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Comparison of immune modulating effects of probiotics and
postbiotics on viability of and cytokine production by isolated
human immune cells.
Summary
Postbiotics have been garnering increasing interest in
recent times as new evidence of their benefits emerge. Live
probiotic bacteria have certain limitations for commercial
use due to requirement of viability retention in storage and
processing. Probiotics Australia have developed strain
specific postbiotic products and blends which have been
validated independently by the Mucosal Immunology
Research Group at Griffith University, Gold Coast.
These postbiotics are shown to be non-cytotoxic to the
host. Postbiotic type probiotics modulate immune response
similarly or better than their probiotic counterparts. Due to
increased stability, temperature and pressure tolerances,
postbiotics have significant shelf-life benefits when
compared to live probiotics, and can be used for
immunomodulation in functional foods, cosmetics,
therapeutics and agricultural biomacromolecules.

1. Objective
Probiotics as an active ingredient impart several
health benefits by modulating the gut microbiome.
Most strains require certain fastidious conditions to
maintain cell viability and such techno-functional
limitations have hampered their several potential
applications in the food and pharmaceutical sectors.
Therefore, the focus is gradually shifting towards
non-viable deactivated postbiotics and probiotics
derived biomolecules. Probiotics Australia have been
working on developing a solution to address
challenges of pharmacology, food, cosmetics,
manufacturing, and agriculture industry which have
protocols that involve using high pressure and
temperature. Postbiotics is an umbrella term for
deactivated microbes, metabolic products secreted by
probiotics such as enzymes, proteins, short chain fatty
acids, peptides, organic acids, etc. A specialized
deactivation process can help confer certain desirable
properties to the postbiotic.
Our objective was for our products to be
independently evaluated by a leading and accredited
scientific research centre. Probiotics Australia
partnered with Griffith University, Gold Coast to

investigate
immunomodulatory
activity
of
postbiotics. Postbiotics were assessed for cellular
toxicity, immune response generation and compared
with established probiotics. We observed postbiotics
showed comparable or higher immunomodulatory
activity than their probiotic counterparts while having
the added advantage increased stability. Strain
specific postbiotics from Probiotics Australia can
address the manufacturing and formulation
challenges around stability thus cater to multiple
applications and working environments. This report
summarizes the immune modulating effects of
probiotics and postbiotics on viability and cytokine
production by isolated human immune cells.
2. Methods
Stability testing
Probiotics and postbiotics used in the study were
tested for stability and quality as per standard
protocols*.
PBMC restoration
Peripheral blood mononuclear cells (PBMCs) were
isolated from subjects who were (i) healthy
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individuals (controls) (ii) prior to a viral infection
(prior-viral group) and restored as primary cultures.
PBMC restoration protocol is discussed elsewhere
(Rankin et al. 1989, Fowke et al Djaldetti & Bessler
2017). Briefly, PBMCs were cultured in RPMI media
containing 2% FBS. Cells were counted with trypan
blue staining using Countess Automated cell counter
(ThermoFisher Scientific). Cells were resuspended at
a concentration of 5 x 105/ml for plating. They were
incubated at 37°C and 5% CO2 for 3h.

process. Postbiotics are not known to have active
CFUs, hence they are measured in cells/g (c/g) which
had comparable growth-adjusted counts to live
probiotic CFU/g.
LDH Response in Co-cultures

Co-culture establishment
Microbial probiotics and postbiotics were incubated
along with PBMCs for 24h at 37°C and 5% CO2,
details of which are described elsewhere (Djaldetti &
Bessler 2017, Sun et al., 2013).
Lactose dehydrogenase Cytotoxicity response
Lactose dehydrogenase (LDH) is a protein released
during apoptosis and cell damage. After 24h
incubation, supernatant was diluted in LDH storage
buffer. This sample mix was used to determine LDH
content using luminescence assay (Promega Corp.).
Cytokine Screening
Screening was performed using Bioplex human
Cytokine 27-plex suspension array (Biorad
Laboratories)
using
supernatants
as
per
manufacturer’s protocols.

LDH production was observed in two different
subjects (1) healthy and (2) prior to a viral infection.
LDH response is used to assess cell cytotoxicity, and
as there are two sources of LDH in co-cultures, viz,
PBMC and test (probiotics or postbiotics) suitable
references were used. Figure 2 shows the LDH
production levels. There was no significant change in
LDH production among probiotic strains co-cultured
with PBMC from healthy subject. While LDH
response in the culture with postbiotic blends was
slightly higher, this can be due to greater number of
dead microbes (Figure 2 (a)). The LDH levels
produced in co-cultures of probiotics and postbiotics
with PBMC from prior-viral infection subject were
not significantly different to control (PBMC alone)
(Figure 2(b)). The slight increase can be attributed to
LDH produced by probiotic strains in co-culture. As
postbiotics are inactivated, the live/dead ratio is much
lower, thus producing certain LDH of their own. The
results are expected due to the inherent characteristic

3. Results
Microbial cultures

Figure 2: MRS Agar plates of (a) Probiotic and (b) Postbiotic
Blends. CFUs observed in (a) while low CFUs observed in (b).

MRS agar plating for probiotic and postbiotic blends
(Fig.1, representative image) shows postbiotics have
lower CFU/g of inoculum due to the deactivation

Figure 1: Cell viability measured by LDH released into coculture media. (a) PBMCs from healthy subject was cultured
independently (control), with probiotics, its blend or postbiotic
blend. (b) PBMCs from subject prior to viral infection was
cultured similarly.
of microbial-lymphocytic
interactions. Non-

significant LDH concentration suggest probiotics do
not prevent host defence function via opportunistic
cell damage.

Contact:
P: +61 756706466
e: info@probioticsaustralia.com.au
www.probioticsaustralia.com.au

Address:
24-30 Blanck Street, Ormeau
4208 QLD, Australia
TGA licence: Mi 2018 Li 083271

EXPLAIN
EXPLAIN
THE INNOVATION:
INNOVATION:
Cytokine responses
Cytokine marker levels of established probiotics were
similar to postbiotics suggesting substitutability with
respect to eliciting immune response in the host.
Figure 3 and 4 reports the responses intensities in
PBMCs cultured from healthy subjects. Figure 3
compared single strain probiotics and their
corresponding postbiotics for immunomodulatory
markers. While L. plantarum and its postbiotic

Figure 4: Immunomodulatory effects on PBMC from healthy
subject using blends. Probiotic blend, corresponding postbiotic
blend, E. coli LPS (as positive control) tested on PBMCs for
inflammatory markers (a,b) and immune system recruitment
(c,d).

Immunomodulatory effects on PBMCs in different
disease conditions is ongoing at Griffith University,
Gold Coast. Further investigations suggest slightly
reduced or non-significant marker production by
postbiotic-PBMC co-cultures as compared to
probiotic group. Upon interferon-γ exposure, which
mimics viral infection states in human host, there was
an increase in marker production in PBMCs from both
healthy and prior-viral subjects. Additionally, it was
observed that these responses are highly strain
specific, be it used individually or as blends. This data
is not shown in this report as it is proprietary and
intended for scientific publication.
4. Discussion
Early detection of viral infections and a timely
response by the immune system is imperative to
combat and resist the infection (Biron C.A, 1998).
Delayed response or low levels detected by the host
often provides the infecting virus time to incubate and
multiply rapidly in the body (Akram & Inman, 2012).
A boosted immune sensitivity aids in better
preparation to pathogen detection (Song et al. 2019,
Lehtoranta et al. 2020).

Figure 3: Immunomodulatory effects on PBMC from healthy
subject. Probiotics, corresponding postbiotics, E.coli LPS (as
positive control) tested on PBMCs for inflammatory markers
(a, b) and immune system recruitment (c,d).

performed similarly, there was significant difference
in inflammatory and lymphocyte recruitment marker
production by postbiotic B. lactis and L. rhamnosus.
This
indicates
strain
specificity
in
immunomodulation.
When probiotic blend was tested against their
corresponding
postbiotic
blend,
postbiotics
performed better in neutrophil recruitment while with
reduced proinflammatory cytokine production
(Figure 4). Both test blends produced less markers
than upon LPS exposure, which is a complex
carbohydrate released during infection states.

Several validation experiments conducted at Griffith
University, Gold Coast suggest that individual
postbiotics strains perform similar to probiotic strains
on certain measures, while postbiotic blends perform
similar to probiotic blends. Probiotics are better suited
for certain biological roles, such as energy harvest,
nutrient absorption, and carbohydrate digestion in
human hosts. Clinical reports suggest potential
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benefits in using postbiotics for immunomodulation
while proposing further investigation for other uses
(Malagón-Rojas et al. 2020, Homayouni et al. 2021).
Both probiotics and postbiotics are seen to beneficial
to gut health and improved digestion, while their
mechanism of action may vary.

postbiotics. We suggest contacting Probiotics
Australia for further information, or for a
discussion to help choose the right product for your
intended use.
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5. Conclusion
Postbiotics are a fast-emerging technology as they
impart an array of health-promoting properties.
Probiotics and postbiotics each have their advantages
while possessing overlapping health benefits,
especially in eliciting immune responses. Postbiotics
are suitable where immune health benefits are desired
when processing and storage conditions are
challenges in production. To achieve specific
functional purposes, using them in a blend can
leverage advantages of both probiotics and

[ * ] – For more information on stability and quality, please
contact Probiotics Australia. Observed effects are product and
strain specific. Please contact us for advice on therapeutic or
functional use for your specific requirements.
Probiotics Australia has taken care in the preparation of the information
presented in this document. All claims should be confirmed by customers
and product sponsors to ensure compliance with laws and regulations for
probiotics in their countries. No part of this document may be
reproduced without express written permission from Probiotics
Australia. Probiotics Australia does not make any claim or rights of
interest to any non Probiotics Australia trademarks.
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