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Highlights
® Key mechanistic insights of next-generation probiotics (NGPs)
® Highlights health-promoting strains with targeted and personalized metabolic or
immunomodulatory effects

® Perspective on the potential of NGPs in the functional food industry

Abstract

Advancements in genomics and human microbiome analytics have led to the discovery of
novel gut microorganisms that were historically difficult or impossible to culture using
conventional methods. With the development of specialized cultivation techniques, many of
these microorganisms can now be isolated and propagated, enabling detailed investigation of
their health-related functions and potential applications. These microbes are classified as Next-
Generation Probiotics (NGPs) and exhibit strain-specific capabilities in  modulating host
metabolism, regulating inflamsmation, and enhancing immune function. This review synthesizes

mechanistic evidence supporting the beneficial roles of NGPs based on in vitro studies, animal
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models, and human investigations, with emphasis on key candidate strains such as
Faecalibacterium prausnitzii, Akkermansia muciniphila, Bacteroides spp., and Clostridium
butyricum. The review also highlights emerging technical strategies and safety considerations for
incorporating NGPs into functional food products, including microencapsulation technologies and
the use of microbial metabolites or cell-derived components (postbiotics) to improve stability,
safety, and functional efficacy. Overall, this article provides a scientific foundation for the
development of next-generation functional foods and nutraceuticals with targeted health

benefits.

Keywords: next-generation probiotics, gut microbiota, mechanisms of action, functional foods
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Table 1. Representative genera in the human gut microbiome categorized into beneficial and

potentially harmful groups. #¥

Genera (Examples)

Key Functions / Characteristics

Beneficial or commensal genera

Bifidobacterium

Lactobacillus, Lacticaseibacillus,
Lactiplantibacillus
Faecalibacterium

Akkermansia

Roseburia

Bacteroides (selected species)

Ruminococcus, Eubacterium, Blautia

Prevotella

Production of short-chain fatty acids (SCFAs); enhancement of gut
barrier and immune modulation

Lactic acid production; inhibition of pathogenic bacteria

Major butyrate producer; strong anti-inflammatory effects

Mucin degradation; supports metabolic health and epithelial
integrity

SCFA/butyrate production; contributes to gut homeostasis
Fermentation of complex carbohydrates; essential commensal
functions

Fiber degradation and SCFA production; maintenance of microbial
balance

Associated with high-fiber diets and carbohydrate metabolism

Potentially pathogenic or opportunistic genera

Escherichia/Shigella
Klebsiella

Clostridium sensu stricto
(e.g., C. difficile)
Enterococcus
Fusobacterium
Campylobacter, Proteus

Streptococcus (selected species)

Opportunistic pathogens; contribute to gastrointestinal infections
Associated with gut and systemic infections, especially in dysbiosis

Toxin production; causes intestinal inflammation

Opportunistic pathogen; linked to antibiotic resistance
Associated with inflammatory disorders and colorectal cancer
Gastrointestinal infections and inflammatory responses

Associated with systemic infections in dysbiosis
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Table 2. Comparison between next-generation probiotics and traditional probiotics®

Issues Next-generation probiotics Traditional probiotics
Origin Derived from next-generation microorganisms that  Long history of use and are derived
have been recently isolated using advanced tools  from a limited number of species, such
and techniques as Lactobacillus and Bifidobacterium
Development Developed based on comparative analysis of Developed through a top-down
microbiota compositions between healthy and screening strategy, which involves
diseased individuals screening microbes enriched in healthy
individuals compared to those in
diseased individuals
Safety Their safety is not yet proven as they are relatively Along history of safe use in humans
new and have not been used for as long as
traditional probiotics
Applications Primarily used to treat or cure disease conditions Mainly used as food ingredients or
supplements for promoting overall
health and well-being.
Resulation Considered to be live biotherapeutic products Generally regulated as foods or dietary

(LBPs) or microbiome-based therapeutics, and
therefore subject to more stringent regulatory
frameworks similar to pharmaceutical products,

including clinical evaluation of safety and efficacy.

supplements, with regulatory
requirements focused on safety,
quality, and labeling rather than

pharmaceutical clinical trials.

Strain specificity

Health-promoting effects are strongly strain-
specific, with efficacy and mechanisms often
linked to unique genetic and functional traits of

individual strains.

Health benefits are often associated
with well-characterized strains,
although many products have
historically been marketed at the

species level.
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e LN (acetate) U118 (butyrate) Lag
Tnsfilewun (propionate) Fausaziadunun
NN ETINeRakansly Table 3
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Sudlona ld Froasuasuuioiumanisnn
ﬁuaﬂL?jaq wa Bacteroides xylanisolvens 3swsin
lonauuariimav1awiai endnozdinn?
uananiozdianduduansdsdiuliungiunis
nqunandafisnlunisasng SCFA Ao
guameanld®?

Insileiun (C3) Hunumiduuvamaasu
vondaydld uaranssedulunszuiunisadig
nalaaludu ddudiearuauseaunglaa Ay
94 waranmsavanvedluiu® qAundiingn
Insiletun lawn Anaerobutyricum hallii 611

a13¢na1s 1,2-propanediol®? waz Prevotella

copri H1Y succinate pathway F9dAZLuATHES
Tnazidusmnanslunsuaninsilown“”
Taisn (D udalngadunsegngu
Firmicutes 1% W Faecalibacterium prausnitzi®®
Anaerobutyricum halli® wag Butyricicoccus
pullicaecorum® T17L 5o UUNa NS 1 UNSN
yoawadidaydld (colonocytes) R asautfAnm
uiSIUNINIEAUead T vlnnuay diensyeu
nszurun1sadenglealudld uazdudenns
AovausILuus ntau®’ “ruTdenul a1
dysbiosis #ANUFUNUTAUNTANAIVDIRAUNTE

NART LR

Table 3 Primary producers, physiological functions, and metabolic pathways of short chain fatty

acids (SCFA)

SCFA Primary Producers

Physiological functions

Metabolic pathways

32,41
Acetate® Y

Akkermansia muciniphila,

Bacteroides xylanisolvens

Stimulates GLP-1 and PYY
hormone secretion,
activates AMPK, enhances
energy metabolism, inhibits

colorectal cell proliferation

Produced via
saccharolytic
fermentation; involved in
cross-feeding for butyrate

production

Butyrate

(34-36)

Faecalibacterium prausnitzii,
Anaerobutyricum hallii,

Butyricicoccus pullicaecorum

Primary energy source for
colonocytes, induces

regulatory T cells, inhibits

Derived from acetate or
lactate; depends on

other bacteria for
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SCFA Primary Producers Physiological functions Metabolic pathways
inflammation, promotes complex carbohydrate
intestinal sluconeogenesis  breakdown

Propionate  Anaerobutyricum hallii, Precursor for hepatic Formed via succinate

69,400 Prevotella copri

gluconeogenesis, activates
GPCRs and fatty acid
receptors, contributes to
glucose homeostasis and

satiety

pathway or from 1,2-

propanediol

iAo
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Faecalibacterium prausnitzii, Akkermansia
muciniphila, Eubacterium spp. Wk @ ¥
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Bacteroidales wag Clostridiales swuu3unay
wnnluanldlve @wgrasiu Bacteroides fragilis
aenug 2Y-312 finenldarnmisniiAuuuw 3
AMANUALTIUIN WU N1INTEAU colonocytes
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[
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9

(strain-dependent) laguag UGN TONER

a15iunsnlaladu (fragilysin) 7110 820 098U
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witngauiazihu iy NGP
Bacteroides xylanisolvens @1 aﬁuﬁz DSM
23964 Falias1sa1siwnne1esu B. fragilis

INMIFNYIMNARTINTEEEN 1 nudtaneiugilll

Aulaende warduwilduaiundduiulag

9
WWNTEAU 1M NNz ALaUALAU TFOL &3
a v Y] ! oo 2 445, 50)
LA BITDIAUNITNOUAUDIA DLYAA ULS
YgN Bacteroides dorei @18 Wus D8 i
a I

AuaIusatunisiud sumnetadmeseatdu
coprostanol Turasanaany Fee1aidnanwlu
nmsansyauluduludon®®

Clostridium  butyricum MIYAIRI 588

=3

(CBM588) 399 JUNan e 510 T Iaie

n153nw1 (live biotherapeutic product; LBP)
Isumsfnuluginraedeuazinislduiuiu
41 50 ¥ laslamigludssinadg Ju 1 ean
Hansenuamnazidvaunavedlulasiuleuly
dldMAnannsldefdaug sawdddlunng
$nwlse 1w Tsadade Clostridium difficile
way Helicobacter pylori n1gluduluiionas

wazuztsauiia@’ ot

" nsneaesluny wuin
nsls CBM588 anunsaiiunnnazdsaunaves
aunsdluald amnsai uauynves
wuANIenNa Y Bifidobacterium, Lactobacillus

way Lactococcus Tuanld>?

Table 4 Well-characterized and potential next-generation probiotic microorganisms

Outcome or Clinical

Organism Type Disease target Study type
Effects and Functionality
Bacteroides fragilis Natural Antibiotic-associated  B. fragilis ameliorated AAD- Rat
zv-312*? (human) diarrhea AAD related diarrhea
Bacteroides Natural Cancer Safety in humans has been Human
xylanisolvens DSM (human) established while levels of
239647 TFQl-specific IgM have

been shown to be

elevated in humans
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Outcome or Clinical

Organism Type Disease target Study type
Effects and Functionality
Bacteroides dorei Natural Heart disease Depletion of cholesterol in Preclinical in
D8“? (human) vitro vitro
Clostridium Natural Multiple targets Preventing antibiotic- Human
butyricum MIYAIRI (human) including cancer, associated diarrhoea /
5882 7 inflammation and  improved the imbalance of
infectious agents microbial conditions
caused by antibiotics
Faecalibacterium Natural Mainly IBD but also Mainly focused animal Preclinical in
prausnitzi/m) (human) asthma, eczema and models of colitis and in mice and in
type 2 diabetes associative studies vitro
Akkermansia Natural Obesity Enhanced insulin Mice
muciniph/(a(w) (human) sensitivity, elevated levels

of anti-inflammatory

cytokines

a

Faecalibacterium prausnitzii Jugdunsd

q

inulaveglualdlngjvoslng ndlavnma lag

q

v v

Faeylunguadunigifanudusiusuuud o
adglusruumadue s dsreaudgvae
Tsaanldeniauis o5 (inflaimmatory bowel
disease; IBD) N156 mﬁ'ﬁya Clostridioides difficile
warmsiadolda iy COVID-19 Fniusuna F.

prausnitzii Tuald anasey 198 e ey

n1sdnerludndnaass wuv 1 n1sLasy
F. prausnitzii mmsaﬂﬁzé]q’umia%’wisziimiﬁﬁﬁﬁ
g3 dun1ssniau® §euanadsdneninues
Raun3guiailunstestunnsunsndaums
szuvmaiueims lasanizludvaed dnde
CoviD-19 1g ®?

Akkermansia muciniphila \duq&un3é

d1Agdnuidaniandauaudalunisdaaiy

9
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Application of NGBs in food

/

« Effective modulation of the gut
microbiota

* Improvement in health and fitness
* Novel solutions for the functional
food and supplement market

Advantages

4

\

y

* Influence on sensory
characteristics

* Manipulation of the intestinal
microbiota without control

N

Disadvantages

4

\

Possibilities

 Utilizationof
microencapsulation process
« Utilizationof the postbiotic form

A

N
>

Limitations

* | ack of effective technology
* Low yield of bacterial culture
* Registration and safety issues

Figure 1 Next-generation biotics (NGBs) applications in food technology.?
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