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Health beneficial effects of Short Chain Fatty Acids (SCFAs) produced in the gut, especially butyrate, and their decreased abun-
dance in several gut-related disorders makes them a potent approach for disease management and prevention. New insights into the 
microbiome have enlightened the path for new probiotic formulations based on the combined actions (cross feeding interactions) of 
different human gut commensals to increase SCFAs concentrations in the colon. In this line, the Novobiome consortium was created 
in order to overcome technical and regulatory challenges to bring these next-generation probiotics (NGPs) to the market to complete 
the suite of probiotic products for supporting a healthy gut microbiome.

SCFAs as essential metabolites for human health

SCFAs are the main products of saccharolytic fermentation of non-digestible carbohydrates in the large intestine by intestinal gut mi-
crobes [1]. Acetate, propionate, and butyrate are the most abundant SCFAs in the human body, and play a fundamental role in (gut) health. 
Those compounds are very important for the maintenance of the intestinal barrier integrity to prevent the translocation of pathogenic 
bacteria and/or bacterial compounds with pro-inflammatory potential (as for example, lipopolysaccharides) across the gut. Of those 
three metabolites, butyrate is very important because it consists on the primary source of energy for the colonocytes. It exerts a key regu-
latory role in maintaining the epithelial integrity, by regulating the tight junction proteins expression [2] and has helped to restore the gut 
barrier function in disease models [3]. SCFAs can also improve some of the immune defensive functions of the intestinal epithelium by 
increasing the expression of antimicrobial peptides by the gut epithelium cells [4].

As mention above, most butyrate produced by fiber fermentation is utilized by colon epithelial cells as energy source but, via the 
portal vein, SCFA can also reach the liver where acetate and propionate are metabolized and partly oxidized or used as substrate in glu-
coneogenesis and lipogenesis [5]. As a result, a small proportion of microbiota-derived SCFA enters the peripheral circulation and can 
exert a systemic effect acting as ligands for receptors expressed mainly in intestinal, adipose, skeletal muscle, liver and pancreatic tissues, 
affecting their functioning and metabolism. These bacterial metabolites trigger the production of metabolic hormones involved in insulin 
tolerance, which regulates blood sugar levels, and leptin, that is involved in the regulation of the energy balance in the body [6,7]. 
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In addition, SCFAs can modulate inflammation and affect the immune system by regulating the differentiation, recruitment, and activa-
tion of immune cells [8]. Also, SCFAs (mainly butyrate) participate in the regulation of cell proliferation and differentiation by the inhibi-
tion of histone deacetylase activity and the promotion of histone acetylation, contributing to gut homeostasis [9]. 

SCFAs abundance has been found to be reduced in several diseases, such as among others IBD [9], atopic allergy [10] or obesity [11], 
and has been related to a dysbiosis of the gut microbiota composition, with a reduction of the microbial populations that are able to pro-
duce these compounds.

Including SCFAs into the diet to increase their abundance in the gut has no effect, because they are mainly absorbed in the upper 
gastrointestinal tract and do not reach the necessary concentrations in the colon [12]. For this reason, new strategies to increase SCFAs 
concentration in the targeted areas of the gut where their beneficial effects are exerted, are still necessary. Gut microbiota modulation 
through diet (non-digestible fiber consumption) and consumption of living bacteria (probiotics) and a combination thereof seem good 
strategies to achieve higher SCFAs concentrations in the colon. In the following sections, this concept is translated into novel ideas about 
probiotics strategies that will be further reviewed.

Strategies to increase the butyrate production in the gut: Next-Generation probiotics (NGPs)

At present, the most used definition for probiotics is that they are “live microorganisms that when administered in adequate amounts, 
confer a health benefit on the host” [13]. Since the probiotic concept was introduced by Ellie Metchnikoff in 1908, mainly Lactobacillus 
and Bifidobacterium genera have been used with this purpose (also known as classical probiotics), finding wide availability of them in the 
market [14].

With the expansion of cutting-edge next generation sequencing methods and available bioinformatics tools in human microbiome re-
search, we now understand the composition and function of the human gut microbiome and its microbiota much better than 15 years ago. 
Consequently, a few distinct members of the human gut microbiota, referred as keystone species, have received particular attention for 
their key role in gut homeostasis, for example because of their special metabolic properties. In addition, several studies have associated 
a low abundance of these species with a negative impact on the remaining microorganisms and host’s health [15,16] and consequently, 
some of these keystone species can be considered as candidate NGPs, for instance the ones that owe their relevance to their role as pro-
ducers of essential metabolites such as SCFAs.

Most of the butyrate producers in the human colon belong to the Firmicutes phylum, in particular, to the family of Lachnospiraceae 
and Ruminococcaceae [17], which are highly oxygen-sensitive, strictly anaerobic, saccharolytic bacteria. In fact, the two most dominant 
bacterial species in the human colon, Faecalibacterium prausnitzii (Ruminococcaceae) and Eubacterium rectale (Lachnospiraceae), are 
both known butyrate producers [18]. Other important butyrate-producing bacterial species in the human colon are the Lachnospiraceae 
Anaerobutyricum hallii, Roseburia spp. [such as R. faecis, R. inulinivorans, R. intestinalis, and R. hominis], and Anaerostipes spp. (such as A. 
caccae, A. butyraticus and A. hadrus) [19]. Some of these species, such as F. prausnitzii, preferentially colonize close to the gut mucus layer 
whereas other species such as A. caccae are mainly present in the lumen of the colon [20]. 

In the last decade, several studies have shown that bifidobacteria can interact with other colon bacteria such as butyrate-producing 
bacteria by cross-feeding interactions. Particularly, Bifidobacterium species are known to produce acetate and lactate, which are crucial 
compounds for the gut health and promote gut epithelial integrity [21] through a cross-feeding relationship with SCFAs-producing key-
stone species. Bifidobacterium species, which belong to the group of classical probiotics, have important functions within the human 
colon [22,23]. Decreased abundances of these species in the colon have been associated with several disorders as antibiotic-associated 
diarrhea, IBS, IBD, obesity, allergies, and regressive autism [19]. Moreover, several works have been published demonstrating the coopera-
tion between Bifidobacterium infantis and the butyrate producer A. caccae [24], establishing B. infantis as a carbohydrate first degrader 



03

Citation: Eva M Gómez del Pulgar., et al. “Next Generation Probiotics for Butyrate Production in the Gut”. EC Nutrition 14.12 (2019): 
01-09.

Next Generation Probiotics for Butyrate Production in the Gut

and A. caccae as a second degrader that utilizes intermediate metabolites (acetate), produced by B. infantis, for butyrate production and 
maintenance of the gut barrier integrity. In a similar way, Bifidobacterium adolescentis also establishes a cross-feeding relationship with 
butyrate producers that belong to the Firmicutes phyla as A. caccae and A. hallii [25].

New cross-feeding interactions have also been elucidated between Akkermansia muciniphila, a mucin degrader bacteria with a great 
potential as NGP [26,27], and A. caccae. The mucin degradation by A. muciniphila supports the growth of A. caccae and its concomitant 
butyrate production by increasing the availability of mucin sugars [28]. A. muciniphila is able to produce acetate and propionate and sur-
vive, on the contrary to the most part of butyrate producers that are strict anaerobic bacteria, in presence of nanomolar concentrations 
of oxygen [29]. This potential NGP can also exert beneficial effects independently of SCFAs production. For example, Cani and colleagues 
showed that this bacteria produces structural component protein in the outer membrane that has an important immunomodulatory ac-
tion in the host [30].

F. prausnitzii is another potential NGP, which has been found to be decreased in some gut inflammatory diseases as Crohn’s disease 
[31]. F. prausnitzii also collaborates in lessening the inflammation state in disease by other mechanisms apart from the butyrate produc-
tion, as for example, stimulating the production of anti-inflammatory cytokines [e.g. IL-10] by host immune cells [32] and producing a 
microbial anti-inflammatory molecule [MAM] that showed anti-inflammatory properties in an induced colitis model [33]. As F. prausnitzii 
growth is stimulated by acetate [34], this commensal bacteria has the ability to establish interesting cross-feeding relationships with 
acetate-producers like Bifidobacterium adolescentis and A. muciniphila [35,36]. Also, cross-feeding interactions have been elucidated be-
tween F. prausnitzii and Bacteroides thethaiotaomicron [37], a symbiont that encodes an enormous repertoire of carbohydrate degrading 
enzymes [38] and has the ability to switch between diet- and host-derived carbohydrates, what makes it very adaptable to changes in the 
gut environment, where there is also a high competition for nutrients. In this line, F. prausnitzii can metabolize acetate produced by B. 
thetaiotaomicron to produce butyrate. What is more, it has been recently reported that B. thethaiotaomicron also stimulates degradation 
of quercetin and butyrate production by Eubacterium ramulus via cross-feeding of molecules released from bacterial starch fermentation 
[39].

Main challenges to bring NGPs to the market 

For the reasons mentioned above, NGPs are expected to have a great impact on human health. But due to their novelty and intrinsic 
characteristics, there are several challenges during the development and introduction of NGPs to the market. The technical and regulatory 
challenges will be discussed here briefly.

Technical challenges

NGPs are considered to be extremely oxygen sensitive [EOS] microorganisms and they often have complex and yet unknown nu-
tritional requirements. For these NGPs to be commercially attractive, first their production media need to be optimized based on the 
nutritional needs of each NGP; temperature, pH, water activity have to be adjusted accordingly as well amongst other parameters [40]. 
Moreover, any animal derived nutritional components need to be emitted and/ or be replaced in order to ensure the safety of the end us-
ers and in the same time preserving the properties of the final product [41,42]. The oxygen exposure needs to be limited throughout the 
whole production process including formulation and freeze drying therefore specified cryoprotectants and antioxidants or encapsulation 
need to be incorporated [41,43,44]. Consequently, their stability during the whole production process is hard to be achieved. In addition, 
the product final formulation, packaging and storage conditions might affect the viability of the bacteria and therefore the stability of the 
product which could impact its properties. Most NGPs candidates are human derived and they are expected to exert their impact in their 
natural niche. To do so they have to be delivered alive there. Thereby, viability after consumption needs to be considered as well. In order 
to reach the colon, bacteria will have to survive to a sufficient degree their passage through the gastrointestinal tract [oxygen, stomach 
pH, bile acids, enzymatic activity, small intestinal pH etc]. Hence, the selection of cell protectants and carriers is crucial for the efficacy of 
the product [45]. For example, for aerotolerant probiotic strains yogurts have been used as vehicles. Due to the intrinsic characteristics of 
NGPs, described above, other types of vehicles need to be considered e.g. microencapsulation [46].
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Since these bacteria are endogenous, they are expected to colonize their respective niche and to interact with the intestinal epithelial 
cells [IEC]. Due to the oxygen limitations that the bacteria require and the oxygen-requiring human cells is really hard to study the host-
microbe interactions. Consequently, model systems that would reflect the complexity of the host microbe interactions and will allow 
optimal growth of both bacteria and host cells, need to be developed [47-49].

Regulatory challenges

The legal possibilities to refer to microorganisms as ‘probiotics’, and to make health claims on them, vary across the world. In the EU, 
the European Food Safety Authority [EFSA] is the Risk Assessor who evaluates, when appropriate and required, the safety of foods and 
ingredients, as well as the scientific substantiation of health claims. The European Commission is the Risk Manager who, mandated by the 
European Parliament, authorizes or rejects e.g. novel foods and health claims. EFSA has developed the Qualified Presumption of Safety 
[QPS], and has allocated such Presumption to a [periodically updated] list of microorganism species. QPS has no legal status; it is an in-
ternal EFSA tool to simplify, where possible, their safety evaluation of microorganisms. The ‘classical probiotics’ discussed above belong 
to QPS species.

In the United States, a ‘New Dietary Ingredient’ [NDI] needs to be notified to the Food and Drug Administration, and this process takes 
substantial effort and time. An NDI that can be Generally Recognized as Safe [GRAS] can be exempt from the obligation to notify as NDI. 
A conclusion of GRAS is valid when reached and documented by reputable experts in the field, and when it can be assumed that other ex-
perts in the field would come to the same conclusion. Such dossier and conclusion can be sent to the FDA, who may respond with a letter 
stating that they have no questions, and it will be included in FDA’s public GRAS Inventory. Alternatively, the Food Business Operator can 
simply keep such dossier on file, and show it to the FDA if requested.

Traditionally, safety of probiotics is mainly based on history of safe use. Due to the novelty of NGP strains and the lack of their presence 
in food known to EU before 1997, [50,51] they are expected to be regulated as Novel Food and/or Live Biotherapeutics (LBPs) from the 
authorities [52]. FDA’s definition for a LBP is: “a biological product that: (1) contains live organisms, such as bacteria; (2) is applicable to 
the prevention, treatment, or cure of a disease or condition of human beings; and (3) is not a vaccine” [52].

According to EFSA’s recommendations for Novel Food applications [50,51], in order to introduce NGPs to the market a full safety 
assessment needs to be performed. A taxonomic classification to the species level must be provided accompanied by whole genome se-
quencing analysis focused on the detection of genes encoding toxins and virulence factors, genes that are conferring resistance to antibiot-
ics with special focus on their potential for horizontal gene transfer and other potentially adverse metabolic features (e.g. D-lactate). The 
genotypic characterization must be accompanied by phenotypic characterization of the potential antimicrobial resistances (intrinsic or 
acquired) [53,54]. Based on the taxonomic classification and genomic information of the microorganism, other potentially adverse phe-
notypic features should be assessed (e.g. potential toxin production, hemolytic activity, infectivity, adverse immune effects, etc.) [50,51]. In 
some cases, in vitro tests might be sufficient to prove the safety of the bacterial strain in question. In other cases, testing in animal models 
and/or a small clinical study with healthy volunteers might be required as well. Finally, the stability of the final product and the number 
of viable cells in the final product must be provided as well. FDA also provided recommendations regarding Investigational New Drug 
Application (IND) for early clinical trials with LBPs in the United States (U.S.), marketed not only as drugs but as foods (e.g. conventional 
foods and dietary supplements) as well (Early Clinical Trials with Live Biotherapeutic Products: Chemistry, Manufacturing, and Control 
Information: Guidance for Industry [55]. This guidance focuses on the chemistry, manufacturing, and control (CMC) information. The IND 
application should contain amongst other information the following: i) a description of the LBP’s drug substance, including its physical, 
chemical, or biological characteristics, ii) characterization of the drug substance (e.g. antibiotic resistance profiling and potential for hori-
zontal gene transfer), iii) name and address of the manufacturer(s), iv) the method of Manufacture and v) drug Substance Specifications 
[55].
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The Novobiome project: towards the NGPs for human health

Because NGPs are endogenous to the host they are expected to colonize their natural niche, to exert their beneficial effects in the site 
where they are needed and therefore to improve the quality of life of the consumers. As mentioned earlier, since there is no history of safe 
use of bacteria belonging to NGPs, is highly likely that LBPs will have to be tested first in healthy volunteers to look for adverse effects and 
ensure their safety for their intended use.

In order to overcome all the above mentioned challenges, we have formed the Novobiome consortium consisting of experts from in-
dustry and academic institutions. The goal is to select, develop, and produce NGPs. The consortium is focusing on the following aspects:

1. Isolation, genotypic and phenotypic characterization, meeting the regulatory requirements for complete characterization of strains;

2. Culturing and scale-up, in an economically feasible industrial scalability;

3. Establishment of safety and functionality, meeting the regulatory requirements for extensive safety profiles;

4. Delivery to the site of action, meeting the need for delivering effective strains to target sites and

5. Enabling multi-strain formulations of NGPs, to achieve an increased beneficial effect.

Since the safety and the efficacy of probiotics is strain dependent rather that species or genus dependent [56,57] the consortium will 
be focusing on vast isolations of human derived bacteria in order to identify strains that elicit effects and are safe, scalable and stable at 
the same time. By combining our expertises in the Novobiome platform we create ideal circumstance to tackle all the developmental chal-
lenges in accordance with the regulatory requirements.

Concluding Remarks
NGPs are a promising approaching to increase the concentration of SCFAs (butyrate) in the gut for the management and prevention 

of gut-related disorders. To this end, several technical and challenges need to be overcome, but with the cooperation between research 
institutions, industry and regulatory agencies, the development and market implementation of those novel probiotics are a step closer to 
being a reality.

Acknowledgments
We would like to thank Elsbeth Pekelharing, Elske van Dijk, Loek Pijls and Coline Gerritsen for their valuable comments on the manu-

script.

Competing Interests
EMGdP and ET are employed by Winclove Probiotics B.V and HH receives research grants from Winclove Probiotics B.V.

Funding
The research for the development of the Novobiome platform is funded by Eurostars Eureka.

Bibliography

1. Chambers ES., et al. “Role of Gut Microbiota-Generated Short-Chain Fatty Acids in Metabolic and Cardiovascular Health”. Current Nutri-
tion Reports 7.4 (2018): 198-206. 

2. Yan H and Ajuwon KM. “Butyrate modifies intestinal barrier function in IPEC-J2 cells through a selective upregulation of tight junction 
proteins and activation of the Akt signaling pathway”. PLoS One 12.6 (2017): e0179586. 

3. Matheus VA., et al. “Butyrate reduces high-fat diet-induced metabolic alterations, hepatic steatosis and pancreatic beta cell and intes-
tinal barrier dysfunctions in prediabetic mice”. Experimental Biology and Medicine (2017): 1535370217708188. 

doi:%2010.1007/s13668-018-0248-8
doi:%2010.1007/s13668-018-0248-8
doi:10.1371/journal.pone.0179586
doi:10.1371/journal.pone.0179586
Doi:%2010.1177/1535370217708188
Doi:%2010.1177/1535370217708188


06

Citation: Eva M Gómez del Pulgar., et al. “Next Generation Probiotics for Butyrate Production in the Gut”. EC Nutrition 14.12 (2019): 
01-09.

Next Generation Probiotics for Butyrate Production in the Gut

4. Raqib R., et al. “Improved outcome in shigellosis associated with butyrate induction of an endogenous peptide antibiotic”. Proceedings 
of the National Academy of Sciences USA. 13 103.24 (2006): 9178-9183.

5. Boets E., et al. “Systemic availability and metabolism of colonic-derived shortchain fatty acids in healthy subjects: a stable isotope 
study”. The Journal of Physiology 595.2 (2017): 541–555.

6. Canfora EE., et al. “Short-chain fatty acids in control of body weight and insulin sensitivity”. Nature Reviews Endocrinology 11 (2015): 
577–591. 

7. Li Z., et al. “Butyrate reduces appetite and activates brown adipose tissue via the gut-brain neural circuit”. Gut. 67.7 (2018): 1269–
1279. 

8. Gonçalves P., et al. “A Cross-Talk Between Microbiota-Derived Short-Chain Fatty Acids and the Host Mucosal Immune System Regulates 
Intestinal Homeostasis and Inflammatory Bowel Disease”. Inflammatory bowel disease 24.3 (2018): 558-572. 

9. Parada Venegas D., et al. “Short Chain Fatty Acids (SCFAs)-Mediated Gut Epithelial and Immune Regulation and Its Relevance for In-
flammatory Bowel Diseases”. Front Immunology (2019).

10. Roduit C., et al. “High levels of butyrate and propionate in early life are associated with protection against atopy”. Allergy 74 (2019): 
799- 809. 

11. Dugas LR., et al. “Decreased microbial co-occurrence network stability and SCFA receptor level correlates with obesity in African-
origin women”. Scientific Reports 8.17135 (2018).

12. Darzi J., et al. “Effects of a novel propionaterich sourdough bread on appetite and food intake”. European Journal of Clinical Nutrition 
66.7 (2012): 789–794. 

13. Hill C., et al. “Expert consensus document: The international scientific association for probiotics and prebiotics consensus statement 
on the scope and appropriate use of the term probiotic”. Nature Reviews Gastroenterology and Hepatology 11.8 (2014): 506–514.

14. Douillard FP., and WM. de Vos. “Functional genomics of lactic acid bacteria: from food to health”. Microbial Cell Factories 13.1 (2014): 
S8. 

15. Trosvik P and Muinck E.J. “Ecology of bacteria in the human gastrointestinal tract—identification of keystone and foundation taxa”. 
Microbiome 3. 44: (2015).

16. Shetty SA., et al. “Intestinal microbiome landscaping: Insight in community assemblage and implications for microbial modulation 
strategies”. FEMS Microbiology Reviews 41.2 (2017): 182–199.

17. Vital M., et al. “Revealing the bacterial butyrate synthesis pathways by analyzing (meta)genomic data”. MBio 5 (2014). 

18. Tanaka L., et al. “Relationship of Enhanced Butyrate Production by Colonic Butyrate-Producing Bacteria to Immunomodulatory Effects 
in Normal Mice Fed an Insoluble Fraction of Brassica rapa”. Applied and Environmental Microbiology 82.9 (2016): 2693-2699.  

19. Rivière A., et al. “Bifidobacteria and Butyrate-Producing Colon Bacteria: Importance and Strategies for Their Stimulation in the Human 
Gut”. Front Microbiology 7 (2016): 979. 

20. El Aidy S., et al. “Intestinal colonization: how key microbial players become established in this dynamic process”. Bioessays 35 (2013): 
913–923. 

https://www.ncbi.nlm.nih.gov/pubmed/16740661
https://www.ncbi.nlm.nih.gov/pubmed/16740661
doi:%2010.1113/jp272613
doi:%2010.1113/jp272613
doi:%2010.1038/nrendo.2015.128%20(2015)
doi:%2010.1038/nrendo.2015.128%20(2015)
Doi:%2010.1136/gutjnl-2017-314050
Doi:%2010.1136/gutjnl-2017-314050
doi:%2010.1093/ibd/izx029
doi:%2010.1093/ibd/izx029
https://www.frontiersin.org/articles/10.3389/fimmu.2019.00277/full
https://www.frontiersin.org/articles/10.3389/fimmu.2019.00277/full
doi:%2010.1111/all.13660
doi:%2010.1111/all.13660
doi:%2010.1038/s41598-018-35230-9
doi:%2010.1038/s41598-018-35230-9
Doi:%2010.1038/ejcn.2012.1
Doi:%2010.1038/ejcn.2012.1
https://www.ncbi.nlm.nih.gov/pubmed/24912386
https://www.ncbi.nlm.nih.gov/pubmed/24912386
doi:%2010.1186/1475-2859-13-S1-S8
doi:%2010.1186/1475-2859-13-S1-S8
doi:%2010.1186/s40168-015-0107-4
doi:%2010.1186/s40168-015-0107-4
https://www.ncbi.nlm.nih.gov/pubmed/28364729
https://www.ncbi.nlm.nih.gov/pubmed/28364729
doi:%2010.1128/mBio.00889-14
doi:%2010.1128/AEM.03343-15
doi:%2010.1128/AEM.03343-15
doi:%2010.3389/fmicb.2016.00979
doi:%2010.3389/fmicb.2016.00979
Doi:%2010.1002/bies.201300073
Doi:%2010.1002/bies.201300073


07

Citation: Eva M Gómez del Pulgar., et al. “Next Generation Probiotics for Butyrate Production in the Gut”. EC Nutrition 14.12 (2019): 
01-09.

Next Generation Probiotics for Butyrate Production in the Gut

21. Fukuda S., et al. “Bifidobacteria can protect from enteropathogenic infection through production of acetate”. Nature 469(2011): 543–
547. 

22. Leahy SC., et al. “Getting better with bifidobacterial”. Journal of Applied Microbiology 98(2005): 1303–1315. 

23. Rossi M and Amaretti A. Probiotic properties of bifidobacteria in Bifidobacteria, Genomics and Molecular Aspects, eds Mayo B., van 
Sinderen D., editors. (Norwich: Caister Academic Press (2011): 97–123.

24. Chia LW., et al. “Cross-feeding between Bifidobacterium infantis and Anaerostipes caccae on lactose and human milk oligosaccha-
rides.” bioRxiv (2018). 

25. Belenguer A., et al. “Two Routes of Metabolic Cross-Feeding between Bifidobacterium adolescentis and Butyrate-Producing Anaer-
obes from the Human Gut”. Applied and Environmental Microbiology 72.5 (2006): 3593-3599.

26. Cani PD and A Everard. “Akkermansia muciniphila: A novel target controlling obesity, type 2 diabetes and inflammation?”. Medecine 
sciences 30.2 ((2014)): 125–127.

27. Cani PD. “Gut microbiota — At the intersection of everything?”. Nature Reviews Gastroenterology and Hepatology 14.6 (2017): 321–
322.

28. Chia LW., et al. “Deciphering the trophic interaction between Akkermansia muciniphila and the butyrogenic gut commensal Anaero-
stipes caccae using a metatranscriptomic approach”. Antonie van Leeuwenhoek 111 (2018): 859–873.

29. Ouwerkerk JP., et al. “Adaptation of Akkermansia muciniphila to the oxic-anoxic interface of the mucus layer”. Applied and Environmen-
tal Microbiology 82.23 (2016): 6983–6993.

30. Cani PD. “Human gut microbiome: hopes, threats and promises”. Gut 67.9 (2018): 1716–1725. 

31. Björkqvist O., et al. “Alterations in the relative abundance of Faecalibacterium prausnitzii correlate with changes in fecal calprotectin 
in patients with ileal Crohn’s disease: a longitudinal study”. Scandinavian Journal of Gastroenterolog 54.5 (2019): 577-585. 

32. Rossi O., et al. “Faecalibacterium prausnitzii A2-165 has a high capacity to induce IL-10 in human and murine dendritic cells and 
modulates T cell responses”. Scientific Reports 6 (2015): 18507.

33. Breyner NM., et al. “Microbial Anti-Inflammatory Molecule (MAM) from Faecalibacterium prausnitzii Shows a Protective Effect on 
DNBS and DSS-Induced Colitis Model in Mice through Inhibition of NF-κB Pathway”. Front Microbiol 8 (2017): 114.

34. Duncan SH., et al. “Growth requirements and fermentation products of Fusobacterium prausnitzii, and a proposal to reclassify it as 
Faecalibacterium prausnitzii gen. nov., comb. Nov”. International Journal of Systematic and Evolutionary 52 (2002): 2141–2146. 

35. Lopez-Siles Mireia., et al. “Jesús, Martinez-Medina Margarita. Alterations in the Abundance and Co-occurrence of Akkermansia mu-
ciniphila and Faecalibacterium prausnitzii in the Colonic Mucosa of Inflammatory Bowel Disease Subjects”. Frontiers in Cellular and 
Infection Microbiology 8 (2018): 281 .

36. Belzer C., et al. “Microbial Metabolic Networks at the Mucus Layer Lead to Diet-Independent Butyrate and Vitamin B12 Production by 
Intestinal Symbionts”. MBio. 8.5 (2017): e00770-717. 

37. Wrzosek., et al. “Bacteroides thetaiotaomicron and Faecalibacterium prausnitzii influence the production of mucus glycans and the 
development of goblet cells in the colonic epithelium of a gnotobiotic model rodent”. BMC Biology 11 (2013): 61. 

doi:%2010.1038/nature09646
doi:%2010.1038/nature09646
Doi:%2010.1111/j.1365-2672.2005.02600.x
https://www.caister.com/bifidobacteria
https://www.caister.com/bifidobacteria
doi:%2010.1101/336362
doi:%2010.1101/336362
doi:%2010.1128/AEM.72.5.3593-3599.2006
doi:%2010.1128/AEM.72.5.3593-3599.2006
https://www.ncbi.nlm.nih.gov/pubmed/24572104
https://www.ncbi.nlm.nih.gov/pubmed/24572104
https://www.ncbi.nlm.nih.gov/pubmed/28442782
https://www.ncbi.nlm.nih.gov/pubmed/28442782
https://www.ncbi.nlm.nih.gov/pubmed/29460206
https://www.ncbi.nlm.nih.gov/pubmed/29460206
https://aem.asm.org/content/82/23/6983
https://aem.asm.org/content/82/23/6983
doi:%2010.1136/gutjnl-2018-316723
doi:%2010.1080/00365521.2019.1599417
doi:%2010.1080/00365521.2019.1599417
doi:%2010.1038/srep18507
doi:%2010.1038/srep18507
doi:%2010.3389/fmicb.2017.00114
doi:%2010.3389/fmicb.2017.00114
doi:%2010.1099/00207713-52-6-2141
doi:%2010.1099/00207713-52-6-2141
doi:%2010.3389/fcimb.2018.00281
doi:%2010.3389/fcimb.2018.00281
doi:%2010.3389/fcimb.2018.00281
doi:%2010.1128/mBio.00770-17
doi:%2010.1128/mBio.00770-17
doi:%2010.1186/1741-7007-11-61
doi:%2010.1186/1741-7007-11-61


08

Citation: Eva M Gómez del Pulgar., et al. “Next Generation Probiotics for Butyrate Production in the Gut”. EC Nutrition 14.12 (2019): 
01-09.

Next Generation Probiotics for Butyrate Production in the Gut

38. Xu J., et al. “A genomic view of the human-Bacteroides thetaiotaomicron symbiosis”. Science 299.5615 (2003): 2074-2076.

39. Rodriguez-Castaño Gina Paola., et al. “Acosta-Gonzalez Alejandro, Rey Federico E. Bacteroides thetaiotaomicron Starch Utilization 
Promotes Quercetin Degradation and Butyrate Production by Eubacterium ramulus”. Frontiers in Microbiology 10 (2019): 1145. 

40. El Hage R., et al. “Emerging Trends in “Smart Probiotics”: Functional Consideration for the Development of Novel Health and Industrial 
Applications”. Front Microbiology 29.8 (2017): 1889. 

41. Almeida D., et al. “Evolving trends in next-generation probiotics: a 5W1H perspective”. Critical Reviews in Food Science and Nutrition 
7 (2019): 1-14. 

42. Plovier H., et al. “A purified membrane protein from Akkermansia muciniphila or the pasteurized bacterium improves metabolism in 
obese and diabetic mice”. Nature Medicine 23 (1): 107–113.

43. Sousa S., et al. “Encapsulation of probiotic strains in plain or cysteine-supplemented alginate improves viability at storage below 
freezing temperatures”. Engineering in Life Sciences 12.4 (2012): 457–465.

44. Sousa S., et al. “Characterization of freezing effect upon stability of, probiotic loaded, calcium-alginate microparticles”. Food and Bio-
products Processing 93 (2015): 90–97.

45. Khan MT., et al. “Antioxidants keep the potentially probiotic but highly oxygen-sensitive human gut bacterium Faecalibacterium praus-
nitzii alive at ambient air”. PLoS One. 9.5 (2014): e96097. 

46. Heidebach T., et al. “Microencapsulation of probiotic cells for food applications”. Critical Reviews in Food Science and Nutrition 52.4 
(2012): 291-311. 

47. von Martels JZH., et al. “The role of gut microbiota in health and disease: In vitro modeling of host-microbe interactions at the aerobe-
anaerobe interphase of the human gut. Anaerobe”. 44 (2017): 3-12. 

48. Sadaghian Sadabad M., et al. “A simple coculture system shows mutualism between anaerobic faecalibacteria and epithelial Caco-2 
cells”. Scientific Reports 5 (2015): 17906.

49. Marzorati M., et al. “The HMI™ module: a new tool to study the Host-Microbiota Interaction in the human gastrointestinal tract in 
vitro”. BMC Microbiology 14 (2014): 133. 

50. European Commission. R. 285/97/ERegulation, C. (EC) No. 258/97 of the European Parliament and of the Council of 27 January 1997 
Concerning Novel Foods and Novel Food Ingredients (1997b).

51. European Commission. R. E. 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 Regula-
tion (EC) No 258/97 of the European Parliament and of the Council and Commission Regulation (EC) No,1852/2001 (2015).

52. O’Toole PW., et al. “Next-generation probiotics: the spectrum from probiotics to live biotherapeutics”. Nature Microbiology 2 (2017): 
17057. 

53. Maria H Saarela. “Safety aspects of next generation probiotics”. Current Opinion in Food Science 30 (2019): 8-13.

54. EFSA Panel on Additives and Products or Substances used in Animal Feed (FEEDAP). “Guidance on the assessment of bacterial suscep-
tibility to antimicrobials of human and veterinary importance”. EFSA Journal (2012).

https://www.ncbi.nlm.nih.gov/pubmed/12663928
doi:%2010.3389/fmicb.2019.01145
doi:%2010.3389/fmicb.2019.01145
doi:%2010.3389/fmicb.2017.01889
doi:%2010.3389/fmicb.2017.01889
doi:%2010.1080/10408398.2019.1599812
doi:%2010.1080/10408398.2019.1599812
https://www.ncbi.nlm.nih.gov/pubmed/27892954
https://www.ncbi.nlm.nih.gov/pubmed/27892954
https://onlinelibrary.wiley.com/doi/abs/10.1002/elsc.201200007
https://onlinelibrary.wiley.com/doi/abs/10.1002/elsc.201200007
https://www.sciencedirect.com/science/article/pii/S0960308513001259
https://www.sciencedirect.com/science/article/pii/S0960308513001259
doi:%2010.1371/journal.pone.0096097
doi:%2010.1371/journal.pone.0096097
doi:%2010.1080/10408398.2010.499801
doi:%2010.1080/10408398.2010.499801
doi:%2010.1016/j.anaerobe.2017.01.001
doi:%2010.1016/j.anaerobe.2017.01.001
doi:%2010.1038/srep17906
doi:%2010.1038/srep17906
doi:%2010.1186/1471-2180-14-133
doi:%2010.1186/1471-2180-14-133
doi:%2010.1038/nmicrobiol.2017.57
doi:%2010.1038/nmicrobiol.2017.57
https://www.sciencedirect.com/science/article/abs/pii/S2214799318300900
doi:%2010.2903/j.efsa.2012.2740
doi:%2010.2903/j.efsa.2012.2740


09

Citation: Eva M Gómez del Pulgar., et al. “Next Generation Probiotics for Butyrate Production in the Gut”. EC Nutrition 14.12 (2019): 
01-09.

Next Generation Probiotics for Butyrate Production in the Gut

55. FDA. Early Clinical Trials with Live Biotherapeutic Products: Chemistry, Manufacturing, and Control Information: Guidance for Indus-
try (FDA, 2016).

56. Rossi O., et al. “Faecalibacterium prausnitzii Strain HTF-F and Its Extracellular Polymeric Matrix Attenuate Clinical Parameters in DSS-
Induced Colitis. PLoS One. 10.4 (2015): e0123013. 

57. Macho-Fernandez E., et al. “Anti-inflammatory capacity of selected lactobacilli in experimental colitis is driven by NOD2-mediated 
recognition of a specific peptidoglycan-derived muropeptide”. Gut. 60.8 (2011): 1050-1059. 

Volume 14 Issue 12 December 2019
©All rights reserved by Eva M Gómez del Pulgar., et al.

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/early-clinical-trials-live-biotherapeutic-products-chemistry-manufacturing-and-control-information
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/early-clinical-trials-live-biotherapeutic-products-chemistry-manufacturing-and-control-information
doi:%2010.1371/journal.pone.0123013
doi:%2010.1371/journal.pone.0123013
doi:%2010.1136/gut.2010.232918
doi:%2010.1136/gut.2010.232918

	_GoBack

