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Conclusions
 WGS revealed two novel strains possessing 

potential probiotic properties.
 High adhesion capacity to Caco-2 cell line was 

monitored for both strains, suggesting possible 
attach to intestinal epithelium after consumption.

 Survival rates ranged 41.63- 55.56% at an in vitro 
digestion model.

 Storage of immobilized cells at room temperature 
and at 4oC resulted in levels above the minimum 
recommended loads for claiming a health effect (> 7 
logcfu/g)

 Further studies addressing possible health-
promoting properties using animal models and 
clinical trials are still required.

Abstract
Objective. Today, the food industry is seeking for new strains with specific health-promoting effects. However, the development of novel probiotic foods is restricted by cell susceptibility to 

industrial processes and storage conditions. Our objective was to isolate novel strains, evaluate their functional properties and develop stable food ingredients bearing billions of probiotic cells.  
Method. New bacterial strains from various sources were isolated, genotyped, characterized by 16s rRNA and whole genome sequencing (WGS) and evaluated for potential probiotic 

properties in vitro. Cell immobilization of the new strains on natural supports was then tested and cell viability was assessed to determine optimum conditions and efficacy of the process.  
Results & Discussion. Two novel Lactococcus lactis subsp. lactis and Lacticaseibacillus rhamnosus strains were isolated from unpasteurized ewe’s and goat milk, respectively. Annotation of the 

genome assembly followed by comparative genomic analyses by applying a combination of different pipelines and wrappers revealed unique gene clusters and enzymes relevant to beneficial 
properties. The strains were susceptible to antibiotics suggested by EFSA, while significant adhesion ability to Caco-2 cells and survival at a static in vitro digestion model were recorded. In a 

next step, a series of food ingredients were tested as immobilization supports. Immobilization effectiveness of the strains appeared to be dependent on the support used, reaching values higher 
than 9 logcfu/g. Importantly, immobilization increased cell viability during freeze-drying, storage or digestion compared to free cells and the probiotic-enriched ingredients sustained cell viability 

at levels > 7 logcfu/g, suggesting their potential in developing novel probiotic foods. 

Genome 
Size (Mb) 3.12

GC (%) 46.60

Genes 3170
CDSs 3127

Red: Forward strand CDSs
Blue: Reverse strand CDSs

The other 2 tracks represent GC skew and GC content 

L. rhamnosus FBM_1433

Genome analysis against all 
available L. rhamnosus 
genomes (18/01/2023) 
revealed ANI scores 
between 95% and 99.70% 
(data not shown)

L. lactis subsp. lactis FBM_1321
Genome 
Size (Mb) 2.50

GC (%) 34.87
Genes 2590
CDSs 2540

Genome analysis against all 
available L. lactis subsp. 
lactis genomes (18/01/2023) 
revealed ANI scores 
between 95% and 99.60% 
(data not shown)

L. rhamnosus 
FBM_1433

L. lactis subsp. 
lactis FBM_1321

% adhesion to Caco-2 cell line 17.47 ± 0.11 21.98 ± 0.34

% survival in simulated salivary 
fluid

98.86 ± 0.02 98.38 ± 0.84

% survival in simulated gastric 
fluid

90.84 ± 1.13 70.97 ± 0.30

% survival in simulated intestinal 
fluid

55.56 ± 1.22 41.63 ± 0.77

Red: Forward strand CDSs
Blue: Reverse strand CDSs

The other 2 tracks represent GC skew and GC content 

Fluorescently-labeled live 
L. rhamnosus FBM_1433 to 
differentiated Caco-2 cells 
after 2h of incubation at 
37 °C in a humidified 
atmosphere of 5 % CO2.  
Bacterial cells were stained 
with FITC (green), Caco-2 
cells were stained with 
Hoechst 33258 (blue, 
nucleus) and mitotracker
(red, mitochondria). Scale 
bar: 100μm

Table 1. Adhesion ability to Caco-2 cells (%) and survival (%) at a static in 
vitro digestion model of the two novel strains.

Figure 1. Effect of storage at room temperature (a & c) and at 4oC (b & d) on cell loads of free or immobilized cells on oat flakes and banana cuts. 
RT: Room temperature; W: Wet; FD: Freeze-dried; DW: Dry weight.
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