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Probiotics arevital to maintain good health. By definition, they arelive microbes that, when
ingested in optimal amounts, provide a beneficial health effect on the host organism. We,
humans, have amutually beneficial relationship with probiotics. Probiotics (bacteria) provide
health benefitswhen theyresidein the colon. However, toreach the colon, they must remain

viable andinlarge numbersasthey pass through the gastrointestinal tract. Highly acidic
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conditionsin the stomach, owingto the presence of hydrochloricacid (HCl), significantly reduce
probioticviability. Hydrochloric acid, being an oxidizing agent, readily penetrates cell
membranes, thereby damaging essential components and organelles. Ensuring probiotic viability
duringstorage and, more importantly, during passage through the harsh gastric conditions
following oral administration remains a critical challenge in developing effective probiotic
formulations. Microbial cells or bioactive substances, can be stabilized into wall matricesto create
encapsulations. Probiotics pose unique challenges for encapsulation due to their size and the need
tomaintain their viability throughout the process. Selecting an appropriate microencapsulation
technologyisveryimportant. The microencapsulation method delivers probioticsin good
condition to thetarget.

Thisresearch was designed for the development and evaluation of synbiotic encapsulation of
Lactobacillus rhamnosus GG using sodium alginate and whey protein isolate (WPI), combined
with prebiotic fructo-oligosaccharides (FOS) and galacto-oligosaccharides (GOS) via extrusion.
Thisresearch aimed toimprove probiotic viability under harsh gastric conditions, maintain
structural stability during product storage, and facilitate incorporation into functional food
products.

Encapsulation efficiency was highest at moderate prebiotic concentrations, whereas higher



concentrationsreduced encapsulation efficiency. Structural analyses using SEM, FTIR, and XRD
confirmed that synbioticbeads had rough surfaces, intermolecular bonding within the matrix,
and primarily amorphous structures. These characteristics are favorable for probiotic protection
and target cell adhesion. Tests for bacterial survival under simulated gastric and intestinal
conditionsdemonstrated significantly higher viability of synbiotic microencapsulated probiotics
than with non-synbiotic encapsulation. This confirmed the protective capacity of the synbiotic
matrix.

Inthe second phase of thisresearch, synbiotic microbeads were added in guava drink. The
incorporation of synbiotic microbeads into a guava functional fruitdrink demonstrated the
product s feasibility, as evidenced by various analyses namely titratable acidity, pH, total soluble
solids and total plate count. The results of sensory evaluation showed that the product maintained
consumer-acceptability. Furthermore, invivo testing in rabbits revealed no adverse effects on
bodyweight, feed intake, or organ function. Meanwhile, positiveimmunomodulatory effects, as
evidenced by elevated immunoglobulinlevels, were also observed. The results confirmed
potential health-promoting effects of the developed synbiotic formulations.

Thisresearch demonstrated thatsynbiotic encapsulation not only improves probiotic survival

through storage and gastrointestinal transitbut also shows compatibility with food systems. The



findings of this research support the potential for various applicationsin beverages, dairy, and
other functional food products. However, the need for future research, especially clinical trials,
industrial adaptation assessments, etc. to meet rising consumer demands.

Such synbiotic microencapsulationis a promising technology to overcome critical challengesin
probioticviability while offering functional advantages. The findings of this study provide a
strong scientific foundation for advancing the design and development of novel functional food

products that combine safety, product stability, and possible health benefits.



