg, 1985, Berg, 1995). 
Owing to its natural presence in different sites of the human body and in fermented food products, 
the genus Lactobacillus has gained particular attention. Lactobacillus  infections occur at a very 
low rate in the generally healthy population – estimated 0.5 / 1 million per year (Borriello et al., 
2003, Bernardeau et al., 2006). As stated in two reviews of Lactobacillus infections: “Underlying 
disease or immunosuppression are common features in these cases, whereas infection in previ-
ously healthy humans is extremely rare”(Aguirre and Collins, 1993). “Lactobacillus bacteraemia 
is rarely fatal per se but serves as an important marker of serious underlying disease” (Husni 
et al., 1997). Sporadic infections have been reported in immuno-compromised patients. The 
underlying problems have mainly been central venous catheter (CVC) in place, metabolic disorders, 
organ failure, or invasive procedures as dental work (Axelrod et al., 1973, Liong, 2008). Infections 
by other bacterial species used as MFC are also extremely rare (Horowitz et al., 1987, Barton et 
al., 2001, Mofredj et al., 2007, Leuschner et al., 2010).

Infections with the commonly used yeast and mold species are rare events as well (Enache-
Angoulvant and Hennequin, 2005). Most of the infections are due to opportunistic pathogens 
not recognized as MFC and affect immuno-compromised patients and hospitalized patients 
(Winer-Muram, 1988, Jacques and Casaregola, 2008).

Toxic metabolites and virulence factors

Biogenic amine formation in fermented foods by lactic acid bacteria (LAB) has been reviewed by 
Spano et al. (2010) and EFSA (2011). Following food poisoning outbreaks (Sumner et al., 1985), 
metabolic pathways of histidine and tyrosine decarboxylation have been elucidated (Straub et 
al., 1995). Screening procedures have been proposed to limit the level of production (Bover-Cid 
and Holzapfel, 1999, Bover-Cid et al., 2000).

The presence of mycotoxin genes in filamentous fungal species also raises safety concerns, 
although the level of expression within fermented food is very unlikely to cause any health 
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hazard (Food Standards Australia New Zealand, 2006). Within fungi, the potential for antibiotic 
production is also an undesired property.

Virulence traits should not be present in microorganisms used in a food-fermentation. A specific 
risk assessment should be conducted on strains presenting these undesirable properties, even 
if they belong to a species with a long history of use (Semedo et al., 2003a, Semedo et al., 
2003b).

Antibiotic resistance 

The emergence and spread of antibiotic resistance is a major global health issue. The on-going 
Codex ad hoc intergovernmental task force on antimicrobial resistance is focused on the 
non-human use of antimicrobials. Microorganisms intentionally added to food and feed for 
technological purposes have not been shown to aggravate the problem of spreading antibiotic 
resistant pathogens.

Intrinsic resistance or resistance that is caused by mutation in an indigenous gene not associated 
with mobile elements would represent a very low risk of dissemination. Acquired antibiotic re-
sistance genes, especially when associated with mobile genetic elements (plasmids, transposons), 
can be transferred to pathogens or other commensals along the food chain, from within the 
product until consumption.

The role of MFC in the spread of antibiotic resistance has been assessed in fermented foods 
(Nawaz et al., 2011) as well as more specifically for probiotic food products (Saarela et al., 
2007, Mater et al., 2008; Vankerckhoven et al., 2008). Results of such studies confirm the role 
of a reservoir of antibiotic resistance genes from the food microbiota, without identifying any 
major health concerns to date.

It is considered that strains carrying acquired antibiotic resistance genes might act as a reservoir 
of transmissible antimicrobial resistance determinants (FEEDAP, 2005, FEEDAP, 2008). Gene 
transfer of antibiotic resistance between microorganisms in the food and feed chain is thus 
considered to be a topic of surveillance for the safety demonstration of microorganisms (FAO 
and WHO, 2001, FAO and WHO, 2002, Borriello et al., 2003, Gueimonde et al., 2005).

1.6. Conclusion
Either in traditional fermented foods or as new opportunities, the rationalized use of micro-
organisms in our diet opens new perspectives. In recent years, microorganisms have been used 
in fields other than the traditional food industry. Lactococcus spp. is experimentally used for 
its potential role in vaccination and microorganisms are also used for the specific production of 
biogenic compounds. As we did not consider fermentation in liquid tailor-made media, species 
used in an industrial microbiology process were not considered if no reference to food fermentation 
could be provided (e.g. Streptomyces natalensis for natamycin production).

Microbiological research mostly focuses on the pathogenicity of certain microorganisms while 
the positive role of some microorganism for improving technological and/or nutritional properties 
of food has largely been neglected. While there has been a recent focus on the emerging science 
of the preponderant role of our own microbiota, our “other genome”, from the skin, gut, and 
other mucosa, research activities remain to be carried on characterizing traditional fermented 
foods consumed for centuries.

1.7. References
1. Adams, M., Mitchell, R., 2002. Fermentation and pathogen control: a risk assessment approach. 

Int. J. Food Microbiol. 79, 75-83.
2. Adams, M.R., Nicolaides, L., 2008. Review of the sensitivity of different foodborne pathogens 

to fermentation. Food Control 8, 227-239.



9

Bulletin of the International Dairy Federation 455/2012 Safety Demonstration of Microbial Food  
Cultures (MFC) in Fermented Food Products

3. Aguileta, G., Marthey, S., Chiapello, H., Lebrun, M.H., Rodolphe, F., Fournier, E., Gendrault-
Jacquemard, A., Giraud, T., 2008. Assessing the performance of single-copy genes for 
recovering robust phylogenies. Syst. Biol. 57, 613-627.

4. Aguirre, M., Collins, M.D., 1993. Lactic acid bacteria and human clinical infection. J. Appl. 
Bacteriol. 75, 95-107.

5. Anon, 1997. Regulation (EC) No 258/97 of the European Parliament and of the Council of 27 
January 1997 concerning novel foods and novel food ingredients N° 258/97, Official Journal 
L 043, 14/02/1997, 1-6.

6. Anon, 2005. EFSA Scientific Colloquium - Microorganisms in Food and Feed: Qualified 
Presumption of Safety - 13-14 December 2004, Brussels, Belgium. ISSN 1830-4737.  
http://www.efsa.europa.eu/en/supporting/pub/109e.htm.

7. Anon, 2009. [Liste over anmeldte mikrobielle kulturer] (List of notified microbial cultures). 
Denmark. http://www.foedevarestyrelsen.dk/Foedevarer/Tilsaetningsstoffer_og_teknologi/
mikrobielle_kulturer/Anmeldelsesordning/Sider/Anmeldelsesordning.aspx

8. Arroyo-Lopez, F.N., Querol, A., Bautista-Gallego, J., Garrido-Fernandez, A., 2008. Role of 
yeasts in table olive production. Int. J. Food Microbiol. 128, 189-196.

9. Axelrod, J., Keusch, G.T., Bottone, E., Cohen, S.M., Hirschman, S.Z., 1973. Endocarditis 
caused by Lactobacillus plantarum. Ann. Intern. Med. 78, 33-37.

10. Barton, L.L., Rider, E.D., Coen, R.W., 2001. Bacteremic infection with Pediococcus: vanco-
mycin-resistant opportunist. Pediatrics 107, 775-776.

11. Berg, R.D., 1985. Bacterial translocation from the intestines. Jikken Dobutsu 34, 1-16.
12. Berg, R.D., 1995. Bacterial translocation from the gastrointestinal tract. Trends Microbiol. 3, 

149-154.
13. Berg, R.D., Garlington, A.W., 1979. Translocation of certain indigenous bacteria from the 

gastrointestinal tract to the mesenteric lymph nodes and other organs in a gnotobiotic 
mouse model. Infect. Immun. 23, 403-411.

14. Bernardeau, M., Guguen, M., Vernoux, J., 2006. Beneficial lactobacilli in food and feed: 
long-term use, biodiversity and proposals for specific and realistic safety assessments. FEMS 
Microbiology Reviews 30, 487-513.

15. Boekhout, T., Robert, V., 2003. Yeasts in food: Beneficial and detrimental aspects. Wood-
head Publishing Series in Food Science, Technology and Nutrition No. 81.

16. Borriello, S.P., Hammes, W.P., Holzapfel, W., Marteau, P., Schrezenmeir, J., Vaara, M., Valtonen, 
V., 2003. Safety of probiotics that contain lactobacilli or bifidobacteria. Clin. Infect. Dis. 36, 
775-780.

17. Bover-Cid, S., Holzapfel, W.F., 1999. Improved screening procedure for biogenic amine 
production by lactic acid bacteria. Int. J. Food Microbiol. 53, 33-41.

18. Bover-Cid, S., Izquierdo-Pulido, M., Vidal-Carou, M.C., 2000. Mixed starter cultures to control 
biogenic amine production in dry fermented sausages. J. Food Prot. 63, 1556-1562.

19. Brennan, N.M., Brown, R., Goodfellow, M., Ward, A.C., Beresford, T.P., Vancanneyt, M., 
Casaregola, S., Weis, S., Morel, G., 2011. New perspectives in hemiascomycetous yeast 
taxonomy. Comptes Rendus Biologies 334, 590–598.

20. Caplice, E., Fitzgerald, G.F., 1999. Food fermentations: role of microorganisms in food 
production and preservation. Int J Food Microbiol 50(1-2) 131-49.

21. Colwell, R.R., 1970. Polyphasic taxonomy of the genus Vibrio: numerical taxonomy of Vibrio 
cholerae, Vibrio parahaemolyticus, and related Vibrio species. J. Bacteriol. 104, 410-433.

22. Cracraft, J., 1983. Species concept and speciation analysis. In: Plenum Press (ed.), Current 
Ornithology. New York, p. 159-187.

23. Daniel, H.M., Meyer, W., 2003. Evaluation of ribosomal RNA and actin gene sequences for 
the identification of ascomycetous yeasts. Int. J. Food Microbiol. 86, 61-78.

24. EFSA Panel on Biological Hazards (BIOHAZ); Scientific Opinion on Scientific Opinion on risk based 
control of biogenic amine formation in fermented foods. EFSA Journal 2011;9(10):2393.



10

Bulletin of the International Dairy Federation 455/2012 Safety Demonstration of Microbial Food  
Cultures (MFC) in Fermented Food Products

25. Enache-Angoulvant, A., Hennequin, C., 2005. Invasive Saccharomyces infection: a compre-
hensive review. Clin. Infect. Dis. 41, 1559-1568.

26. FAO and WHO, 2001. Report on Joint FAO/WHO expert consultation on evaluation of health 
and nutritional properties of probiotics in food including powder milk with live lactic acid 
bacteria.

27. FAO and WHO, 2002. Guidelines for the evaluation of probiotics in Food. Joint FAO/WHO 
Workgroup on Drafting Guidelines for the Evaluation of Probiotics in Food. London, Ontario, 
Canada, April 30 and May 1, 2002.

28. Farley, J., Geison, G.L., 1974. Science, politics and spontaneous generation in nineteenth-
century France: the Pasteur-Pouchet debate. Bull. Hist. Med. 48, 161-198.

29. FDA, 2001. Partial list of microorganisms and microbial-derived ingredients that are used in 
foods. FDA. http://www.fda.gov/Food/FoodIngredientsPackaging/ucm078956.htm

30. FDA, 2010. Generally Recognized as Safe (GRAS) Notifications. FDA. http://www.fda.gov/
AnimalVeterinary/Products/AnimalFoodFeeds/GenerallyRecognizedasSafeGRASNotifications/
default.htm

31. FEEDAP, 2005. Opinion of the Scientific Panel on additives and products or substances used 
in animal feed (FEEDAP) on the updating of the criteria used in the assessment of bacteria for 
resistance to antibiotics of human or veterinary importance. The EFSA Journal 223, 1-12.

32. FEEDAP, 2008. Technical guidance - Update of the criteria used in the assessment of bacterial 
resistance to antibiotics of human or veterinary importance. The EFSA Journal 732, 1-15.

33. Fernández-Espinar, M.T., Martorell, P., De Llanos, R., Querol, A., 2006. Molecular methods to 
identify and characterise yeast in foods and beverages. In: A. Querol and G. H. Fleet (eds.), 
The yeast handbook. Springer, Berlin.

34. Food Standards Australia New Zealand, 2006. A Risk Profile of Dairy Products in Australia. 
http://www.foodstandards.gov.au. http://www.foodstandards.gov.au/_srcfiles/P296%20
Dairy%20PPPS%20FAR%20Attach%202%20FINAL%20-%20mr.pdf

35. Gasser, F., 1994. Safety of lactic-acid bacteria and their occurence in human clinical infections. 
Bulletin de l'Institut Pasteur 94, 45-67.

36. Gest, H., 2004. The discovery of microorganisms by Robert Hooke and Antoni van Leeuwen-
hoek, Fellows of The Royal Society. Notes Rec. R. Soc. Lond. 58, 187-201.

37. Guarro, J., Gene, J.,Stchigel, A.M., 1999. Developments in fungal taxonomy. Clin. Microbiol. 
Rev. 12, 454-500.

38. Gueimonde, M., Ouwehand, A.C., Salminen, S., 2005. Safety of Probiotics. Scand. J. Nutr. 
48, 42-48.

39. Hammes, W.P., Tichaczek, P.S., 1994. The potential of lactic acid bacteria for the production 
of safe and wholesome food. Z. Lebensm. Unters. Forsch. 198, 193-201.

40. Hawksworth, D.L., 2006. Pandora's mycological box: molecular sequences vs. morphology 
in understanding fungal relationships and biodiversity. Rev. Iberoam. Micol. 23, 127-133.

41. Health Canada, 2003. Amendment (Schedule No. 948) to Division 28 of the Food and Drug 
Regulations, Sections B.28.001–003. Food and Drugs Regulations.

42. Herody, C., Soyeux, Y., Bech Hansen, E., Gillies, K., 2010. The Legal Status of Microbial Food 
Cultures in the European Union: An Overview. European Food and Feed Law Review 5/2010, 
258-269.

43. Hibbett, D.S., Binder, M., Bischoff, J.F., Blackwell, M., Cannon, P.F., Eriksson, O.E., Huhndorf, 
S., James, T., Kirk, P.M., Lucking, R., Thorsten, L.H., Lutzoni, F., Matheny, P.B., McLaughlin, 
D.J., Powell, M.J., Redhead, S., Schoch, C.L., Spatafora, J.W., Stalpers, J.A., Vilgalys, R., 
Aime, M.C., Aptroot, A., Bauer, R., Begerow, D., Benny, G.L., Castlebury, L.A., Crous, P.W., 
Dai, Y.C., Gams, W., Geiser, D.M., Griffith, G.W., Gueidan, C., Hawksworth, D.L., Hestmark, 
G.,  Hosaka, K., Humber, R.A., Hyde, K.D., Ironside, J.E., Koljalg, U., Kurtzman, C.P., Larsson, 
K.H., Lichtwardt, R., Longcore, J., Miadlikowska, J., Miller, A., Moncalvo, J.M., Mozley-Standridge, 
S., Oberwinkler, F., Parmasto, E., Reeb, V., Rogers, J.D., Roux, C., Ryvarden, L., Sampaio, 



11

Bulletin of the International Dairy Federation 455/2012 Safety Demonstration of Microbial Food  
Cultures (MFC) in Fermented Food Products

J.P., Schussler, A., Sugiyama, J., Thorn, R.G., Tibell, L., Untereiner, W.A., Walker, C., Wang, 
Z., Weir, A., Weiss, M., White, M.M., Winka, K., Yao, Y.J., Zhang, N., 2007. A higher-level 
phylogenetic classification of the Fungi. Mycol. Res. 111, 509-547.

44. Horowitz, H.W., Handwerger, S., van Horn, K.G., Wormser, G.P., 1987. Leuconostoc, an 
emerging vancomycin-resistant pathogen. Lancet 2, 1329-1330.

45. Husni, R.N., Gordon, S.M., Washington, J.A., Longworth, D.L., 1997. Lactobacillus bacteremia 
and endocarditis: review of 45 cases. Clin. Infect. Dis. 25, 1048-1055.

46. ILSI Europe Novel Food Task Force, 2003. The safety assessment of novel foods and concepts 
to determine their safety in use. Int. J. Food Sci. Nutr. 54 Suppl, S1-32.

47. Jacques, N., Casaregola, S., 2008. Safety assessment of dairy microorganisms: the 
hemiascomycetous yeasts. Int. J. Food Microbiol. 126, 321-326.

48. Kirk, P.M., Cannon, P.F., Minter, D.W., Staalpers, J.A., 2008. Ainsworth & Bisby’s Dictionary 
of the Fungi. 10th  ed. CAB International, Wallingford.

49. Lacroix, N., St Gelais, D., Champagne, C.P., Fortin, J., Vuillemard, J.C., 2010. Characterization 
of aromatic properties of old-style cheese starters. J. Dairy Sci. 93, 3427-3441.

50. Leuschner, R.-G.K., Robinson, T., Hugas, M., Cocconcelli, P.S., Richard-Forget, F., Klein, G., 
Licht, T.R., Nguyen-The, C., Querol, A., Richardson, M., Suarez, J.E., Vlak, J.M., von Wright, 
A., 2010. Qualified presumption of safety (QPS): a generic risk assessment approach for 
biological agents notified to the European Food Safety Authority (EFSA). Trends Food Sci. 
Technol. 21, 425-435.

51. Liong, M.T., 2008. Safety of probiotics: translocation and infection. Nutrition Reviews 66, 
192-202.

52. Marilley, L., Casey, M.G., 2004. Flavors of cheese products: metabolic pathways, analytical 
tools and identification of producing strains. Int. J. Food Microbiol. 90, 139-159.

53. Mater, D.D., Langella, P., Corthier, G., Flores, M.J., 2008. A probiotic Lactobacillus strain can 
acquire vancomycin resistance during digestive transit in mice. J. Mol. Microbiol. Biotechnol. 
14, 123-127.

54. McLaughlin, D.J., Hibbett, D.S., Lutzoni, F., Spatafora, J.W., Vilgalys, R., 2009. The search 
for the fungal tree of life. Trends Microbiol. 17, 488-497.

55. Miceli, M.H., Diaz, J.A., Lee, S.A., 2011. Emerging opportunistic yeast infections. Lancet 
Infect. Dis. 11, 142-151.

56. Mofredj, A., Bahloul, H., Chanut, C., 2007. Lactococcus lactis: an opportunistic bacterium? 
Médecine et Maladies Infectieuses, 37, 200-207.

57. Nawaz, M., Wang, J., Zhou, A., Ma, C., Wu, X., Moore, J.E., Cherie, M.B., Xu, J., 2011. 
Characterization and transfer of antibiotic resistance in lactic acid bacteria from fermented 
food products. Curr. Microbiol. 62, 1081-1089.

58. Nguyen, H.V., Lepingle, A., Gaillardin, C.A., 2000. Molecular typing demonstrates homogeneity 
of Saccharomyces uvarum strains and reveals the existence of hybrids between S. uvarum 
and S. cerevisiae, including the S. bayanus type strain CBS 380. Syst. Appl. Microbiol. 23, 
71-85.

59. Prajapati, J.B., Nair, B.M., 2003. The history of fermented foods. In: Farnworth, E.R., (Ed.), 
Fermented Functional foods. CRC Press, Boca Raton, New York, London, Washington DC, pp. 
1-25. 

60. Ross, R.P., Morgan, S., Hill, C., 2002. Preservation and fermentation: past, present and 
future. Int. J. Food Microbiol. 79, 3-16.

61. Saarela, M., Maukonen, J., von Wright, A., Vilpponen-Salmela, T., Patterson, A.J., Scott, K.P., 
Hamynen, H., Matto, J., 2007. Tetracycline susceptibility of the ingested Lactobacillus 
acidophilus LaCH-5 and Bifidobacterium animalis subsp. lactis Bb-12 strains during antibiotic/
probiotic intervention. Int. J Antimicrob. Agents 29, 271-280.

62. Santer, M., 2010. Joseph Lister: first use of a bacterium as a 'model organism' to illustrate 
the cause of infectious disease of humans. Notes Rec. R. Soc. Lond. 64, 59-65.



12

Bulletin of the International Dairy Federation 455/2012 Safety Demonstration of Microbial Food  
Cultures (MFC) in Fermented Food Products

63. Seifert K.A., Morgan-Jones, G., Gams, W., Kendrick, B., 2011. The genera of hyphomycetes. 
CBS-KNAW Fungal Biodiversity Centre, Utrecht.

64. Seifert, K.A., Samson, R.A., de Waard, J.R., Houbraken, J., Lévesque, C.A., Moncalvo, J.-M., 
Louis-Seize, G., Hebert, P.D.N., 2007. Prospect for fungus identification using CO1 DNA 
barcodes, with Penicillium as a test case. Proc. Nat. Acad. Sci. USA, 104, 3901-3906.

65. Semedo, T., Almeida, S.M., Martins, P., Silva Lopes, M.F., Figueiredo Marques, J.J., Tenreiro, 
R., Barreto Crespo, M.T., 2003a. Comparative study using type strains and clinical and food 
isolates to examine hemolytic activity and occurrence of the cyl operon in enterococci. J. 
Clin. Microbiol. 41, 2569-2576.

66. Semedo, T., Santos, M.A., Lopes, M.F., Figueiredo Marques, J.J., Barreto Crespo, M.T., 
Tenreiro, R., 2003b. Virulence factors in food, clinical and reference enterococci: A common 
trait in the genus? Syst. Appl. Microbiol. 26, 13-22.

67. Sicard, D, Legras, J.L., 2011. Bread, beer and wine: yeast domestication in the Saccharomyces 
sensu stricto complex. C.R. Biol. 334 (3), 229-36.

68. Skouboe, P., Frisvad, J.C., Lauritsen, D., Boysen, M., Taylor, J.W., Rossen, L., 1999. Nucleotide 
sequences from the ITS region of Penicillium species. Mycological Research 103, 873-881.

69. Smit, G., Smit, B.A., Engels, W.J., 2005. Flavor formation by lactic acid bacteria and biochemical 
flavor profiling of cheese products. FEMS Microbiol. Rev. 29, 591-610.

70. Spano, G., Russo, P., Lonvaud-Funel, A., Lucas, P., Alexandre, H., Grandvalet, C., Coton, E., 
Coton, M., Barnavon, L., Bach, B., Rattray, F., Bunte, A., Magni, C., Ladero, V., Alvarez, M., 
Fernandez, M., Lopez, P., de Palencia, P.F., Corbi, A., Trip, H., Lolkema, J.S., 2010. Biogenic 
amines in fermented foods. Eur. J. Clin. Nutr. 64 Suppl 3, S95-100.

71. Stackebrandt, E., 2006. Defining taxonomic ranks. In: Springer (ed.), Prokaryotes. p. 29-57.
72. Stackebrandt, E., 2007. Forces shaping bacterial systematics. Microbe, 2, 283-288.
73. Steinkraus, K.H., 2004. Origin and History of Food Fermentations. In: Hui, Y.H., Meunier-

Goddik, L., Hansen, A.S., Josephsen, J., Nip, W.-K., Stanfield, P.S., Toldra, F. (Eds.), Hand-
book of Food and Beverage Fermentation Technology. CRC Press. pp. 1-9. 

74. Stevens, H.C., O'Brien Nabors, L., 2009. Microbial food cultures: a regulatory update. Food 
Technology 63, 36-41.

75. Straub, B.W., Kicherer, M, Schilcher, S.M., Hammes, W.P., 1995. The formation of biogenic 
amines by fermentation organisms. Z. Lebensm. Unters. Forsch. 201, 79-82.

76. Sumner, S.S., Speckhard, M.W., Somers, E.B., Taylor, S.L., 1985. Isolation of histamine-
producing Lactobacillus buchneri from Swiss cheese implicated in a food poisoning outbreak. 
Appl. Environ. Microbiol. 50, 1094-1096.

77. van Boekel, M., Fogliano, V., Pellegrini, N., Stanton, C., Scholz, G., Lalljie, S., Somoza, 
V., Knorr, D., Jasti, P.R., Eisenbrand, G., 2010 . A review on the beneficial aspects of food 
processing. Mol. Nutr. Food Res. 54, 1215-1247.

78. Vandamme, P., Bot, P., Gillis, M., de Vos, P., Kersters, K., Swings, J., 1996. Polyphasic 
taxonomy, a consensus approach to bacterial systematics. Microbiol.Rev., 60, 407-438.

79. Vankerckhoven, V., Huys, G., Vancanneyt, M., Vael, C., Klare, I., Romond, M.-B., Entenza, 
J.M., Moreillon, P., Wind, R.D., Knol, J., Wiertz, E., Pot, B., Vaughan, E.E., Kahlmeter, G.,  
Goossens, H., 2008. Biosafety assessment of probiotics used for human consumption: 
Recommendations from the EU-PROSAFE project. Trends in Food Science and Technology 
19, 102-114.

80. Vogel, R.F., Hammes, W.P., Habermeyer, M., Engel, K.H., Knorr, D., Eisenbrand, D., 2011. 
Microbial food cultures - opinion of the Senate Commission on Food Safety (SKLM) of the 
German Research Foundation (DFG). Mol. Nutr. Food Res. in press.

81. Winer-Muram, H.T., 1988. Geotrichosis: who is susceptible? Chest 94, 1315-1316.
82. Wyman, J., 1862. Spontaneous Generation. Br. Med. J. 2, 311-312.



13

Bulletin of the International Dairy Federation 455/2012 Safety Demonstration of Microbial Food  
Cultures (MFC) in Fermented Food Products

2. Building an Inventory of Microbial Food Cultures with a 
Technological Role in Fermented Food Products

F. Bourdichon1, B. Berger1, S. Casaregola2, C. Farrokh3, J.C. Frisvad4, M.L. Gerds5, W.P. Hammes6, 
J. Harnett7, G. Huys8, S. Laulund9, A. Ouwehand10, I.B. Powell11, J.B. Prajapati12, Y. Seto13, 
E. Ter Schure14, A. Van Boven15, V. Vankerckhoven16, A. Zgoda17, E. Bech Hansen4

Authoritative lists of microorganisms with a documented use in food have come into high de-
mand recently with regulatory emphasis on “the history of use”, “traditional food”, or “general 
recognition of safety”. As a result of a joint project between the International Dairy Federation 
(IDF) and the European Food and Feed Cultures Association (EFFCA), an authoritative list 
of microorganisms with a documented use in food was published in 2002 (Mogensen et al., 
2002b). The “2002 IDF/EFFCA inventory” has become a de facto reference for food cultures 
in practical use. The need for an update of the list was expressed following the major evolu-
tion in taxonomy and available evidence of a positive role of microbial species beyond com-
mercially available dairy cultures. Cultures used in other food matrices and some species of 
complex microbiota of traditional fermented food products needed also to be considered. The 
inventory has been revised and its scope widened to microorganisms with a role in fermentation 
by including recognized microorganisms from a wide range of food matrices (dairy, meat, fish, 
vegetables, cereals, beverages, and vinegar). Commensal microbiota with an undetermined 
role however are not considered.

A pragmatic approach for updating the inventory was chosen. We started from the initial 2002 
IDF/EFFCA inventory (Mogensen et al., 2002b). We then asked members and National Com-
mittees of IDF and members of EFFCA about identified omissions from this list. In parallel we 
searched the literature for documentation of food fermentations with emphasis on microbial 
associations and food matrices not initially covered (Mogensen et al., 2002a). From this greatly 
expanded list we then critically reviewed the literature for each species in order to retain only 
microbial species making desirable contributions to the food fermentation. This final step is not 
without ambiguity as taste and flavor preferences can be quite different, and what some people 
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would consider spoilage can be regarded as desirable by others. We have tended to be con-
servative, and we will therefore expect that the current list is less than exhaustive. As such, the 
list cannot be considered as definitive, and will be part of a continuous updating process.

The criteria chosen for including species in the list are:

Inclusion

- Microbial species with a documented presence in fermented foods

Exclusion

- Lack of documentation for any desirable function in the fermentation process

- The species is a contaminant and / or does not harbor any relevant metabolic activity

- The species is undesirable in food for scientifically documented reasons 

Microorganisms conferring a health benefit to the host (FAO and WHO, 2002) are thus included 
if they are part of a culture used in a food fermentation process, while we have decided not 
to include microbial species of probiotic strains only used in supplements or over the counter 
(OTC) products.

2.1. Example of evaluation of incorporating microbial species
In order to evaluate the history of safe use of a microorganism, it is necessary to document 
not just the occurrence of a microorganism in a fermented food, but also to provide evidence 
whether the presence of the microorganism is beneficial, fortuitous, or undesired. As an example, 
Paludan-Muller and colleagues considered the demonstration for two types of fermented seafood: 
plaa-som from Thailand (Paludan-Muller et al., 1999, Paludan-Muller et al., 2002), and jeotgal 
from Korea (Guan et al., 2011).

For the Thai fermented seafood, the role of microorganisms in the fermentation process was 
demonstrated beyond isolation from the food (Kopermsub and Yunchalard, 2010, Saithong et 
al., 2010), and therefore the identified microbial species were incorporated in the inventory. 
This was not the case, at least according to the criteria defined for incorporation, for most of 
the species isolated within the Korean seafood jeotgal. Until further evidence is provided, it is 
not possible to explain the role of the 19 novel species identified in this fermented food and 
decide which ones are to be included in the inventory and which ones are to be considered as 
commensals.

2.2. Kingdom Monera – Bacterial Species
Actinobacteriaceae

Bifidobacterium is represented with eight species as in the 2002 IDF/EFFCA inventory. B. infantis 
disappeared, as this taxon is now transferred to B. longum as B. longum subsp. infantis. B. 
thermophilum has been included in the list as this species has also been reported to have food 
applications (Xiao et al., 2010).

Brachybacterium has entered the list with two species, B. alimentarium and B. tyrofermentans. 
Both species have been characterized as important and beneficial components of the surface 
microbiota of Gruyère and Beaufort cheese (Schubert et al., 1996).

Brevibacterium aurantiacum, a species established in 2005, has entered the list. This species is 
like the two other Brevibacterium species, B. linens and B. casei, a component of the red smear 
ripening microbiota for surface ripened cheeses (Leclercq-Perlat et al., 2007).

Corynebacterium casei and Corynebacterium variabile have been added to the list as both are 
components of the surface ripening microbiota. C. casei is a relatively “new” species (Bockelmann 
et al., 2005).
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Microbacterium has entered the list with one species, M. gubbeenense. M. gubbeenense is a 
component of the traditional red smear surface culture of surface ripened cheeses (Bockelmann 
et al., 2005). The species was first proposed by Brennan and colleagues in 2001 (Brennan et 
al., 2001), and before this, M. gubbeenense isolates would have been considered members of 
Arthrobacter nicotinae, a species already included in the “2002 IDF/EFFCA Inventory”.

Micrococcus was previously represented with one species, M. varians. The species was renamed 
and attributed to the genus Kocuria (Stackebrandt et al., 1995). On the current list Micrococcus 
is represented with the two species M. luteus and M. lylae used for cheese ripening and meat 
fermentation respectively (Bonnarme et al., 2001, Garcia Fontan et al., 2007).

Propionibacterium includes one new subspecies, P. freudenreichii subsp. globosum, and the 
newly added species P. jensenii. The species P. arabinosum is considered to be synonymous 
with P. acidipropionici and is therefore no longer on the list as a separate entity. 

Firmicutes

Bacillus was represented with one species, B. coagulans, in the 2002 IDF/EFFCA inventory. 
Other Bacillus species have been included in the inventory due to the widening of scope of the 
updated inventory and incorporation of new food matrices such as cocoa beans (Schwan and 
Wheals, 2010) and soy bean natto, B. subtilis (Kubo et al., 2011).

Carnobacterium is represented with three species, C. divergens, C. maltaromaticum, and C. 
piscicola. The inclusion of Carnobacterium commonly used in meat fermentations stems from 
widening the scope of the list from dairy to food fermentations (Hammes et al., 1992).

The genus Lactobacillus was already widely present in the initial inventory. Owing to its wide 
use in other food matrices and the new scope of the inventory, this is the genus with the largest 
number of changes and still well represented, now by 82 species.

Lactococcus has only been expanded with a single species L. raffinolactis, a species occasionally 
involved in the ripening of cheese (Ouadghiri et al., 2005).

Also Streptococcus has grown with a single species due to the use of S. gallolyticus subsp. 
macedonicus in ripening cultures for cheese (Georgalaki et al., 2000).

Among the enterococci, Enterococcus faecalis has entered the list owing to its use in dairy, 
meat, vegetables (Foulquie Moreno et al., 2006).

Leuconostoc is also a genus having expanded considerably from the two species present in the 
2002 IDF/EFFCA inventory. This is mainly due to the inclusion of species useful for coffee and 
vegetable fermentations, among which are also several species being proposed recently as 
L. holzapfelii, L. inhae, L. kimchii, and L. palmae.

Staphylococcus is now represented with 13 species. The growth in number is caused by the 
consideration of mostly meat fermentation processes and the role in numerous other food 
matrices, mostly in production of aromatic compounds (Nychas and Arkoudelos, 1990).

The genus Tetragenococcus was proposed in 1990 and validated in 1993 for newly identified 
species and some species previously belonging to Pediococcus and Enterococcus. 

The genus Weissella was introduced in 1993 for some species previously belonging to the Leu-
conostoc mesenteroides species group. Weissella species are used for fermentation of meat, 
fish, cabbage (Kimchi), cassava, and cacao (Collins et al., 1993).

Proteobacteriaceae

Acetobacter and Gluconacetobacter are represented with nine and eight species, respectively. 
They are mainly utilized in the production of vinegar but also of importance in the fermentation 
of cocoa and coffee (Sengun and Karabiyikli, 2011).

Halomonas elongata, a new species of the family Enterobacteriaceae, has been added to the list 
because of its relevance in meat fermentation.
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Klebsiella mobilis, formerly Enterobacter aerogenes in the 2002 IDF inventory, was rejected 
as the reference of food usage (Gassem, 1999) indicated the species as part of the spoilage 
microbiota.

As a consequence of the widened scope of the inventory, the genus Zymomonas has been 
added to the list. It is represented by the species Z. mobilis, which is widely used for the 
fermentation of alcoholic beverages in many tropical areas of America, Africa, and Asia (Rogers 
et al., 1984).

2.3. Kingdom Fungi – Fungal Species
The number of yeast species with beneficial use for foods has grown considerably, both because 
of taxonomic changes, and because additional yeast species have been described as important 
in natural fermentations. Most of the species recorded as Candida in the former list have been 
transferred to other genera or included under the teleomorphic name.  At the most recent Inter-
national Botanical Congress (Melbourne, July 2011) it was decided to adopt the principle of “one 
fungus, one name”, as is already done in Zygomycota. Thus it is preferred to refer to the most 
well known species as Saccharomyces cerevisiae (the teleomorphic and holomorphic name), 
rather than the anamorphic name Candida robusta. This is in accordance with the new rules as 
guided by the International Code of Botanical Nomenclature Article 59, fungi in Ascomycota and 
Basidiomycota.

Regarding Candida, many additional species have been suggested for beneficial use in foods, 
including C. etchellsii, C. intermedia, C. maltosa, C. versatilis and C. zeylanoides. Teleomorphic 
states are not known for these species. Candida famata is the anamorph of Debaryomyces 
hansenii. Candida utilis, used for single cell protein production, should be called Cyberlindnera 
jadinii. Williopsis mrakii (= Hansenula mrakii) is now also included in the genus Cyberlindnera 
as C. mrakii. Saccharomyces unisporus has been transferred to Kazachstania unispora, and 
Candida holmii has also been transferred to Kazachstania as K. exigua. Candida krusei is now 
called Issatchenkia orientalis. Candida kefyr (= Candida pseudotropicalis) is placed in 
Kluyveromyces marxianus. Candida valida is now called Pichia membranefaciens and finally 
Saccharomyces florentinus is now called Zygotorulaspora florentina (Boekhout and Robert, 
2003; Kurtzman et al., 2011).

Other species recently suggested include Clavispora lusitanae, Cystofilobasidium infirmomini-
atum, Dekkera bruxellensis, Hanseniaspora uvarum, Kazachstania turicensis, Metschnikowia 
pulcherrima, Pichia occidentalis, Rhodosporidium sp., Saccharomyces pastorianus, Saccha-
romycopsis fibuligera, Saturnisporus saitoi, Sporobolomyces roseus, Torulaspora delbrueckii, 
Trichosporon cutaneum, Wickerhamomyces anomalus, Yarrowia lipolytica, Zygosaccharomyces 
bailii, and Z. rouxii. Many of these species have been found as the natural biota of fruits, 
vegetables, cheeses, meat, etc., and since raw products and organic products are now widely 
accepted, many species that would formerly be regarded as spoilers, are now regarded as 
beneficial organisms, at least in some cases. In the current update of the inventory of microor-
ganisms we tend to be conservative and only include species with a well documented technological 
benefit. One example is Dekkera bruxellensis (anamorph Brettanomyces bruxellensis), which 
was formerly regarded as a spoiler of beer (and wine). However, it is used for production of 
Belgian Lambic-Geuze beer. 

D. bruxellensis produces acetic acid that in moderate amounts gives a unique taste to those 
beers. Other examples are Debaryomyces hansenii and Yarrowia lipolytica which are very 
important for aroma formation in Munster and Parmesan cheeses, in cacao fermentation Sac-
charomyces cerevisiae, Hanseniaspora uvarum, Kluyveromyces marxianus and Pichia fermentans 
are extremely important for the development of the fine aroma of cacao beans (Boekhout and 
Roberts, 2003).

Filamentous fungi (molds)

Several fungal starter cultures commonly used in Asia could potentially be used in Europe, as 
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fungi can add fiber, vitamins, proteins etc. to fermented foods, or be consumed as single cell 
protein (SCP) (Nout, 2000; 2007).

Verticillium lecanii has changed to Lecanicillium lecanii (Zare and Gams, 2001), and this strain 
has been listed as potentially useful for cheese ripening.

Aspergillus species were not mentioned in the first 2002 IDF/EFFCA inventory list as they are 
not commonly used in fermented dairy products. Aspergillus oryzae and A. sojae are used in 
the production of miso and soya sauce fermentations. Aspergillus oryzae and A. niger are also 
used for production of sake and awamori liquors, respectively (Nout, 2000, 2007). Aspergillus 
acidus is used for fermenting tea (Puerh tea) (Mogensen et al., 2009). Rhizopus oligosporus is 
used in the fermentation process of Tempeh (Hachmeister and Fung, 1993).

Fusarium domesticum was first identified as Trichothecium domesticum, but was later allocated 
to Fusarium (Bachmann et al., 2005; Schroers et al., 2009; Gräfenham et al., 2011). This spe-
cies has been used for cheese fermentations (cheese smear). Fusarium solani DSM 62416 
was isolated from a Vacherin cheese, but has not been examined taxonomically in detail yet. 
Fusarium venenatum A 3/5 (first identified as F. graminearum) is being used extensively for 
mycoprotein production in Europe (Thrane, 2007). This strain is capable of producing trichothecene 
mycotoxins in pure culture, but does not produce them under industrial conditions (Thrane, 
2007).

Penicillium camemberti is the correct name for the fungus used for white-mold fermented 
cheeses (Samson et al., 1977; Pitt et al., 1986; Frisvad and Samson, 2004), but synonyms such 
as P. candidum, P. rogeri, and P. album are still used in literature. These four latter names are 
illegitimate or synonyms of P. camemberti. Even though P. commune, P. biforme, P. fuscoglaucum 
and P. palitans are found on cheese, either as contaminants or “green cheese mold”, they are 
not necessarily suitable for fermenting cheeses. P. commune is the wild-type “ancestor” of 
P. camemberti, however (Pitt et al., 1986; Polonelli et al., 1987; Giraud et al., 2010).

A species closely related to P. camemberti, P. caseifulvum has an advantage in not producing 
cyclopiazonic acid, a mycotoxin often found in P. camemberti (Lund et al., 1998, Frisvad and 
Samson, 2004). P. caseifulvum grows naturally on the surface of blue mold cheeses and has 
a valuable aroma (Larsen, 1998). Important mycotoxins identified in these species include 
cyclopiazonic acid and rugulovasine A & B (Frisvad and Samson, 2004), and cyclopiazonic acid 
can be detected in white-mold cheeses (Le Bars, 1979; Teuber and Engel, 1983; Le Bars et al., 
1988). 

Blue-mold cheeses are always fermented with Penicillium roqueforti, and not with the closely 
related species P. carneum, P. paneum or P. psychrosexualis. The latter three species produce 
several mycotoxins (Frisvad and Samson, 2004; Houbraken et al., 2010) and have often been 
referred to as P. roqueforti (Engel and von Milczewski, 1977; Krusch et al., 1977; Olivigni and 
Bullerman, 1978; Engel and Prokopek, 1980; Teuber and Engel, 1983; Erdogan and Sert, 2004). 
However, P. roqueforti itself can produce the secondary metabolites PR-toxin, roquefortine C, 
mycophenolic acid and andrastin A in pure culture (Frisvad et al., 2004; Nielsen et al., 2005). 
One of these secondary metabolites is regarded as a mycotoxin, PR-toxin. This mycotoxin is 
unstable in cheese and is converted to PR imine (Engel and Prokopek, 1979; Siemens and 
Zawistowski, 1993). Mycophenolic acid (Lafont et al., 1979; López-Díaz et al., 1996), roque-
fortine C (López-Díaz et al., 1996; Finoli et al., 2001) and andrastin A (Nielsen et al., 2005; 
Fernandez-Bodega et al., 2009) have been found in blue cheese, but the consequences for human 
health are probably minor (Larsen et al., 2002). Yet another species, Penicillium solitum is found 
on naturally fermented lamb meat on the Faroe Islands, and may be used as a starter culture. 
This species does not produce any known mycotoxins (Frisvad et al., 2004).

On other meat products, Penicillium nalgiovense and a few strains of Penicillium chrysogenum are 
used (Nout, 2000; Frisvad and Samson, 2004), especially for mold-fermented salami. However, 
P. nalgiovense was originally found on cheeses from Nalzovy, and may be used for fermenting 
cheeses too. 

Finally, some fungi can be used to produce food colorants, including Epicoccum nigrum and 
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Penicillium purpurogenum, but these fungi are not used directly for food fermentation (Stricker 
et al., 1981; Mapari et al., 2010).

2.4. References
1. Bachmann H.P., Bobst, C., Bütikofer, U., Casey, M.G., Dalla Torre, M., Fröhlich-Wyder, M.T., 

Fürst, M., 2005. Occurrence and significance of Fusarium domesticum alias Anticollanti on 
smear-ripened cheeses. LWT- Food Sci.Technol. 38, 399-407.

2. Bockelmann, W., Willems, K.P., Neve, H., Heller, K.H., 2005. Cultures for the ripening of 
smear cheeses. International Dairy Journal 15, 719-732.

3. Boekhout, T., Robert, V., 2003. Yeasts in food: Beneficial and detrimental aspects. Behr’s 
Verlag, Hamburg. 

4. Bonnarme, P., Lapadatescu, C., Yvon, M., Spinnler, H.E., 2001. L-methionine degradation 
potentialities of cheese-ripening microorganisms. J. Dairy Res. 68, 663-674.

5. Brennan, N.M., Brown, R., Goodfellow, M., Ward, A.C., Beresford, T.P., Vancanneyt, M., 
Cogan, T.M., Fox, P.F., 2001. Microbacterium gubbeenense sp. nov., from the surface of a 
smear-ripened cheese.  International Journal of Systematic and Evolutionary Microbiology  
51, 1969-1976.

6. Collins, M.D., Samelis, J., Metaxopoulos, J., Wallbanks, S., 1993. Taxonomic studies on some 
Leuconostoc-like organisms from fermented sausages: description of a new genus Weissella 
for the Leuconostoc paramesenteroides group of species. J. Appl. Bacteriol. 75, 595-603.

7. Engel, G., Prokopek, D., 1979. Kein Nachweis von Penicillium roqueforti-Toxin in Käse. 
Milschwissenschaft 34, 272-274.

8. Engel, G., Prokopek, D., 1980. Kein Nachweis von Patulin and Penicillinsäure in mit Patulin- 
und Penicillinsäure-bildenden Penicillium roqueforti-Stämmen hergestellten Käsen. Milch-
wissenschaft 35, 218-220.

9. Engel, G., von Milczewski, K.E., 1977. Die gesundheitliche Unbedenklichheit von Penicillium 
caseicolum, P. camemberti und P. roqueforti. I. Prüfung auf Bildung bekannter Mykotoxine 
mit physikalisch-chemischen Methoden. Milchwissenschaft 32, 517-520.

10. Erdogan, A., Sert, S., 2004. Mycotoxin-forming ability of two Penicillium roqueforti strains in 
blue moldy Tulum cheese ripened at various temperatures. J. Food Prot. 67, 533-535.

11. Fernández-Bodega, M.A., Mauriz, E., Gómez, A., Martín, J.F., 2009. Proteolytic activity, 
mycotoxins and andrastin A in Penicillium roqueforti strains isolated from Cabrales, Valdeón 
and Bejes-Teresviso local varieties of blue-veined cheeses. Int. J. Food Microbiol. 136, 18-25.

12. Finoli, C., Vecchio, A., Galli, A., Dragoni, I., 2001. Roquefortine C occurrence in blue cheese. 
J. Food Prot. 64, 246-251.

13. Foulquie Moreno, M.R., Sarantinopoulos, P., Tsakalidou, E., De Vuyst, L., 2006. The role and 
application of enterococci in food and health. Int. J. Food Microbiol. 106, 1-24.

14. Frisvad, J.C., Samson, R.A., 2004. Polyphasic taxonomy of Penicillium subgenus Penicillium. 
A guide to identification of the food and air-borne terverticillate Penicillia and their mycotoxins. 
Stud. Mycol. 49, 1-173.

15. Frisvad, J.C., Smedsgaard, J., Larsen, T.O., Samson, R.A., 2004. Mycotoxins, drugs and 
other extrolites produced by species in Penicillium subgenus Penicillium. Stud. Mycol. 49, 
201-241.

16. Garcia Fontan, M.C., Lorenzo, J.M., Parada, A., Franco, I., Carballo, J., 2007. Microbiological 
characteristics of "androlla", a Spanish traditional pork sausage. Food Microbiol. 24, 52-58.

17. Gassem, M.A., 1999. Study of the micro-organisms associated with the fermented bread 
(khamir) produced from sorghum in Gizan region, Saudi Arabia. J. Appl. Microbiol. 86, 221-
225.

18. Georgalaki, M.D., Sarantinopoulos, P., Ferreira, E.S., De Vuyst, L., Kalantzopoulos, G., 
Tsakalidou, E., 2000. Biochemical properties of Streptococcus macedonicus strains isolated 
from Greek Kasseri cheese. J. Appl. Microbiol. 88, 817-825.



19

Bulletin of the International Dairy Federation 455/2012 Safety Demonstration of Microbial Food  
Cultures (MFC) in Fermented Food Products

19. Giraud, F., Giraud, T., Aguileta, G., Fournier, E., Samson, R., Cruaud, C., Lacoste, S., Ropars, 
J., Tellier, A., Dupont, J., 2010. Microsatellite loci to recognize species for the cheese starter 
and contaminating strains associated with cheese manufacturing. Int. J. Food Microbiol. 
137, 204-213.

20. Gräfenham, TY., Schroers, H.-J. , Nirenberg, H.I. , Seifert, K.A., 2011. An overview of the 
taxonomy, phylogeny, and typification of nectriaceous fungi in Cosmospora, Acremonium, 
Fusarium, Stilbella, and Volutella. Stud. Mycol. 68, 79-113.

21. Guan, L., Cho, K.H., Lee, J.H., 2011. Analysis of the cultivable bacterial community in jeotgal, 
a Korean salted and fermented seafood, and identification of its dominant bacteria. Food 
Microbiol. 28, 101-113.

22. Hachmeister, K.A., Fung D.Y., 1993. Tempeh: a mold-modified indigenous fermented food 
made from soybeans and/or cereal grains. Crit Rev Microbiol. 19(3):137-88.

23. Hammes, W. P., Weiss, N., Holzapfel, W., 1992. The Genera Lactobacillus and Carnobacterium. 
In: A. Balows, H. G. Truper, M. Dworkin, W. Harder, and K. H. Schleifer (eds.), The Prokaryotes. 
Springer-Verlag, New York, p. 1535-1594.

24. Houbraken, J., Frisvad, J.C., Samson, R.A., 2010. Sex in Penicillium series Roqueforti. IMA 
Fungus 1, 171-180.

25. Kopermsub, P., Yunchalard, S., 2010. Identification of lactic acid bacteria associated with 
the production of plaa-som, a traditional fermented fish product of Thailand. Int. J. Food 
Microbiol. 138, 200-204.

26. Krusch, von A., Lompe, A., Engel, G., von Milzewski, K.E., 1977. Die gesundheitliche 
Unbedenklichheit von Penicillium caseicolum, P. camemberti and P. roqueforti. II. Biolo-
gische Prüfung auf Toxinbildungsvermögen an Zellkulturen. (The harmlessness to health of 
Penicillium caseicolum, P. camemberti and P. roqueforti. II. Biological testing of capacity for 
toxin production in cell cultures) Milchwissenschaft 32, 713-715.

27. Kubo, Y., Rooney, A.P., Tsukakoshi, Y., Nakagawa, R., Hasegawa, H., Kimura, K., 2011. 
Phylogenetic analysis of Bacillus subtilis strains applicable to natto (fermented soybean) 
production. Appl Environ Microbiol 77, 6346-9

28. Kurtzman, C. P., Fell, J.W., Boekhout, T., 2011. The Yeasts: A Taxonomic Study, 5th edition. 
3 Vol. Elsevier Science & Technology, Amsterdam.

29. Lafont, P., Siriwardana, M.G., Combemale, I., Lafont, J., 1979. Mycophenolic acid in marketed 
cheeses. Food Cosmet. Toxicol. 17, 147-149.

30. Larsen, T.O., 1998. Volatile flavor production by Penicillium caseifulvum. Int. Dairy J, 8: 
883-887.

31. Larsen, T.O., Gareis, M., Frisvad, J.C., 2002. Cell cytotoxicity and mycotoxin and secondary 
metabolite production by common Penicillia on cheese. J. Agric. Food Chem. 50, 6148-6152.

32. Le Bars, J., 1979. Cyclopiazonic acid production by Penicillium camemberti Thom and natural 
occurrence of this mycotoxin in cheese. Appl. Environ. Microbiol. 38, 1052-1055.

33. Le Bars, J., Gripon, J.C., Vassal, L., Le Bars, P., 1988. Production d’acide cyclopiazonique 
dans des fromages en function des souches de Penicillium camembertii et des conditions de 
maturation (Production of cyclopiazonic acid in cheeses in relation to the strains of Penicillium 
camemberti and ripening conditions). Microbiol. Alim. Nutr. 6, 337-343.

34. Leclercq-Perlat, M.N., Corrieu, G., Spinnler, H.E., 2007. Controlled production of camembert-
type cheeses: Part III role of the ripening microflora on free fatty acid concentrations. J. 
Dairy Res. 74, 218-225.

35. López-Díaz, T.M., Román-Blanco, C., García-Arias, M.T., García-Fernández, M.C., García-
López, M.L., 1996. Mycotoxins in two Spanish cheese varieties. Int. J. Food Microbiol. 30, 
391-395.

36. Lund, F., Filtenborg, O., and Frisvad, J.C., 1998. Penicillium caseifulvum, a new species 
found on P. roqueforti fermented cheeses. Journal of Food Mycology 1, 95-101.



20

Bulletin of the International Dairy Federation 455/2012 Safety Demonstration of Microbial Food  
Cultures (MFC) in Fermented Food Products

37. Mapari, S.A.S., Thrane, U., Meyer, A.S., 2010. Fungal polyketide azaphilone pigments as 
future natural food colorants? Trends Biotechnol. 28, 300-307.

38. Mogensen, J.M., Varga, J., Thrane, U., Frisvad, J.C., 2009. Aspergillus acidus from Puerh tea 
and black tea does not produce ochratoxin A and fumonisin B2. Int. J. Food Microbiol. 132, 
141-144. 

39. Mogensen, G., Salminen, S., O'Brien, J., Ouwehand, A., Holzapfel, W., Shortt, C., Fonden, 
R., Miller, G.D., Donohue, D., Playne, M., Crittenden, R., Salvadori, B., Zink, R., 2002a. Food 
microorganisms - health benefits, safety evaluation and strains with documented history of 
use in foods. Bulletin of IDF 377, 4-9.

40. Mogensen, G., Salminen, S., O'Brien, J., Ouwehand, A., Holzapfel, W., Shortt, C., Fonden, R., 
Miller, G.D., Donohue, D., Playne, M., Crittenden, R., Salvadori, B., Zink, R., 2002b. Inventory 
of microorganisms with a documented history of use in food. Bulletin of IDF 377, 10-19.

41. Nielsen, K.F., Dalsgaard, P.W., Smedsgaard, J., Larsen, T.O., Andrastin, A.-D., 2005. Penicillium 
roqueforti metabolites consistently produced in blue-mold-ripened cheese. J. Agric. Food 
Chem. 53, 2908-2913.

42. Nout, R., 2000. Useful role of of fungi in food processing. In: Introduction to food- and 
airborne fungi. 6th ed. eds.: Samson, R.A., E.S. Hoekstra, J.C. Frisvad and O. Filtenborg. 
Centraalbureau voor Schimmelcultures, Utrecht. 

43. Nout, R., 2007. The colonizing fungus as a food provider. In Dijksterhuis, J. and Samson., 
R.A. Food Mycology. A multifaceted approach to fungi and food. CRC Press, Boca Raton, pp. 
335-352.

44. Nychas, G.J., Arkoudelos, J.S., 1990. Staphylococci: their role in fermented ausages. Soc. 
Appl. Bacteriol. Symp. Ser. 19: 167S-188S

45. Olivigni, F.J., Bullerman, L.B., 1978. Production of penicillic acid and patulin by an atypical 
Penicillium roqueforti isolate. Appl. Environ. Microbiol. 35, 435-438.

46. Ouadghiri, M., Amar, M., Vancanneyt, M., Swings, J., 2005. Biodiversity of lactic acid bacteria 
in Moroccan soft white cheese (Jben). FEMS Microbiol. Lett. 251, 267-271.

47. Paludan-Muller, C., Huss, H.H., Gram, L., 1999. Characterization of lactic acid bacteria isolated 
from a Thai low-salt fermented fish product and the role of garlic as substrate for fermentation. 
Int. J. Food Microbiol. 46, 219-229.

48. Paludan-Muller, C., Madsen, M., Sophanodora, P., Gram, L., Moller, P.L., 2002. Fermentation 
and microflora of plaa-som, a Thai fermented fish product prepared with different salt 
concentrations. Int. J. Food Microbiol. 73, 61-70.

49. Pitt, J.I., Cruickshank, R.H., Leistner, L.O., 1986. Penicillium commune, P. camembertii, the 
origin of white cheese moulds, and the production of cyclopiazonic acid. Food Microbiol. 3, 
363-371.

50. Polonelli, L., Morace, G., Rosa, R., Castagnola, M., Frisvad, J.C., 1987. Antigenic characterisation 
of Penicillium camemberti and related common cheese contaminants. Appl. Environ. Microbiol. 
53, 872 878.

51. Rogers, P.L., Goodman, A.E., Heyes, R.H., 1984. Zymomonas ethanol fermentations. Microbiol. 
Sci. 1, 133-136.

52. Saithong, P., Panthavee, W., Boonyaratanakornkit, M., Sikkhamondhol, C., 2010. Use of a 
starter culture of lactic acid bacteria in plaa-som, a Thai fermented fish. J. Biosci. Bioeng., 
110: 553-557.

53. Samson, R.A., Eckert, C., and Orth, R. 1977. The taxonomy of Penicillium species from 
fermented cheeses. Antonie van Leeuwenhoek. 43, 341-350.

54. Schroers, H.-J., O’Donnell, K., Lamprecht, S.C., Kammeyer, P.L., Johnson, S., Sutton, D.A., 
Rinaldi, M.G., Geiser, D.M., Summerbell, R.C., 2009. Taxonomy and phylogeny of the Fusarium 
dimerum species group. Mycologia 101, 44-70.



21

Bulletin of the International Dairy Federation 455/2012 Safety Demonstration of Microbial Food  
Cultures (MFC) in Fermented Food Products

55. Schubert, K., Ludwig, W., Springer, N., Kroppenstedt, R.M., Accolas, J.P., Fiedler, F., 1996. 
Two coryneform bacteria isolated from the surface of French Gruyere and Beaufort cheeses 
are new species of the genus Brachybacterium: Brachybacterium alimentarium sp. nov. and 
Brachybacterium tyrofermentans sp. nov. Int. J. Syst. Bacteriol. 46, 81-87.

56. Schwan, R.F., Wheals, A.E., 2004. The microbiology of cocoa fermentation and its role in 
chocolate quality. Crit Rev Food Sci Nutr 44(4), 205-21

57. Sengun, I.Y., Karabiyikli, S., 2011. Importance of acetic acid bacteria in food industry. Food 
Control 22, 647-656.

58. Siemens, K., Zawistowski, J., 1993. Occurrence of PR imine, a metabolite of Penicillium 
roqueforti, in blue cheese. Journal of food protection 56(4), p.317-325.

59. Stackebrandt, E., Koch, C., Gvozdiak, O., Schuman, P., 1995. Taxonomic dissection of the 
genus Micrococcus: Kocuria gen. nov., Nesterenkonia gen. nov., Kytococcus gen. nov., 
Dermacoccus gen. nov., and Micrococcus Cohn 1872 gen. emend. Int. J. Syst. Bacteriol. 45, 
682-692.

60. Stricker R., Romailler, G.,Turian, G., Tzanos, D., 1981. Production and food applications of a 
mold hydrosoluble yellow pigment (Epicoccum nigrum Link). Lebensm. Wiss. Technol., 124: 
18-20.

61. Teuber, M., Engel, G., 1983. Low risk of mycotoxin production in cheese. Microbiol. Alim. 
Nutr. 1, 193-197.

62. Thrane, U., 2007. Fungal protein for food. In: Dijksterhuis, J. and Samson., R.A. (eds.) 
Food Mycology. A multifaceted approach to fungi and food. CRC Press, Boca Raton, pp. 353-
360.

63. Xiao, J.Z., Takahashi, S., Nishimoto, M., Odamaki, T., Yaeshima, T., Iwatsuki, K., Kitaoka, M., 
2010. Distribution of in vitro fermentation ability of lacto-N-biose I, a major building block of 
human milk oligosaccharides, in bifidobacterial strains. Appl. Environ. Microbiol. 76, 54-59.

64. Zare, R., Gams, W., 2001. A revision of Verticillium, section Prostrata. IV. The genera 
Lecanicillium and Simplicillium gen. nov. Nova Hedwigia 73, 1-50.



22

Bulletin of the International Dairy Federation 455/2012 Safety Demonstration of Microbial Food  
Cultures (MFC) in Fermented Food Products

3. The 2012 Inventory of Microbial Species with technological 
beneficial role in fermented food products

F. Bourdichon1, P. Boyaval2, S. Casaregola3, J. Dupont4, C. Farrokh5, J.C. Frisvad6, W.P. Hammes7, 
G. Huys8, J.L. Jany9, S. Laulund10, A.Ouwehand11, Y. Seto12, A. Zgoda13, E. Bech Hansen6

3.1. Introduction
Fermented foods are used in every country around the world with almost every type of food 
matrix (Campbell-Platt, 2003, Steinkraus, 2002). The initial IDF/EFFCA inventory and its approach 
published earlier on (Mogensen et al, 2002a, 2002b) was originally focused on microbial cultures 
in European dairy food products and lacked this world perspective that has been the major driving 
force for the update in the past few years. 

FAO initially proposed a global perspective approach on fermented food products for fruits and 
vegetables (Battcock and Azam-Ali, 1998), cereals (Haard et al., 1999), grains, legumes, seeds 
and nuts (Deshpande et al., 2000). Apart from the qualified presumption of safety (QPS) for 
microorganisms intentionally added to the food chain as an internal approach for the biohazard 
(BIOHAZ) panel (Leuschner et al, 2010), other tentative inventories have been published recently 
for food products such as meat (Talon and Leroy, 2011), cocoa (Schwan and Wheals, 2004) and 
millet (Amadou et al, 2011).

3.2. Updating process
The information needed on microbial species for consideration in the present IDF/EFFCA inventory 
comprised both updated taxonomy and available evidence of food usage. Each species incorporated 
is generally documented by two consistent published references.

Taxonomic identification of microbial species was based upon the classification of the Inter-
national Committee on Systematics of Prokaryotes (ICSP - http://www.the-icsp.org/) and 
available publications in International Journal of Systematic and Evolutionary Microbiology 
(IJSEM - http://ijs.sgmjournals.org/). The Taxonomic Outline of the Bacteria and Archea (TOBA 
- http://www.taxonomicoutline.org/) in its release 7.7 of March 6, 2007 and the amended lists 
of bacterial names (Skerman et al., 1989) were also used as reference. References and 

1 Nestec Ltd., Nestlé Research Centre, Vers-chez-les-Blanc, CH-1000 Lausanne 26, Switzerland.
2 Danisco France SAS, BP 10, 86220 Dangé-Saint-Romain, France.
3 INRA, UMR 1319 Micalis, CIRM-Levures, AgroParisTech 78850 Thiverval-Grignon, France.
4 Muséum National d'Histoire Naturelle, Département Systématique et Evolution, UMR MNHN/CNRS 7205, CP 39, 57 rue 

Cuvier, 75231 Paris Cedex 05, France.
5 CNIEL, 42, rue de Chateaudun, 75314 Paris Cedex 09, France.
6 Department of Systems Biology, Technical University of Denmark, Søltofts Plads B. 221, DK-2800 Kgs. Lyngby, Denmark.
7 Institut für Lebensmittelwissenschaft und Biotechnologie - University of Hohenheim, Garbenstraße 21, D-7000 Stuttgart 70, 

Germany.
8 BCCM/LMG Bacteria Collection & Laboratory of Microbiology, Faculty of Sciences, Ghent University, K.L. Ledeganckstraat, 35, 

B-9000 Gent, Belgium.
9 Université de Brest, UEB, Laboratoire Universitaire de Biodiversité et Ecologie Microbienne (EA3882), SFR 148 ScInBioS, 

ESMISAB, Technopôle Brest-Iroise, 29280 Plouzané, France.
10 EFFCA - European Food & Feed Cultures Association, Bd. Saint Michel 77-79, B-1040, Brussels, BELGIUM & Chr Hansen A/S, 

Boge Alle 10-12, DK-2970 Horsholm, Denmark.
11 Danisco Innovation, Sokeritehtaantie 20, FIN-02460 Kantvik, Finland.
12 Milk Science Research Institute, Megmilk Snow Brand  Co., Ltd., 1-1-2 Minamidai, 350-1165 Kawagoe, Saitama, Japan.
13 Groupe Lactalis, Le Fromy, 35240 Retiers, France.
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documentation provided by the International Commission on the Taxonomy of Fungi (ICTF) on 
their website (http://www.fungaltaxonomy.org/), the Mycobank initiative (Crous et al., 2004), 
and outcomes of expert groups on invasive fungal infections and taxonomic issues (Mycoses 
Study Group – http://www.doctorfungus.org/) were used as the basis for fungal taxonomy.

Food usage documentation was based on published articles in peer-review food microbiology 
publications. The food usage is not restricted to those documented in the present inventory. 
For most species, reference is generally given for one type of food usage, as we considered one 
type of food usage the minimum evidence for considering a microbial species in the present 
inventory. 

Some widely used species in different food matrices have been incorporated with numerous 
references. It is to be further considered if all the possible food usages for one defined microbial 
species are to be documented or if regular updates will be performed on the basis of a received 
submission or proposal for modification.

Consideration of desired properties of Microbial Food Cultures (MFC), as well as undesired ones 
leading to exclusion of microbial species, was based on previously established criteria (Bourdichon 
et al., 2012).

The “2002 IDF/EFFCA Inventory” listed 82 bacterial species and 31 species of yeasts and molds 
whereas the present “Inventory of MFC” contains 265 bacterial species and 70 species of yeasts 
and molds. The overview of the distribution of species over the relevant taxonomic units is given 
in Table 1.

3.3. 2012 IDF-EFFCA Updated Inventory

D
ocum

ented

K
ingdom

Phylum Family Taxonomy Food Usage Type 
Strain Taxonomy

1963 Monera Actino-
bacteria Bifidobacteriaceae Bifidobacterium 

adolescentis Dairy Rabiu et al., 
2001

ATCC 
15703

Reuter, 
1963

1969 Monera Actino-
bacteria Bifidobacteriaceae

Bifidobacterium 
animalis subsp 
animalis

Dairy Biavati et 
al., 1992

ATCC 
25527

Mitsuoka, 
1969

1980 Monera Actino-
bacteria Bifidobacteriaceae

Bifidobacterium 
animalis subsp 
lactis

Dairy Biavati et 
al., 1992

DSM 
10140

Meile, et 
al., 1997

1924 Monera Actino-
bacteria Bifidobacteriaceae Bifidobacterium 

bifidum Dairy Ventling and 
Mistry, 1993

ATCC 
29521

Orla-
Jensen, 
1924

1963 Monera Actino-
bacteria Bifidobacteriaceae Bifidobacterium 

breve
Dairy, 
Soy

Scalabrini et 
al. 1998

ATCC 
15700

Reuter, 
1963

1963 Monera Actino-
bacteria Bifidobacteriaceae Bifidobacterium 

longum Dairy
Mathieu-
Chandelier 
et al. 1998

ATCC 
15707

Reuter, 
1963

1969 Monera Actino-
bacteria Bifidobacteriaceae

Bifidobacterium 
pseudolongum 
subsp. pseudo-
longum

Dairy Rabiu et al., 
2001

ATCC 
25526

Mitsuoka, 
1969

Table 1: Overview of microbial species and their taxonomy
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D
ocum

ented

K
ingdom

Phylum Family Taxonomy Food Usage Type 
Strain Taxonomy

1969 Monera Actino-
bacteria Bifidobacteriaceae Bifidobacterium 

thermophilum Dairy Xiao, 2010 ATCC 
25525

Mitsuoka, 
1969

2004 Monera Actino-
bacteria Brevibacteriaceae Brevibacterium 

aurantiacum Dairy
Leclercq-
Perlat et al., 
2007

ATCC  
9175

Gavrish et 
al., 2004

1983 Monera Actino-
bacteria Brevibacteriaceae Brevibacterium 

casei Dairy Dolci et al., 
2009

ATCC 
35513

Collins et 
al., 1983

1944 Monera Actino-
bacteria Brevibacteriaceae Brevibacterium 

linens Dairy Albert et al., 
1944.

DSM 
20425

Bousfield, 
1972

1987 Monera Actino-
bacteria

Corynebacte-
riaceae

Corynebacterium 
ammoniagenes Dairy

Bockelmann 
and Hoppe-
Seyler, 2001

ATCC  
6871

Collins, 
1987

2001 Monera Actino-
bacteria

Corynebacte-
riaceae

Corynebacterium 
casei Dairy Bockelmann 

et al., 2005
DSM 
44701

Brennan, 
et al., 
2001a

1979 Monera Actino-
bacteria

Corynebacte-
riaceae

Corynebacterium 
flavescens Dairy Brennan et 

al., 2002
ATCC 
10340

Barksdale 
et al., 
1979

1961 Monera Actino-
bacteria

Corynebacte-
riaceae

Corynebacterium 
variabile Dairy Bockelmann 

et al., 2005
ATCC 
15753

Gelsomino 
et al., 
2005

1996 Monera Actino-
bacteria Dermabacteraceae Brachybacterium 

alimentarium Dairy Schubert et 
al., 1996

ATCC 
700067

Schubert 
et al., 
1996

1996 Monera Actino-
bacteria Dermabacteraceae Brachybacterium 

tyrofermentans Dairy Schubert et 
al., 1996

ATCC 
700068

Schubert 
et al., 
1996

2001 Monera Actino-
bacteria Microbacteriaceae Microbacterium 

gubbeenense Dairy Bockelmann 
et al., 2005

 LMG 
S-19263 

Brennan et 
al., 2001b

2005 Monera Actino-
bacteria Micrococcaceae Arthrobacter 

arilaitensis Dairy Mounier et 
al.,  2005

DSM 
16368

Irlinger et 
al., 2005

2005 Monera Actino-
bacteria Micrococcaceae Arthrobacter 

bergerei Dairy Irlinger et 
al., 2005

DSM 
16367

Irlinger et 
al., 2005

1928 Monera Actino-
bacteria Micrococcaceae Arthrobacter 

globiformis Dairy Fox, 2000 ATCC 
8010

Conn, 
1928

1959 Monera Actino-
bacteria Micrococcaceae Arthrobacter 

nicotianae Dairy

Smacchi et 
al, 1999a 
Smacchi et 
al, 1999b

ATCC 
14929

Giovanoz-
zi-Serman-
ni, 1959

1999 Monera Actino-
bacteria Micrococcaceae Kocuria rhizophila Dairy, 

Meat
El-Baradei et 
al., 2007

DSM 
11926T

Kovács et 
al., 1999

1900 Monera Actino-
bacteria Micrococcaceae Kocuria varians Dairy, 

Meat
O’Mahony et 
al., 2001

DSM 
20033

Stack-
ebrandt et 
al., 1995

1872 Monera Actino-
bacteria Micrococcaceae Micrococcus luteus Dairy Bonnarme et 

al., 2001
ATCC 
4698

Wieser et 
al., 2002
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D
ocum

ented

K
ingdom

Phylum Family Taxonomy Food Usage Type 
Strain Taxonomy

1974 Monera Actino-
bacteria Micrococcaceae Micrococcus lylae Meat

García 
Fontán, 
2007

ATCC 
27566

Wieser et 
al., 2002

1909 Monera Actino-
bacteria

Propionibacte-
riaceae

Propionibacterium 
acidipropionici Dairy Sherman, 

1921
ATCC 
25562

Orla-
Jensen, 
1909

1928 Monera Actino-
bacteria

Propionibacte-
riaceae

Propionibacterium 
freudenreichii sub-
sp. freudenreichii

Dairy Van Niel, 
1928

ATCC 
6207

Moore and 
Holdeman, 
1974

1928 Monera Actino-
bacteria

Propionibacte-
riaceae

Propionibacterium 
freudenreichii sub-
sp. shermanii

Dairy Van Niel, 
1928

ATCC 
9614

Moore and 
Holdeman, 
1974

1928 Monera Actino-
bacteria

Propionibacte-
riaceae

Propionibacterium 
jensenii Dairy Van Niel, 

1928
DSM 
20535

Britz and 
Riedel, 
1994

1928 Monera Actino-
bacteria

Propionibacte-
riaceae

Propionibacterium 
thoenii Dairy Van Niel, 

1928
NCFB 
568

Britz and 
Riedel, 
1994

1914 Monera Actino-
bacteria

Streptomyceta-
ceae

Streptomyces 
griseus subsp. 
griseus

Meat
Hammes 
and Knauf, 
1994

ATCC 
23345

Waksman 
and Hen-
rici, 1943

1987 Monera Firmicutes Bacillaceae Bacillus 
amyloliquefaciens Fish Zaman, 

2011
ATCC 
23350

Priest et 
al., 1987

1915 Monera Firmicutes Bacillaceae Bacillus coagulans Cocoa Schwan et 
al., 1986

ATCC 
7050

Hammer, 
1915

1970 Monera Firmicutes Bacillaceae Bacillus subtilis Soy
Nagami and 
Tanaka, 
1986

ATCC 
6051

Gibson and 
Gordon, 
1974

1987 Monera Firmicutes Carnobacteriaceae Carnobacterium 
divergens 

Dairy, 
Meat, 
Fish

Hammes 
and Hertel, 
2009

ATCC 
35677

Collins, 
1987a

2003 Monera Firmicutes Carnobacteriaceae Carnobacterium 
maltaromaticum 

Dairy, 
Meat

Afzal et al., 
2010

ATCC 
27865

Mora et 
al., 2003

1987 Monera Firmicutes Carnobacteriaceae Carnobacterium 
piscicola Meat

Schillinger 
and Lücke, 
1987

ATCC 
35586

Collins, 
1987b

1982 Monera Firmicutes Enterococcaceae Enterococcus 
durans

Dairy, 
Sour 
dough

Miguel Ro-
cha and 
Xavier Mal-
cata, 1999

ATCC 
19432

Sherman 
and Wing, 
1937

1964 Monera Firmicutes Enterococcaceae Enterococcus 
faecalis

Dairy, 
Meat, 
Soy, 
Vege-
tables

Foulquie´ 
Moreno et 
al., 2006

ATCC 
19433

Schleife 
and 
Kilpper-
Balz, 1984

1980 Monera Firmicutes Enterococcaceae Enterococcus 
faecium

Dairy, 
Meat, 
Soy, 
Vege-
tables

Foulquie´ 
Moreno et 
al., 2006

ATCC 
19434

Orla-
Jensen, 
1924
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D
ocum

ented

K
ingdom

Phylum Family Taxonomy Food Usage Type 
Strain Taxonomy

1934 Monera Firmicutes Enterococcaceae Tetragenococcus 
halophilus Soy

Noda et al., 
1980 
Nishimura et 
al., 2009

ATCC 
33315

Anon, 
1994 
Collins et 
al., 1990

2005 Monera Firmicutes Enterococcaceae Tetragenococcus 
koreensis

Vege-
tables

Lee et al.., 
2005

DSM 
16501

Lee et al.., 
2005

1986 Monera Firmicutes Lactobacillaceae Lactobacillus 
acetotolerans

Vege-
tables

Arici and 
Coskun, 
2001

ATCC 
43578

Entani et 
al.,  1986

2005 Monera Firmicutes Lactobacillaceae Lactobacillus 
acidifarinae

Sour 
dough

Vancanneyt. 
et al., 2005

LMG 
2200

Vancan-
neyt. et 
al., 2005

2000 Monera Firmicutes Lactobacillaceae Lactobacillus 
acidipiscis

Dairy, 
Fish

Asteri et al., 
2009 
Fontana et 
al., 2010

CIP 
106750

Tanasupa-
wat et al., 
2000

1950 Monera Firmicutes Lactobacillaceae Lactobacillus 
acidophilus

Dairy, 
Vege-
tables

Weiss et al., 
1968

ATCC 
700396

Johnson et 
al., 1980

1983 Monera Firmicutes Lactobacillaceae Lactobacillus 
alimentarius

Meat, 
Fish

García 
Fontán, 
2007

ATCC 
29643

Reuter, 
1983

1998 Monera Firmicutes Lactobacillaceae Lactobacillus 
amylolyticus

Sour 
dough

Pedersen, 
2004

DSM 
11664

Bohak et 
al., 1998

1994 Monera Firmicutes Lactobacillaceae Lactobacillus 
amylovorus

Sour 
dough

Fitzsimons, 
1994

ATCC 
33620

Nakamura, 
1981

1980 Monera Firmicutes Lactobacillaceae Lactobacillus 
brevis

Dairy, 
Vege-
tables

Pedersen et 
al., 1962

ATCC 
14869

Bergey et 
al., 1934

1987 Monera Firmicutes Lactobacillaceae Lactobacillus 
buchneri

Wine, 
Sour 
dough

Poittevin de 
De Cores, 
1966

ATCC 
4005

Bergey et 
al., 1923

2009 Monera Firmicutes Lactobacillaceae Lactobacillus 
cacaonum Cocoa De Bruyne 

et al., 2009
DSM 
21116

De Bru-
yne et al., 
2009

1970 Monera Firmicutes Lactobacillaceae Lactobacillus casei 
subsp. casei Dairy

Branen and 
Keenan, 
1971

ATCC 
393

Hansen 
and Lessel, 
1971

1972 Monera Firmicutes Lactobacillaceae Lactobacillus 
collinoides Fruits

Carr and 
Davies, 
1972

ATCC 
27612

Carr and 
Davies, 
1972

2007 Monera Firmicutes Lactobacillaceae Lactobacillus 
composti

Bever-
ages

Endo and 
Okada, 2007

NRIC 
0689

Endo and 
Okada, 
2007

1988 Monera Firmicutes Lactobacillaceae
Lactobacillus co-
ryniformis subsp. 
coryniformis

Dairy
Hegazi and 
Abo-Elnaga, 
1980

ATCC 
25602

Abo-
Elnaga and 
Kandler, 
1965

1988 Monera Firmicutes Lactobacillaceae Lactobacillus 
crispatus

Sour 
dough

Ehrmann 
and Vogel, 
2005

ATCC 
33820

Moore and 
Holdeman, 
1970
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D
ocum

ented

K
ingdom

Phylum Family Taxonomy Food Usage Type 
Strain Taxonomy

2007 Monera Firmicutes Lactobacillaceae Lactobacillus 
crustorum

Sour 
dough

Ravyts and 
De Vuyst , 
2011

LMG 
23699

Scheirlinck 
et al., 
2007b

1993 Monera Firmicutes Lactobacillaceae
Lactobacillus 
curvatus subps. 
curvatus

Meat
García 
Fontán, 
2007

ATCC 
25601

Abo-
Elnaga  
and 
Kandler, 
1965

1930 Monera Firmicutes Lactobacillaceae
Lactobacillus del-
brueckii subsp. 
bulgaricus

Dairy
Shahani and 
Chandan, 
1979

ATCC 
11842

Weiss et 
al., 1983

1960 Monera Firmicutes Lactobacillaceae
Lactobacillus del-
brueckii subsp. 
delbrueckii

Dairy, 
Vege-
tables

Etchells, 
1964

ATCC 
11842

Beijerinck, 
1901

1949 Monera Firmicutes Lactobacillaceae
Lactobacillus del-
brueckii subsp. 
lactis

Dairy Lazos, 1993 ATCC 
12315

Weiss et 
al., 1983

1961 Monera Firmicutes Lactobacillaceae Lactobacillus 
dextrinicus Meat Deibel, 1961 ATCC 

33087
Haaken-
sen, 2009

2002 Monera Firmicutes Lactobacillaceae Lactobacillus 
diolivorans

Cere-
als

Krooneman 
et al., 2002

DSM 
14421

Kroone-
man et al., 
2002

2009 Monera Firmicutes Lactobacillaceae Lactobacillus 
fabifermentans Cocoa De Bruyne 

et al., 2009
DSM 
21115

De Bru-
yne et al., 
2009

1980 Monera Firmicutes Lactobacillaceae Lactobacillus 
farciminis

Soy, 
Fish

Tanasupa-
wat, 2002

ATCC 
29644

Reuter, 
1983

1980 Monera Firmicutes Lactobacillaceae Lactobacillus 
fermentum

Sour 
dough

Khetarpaul 
and Chau-
han, 1991

ATCC 
11739

Beijerinck, 
1901

1996 Monera Firmicutes Lactobacillaceae Lactobacillus 
fructivorans

Bever-
ages

Vogel et al., 
1994

ATCC 
15435

Charlton et 
al., 1934

2000 Monera Firmicutes Lactobacillaceae Lactobacillus 
frumenti

Cere-
als

Müller et al., 
2000

DSM 
13145

Müller et 
al., 2000

1980 Monera Firmicutes Lactobacillaceae Lactobacillus 
gasseri

Sour 
dough

Ehrmann 
and Vogel, 
2005

ATCC 
33323

Laue and 
Kandler, 
1980

2007 Monera Firmicutes Lactobacillaceae Lactobacillus 
ghanensis Cocoa Nielsen et 

al., 2007
DSM 
18630

Nielsen et 
al., 2007

2005 Monera Firmicutes Lactobacillaceae Lactobacillus 
hammesii

Sour 
dough

Valcheva et 
al., 2005

DSM 
16381

Valcheva 
et al., 
2005

2005 Monera Firmicutes Lactobacillaceae Lactobacillus 
harbinensis

Vege-
tables

Miyamoto et 
al., 2005

DSM 
16991

Miyamoto 
et al., 
2005

1930 Monera Firmicutes Lactobacillaceae Lactobacillus 
helveticus

Dairy, 
Vege-
tables

Schafner 
and Beu-
chat, 1986

ATCC 
15009

Bergey et 
al., 1925
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<1995 Monera Firmicutes Lactobacillaceae Lactobacillus 
hilgardii Wine

Douglas 
and Cruess, 
1936

ATCC 
8290 

Doug-
las and 
Cruess, 
1936

1957 Monera Firmicutes Lactobacillaceae Lactobacillus 
homohiochii

Bever-
ages, 
Sour 
dough

Kitahara et 
al., 1957

ATCC 
15434

Kitahara et 
al., 1957

2008 Monera Firmicutes Lactobacillaceae Lactobacillus 
hordei

Bever-
ages

Rouse et al., 
2008

DSM 
19519

Rouse et 
al., 2008

1986 Monera Firmicutes Lactobacillaceae Lactobacillus 
jensenii

Sour 
dough

Virtanen,  
2007

ATCC 
25258

Gasser et 
al., 1970

1962 Monera Firmicutes Lactobacillaceae Lactobacillus 
johnsonii

Sour 
dough

Ehrmann 
and Vogel, 
2005

ATCC 
49335

Fujisawa 
et al., 
1992

1950 Monera Firmicutes Lactobacillaceae Lactobacillus kefiri Dairy
Kandler and 
Kunath, 
1983

ATCC 
35411

Kandler 
and 
Kunath, 
1983

1950 Monera Firmicutes Lactobacillaceae
Lactobacillus ke-
firanofaciens subsp 
kefiranofaciens

Dairy Fujisawa et 
al., 1988

ATCC 
43761

Fujisawa 
et al., 
1988

1950 Monera Firmicutes Lactobacillaceae
Lactobacillus ke-
firanofaciens sub-
sp kefirgranum

Dairy Takizawa et 
al., 1994

ATCC 
51647

Vancan-
neyt et al., 
2004

2000 Monera Firmicutes Lactobacillaceae Lactobacillus 
kimchii

Vege-
tables

Yoon et al., 
2000

ATCC 
BAA-131

Yoon et al., 
2000

2009 Monera Firmicutes Lactobacillaceae Lactobacillus 
kisonensis

Vege-
tables

Watanabe et 
al., 2009

DSM 
19906

Watanabe 
et al., 
2009

1970 Monera Firmicutes Lactobacillaceae Lactobacillus mali Fruits
Carr and 
Davies, 
1970

ATCC 
27053

Carr and 
Davies, 
1970

1998 Monera Firmicutes Lactobacillaceae Lactobacillus 
manihotivorans

Sour 
dough

Morlon-
Guyot et al., 
1998

DSM 
13343

Morlon-
Guyot et 
al., 1998

2003 Monera Firmicutes Lactobacillaceae Lactobacillus 
mindensis

Sour 
dough

Ehrmann et 
al., 2003

DSM 
14500

Ehrmann 
et al., 
2003

2000 Monera Firmicutes Lactobacillaceae Lactobacillus 
mucosae

Sour 
dough

Vieira-Dal-
odé, 2007

DSM 
13345

Roos et al., 
2000

2000 Monera Firmicutes Lactobacillaceae Lactobacillus 
nagelii Cocoa

Papalexan-
dratou et al., 
2011

ATCC 
700692

Edwards et 
al., 2000

2007 Monera Firmicutes Lactobacillaceae Lactobacillus 
namurensis

Sour 
dough

Scheirlinck 
et al., 2007a

LMG 
23582

Scheirlinck 
et al., 
2007a

2006 Monera Firmicutes Lactobacillaceae Lactobacillus 
nantensis

Sour 
dough

Valcheva et 
al., 2006

DSM 
19982

Valcheva 
et al., 
2006
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2009 Monera Firmicutes Lactobacillaceae Lactobacillus 
nodensis Dairy Masoud et 

al., 2010
DSM 
19682

Kashi-
wagi et al., 
2009

2009 Monera Firmicutes Lactobacillaceae Lactobacillus oeni Wine
Manes-
Lazaro et al., 
2009

DSM 
19972

Manes-
Lazaro et 
al., 2009

2009 Monera Firmicutes Lactobacillaceae Lactobacillus 
otakiensis

Vege-
tables

Watanabe et 
al., 2009

DSM 
19908

Watanabe 
et al., 
2009

1996 Monera Firmicutes Lactobacillaceae Lactobacillus panis Sour 
dough

Wiese et al., 
1996

DSM 
6035

Wiese et 
al., 1996

2006 Monera Firmicutes Lactobacillaceae Lactobacillus 
parabrevis

Dairy, 
Vege-
tables

Pedersen et 
al., 1962

ATCC 
53295

Vancan-
neyt et al, 
2006

1988 Monera Firmicutes Lactobacillaceae Lactobacillus 
parabuchneri

Sour 
dough

Farrow et 
al., 1988

NCIMB 
8838

Farrow et 
al., 1988

1970 Monera Firmicutes Lactobacillaceae
Lactobacillus pa-
racasei subsp. 
paracasei

Dairy, 
Meat

Sameshima, 
1998

ATCC 
25302

Collins et 
al., 1989

1994 Monera Firmicutes Lactobacillaceae Lactobacillus 
parakefiri Dairy Takizawa et 

al., 1994
ATCC 
51648

Takizawa 
et al., 
1994

1999 Monera Firmicutes Lactobacillaceae Lactobacillus 
paralimentarius

Sour 
dough

Cai et al., 
1999

JCM 
10415

Cai et al., 
1999

1996 Monera Firmicutes Lactobacillaceae Lactobacillus 
paraplantarum

Dairy, 
Vege-
tables

Manolopou-
lou, 2003

ATCC 
700211

Curk et al., 
1996

1921 Monera Firmicutes Lactobacillaceae Lactobacillus 
pentosus

Dairy, 
Fruits, 
Wine

Poittevin de 
De Cores 
and Car-
rasco, 1966

ATCC 
8041

Zanoni et 
al., 1987

1999 Monera Firmicutes Lactobacillaceae Lactobacillus 
perolens

Dairy, 
Vege-
tables

Ongol and 
Asano, 2009 
Miyamoto et 
al., 2005 
Henri-Du-
bernet, 2008

DSM 
12744

Back et al., 
1999

1965 Monera Firmicutes Lactobacillaceae
Lactobacillus 
plantarum subsp. 
plantarum

Dairy, 
Meat, 
Vege-
tables

Orillo and 
Pederson, 
1968

ATCC 
14917

Bergey et 
al., 1923

2010 Monera Firmicutes Lactobacillaceae Lactobacillus 
pobuzihii

Vege-
tables

Chen et al., 
2010

NBRC 
103219

Chen et 
al., 2010

1994 Monera Firmicutes Lactobacillaceae Lactobacillus 
pontis

Sour 
dough

Vogel et al., 
1994

DSM 
8475

Vogel et 
al., 1994

2009 Monera Firmicutes Lactobacillaceae Lactobacillus rapi Vege-
tables

Watanabe et 
al., 2009

DSM 
19907

Watanabe 
et al., 
2009

1980 Monera Firmicutes Lactobacillaceae Lactobacillus 
reuteri

Sour 
dough

Ehrmann 
and Vogel, 
2005

ATCC 
23272

Kandler et 
al., 1980
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1980 Monera Firmicutes Lactobacillaceae Lactobacillus 
rhamnosus

Dairy, 
Vege-
tables, 
Meat

Lee et al., 
2011

ATCC 
7469

Collins et 
al., 1989

2005 Monera Firmicutes Lactobacillaceae Lactobacillus 
rossiae

Sour 
dough

Corsetti et 
al., 2005

DSM 
15814

Corsetti et 
al., 2005

1993 Monera Firmicutes Lactobacillaceae Lactobacillus sakei 
subsp carnosus Meat Bover-Cid, 

2000
CCUG 
31331

Torriani et 
al., 1996

1991 Monera Firmicutes Lactobacillaceae Lactobacillus sakei 
subsp. sakei

Meat, 
Bever-
ages

Bover-Cid, 
2000 
Katagiri et 
al., 1934

ATCC 
15521

Katagiri et 
al., 1934

1996 Monera Firmicutes Lactobacillaceae
Lactobacillus sali-
varius subsp. sali-
varius

Dairy Coulin, 2006 ATCC 
11741

Rogosa et 
al., 1953

1950 Monera Firmicutes Lactobacillaceae Lactobacillus 
sanfranciscensis

Sour 
dough Vogel, 1999 ATCC 

27651

Weiss and 
Schillinger, 
1984

2005 Monera Firmicutes Lactobacillaceae Lactobacillus 
satsumensis

Vege-
tables

Endo and 
Okada, 2005

NRIC 
0604

Endo and 
Okada, 
2005

2007 Monera Firmicutes Lactobacillaceae Lactobacillus 
secaliphilus

Sour 
dough

Ehrmann et 
al., 2007

DSM 
17896

Ehrmann 
et al., 
2007

2008 Monera Firmicutes Lactobacillaceae Lactobacillus 
senmaizukei

Vege-
tables

Hiraga et al., 
2008

NBRC 
103853

Hiraga et 
al., 2008

2006 Monera Firmicutes Lactobacillaceae Lactobacillus 
siliginis

Sour 
dough

Aslam, et 
al., 2006

NBRC 
101315

Aslam, et 
al., 2006

2010 Monera Firmicutes Lactobacillaceae Lactobacillus 
similis

Vege-
tables

Kitahara et 
al., 2010

JCM 
2765

Kitahara et 
al., 2010

2004 Monera Firmicutes Lactobacillaceae Lactobacillus 
spicheri

Sour 
dough

Meroth et 
al., 2004

DSM 
15429

Meroth et 
al., 2004

1989 Monera Firmicutes Lactobacillaceae Lactobacillus 
suebicus Fruits Kleynmans 

et al., 1989
DSM 
5007

Kleynmans 
et al., 
1989

2009 Monera Firmicutes Lactobacillaceae Lactobacillus 
sunkii

Vege-
tables

Watanabe et 
al., 2009

DSM 
19904

Watanabe 
et al., 
2009

2006 Monera Firmicutes Lactobacillaceae Lactobacillus 
tucceti

Dairy, 
Meat

Chenoll et 
al., 2006   
  Masoud et 
al., 2010

DSM 
20183

Chenoll et 
al., 2006

1983 Monera Firmicutes Lactobacillaceae Lactobacillus 
vaccinostercus

Fruits, 
Vege-
tables, 
Cocoa

Arici and 
Coskun, 
2001 
Papalexan-
dratou et al., 
2011

ATCC 
33310

Kozaki and 
Okada, 
1983

2003 Monera Firmicutes Lactobacillaceae Lactobacillus 
versmoldensis Meat Kröckel et 

al., 2003
DSM 
14857

Kröckel et 
al., 2003
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1983 Monera Firmicutes Lactobacillaceae Lactobacillus 
yamanashiensis

Bever-
ages

Nonomura, 
1983

ATCC 
27304

Nonomura, 
1983

1887 Monera Firmicutes Lactobacillaceae Pediococcus 
acidilactici Meat Leroy, 2006 ATCC 

33314
Lindner, 
1887

1961 Monera Firmicutes Lactobacillaceae Pediococcus 
parvulus Wine

Arevalo-
Villena et al., 
2010

ATCC 
19371

Gunther 
and White, 
1961

1934 Monera Firmicutes Lactobacillaceae Pediococcus 
pentosaceus Meat Leroy, 2006 ATCC 

33316
Mees, 
1934

1932 Monera Firmicutes Leuconostocaceae Leuconostoc 
carnosum Meat Jacobsen et 

al., 2003
ATCC 
49367

Shaw And 
Harding, 
1989

1989 Monera Firmicutes Leuconostocaceae Leuconostoc 
citreum

Dairy, 
Fish Cibik, 2000 ATCC 

13146
Farrow et 
al., 1989

1991 Monera Firmicutes Leuconostocaceae Leuconostoc fallax Vege-
tables

Barrangou, 
2002

ATCC 
700006

Martinez-
Murcia and 
Collins, 
M.D., 1991

2007 Monera Firmicutes Leuconostocaceae Leuconostoc 
holzapfelii Coffee  De Bruyne 

et al., 2007
DSM 
20189

 De Bru-
yne et al., 
2007

2003 Monera Firmicutes Leuconostocaceae Leuconostoc inhae Vege-
tables

Kim et al., 
2003

DSM 
1510

Kim et al., 
2003

2000 Monera Firmicutes Leuconostocaceae Leuconostoc 
kimchii

Vege-
tables

Kim et al., 
2000

IMSNU 
11154

Kim et al., 
2000

1903 Monera Firmicutes Leuconostocaceae Leuconostoc lactis Dairy Baroudi, 
1976

ATCC 
19256

Garvie, 
1960

1903 Monera Firmicutes Leuconostocaceae
Leuconostoc me-
senteroides subsp.
cremoris

Dairy Lazos, 1993 ATCC 
8293

Garvie, 
1983

1903 Monera Firmicutes Leuconostocaceae
Leuconostoc me-
senteroides subsp.
dextranicum

Dairy Keenan, 
1968

ATCC 
19255

Garvie, 
1983

1949 Monera Firmicutes Leuconostocaceae
Leuconostoc me-
senteroides subsp.
mesenteroides

Dairy, 
Vege-
tables

Pedersen et 
al., 1962

ATCC 
8293

Van 
Tieghem, 
1878

2009 Monera Firmicutes Leuconostocaceae Leuconostoc 
palmae Wine Ehrmann et 

al., 2009
DSM 
21144

Ehrmann 
et al., 
2009

1989 Monera Firmicutes Leuconostocaceae
Leuconostoc 
pseudomesen-
teroides

Dairy

Parente et 
al., 2001 
Callon et al., 
2004 
Abriouel et 
al., 2008 
Sengun et 
al., 2009

ATCC 
12291

Farrow, 
1989

1967 Monera Firmicutes Leuconostocaceae Oenococcus oeni Wine Edwards, 
1989

ATCC 
23279

Dicks, 
1995
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1969 Monera Firmicutes Leuconostocaceae Weissella confusa Sour 
dough Katina, 2009 ATCC 

10881
Collins et 
al., 1993

2010 Monera Firmicutes Leuconostocaceae Weissella 
beninensis

Vege-
tables

Padonou et 
al., 2010

DSM 
22752

Padonou et 
al., 2010.

2002 Monera Firmicutes Leuconostocaceae Weissella cibaria Vege-
tables

Björkroth et 
al., 2002

LMG 
17699

Björkroth 
et al., 
2002

2010 Monera Firmicutes Leuconostocaceae Weissella fabaria Cocoa De Bruyne 
et al., 2010

DSM 
21416

De Bru-
yne et al., 
2010

2008 Monera Firmicutes Leuconostocaceae Weissella 
ghanensis Cocoa De Bruyne 

et al., 2008
LMG 
24286

De Bru-
yne et al., 
2008

1994 Monera Firmicutes Leuconostocaceae Weissella hellenica Meat Collins et al., 
1993

DSM 
7378

Collins et 
al., 1993

2002 Monera Firmicutes Leuconostocaceae Weissella 
koreensis

Vege-
tables

Lee et al., 
2002

KCTC 
3621

Lee et al., 
2002

1993 Monera Firmicutes Leuconostocaceae
Weissella 
paramesen-
teroides

Meat Collins et al., 
1993

ATCC 
33313

Collins et 
al., 1993

2000 Monera Firmicutes Leuconostocaceae Weissella 
thailandensis Fish Tanasupawat 

et al., 2000
JCM 
10695

Tanasupa-
wat et al., 
2000

1950 Monera Firmicutes Staphylococcaceae Macrococcus 
caseolyticus

Dairy, 
Meat

Bhowmik 
and Marth, 
1990

ATCC 
13548 

Kloos et 
al., 1998

1970 Monera Firmicutes Staphylococcaceae
Staphylococcus 
carnosus subsp. 
carnosus

Meat Marchesini, 
1992

ATCC 
51365

Probst et 
al., 1998

1970 Monera Firmicutes Staphylococcaceae
Staphylococcus 
carnosus subsp. 
utilis 

Meat Marchesini, 
1992

DSM 
11676

Probst et 
al., 1998

1975 Monera Firmicutes Staphylococcaceae Staphylococcus 
cohnii

Dairy, 
Meat

Deetae, 
2007 
Drosinos, 
2007

ATCC 
29974

Schleifer 
and Kloos, 
1975

1970 Monera Firmicutes Staphylococcaceae Staphylococcus 
condimenti Soy Probst et al., 

1998
DSM 
11674

Probst et 
al., 1998

1997 Monera Firmicutes Staphylococcaceae
Staphylococcus 
equorum subsp. 
equorum

Dairy, 
Meat

Schlafmann 
et al., 2002 
Carnio et al., 
2000

DSM 
20674

Schleifer 
et al., 
1985

2003 Monera Firmicutes Staphylococcaceae
Staphylococcus 
equorum subsp. 
linens

Dairy Place et al., 
2003

DSM 
15097

Place et 
al., 2003

2000 Monera Firmicutes Staphylococcaceae Staphylococcus 
fleurettii Dairy

Vernozy-
Rozand et 
al., 2000

CIP 
106114

Vernozy-
Rozand et 
al., 2000

1992 Monera Firmicutes Staphylococcaceae Staphylococcus 
piscifermentans Fish Tanasupawat 

et al., 1992
NRIC 
1817

Tanasu-
pawat et 
al., 1992
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1940 Monera Firmicutes Staphylococcaceae Staphylococcus 
saprophyticus Meat Kaban, 2008 ATCC 

15305

(Fairbroth-
er 1940) 
Shaw et 
al., 1951

1976 Monera Firmicutes Staphylococcaceae Staphylococcus 
sciuri subsp. sciuri Dairy O’Halloran, 

1998
ATCC 
29062

Kloos et 
al., 1976

1998 Monera Firmicutes Staphylococcaceae
Staphylococcus 
succinus subsp 
succinus

Meat

Talon et al., 
2008 
Villani et al., 
2008

ATCC 
700337

Lambert et 
al.., 1998

2002 Monera Firmicutes Staphylococcaceae
Staphylococcus 
succinus subsp. 
casei

Dairy Place et al., 
2002

DSM 
15096

Place et 
al., 2002

<1996 Monera Firmicutes Staphylococcaceae Staphylococcus 
vitulinus 

Dairy, 
Meat

Bannerman 
et al., 1994

ATCC 
51145

Banner-
man et al., 
1994

1924 Monera Firmicutes Staphylococcaceae Staphylococcus 
warneri Meat

Corbière 
Morot-Bizot, 
2006

ATCC 
2783

Kloos  
and  
Schleifer,  
1975

1980 Monera Firmicutes Staphylococcaceae Staphylococcus 
xylosus Dairy

Corbière 
Morot-Bizot, 
2006

ATCC 
29971

Kloos and 
Schleifer, 
1975

1903 Monera Firmicutes Streptococcaceae Lactococcus lactis 
subsp.cremoris Dairy Thomas et 

al., 1980
ATCC 
19257

Orla-
Jensen, 
1924

1903 Monera Firmicutes Streptococcaceae Lactococcus lactis 
subsp.lactis

Dairy, 
Meat

Thomas et 
al., 1980

ATCC 
19435

Lister, 
1873

1932 Monera Firmicutes Streptococcaceae Lactococcus 
raffinolactis Dairy Ouadghiri et 

al., 2005
ATCC 
43920

Orla-
Jensen and 
Hansen, 
1932

1998 Monera Firmicutes Streptococcaceae
Streptococcus 
gallolyticus subsp. 
macedonicus

Dairy Georgalaki 
et al., 2000

ATCC 
BAA249

Tsakalidou, 
1998

1906 Monera Firmicutes Streptococcaceae
Streptococcus 
salivarius subsp. 
salivarius

Soy, 
Vege-
tables

Ongol and 
Asano, 2009 
Chun et al., 
2007

ATCC 
7073

Andrewes 
and 
Horder, 
1906

1919 Monera Firmicutes Streptococcaceae
Streptococcus 
salivarius subsp. 
thermophilus

Dairy
Sherman 
and Stark, 
1938

ATCC 
19258

Orla-
Jensen, 
1924

1864 Monera Proteo-
bacteria Acetobacteraceae Acetobacter aceti 

subsp. aceti
Vin-
egar

Beppu, 
1993-1994

ATCC 
15973

De Ley and 
Frateur, 
1974

2008 Monera Proteo-
bacteria Acetobacteraceae Acetobacter 

fabarum
Cocoa, 
Coffee

Cleenwerck, 
2008

DSM 
19596

Cleenwer-
ck, 2008

1950 Monera Proteo-
bacteria Acetobacteraceae Acetobacter 

lovaniensis
Vege-
tables

Ongol and 
Asano, 2009

IFO 
16606

Lisdiyanti, 
2000

2002 Monera Proteo-
bacteria Acetobacteraceae Acetobacter 

malorum
Vin-
egar Gullo, 2008 DSM 

14337
Cleenwer-
ck, 2002
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2001 Monera Proteo-
bacteria Acetobacteraceae Acetobacter 

orientalis
Vege-
tables

Ongol and 
Asano, 2009

ATCC 
12875

Lisdiyanti, 
2001

1879 Monera Proteo-
bacteria Acetobacteraceae

Acetobacter pas-
teurianus subsp. 
pasteurianus

Vin-
egar, 
Cocoa

Nanda et al., 
2001

ATCC 
12874

De Ley and 
Frateur, 
1974

1998 Monera Proteo-
bacteria Acetobacteraceae Acetobacter 

pomorum
Vin-
egar

Sokollek et 
al., 1998

DSM 
11825

Sokollek et 
al., 1998

2001 Monera Proteo-
bacteria Acetobacteraceae Acetobacter 

syzygii

Vin-
egar, 
Cocoa

Nielsen, 
2007

IFO 
16604

Lisdiyanti, 
2001

2000 Monera Proteo-
bacteria Acetobacteraceae Acetobacter 

tropicalis
Cocoa, 
Coffee

Nielsen, 
2007

IFO 
16470

Lisdiyanti, 
2000

2001 Monera Proteo-
bacteria Acetobacteraceae Gluconacetobacter 

azotocaptans
Cocoa, 
Coffee

Fuentes-
Ramírez et 
al., 2001

ATCC 
700988

Fuentes-
Ramírez et 
al., 2001

1998 Monera Proteo-
bacteria Acetobacteraceae Gluconacetobacter 

diazotrophicus
Cocoa, 
Coffee

Jimenez-Sal-
gado, 1997

ATCC 
49037

Yamada et 
al., 1998

2000 Monera Proteo-
bacteria Acetobacteraceae Gluconacetobacter 

entanii
Vin-
egar

Schüller et 
al., 2000

DSM 
13536

Schüller et 
al., 2000

1998 Monera Proteo-
bacteria Acetobacteraceae Gluconacetobacter 

europaeus
Vin-
egar Gullo, 2008 ATCC 

51845
Yamada et 
al., 1998

1998 Monera Proteo-
bacteria Acetobacteraceae Gluconacetobacter 

hansenii
Vin-
egar Torija,  2010 ATCC 

35959
Yamada et 
al., 1998

2001 Monera Proteo-
bacteria Acetobacteraceae Gluconacetobacter 

johannae
Cocoa, 
Coffee

Fuentes-
Ramírez et 
al., 2001

ATCC 
700987

Fuentes-
Ramírez et 
al., 2001

1998 Monera Proteo-
bacteria Acetobacteraceae Gluconacetobacter 

oboediens
Vin-
egar

Sokollek et 
al., 1998h

DSM 
11826

Yamada, 
2000

1897 Monera Proteo-
bacteria Acetobacteraceae Gluconobacter 

oxydans
Vin-
egar

De Muynck, 
2007

ATCC 
19357

(Hen-
neberg 
1897) De-
Ley, 1961

1998 Monera Proteo-
bacteria Acetobacteraceae Gluconacetobacter 

xylinus
Vin-
egar

Gullo et al., 
2006

ATCC 
23767

Yamada et 
al., 1998

<1996 Monera Proteo-
bacteria

Enterobacte-
riaceae Hafnia alvei Dairy Mounier et 

al., 2008
ATCC 
13337

Møller, 
1954

1980 Monera Proteo-
bacteria

Enterobacte-
riaceae

Halomonas 
elongata Meat Hinrichsen 

et al., 1994
ATCC 
33173

Vreeland 
et al., 
1980

1936 Monera Proteo-
bacteria

Sphingomonad-
aceae

Zymomonas mobi-
lis subsp. mobilis

Bever-
ages

Rogers et 
al., 1984

ATCC 
10988

Swings, 
1977

1986 Fungi Ascomy-
cota Cordycipitaceae Lecanicillium 

lecanii Dairy Lund et al., 
1995

CBS 
102067

Zare and 
Gams, 
2001
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1970 Fungi Ascomy-
cota Dipodascaceae Galactomyces 

candidum Dairy

Castellari et 
al., 2010 
Mounier et 
al., 2008 
Gueguen 
and Lenoir, 
1975

CBS 
178,71

Mounier et 
al., 2010

1970 Fungi Ascomy-
cota Dipodascaceae Geotrichum 

candidum
Dairy, 
Meat

Castellari et 
al., 2010 
Mounier et 
al., 2008 
Gueguen 
and Lenoir, 
1975

CBS 
615,84

De Hoog 
and Smith, 
2004

1951 Fungi Ascomy-
cota Dipodascaceae Yarrowia lipolytica Dairy

Boekhout 
and Robert, 
2003

CBS 
6124

Van der 
Walt and 
Von Arx, 
1980

1963 Fungi Ascomy-
cota Microascaceae Scopulariopsis 

flava Dairy

Spotti et al., 
2008. 
Moreau, 
1979

CBS 
207.61

Morton 
and Smith, 
1963

2009 Fungi Ascomy-
cota Nectriaceae Fusarium 

domesticum Dairy
Ratoma-
henina et 
al., 1995

CBS 
434,34

Schroers 
et al., 
2009

1875 Fungi Ascomy-
cota Nectriaceae Fusarium 

venenatum Dairy Thrane, 
2007

CBS 
5421

Nirenberg, 
1995

2006 Fungi Ascomy-
cota

Saccharomyceta-
ceae Candida etchellsii

Dairy, 
Soy, 
Vege-
tables

Coton et al., 
2006

CBS 
1750

Suezawa 
et al., 
2006

1978 Fungi Ascomy-
cota

Saccharomyceta-
ceae Candida milleri Sour 

dough
Valmorri,  
2010

ATCC 
56464

Yarrow, 
1978

1967 Fungi Ascomy-
cota

Saccharomyceta-
ceae Candida oleophila Wine Droby et al., 

1998
CBS 
2219

Montroch-
er, 1967

1942 Fungi Ascomy-
cota

Saccharomyceta-
ceae Candida rugosa Dairy Seiler and 

Busse, 1990 CBS 613
Diddens 
and Lod-
der, 1942

1923 Fungi Ascomy-
cota

Saccharomyceta-
ceae Candida tropicalis Vege-

tables
Coulin et al., 
2006

ATCC 
4563

Berkhout, 
1923

1942 Fungi Ascomy-
cota

Saccharomyceta-
ceae Candida versatilis Dairy, 

Soy

Seiler and 
Busse, 1990 
van der Sluis 
et al., 2000 
Suezawa 
and Suzuki, 
2007

CBS 
1752

Lodder and 
Kreger - 
Van Rij, 
1984a

2003 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Candida 
zemplinina Wine Urso et al., 

2008
CBS 
9494

Sipiczki, 
2003
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2008 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Candida 
zeylanoides Dairy Seiler and 

Busse, 1990 CBS 519

Tsui et al.,  
2008 
Kurtzman 
and Suzu-
ki, 2010

1950 Fungi Ascomy-
cota

Saccharomyceta-
ceae Pichia kudriavzevii Dairy, 

Cocoa

Padonou et 
al., 2009 
Daniel et al., 
2009 
Bai et al., 
2010 
Li et al., 
2010 
El-Sharoud 
et al., 2009 
Osorio-Ca-
david et al., 
2008

CBS 
5147

Kurtzman 
et al., 
2008

2008 Fungi Ascomy-
cota

Saccharomyceta-
ceae Pichia occidentalis

Dairy, 
Vege-
tables

Ongol and 
Asano, 2009                                                                                                                                             
Arroyo-
López et al., 
2006 
Seiler and 
Busse, 1990

CBS 
5459

 
 
Kurtzman 
et al., 
2008

1932 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Cyberlindnera 
jadinii Dairy Thrane, 

2007
CBS 
5609

Minter, 
2009

1950 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Cyberlindnera 
mrakii Wine

Erten and 
Tanguler, 
2010

CBS 
1707

Kurtzman, 
and Rob-
nett, 2010

<1996 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Debaryomyces 
hansenii

Dairy, 
Meat

Bartschi et 
al., 1994 
Besançon et 
al., 1992 
Besancon et 
al., 1995

CBS 767 Jacques et 
al., 2009

1964 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Dekkera 
bruxellensis

Bever-
ages

Boekhout 
and Robert, 
2003

CBS 74 Van der 
Walt, 1964

1928 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Hanseniaspora 
guilliermondii Wine Moreira et 

al., 2008 CBS 465 Pijper, 
1928

1956 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Hanseniaspora 
osmophila Wine Viana et al., 

2008 CBS 313 Phaff et 
al., 1956

1923 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Hanseniaspora 
uvarum Wine Moreira et 

al., 2008 CBS 314
Kreger - 
Van Rij, 
1984

1986 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Kazachstania 
exigua 

Dairy, 
Sour 
dough

Zhou et al., 
2009 
Ottogalli et 
al., 1996

CBS 379

Kurtzman 
and Rob-
nett, 2003 
Kurtzman, 
2003
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1986 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Kazachstania 
unispora Dairy

Zhou et al., 
2009 
Wang et al., 
2008

CBS398

Kurtzman 
and Rob-
nett, 2003 
Kurtzman, 
2003

1950 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Kluyveromyces 
marxianus Dairy Roostita and 

Fleet, 1996 CBS 712

Kurtzman 
and Rob-
nett, 2003 
Kurtzman, 
2003

1980 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Kluyveromyces 
lactis Dairy

Roostita and 
Fleet, 1996 
Dujon et al., 
2004

CBS 683

Kurtzman 
and Rob-
nett, 2003 
Kurtzman, 
2003

1928 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Lachancea 
fermentati Wine Romano et 

al., 1997 CBS 707 Kurtzman, 
2003

1940 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Metschnikowia 
pulcherrima Wine Charoenchai 

et al., 1997 CBS 610
Pitt and 
Miller, 
1968

<1996 Fungi Ascomy-
cota

Saccharomyceta-
ceae Pichia fermentans Dairy, 

Wine

Qing et al., 
2010 
Bai et al., 
2010 
Stringini et 
al., 2009 
Wang et al., 
2008 
Rantsiou et 
al., 2008

CBS187

Kurtzman 
and Rob-
nett, 2003 
Kurtzman, 
2003

<1989 Fungi Ascomy-
cota

Saccharomyceta-
ceae Pichia kluyverii Wine

Pando et al., 
1989 
Guillamón et 
al., 1998 
Anfang et 
al., 2009

CBS 188
Kurtzman 
and Rob-
nett, 1999

<1996 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Pichia 
membranifaciens Dairy Shepherd et 

al., 1995 CBS 107
Kurtzman 
et al., 
2008

<2000 Fungi Ascomy-
cota

Saccharomyceta-
ceae Pichia pijperi Wine Zagorc et 

al., 2001
CBS 
2887

Van der 
Walt and 
Tscheus-
chner, 
1957

1950 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Saccharomyces 
bayanus

Wine, 
Bever-
ages

Rainieri et 
al., 2006

CBS 
395

Kurtzman 
and Rob-
nett, 2003 
Kurtzman, 
2003

1980 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Saccharomyces 
cerevisiae

Dairy, 
Wine, 
Bever-
ages

Roostita and 
Fleet, 1996

CBS 
1171

Kurtzman 
and Rob-
nett, 2003 
Kurtzman, 
2003



38

Bulletin of the International Dairy Federation 455/2012 Safety Demonstration of Microbial Food  
Cultures (MFC) in Fermented Food Products

D
ocum

ented

K
ingdom

Phylum Family Taxonomy Food Usage Type 
Strain Taxonomy

1934 Fungi Ascomy-
cota

Saccharomyceta-
ceae Torulopsis candida Vege-

tables
Soni et al., 
1986 CBS 940

Diddens 
and Lod-
der, 1934

1934 Fungi Ascomy-
cota

Saccharomyceta-
ceae Torulopsis holmii Vege-

tables
Batra and 
Millner,1974 CBS 135

Diddens 
and Lod-
der, 1934

1963 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Schwanniomyces 
vanrijiae Wine Garcia et al., 

2002
CBS 
3024

Kurtzman 
and 
Suzuki, 
2010

1978 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Starmerella 
bombicola Wine

Ciani and 
Maccarelli, 
1998

CBS 
6009

Rosa and 
Lachance, 
1998

1978 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Trigonopsis 
cantarellii Wine

Toro and 
Vazquez, 
2002

ATCC 
36588

Kurtzman 
and Rob-
nett, 2007

1904 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Wickerhamo-
myces anomalus Wine Kurita, 2008 CBS 

5759

Kurtzman 
et al., 
2008

1952 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Zygosaccharo-
myces rouxii Soy

Hesseltine 
and Shiba-
saki, 1961  
Suezawa et 
al., 2008 
Solieri and 
Giudici, 
2008

CBS 732

Lodder and 
Kreger - 
Van Rij, 
1984b

1938 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Zygotorulaspora 
florentina Dairy

Boekhout 
and Robert, 
2003

CBS 647
Kurtzman 
et al., 
2011

1983 Fungi Ascomy-
cota

Saccharomyceta-
ceae

Lachancea 
thermotolerans Wine

Pando et al., 
1989 
Gonzalez  et 
al., 2007

CBS 
6340

          Jac-
quier and 
Dujon, 
1983

<1988 Fungi Ascomy-
cota Sarcosomataceae Torulaspora 

delbrueckii
Dairy, 
Wine

Westall and 
Filreenborg , 
1998 
Wyder et al., 
1997 
Pando et al., 
1989

CLIB 230 Oda et al., 
1997

1893 Fungi Ascomy-
cota

Schizosaccharo-
mycetaceae

Schizosaccharo-
myces pombe Wine

Snow and 
Gallender, 
1979

CBS 356 Lindner, 
1893

1927 Fungi Ascomy-
cota Sordariaceae Neurospora 

sitophila
Vege-
tables

Essers et al., 
1995a

CBS 
381.50

Shear and 
Dodge, 
1927

1968 Fungi Ascomy-
cota Trichocomaceae Aspergillus acidus Tea Mogensen et 

al., 2009
CBS 
56465

Kozakie-
wicz, 1989

1918 Fungi Ascomy-
cota Trichocomaceae Aspergillus niger Bever-

ages Nout, 2000 CBS 
51388

Accensi et 
al., 1999
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1884 Fungi Ascomy-
cota Trichocomaceae Aspergillus oryzae

Soy, 
Bever-
ages

Bhumiratana 
et al., 1980 
Miyake et 
al., 2007 
Barbes-
gaaard et 
al., 1992

CBS 
100925

Geiser et 
al., 1998

1971 Fungi Ascomy-
cota Trichocomaceae Aspergillus sojae Soy Miyake et 

al., 2007
CBS 
100928

Godet and 
Munaut, 
2010

1960 Fungi Ascomy-
cota Trichocomaceae Penicillium 

camemberti Dairy Moreau, 
1979

CBS 
299,48

Thom, 
1906

1998 Fungi Ascomy-
cota Trichocomaceae Penicillium 

caseifulvum Dairy Lund et al., 
1998

CBS 
101134

Lund et al, 
1998

1980 Fungi Ascomy-
cota Trichocomaceae Penicillium 

chrysogenum Dairy Lund et al., 
1995

CBS 
306,48

Thom, 
1910

1910 Fungi Ascomy-
cota Trichocomaceae Penicillium 

commune Dairy Lund et al., 
1995

CBS 
216,30

Thom, 
1910

1980 Fungi Ascomy-
cota Trichocomaceae Penicillium 

nalgiovense
Dairy, 
Meat

Farber and 
Geisen, 
1994

CBS 
352,48 Laxa, 1932

1950 Fungi Ascomy-
cota Trichocomaceae Penicillium 

roqueforti Dairy Moreau, 
1980

CBS 
221,30

Thom, 
1906

1911 Fungi Ascomy-
cota Trichocomaceae Penicillium solitum Meat Frisvad et 

al., 2004
CBS 
288.36

Westling, 
1911

1827 Fungi Ascomy-
cota Wallemiaceae Sporendonema 

casei Dairy Ropars et 
al., 2012

CBS 
355.29

Des-
mazières, 
1827

1970 Fungi Basidi-
omycota

Cystofilobasid-
iaceae 

Cystofilobasidium 
infirmominiatum Dairy Early, 1998 CBS 323

Hamamo-
to, et al., 
1988

1942 Fungi Basidi-
omycota

Cystofilobasid-
iaceae 

Guehomyces 
pullulans

Vege-
tables

Batra and 
Millner, 1974

CBS 
2532

Fell and 
Scorzetti, 
2004

1903 Fungi Zygomy-
cota Mucoraceae Mucor hiemalis Soy Han et al., 

2004
CBS 
201.65

Wehmer, 
1903

1753 Fungi Zygomy-
cota Mucoraceae Mucor mucedo Dairy

Oterholm, 
2003a 
Oterholm, 
2003b

CBS 
640.67

Persoon, 
1801.

1864 Fungi Zygomy-
cota Mucoraceae Mucor plumbeus Dairy

Han et al., 
2001  
Hayaloglu 
and Kirbag, 
2007

CBS 
129.41

Bonorden, 
1864

1850 Fungi Zygomy-
cota Mucoraceae Mucor racemosus Dairy

Han et al., 
2001  
Hayaloglu 
and Kirbag, 
2007

CBS 
260.68

Fresenius, 
1850
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1904 Fungi Zygomy-
cota Mucoraceae Rhizopus 

microsporus
Vege-
tables

Shrestha 
and Rati, 
2003

CBS 
631.82

Schipper 
and Stalp-
ers, 1984

<1920 Fungi Zygomy-
cota Mucoraceae Rhizopus 

oligosporus Soy Rusmin and 
Ko, 1974

CBS 
377.62

Abe et al., 
2006

1895 Fungi Zygomy-
cota Mucoraceae Rhizopus oryzae Soy

Rehms and 
Barz , 1995 
Essers et al., 
1995b

CBS 
111233

Went and 
Prinsen 
Geerligs, 
1895

1818 Fungi Zygomy-
cota Mucoraceae Rhizopus stolonifer Soy

Rehms and 
Barz , 1995 
Essers et al., 
1995

CBS 
403.51

Liou et al., 
2007
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4. Conclusion: Continuous Update of the Inventory of Microbial 
Food Cultures

Microbiology is a rapidly evolving science. The inventory can therefore not be considered 
complete as such, owing to the continuous developments in taxonomy and systematics. The 
identification and isolation of new microbial species and new descriptions of their role in various 
fermented food products is a constant challenge to the relevance of the inventory. The same 
issue is valid for any list of microorganisms with a defined purpose. Updating the inventory of 
microbial species used in fermented food products can be considered as a never-ending task. 
The exclusion of a microbial species from the published inventory shall be considered in cases 
of new evidence for potential risks, e.g. opportunistic infections or toxin production. 

While Microbial Risk Assessment (MRA) as initially proposed by the World Health Organization 
(WHO) was focused solely on pathogenic species, the increase in available scientific knowledge 
provides new screening techniques and also enables a specific benefit risk assessment approach. 
The potential adverse effect of a particular microbial species in a specific food matrix will also 
be assessed, to make sure the risk does not outweigh the benefit. Specific food usage and its 
consequences are also to be considered, e.g. as proposed by Franz and collaborators for 
enterococci.

In the 2010-2012 updating process, not all species submitted by IDF National Committees 
could be incorporated in the present inventory, mostly owing to lack of demonstration of use in 
food.

An update is already foreseen in the near future. IDF will therefore dedicate a specific action 
team to work on continuous updating of the recently published up-to-date inventory, based on 
thorough evaluation of any new scientific evidence that is provided. The dedicated action team 
within the Standing Committee on Microbiological Hygiene (SCMH) will endeavour to incorporate 
and investigate new dairy Microbial Food Cultures (MFC), regularly check on available scientific 
data, and reassess whether updating of the approach itself should also be considered. IDF 
invites submissions for addition of new species or withdrawal of species currently included in 
the inventory. Non-dairy MFC can also be proposed through IDF National Committees to IDF on 
a voluntary basis, as the action team will be able to consider all types of food matrices outside 
its core scope. In this regard, IDF has already benefited from previously published work of FAO 
as well as considering existing initiatives outside dairy food products such as cereals, fermented 
meat products and cocoa.

An updated publication of the proposed inventory of microbial species with history of use in 
fermented foods will be considered every two years and be made available on the IDF website.
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