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Scope of Probiotics: Multidimensional spectra of probiotics

Scientists...
...want to generate
high-quality science
that has a positive

impact on society

b

Industry...
...want high-quality,
profitable products,
with validated and

understandable claims

P

Consumers...
...want reliable
information to make
informed decisions

-

Regulators...
...want to protect
consumers from

misinformation
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Aim of presentation

OBJECTIVE

Deciphering the role of Alandits alliesin
probiotics while focusing on potential and

Challenges
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Probiotics Definition: WHO, FAO, and ISAPP
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Probiotics in a glance

Kill pathogens Probiotics ———  Strain sagety

Boost immunity m ———o Tolerance potential

T~

Nutrition depletion ————0 Aggregation properties

Mechanism of
action

Secrete bacteriocins ————o Postbiotics production

Overview of
Probiotics

Health &—— —@ Lactobacillus

Food Applications Species ——e Bifidobacterium

Pharmaceuticals &—— —— Enterococcus

Agriculture &—— ——e Saccharomyces
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~ Advancement in probiotics
» Conventional probiotics
‘ u rre nt * Next-generation probiotics
A e Engineered probiotics
e CRISPR-biotics

S ce n a ri 0 e Personalized probiotics

\ Of Challenges in probiotics
e Screening
s e " e Large data analysis
p ro b I Ot I CS e Complexity of the system
e Accuracy of data
e Quality control properties

Less
specificity

Not accurate

. Time- Results No- Low
Shortcomlngs consuming compromised automation sensitivity
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Artificial Intelligence and its allies

Artificial Intelligence

Al involves techniques that equip computers to
emulate human behavior, enabling them to learn,

Artificial Intelligence

make decisions, recognize patterns, and solve
complex problems in a manner akin to human
intelligence.

Machine Learning

ML is a subset of Al, uses advanced algorithms to
detect patterns in large data sets, allowing
machines to learn and adapt. ML algorithms use
supervised or unsupervised learning methods.

» Machine Learning

Deep Learning

DL is a subset of ML which uses neural networks
for in-depth data processing and analytical tasks.
DL leverages multiple layers of artificial neural
networks to extract high-level features from raw
input data, simulating the way human brains
perceive and understand the world

Generative Al

Generative Al is a subset of DL models that
generates content like text, images, or code based
on provided input. Trained on vast data sets, these
models detect patterns and create outputs without
explicit instruction, using a mix of supervised and
unsupervised learning

Generative Al
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Artificial intelligence (AI) and gut microbiota

Eubiosis

Effects of AI on gut-microbiota

Quick and more

Al tools
Gut-

microbiota

= B8 Processing and
DL interpreting

Al helps 1n processing

and interpreting huge
data sets, allowing
rapid and accurate
microbial detection,
diversity, and its
interactions with host’s
health and metabolic

processes

A

AT and ML, algorithms
identify patterns and
correlations with
complex datasets, and
provide perceptions
about the composition
and function of the gut
microbiome

ML provide
multivariate and non-
linear analyses that
offering enhanced
precision and fast data
interpretation.

2

Al tools improving the

accuracy and speed of

microbiome analysis,
processing large

amounts of sequencing
data and detect the
microbial imbalances

—

Precision and
fast

Heterogeneity,
inconsistencies, data
privacy, and ethical
concerns, etc. are the
shortcoming of Al in

gut microbiota

understanding.

www.acstm.org




{Artificial intelligence (Al) in probiotics

Artificial intelligence (Al) is being used in the field of probiotics to

e analyze complex microbiome data,

« predict the most effective probiotic strains for specific individuals,

» design personalized probiotic combinations, and

« accelerate the discovery of new probiotic candidates by identifying
potential beneficial bacteria based on their genetic characteristics,
essentially paving the way for "precision probiotics" tailored to
individual needs.
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Identification

Spectrum of

a rt ifi ci a I Characterization
intelligence
in Optimization

probiotics

Interactions
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Advantages of Al in probiotic

AN

Identify new
probiotic strains and
characterize their
beneficial properties

AN

Development of
targeted probiotic
interventions

a

-

™

Ensuring compliance ‘
with regulatory
standards and

simplifying audits

Enhanced
fermentation control

Enhance efficiency,
accuracy, and overall
products quality

Predictive
maintenance of
production
equipment's

Design and optimize
probiotic
formulations

Analyze large and
complicated
probiotics-related
data

&

Enhance the
probiotic’s
formulation process
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[AI in Quality Control of Probiotics J

Predictive analytics for
raw material quality

1

; ; . Automated
Real-time Al in Quality .
monitoring and — Control of ‘ documentation and
anomaly detection Probiotics compliance
Process
optimization
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Current shortcomings of Al in probiotics: Challenges

Multiple-step Al-model Results Microbes Genetic
validation development mterpretations similarities stability

The fastness and ~ The development of | Interpreting the results The dynamic nature | The similar ' The microbial genetic
greater performance comprehensive Al of comprehensive Al and regular morphological and instability and
of A tools required models and their models is not an easy development of Al behavioral properties of acquisitions of characters
validation at different applications may task, and any faults technologies raise a microorganisms make it from the environment
points, making it consume time and can lead to negative regulatory issue for difficult to effectively make a hurdle to proper
_ difficult to achieve. | | money. results. proper validation. use Al tools. validation.
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Challenges in Al-Powered Probiotic Assessment

Data Variability
and Quality

*Al models require vast
amounts of high-
quality, standardized
data, which is often
difficult to obtain due to

Ethical and
Privacy Concerns

ePersonalized probiotic
recommendations

Regulatory and
Clinical Validation

eAl-generated insights
must undergo rigorous
validation through
clinical trials and

variations in necessitate sensitive regulatory approval
microbiome health data, raising before being integrated
composition across concerns about data into mainstream
populations. security and privacy. healthcare.
Lack of Complexity of
Standardized Microbiome
Protocols Interactions
*The absence of eThe gut microbiome is
universally accepted highly dynamic,
methodologies for influenced by diet,

microbiome analysis lifestyle, and
and probiotic efficacy environment, making it
assessment hinders Al challenging for Al to
model development. provide consistently
accurate predictions.
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Solutions for using Al in probiotics

More efficient tools
development

Research
collaboration

Technologies
integrations

Model simplicity
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Future perspective of using Al in the field of probiotics

Development
Development of large
of iProbiotics language
models

Automated
bacterial
detection

Personalized Probiotics for
probiotics metabolic
development diseases
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' Advantages

e Accelerated strain discovery
® Optimized formulations

e Personalized probiotic
therapy

e Enhanced safety and efficacy
e Predictive modelling

\.

T \

Advantages \\
and
disadvantages
of Al in
probiotics

Disadvantages

e Data Bias

e Lack of transparency

¢ Regulatory hurdles

e Ethical concerns

e High computational costs

o
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t Summary \

* Probiotics are live microorganisms that have beneficial
properties when administered in adequate amounts.

* The field of growing rapidly while possessing challenges of
screening, data interpretation, and complexity.

 The integration of Al tools greatly affects the microbial domains
particularly the gut microbiota.

« Al also influence the probiotics by different aspects.

* Screening of microbes, complex data analysis, fastness, and less
time-consuming are the advantages of using Al in probiotics.

* Data privacy, ethical concern, and lose regulations may limit the
use of Al in probiotics.

* Collaboration, data sharing, and technologies integration can
overcome the existing shortcoming
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