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Abstract: The study examines the integration of postbiotics in food products through the use of attenuated 
probiotics, specifically lactic acid bacteria (LAB) in bread. Postbiotics, non-viable microorganisms or their 
metabolites, offer health benefits similar to probiotics without the risks associated with live bacteria. This 
research evaluates the regulatory aspects and safety of LAB in sourdough bread production, highlighting their 
historical and significant use in Europe before 1997. The study includes microbial quantification and Next-
Generation Sequencing (NGS) to identify LAB in traditional sourdough, comparing them with historical and 
current EFSA Qualified Presumption of Safety (QPS) lists. Findings show that the LAB present in sourdough 
have been extensively and safely used in bread making, supporting their classification as non-novel foods 
under EU regulations. The stability and consistency of LAB metabolites in sourdough bread are also confirmed, 
ensuring quality and safety in each batch. The study concludes that LAB in sourdough, when inactivated 
through bread-making processes, are not considered novel foods, aligning with historical, scientific, and 
regulatory evidence. 
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Union regulations; microbial quantification; Next-Generation Sequencing 

 

1. AĴenuated Microorganisms 
The definition of probiotics as "live microorganisms that, in adequate amounts, confer a health 

benefit" emphasizes the need for viability. However, there is evidence that inactivated 
microorganisms can also be beneficial for health, as some effects do not depend on viability (Adams 
2010; Hill et al. 2014; Reid 2016). Paraprobiotics, or "inactivated probiotics," are non-viable 
microorganisms that, when administered in sufficient quantities, offer health benefits. These may be 
safer than live probiotics, especially for individuals with compromised immune systems (Taverniti 
and GuglielmeĴi 2011; De Almada et al. 2016; Besselink et al. 2008). Postbiotics are bioactive 
compounds produced by probiotic bacteria that have beneficial effects even when the bacteria are not 
alive. These include short-chain faĴy acids, enzymes, and peptides, among others, and can regulate 
health and maintain a healthy microbiome without the risks associated with live bacteria (Cicenia et 
al. 2014; Kataria et al. 2009; Shenderov 2013). Therefore, postbiotics and paraprobiotics represent an 
opportunity to develop safe and effective functional foods, avoiding the risks of live probiotics. 

2. Regulatory Aspects of AĴenuated Microorganisms 
In the past fifteen years, various definitions of probiotics have been proposed, some of which 

even include non-viable microbial cells. For instance, in 1997, Reuter described probiotics as "a 
microbial preparation containing live and/or dead cells, including their metabolites, aimed at 
improving the microbial or enzymatic balance on mucosal surfaces or stimulating immune 
mechanisms" (Reuter 1997). Similarly, in 1999, Salminen defined probiotics as "preparations of 
microbial cells or components of microbial cells that have a beneficial effect on the health and well-
being of the host" (Salminen et al. 1999). Despite the potential legitimacy of these definitions, the 
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current definition of probiotics, at least in Western countries, is almost unanimously accepted by the 
FAO/WHO as "live microorganisms which, when administered in adequate amounts, confer a health 
benefit on the host" (Food and Agricultural Organization of the United Nations and World Health 
Organization 2001). Consequently, national/governmental institutions are introducing the 
FAO/WHO definition into their guidelines for probiotics. For example, this definition is proposed in 
the guidelines of the Italian Ministry of Health, in a dossier by the French Food Safety Agency, and 
in a guidance document supported by the Dutch Agency (Direzione Generale per L’Igiene e la 
Sicurezza degli Alimenti e La Nutrizione - Ufficio 4. 2018; Agence Française de Sécurité Sanitaire des 
Aliments 2005; Agamennone et al. 2018). 

Probiotics available on the market should be considered as a first-generation means to correct 
microecological disorders, but this is not always sufficient. This has led many researchers to develop 
inactivated microorganisms or, further still, to select bioactive metabolitic compounds present in the 
bacteria, which are signaling molecules with a specific chemical structure that can optimize the 
physiological functions of the host, regulatory reactions, metabolic, and/or behavioral actions related 
to the activity of the host's indigenous microbiota. This has some advantages due to their exact 
chemical structure, well-dosed, very safe, and long shelf-life. This is no longer considered a myth but 
the result of the natural evolution of the probiotic concept (Patil et al. 2018; Shenderov et al. 2014; 
Sharma and Shukla 2016; Klemashevich et al. 2014). 

Therefore, if the use of the word "probiotic" should be restricted to products containing live 
microorganisms, we will need a new terminology to unambiguously define the use of non-viable 
microorganisms or microbial fractions that can positively affect health. For this purpose, the terms 
"paraprobiotic" and "postbiotic" have been proposed to define, respectively, non-viable microbial 
cells (intact or broken) or crude cell extracts (i.e., with complex chemical composition), which, when 
administered orally in adequate amounts, confer a benefit to the human consumer. Moreover, once a 
health benefit is demonstrated, the assignment of a product to these categories should not be 
influenced by the methods used for microbial cell inactivation or obtaining probiotic extracts, which 
can be achieved through physical or chemical strategies, including heat treatment, γ or UV rays, 
deactivation, chemical or mechanical alteration, pressure, lyophilization, or acid deactivation 
(Sanders et al. 2010; Shigwedha et al. 2014). 

Traditionally, probiotics based on live microorganisms are considered both beneficial and safe. 
Unfortunately, some microorganisms with known health benefits can cause opportunistic infections, 
increase the incidence of allergic sensitization and autoimmune disorders, produce microecological 
imbalance, modify gene expression, transfer antibiotic-resistant and virulent genes, cause 
disturbances in the integrity of the epigenome and genome, induce damage to chromosomal DNA, 
and activate signaling pathways associated with cancer and other chronic diseases (Tomar et al. 2015). 

Overall, postbiotics possess various aĴractive properties such as clear chemical structures, safe 
dosage parameters, and longer shelf life (up to 5 years when used as ingredients for foods and 
beverages or as nutritional supplements) which are highly sought after. Moreover, research 
conducted by Shenderov revealed that postbiotics have favorable absorption, metabolism, 
distribution, and excretion capabilities, indicating a high capacity to send signals to various host 
organs and tissues, triggering several biological responses. Another significant advantage of 
postbiotics is their favorable safety profile, as there is no need for the absorption of billions of live 
microbes. Furthermore, postbiotics can be applied in a controlled and standardized manner, whereas, 
in the case of live bacteria application, the level of active structure in the intestine depends on the 
respective strain's number and metabolic activity. Therefore, specific soluble factors from particular 
bacteria can become a class of bacterial biological strategy for treating many diseases (Gabriele 2016). 

Additionally, the definition of postbiotic was recently defined by a panel of scientists convened 
by the International Scientific Association for Probiotics and Prebiotics (ISAPP) as "a preparation of 
inanimate microorganisms and/or their components that confers a health benefit on the host." This 
definition focused on the progenitor microbial cell or cell fragments, not just the metabolites, proteins, 
or carbohydrates they might produce. Although such constituents produced by microbes can be 
functional ingredients in the preparation, they do not need to be present in a postbiotic according to 
this definition. In this context, previously used terms like paraprobiotics, ghostbiotics, 
thermoinactivated probiotics, non-viable probiotics, cell fragments, or cell lysates, among others, 
align with the term postbiotics as conceived by this definition (Salminen et al. 2021). 
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Evidence is accumulating that inanimate microorganisms and/or their components can confer 
health benefits when administered in adequate amounts to a host. There is also research supporting 
the concept that microbial-derived metabolites administered to a host can elicit some beneficial 
physiological effects. Postbiotics bring together these two aspects of microbial influence on health 
into products that can be developed as foods, therapies, and other types of products to be 
administered for health outcomes. Mechanistic research points to significant small molecules derived 
from microbes, such as neurochemicals, short-chain faĴy acids, defensins, bacteriocins, and others 
produced in situ, which are likely to mediate the many functions exerted by colonizing microbes on 
physiological function. However, this microbial activity is distinct from postbiotics, which must be 
administered to a host. Various terms have been used over the years to address this evolving research 
area. To facilitate communication to health professionals, industry, regulators, and the general public, 
coming together under a well-defined consensus definition will clarify what fits and what does not 
fit within the postbiotic category. It will also enable beĴer tracking of scientific articles for future 
systematic reviews and meta-analyses on the topic (Vinderola et al. 2022). 

At the regulatory level, three inanimate bacteria have been approved as new foods (Bacteroides 
xylanisolvens, Akkermansia muciniphila, and Mycobacterium setense manresensis) (EFSA NDA 
Panel 2015; EFSA NDA Panel 2019; EFSA NDA Panel 2021). The production of B. xylanisolvens DSM 
23964 includes fermentation with sugars, recovery and concentration of the culture by 
ultracentrifugation, and use as a starter culture for milk fermentation or storage by freezing and 
lyophilization. The culture's identity is confirmed by PCR. The process follows quality standards 
(GMP and HACCP) and is considered safe by the EFSA, although B. xylanisolvens has no history of 
food use in the EU and was not included in the Qualified Presumption of Safety (QPS) list. 

Akkermansia muciniphila MucT degrades intestinal mucin and is produced under anaerobic 
conditions, followed by pasteurization and lyophilization to obtain a powder with bacterial cells. The 
production process includes mixing with cryoprotectants and optional stabilizers, storage under 
controlled conditions, and a shelf life of 1 year. The EFSA considers that the production process is 
sufficiently described and that the species has been detected in human milk. 

Mycobacterium setense manresensis, isolated from the Cardener River in Spain, is used in 
capsules as a food supplement. The production follows HACCP certification, with bacterial culture, 
heat inactivation, centrifugation, and lyophilization. The final formulation is mixed with mannitol 
and encapsulated. Although it has no history of consumption in the EU, the EFSA considers its 
proposed use safe with specific consumption restrictions (no more than 14 consecutive days and a 
minimum interval of 6 months between consumption periods). 

In summary, EFSA's evaluations of these inactivated bacteria conclude that the described 
production processes are safe and well-controlled, allowing their use as new foods under specific 
conditions. 

Two more inquiries have been submiĴed within the "Novel Foods Consultation Process" 
(European Commission. "Consultation Process for Novel Food Status.") (Information in compliance 
with Article 7 of Commission Implementing Regulation (EU) 2018/456 (Commission Implementing 
Regulation (EU) 2018/456)): Biomass of heat-killed Propionibacterium freudenreichii with increased 
cobalamin content and "IBalance," a combination of 13 heat-treated microorganisms (European 
Commission. "Consultation Process for Determination of Novel Food Status: Article 4 – 
Propionibacterium."; European Commission. "Consultation Process for Determination of Novel Food 
Status: IBalance AESAN 2258765"). 

The biomass of heat-killed Propionibacterium freudenreichii with increased cobalamin content 
is produced by fermentation in bioreactors in the presence of cobalt salts, followed by centrifugation, 
washing, heat-fixing, and drying. P. freudenreichii biomass has been consumed in the EU as part of 
fermented cheeses. The higher concentration of cobalamin in the biomass is considered safe, as 
vitamin B12 has no clearly defined adverse effects, concluding that there is no significant change in 
food composition. 

IBalance, a combination of 13 heat-treated microorganisms, consists of lysates of bacteria and 
yeasts treated thermally, mixed in specific proportions, and intended as a food ingredient. The 
evaluation concluded that there is no history of consumption before May 15, 1997, thus it is 
considered a novel food under Regulation (EU) 2015/2283. 
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Additionally, there are two ongoing evaluations (European Commission. "Summary of Ongoing 
Applications for Novel Food Status: 2020-1827"; European Food Safety Authority, "Question EFSA-
Q-2022-00552: Novel Foods Status Application") 

Whole cell heat-killed non-GMM Mycolicibacterium aurum Aogashima DSM33539 is a non-
pathogenic bacterium, heat-inactivated and presented as a dietary supplement. Safety evaluation 
showed no adverse effects and that the product is safe for consumption, although its final evaluation 
by the EFSA is still in progress. 

Anaerobutyricum soehngenii CH106 is a propionate and butyrate-producing anaerobe with 
positive effects on intestinal and general health. Toxicity and genotoxicity studies showed no adverse 
effects, supporting its use as a safe food ingredient, although its evaluation is pending final 
acceptance by the EFSA. 

These approvals reflect a shift in the perception and regulation of microorganisms in food, 
allowing the inclusion of inactivated bacterial cells and their bioactive components as safe and 
effective ingredients. This advancement not only broadens the options for developing functional 
foods but also enhances the safety and stability of probiotic and paraprobiotic products available to 
consumers. 

2. Regulatory Approach 
The new Novel Foods Regulation (Regulation (EU) 2015/2283) applies from January 1, 2018. The 

term "novel food" refers to any food that has not been used for human consumption to a significant 
degree within the European Union before May 15, 1997. Probiotics belong to the categories of (a) 
foods consisting of, isolated from, or produced from microorganisms, fungi, or algae; and (b) foods 
consisting of, isolated from, or produced from cell cultures or tissue cultures derived from animals, 
plants, microorganisms, fungi, or algae. The new centralized procedure results in a direct evaluation 
by the EFSA, followed by a Comitology debate and approval or denial of authorization. 

As reviewed earlier, EU regulators require specific information to ensure that inactivated 
probiotic derivatives are safe: 

1. EFSA did not consider the presence in the human microbiota to demonstrate the safety of the 
microorganisms (for example, Bacteroides xylanisolvens represents approximately a quarter of all 
anaerobic microorganisms inhabiting the human colon and are mostly non-pathogenic commensals, 
and Akkermansia muciniphila has been detected in human milk by quantitative PCR as reported by 
the applicant). 

2. EFSA and European Regulators considered the QPS list as the gold standard for ensuring the 
safe use of microorganisms (Bacteroides xylanisolvens is not on the QPS list and had not been 
evaluated under the QPS qualified presumption of safety system at the time this novel food was 
evaluated by Member States, and although the QPS evaluation does not take into account specific 
dossier data such as the production process or unpublished data, the published studies on 
Bacteroides xylanisolvens are insufficient for inclusion in the QPS list. In the case of IBalance, it was 
highlighted that within the combination of 13 heat-treated dead microorganisms, Bacillus sp. on the 
QPS list only applies to the production process and not as a food ingredient. The same applied to 
Whole cell heat-killed non-GMM Mycolicibacterium aurum Aogashima DSM33539 and 
Anaerobutyricum soehngenii CH106). 

3. EFSA and European Regulators also considered the production process to ensure the safety 
of the microorganisms (Bacteroides xylanisolvens uses standard dairy industry techniques. The 
production process of Akkermansia muciniphila involves anaerobic fermentation followed by 
pasteurization and concentration of bacterial cells. Mycobacterium setense manresensis is a capsule 
composed of heat-killed, lyophilized bacteria with mannitol as a carrier agent, and the inactivation 
of growth and bacterial death is achieved by heating the bacterial culture to 80°C for 32 minutes. The 
biomass of heat-killed Propionibacterium freudenreichii with increased cobalamin content is 
produced by fermentation in bioreactors with cobalt salts, followed by centrifugation, washing, heat-
fixing, and drying. In IBalance, the combination of 13 heat-treated dead microorganisms consists of 
a mixture of lysates of probiotic bacteria and yeasts, purchased from specific suppliers or individually 
cultured in fermenters, with each strain processed individually and then the lysates mixed). 

4. EFSA and European Regulators also considered the history of safe use of the microorganism 
(in the case of Bacteroides xylanisolvens, neither the DSM 23964 strain nor any other strain of 
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Bacteroides has a history of use in food production and consumption, and the use of Bacteroides in 
food production had not been reported in the EU before May 1997. Mycobacterium setense 
manresensis has no history of consumption in the EU. The biomass of heat-killed Propionibacterium 
freudenreichii with increased cobalamin content is not a novel food because significant consumption 
in the EU was established before May 15, 1997. In IBalance, a combination of 13 heat-treated dead 
microorganisms, some microorganisms have been used in baked and dairy products but their use as 
an ingredient before May 15, 1997, in the EU had not been established. Whole cell heat-killed non-
GMM Mycolicibacterium aurum Aogashima DSM33539 and Anaerobutyricum soehngenii CH106 
have no history of use in the EU). 

In summary, the regulation of novel foods in the EU ensures the safety of inactivated probiotic 
derivatives by evaluating aspects such as presence in the microbiota, the QPS list, the production 
process, and the history of safe use. 

It is clear that most probiotic products contain inanimate microorganisms, but this does not 
make them 'postbiotics.' Probiotic products are correctly considered probiotics as long as they are 
capable of delivering the necessary dose of live cells to confer the expected health benefit. The 
inanimate cells in probiotic products may contribute to the health benefit provided, but few have 
been studied, and their contribution is not yet clear. Future research needs to understand: which 
inanimate microbes, with or without associated metabolites, are capable of conferring a health 
benefit; what mechanisms are driving the benefits; and what role inanimate microbes in probiotic 
products can play in driving health benefits. 

Manufacturers are required to market products that are safe. This includes ensuring safe levels 
of use, dosages, absence of toxic contaminants, toxic elements, heavy metals, and/or pesticides in 
finished products and their ingredients. In the case of postbiotics, the starting microorganism must 
be considered, ensuring the absence of toxins or virulence factors; it must be free of antibiotic activity 
or incapable of producing antibiotic substances; demonstrate the absence of antimicrobial resistance 
(especially acquired resistance) and have clear documentation of reduced toxigenicity and/or 
pathogenicity of the strain (Boyte et al. 2023). 

4. Proposal of a "Regulatory Case" 
Following our previous publication (Morán and Kilasoniya 2024) and as an educational 

example, we propose a regulatory challenge that aims to demonstrate that aĴenuated probiotics, 
through the same manufacturing method as sourdough bread fermented with different lactic acid 
bacteria (LAB), are not considered novel food. 

In 2010, the European bread market was 32 million tons across the 27 EU countries. The market 
share between industrial and artisanal bakers was approximately 50/50, although it varied 
significantly between countries. For example, in Germany, the industrial sector represented 40%, in 
France 35%, in the Netherlands 81%, and in Spain 19%. Bread production is stable in most countries, 
although some show a 1-2% annual decline. The average consumption in most countries is 50 kg of 
bread per person per year, with Germans and Austrians being the highest consumers at 80 kg, while 
in Ireland it is less than 50 kg. There is a growing demand for sourdough breads, and continuous 
growth is expected in these products, offering opportunities for innovation. In-store bakeries 
continue to be a growing (AHFES Project, "Bakery Report"). 

Bread is one of the most important staple foods consumed worldwide. Its traditional recipe 
includes cereal flour, water, salt, and a leavening agent. Lactic acid fermentation enhances the sensory 
properties of bread, such as its flavor and texture. In recent years, the use of sourdough has become 
increasingly standardized and studied, allowing interaction with microbial cultures to improve the 
stability and flavor of the final product. Additionally, sourdough fermentation with LAB acts as a 
source of proteolytic enzymes that can eliminate gluten toxicity and reduce antinutritional factors, 
increasing the bioavailability of minerals (Rej et al. 2019; Koistinen et al. 2018). 

Sourdough is a complex ecosystem in which heterofermentative LAB dominate, coexisting 
synergistically with yeasts adapted to the predominant acidic environment. LAB in sourdough 
produce lactic and acetic acids, which affect the bread's flavor and contribute to the accumulation of 
amino acids and peptides that enhance umami and kokumi flavors. During fermentation, LAB and 
yeasts produce antimicrobials, flavor compounds, and exopolysaccharides. Additionally, LAB 
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acidification activates enzymes that release phenolic compounds and faĴy acids, enhancing flavor 
and nutrient bioavailability (Gänzle 2014). 

In our opinion, sourdough bread cannot be considered "novel food." To reach this conclusion, 
we have taken into account, first, the regulatory opinions of the European Union summarized in the 
following table (Table 1). 

Table 1. Summary of regulatory opinions on aĴenuated microorganisms in the European Union. 

Scientific Opinion on the safety of ‘heat-treated  
milk  products  fermented  with Bacteroides  

xylanisolvens DSM  23964’  as  a  novel  food.  

Neither B. xylanisolvens DSM 23964 nor any 
other strain of Bacteroides has a history of use 

in food production and consumption. The 
applicant and the FSAI noted that the use of 
Bacteroides in food production had not been 

reported in the EU before May 1997 and that B. 
xylanisolvens had not been evaluated under the 
qualified presumption of safety (QPS) system in 
the moment when this new food was evaluated 

by the Member States. 

Scientific Opinion on the safety of pasteurized 
Akkermansia muciniphila as a novel food 

pursuant to Regulation (EU) 2015/2283.  

The production process of A. muciniphila 
consists of anaerobic fermentation followed by 
pasteurization and concentration of bacterial 

cells. 

Scientific Opinion on the safety of heat-killed 
Mycobacterium setense manresensisas a novel 
food pursuant to Regulation (EU) 2015/2283.  

Inactivation of growth and death of the bacteria 
occurs by heating the final bacterial culture to 

80°C for 32 minutes. The new food has no 
history of consumption in the European Union 

(EU). 

Propionibacterium freudenreichii biomass (heat-
killed) with higher cobalamin content.  

 Human consumption of Propionibacterium 
freudenreichii biomass is established to a 

significant extent within the Union before 15 
May 1997. In the opinion of the recipient 
Member State, no significant change has 

occurred affecting its nutritional value, its 
metabolism or its level of adverse effects 

leading to the conclusion that category vii 
(Article 3(2)(a)(vii) of Regulation (EU) 

2015/2283) is not applicable. 

"IBalance", a combination of 13 heat-treated dead 
microorganisms.  

The EFSA Qualified Presumption of Safety 
(QPS) list for Bacillus sp. It only applies to the 
production process, not as a food ingredient. 
No consumption history has been established 

before May 15, 1997 for the ingredient IBalance 
in the European Union that falls within the 

scope of Regulation (EU) 2015/2283 on novel 
foods. 

Whole cell heat-killed non-GMM 
Mycolicibacterium aurum Aogashima DSM33539 

(officially known as Mycobacterium aurum 
Aogashima). 

The application refers to a non-QPS bacteria 
with no history of consumption in the EU. 

Anaerobutyricum soehngenii CH106.  The application refers to a non-QPS bacteria 
with no history of consumption in the EU. 

Our opinion is that bread made with sourdough fermented with LAB should not be considered 
a novel food because its safety and historical use are well-documented: LAB are common 
microorganisms in food fermentation and have an extensive and safe history of use in bread 
production; fermentation with LAB improves the digestibility and nutritional value of bread without 
introducing new or unknown health risks; its traditional production process (the sourdough bread 
production process follows well-documented and widely used traditional techniques) does not 
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introduce significant changes in the final composition of the product that could be classified as new 
under Regulation (EU) 2015/2283; LAB are inactivated during baking due to high temperatures, 
leaving only their metabolites, which do not pose health risks; the presence of LAB on the QPS list 
(the LAB present in sourdough are not considered dangerous, and many are on the EFSA's Qualified 
Presumption of Safety (QPS) list, ensuring their safe use). No artificial nanomaterials are introduced 
in the sourdough bread production process. 

Secondly, to justify that LAB from sourdough are not novel foods according to Regulation (EU) 
2015/2283, we aim to demonstrate that they have been significantly consumed in the EU before May 
15, 1997.  

Sourdough has been used since ancient times for bread making. Historical records indicate its 
use since at least the Egyptian era, over 4,000 years ago. In Europe, the use of sourdough is a tradition 
dating back several centuries and was the main method of baking before the introduction of 
commercial yeasts in the 19th century. Despite the introduction of commercial yeast, many artisanal 
bakers in Europe continued to use sourdough due to its benefits in terms of flavor, texture, and bread 
preservation. During the 20th century, the use of sourdough was not as prevalent in industrial 
production but was maintained in artisanal and home baking. 

In countries like France, Germany, Italy, and the Nordic countries, sourdough has been 
particularly popular. For example, rye bread fermented with sourdough is a traditional food in 
Germany (known as "Sauerteigbrot"). In France, the tradition of "pain au levain" (sourdough bread) 
is very strong and has been an integral part of culinary culture for centuries. 

To ensure the history of consumption, we consulted with operators and federations of food 
business operators to verify the use of sourdough before 1997. These consultations included 
professional baker associations, artisanal bakeries, companies supplying baking ingredients, as well 
as historical studies and culinary publications. The information gathered supports the conclusion that 
sourdough was used significantly in the European Union before 1997. 

To this end, we have conducted a review of the scientific literature prior to that date to show 
which LAB have been historically used in sourdough for bread production, thus ensuring their 
exclusion from the novel food definition (Table 2). 

Table 2. Bibliographic references aĴesting to the use of specific LAB before 1997 in different EU countries. 

Country Lactic acid bacteria Reference(s) 

Finland L. acidophilus, L. 
plantarum, L. casei 

Salovaara H, Katunpaa H. An approach to the classification 
of Lactobacilli isolated from Finnish sour rye dough 

ferments. Acta Alimentaria Polonica 1984 10, 231–239. 

France 

L. plantarum, L. casei, L. 
delbrueckii subsp. 

delbrueckii, L. 
acidophilus, L. brevis, 
Leuc. mesenteroides 

subsp. mesenteroides, 
Leuc. mesenteroides 
subsp. dextranicum, 

P. pentosaceus, L. 
curvatus 

Infantes M, Tourneur C. Etude de la flore lactique de 
levains naturels de panification provenant de differentes 

regions francaises. Sciences des Aliments 1991 11, 527–545. 

Germany 

L. delbrueckii, L. 
plantarum, L. casei, L. 

fermentum, L. buchneri, 
L. brevis 

Spicher G. Die Mikroflora des Sauerteiges. I. Mitteilung: 
Untersuchungen u ̈ber die Art der in Sauerteigen 

anzutreffenden stabchenformigen Milchsaurebakterien 
(Genus Lactobacillus Beijerinck). Zeitblatt fur Bakteriologie 

II Abt 1959 113, 80–106. 
L. acidophilus, L. 

farciminis, L. 
alimentarius, L. casei, L. 
plantarum, L. brevis, L. 

sanfranciscensis, L. 
fructivorans, L. 

fermentum, L. buchneri 

Spicher G, Schroder R. Die Mikroflora des Sauerteiges. IV. 
Mitteilung: Untersuchungen u ̈ber die Art der in 

‘Reinzucht- Reinzuchtsauern’ anzutreffenden sta ̈bchenfo 
̈rmigen Milchsa ̈ur- ebakterien (Genus Lactobacillus 

Beijerinck). Zeitschrift fu ̈r Lebensmittel Untersuchung 
und Forschung 1978 167, 342–354. Spicher G, Schroder,R, 

Schollhammer K. Die Mikroflora des Sauerteiges. VII. 
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Mitteilung: Untersuchungen uber die Art der in 
‘Reinzuchtsauern’ auftretenden Hefen. Zeitschrift fur 

Lebensmittel Untersuchung und Forschung 1979 169, 77–
81. 

L. acidophilus, L. casei, L. 
plantarum, L. farciminis, 
L. alimentarius, L. brevis, 

L. buchneri, L. 
fermentum, L. 
fructivorans, L. 

sanfranciscensis, 
Pediococcus spp. 

Spicher G. Weitere Unterschungen u ̈ber die Zusammen- 
setzung und die Variabilität der Mikroflora handelsü

blicher Sauerteig-Starter. Zeitschrift fur Lebensmittel 
Untersuchung und Forschung 1984 178, 106–109. 

L. plantarum, L. casei, L. 
farciminis, L. homo- 
hiochii, L. brevis, L. 

hilgardii (spontaneous); 
L. sanfranciscensis, L. 
brevis, L. hilgardii, W. 

viridescens 

Spicher G. Die Mikroflora des Sauerteiges. XXII. 
Mitteilung: Die in Weizensauerteigen vorkommenden 

Lactobacillen. Zeitschrift fur Lebensmittel Untersuchung 
und Forschung 1987 184, 300–303. 

Italy 

L. brevis, L. plantarum 
Galli A, Ottogalli G. Aspetti della microflora degli impasti 
panettone. Annali di Microbiologia e Enzimologia 1973 23, 

39–49. 
L. sanfranciscensis, L. 

fermentum, L. 
plantarum, Leuc. 
mesenteroides, 

Pediococcus spp. 

Galli A, Franzetti L, Fortina MG. Isolation and 
identification of sour dough microflora. Microbiologie–

Aliments–Nutrition 1988 6, 345–351. 

L. sanfranciscensis, L. 
plantarum, L. farciminis 

Gobbetti M, Corsetti A, Rossi J. The sourdough microflora. 
Interactions between lactic acid bacteria and yeasts: 

metabolism of amino acids. World J Microbiol Biotechnol. 
1994 May;10(3):275-9.  

L. sakei, L. plantarum, 
Leuc. gelidum, Leuc. 

Mesenteroides 

Coppola S, Pepe O, Masi P, Sepe M. Characterization of 
leavened doughs for pizza in Naples. Advances in Food 

Science 1996 18, 160–162. 

Spain 

L. brevis, L. plantarum 

Barber S, Baguena R, Martinez-Anaya MA, Torner MJ. 
Microflora de la masa madre panaria. I. Identificacion y 
propiedades funcionales de microorganismos de masas 

madre industriales, elaboradas con harina de trigo. Revista 
de Agroquımica y Tecnologia de Alimentos 1983 23, 552–

562. 

L. brevis, L. plantarum, 
L. cellobiosus, 

Leuc. Mesenteroides 

Barber S, Baguena R.  Microflora de la masa panaria. V. 
Aislamiento, identificacion y evaluacion de las 

propiedades funcionales de microorganismos de la masa 
madre. Revista de Agroquımica y Tecnologia de Alimentos 

1988 28, 67–78. Barber S, Baguena R.  Microflora de la 
masa madre panaria. XI. Evolucion de la microflora de 
masas madre durante el proceso de elaboracion por el 

sistema de ‘refrescos’ sucesivos y de sus correspondientes 
masas panarias. Revista de Agroquımica y Tecnologia de 

Alimentos 1989 29, 478–491. 

Sweden 

L. fermentum, L. 
delbrueckii, L. 
acidophilus, L. 
plantarum, L. 

rhamnosus, L. farciminis, 
L. fermentum, L. 

sanfranciscensis, L. 
brevis, W. viridescens 

 
Spicher G, Lonner C. Die Mikroflora des Sauerteiges. XXI. 
Mitteilung: Die in Sauerteigen schwedischer Backereien 

vorkommenden Lactobacillen. Zeitschrift fur Lebensmittel 
Untersuchung und Forschung 1985 181, 9–13. 
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Lactobacillus sp., P. 
pentosaceus 

 
Lonner C, Welander T, Molin N, Dostalek M, Blickstad E. 
The microflora in a sourdough started spontaneously on 

typical Swedish rye meal. Food Microbiology, 1986 3, 3–12. 

In summary, before 1997, the presence of the following LAB in sourdough used for bread 
production is documented: Lactobacillus acidophilus, Lactobacillus alimentarius, Lactobacillus 
brevis, Lactobacillus buchneri, Lactobacillus casei, Lactobacillus cellobiosus, Lactobacillus curvatus, 
Lactobacillus delbrueckii subsp. delbrueckii, Lactobacillus farciminis, Lactobacillus fermentum, 
Lactobacillus fructivorans, Lactobacillus hilgardii, Lactobacillus homohoichii, Lactobacillus 
plantarum, Lactobacillus rhamnosus, Lactobacillus sakei, Lactobacillus sanfranciscensis, 
Leuconostoc gelidum, Leuconostoc mesenteroides subsp. dextranicum, Leuconostoc mesenteroides 
subsp. mesenteroides, Pediococcus pentosaceus, Pediococcus spp., and Weissella viridescens. 

From the analysis of scientific literature published before 1997, we can conclude that sourdough 
baking is an ancient traditional practice and that European communities have historically used these 
microorganisms routinely for dough fermentation, demonstrating significant consumption before 
1997. Numerous studies and historical records document the use of certain microorganisms in bread 
making, and specific microorganisms have been safely and continuously consumed in traditional 
bakery products, supporting their exclusion from the novel food scope. 

Due to their extensive and documented use in sourdough fermentation for bread production 
before May 15, 1997, the aforementioned microorganisms are not considered novel foods under 
Regulation (EU) 2015/2283. Their history of safe and significant use in the EU supports this 
classification. 

To present a real case, we proceeded to analyze a commonly used artisanal sourdough. 
To evidence the viability of bacteria in the sourdough, bacterial quantification tests were 

conducted. 0.1 grams of sourdough sample were weighed under sterile conditions, homogenized in 
sterile 1X PBS, serial dilutions were performed, and plated on MRS Broth with Agar Agar. The plates 
were incubated at 28°C for 72 hours, and colonies were counted. The results showed 5 x 10^7 CFU/g 
in the sourdough, and 0 CFU/g in the baked bread, confirming the inactivation of LAB during baking. 

Following this initial analysis, we proceeded with bacterial identification of complex samples by 
NGS sequencing (Oxford Nanopore) of artisanal sourdough. The reads obtained per sample after 
filtering by size and quality were 13,080 for sourdough, 14,575 for dough, and 14,774 for bread. The 
average quality of the reads is approximately 18. After obtaining the number of reads assigned to the 
species identified in each sample, we compared the LAB from the sourdough with those described in 
the scientific literature before 1997 and with the latest EFSA QPS review (Table 3). 

Table 3. Comparison of LAB from sourdough with those described in the scientific literature before 
1997 and with the latest EFSA QPS review (EFSA BIOHAZ Panel 2023). 

 < 1997 QPS 2022 Sourdough  
Bacillus paralicheniformis    YES YES 

Bacillus subtilis    YES YES 
Lactobacillus acidophilus YES     
Lactobacillus alimentarius YES     

Lactobacillus brevis YES YES YES 
Lactobacillus buchneri YES     

Lactobacillus casei YES YES YES 
Lactobacillus cellobiosus YES   YES 

Lactobacillus curvatus YES YES YES 
Lactobacillus delbrueckii subsp. delbrueckii YES YES YES 

Lactobacillus farciminis YES     
Lactobacillus fermentum YES YES YES 
Lactobacillus fructivorans YES     

Lactobacillus hilgardii YES     
Lactobacillus homo- hiochii YES     

Lactobacillus paracasei   YES YES 
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Lactobacillus plantarum YES YES YES 
Lactobacillus rhamnosus YES YES YES 

Lactobacillus sakei YES YES YES 
Lactobacillus sanfranciscensis YES     

Leuconostoc gelidum YES     
Leuconostoc mesenteroides subsp. dextranicum YES     

Leuconostoc mesenteroides subsp. mesenteroides YES     
Pediococcus pentosaceus YES     

Pediococcus spp. YES YES YES 
Weissella viridescens YES     

We can confirm that all LAB from the analyzed sourdough have been described as components 
of sourdough used in the European Union before 1997 and/or appear in the latest revision of the QPS 
list, which ensures their significant consumption before 1997 in addition to their safety of use. 

Finally, we would like to address a topic that might be a cause for concern regarding whether 
the consortia or communities of LAB in sourdough are stable over time and during the bread-making 
process. 

Sourdough is an intermediate product for bread preparation that contains metabolically active 
microorganisms, being a rich source of various species and strains of LAB and yeasts, influenced by 
regional and artisanal factors. The LAB present can originate from natural contaminants in the flour 
or from starter cultures, reaching cell densities exceeding 10^8 CFU/g. The microbial ecology of 
fermentation depends on endogenous factors, such as the composition of the dough, and exogenous 
factors, such as temperature and redox potential. Process parameters, including dough yield (water 
activity), salt addition, starter amount and composition, the number of propagation steps, and 
fermentation time, significantly influence the selection of LAB microflora and prevent the growth of 
other microorganisms from raw material contamination or the bakery environment (De Vuyst et al. 
2014). 

Studies have shown that microbial associations in sourdough can last for years due to the 
selective pressure of environmental conditions. The biodiversity of LAB in sourdough can be 
restricted or diverse, with species from the genus Lactobacillus being the most frequent. The 
distribution of LAB taxa varies according to the sourdough ecosystem, influenced by ecological 
factors such as temperature, pH, redox potential, ionic strength, dough yield, and microbial products 
such as lactate, acetate, carbon dioxide, and ethanol, as well as factors resulting from the substrates 
present in the cereal fraction and endogenous factors and microbial enzymatic reactions (Landis et 
al. 2021; De Vuyst et al. 2002). 

It is important to note that many studies are based on single isolations and do not always use 
modern taxonomic identification techniques and polyphasic approaches, as is often the case today 
and in our study. Additionally, few data have been reported on the influence of time on the 
composition of sourdough. Finally, it should be emphasized that LAB isolated from many 
sourdoughs are difficult to cultivate on common laboratory media. This may be due to these bacteria 
being selected during repeated sourdough propagation, resulting in a flora with specialized nutrient 
and growth condition requirements (Hernández-Parada et al. 2022; Fu et al. 2022). 

From all the above, we can conclude that if the sourdough and bread-making processes are 
always the same, we consider that the concentration of LAB metabolites in the bread will remain 
constant and consistent in each batch. There are several reasons to support this idea: the 
manufacturing process is rigorously followed and closely monitored, so factors affecting the 
production of LAB metabolites, such as temperature, humidity, fermentation time, and ingredients 
used, will remain stable, leading to consistent LAB metabolite production in each batch. The 
ingredients used in bread making remain constant, contributing to uniformity in the chemical and 
microbiological composition of the bread in each batch. Ingredients like flour, water, and yeast can 
influence the metabolic activity of lactic acid bacteria, and maintaining their quality constant will 
help maintain consistency in metabolite concentration. The sourdough culture used for fermentation 
can act as a constant source of lactic acid bacteria and yeasts, favoring stability in metabolite 
production during fermentation. Through regular monitoring and quality control of the 
manufacturing process, deviations or inconsistencies in bread production between batches can be 
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identified, allowing adjustments or corrections to maintain the desired consistency in LAB metabolite 
concentration (Nataraj et al. 2020; Lau et al. 2021). 

Although this assumption is reasonable, we should conduct periodic analyses and tests to verify 
whether the concentration of LAB metabolites actually remains constant between different batches of 
bread, ensuring the quality and safety of the final product. In any case, at a minimum, we should 
periodically check the sensory characteristics of the bread through a trained panel that analyzes the 
acceptance of the sour taste, volume, chewability, swallowability, hardness, and moisture loss. These 
tests help us assess possible differences in carbohydrate fermentation paĴerns since the 
microorganisms impart their distinctive characteristics to the sourdough bread, with 
homofermentative LAB contributing to beĴer dough softening. 

5. Conclusions 
According to Regulation (EU) 2015/2283, a novel food is any food that has not been used for 

human consumption to a significant degree within the European Union before May 15, 1997. Novel 
foods include products containing microorganisms that do not have a history of safe consumption 
before this date. 

Sourdough is a natural fermentation technique used in baking for thousands of years. Its use in 
the European Union before May 15, 1997, is well-documented and recognized in European culinary 
tradition. Therefore, sourdough bread should not be considered a novel food under Regulation (EU) 
2015/2283. Its safety and significant use are supported by scientific studies, historical records, and 
testimonials from experts and industry associations. 

The key question we want to answer is whether the aĴenuated (non-viable) LAB isolated as 
components in traditional sourdoughs and listed in the QPS list when inactivated by a method similar 
to bread-making are considered novel foods under Regulation (EU) 2015/2283. In our opinion, they 
are not novel foods for the following reasons: 

1. Traditional Production Process of Sourdough Bread: The process is traditional and well-
documented. It includes fermenting a mixture of flour and water with LAB and yeasts, followed by 
kneading, resting, dividing, shaping, proofing, and baking. During baking, LAB are inactivated due 
to high temperatures and dehydration. Factors affecting LAB viability include temperature, moisture 
content, and bread matrix structure. However, metabolites produced by LAB during fermentation 
remain in the bread, contributing to its sensory and nutritional properties. 

2. History of Significant Use: LAB have been traditionally used in sourdough fermentation 
in bread production in Europe and have a historical and documented use in the EU before May 15, 
1997. This includes the presence of LAB in the EFSA's Qualified Presumption of Safety (QPS) list. 
Therefore, the use of LAB in sourdough does not introduce new or unknown risks to human health. 

3. Safety: LAB used in sourdough have a history of safe use in food production. Many of 
these bacteria are on the EFSA's QPS list, ensuring their safety. The presence of LAB in the human 
microbiota and their historical use in fermented foods like sourdough bread support their safety and 
significant consumption. 

4. Consistency of Ingredients and Processes: The use of consistent ingredients and processes 
ensures stability in LAB metabolite production across different batches of bread. Sourdough is 
fermented using well-documented traditional techniques widely employed in artisanal and home 
baking. During the bread baking process, LAB are inactivated due to high temperatures. Metabolites 
produced by LAB during fermentation remain in the bread, but the non-viable bacteria do not pose 
health risks. 

5. Scientific Research: Historical studies and current microbiological analyses confirm the 
presence and safe use of LAB in sourdough. These studies have shown that LAB fermentation 
improves the digestibility and nutritional value of bread. 

6. EFSA and other European regulators have evaluated various inanimate microorganisms 
as novel foods, considering aspects such as safety (QPS list), production and inactivation processes, 
and history of use. LAB used in sourdough have a history of safe and significant use in the EU before 
1997 and are on the QPS list. 

7. There is no information indicating that sourdough is used as a medicinal product 
according to Directive 2001/83/EC (Directive 2001/83/EC) in the European Union. Sourdough is 
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exclusively used in baking to produce bread and other fermented products, and it is not promoted or 
administered for therapeutic or medical purposes. 

Therefore, in our opinion, LAB present in sourdough when inactivated by the same bread-
making process would not be classified as novel foods. Historical, scientific, and regulatory evidence 
supports this conclusion, ensuring that both these microorganisms and the bread produced with 
sourdough containing them continue to comply with current food safety regulations in the European 
Union. 

Author Contributions: Conceptualization, J.M.; methodology, J.M.; software, A.K.; validation, J.M., and A.K.; 
formal analysis, J.M. and A.K.; investigation, J.M. and A.K.; resources, J.M.; data curation, J.M.; writing—original 
draft preparation, J.M. and A.K.; writing—review and editing, J.M. and A.K.; visualization, J.M. and A.K.; 
supervision, J.M.; project administration, A.K.; funding acquisition, J.M.. All authors have read and agreed to 
the published version of the manuscript. 

Funding: This research was funded by Food Consulting & Associates. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Included in the References. 

Acknowledgments:. 

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design of the 
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to 
publish the results. 

References 
(AHFES Project, "Bakery Report") AHFES Project. "Bakery Report." Accessed December 3, 2021. 

hĴps://www.ahfesproject.com/app/uploads/2021/12/AHFES-A6.2_Bakery-report_20211203-1.pdf.  
(Adams 2010) Adams, Clifford A. 2010. "The probiotic paradox: live and dead cells are biological response 

modifiers." Nutrition Research Reviews 23: 37–46. 
(Agence Française de Sécurité Sanitaire des Aliments 2005) Agence Française de Sécurité Sanitaire des Aliments. 

2005. Effets des probiotiques et prébiotiques sur la flore et l’immunité de l’homme adulte. 
(Agamennone et al. 2018) Agamennone, Valeria, Claudine A. M. Krul, Ger Rijkers, and Remco Kort. 2018. "A 

practical guide for probiotics applied to the case of antibiotic-associated diarrhea in The Netherlands." BMC 
Gastroenterology 18 (1): 103. 

(Boyte et al. 2023) Boyte, Marissa E., Amanda Benkowski, Mauro Pane, and Hossam R. Shehata. 2023. "Probiotic 
and postbiotic analytical methods: a perspective of available enumeration techniques." Frontiers in 
Microbiology 14: 1304621. 

(Besselink et al. 2008) Besselink, Marc G., Herman C. van Santvoort, Ernst Buskens, and others. 2008. "Probiotic 
prophylaxis in predicted severe acute pancreatitis: a randomised, double-blind, placebo-controlled trial." 
The Lancet 371: 651-59. 

(Cicenia et al. 2014) Cicenia, Antonio, Andrea Scirocco, Marco CaraboĴi, Laura PalloĴa, Marco Marignani, and 
Corrado Severi. 2014. "Postbiotic activities of lactobacilli-derived factors." Journal of Clinical 
Gastroenterology 48 (Suppl 1): S18-22. 

(Commission Implementing Regulation (EU) 2018/456) Commission Implementing Regulation (EU) 2018/456 of 
19 March 2018 on the procedural steps of the consultation process for determination of novel food status 
in accordance with Regulation (EU) 2015/2283 of the European Parliament and of the Council on novel 
foods. 

(De Almada et al. 2016) De Almada, Camila N., Camila N. de Almada, Renato C.R. Martinez, and Anderson S. 
Sant'Ana. 2016. "Paraprobiotics: Evidences on their ability to modify biological responses, inactivation 
methods and perspectives on their application in foods." Trends in Food Science & Technology 58: 96-114. 

(De Vuyst et al. 2002) De Vuyst, Luc, Vanessa Schrijvers, Spyridon Paramithiotis, Bart Hoste, Marc Vancanneyt, 
Jean Swings, George Kalanĵopoulos, Evangelia Tsakalidou, and Wilfried Messens. 2002. "The biodiversity 
of lactic acid bacteria in Greek traditional wheat sourdoughs is reflected in both composition and 
metabolite formation." Applied and Environmental Microbiology 68 (12): 6059-69. 

(De Vuyst et al. 2014) De Vuyst, Luc, Sofie Van Kerrebroeck, Heidi Harth, Geertrui Huys, Hans M. Daniel, and 
Sven Weckx. 2014. "Microbial ecology of sourdough fermentations: diverse or uniform?" Food 
Microbiology 37: 11-29. 

(Directive 2001/83/EC) Directive 2001/83/EC of the European Parliament and of the Council of 6 November 2001 
on the Community code relating to medicinal products for human use. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 May 2024                   doi:10.20944/preprints202405.2123.v1

https://doi.org/10.20944/preprints202405.2123.v1


 13 

 

(Direzione Generale per L’Igiene e la Sicurezza degli Alimenti e La Nutrizione - Ufficio 4. 2018) Direzione 
Generale per L’Igiene e la Sicurezza degli Alimenti e La Nutrizione - Ufficio 4. 2018. Linee guida su 
probiotici e prebiotici. Revisione marzo 2018. 

(EFSA BIOHAZ Panel 2023) EFSA BIOHAZ Panel (EFSA Panel on Biological Hazards), Koutsoumanis K, Allende 
A, Alvarez-Ordonez A, Bolton D, Bover-Cid S, Chemaly M, De Cesare A, Hilbert F, Lindqvist R, Nauta M, 
Peixe L, Ru G, Simmons M, Skandamis P, Suffredini E, Cocconcelli PS, Fernandez Escamez PS, Prieto 
Maradona M, Querol A, Sijtsma L, Suarez JE, Sundh I, Vlak JM, Barizzone F, Hempen M, Correia S, and 
Herman L. 2023. "Scientific Opinion on the update of the list of qualified presumption of safety (QPS) 
recommended microorganisms intentionally added to food or feed as notified to EFSA." EFSA Journal 21 
(1): 7747, 23 pp. 

(EFSA NDA Panel 2015) EFSA NDA Panel (EFSA Panel on Dietetic Products, Nutrition and Allergies). 2015. 
"Scientific Opinion on the safety of ‘heat-treated milk products fermented with Bacteroides xylanisolvens 
DSM 23964’ as a novel food." EFSA Journal 13 (1): 3956, 18 pp. 

(EFSA NDA Panel 2019) EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens), Turck 
D, Castenmiller J, De Henauw S, Hirsch-Ernst KI, Kearney J, Maciuk A, Mangelsdorf I, McArdle HJ, Naska 
A, Pelaez C, Pentieva K, Siani A, Thies F, Tsabouri S, Vinceti M, Cubadda F, Engel KH, Frenzel T, Heinonen 
M, Marchelli R, Neuhauser-Berthold M, Poulsen M, Sanz Y, SchlaĴer JR, van Loveren H, Sun Q, Gelbmann 
W, and Knutsen HK. 2019. "Scientific Opinion on the safety of heat-killed Mycobacterium setense 
manresensis as a novel food pursuant to Regulation (EU) 2015/2283." EFSA Journal 17 (11): 5824, 13 pp. 

(EFSA NDA Panel 2021) EFSA NDA Panel (EFSA Panel on Nutrition, Novel Foods and Food Allergens), Turck 
D, Bohn T, Castenmiller J, De Henauw S, Hirsch-Ernst KI, Maciuk A, Mangelsdorf I, McArdle HJ, Naska 
A, Pelaez C, Pentieva K, Siani A, Thies F, Tsabouri S, Vinceti M, Cubadda F, Frenzel T, Heinonen M, 
Marchelli R, Neuhauser-Berthold M, Poulsen M, Prieto Maradona M, SchlaĴer JR, van Loveren H, Ackerl 
R, and Knutsen HK. 2021. "Scientific Opinion on the safety of pasteurized Akkermansia muciniphila as a 
novel food pursuant to Regulation (EU) 2015/2283." EFSA Journal 19 (9): 6780, 18pp. 

(European Commission. "Consultation Process for Novel Food Status.") European Commission. "Consultation 
Process for Novel Food Status." European Commission. Accessed May 27, 2024. 
hĴps://food.ec.europa.eu/safety/novel-food/consultation-process-novel-food-status_en. 

(European Commission. "Consultation Process for Determination of Novel Food Status: Article 4 – 
Propionibacterium.") European Commission. "Consultation Process for Determination of Novel Food 
Status: Article 4 – Propionibacterium." European Commission. Accessed December 2021. 
hĴps://food.ec.europa.eu/system/files/2021-12/novel-food_consult-status_art-4-
propionibacterium_7747033.pdf.  

(European Commission. "Consultation Process for Determination of Novel Food Status: IBalance AESAN 
2258765") European Commission. "Consultation Process for Determination of Novel Food Status: IBalance 
AESAN 2258765." European Commission. Accessed February 2022. 
hĴps://food.ec.europa.eu/document/download/f101994a-1f8b-418f-a8a1-
3075bd458ca7_en?filename=novel-food_consult-status_ibalance-aesan_2258765.pdf.  

(European Commission. "Summary of Ongoing Applications for Novel Food Status: 2020-1827") European 
Commission. "Summary of Ongoing Applications for Novel Food Status: 2020-1827." European 
Commission. Accessed February 2021. hĴps://food.ec.europa.eu/system/files/2021-02/novel-
food_sum_ongoing-app_2020-1827.pdf. 

(European Food Safety Authority, "Question EFSA-Q-2022-00552: Novel Foods Status Application") European 
Food Safety Authority. "Question EFSA-Q-2022-00552: Novel Foods Status Application." European Food 
Safety Authority. Accessed May 2023. hĴps://open.efsa.europa.eu/questions/EFSA-Q-2022-
00552?foodDomains=Novel%20Foods&status=Application%20Terminated_Ongoing%20Risk%20Assessm
ent.  

(Food and Agricultural Organization of the United Nations and World Health Organization 2001) Food and 
Agricultural Organization of the United Nations and World Health Organization. 2001. Health and 
nutritional properties of probiotics in food including powder milk with live lactic acid bacteria. 

(Fu et al. 2022) Fu, Lingling, Agnieszka Nowak, Hanyun Zhao, and Bing Zhang. 2022. "Relationship between 
Microbial Composition of Sourdough and Texture, Volatile Compounds of Chinese Steamed Bread." Foods 
11 (13): 1908. 

(Gänzle 2014) Gänzle, Michael G. 2014. "Enzymatic and bacterial conversions during sourdough fermentation." 
Food Microbiology 37: 2-10. 

(Gabriele 2016) Gabriele, H. 2016. "Requirements for a successful future of probiotics." In Advances in probiotic 
technology, edited by P. Foerst and C. Santivarangkna, 139-45. New York: Taylor & Francis-CRC Press. 

(Hill et al. 2014) Hill, Colin, Francisco Guarner, Gregor Reid, Glenn R. Gibson, David J. Merenstein, Bruno Pot, 
Luca Morelli, Roberto B. Canani, Harry J. Flint, Seppo Salminen, Philip C. Calder, and Mary Ellen Sanders. 
2014. "Expert consensus document. The International Scientific Association for Probiotics and Prebiotics 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 May 2024                   doi:10.20944/preprints202405.2123.v1

https://doi.org/10.20944/preprints202405.2123.v1


 14 

 

consensus statement on the scope and appropriate use of the term probiotic." Nature Reviews 
Gastroenterology & Hepatology 11 (8): 506-14. 

(Hernández-Parada et al. 2022) Hernández-Parada, Norberto, Omar González-Ríos, María L. Suárez-Quiroz, 
Zulema J. Hernández-Estrada, Carlos Y. Figueroa-Hernández, Juan D. Figueroa-Cárdenas, Paulina Rayas-
Duarte, and María C. Figueroa-Espinoza. 2022. "Exploiting the Native Microorganisms from Different Food 
Matrices to Formulate Starter Cultures for Sourdough Bread Production." Microorganisms 11 (1): 109. 

(Kataria et al. 2009) Kataria, Jaspreet, Nini Li, John L. Wynn, and Josef Neu. 2009. "Probiotic microbes: do they 
need to be alive to be beneficial?" Nutrition Reviews 67: 546–50. 

(Klemashevich et al. 2014) Klemashevich, Cameron, Changfu Wu, David Howsmon, R. Curt Alaniz, Kyongbum 
Lee, and Arul Jayaraman. 2014. "Rational identification of diet-derived postbiotics for improving intestinal 
microbiota function." Current Opinion in Biotechnology 26: 85-90. 

(Koistinen et al. 2018) Koistinen, Ville M., Olli MaĴila, Kati Katina, Kaisa Poutanen, Anne-Maria Aura, and Kirsi 
Hanhineva. 2018. "Metabolic profiling of sourdough fermented wheat and rye bread." Scientific Reports 8 
(1): 5684. 

(Lau et al. 2021) Lau, Suat W., Ai Q. Chong, Nguang L. Chin, Roselina A. Talib, and Rizwan K. Basha. 2021. 
"Sourdough Microbiome Comparison and Benefits." Microorganisms 9 (7): 1355. 

(Landis et al. 2021) Landis, Emily A., Alexander M. Oliverio, Elizabeth A. McKenney, Lydia M. Nichols, Nadim 
Kfoury, Maggie Biango-Daniels, Lauren K. Shell, Anne A. Madden, Laura Shapiro, Shyam S. Sakunala, 
Katrina Drake, Angelo Robbat, Melanie Booker, Robert R. Dunn, Noah Fierer, and Benjamin E. Wolfe. 2021. 
"The diversity and function of sourdough starter microbiomes." Elife 10: e61644. 

(Morán and Kilasoniya 2024) Morán, Javier, and Alina Kilasoniya. 2024. "Application of the ‘Novel Foods’ 
Regulation to Botanicals in the European Union." Laws 13 (1): 10. 

(Nataraj et al. 2020) Nataraj, Bharath H., Safina A. Ali, Pravin V. Behare, and Harsharnjit Yadav. 2020. 
"Postbiotics-parabiotics: the new horizons in microbial biotherapy and functional foods." Microbial Cell 
Factories 19 (1): 168. 

(Patil et al. 2018) Patil, Sachin, Swapnil Sawant, Katrin Hauff, and Gunter Hampp. 2018. "Validated Postbiotic 
Screening Confirms Presence of Physiologically-Active Metabolites, Such as Short-Chain FaĴy Acids, 
Amino Acids and Vitamins in Hylak® Forte." Probiotics and Antimicrobial Proteins. 

(Reid 2016) Reid, Gregor. 2016. "Probiotics: definition, scope and mechanisms of action." Best Practice & 
Research: Clinical Gastroenterology 30 (1): 17-25. 

(Rej et al. 2019) Rej, Amiya, Imran Aziz, and David S. Sanders. 2019. "Breaking bread!" Proceedings of the 
Nutrition Society 78 (1): 118-25. 

(Regulation (EU) 2015/2283) Regulation (EU) 2015/2283 of the European Parliament and of the Council of 25 
November 2015 on novel foods, amending Regulation (EU) No 1169/2011 of the European Parliament and 
of the Council and repealing Regulation (EC) No 258/97 of the European Parliament and of the Council and 
Commission Regulation (EC) No 1852/2001. 

(Reuter 1997) Reuter, Gerhard. 1997. "Present and future probiotics in Germany and in Center Europe." 
Bioscience and Microflora 16: 43-51. 

(Salminen et al. 1999) Salminen, Seppo, Arthur Ouwehand, Yoshimi Benno, and Yuan-Kun Lee. 1999. "Probiotics: 
how should they be defined." Trends in Food Science & Technology 10: 107-10. 

(Salminen et al. 2021) Salminen, Seppo, Maria C. Collado, Akihito Endo, Colin Hill, Sarah Lebeer, Eamonn M.M. 
Quigley, Mary Ellen Sanders, Raanan Shamir, John R. Swann, Hania Szajewska, and Gabriel Vinderola. 
2021. "The International Scientific Association of Probiotics and Prebiotics (ISAPP) consensus statement on 
the definition and scope of postbiotics." Nature Reviews Gastroenterology & Hepatology 18 (9): 649-67. 

(Sanders et al. 2010) Sanders, Mary Ellen, Loek Akkermans, Dirk Haller, Christoph Hammerman, Joerg 
Heimbach, Geneviève Hörmannsperger, Geert Huys, David D. Levy, Frank Lutgendorff, Dirk Mack, P. 
Phothirath, Georgina Solano-Aguilar, and Ellen Vaughan. 2010. "Safety assessment of probiotics for human 
use." Gut Microbes 1 (3): 164-85. 

(Sharma and Shukla 2016) Sharma, Manisha, and Geeta Shukla. 2016. "Metabiotics: One Step ahead of Probiotics; 
an Insight into Mechanisms Involved in Anticancerous Effect in Colorectal Cancer." Frontiers in 
Microbiology 7: 1940. 

(Shenderov 2013) Shenderov, Boris A. 2013. "Metabiotics: novel idea or natural development of probiotic 
conception." Microbial Ecology in Health and Disease 24: 10.3402/mehd.v24i0.20399. 

(Shenderov et al. 2014) Shenderov, Boris A., Ludmila Shigwedha, Liron Sichel, Liting Jia, and Lan Zhang. 2014. 
"Probiotical cell fragments (PCFs) as 'novel nutraceutical ingredients'." Journal of Biosciences and 
Medicines 2: 43-55. 

(Shigwedha et al. 2014) Shigwedha, N., L. Sichel, L. Jia, and L. Zhang. 2014. "Probiotical Cell Fragments 925 
(PCFs) as 'Novel Nutraceutical Ingredients'." Journal of Biosciences and Medicines 926 (2): 43-55. 

(Taverniti and GuglielmeĴi 2011) Taverniti, Valentina, and Simone GuglielmeĴi. 2011. "The immunomodulatory 
properties of probiotic microorganisms beyond their viability (ghost probiotics: proposal of paraprobiotic 
concept)." Genes & Nutrition 6 (3): 261-74. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 May 2024                   doi:10.20944/preprints202405.2123.v1

https://doi.org/10.20944/preprints202405.2123.v1


 15 

 

(Tomar et al. 2015) Tomar, Sanjay K., Subhash Anand, Preeti Sharma, Vikas Sangwan, and Sanjoy Mandal. 2015. 
"Role of probiotic, prebiotics, synbiotics and postbiotics in inhibition of pathogens." In The BaĴle Against 
Microbial Pathogens: Basic Science, Technological Advances and Educational Programs, edited by A. 
Méndez-Vilas, 717-32. Badajoz, Spain: Formatex Research Center. 

(Vinderola et al. 2022) Vinderola, Gabriel, Mary Ellen Sanders, and Seppo Salminen. 2022. "The Concept of 
Postbiotics." Foods 11 (8): 1077. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 May 2024                   doi:10.20944/preprints202405.2123.v1

https://doi.org/10.20944/preprints202405.2123.v1

