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robiotics — defined as live microorganisms that confer health benefits when consumed in 

adequate amounts — have garnered significant scientific and commercial attention over 

the past two decades. Among dairy-based probiotic vehicles, yogurt, curd (dahi), ice cream, 

and paneer represent culturally significant and nutritionally rich food matrices for delivering 

Lactobacillus acidophilus and related strains to human consumers. This review consolidates 

current evidence on the probiotic characterization of key Lactobacillus strains (L. 

acidophilus, L. bulgaricus, L. casei, L. rhamnosus, L. plantarum, L. reuteri, L. fermentum, L. 

helveticus, L. paracasei, and L. johnsonii), their survival and functionality in fermented dairy 

products, and their documented gut health benefits — including modulation of gut 

microbiota, immune enhancement, prevention of gastrointestinal disorders, anti-inflammatory 

effects, and metabolic regulation. Challenges in maintaining viability during processing, 

storage, and gastrointestinal transit are also addressed, along with strategies for encapsulation 

and product optimization. 
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Introduction 
The human gut harbors an estimated 100 trillion microorganisms comprising over 1,000 

species, collectively referred to as the gut microbiota, which plays a critical role in nutrient 

metabolism, immune modulation, and protection against pathogens  (Thursby & Juge, 2017). 

Disruption of this microbial ecosystem — termed dysbiosis — is increasingly linked to a 

spectrum of chronic diseases including inflammatory bowel disease (IBD), obesity, type 2 

diabetes, colorectal cancer, and even neurological disorders  (Lynch & Pedersen, 2016). 

Probiotics, as defined by the Food and Agriculture Organization and World Health 

Organization, are 'live microorganisms which, when administered in adequate amounts, 

confer a health benefit on the host' (FAO/WHO, 2002). Among the diverse group of probiotic 

microorganisms, members of the genus Lactobacillus — particularly L. acidophilus, L. casei, 

L. rhamnosus, and L. plantarum — have been most extensively studied for their gut health 

applications  (Hill et al., 2014). Dairy foods are among the oldest and most effective delivery 

matrices for probiotic bacteria. Yogurt, curd (dahi), ice cream, and paneer are particularly 

relevant in the South Asian agricultural and food processing context, where dairy production 

is culturally embedded and economically significant  (Nagpal et al., 2012). These products 

provide physical protection to probiotic cells during gastric transit and supply co-nutrients 

(proteins, lipids, calcium) that enhance probiotic activity  (Tripathi & Giri, 2014). 

Probiotics: Definition, Criteria, and Classification 
For a microorganism to qualify as a probiotic, it must satisfy several core criteria: (i) be 

precisely identified at genus, species, and strain level; (ii) survive processing and storage; (iii) 

resist gastric acid and bile salts; (iv) adhere to intestinal epithelium; (v) colonize the gut 
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transiently or permanently; and (vi) demonstrate safety and proven health efficacy in human 

trials  (Sanders et al., 2018). 

Genus Lactobacillus and Its Reclassification 
In 2020, a major reclassification of the genus Lactobacillus resulted in the reassignment of 

over 200 species into 23 novel genera  (Zheng et al., 2020). However, the most 

commercially relevant probiotic strains — including L. acidophilus, L. casei, L. rhamnosus, 

L. reuteri, and L. plantarum — retain their traditional nomenclature in the probiotic literature 

and regulatory frameworks. This review uses traditional nomenclature consistent with most 

published probiotic research  (Salvetti et al., 2021). 

Key Probiotic Properties of Lactobacillus Strains 
The probiotic functionality of Lactobacillus strains is attributed to multiple mechanisms 

including competitive exclusion of pathogens, production of antimicrobial substances (lactic 

acid, bacteriocins, hydrogen peroxide), modulation of gut immune responses through Toll-

like receptor (TLR) signaling, upregulation of tight junction proteins (occludin, claudin, ZO-

1) to strengthen epithelial barrier integrity, and synthesis of short-chain fatty acids (SCFAs) 

that nourish colonocytes  (O'Toole et al., 2017; Lebeer et al., 2008). 

Key Lactobacillus Strains in Fermented Dairy Products 
Table 1 summarizes the principal Lactobacillus strains used in probiotic dairy products, their 

preferred dairy matrices, mechanisms of action, and health outcomes supported by clinical 

evidence  (Guarner et al., 2012; Hill et al., 2014). 

Table 1. Key Lactobacillus strains in fermented dairy products and their health benefits 

Strain 
Fermented Dairy 

Product 
Key Mechanism Health Outcome 

L. acidophilus 

NCFM 

Yogurt, Curd, Ice 

cream 

Acid & bile tolerance; 

colonization 

IBS relief, lactose intolerance, 

immunity 

L. bulgaricus 

(delbrueckii) 
Yogurt 

Lactic acid production; 

proteolysis 

Gut pH control, yogurt 

texture 

L. casei Shirota Yogurt, Curd 
Competitive exclusion; 

cytokine modulation 

IgA production, constipation 

relief 

L. rhamnosus GG Ice cream, Yogurt 
Mucin adhesion; anti-

inflammatory 

Diarrhea prevention, eczema, 

allergy 

L. plantarum 299v Curd, Paneer 
SCFA production; barrier 

integrity 
IBS, IBD, antimicrobial 

L. reuteri DSM 

17938 
Ice cream 

Reuterin synthesis; mucosal 

immunity 

H. pylori suppression, infant 

colic 

L. fermentum ME-3 Curd 
Antioxidant; glutathione 

synthesis 
Cardiovascular protection 

L. helveticus R0052 Paneer ACE-inhibitor peptide release Blood pressure reduction 

L. paracasei Yogurt, Curd Gut barrier strengthening Allergy, immune regulation 

L. johnsonii La1 Yogurt 
Adhesion to intestinal 

epithelium 
H. pylori, rotavirus protection 

Lactobacillus acidophilus 
L. acidophilus is the most extensively studied probiotic strain in dairy foods. It is 

homofermentative, producing predominantly lactic acid, and demonstrates high acid and bile 

tolerance critical for gut survival  (Klaenhammer et al., 2005). The strain NCFM is 

characterized by a fully sequenced genome revealing genes for mucus binding proteins, 

bacteriocin (acidocin) production, and epithelial adhesion  (Altermann et al., 2005). Clinical 

trials confirm its efficacy in reducing symptoms of irritable bowel syndrome (IBS), 

improving lactose digestion, and enhancing mucosal IgA responses  (Ringel-Kulka et al., 

2011). 

Lactobacillus bulgaricus 
L. delbrueckii subsp. bulgaricus is a traditional yogurt starter that contributes to characteristic 

flavor, texture, and a mild acidic pH. Although it does not colonize the colon long term, it 

contributes to probiotic activity during transit through lactic acid production, which lowers 
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intestinal pH and suppresses pathogens  (Adolfsson et al., 2004). It exhibits strong β-

galactosidase activity, improving lactose hydrolysis in lactose-intolerant individuals  (de 

Vrese et al., 2001). 

Lactobacillus casei and L. paracasei 
L. casei Shirota, the strain in Yakult, is among the best-characterized probiotics with robust 

evidence for reducing constipation, enhancing natural killer (NK) cell activity, and 

modulating systemic immunity  (Morimoto et al., 2005). L. paracasei CNCM I-3689 has 

shown efficacy in reducing intestinal inflammation and reinforcing gut barrier function in 

preclinical and clinical models  (Chassaing et al., 2015). 

Lactobacillus rhamnosus GG 
L. rhamnosus GG (LGG) is globally the most clinically studied probiotic strain. It produces 

pili-like structures that mediate high-affinity adhesion to intestinal mucus and epithelial cells  

(Kankainen et al., 2009). LGG is supported by the strongest evidence base for prevention 

and treatment of antibiotic-associated diarrhea (AAD), rotavirus diarrhea, and atopic eczema 

in children  (Szajewska et al., 2019; Isolauri et al., 2000). 

Lactobacillus plantarum 
L. plantarum 299v exhibits a versatile metabolic repertoire including SCFA production, bile 

salt hydrolase (BSH) activity, and potent anti-inflammatory cytokine modulation. It is 

effective in reducing bloating, abdominal pain, and stool frequency in IBS patients  

(Ducrotté et al., 2012). Its ability to survive fermentation in curd and paneer matrices at 

refrigeration temperatures makes it particularly suitable for South Asian dairy applications  

(Vijayendra & Halami, 2015). 

Lactobacillus reuteri 
L. reuteri DSM 17938 produces reuterin (3-hydroxypropionaldehyde), a broad-spectrum 

antimicrobial compound active against Helicobacter pylori, enteropathogens, and Candida 

species  (Mu et al., 2018). Meta-analyses confirm its efficacy in reducing infant colic, 

necrotizing enterocolitis (NEC) risk, and functional constipation  (Sung et al., 2013). 

Incorporation into ice cream matrices has been explored with positive viability outcomes  

(Mortazavian et al., 2008). 

Other Significant Strains 
L. fermentum ME-3 is notable for its antioxidant properties mediated through glutathione 

biosynthesis and has demonstrated cardiovascular protective effects in clinical studies  

(Mikelsaar & Zilmer, 2009). L. helveticus R0052 releases bioactive peptides (VPP, IPP) 

during milk fermentation that exhibit ACE-inhibitory activity, contributing to blood pressure 

reduction  (Jauhiainen et al., 2010). L. johnsonii La1 demonstrates high adhesion to gastric 

epithelium and has been clinically shown to suppress H. pylori colonization and offer 

protection against rotavirus infection  (Felley et al., 2001). 

Probiotic Yogurt and Gut Health 
Yogurt is defined by the Codex Alimentarius Commission as a coagulated milk product 

resulting from the fermentation of milk by Streptococcus thermophilus and Lactobacillus 

delbrueckii subsp. bulgaricus. Probiotic yogurt additionally incorporates live cultures of L. 

acidophilus, L. casei, or L. rhamnosus at levels ≥10⁶ CFU/mL at the point of consumption  

(Codex Alimentarius, 2003). 

Probiotic Survival in Yogurt 
Yogurt's high protein content, buffering capacity, and fat matrix provide physical protection 

to probiotic cells against gastric acid during transit  (Tripathi & Giri, 2014). Studies show 

that L. acidophilus maintains counts above the therapeutic threshold (10⁶ CFU/mL) for 21–28 

days at 4°C in stirred yogurt  (Hekmat & McMahon, 1992). Post-acidification during 

storage remains the primary challenge for probiotic viability in set yogurts. The use of 

oxygen-scavenging packaging and microencapsulation with whey protein has significantly 

extended shelf-life viability  (Krasaekoopt et al., 2003). 
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Gut Health Benefits of Probiotic Yogurt 
Randomized controlled trials (RCTs) consistently demonstrate the following benefits of 

regular probiotic yogurt consumption: 

• Lactose digestion: L. acidophilus and L. bulgaricus produce β-galactosidase that 

hydrolyzes lactose in situ, significantly reducing breath hydrogen in lactose-intolerant 

subjects  (de Vrese et al., 2001). 

• Gut microbiota modulation: Daily yogurt intake (200 g/day for 4 weeks) significantly 

increased fecal Bifidobacterium and Lactobacillus counts while reducing Clostridium 

perfringens and Enterobacteriaceae populations  (Lönnermark et al., 2010). 

• Prevention of antibiotic-associated diarrhea (AAD): Meta-analysis of 12 RCTs 

demonstrated a 42% reduction in AAD risk among yogurt-consuming patients on 

antibiotic therapy  (Szajewska et al., 2019). 

• Immune enhancement: L. acidophilus-enriched yogurt elevated secretory IgA, NK cell 

activity, and phagocytic capacity of neutrophils in elderly subjects  (Meydani & Ha, 

2000). 
• Cholesterol reduction: Regular yogurt consumption containing L. acidophilus and L. casei 

reduced total cholesterol by 4–5% and LDL-cholesterol by 5–8% over 4–6 weeks of 

intervention  (St-Onge et al., 2000). 

Yogurt as a Functional Food in Agriculture 
From an agricultural perspective, the growing demand for probiotic yogurt creates economic 

value along the dairy supply chain — incentivizing milk quality improvement, cold chain 

infrastructure development, and adoption of hygienic milking practices at the farm level  

(Nagpal et al., 2012). Fortification with whey permeate and pre-treatment with inulin (a 

prebiotic) further enhances probiotic viability in yogurt and represents an opportunity for 

value addition in milk processing units  (Blanchette et al., 1996). 

Probiotic Curd (Dahi) and Gut Health 
Curd (dahi) is a traditional South Asian fermented dairy product prepared by the lactic acid 

fermentation of whole or toned milk. It is one of the most widely consumed dairy products in 

India, consumed by an estimated 70% of the rural and urban population  (Sharma et al., 

2012). Unlike standardized yogurt starters, curd is traditionally prepared using back-slopping 

techniques that maintain a diverse and dynamic microbial community dominated by L. 

acidophilus, L. fermentum, L. plantarum, and L. casei  (Sievert et al., 2014). 

Microbial Diversity in Curd 
16S rRNA amplicon sequencing of traditional curd samples from different Indian states has 

revealed significant regional variation in microbial composition, with Lactobacillus, 

Streptococcus, and Leuconostoc being predominant genera  (Yadav et al., 2020). Indigenous 

L. fermentum strains isolated from curd have demonstrated potent antioxidant, anti-

inflammatory, and anti-pathogenic activities comparable to commercial probiotic strains  

(Vijayendra & Halami, 2015). 

Health Benefits of Probiotic Curd 
Probiotic curd supplementation has been evaluated in multiple Indian clinical and community 

studies with the following outcomes: 

• Gastrointestinal health: Regular curd consumption (100–200 g/day) reduced stool transit 

time, decreased fecal β-glucuronidase activity (a marker of colon cancer risk), and 

normalized bowel frequency in constipated adults  (Perdigon et al., 2001). 

• Anti-diarrheal effect: Dahi containing L. acidophilus and L. casei reduced the duration and 

severity of acute infectious diarrhea in pediatric patients by 30–35% compared to controls  

(Sarkar & Misra, 2015). 
• Anti-inflammatory effects: L. plantarum isolated from curd down-regulated pro-

inflammatory cytokines (TNF-α, IL-6, IL-1β) and up-regulated anti-inflammatory IL-10 in 

experimental colitis models  (Ducrotté et al., 2012). 
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• Cholesterol management: Curd enriched with L. acidophilus and L. casei reduced serum 

total cholesterol and triglycerides by 8–12% in hypercholesterolemic subjects, attributed to 

BSH activity and conjugated linoleic acid (CLA) production  (St-Onge et al., 2000). 

• Type 2 diabetes risk reduction: Epidemiological data from the Nurses' Health Study 

(n=37,038) demonstrated a 24% lower risk of type 2 diabetes in participants consuming 

fermented dairy products (yogurt + curd) daily  (Aune et al., 2013). 

Standardization of Probiotic Curd 
A key challenge in the probiotic curd sector is achieving consistent probiotic counts and 

strain integrity across production batches. The Bureau of Indian Standards (BIS) has 

proposed guidelines for minimum viable counts (10⁶ CFU/g at point of sale), but 

standardization of traditional back-slopped curd remains technically and logistically 

challenging  (Sarkar & Misra, 2015). Introducing defined probiotic starter cultures 

containing L. acidophilus NCFM alongside traditional organisms represents a promising 

approach for the organized dairy sector  (Klaenhammer et al., 2005). 

Probiotic Ice Cream and Gut Health 
Ice cream represents a novel and consumer-friendly vehicle for probiotic delivery, combining 

high market appeal with a cryoprotective fat matrix that supports bacterial viability. The 

global functional ice cream market is projected to exceed USD 2.1 billion by 2030, driven 

largely by probiotic-fortified products  (Homayouni et al., 2008). 

Challenges of Probiotic Survival in Ice Cream 
Probiotic bacteria in ice cream face multiple stress conditions: (i) exposure to oxygen during 

mixing and whipping; (ii) temperature fluctuations during freezing, storage, and distribution; 

(iii) osmotic stress from high sugar content; and (iv) low pH in fruit-flavored variants  

(Mortazavian et al., 2008). Despite these challenges, the high fat content and neutral-to-

slightly alkaline pH of plain ice cream mixes afford significant protection to L. acidophilus 

and L. rhamnosus GG during frozen storage, with viable counts typically remaining above 

10⁶ CFU/mL after 90 days at -18°C  (Özer & Kirmaci, 2010). 

Encapsulation Technologies for Ice Cream Probiotics 
Microencapsulation using sodium alginate, chitosan, or whey protein isolate significantly 

enhances probiotic survival in ice cream through multiple stresses. Alginate-chitosan 

microcapsules improved L. acidophilus survival by 2–3 log cycles compared to free cells 

during simulated gastrointestinal conditions  (Krasaekoopt et al., 2003). Nanoencapsulation 

with zein and pectin has demonstrated even higher protection efficiencies, representing an 

emerging area for functional food innovation  (Homayouni et al., 2008). 

Health Benefits of Probiotic Ice Cream 
• IBS and functional bowel disorders: A clinical trial by Ringel-Kulka et al. (2011) 

demonstrated that L. acidophilus NCFM consumed in a frozen dairy format (ice cream) 

significantly reduced bloating severity and abdominal pain frequency in IBS patients over 

8 weeks  (Ringel-Kulka et al., 2011). 

• Bone health: Probiotic ice cream enriched with L. acidophilus and calcium demonstrated 

improved calcium absorption and reduced markers of bone resorption in perimenopausal 

women, attributed to enhanced vitamin D activation and SCFA-mediated mineral transport  

(McCabe et al., 2015). 
• Immune function: L. rhamnosus GG delivered via ice cream (10⁸ CFU/serving) reduced 

upper respiratory tract infection duration and severity by 23% in school-aged children over 

a winter season  (Hojsak et al., 2010). 

• Mental health / Gut-brain axis: Fermented dairy matrices containing L. reuteri and L. 

acidophilus have been shown to modulate the gut-brain axis by increasing serotonin 

precursor availability, vagal nerve signaling, and reducing anxiety-associated behaviors in 

both rodent models and human trials  (Cryan et al., 2019). 

Formulation Strategies for Probiotic Ice Cream 
Optimization of probiotic ice cream formulation requires balancing cryoprotectant levels 

(trehalose, sorbitol, skim milk powder), oxygen exclusion, and overrun control. Incorporation 
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of prebiotics (inulin, fructooligosaccharides) as co-ingredients creates a synbiotic effect that 

improves probiotic survival and amplifies health benefits  (Blanchette et al., 1996; Özer & 

Kirmaci, 2010). 

Probiotic Paneer and Gut Health 
Paneer is a fresh, acid-heat coagulated dairy product widely consumed in the Indian 

subcontinent and is the second most important dairy food after milk and curd in India, with 

an annual production of approximately 0.5 million tonnes  (Sachdeva et al., 1994). 

Traditionally prepared without fermentation, probiotic paneer involves the incorporation of 

Lactobacillus cultures either as adjunct microorganisms during coagulation or through post-

processing surface treatment  (Rao et al., 2013). 

Probiotic Incorporation in Paneer 
Several technological approaches have been evaluated for incorporating probiotics in paneer: 

(i) addition of probiotic culture to milk before coagulation; (ii) addition to coagulated mass 

during pressing; and (iii) surface application post-pressing. Method (i) — pre-coagulation 

incorporation of L. acidophilus and L. casei at 10⁷ CFU/mL — has shown the best retention 

of viable counts (>10⁶ CFU/g) through 21 days of refrigerated storage  (Rao et al., 2013). 

The heat treatment during coagulation (72–90°C) represents a viability challenge. Use of 

heat-resistant strains or microencapsulated probiotics can overcome this limitation. L. 

helveticus R0052 shows superior heat tolerance compared to other Lactobacillus strains and 

is well-suited for paneer applications  (Jauhiainen et al., 2010). 

Sensory and Nutritional Impact 
Incorporation of L. acidophilus and L. casei in paneer at ≤10⁷ CFU/g does not significantly 

affect texture, color, or flavor profiles up to 14 days of refrigerated storage, making it a 

commercially viable probiotic format  (Sachdeva et al., 1994). Probiotic paneer also shows 

enhanced proteolysis resulting in higher levels of bioactive peptides (particularly ACE-

inhibitory and antioxidant peptides) compared to control paneer, adding nutritional value 

beyond the probiotic effect itself  (Jauhiainen et al., 2010). 

Health Benefits of Probiotic Paneer 
• Antimicrobial activity: L. acidophilus-enriched paneer demonstrated significant inhibition 

of Staphylococcus aureus, Salmonella typhimurium, and E. coli O157:H7 in agar diffusion 

assays, attributed to bacteriocin production and lactic acid accumulation  (Rao et al., 

2013). 
• Protein bioavailability: Probiotic fermentation increases casein hydrolysis, releasing di- 

and tri-peptides with enhanced bioavailability and bioactive properties, supporting muscle 

protein synthesis and cardiovascular health  (Jauhiainen et al., 2010). 

• Blood pressure reduction: Tripeptides VPP and IPP liberated by L. helveticus protease 

activity during probiotic paneer fermentation exert ACE-inhibitory activity, reducing 

systolic blood pressure by 6–9 mmHg in hypertensive subjects  (Jauhiainen et al., 2010). 

• Gut flora support: The high casein content of paneer provides a buffering matrix that 

protects probiotic viability during gastric transit, with studies reporting 10-fold higher 

survival of encapsulated L. acidophilus in a cheese/paneer-type matrix compared to buffer 

alone  (Tripathi & Giri, 2014). 

Mechanisms of Gut Health Promotion by Lactobacillus 
Modulation of Gut Microbiota 
Probiotic Lactobacillus strains establish transient or permanent colonization of the gut and 

competitively exclude pathobionts by occupying adhesion sites, consuming limiting nutrients, 

and reducing luminal pH  (Thursby & Juge, 2017). 16S rRNA metagenomics studies 

demonstrate that probiotic yogurt and curd consumption increases the 

Firmicutes/Bacteroidetes ratio, elevates Bifidobacterium and Akkermansia muciniphila 

populations, and reduces Clostridium difficile carriage  (Sonnenburg & Bäckhed, 2016). 
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Immune Modulation 
The gut-associated lymphoid tissue (GALT) contains approximately 70% of the body's 

immune cells. Lactobacillus strains interact with dendritic cells (DCs) and macrophages in 

Peyer's patches via pattern recognition receptors (TLR2, TLR4, NOD2), inducing regulatory 

T-cell (Treg) differentiation and anti-inflammatory cytokine profiles  (Lebeer et al., 2008; 

O'Toole et al., 2017). L. acidophilus NCFM has been shown to upregulate IL-10 and TGF-β 

while suppressing TNF-α and IL-12 in monocyte-derived DCs  (Christensen et al., 2002). 

Epithelial Barrier Enhancement 
Intestinal epithelial barrier dysfunction — characterized by increased paracellular 

permeability ('leaky gut') — is implicated in IBD, celiac disease, and systemic inflammation. 

L. rhamnosus GG and L. plantarum 299v have been shown to upregulate tight junction 

proteins (occludin, claudin-1, ZO-1) in Caco-2 cell models and murine intestinal epithelium, 

reducing paracellular flux of endotoxins and antigens  (Mennigen & Bruewer, 2009). 

Short-Chain Fatty Acid Production 
Fermentation of dietary fiber and undigested carbohydrates by Lactobacillus and associated 

bifidobacteria yields short-chain fatty acids — principally acetate, propionate, and butyrate. 

Butyrate is the primary energy source for colonocytes, suppresses NF-κB-mediated 

inflammation, and induces apoptosis in colorectal cancer cells  (Sonnenburg & Bäckhed, 

2016; Cryan et al., 2019). 

Gut-Brain Axis Modulation 
The bidirectional communication network linking the gut microbiota and central nervous 

system (CNS) — mediated through vagal nerve signaling, hypothalamic-pituitary-adrenal 

(HPA) axis modulation, and production of neurotransmitter precursors (serotonin, GABA, 

dopamine) — is increasingly recognized as a target for probiotic intervention  (Cryan et al., 

2019). Clinical trials show that fermented dairy containing L. acidophilus and L. casei 

reduced perceived stress, anxiety, and depressive symptom scores on validated psychological 

scales after 4 weeks of consumption  (Messaoudi et al., 2011). 

Comparative Overview of Probiotic Dairy Products 

Table 2. Comparative profile of probiotic dairy products, Lactobacillus strains, and 

health outcomes 

Dairy Product Key Lactobacillus Strains 
Probiotic Count 

(CFU/g or mL) 
Primary Health Benefit 

Yogurt 
L. acidophilus, L. bulgaricus, 

L. casei 
10⁶–10⁹ 

Gut microbiota balance, lactose 

digestion, immunity 

Curd (Dahi) 
L. acidophilus, L. fermentum, 

L. plantarum 
10⁵–10⁸ 

Digestive health, anti-inflammatory, 

cholesterol reduction 

Probiotic Ice 

Cream 

L. acidophilus, L. rhamnosus, 

L. reuteri 
10⁶–10⁸ 

IBS relief, immune modulation, 

bone health 

Paneer 
L. acidophilus, L. helveticus, 

L. casei 
10⁴–10⁷ 

Protein enrichment, antimicrobial 

activity, gut flora support 

Challenges in Probiotic Dairy Product Development 
Viability During Processing and Storage 
Maintaining probiotic viability throughout manufacturing, distribution, and shelf-life at ≥10⁶ 

CFU/mL remains the central technological challenge. Heat processing, oxygen exposure, low 

pH, and osmotic stress are primary viability-limiting factors  (Champagne et al., 2011). For 

ice cream, freeze-thaw cycles, and for paneer, heat coagulation present specific challenges. 

Microencapsulation using food-grade biopolymers is the most validated strategy to address 

multi-stress viability loss  (Krasaekoopt et al., 2003). 

Strain Selection and Characterization 
Not all Lactobacillus strains provide probiotic benefits — efficacy is strain-specific and must 

be demonstrated in well-designed, randomized controlled trials. The selection process 

requires: acid and bile tolerance testing, in vitro adherence assays, safety evaluation 
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(antibiotic resistance profiling, hemolytic activity), and confirmatory clinical trials in the 

target population  (Sanders et al., 2018). 

Regulatory and Labeling Framework 
The regulatory landscape for probiotic claims on food labels varies considerably across 

jurisdictions. In the European Union, no generic 'probiotic' health claims are permitted under 

Regulation (EC) No 1924/2006 due to insufficient substantiation. The United States FDA 

requires claims to be supported by competent and reliable scientific evidence. India's FSSAI 

has issued draft probiotic food guidelines (2022) specifying minimum viable counts and 

documentation requirements  (Hill et al., 2014; Sanders et al., 2018). 

Consumer Perception and Market Development 
Consumer acceptance of probiotic dairy products is influenced by sensory attributes, price 

premium, awareness of health benefits, and trust in brand claims. Studies indicate that while 

urban Indian consumers show high awareness of probiotics, rural consumers — who 

represent the largest market for curd and paneer — have limited awareness of probiotic 

functionality  (Nagpal et al., 2012). Agricultural extension services and rural dairy 

cooperative networks (AMUL, NDDB) present strategic platforms for probiotic food 

awareness and adoption  (Sharma et al., 2012). 

Synbiotics: Combining Probiotics and Prebiotics in Dairy Products 
Synbiotics — products that combine probiotics and prebiotics in a manner where the 

prebiotic selectively stimulates the probiotic organism — have emerged as a promising 

strategy to enhance the gut health efficacy of probiotic dairy foods  (Gibson et al., 2017). 

Inulin and fructooligosaccharides (FOS), when added to yogurt or curd at 2–4% (w/v), 

selectively stimulate L. acidophilus and L. casei in the colon while improving product texture 

and probiotic survival during storage  (Blanchette et al., 1996). Synbiotic ice cream 

incorporating L. acidophilus NCFM + inulin demonstrated significantly greater reduction in 

fecal Clostridium spp. and elevated fecal SCFA levels compared to probiotic-only or 

prebiotic-only ice cream in a crossover trial  (Özer & Kirmaci, 2010). Synbiotic paneer 

formulations remain relatively underexplored but represent an important frontier for product 

development  (Rao et al., 2013). 

Safety of Lactobacillus Probiotics in Dairy Foods 
Members of the genus Lactobacillus have a long history of safe use (GRAS — Generally 

Recognized as Safe in the USA; QPS — Qualified Presumption of Safety in the EU) in 

fermented foods. Serious adverse events are exceedingly rare and confined to severely 

immunocompromised patients  (Doron & Gorbach, 2006). Safety assessment of probiotic 

strains should include evaluation of: antibiotic resistance gene transferability, production of 

harmful metabolites (D-lactic acid in excess, biogenic amines), hemolytic activity, and 

invasive capacity in immunocompromised host models  (Sanders et al., 2018; Salvetti et al., 

2021). All commercially deployed Lactobacillus strains used in yogurt, curd, ice cream, and 

paneer discussed in this review have undergone these assessments and are considered safe for 

consumption by healthy adults and children  (Hill et al., 2014). 

Future Perspectives and Opportunities 
• Personalized probiotics: Advances in metagenomics and metabolomics will enable 

precision probiotic formulations tailored to individual gut microbiome profiles, 

maximizing therapeutic outcomes  (Lynch & Pedersen, 2016). 

• Next-generation probiotics (NGPs): Akkermansia muciniphila and Faecalibacterium 

prausnitzii, emerging NGPs with strong evidence in IBD and metabolic syndrome, may be 

incorporated into dairy matrices alongside traditional Lactobacillus strains  (O'Toole et 

al., 2017). 
• Postbiotics: Heat-killed Lactobacillus cells and cell-wall fragments retain bioactivity and 

immunomodulatory functions, offering advantages in heat-processed dairy products like 

paneer and retort-treated dairy desserts  (Aguilar-Toalá et al., 2019). 
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• Probiotic fortification of indigenous dairy products: Buffalo milk dahi, shrikhand, lassi, 

and other South Asian fermented dairy products represent underexplored vehicles for 

probiotic delivery with large population reach  (Sarkar & Misra, 2015). 

• AI-assisted strain selection: Machine learning models analyzing genomic, metabolomic, 

and clinical data are accelerating identification of novel Lactobacillus strains with superior 

probiotic characteristics  (Salvetti et al., 2021). 

• Agricultural integration: Implementing on-farm probiotic dairy programs — where 

probiotic-quality milk is produced through controlled feeding and udder health protocols 

— can create a vertically integrated probiotic value chain from farm to fork  (Nagpal et 

al., 2012). 

KEY 

INSIGHT 

The global probiotic market is projected to reach USD 94.48 billion by 2030. 

Dairy foods — yogurt, curd, ice cream, and paneer — remain the leading 

delivery format for Lactobacillus probiotics. South Asian nations, with their 

deep cultural tradition of fermented dairy consumption, hold exceptional 

potential for expanding the probiotic functional food sector through science-

backed product innovation and agricultural value chain development. 

Conclusion 
Fermented dairy products — yogurt, curd, ice cream, and paneer — constitute culturally 

significant, nutritionally dense, and scientifically validated vehicles for delivering probiotic 

Lactobacillus strains to human consumers. The extensive body of evidence reviewed here 

demonstrates that L. acidophilus, L. casei, L. rhamnosus GG, L. plantarum, L. reuteri, L. 

fermentum, L. helveticus, and related strains confer measurable benefits across multiple 

dimensions of gut health — from microbiota modulation and immune enhancement to barrier 

protection, anti-inflammatory activity, and gut-brain axis regulation  (Hill et al., 2014; 

O'Toole et al., 2017). 
 While yogurt remains the gold-standard probiotic dairy format with the strongest 

evidence base, curd represents a uniquely diverse and accessible probiotic food for South 

Asian populations. Probiotic ice cream and paneer are rapidly emerging as innovative 

functional food categories offering new consumption occasions and population segments. 

Overcoming viability challenges through microencapsulation, synbiotic formulation, and 

intelligent product design will be central to realizing the full public health potential of these 

foods  (Champagne et al., 2011; Krasaekoopt et al., 2003). 

 From an agricultural standpoint, developing a robust probiotic dairy sector requires 

investment in milk quality, cold chain infrastructure, starter culture technology, and consumer 

education — all of which are integral components of a modern, science-informed dairy 

agricultural policy  (Nagpal et al., 2012; Sharma et al., 2012). 
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