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~Abstract: The growing global demand for functional foods with health benefits has
_spurred interest in probiotic-enriched dairy products, particularly in regions like
Uzbekistan, where dairy consumption is high. This study investigates the development of
probiotic-enriched yogurt using Lactobacillus rhamnosus and Bifidobacterium longum to
enhance gut health. The results demonstrate that probiotic yogurt maintains viable counts
of 107 CFU/g after 28 days of storage, improves sensory attributes by 12%, and enhances in
vitro gut health markers (e.g., short-chain fatty acid production) by 20% compared to
conventional yogurt. The product complies with ISO 22000 and Uzbekistan’s food safety
standards, offering a scalable solution for the local dairy industry to meet consumer demand
for health-promoting foods.
Keywords: Probiotics, functional dairy products, gut health, Lactobacillus
rhamnosus, Bifidobacterium longum, yogurt, nutritional quality, food safety, Uzbekistan,
consumer health, fermentation.

INTRODUCTION

Functional foods, defined as products providing health benefits beyond basic
nutrition, are gaining popularity worldwide due to their role in improving gut
health, immunity, and overall well-being (Granato et al., 2020). Probiotics, live
microorganisms that confer health benefits when consumed in adequate amounts,
are particularly effective in dairy products like yogurt due to their compatibility
with milk’s nutrient matrix (Hill et al., 2021). In Uzbekistan, where dairy products
are a dietary staple, the development of probiotic-enriched functional foods could
address rising health concerns, such as digestive disorders, while boosting the
dairy industry’s competitiveness (FAO, 2023).

Conventional yogurt production in Uzbekistan relies on traditional starter
cultures (e.g., Streptococcus thermophilus, Lactobacillus delbrueckii subsp.
bulgaricus), but these lack the specific health benefits of probiotic strains like
Lactobacillus rhamnosus and Bifidobacterium longum, known for their gut health - '
benefits (Sanders et al., 2022). This study aims to develop probiotic-enriched yogur,t' ‘
using these strains, evaluating their viability, sensory quality, nutritional impact,_ '
and gut health benefits. The objectives include optimizing fermentation conditions, e
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. “assessing shelf-life stability, ensuring compliance with international standards, and
« @&valuating economic feasibility for Uzbekistan’s dairy sector.
* _ Materials and Methods: Raw Materials

* ., - Raw cow’s milk (3.5% fat, 3.2% protein) was sourced from farms in the

- Tashkent region during 2024. Probiotic strains (Lactobacillus rhamnosus GG,
. -Bifidébacterium longum BB536) were obtained from a certified supplier (Chr.
*Hansen, Denmark).
- Yogurt Production
-Probiotic Yogurt: Milk was pasteurized at 85°C for 30 seconds, cooled to 42°C,
and inoculated with a 1:1 mixture of L. rhamnosus (10° CFU/mL) and B. longum
(10° CFU/mL), alongside traditional starters (S. thermophilus, L. bulgaricus).
Fermentation occurred at 42°C for 6 hours until pH reached 4.5.
-Control Yogurt: Produced using only traditional starters under identical
conditions.
- Storage: Products were stored at 4°C for 28 days to assess probiotic viability
and quality.
Analytical Methods
- Probiotic Viability: Viable counts were determined using MRS agar (for
Lactobacillus) and TOS-propionate agar (for Bifidobacterium) under anaerobic
conditions (ISO 29981:2010).
- Nutritional Analysis: Protein, fat, and lactose were measured using AOAC
methods (AOAC, 2019). Vitamin B12 and folate levels were quantified via HPLC.
- Gut Health Markers: In vitro digestion models assessed short-chain fatty acid
(SCFA) production (e.g., butyrate) using gas chromatography (Roberfroid et al.,
2021).
- Sensory Analysis: A 15-member trained panel evaluated flavor, texture, and
aroma using a 9-point hedonic scale. Consumer acceptance was tested with 60
participants in Tashkent.
- Microbial Safety: Total bacterial, yeast, and mold counts were measured,
with pathogen detection (Salmonella, E. coli) via PCR.
- Physical Properties: pH, titratable acidity, and syneresis were analyzed using
standard methods.
Statistical Analysis _ )
Data were analyzed using ANOVA with Tukey’s post-hoc test (p<0.05). = -
Experiments were conducted in triplicate. - n
Results and Discussion: Probiotic Viability and Stability et
Probiotic yogurt maintained viable counts of 107 CFU/g for both L. rhamnosus® , T
and B. longum after 28 days at 4°C, exceeding the minimum therapeutic threshold - e
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) ‘of 10° CFU / g recommended by the FAO/WHO (2022). The control yogurt, lacking
. problotlc strams, showed only 10° CFU/g of traditional starters after the same
. perlod The high viability is attributed to the protective milk matrix and optimized
. fermentahon conditions, which minimize acid stress on probiotics (Tamime &
. Robmson 2021). Storage at 10°C (simulating suboptimal conditions) reduced
. pr0b1ot1c counts by 10% but remained above therapeutic levels, indicating
* _robustness for Uzbekistan’s variable storage conditions.
- Nutritional Quality
Probiotic yogurt retained 98% of protein (3.2 g/100 g), fat (3.5 g/100 g), and
lactose (4.5 g/100 g) after 28 days, comparable to control yogurt (p>0.05). However,
probiotic strains increased folate levels by 15% (0.05 mg/100 g) and vitamin B12 by
10% (0.4 pg/100 g) due to microbial synthesis, enhancing nutritional value (Rossi et
al., 2020). These micronutrients are critical for addressing deficiencies common in
Uzbekistan, particularly among children and pregnant women (UNICEF, 2023).
Gut Health Benefits
In vitro digestion models showed that probiotic yogurt increased SCFA
production (e.g., butyrate) by 20% compared to control yogurt (p<0.05). Butyrate, a
key gut health marker, supports intestinal barrier function and reduces
inflammation (Gibson et al., 2022). These findings suggest that probiotic yogurt
could address digestive disorders prevalent in Uzbekistan, aligning with global
trends in functional foods (Granato et al., 2020).
Sensory Quality and Consumer Acceptance
Probiotic yogurt scored 8.2/9 for flavor, texture, and aroma, a 12%
improvement over control yogurt (7.3/9) due to the smoother texture and balanced
acidity from probiotic fermentation (p<0.05). Consumer tests indicated 88%
acceptance, with participants valuing the health benefits and creamy texture. The
addition of natural fruit puree (e.g., apricot at 5% w/w) further improved flavor
scores to 8.5/9, addressing consumer preferences in Uzbekistan’s market (Sanders
et al., 2022).
Microbial Safety
Probiotic yogurt maintained microbial safety, with total bacterial counts <10?
CFU/g and no detectable pathogens, complying with ISO 22000 and UzStandard
(2023). The control yogurt showed yeast growth (10° CFU/g) after 21 days, . |
indicating spoilage risk. Probiotic strains” antimicrobial properties (e.g., bacteriocin -
production) likely contributed to enhanced safety (Hill et al., 2021). | .
Practical and Economic Implications e,
Probiotic yogurt production is scalable for Uzbekistan's dairy industry,” . S
requiring minimal modifications to existing fermentation facilities. The technolog.y v e
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®e . suppbrts export potentlal meeting EU and Middle Eastern standards for functional
. ° fOst A cost- benefit analysis estimates a 3-year ROI for a medium-scale facility

° . ($20(5 000 1nvestment) due to premium pricing and reduced spoilage (IDF, 2023).
‘e . G@V(_ernment support for probiotic certification could further boost adoption among

- small-scale producers.
* .+ Environmental Benefits
" Probiotic yogurt production reduces food waste by extending shelf-life and
- uses recyclable packaging, lowering the carbon footprint by 10% compared to
" . conventional yogurt (Tetra Pak, 2023). This aligns with Uzbekistan’s sustainability
goals (UN, 2023).

Comparison with Existing Studies

These results align with Tamime and Robinson (2021), but the focus on
Uzbekistan’s dairy sector and local consumer preferences adds novelty. The study
addresses region-specific challenges, such as limited probiotic product availability.

Limitations and Future Directions

High probiotic culture costs and consumer awareness are barriers. Future
research should explore cost-effective strains and consumer education campaigns
to increase acceptance.

Conclusion: Probiotic-enriched yogurt enhances gut health, nutritional
quality, and sensory attributes, offering a sustainable solution for Uzbekistan’s
dairy industry. Adoption can improve public health and boost exports, aligning
with global functional food trends.
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