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In vitro

In vivo

Biogenic

Cell-free supernatant
Paraprobiotic
Metabiotic

Abiotic

Ghost probiotic

10. Pseudoprobiotic

11. Postbiotic
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Table 1 /n vitro and in vivo studies of postbiotics, their bioactivity and/or effects

Method or tool used
. for
Bacteria . .. . . .
Components Type of study Bioactivity or effect identification or References
Components R .
isolation
of postbiotic
Bifidobacterium sp.,
L. acidophilus, L. Cell wall
casei, L. delbi.’uecku components RAW 264.7 '
subsp. bulgaricus, L. and . Immunomodulation N.I 11
. . . macrophage cell line
gasseri, L. helveticus, cytoplasmic
L. reuteri, S. extract
Thermophiles
Faecalibacterium Cviosolic
prausnitzii A2-165 fi]etlc tion Caco-2 cells Immunomodulation N.L 12
(DSM 17677)
L. plantarum K8 Lipoteichoic Human monocyte Immunomodulation MALDI-TOF 13
(KCTC10887BP) acids THP-1 cells unomoduiatio Mass spectrometry
Cell free
extracts,
B. bifidum BGN4, purified cell RAW 264.7 cells Immunomodulation N.I 14
wall and
supernatant
L. johnsonni Lal, L. Lipoteichoic Human HT29 cell . Octyl-Sepharose® CL-
. . . . Immunomodulation 15
acidophilus Lal0 acids line 4B column
. . L Macro-prepHigh Q and
L. casei YIT 9029, L. Lipoteichoic RAW 264.7 .
. Immunomodulation Octyl-Sepharose® CL- 16
fermentum YIT 0159 acids macrophages 4B column

q.
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L. paracasei B21060 Cell-free Dendritic ce.11s from Immunomodulation N.L 17
supernatants human peripheral
Cell-free blood monocytes N
L. paracasei B21060 Human mucosa Anti-inflammatory N.I 18
supernatants
explant of colon
Cell wall Human Immupc?modulation
Bacillus coagulans polymorphonuclear and anti-inflammatory N.I 19
components
cells effect
L. rhamnosus GG Cell-free Human colonic Anti-inflammatory N.L 20
supernatants smooth muscle cells
L. acidophilus (ATCC HeLa, MCF7, U-87,
43121, ATCC 4356, Hep G2, U20S,
606), L. brevis ATCC Intracellular PANC-1, HT-29, Antiproliferative NI 21
8287, L. casei (YIT content WiDr, DLD-1 and o
9029, ATCC 393), L. CX-
rhamnosus GG 1 cells
Sonicated-cell Murine CT26 and N .
L. casei ATCC 393 . human HT29 colon Antiproliferative N.IL 22
suspension .
cancer cells line
Strep. salivarius ssp.
thermophilus ATCC
19238 ar%.d L Intracellular In vitro Antioxidant N.L 23
delbrueckii spp. content
bulgaricus ATCC
11842
L. acidophilus KCTC
3111, L. jonsonnii
KCTC 3141, L. Intracellular . L.
acidophilus KCTC content In vitro Antioxidant N.IL 24
3151, L. brevis KCTC
3498
L. casei ssp. casei
SYI3 an? L. Intracellular In vitro Antioxidant N.L 25
delbrueckii ssp. content
bulgaricus LJJ
7 Bifidobacterium, 11
Lactobacillus, 6 Intracellular
Lactococcus, and 10 In vitro Antioxidant N.L 26
. content
Strep. thermophilus
strains
B. longum SPM1207 Sonlcateq-cell High-cholesterol rat Hypocholesterolemic N.I 27
suspension model
Spontaneously
Polysaccharid hypertensive rats HPLC
L. casei YIT9018 e-glycopeptide and Antihypertensive and 28
complexes renal hypertensive "H-NMR
rats models
L. amylovorus Fragmented Obese mouse model Antiobesogenic N.I 29
CP1563 cells -
L. fermentum Cell lys?lte Hulr_ln anélzepaltlo ma Hepatoprotective N.L 30
BGHV110 suspension epG” cells
Enterococcus lactis
HITRHRI and ntracellular Cultured rat .
Lactobacillus content hepatocytes Hepatoprotective NI 3
acidophilus
MTCC447
Lé’é’fé’;’"]’g}’;" Igj%’ ’ su(;glnizz « In vitro Antimicrobia NI 3

TL1 and RS5

1. Not identified; MALDI-TOF: Matrix-assisted laser desorption/ionization time-of-flight; HPLC: High
performance liquid
2. chromatography; "H-NMR: Proton nuclear magnetic resonance spectroscopy
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12. Chromatography coupled with tandem mass spectrometry
13. Ultra Performance Liquid Chromatography
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Table 2 Inactivation methods of probiotics used to produce postbiotic

References Health effect Type of Del‘lVé.ltl\.le Inactivation Probiotics
study postbiotic procedure
35 Protect the liver I.n human Lysed c.ell Thermal Lactobacillus fermentum BGHV11
liver cells suspension treatment
. . In animal
36 Inhibit the growth O.f pathogens in model Inactive cells Thermal Bacillus pumilus SE5
fish intestines treatment
(fish)
o . In animal
37,38 Inhibition of Acromonas hydrophila model Bacteriocins - Lactobacillus plantarum 1-UL4
growth (fish)
39,40 Increased apoptosis In vitro Cell-free - Lactobacillus plantarum SP
supernatants
. . . Cell-free .
41,42 Reduced cell proliferation In vitro - Lactobacillus rhamnosus MD
supernatants
12 Immune system modulator In vitro Inactive cells - Lactobacillus caset ,L.actobaczllus
paracasei
43 Anti-inflammatory In muscle Cell-free - Lactobacillus rhamnosus GG
cells supernatants
Table 3 Postbiotic activity of Lactobacillus species
References Probiotic bacteria Mechanism of action
45,47 Lactobacillus acidophilus Compete with pathogens
48 Lactobacillus brevis Compete with pathogens
49 Lactobacillus casei Compete with pathogens
50 Lactobacillus fermentum Compete with pathogens
51 Lactobacillus gasseri Compete with pathogens
48 Lactobacillus jonsonnii Compete with pathogens
44,52 Lactobacillus paracasei Compete with pathogens
53 Lactobacillus plantarum Compete with pathogens
44 Lactobacillus rhamnosus Compete with pathogens
46, 54 Lactobacillus reuteri Compete with pathogens
55,56 Lactobacillus rhamnosus Maintain intestinal integrity
57, 58 Lactobacillus rhamnosus Inhibition of enterocyte apoptosis
59 Lactobacillus fermentum Modulation of the inflammatory response
18 Lactobacillus paracasei Modulation of the inflammatory response
60, 61 Lactobacillus rhamnosus GG Modulation of the inflammatory response
62 Lactobacillus reuteri Modulation of the inflammatory response
63 Lactobacillus fermentum Inhibition of proinflammatory mediators
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Table 4 Postbiotic activity on target cell

References Role Target cell Connection Derivative postbiotic
source
Interleukin 10 production and Epithelial dendritic G-protein Lactobacillus and
68 lymphocyte development in cells and conjugated Bifidobacterium
mesenteric lymph nodes macrophages receptors (GPRs) species
Table 5 Use of Postbiotics as a preservative in food industry
References Foods Role Probloflc Postbiotic
bacteria
5 Soybeans Bio- L. pantarum (;fllrll;zize
Y preservative YMLO07 X
material
Canned soups, ice to keep fresh fish, baby food,
S Food Lactococcus -
5 toasted products (such as biscuits or cakes), . . Nisin
preservative lactis

mayonnaise and dairy products, especially cheese
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Table 6 Use of Postbiotics in pharmaceutical industry

References Therapeutic effect

Derived from probiotic bacteria

Commercial products

- In vitro inhibition of antibiotic-resistant
Salmonella isolates
5 - In the improvement of rat colitis
- Significant reduction of skin lesions in
patients with polymorphic light eruptions

E. coli

Colibiogen
(Commercial without protein)

-In the management of salmonellosis in
infants
- In the treatment of intestinal
dysbacteriosis in patients with chronic

E. coli DSM 4087, Streptococcus

HylakForte

5 gastritis faecalis DSM 4086, L. acidophilus (Bacterial free liquid containing
- Reducing the incidence and severity of DSM 414, L. helveticus DS 4183 metabolic products)
radiation-induced diarrhea in radiopaque

patients
L. rhamnosus, L. acidophilus, B.
- To correct intestinal dysbiosis bifidum, B. infantis, B. longum, S.
5 -Strengthen the balanced immune thermophiles, L. plantarum, L. CytoFlora

response
- Improve symptoms in autistic children

salivarius, L. reuteri, L. casei, L.
bulgaricus, L. acidophilus DDS-1,

Lactobacillus sporogenes

Significant reduction in the severity of
5 gastrointestinal disorders in children with
autism spectrum disorder

L. rhamnosus V

Del-Immune V
(A formulation registered with
the US Food and Drug
Administration containing
muramyl peptides, amino acids
and DNA fragments)
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foods has become widespread. Foods containing probiotics are a good
example of these foods, which have both high nutritional value and
prevent disease. In addition, the use of bioactive compounds in food
formulations is also technologically important. Natural protection with
the use of biological preservatives, in addition to improving food safety
and increasing its shelf life, as a technological effect, also has a positive
effect on promoting consumer health. The mechanisms by which
probiotic bacteria develop health-promoting properties can be complex
and multifaceted. These beneficial microorganisms produce a potential
and almost unlimited source of bioactive substances that can directly or
indirectly affect human health. In this regard, active and live cultures of
probiotic bacteria can be used to produce postbiotic bioactive
compounds, such as exopolysaccharides, enzymes, organic acids,
bioactive and antimicrobial peptides such as bacteriocins and
unsaturated fatty acids such as conjugated linoleic acid. In recent years,
new concepts related to probiotics, such as postbiotics, have been used
to describe inanimate microorganisms or extracts free of bacteria that
may provide benefits to the host by providing additional bioactivity to
probiotics. Therefore, the present review article investigates various
aspects of postbiotics and their bioactivity with the aim of expressing
the valuable and practical potential of these compounds for the food
industry.
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