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Abstract: Traditional probiotics are hindered by their poor ability to survive in acidic and
bile-containing environments, by the need for strict storage conditions, and by inaccurate dosing.
According to ISAPP, postbiotics are defined as inanimate microorganisms and/or their components
that produce a health benefit and avoid these drawbacks. The present review offers a thorough
summary of the fermentation-based manufacturing of postbiotics, covering the entire process from
strain selection right through to the creation of a shelf-stable product, with reference to literature
published between 2020 and 2026.
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Annotatsiya: An’anaviy probiotiklardan foydalanishda kislotali va o‘t suyuqligi mavjud
mubhitda yashab qolish qobiliyatining pastligi, saglash sharoitlariga qat’iy talablar va dozalashdagi
noanigliklar kabi muammolar mavjud. ISAPP ta’rifiga ko‘ra, postbiotiklar — bu salomatlikka foyda
keltiradigan hamda yuqorida qayd etilgan kamchiliklardan xoli bo‘lgan jonli bo‘lmagan
mikroorganizmlar va/yoki ularning tarkibiy gismlaridir. Ushbu sharhda 2020—2026-yillar oralig‘ida
chop etilgan ilmiy manbalarga tayangan holda, postbiotiklarni fermentatsiya usulida ishlab chiqgarish
jarayoni — shtammni tanlashdan boshlab toki uzoq muddat saqlashga yaroqli mahsulotni
yaratishgacha bo‘lgan barcha bosgichlar — batafsil yoritilgan.

Kalit so‘zlar: postbiotiklar; fermentatsiya; inaktivatsiya; yakuniy qayta ishlash; bioaktivlar.

AnHoTtanus: J3hGheKTUBHOCTb TPAJULMOHHBIX MPOOMOTHUKOB OTPAaHUUMBAETCS WX HU3KOMH
BBDKMBAEMOCTBIO B KMCJIOHN Cpefie ¥ B TIPUCYTCTBHUM >KeTuH, He00X0IUMOCTBIO COOJTFO/IEHHST CTPOTUX
YCJIOBUM XpaHEeHUs], a TaKXKe CI0XXHOCTbI0 TOYHOTo Jo3upoBaHusi. CornacHo ornpesenenuto [ISAPP,
MOCTOMOTHKY TPeJCTaBIISIOT COO0M HEXKU3HECTTIOCOOHBIe MUKPOOPTaHU3MbI U/WJIA MX KOMITOHEHTHI,
OKas3bIBarolie 0/IarOTBOPHOE BJIMSTHME Ha 3/0pPOBbe U JIMIIIEHHbIE YKa3aHHBIX HEJOCTaTKOB. B
JIaHHOM 0030pe Tpe/iCcTaB/IeH MopOOHBIN aHaM3 MPOLECCOB MPOM3BO/ICTBA MOCTOMOTHKOB METO/IOM
(dbepMeHTaLM — OT BBIOOpA IITAMMa ZI0 TIOJIyUYeHUsI TOTOBOTO TPOAYKTA C JJTUTETBbHBIM CPOKOM
XpaHeHWUsI; TIPY 3TOM pPacCMaTPUBAIOTCS Hay4yHbIe TyO/MKaLyu 3a ieproz ¢ 2020 mo 2026 rog,.

KroueBble ¢j10Ba: MoCTOMOTHKY; (hepMeHTaLWsl; MHAaKTUBALWSI; TOC/Ieyoiiast o0paboTKa;
OMOAKTHBBI.

Introduction

Probiotics have for a long time been used in order to support the gut microbiota; yet their use in
targeted therapy is limited due to their poor survival in acidic and bile environments (Nataraj et al.,
2020; Thorakkattu et al., 2022). Other problems involve the need for special storage conditions and
difficulties in standardizing the dose (Thorakkattu et al., 2022). Because of these limitations, there has
been growing interest in safer and more stable alternatives. The International Scientific Association of
Probiotics and Prebiotics (ISAPP) defines postbiotics as "inanimate microorganisms and/or their
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components that confer a health benefit on the host" (Salminen et al., 2021). As the health benefits of
probiotics are mainly achieved through their metabolites, it is not necessary to administer the live cells
(Nataraj et al., 2020; Vinderola et al., 2022). Fermentation is still a key process in the manufacture of
postbiotics (Mishra et al., 2024). The present review examines each stage of the fermentation-based
production process, from strain selection to downstream processing.

Methods

The literature was searched in PubMed, NIH, Elsevier, ScienceDirect and MDPI between
2020 and 2026, with a focus on scientific articles, peer-reviewed studies and consensus statements
concerning postbiotic production. The ISAPP consensus documents were included in order to provide
a theoretical background.

Results

The strains used include lactic acid bacteria and various Bifidobacterium species (Moradi et
al., 2020); additionally, Streptococcus, Bacillus, and yeasts such as Saccharomyces cerevisiae are
employed in order to obtain postbiotics with a broader range of effects (Nataraj et al., 2020). The pure
cultures are introduced into media such as MRS broth, milk proteins, or whey (Trymers et al., 2026).

The type of fermentation used — submerged or solid-state — is determined by the desired
postbiotic (Ali-Haneef et al., 2026). In a particular study, solid-state fermentation using Bacillus
amyloliquefaciens and Lactiplantibacillus plantarum yielded a crude preparation that had improved
antibacterial properties against Salmonella and E. coli, together with antioxidant and anti-
inflammatory effects (Tong et al., 2023). The incubation is generally carried out at a temperature of
30-37°C for a period of 25 to 48 hours (Liang & Xing, 2023). Complex metabolites such as
bacteriocins and exopolysaccharides are primarily produced during the stationary phase, when
quorum sensing is active (Bueno et al., 2025).

The inactivation of microorganisms continues to rely on thermal methods, such as
pasteurizing at a temperature between 70 and 90°C for a period of 15 to 30 minutes or autoclaving at
121 °C for 15 to 20 minutes (Ali-Haneef et al., 2026). Occasionally, non-thermal techniques — such as
high-pressure processing, ultrasonic cavitation, and pulsed electric fields — are preferred in order to
prevent damage to heat-sensitive bioactives (Thirumdas & Mudgil, 2025).

Regarding verification, the ISAPP consensus states that manufacturers must show that there
are no viable colony-forming units left (Salminen et al., 2021); this is achieved by pouring samples
onto selective agar media and then confirming that no growth occurs after incubation (Vinderola et al.,
2025).

The downstream processing involves converting the inactivated broth into a standardized and
shelf-stable ingredient. By means of centrifugation or ultrafiltration (Prajapati et al., 2023), the cell
debris and whole cells are removed, and the resulting clear liquid is then concentrated using low-
temperature vacuum evaporation. Since postbiotic extracts are very hygroscopic, carriers like
maltodextrin or starch are included in order to protect them from both oxygen and heat; dehydration
and stabilization are subsequently carried out by means of spray-drying or freeze-drying (Ren et al.,
2026).

Discussion

The main conclusion is that the postbiotic quality is affected at all stages of production—
covering the choice of strain and medium, fermentation, inactivation, and downstream processing—
and is therefore not determined entirely by the strain.

The form of fermentation has an effect on both the kind and the strength of the product (Ali-
Haneef et al., 2026; Tong et al., 2023), and since important metabolites build up during the stationary
phase, both the time of harvest and the temperature used have a direct impact on the yield and on the
composition (Bueno et al., 2025; Netrusov et al., 2023). Inactivation involves a compromise: thermal
methods are simple and reliable but can cause degradation of sensitive bioactives, whereas non-
thermal methods maintain bioactivity although at the cost of greater expense and complexity
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(Thirumdas & Mudgil, 2025). Regardless of the method chosen, plating-based verification is an
essential step in quality control (Salminen et al., 2021; Vinderola et al., 2025).

It is necessary to recognize a number of limitations. The compositional complexity of
postbiotics makes it hard to reproduce and characterize (Scott et al., 2022; Guglielmetti et al., 2025).
Moreover, some of the material on manufacturing is written by people from the industry and has not
been subject to peer review.

References

1.  Ali-Haneef, N., Mohite, A. R., Muruganantham, P., Anver Salim, A., Suman Chinannai, K.,
John, A., & Madar, 1. H. (2026). Postbiotics in functional foods: Production, delivery,
preservation, and regulation. Foods, 15(14), 2434. https://doi.org/10.3390/foods15142434

2. Bueno, E. B. T, Silva, K. d. O., Mendes, M. E. F., de Oliveira, L. B., Menezes, F. P. d.,
Imperador, A. C., Correia, L. F., & Winkelstroter, L. K. (2025). Postbiotics derived from
lactic acid bacteria fermentation: Therapeutic potential in the treatment of muscular
complications in inflammatory bowel disease. Fermentation, 11(7), 362.
https://doi.org/10.3390/fermentation11070362

3.  Guglielmetti, S., Boyte, M.-E., Smith, Cathy L., Ouwehand, A. C., Paraskevakos, G., &
Younes, J. A. (2025). Commercial and regulatory frameworks for postbiotics: An industry-
oriented scientific perspective for non-viable microbial ingredients conferring beneficial
physiological effects. Trends in Food Science & Technology, 163, 105130.
https://doi.org/10.1016/j.tifs.2025.105130

4.  Liang, B., & Xing, D. (2023). The current and future perspectives of postbiotics. Probiotics
and Antimicrobial Proteins, 15(6), 1626—-1643. https://doi.org/10.1007/s12602-023-10045-x

5. Mishra, B., Mishra, A. K., Mohanta, Y. K., Yadavalli, R., Agrawal, D. C., Reddy, H. P.,
Gorrepati, R., Reddy, C. N., Mandal, S. K. & Shamim, M. Z. (2024). Postbiotics: the new
horizons of microbial functional bioactive compounds in food preservation and security. Food
Production 6. https://doi.org/10.1186/s43014-023-00200-w

6. Moradi, M., Kousheh, S. A., Almasi, H., Alizadeh, A., Guimaraes, J. T., Yilmaz, N. & Lotfi,
A. (2020). Postbiotics produced by lactic acid bacteria: The next frontier in food safety. Food
Control 19(6), pp. 3390-3415. https://doi.org/10.1111/1541-4337.12613

7.  Nataraj, B. H., Ali, S. A., Behare, P. V. & Yadav, H. (2020). Postbiotics-parabiotics: the new
horizons in microbial biotherapy and functional foods. Microbial Cell Factories 19.
https://doi.org/10.1186/5s12934-020-01426-w

8. Netrusov, A. L., Liyaskina, E. V., Kurgaeva, I. V., Liyaskina, A. U., Yang, G. & Revin, V. V.
(2023). Exopolysaccharides Producing Bacteria: A Review. Microorganisms 11(6).
https://doi.org/10.3390/microorganisms11061541

9.  Prajapati, N., Patel, J., Singh, S., Yadav, V. K., Joshi, C., Patani, A., Prajapati, D., Sahoo, D.
K., & Patel, A. (2023). Postbiotic production: Harnessing the power of microbial metabolites
for health applications. Frontiers in Microbiology, 14, 1306192.
https://doi.org/10.3389/fmicb.2023.1306192

10. Ren, Y. Ren, S, Li, J.,, Cui, W., Xu, Y., Hua, G,, Li, C., Lyu, Y. & Xue, H. (2026). Effects of
Vacuum Freeze-Drying and Spray-Drying Coupled with Maltodextrin and -Cyclodextrin on
Cactus (Opuntia ficus-indica) Postbiotic Powders. Foods 15(16).
https://doi.org/10.3390/foods15162890

11. Salminen, S., Collado, M. C., Endo, A., Hill, C., Lebeer, S., Quigley, E. M. M., Sanders, M.
E., Shamir, R., Swann, J. R., Szajewska, H., & Vinderola, G. (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—667. https://doi.org/10.1038/s41575-021-00440-6

12.  Scott, E., De Paepe, K., & Van de Wiele, T. (2022). Postbiotics and their health modulatory
biomolecules. Biomolecules, 12(11), 1640. https://doi.org/10.3390/biom12111640

Davronova M., Orynbayeva Z. DOI: 10.66073/ReFocus-Conf/3010061


https://doi.org/10.66073/ReFocus-Conf/3010061

‘/\‘v';ald FUNDAMENTAL VA AMALIY MIKROBIOLOGIYANING BUGUNGI HOLATI VA RIVOJLANISH ISTIQBOLLARI: YOSH OLIMLAR NIGOHI 30.10.2026

13. Thirumdas, R., & Mudgil, P. (2025). Emerging nonthermal technologies for the production of
postbiotics. Comprehensive Reviews in Food Science and Food Safety, 24(6), e70335.
https://doi.org/10.1111/1541-4337.70335

14. Thorakkattu, P., Khanashyam, A. C., Shah, K., Babu, K. S., Mundanat, A. S., Deliephan, A.,
Deokar, G. S., Santivarangkna, C., & Nirmal, N. P. (2022). Postbiotics: Current trends in food
and pharmaceutical industry. Foods, 11(19), 3094. https://doi.org/10.3390/foods11193094

15. Tong, Y., Guo, H., Abbas, Z., Zhang, J., Wang, J., Cheng, Q., Peng, S., Yang, T., Bai, T.,
Zhouy, Y., Li, J., Wei, X,, Si, D., & Zhang, R. (2023). Optimizing postbiotic production
through solid-state fermentation with Bacillus amyloliquefaciens J and Lactiplantibacillus
plantarum SN4 enhances antibacterial, antioxidant, and anti-inflammatory activities.
Frontiers in Microbiology, 14, 1229952. https://doi.org/10.3389/fmicb.2023.1229952

16. Trymers, M., Wisniewski, P., Tkacz, K., & Zakrzewski, A. (2026). From production to
application: Postbiotics in meat, meat products, other food matrices, and bioactive packaging.
Foods, 15(3), 501. https://doi.org/10.3390/foods15030501

17. Vinderola, G., Benkowski, A., Bernardeau, M., Chenoll, E., Collado, M. C., Cronin, U.,
Eckhardt, E., Green, J. B., Ipharraguerre, I. R., Kemperman, R., Lacroix, C., Minami, J.,
Wilkinson, M., Sanders, M. E., & Salminen, S. (2025). Postbiotics: A perspective on their
quantification. Frontiers in Nutrition, 12, 1582733. doi.org

18. Vinderola, G., Sanders, M. E., & Salminen, S. (2022). The concept of postbiotics. Foods,
11(8), 1077. https://doi.org/10.3390/foods11081077

Davronova M., Orynbayeva Z. DOI: 10.66073/ReFocus-Conf/3010061


https://doi.org/10.66073/ReFocus-Conf/3010061

