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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.IL 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 .
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 Human hzepatoma Hepatoprotective N.L 30
BGHV110 suspension HepG~ cells
Enterococcus lactis
HITRHRI and ntracellular Cultured rat .
Lactobacillus content hepatocytes Hepatoprotective NI 3
acidophilus
MTCC447
Lé’é’fé’;”;‘g}’;" IEJ(ZI ’ Su(;glrﬁzzts 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

q)
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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
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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, 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
gastritis
- Reducing the incidence and severity of
radiation-induced diarrhea in radiopaque
patients

E. coli DSM 4087, Streptococcus

faecalis DSM 4086, L. acidophilus

DSM 414, L. helveticus DS 4183

HylakForte
(Bacterial free liquid containing
metabolic products)

- To correct intestinal dysbiosis
-Strengthen the balanced immune
response
- Improve symptoms in autistic children

L. rhamnosus, L. acidophilus, B.
bifidum, B. infantis, B. longum, S.
thermophiles, L. plantarum, L.
salivarius, L. reuteri, L. casei, L.
bulgaricus, L. acidophilus DDS-1,
Lactobacillus sporogenes

CytoFlora

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)

@S el ess, U S S gy 3l onlazad
3 oubelssY Ll)bie gla St
Sl Sl Candy 5 el s ) (pa Sl
LSS ot ol 2 osdle s Sl 1y b3l 54
Sl b odd W5 o5, Sn A 2l s sl L5
olh 1 i Sy ol Sas S Bl sl Y

G s s oS S o sty b 318 &y

xa 5 iy s Shee  aie oSG Lo plantarum 3 ws S

e

q0

Lols dleml 5o 28l (ioman 5 555 0 o2a ok
S s S slgiy 08k 5 gu.@é;ﬂ@q- Saeslsy @ a5
s Gk slag sy S bl Sl e sy

o s oo bl 1 Sl A, s Shes 5 sl


http://dx.doi.org/10.22034/FSCT.19.126.87
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.20.1
https://fsct.modares.ac.ir/article-7-59285-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-09-22 |

[ DOR: 20.1001.1.20088787.1401.19.126.20.1 ]

[ DOI: 10.22034/FSCT.19.126.87 ]

wﬁglﬁwjéﬁﬁ‘ﬁb

A oMl Gl 63,08 Sl 5L S5 5S s
ol s sbanlp b Ll el 5y, s
W clﬂ-w BLEN’ 3))4. oolde o ‘Jﬂ‘*’ LSU‘CAcJ}’.L:‘
CAES OIS S oy G 5 Slalllae pman 2L
o3 ealital gl 0 |y ol YT st 508 5 A5

Ll o9 les ﬁ\)_?e e sl s

@L'.a -¢

[1] Amiri, S., Rezazadeh-Bari, M., Alizadeh-
Khaledabad, M., Rezaei-Mokarram, R., &
Sowti-Khiabani, M. (2021). Fermentation
optimization  for  co-production  of
postbiotics by Bifidobacterium lactis BB12
in cheese whey. Waste and Biomass
Valorization, 1-16.

[2] Rezazadeh-Bari, M., Najafi-Darmian, Y.,
Alizadeh, M., & Amiri, S. (2019).
Numerical optimization of probiotic Ayran
production based on whey containing
transglutaminase and Aloe vera gel. Journal
of food science and technology, 56(7),
3502-3512.

[3] Rezaeiyan M, Amiri S. Optimization of
survivability of Lactobacillus casei LAFTI-
L26 and the physicochemical properties of
functional flavored set yogurt containing
grape syrup. Food Science and Technology.
2021 Aug 10;18(114):195-208.

[4] Amiri S, Mokarram RR, Khiabani MS,
Bari MR, Khaledabad MA. Characterization
of antimicrobial peptides produced by
Lactobacillus  acidophilus LA-5 and
Bifidobacterium lactis BB-12 and their
inhibitory  effect against foodborne
pathogens. LWT. 2022 Jan 1; 153:112449.

[5] Kazem Alilou N, Amiri S, Rezazadeh Bari
M, Dodangeh S. Investigation of chemical
and microbial properties of flavored
probiotic milk using Bacillus coagulans and
grape syrup. Food Science and Technology.
2021 Jun 10;18(112):11-9.

[6] Amiri S, Rezazadeh Bari M, Alizadeh
Khaledabad M, Rezaei Mokarram R, Sowti
Khiabani M. Co-production of parabiotic
metabolites by Lactobacillus acidophilus
LAS and Bifidobacterium animalis subsp.
lactis BB12 in dairy effluents. Chemical
Review and Letters. 2021 Apr 1;4(2):66-76.

[7] Amiri S, Kohneshahri SR, Nabizadeh F.
The effect of unit operation and adjunct

a1

ORIPl Ol ey 53 L S5t sl 5 e S
Sl SL Jals 5 cder spg Sl and o e
Olse & Ul 1) S sutmy 255 0355 Shlen
3 AV s 4 plaes Glp S gla e
G Sl Sas ppamen 5 ZES L s el e cdle
S plieslse (S Dok 2l e JeSe s
Sy oo Oloys Soso a4 4 Kiy slagls 5 el
s & LSS iy Clidd il Ade olan pdir
Al o OT 5 Shes oo G35 S35 1y oo b
e L Gloss ol pul anns Gl prames oL
Lol el e 55 oDl 350
S5 6w sl Do SLcTSS 54 s (s
el Ssmsn LS aes gl b o pbowo
slacd sl A5 4 0l s il os S obml i s
o s Solew cpdor Ol 5 R0y ln dwdda
Sy (S8 eddm ol SVl slag SL Jbs Ol e
oS lee sladiy (o Seds ety sless, (gl
keSS w KiSST sy cemilis 51 oS Jias 51
o iy s, S5 L HSPOS  oman 055, Ol e
O Frw 3 S 52 560 Al SIS 5 P2TT 5 o
Chesl il oty Lsiie estidlL-10
AL Ot L wagyslacisie Ol ¢l glodiS sl
Kile o2s; sl 5 oledl lagolen 5 OFS o5
S oSl gkal 3508 o8 e 358 0 1Y 58 2l
5ol sl (S S n sbadsle Sy
LS I3 a2 Gees s 4 Al S e O

L]

S S 4o Y
sladpbe 5 olis S Ssmsn 4 Sty ool
sladls o3 Ll L 4 Llg e o sl o)l Lol
o NS wal3 g sl b e Ll e
) Sl S ety &S das o OIS Ollas
GG AS el eS L (ledlas il 0 SUS
Wilg e s s e Ol ) o Seds 5 Sls] o
Tadas a8 gy <l by i3l s oDl sl il

OVpame  aney Gl gledil o fely gl


http://dx.doi.org/10.22034/FSCT.19.126.87
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.20.1
https://fsct.modares.ac.ir/article-7-59285-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-09-22 |

[ DOR: 20.1001.1.20088787.1401.19.126.20.1 ]

[ DOI: 10.22034/FSCT.19.126.87 ]

Ve J\JJA AL 092 AR b)\.a..;

Ol 2l mlo 5 p e o

intestinal  epithelial HT29 cells to
lipopolysaccharide  and  gram-negative
bacteria. Infection and Immunity, 70(4),
2057-2064.

[16] Matsuguchi, T., Takagi, A., Matsuzaki,
T., Nagaoka, M., Ishikawa, K., Yokokura,
T., & Yoshikai, Y. (2003). Lipoteichoic
acids from Lactobacillus strains elicit strong
tumor necrosis factor alpha-inducing
activities in macrophages through Toll-like
receptor 2. Clinical and Vaccine
Immunology, 10(2), 259-266

[17] Mileti, E., Matteoli, G., Iliev, I. D., &
Rescigno, M. (2009). Comparison of the
immunomodulatory properties of three
probiotic strains of Lactobacilli using
complex culture systems: prediction for in
vivo efficacy. PloS one, 4(9), €7056.

[18] Tsilingiri, K., Barbosa, T., Penna, G.,
Caprioli, F., Sonzogni, A., Viale, G., &
Rescigno, M. (2012). Probiotic and
postbiotic activity in health and disease:
comparison on a novel polarised ex-vivo
organ culture model. Gut, 61(7), 1007-1015.

[19] Benson, K. F., Redman, K. A., Carter, S.
G., Keller, D., Farmer, S., Endres, J. R., &
Jensen, G. S. (2012). Probiotic metabolites
from Bacillus coagulans GanedenBC30TM
support maturation of antigen-presenting
cells in vitro. World Journal of
Gastroenterology: WIG, 18(16), 1875.

[20] Cicenia, A., Scirocco, A., Carabotti, M.,
Pallotta, L., Marignani, M., & Severi, C.
(2014). Postbiotic activities of lactobacilli-
derived factors. Journal of clinical
gastroenterology, 48, S18-S22.

[21] Choi, S. S., Kim, Y., Han, K. S., You, S.,
Oh, S., & Kim, S. H. (2006). Effects of
Lactobacillus  strains on cancer cell
proliferation and oxidative stress in vitro.
Letters in Applied Microbiology, 42(5),
452-458.

[22] Tiptiri-Kourpeti, A., Spyridopoulou, K.,
Santarmaki, V., Aindelis, G., Tompoulidou,
E., Lamprianidou, E. E., ... & Chlichlia, K.
(2016). Lactobacillus casei exerts anti-
proliferative  effects accompanied by
apoptotic cell death and up-regulation of
TRAIL in colon carcinoma cells. PloS one,
11(2), e0147960.

[23]1Ou, C., Ko, J., & Lin, M. (2006).
Antioxidative  effects of intracellular
extracts of yogurt bacteria on lipid
peroxidation and intestine 407 cells. Journal
of Food and Drug analysis, 14(3), 304-310.

v

probiotic culture on physicochemical,
biochemical, and textural properties of
Dutch Edam cheese. LWT. 2021 Nov
24:112859.

[8] Sohrabpour S, Rezazadeh Bari M,
Alizadeh M, Amiri S. Investigation of the
rheological, microbial, and physicochemical
properties of developed synbiotic yogurt
containing Lactobacillus acidophilus LA[]S5,
honey, and cinnamon extract. Journal of
Food Processing and Preservation. 2021
Apr;45(4): el5323.

[9] Dunand E, Burns P, Binetti A, Bergamini
C, Peralta G, Forzani L, et al. Postbiotics
produced at laboratory and industrial level
as potential functional food ingredients with
the capacity to protect mice against
Salmonella infection. Journal of applied
microbiology. 2019; 127(1):219-229.

[10] Hernandez-Mendoza. 2018. Postbiotics:
An evolving term within the functional
foods field. Elsevier Journal Prince.

[11] Tejada-Simon, M. V., & Pestka, J. J.
(1999). Proinflammatory cytokine and nitric
oxide induction in murine macrophages by
cell wall and cytoplasmic extracts of lactic
acid bacteria. Journal of food protection,
62(12), 1435-1444.

[12] Sokol, H., Pigneur, B., Watterlot, L.,
Lakhdari, O., Bermadez-Humaran, L. G.,
Gratadoux, J. J., ... Langella, P. (2008).
Faecalibacterium prausnitzii is an anti-
inflammatory commensal bacterium
identified by gut microbiota analysis of
Crohn disease patients. Proceedings of the
National Academy of Sciences, 105(43),
16731-16736.

[13] Kim, H. G., Lee, S. Y., Kim, N. R., Lee,
H. Y., Ko, M. Y., Jung, B. J., ... & Chung,
D. K. (2011). Lactobacillus plantarum
lipoteichoic acid down-regulated Shigella
flexneri peptidoglycan-induced
inflammation.  Molecular  immunology,
48(4), 382-391.

[14] Lee, M. J., Zang, Z., Choi, E. Y., Shin,
H. K, & Ji, G. E. (2002). Cytoskeleton
reorganization and cytokine production of
macrophages by Bifidobacterial cells and
cell-free extracts. Journal of Microbiology
and Biotechnology, 12(3), 398-405.

[15] Vidal, K., Donnet-Hughes, A., &
Granato, D. (2002). Lipoteichoic acids from
Lactobacillus johnsonii strain Lal and
Lactobacillus  acidophilus strain LalO
antagonize the responsiveness of human


http://dx.doi.org/10.22034/FSCT.19.126.87
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.20.1
https://fsct.modares.ac.ir/article-7-59285-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-09-22 |

[ DOR: 20.1001.1.20088787.1401.19.126.20.1 ]

[ DOI: 10.22034/FSCT.19.126.87 ]

wﬁglﬁwjéﬁﬁ‘ﬁb

media supplemented with inulin. Gut
pathogens, 6(1), 1-7.

[33] Klemashevich C, Wu C, Howsmon D,
Alaniz RC, Lee K, Jayaraman A. Rational
identification of diet-derived postbiotics for
improving intestinal microbiota function.
Current Opinion in Biotechnology. 2014;
26:85-90.

[34] Moradi M, Mardani K, Tajik H.
Characterization and  application  of
postbiotics of Lactobacillus spp. On Listeria
monocytogenes in vitro and in food models.
LWT. 2019; 111:457-464.

[35] Dini¢ M, Luki¢ J, Djoki¢ J, Milenkovié
M, Strahini¢ I, Goli¢ N, et al.2017.
Lactobacillus fermentum postbiotic-induced
autophagy as potential approach for
treatment of acetaminophen hepatotoxicity.
Front Microbiol.

[36] Yang H-L, Xia H-Q, Ye Y-D, Zou W-C,
Sun Y-Z.2014. Probiotic Bacillus pumilus
SES shapes the

intestinal microbiota and mucosal immunity
in grouper Epinephelus coioides. Dis Aquat
Organ. 119-27.

[37] Gholam-Zhiyan,  A.,  Amiri, S.,
Rezazadeh-Bari, M., & Pirsa, S. (2021).
Stability of Bacillus coagulans 1IBRC-M
10807 and Lactobacillus plantarum PTCC
1058 in Milk Proteins Concentrate (MPC)-
Based Edible Film. Journal of Packaging
Technology and Research, 5(1), 11-22.

[38] Foo HL, Loh TC, Mutalib NEA, Rahim
RA.2019. The myth and therapeutic
potentials of postbiotics. microbiome and
metabolome in diagnosis, therapy, and other
strategic applications, 8th ed. Elsevier.

[39] Chuah L-O, Foo HL, Loh TC, Alitheen
NBM, Yeap SK, Mutalib NEA, et al.2019.
Postbiotic ~ Metabolites  produced by
Lactobacillus  plantarum  strains  exert
selective cytotoxicity effects on cancer

[40] Sharifi, S., Rezazad-Bari, M., Alizadeh,
M., Almasi, H., & Amiri, S. (2021). Use of
whey protein isolate and gum Arabic for the
co-encapsulation of probiotic Lactobacillus
plantarum and phytosterols by complex
coacervation:  Enhanced  viability of
probiotic in Iranian white cheese. Food
Hydrocolloids, 113, 106496.

[41] Sharma M, Chandel D, Shukla G.2019.
Antigenotoxicity and cytotoxic potentials of
metabiotics  Extracted from isolated
probiotic, Lactobacillus rhamnosus MD 14
on Caco-2 and HT-29 Human colon cancer

aA

[24] Kim, H. S., Chae, H. S., Jeong, S. G.,
Ham, J. S., Im, S. K., Ahn, C. N., & Lee, J.
M. (2005). In vitro antioxidative properties
of lactobacilli. Asian-Australasian Journal
of Animal Sciences, 19(2), 262-265.

[25] Zhang, S., Liu, L., Su, Y., Li, H., Sun,
Q., Liang, X.,, & Lv, J. (2011).
Antioxidative activity of lactic acid bacteria
in yogurt. African Journal of Microbiology
Research, 5(29), 5194-5201.

[26] Amaretti, A., Di Nunzio, M., Pompei,
A., Raimondi, S., Rossi, M., & Bordoni, A.
(2013). Antioxidant properties of potentially
probiotic bacteria: in vitro and in vivo
activities. Applied microbiology and
biotechnology, 97(2), 809-817.

[27] Shin, H. S., Park, S. Y., Lee, D. K., Kim,
S. A., An, H. M, Kim, J. R., ... & Ha, N. J.
(2010). Hypocholesterolemic effect of
sonication-killed Bifidobacterium longum
isolated from healthy adult Koreans in high
cholesterol fed rats. Archives of pharmacal
research, 33(9), 1425-1431.

[28] Sawada, H., Furushiro, M., Hirai, K.,
Motoike, M., Watanabe, T., & Yokokura, T.
(1990). Purification and characterization of
an antihypertensive compound from
Lactobacillus  casei. Agricultural and
Biological Chemistry, 54(12), 3211-3219.

[29] Nakamura, F., Ishida, Y., Sawada, D.,
Ashida, N., Sugawara, T., Sakai, M., ... &
Fujiwara, S. (2016). Fragmented lactic acid
bacterial  cells  activate  peroxisome
proliferator-activated receptors and
ameliorate dyslipidemia in obese mice.
Journal of agricultural and food chemistry,
64(12), 2549-2559.

[30] Dini¢, M., Luki¢, J., Djoki¢, I,
Milenkovi¢, M., Strahini¢, 1., Goli¢, N., &
Begovi¢, J. (2017). Lactobacillus
fermentum postbiotic-induced autophagy as
potential approach for treatment of
acetaminophen hepatotoxicity. Frontiers in
microbiology, 8, 594.

[31] Sharma, S., Singh, R. L., & Kakkar, P.
(2011). Modulation of Bax/Bcl-2 and
caspases by probiotics during
acetaminophen induced apoptosis in
primary hepatocytes. Food and chemical
toxicology, 49(4), 770-779.

[32] Kareem, K. Y., Hooi Ling, F., Teck
Chwen, L., May Foong, O., & Anjas
Asmara, S. (2014). Inhibitory activity of
postbiotic  produced by strains of
Lactobacillus plantarum using reconstituted


http://dx.doi.org/10.22034/FSCT.19.126.87
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.20.1
https://fsct.modares.ac.ir/article-7-59285-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-09-22 |

[ DOR: 20.1001.1.20088787.1401.19.126.20.1 ]

[ DOI: 10.22034/FSCT.19.126.87 ]

Ve J\JJA AL 092 AR b)\.a..;

Ol 2l mlo 5 p e o

Lactobacillus

johnsonii 533 and its role in anti-Salmonella

activity. FEMS Microbiol Lett.;283: 210-
215.

[52] Zagato E, Mileti E, Massimiliano L, et
al. 2014. Lactobacillus paracasei CBA L74
metabolic products and fermented milk for
infant formula have anti-inflammatory
activity on dendritic cells in vitro and
protective effects against colitis and an
enteric pathogen in vivo. PLoS One.;9:
e8761

[53] Muller DM, Carrasco MS, Tonarelli GG,
et al.2009. Characterization and purification
of a new bacteriocin with a broad inhibitory
spectrum  produced by Lactobacillus
plantarum Lp 31 strain isolated from dry-
fermented sausage. J Appl Microbiol.

[54] Talarico TL, Dobrogosz WI. 1989.
Chemical characterization of an
antimicrobial ~ substance produced by
Lactobacillus reuteri. Antimicrob Agents
Chemother.;33:674-679.

[55] Wang Y, Kirpich I, Liu Y, et al. 2011.
Lactobacillus  rhamnosus GG  treatment
potentiates  intestinal  hypoxia-inducible
factor, promotes intestinal integrity and
ameliorates alcohol-induced liver injury.
Am J Pathol.;179:2866-2875.

[56] Wang Y, Liu Y, Sidhu A, et al. 2012.
Lactobacillus  rhamnosus GG  culture
supernatant ameliorates acute alcohol-
induced intestinal permeability and liver
injury. Am J Physiol Gastrointest Liver
Physiol. ;303: G32-G41.

[57] Yan F, Liu L, Dempsey PJ, et al. 2013. A
Lactobacillus ~ rhamnosus  GG-derived
soluble protein, p40 stimulates ligand
release from intestinal epithelial cells to
transactivate  epidermal growth factor
receptor J Biol Chem.;288:30742-30751.

[58] Lin PW, Nasr TR, Berardinelli AJ, et al.
2008. The probiotic Lactobacillus GG may
augment host defense by regulating
apoptosis and promoting cytoprotective
responses in the developing gut. Pediatr
Res.; 64:511-516.

[59] Frick JS, Schenk K, Quitadamo M, et al.
2007. Lactobacillus fermentum attenuates
the proinflammatory effect of Yersinia
enterocolitica on human epithelial cells.
Inflamm Bowel Dis; 13:83-90.

[60] Yan F, Cao H, Cover TL, et al. 2007.
Soluble proteins produced by probiotic
bacteria regulate epithelial cell survival and

aq

cells. Nutr Cancer.

[42] Maleki, O., Khaledabad, M. A., Amiri,
S., Asl, A. K., & Makouie, S. (2020).
Microencapsulation  of  Lactobacillus
rhamnosus ATCC 7469 in whey protein
isolate-crystalline nanocellulose-inulin
composite enhanced gastrointestinal
survivability. LWT, 126, 109224

[43] Cicenia A, Santangelo F, Gambardella L,
Pallotta L, Iebba V, Scirocco A, et al.2016.
Protective role ofpostbiotic mediators
secreted by Lactobacillus rhamnosus GG
versus lipopolysaccharide- induceddamage
in human colonic smooth muscle cells. J
Clin Gastroenterol.;50: S140-S4.

[44] Mun™ 0z-Quezada S, Bermudez-Brito M,
Chenoll E, et al2013. Competitive
inhibition of three novel

bacteria isolated from faeces of breast milk-

fed infants against selected enteropathogens.
Br J Nutr. ;109:S63-S69.

[45] Campana R, Federici S, Ciandrini E, et
al.  2012. Antagonistic activity of
Lactobacillus acidophilus 4356 on the
growth and adhesion/invasion
characteristics of human Campylobacter
jejuni. Curr Microbiol.;64:371-378.

[46] Jones SE, Versalovic J. 2009. Probiotic
Lactobacillus  reuteri biofilms produce
antimicrobial and anti-inflammatory factors.
BMC Microbiol.;9:35-48.

[47] Amiri, S., Mokarram, R. R., Khiabani,
M. S., Bari, M. R., & Alizadeh, M. (2020).
Optimization of food-grade medium for co-
production of bioactive substances by
Lactobacillus  acidophilus  LA-5  for
explaining pharmabiotic mechanisms of
probiotic. Journal of Food Science and
Technology, 1-12.

[48] Ward TL, Hosid S, loshikhes I, et al.
2013. Human milk metagenome: a
functional  capacity  analysis. BMC
Microbiol.; 13:116-127.

[49] Fayol-Messaoudi D, Berger CN,
Coconnier-Polter MH, et al. 2005. pH-,
lactic acid-, and non-lactic dependent
activities of probiotic Lactobacilli against
Salmonella enterica serovar typhimurium.
Appl Environ Microbiol.;71:6008-6013.

[50] Chery J, Dvoskin D, Morato FP, et
al.2013.  Lactobacillus  fermentum, a
pathogen in documented

cholecystitis. Int J Sur Case Rep.; 4:662—-664.

[51] Pridmore RD, Pittet AC, Praplan F, et al.
2008. Hydrogen peroxide production by


http://dx.doi.org/10.22034/FSCT.19.126.87
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.20.1
https://fsct.modares.ac.ir/article-7-59285-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-09-22 |

[ DOR: 20.1001.1.20088787.1401.19.126.20.1 ]

[ DOI: 10.22034/FSCT.19.126.87 ]

wﬁglﬁwjéﬁﬁ‘ﬁb

Guidelines. World Allergy Organ J 3:
57-161.

[65] Berni Canani R, Nocerino R, Terrin G et
al, 2013. Formula selection for management
of children with cow milk allergy influences
the rate of acquisition of tolerance: a
prospective multicenter study. J Pediatr

163:771-777.

[66] Lorella Paparo, Rita Nocerino, Carmen
Di Scala, Giusy Della Gatta, Margherita Di
Costanzo, Aniello Buono, Cristina Bruno,
and Roberto Berni Canani. 2019. Targeting
Food Allergy with Probiotics.

[67] Prince, B. T., M. J. Mandel, K. Nadeau,
and A. M. Singh. 2015. Gut microbiome
and the development of food allergy and
allergic disease. Pediatric Clinics of North
America 62 (6):1479-1492.

[68] Aziz Homayouni Rad, Leili Aghebati
Maleki, Hossein Samadi Kafil, and Amin
Abbasi. 2020. Postbiotics: A novel strategy
food allergy treatment. tandfonline Journal.

VYoo

growth. Gastroenterology.;132:562—575.

[61] Yoda K, Miyazawa K, Hosoda M, et al.
2014. Lactobacillus Ggfermented milk
prevents DSS-induc

colitis and regulates intestinal epithelial
homeostasis through activation of epidermal
growth factor receptor. Eur J Nutr.;53:105—
115.

[62] Petrof EO. 2009. Probiotics and
gastrointestinal diseases: clinical evidence
and basic science. Antinflamm Antiallergy
Agents Med Chem.; 8:260-269.

[63] Nemeth E, Fajdiga S, Malago J, et al.
2006. Inhibition of Salmonellainduced 1L-8
synthesis and expression of Hsp70 in
enterocytelike Caco-2 cells after exposure to
non-starter  Lactobacilli. Int J Food
Microbiol.;112:266-274.

[64] Fiocchi A, Brozek J, Shunemann H et al
2010. World Allergy Organization (WAO)
Diagnosis and Rationale for Action against
Cow’s Milk Allergy (DRACMA)


http://dx.doi.org/10.22034/FSCT.19.126.87
https://dorl.net/dor/20.1001.1.20088787.1401.19.126.20.1
https://fsct.modares.ac.ir/article-7-59285-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-09-22 |

[ DOR: 20.1001.1.20088787.1401.19.126.20.1 ]

[ DOI: 10.22034/FSCT.19.126.87 ]

JEST No. 126, Vol. 19, August 2022 ABSTRACT
. . )
Iranian Journal of Food Science and Technology L,j
Homepage:www.fsct.modares.ir N et

Review article

Concept and potential applications of postbiotics in the food industry

o e 1* . 2
Amiri, S. ", Kazemi, S.

1. Assistant Professor, Department of Food Science and Technology, Faculty of Agriculture, Urmia University,

Urmia, Iran.
2. M.Sc. Student, Department of Food Science and Technology, Faculty of Agriculture, Urmia University,
Urmia, Iran.
ARTICLE INFO ABSTRACT
Article History: Due to the importance of diet in consumer health, the use of functional

Received 2022/ 02/ 03
Accepted 2022/ 04/ 16

Keywords:

Postbiotics,
Probiotics,
Biological activity,
Health effect,
Functional.

10.22034/FSCT.19.126.87
DOR: 20.1001.1.20088787.1401.19.126.20.1

*Corresponding Author E-Mail:
sa.amiri@urmia.ac.ir

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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