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RESULTS
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The treatment with Clin increases the expression of IL-6. The administration of nLF
and sLF in mice treated with Clin decreases the expression of IL-6 to control values; 
however, any of the treatments tested has any effect on IL-10.

In the case of IL-12 (IL12p35 and IL12p40), sLF has the opposite effect, increasing
the expression of this pro-inflammatory interleukin.
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***p<0.001, compared with Control. 
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EFFECT OF LACTOFERRIN AS A PROTECTIVE FACTOR AGAINST INTESTINAL 
INFLAMMATION INDUCED BY ANTIBIOTICS

CONCLUSIONS

Inés Abada,b, Andrea Bellésb,c, Diego Aguirre-Ramírezc, Ana Rodríguez-Largod, Laura Grasab,c, 
Lourdes Sáncheza,b

The alteration of intestinal microbiota, or gut dysbiosis, is associated with functional changes in the microbial transcriptome, proteome or metabolome, and
has been linked to many diseases. Intestinal dysbiosis can be caused by alterations in the relative abundance of bacteria, due to changes in diet,
immunodeficiency, inflammation, infection or exposure to antibiotics or toxins. In this context, the search for microbiota modulators that prevent the effects of
antibiotics is interesting. Bovine lactoferrin (LF) is an iron-binding glycoprotein with a molecular weight of 80 kDa. It is present in biological fluids such as milk,
saliva, tears or nasal and intestinal secretions. Two ferric ions can covalently bind to the LF, giving rise to three forms of LF according to the level of iron
saturation: iron-free lactoferrin or apolactoferrin, monoferric form and iron-saturated or hololactoferrin. In milk, native lactoferrin is normally found with low levels
of iron saturation. LF has numerous biological activities, such as anti-inflammatory, antimicrobial and immunomodulatory. It has been proposed that LF could
promote the growth of beneficial bacteria in intestinal microbiota. Therefore, the aim of this study was to investigate the ability of native (nLF) and iron-
saturated (sLF) lactoferrin to reverse the effects of clindamycin (Clin) on the murine intestinal inflammation.

This study has been financially supported by AGL2017-82987-R and the European Social Fund 

qPCR analysis

In vivo experiments

Male C57BL/6 mice
6 groups of 5 mice

Oral administration (0.2 mL/mouse/day)- Saline, nLF, sLF (35 mg LF/mouse) 

Clindamycin
IP injection

(0.2 mL/mouse)

DAY 1 2 3 4 106 115 7 8 9

Sacrifice & 
sample
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1
Control
(saline)

2
Clin

(clindamycin)

4
sLF

(saturated LF)
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nLF / Clin
(nLF + Clin)

6
sLF / Clin
(sLF + Clin)

3
nLF

(*native LF)

Native and saturated LF have a clear effect reducing the expression of
some pro-inflammatory mediators, such as interleukin-6 or TNF-α, in the
ileum of mice treated with clindamycin. Further research would be
necessary to determine if the effect that LF exerts on the expression of pro-
inflammatory mediators can be due to a direct or indirect prebiotic effect
to modulate the microbiota in intestinal dysbiosis.
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Ileum extraction Tissue processing in a 
Precellys homogenizer

Expression of inflammatory
mediators in ileum

These samples were analysed by qPCR to determine the expression of 
different mediators involved in the inflammation cascade, such as NOD1, 

NOD2, IL-6, IL-10, IL12p35, IL12p40 and TNF-α.

#p<0.05, compared with Clin. 
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LF has not a statistically significant effect on the expression of NOD receptors in
the ileum of animals treated with Clin.

*Native lactoferrin (<10% iron) was kindly donated by Tatua Nutritionals (New Zealand)

qPCR settings

Primer Sequence 5'-3' Reference
NOD1 FW TCCCTTGCCTGTGAGCAGAAAGTA
NOD1 RV GTGGGTATGTGCCATGCTTTGCTT
NOD2 FW GGAGGAGCTTCCAGGAGTTT
NOD2 RV ACTCGTCCAAGCCATCAAAG
IL-6 FW TCCTACCCCAATTTCCAATGC
IL-6 RV TGAATTGGATGGTCTTGGTCCT

IL-10 FW GGACAACATACTGCTAACCGAC
IL-10 RV AAAATCACTCTTCACCTGCTCC

IL-12p35 FW CATCGATGAGCTGATGCAGT
IL-12p35 RV CAGATAGCCCATCACCCTGT
IL-12p40 FW TGGAAGCACGGCAGCAGAATAAAT
IL-12p40 RV TGCGCTGGATTCGAACAAAGAACT
TNF-α FW AAATGGGCTTTCCGAATTCA
TNF-α RV CAGGGAAGAATCTGGAAAGGT Korcheva, 2015

Robertson, 2013

Wakabayashi, 2006

Welter-Stahl, 2006

Wakabayashi, 2006

Wakabayashi, 2006

Wakabayashi, 2006

qPCR Step One
(Applied Biosystems)

Component Quantity (µL)
Master Mix PowerUp SYBR Green 5
Forward primer (FW) 0.5
Reverse primer (RV) 0.5
Rnase free water 2
DNA (100 ng/µL) 2

***p<0.001, compared with Control. 
##p<0.01, ####p<0.0001, compared with Clin. 

TNFα

With the treatment of Clin, the expression of TNF-α increases. When nLF or sLF is
orally administered, the expression in the ileum of this pro-inflammatory protein
decreases to control values.
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Selection of Lactobacilli strains with probiotic potential from Algerian goat’s milk: Anti-listerial activity 
and modulation of TNF induced chemokine secretion  
                                                                               Topic: Postbiotics: Applications to the food, nutrition and nutraceutics  
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 Lactic acid bacteria (LAB) are an important class of prokaryotic 
microorganisms. This group of bacteria which phylogenetically belongs to 
the order Lactobacillales. This diversified order includes 6 families with over 
46 genera and 580 species. Lactobacilli has a long history of safe use in the 
food industry, and plays an important role in the production of fermented milk 
products in the development of the sensory and organoleptic properties of 
the final products (Bousmaha-Marroki and Marroki, 2015) and for health
benefices. In the last decades, several studies focused on lactobacilli strains 
selection isolated from different habitats showing technological or probiotic 
potentials. In Algeria consumption of fresh milk and traditional dairy products 
from raw milk rich in autochthonous microflora with beneficial effects on 
health is decreasing. The objective of this investigation is the selection of 
lactobacilli strains with probiotic potential from goat’s milk.  

A total of 51 strains of the Lactobacillus genus investigated in this study 
were identified by API 50CHL and 16S rDNA at species level as described 
by Marroki et al. (2011). Phylogenetic analysis was performed using 
MEGA software, and phylogenetic tree construction of the two amplified 
16S rRNA genes and RecA was performed by the Neighbor-Joinning (NJ) 
method. Two databases were used, RDP and Genbank and gene 
sequence alignment was performed using Clustal W software (Thompson 
et al., 1994).  The pH tolerance and Bile tolerance on MRS agar plates 
containing oxgall bile (0.5 and 1% w/v) were determined according to the 
method described by Voravuthikunchai et al. (2006) and Linaje et al. 
(2004) respectively. The antilisterial activity against Listeria
monocytogenes CECT 932 was determined by the methods described by 
Linaje et al. (2004). For the modulation of TNF-induced chemokine 
secretion of human colon tumorigenic cell by lactobacilli, the IP-10 and IL-
8 concentrations were determined in cell culture supernatants using 
appropriate ELISA-Kits according to the manufacturer’s instructions. The 
HT-29 cells were stimulated with 10 ng/ml TNF-α and formaldehyde fixed 
bacteria at a moi of 100 (“multiplicity of infection”: bacteria: epithelial cell 
ratio) for 16 hours. 

Lactiplantibacillus 
plantarum 

80%

Limosilactobacillus 
fermentum 

14%

Lacticaseibacillus 
rhamnosus 

6%

F i g 1 .  D i s t r i b u t i o n  o f  
L a c t o b a c i l l i  s t r a i n s

Lactobacilli strains were identified as Lactiplantibacillus plantarum (41), Limosilactobacillus fermentum (7), Lacticaseibacillus rhamnosus (3) (Fig 1 and 
2). The cell free supernatant of 10% strains had antibacterial activity against Listeria monocytogenes CECT 932T. All strains tested exhibited bill 
tolerance and only 10% strains had antibacterial activity against Listeria monocytogenes CECT 932T. Generally, tolerance to pH 3.0 and 0.3% of ox-
gall is considered as standard for probiotic culture (Gohran 1994).  

Légende de la photo 
 Fig 2. 16S rRNA genes and RecA was performed by the Neighbor-Joinning (NJ)) 
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Fig 3. pH tolerance

All strains exhibited bill tolerance, the ability to grow at pH 3, 3.5 and 4 were shown for 9.80, 15.68 and 70 % 
respectively (Fig.3). Generally, tolerance to pH 3.0 and 0.3% of ox-gall were considered as standard for probiotic 
culture (Gohran 1994). The cell free supernatant of 10% strains had antibacterial activity against Listeria 
monocytogenes CECT 932T.The results of antibacterial activity obtained confirm the bacteriocin like nature of the 
produced antagonistic substances. The immune-modulation exerted by lactobacilli in chemokine secretion of human 
colon tumorigenic cell (Fig 4) showed a good ddecrease in IP10 interferon secretion by HT-29 stimulated with TNF-
α was observed after incubation for three Lactobacilli strains. Whereas, IL-8 interleukin secretion by HT-29 cells was 
not reduced. 
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Fig 4. Modulation of TNF induced chemokine IP-10 secretion in human colon tumorigenic cell by lactobacilli strains

The use of lactobacilli selected strains 
having a probiotic potential in the 
industrial sector as auxiliary culture 
remains one of the solutions to partially 
preserve the benefits of these indigenous 
microorganisms on health. 
Results obtained suggest the pontential 
of some of Lactobacilli tested strains can 
be used as probiotics adjunct culture for 
future application in manufacture of dairy 
food industry in Algeria such as 
artisanal cheese or fermented milk. 
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EFFECT OF A MULTISTRAIN PROBIOTIC ON LEAKY GUT IN PATIENTS WITH 
DIARRHEA-PREDOMINANT IRRITABLE BOWEL SYNDROME (IBS-D)

 Probiotics are listed as resources by the World Gastroenterology
Organization1 for IBS. The British Society of Gastroenterology guideline2 states
that probiotics, as a group, may be an effective treatment for global
symptoms and abdominal pain in IBS, although it is not possible to
recommend a specific species or strain.

 A defective epithelial barrier function, which can be measured as increased
gut permeability, has been implicated in the pathogenesis of IBS.

 We observed previously that a specific multistrain probiotic (Lactobiane
Tolérance®, PiLeJe Laboratoire) could prevent epithelial barrier disruption
induced by LPS, stress or colonic soluble factors from IBS patients and visceral
hypersensitivity in experimental models of epithelial barrier function3.

 Open-label, single-center, proof-of-concept study
 IBS-D patients (Rome IV criteria) with increased intestinal permeability ([51]Cr-

EDTA or [99]mTc-DTPA)

Normalization of intestinal permeability (Day 30)

This study suggests that Lactibiane Tolérance® may improve intestinal permeability in 
IBS-D. IBS symptoms were significantly ameliorated in almost all patients.  A placebo 
controlled study remains needed.

Patients and baseline characteristics

Symptoms (VAS-IBS) were improved

Objective: To evaluate the effect of the multistrain probiotic, Lactibiane
Tolérance (PiLeJe Laboratoire) on leaky gut associated with diarrhea-
predominant IBS (IBS-D)

Included n=30
Completed n=27
Full Analysis set* (FAS) n=27
Per Protocol population (PP) n=18
Mean age ± SD 42.1 ± 13.1 
Female 60%
IBS-D (Rome IV criteria) 100%
Increased intestinal permeability 100%
Bristol Stool Scale score (mean ± SD) 5.7 ± 0.83 

References: 
1 World Gastroenterology Organisation Global Guidelines. Irritable Bowel Syndrome: A Global Perspective. 2015. Online 
2 Vasant et al. British Society of Gastroenterology guidelines on the management of irritable bowel syndrome. Gut. 2021:gutjnl-
2021-324598
3 Nébot-Vivinus et al. World J Gastroenterol. 2014;20(22):6832-6843.

Supplementation with Lactobiane Tolérance® (PiLeJe Laboratoire)
2 capsules/day for 30 days

1x1010 CFU/capsule of B. lactis LA303 and LA304, Lb. acidophilus LA201, Lb 
plantarum LA301, and Lb salivarius LA302. 

EDTA or DTPA; 
Serum zonulin;
Bristol Stool Scale;
VAS-IBS; IBS-QoL

VAS-IBS
Self-evaluation

D0 D15 D30

EDTA or DTPA; 
Serum zonulin;

Bristol Stool Scale;
VAS-IBS; IBS-QoL; Self-

evaluation

*Included patients who took at least one dose of the multistrain
probiotic and have had at least one baseline and post-baseline 
value

56%
44%

PP 
95%CI: 0.21 ; 0.67

Results were expressed as 
percentages of the ingested 
dose and considered 
indicative of altered 
intestinal permeability when 
EDTA/DPTA was ≥ 3% (Rossi 
et al. Ann Thorac Surg. 
2004).
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Screening Day 30

FAS                                                                
95%CI 1.65; 5.18 

- 3.41 units ± 4.45 
- 4.26 units ± 4.67 

In addition, no 
significant change 
in zonulin levels
only a tendency
to decrease

Characteristics N Mean SD 95%CI
Abdominal 
pain

Baseline 29 37.86 27.15
D30 25 52.61 31.71
Δ 25 17.09 29.98 4.72; 29.47

Diarrhea Baseline 29 37.41 31.67
D30 25 60.19 29.84
Δ 25 21.17 33.29 7.43 ; 34.91

Constipation Baseline 29 75.86 30.13
D30 25 70.68 34.34
Δ 25 -3.40 35.36 -18.00; 11.20

Bloating and 
flatulence

Baseline 29 30.66 29.13
D30 24 44.22 31.40
Δ 24 11.39 35.87 -3.76; 26.53

Vomiting, 
nausea

Baseline 23 62.27 45.06
D30 20 67.65 39.66
Δ 20 10.90 38.58 -7.16; 28.95

Psychological 
wellbeing

Baseline 29 45.25 30.98
D30 25 55.77 28.27
Δ 25 10.28 33.45 -3.52; 24.09

Daily life Baseline 29 35.56 29.71
D30 25 56.67 30.00
Δ 25 17.57 31.77 4.45; 30.68

On D30, significant improvement for items related to abdominal 
pain, diarrhea, and impact of gastrointestinal problems on daily
life (FAS). This improvement was observed from D15.

Quality of life (IBS-QoL) was improved
On D30, total score increased from 61.6 ± 19.6 to 66.8 ± 19.3, leading to a change of 8.0 points 
(95%CI: 3.0, 12.9; FAS). The increase was mainly due to increased scores for the following 
dimensions: Dysphoria, Interference with daily activities, Food avoidance, and Social reaction.

Stool consistency was ameliorated (Bristol scale)
On D30, score decreased from 5.71 ± 0.83 to 4.74 ± 1.47 (Diff: -0.94 ± 1.62; p=0.0057). 

Self-evaluation of symptom improvement
On D15 and D30, 96.3% of patients (26/27) claimed that their symptoms had been alleviated

Compliance and safety
Compliance (FAS: 88.2%; PP: 95.9%) and safety were satisfactory

37%

45%

7% 11%

FAS 
95%CI: 0.19 ; 0.55

No change

Normalized
permeability
Abnormal

Decrease

Increase
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Probiotics:  
a potential therapeutic strategy in 

respiratory infections
 Annalisa Visciglia*, Angela Amoruso*, Carlotta Morazzoni*, Annachiara De Prisco*, 

Marco Pane* 

 *Probiotical Research srl, via Enrico Mattei n3, 28100 Novara

Respiratory diseases have a significant impact on morbidity and mortality worldwide and could be caused by 
pathogens, such as viruses and bacteria. The most frequent viruses include coronaviruses, influenza viruses, 
parainfluenza viruses, and rhinoviruses. In this regard, currently, there is a raised interest in the 
Coronaviridae family (fig.1) due to severe acute respiratory syndrome 2 (SARS-CoV-2) global pandemic.  

SARS-CoV-2 (fog.2) contains 4 structural proteins, including Envelope (E), Membrane (M), Nucleocapsid (N) 
and Spike (S), which is a transmembrane protein, composed of two subunits S1 and S2. The S1 subunit 
contains a Receptor Binding Domain (RBD), which binds to the cell surface receptor Angiotensin-Converting 
Enzyme 2 (ACE2) present at the surface of cells, causing mainly infection of human respiratory cells. 

The aim of this project is to investigate how and if probiotics can prevent the interaction between RBD and 
ACE2.

The effects of alive probiotic strains, their supernatants and the cellular extracts from Lactobacillus 
strains and Bifidobacterium strains are evaluated on the inhibition of the binding between human 
receptor angiotensin-converting enzyme 2 (ACE2) and the receptor binding domain (RBD) of the spike 
protein from SARS-CoV-2 (fig.3) by “SARS-CoV-2 Inhibitor Screening Assay” by AdipoGen Life Sciences 
(AG-48B-0001-KI01), a colorimetric sandwich E.L.I.S.A. (fig.4)

fig.2

fig.3

Data demonstrated that the most of alive probiotic strains and their 
supernatants from Lactobacillus strains exhibit, with an interesting 
strain-specific activity, a capacity over 50% to contrast the binding 
RBD-ACE2 (table.1). Instead, the activity of the cell extract of the 
probiotic strains have an inhibitory effect never more than 30% and 
the best results are from Bifidobacterium strains (table.2).

These experiments demonstrated the strain-specific effects of probiotic strains on the inhibition of the binding of the RBD of the spike proteins of SARS-CoV-2 to human ACE2 
receptor, pathway particularly relevant for the entry of the virus into the host cell. This inhibition could be given through the release of some metabolic products, indeed, 
Lactobacilli and Bifidobacteria have been shown to produce various metabolites that are active against bacteria and virus pathogens. 

These beneficial effects of probiotics are completely dependent on many factors including: disease-related dosing time, probiotic strains used, dosage, treatment time, pre, post 
and pre-existing health and/or host microbiota, elements that need to be evaluated with clinical studies developed with statistical power.

BACKGROUND

METHODs

RESULTS

CONCLUSIONs

fig.1

fig.4

sample description MEAN 
(% inhibition)

standard 
deviation (SD) 

n=4
positive CTR receptor 

+inhibitor 51,7 11,3

Lactobacillus crispatus LCR04
alive 60,9 1,6

supernatants 80,0 1,8
cellular extract 21,0 6,2

Limosilactobacillus 
fermentum LF15

alive 53,2 13,5
supernatants 19,0 37,9

cellular extract 7,7 14,5

Lactobacillus gasseri LGS01
alive 47,0 10,6

supernatants 77,8 3,9
cellular extract 5,1 1,4

Lactiplantibacillus 
plantarum LP14

alive 38,6 15,7
supernatants 74,0 5,1

cellular extract 14,1 20,5

Limosilactobacillus  
reuteri LRE11

alive 4,6 18,3
supernatants 15,5 17,2

cellular extract 9,9 33,4

Ligilactobacillus 
salivarius LS03

alive 49,5 3,4
supernatants 78,5 2,9

cellular extract 14,8 8,2

table.1

Probiotic strains

sample description MEAN 
(% inhibition)

standard deviation 
(SD) 
n=4

positive CTR receptor 
+inhibitor 51,7 11,3

Bifidobacterium 
adolescentis BA02

alive 5,0 42,6
supernatants 19,5 71,6

cellular extract 25,0 12,3

Bifidobacterium 
adolescentis BA05

alive 0,0 0,0
supernatants 0,0 0,0

cellular extract 0,0 0,0

Bifidobacterium 
bifidum BB10

alive 53,4 40,0
supernatants 16,5 43,9

cellular extract 30,0 18,3

Bifidobacterium breve BR03
alive 11,6 22,3

supernatants 16,0 49,3
cellular extract 24,6 22,4

Bifidobacterium 
infantis BI02

alive 10,1 2,4
supernatants 9,1 42,9

cellular extract 18,9 24,8

Bifidobacterium lactis BS01
alive 20,0 12,2

supernatants 8,1 3,1
cellular extract 19,5 18,8

Bifidobacterium 
longum BL03

alive 27,3 35,3
supernatants 78,6 2,7

cellular extract 14,0 6,3

Bifidobacterium 
longum 04

alive 46,7 11,2
supernatants 48,9 45,1

cellular extract 22,9 13,9

table.2
data > positive CTR 
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Aggregation properties of probiotic strains under 
aerobic and anaerobic conditions

Daniela Machado a, José Carlos Andrade b, Joana Cristina Barbosa a,
Francisca Costa a, Mariana Fonseca a, Diana Almeida a, Ana Cristina Freitas a†,
Ana Maria Gomes a

a Universidade Católica Portuguesa, CBQF – Centro de Biotecnologia e Química Fina – Laboratório Associado, Escola
Superior de Biotecnologia, Rua Diogo Botelho 1327, 4169-005 Porto, Portugal
b TOXRUN – Toxicology Research Unit, University Institute of Health Sciences, CESPU, CRL, 4585-116 Gandra, Portugal

Objectives
Aggregation between microorganisms from the same species (auto-aggregation) and from different species (co-aggregation) is
considered a desirable property of probiotics, since it has been related with successful gut colonisation by probiotic strains and
clearance of intestinal pathogens, respectively.
This study aimed to evaluate the auto- and co-aggregation properties of the novel probiotic candidate Akkermansia muciniphila DSM
22959 and the commercial probiotics Bifidobacterium animalis subsp. lactis BB-12 and Lacticaseibacillus rhamnosus GG (formerly
classified as Lactobacillus rhamnosus), with the pathogens methicillin-resistant Staphylococcus aureus [MRSA] and Escherichia coli
O157:H7, under two atmospheric conditions (aerobiosis and anaerobiosis).

Methods

Inulin + Riboflavin
(65±±5 mg)

(63±±6 mg)

Results

Conclusion
This work provides novel insights regarding aggregation properties of the novel probiotic
candidate A. muciniphila DSM 22959 and commercial probiotics (B. animalis subsp. lactis BB-
12 and L. rhamnosus GG) under two atmospheric conditions. Furthermore, the demonstrated
aggregation properties of A. muciniphila DSM 22959 support its use as probiotic.

References
1. Andrade J. C. et al. Front Bioeng Biotechnol. 2020; 8:550.

2. Collado M.C. et al. Eur Food Res Technol. 2008; 226: 1065–1073.
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Figure 1. Auto-aggregation ability of A. muciniphila DSM 22959 (blue), B.
animalis subsp. lactis BB-12 (orange) and L. rhamnosus GG (grey) under
aerobic (a) and anaerobic (b) conditions.

Main Findings:
Auto-aggregation
a) 

b)

Co-aggregation with pathogens
a) 

b)

Figure 2. Co-aggregation ability of: A. muciniphila DSM 22959 with S. aureus (dark blue) and E. coli (light
blue); B. animalis subsp. lactis BB-12 with S. aureus (dark orange) and E. coli (light orange); L. rhamnosus
GG with S. aureus (dark grey) and E. coli (light grey) under aerobic (a) and anaerobic (b) conditions.

- All tested probiotic strains
showed auto-aggregation
abilities, and also capacity to
co-aggregate with pathogens
at all time-points and under
both atmospheres.

- Overall, these aggregation
properties increased with
increasing incubation
period.

• A. muciniphila
DSM 22959

• B. animalis subsp. 
lactis BB-12

• L. rhamnosus GG

Probiotics Pathogens

• MRSA S. aureus
• E. coli O157:H7
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Bacterial growth (37 oC, 24h)

Spectrophotometric method

Auto- and co-aggregation determination

Auto- Co-

Aggregation

Probiotic strains Probiotic Pathogen

Methods

Absorbance at 600 nm was measured periodically
at the top of the culture suspension

Bacteria were allowed to aggregate in aerobic and
anaerobic atmospheres

Time-points: 2, 4, 20
and 24 hours

Aggregation assays
were carried out twice
independently with
technical duplicates.
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 1 Figure 2. The percentage of patients with an improvement of IBS symptoms evaluated
with the use of the IBS-SSS after probiotic treatment lasting 4 and 8 weeks. The total
IBS-SSS score (a) and domain-specific scores related to the severity of pain (b),
frequency of pain (c), dissatisfaction with bowel habit (d), the severity of flatulence (e),
and the quality of life were analyzed (f). An improvement was defined as at least a 30%
decrease in scores compared with baseline scores. NS=no significance (p>0.05).
Statistical analysis performed with the use of Fisher’s exact test.

Figure 1. Study protocol flowchart.

The effectiveness and safety of multi-strain
probiotic preparation in patients with diarrhea -

predominant irritable bowel syndrome: a
randomized double-blind, placebo-controlled study
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Objectives: Irritable bowel syndrome (IBS) is one of the most
common functional gastrointestinal diseases characterized by
recurrent abdominal pain associated with changes in stool
frequency and form, with no recognized underlying pathological
or organic etiology. Several studies have reported significant
alterations in the gut microbiota that may promote the
development and persistence of IBS.

The aim of this randomized double-blind placebo-
controlled study was to evaluate the effectiveness and
safety of multi-strain probiotic in adults with diarrhea-
predominant irritable bowel syndrome (IBS-D).

Table 1. Specification of strains (NordBiotic™) used in the evaluated probiotic preparation.

Methods: The study included female and male patients aged
18–70 years diagnosed with IBS-D according to Rome III
criteria. IBS severity was evaluated using the IBS Severity
Scoring System (IBS-SSS). Patients with at least a moderate
type of IBS (IBS-SSS score > 175) were included.

The patients were randomized to receive a mixture of strains
(Table 1) or placebo for eight weeks (study protocol in Figure 1).
Registration number in Clinicaltrials.gov NCT 04662957.

This study was published in Nutrients 2021, 26;13(3):756. doi: 10.3390/nu13030756.

Results. The probiotic in comparison with placebo significantly
improved the IBS symptom severity (Figure 2 and 3).

Strain CFU per capsule Strain number

Bifidobacterium breve 2.08x108 BB010
Bifidobacterium longum 1.39x108 BL020
Bifidobacterium bifidum 1.39x108 BF030
Bifidobacterium lactis 4.17x108 BL040

Lactobacillus rhamnosus 5.56x108 LR110
Lactobacillus paracasei 2.08x108 LPC100

Lactobacillus acidophilus 2.08x108 LA120
Lactobacillus casei 2.08x108 LC130

Lactobacillus plantarum 2.08x108 LP140

Streptococcus thermophilus 2.08x108 ST250

Total CFU 2.50x109

  
(a) (b) 

 1 Figure 3 The effect of probiotic intervention on global IBS symptom improvement
evaluated with the use the IBS-GIS. The IBS-GIS score (a) and an improvement in
global IBS symptoms (b) were evaluated after 4 and 8 weeks of treatment. The results
are presented as means±SD of the IBS-GIS score (a) or the percentage of patients with
an improvement in IBS symptoms (b). IBS-GIS scores >4 points indicated an
improvement.

Conclusion: These results show that the multi-
strain probiotic preparation is well tolerated and
safe, and can offer a benefit for IBS-D patients.
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INTRODUCTION

CONCLUSION

In addition to exceptionally nutritive and bioactive components, human milk encompasses a complex community of signature bacteria that helps establish a
stable infant gut microbiota. Lactic acid bacteria (LAB) present in the human milk are capable of synthesizing specific metabolic products with potential
therapeutic properties, such as exopolysaccharides (EPS), S-layer proteins (Slps) and bacteriocins, which presumably have a role within the probiotic concept. EPS
produced by Lactobacillus strain ensure bacterial cell protection and mediate cell adhesion, S-proteins represent an interface between the bacterium and its
microenvironment and act as a protective coat during adverse environmental conditions, whereas bacteriocins display antimicrobial activity against many
pathogenic bacteria. This study aimed to select the Lactobacillus strains, from human milk microbiota, with specific properties of synthesis of potential
therapeutic biomolecules.

DETECTION OF EPS PRODUCTION

The analysis of breast milk microbiota revealed the presence of Lactobacillus strains with the potential to express specific biomolecules – NMR analysis
confirmed that Lb. fermentum MC1 strain produces EPS, SDS-PAGE electrophoretic profiles showed characteristic bands of approximately 45 kDa in four Lb. brevis
strains further identified by mass spectrometry and the presence of plnJ, plnA and plnEF genes involved in the bacteriocin biosynthetic pathway was confirmed in
the genome of six Lb. plantarum strains. Further investigations will be directed towards deciphering mechanisms of probiotic actions triggered by these
biomolecules in order to develop next-generation probiotics.

Figure 1. „Ropy phenotype” of MC1 strain grown 
on solid modified MRS nutrient medium 

Figure 2. Freeze-dried EPS sample
isolated from MC1 strain

Figure 3. Size exclusion chromatography on Sephacryl S 300 column of
exopolysaccharides from Lactobacillus strain MC1

• out of all isolated strains, only MC1 formed a long filament when a colony was
touched

• extraction of EPS from MC1 grown in MRS broth (2% glucose) was carried out – after
dialysis and lyophilisation the yield of purified EPS was 611,1 mg/L

• purified sample was analysed by 1H-NMR
• PCR with specific primers for EPS genes showed that no strain isolated from human

milk contained eps genes present on plasmids

DETECTION OF BACTERIOCIN PRODUCTION

DETECTION OF S-PROTEIN PRODUCTION

Figure 4. SDS-PAGE analysis of surface proteins Figure 5. Dendrograms obtained by hierarchical cluster 
analysis of RAPD-PCR patterns using GelCompar II software

Table 2. Antagonistic activity evaluated by agar well 
diffusion method

Table 3. Antagonistic activity against pathogen test-microorganisms evaluated by 
agar spot test method

Table 1. Specific primers for genes involved in bacteriocin synthesis 

Figure 6. PCR with bacteriocin gene-specific primers

• bacteriocinogenic activity was examined by agar well diffusion and agar spot test method
• strongest antagonistic activity, determined by agar well diffusion method, was shown by KR19,

MC19 and MC1 strains, while strains MB6 and MB10 did not show any antimicrobial activity
against any test-microorganism

• MC19 strain showed strongest antimicrobial activity against pathogenic microorganisms,
determined by agar spot test method

• the electrophoresis results indicate the presence of plnJ gene in strains KR19, MC19, MB5,
MB7, MB11, MB12, MB5, RS4, RS8, RS10, RS19, plnA gene in strains KR19, MC19, MB5,
MB7, MB11, MB12, MB15, RS4, RS8, RS10, RS17, and plnE gene in strains KR19, MC19,
MB5, MB7, MB12, MB15, RS4 and RS10

• the presence of plnW, plnNC8, plnS, entA and entB genes was not detected in any of the
strains

• genes for the production of bacteriocins were
detected using PCR with specific primers

• SDS-PAGE analysis of the surface proteins isolated from human milk microbiota was
performed in order to validate expression of Slps in LAB isolates

• the analysis of protein profiles revealed the presence of dominant protein band in 9
strains, which indicates the presence of S-protein

• electrophoresis of the RAPD-PCR products yielded unique genetic profiles of each
strain, which were then classified into four different clusters by hierarchical cluster
analysis performed using GelCompar II software (4 different strains were shown to be
producers of S-proteins)

• LC-MS/MS analysis further confirmed our findings (data not shown)
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Introduction Methods

z

Results

The human gut hosts around 1000 of different species of microorganisms
that play a crucial role in health promotion. In this perspective, probiotics
are increasingly used, with the aim of manipulating the composition of the
gut microbiota and improving balanced microbial communities. NMR-based
metabolomics offers the possibility to investigate hundreds of various
metabolites detectable in biological fluids, providing a global image of the
molecular mechanisms and potential effects of the dynamic interactions
between the microflora and host, and of the response to probiotic
assumption.

21 healthy volunteers were
enrolled and administered
with probiotics. 20 urine
samples per subject and 1
serum sample per subject
were collected before and
during the probiotic
assumption.
Multivariate and univariate
statistical analyses were
used to evaluate the 1H-
NMR urine and serum
spectra acquired and to
characterize the individual
effects of the treatment.

Conclusions

Univariate analysisMultivariate analysis

To conclude, after the treatment, probiotics influence the urinary and the serum metabolic profiles of the volunteers, without altering drastically their
subject-specific phenotypes. Modifications in urine metabolite levels, especially in glucose, isoleucine, valine, 3-hydroxyisobutyricacid, 4-hydroxyphenylacetate,
and acetoacetic acid levels, were monitored. We observed, also, that probiotics influence the serum metabolic profiles, in particular they induce fluctuations in
acetone, ascorbate, and citrate levels.

Phase I: NO 
SUPPLEMENT Phase II: TREATMENT

Phase I Phase I

Phase II Phase II

SERUM URINE

URINE 

SERUM SERUM

NMR
600 MHz

Discrimination accuracy = 80%

Discrimination accuracy = 76%

Metabolite names Adjusted P-value (BH) Log2FC Phase II/Phase I

Glucose 9x10-10 -0.18 

Isoleucine 0.0004 -0.12 

Valine 0.005 -0.08 

3-hydroxyisobutyric acid 0.016 -0.03 

4-hydroxyphenylacetate 0.035 -0.08 

Acetoacetic acid 0.039 0.1 

Metabolite names Adjusted P-value (BH) Log2FC Phase II/Phase I

Acetone 0.00001 0.73 

Ascorbate 0.0005 -0.89 

Citrate 0.036 -0.18 

URINE

Phase I

Phase II

Phase I

Phase II

Correspondence: dicesare@cerm.unifi.it
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RESULTS

• The resistance observed is worrisome as these antibiotics are used in human medicine.

• According to One Health, this study contributes to development of policies in order to reduce these bacteria in livestock and their spread to humans and throughout the environment.

Public concern for antimicrobial use and resistance in livestock is increasing. Antimicrobial resistance is an ecological problem that is characterized by complex interactions involving diverse microbial

populations affecting the health of humans, animals and the environment. It makes sense to address the resistance problem by taking this complexity and ecological nature into account using a

coordinated, multi-sectoral approach, such as One Health concept.

The genus Enterococcus is ubiquitous in nature and member species can be found in a range of habitats including the gastrointestinal microbiota of both livestock and humans. Enterococcus spp. are

also commonly isolated from water contaminated by sewage or fecal wastes, and are widely used as bacteriological indicators of fecal contamination.

Foodborne Enterococcus spp. are rarely implicated as pathogens, but consumption of these bacteria can lead to their establishment in the gastrointestinal tract. The incidence of clinical infections

caused by Enterococcus spp. has been increasing since the 1970s. The acquired resistance of Enterococcus faecalis and Enterococcus faecium, the most prevalent species in humans and animals, is

increasing, particularly multidrug resistance to commonly used antimicrobials. There are three principal zoonotic transmission routes of resistant bacteria from agrifood systems to humans; the

consumption of contaminated food; direct contact between humans and livestock and environmental dispersion. Monitoring multidrug-resistance in different environmental matrices is essential not only

from the perspective of environmental safety but also to prevent the spread of antimicrobial resistance, according to One Health concept.

The aim of this study was to determine the resistance profile of enterococci isolated from piglets feces in dense livestock industry of Portugal.

Sampling

Seventy-five piglet feces were collected, from October 2018 to May 2019, in an abattoir in Portugal,

under supervision of a veterinarian.
Isolation and identification of Enterococcus spp.

Samples (10 g) were mixed with 90 ml of a Tryptone salt broth. Suspensions were transferred to sterile

stomacher bags and homogenized for 2 min in a stomacher blender. Serial dilutions were made in

Tryptone salt broth. Dilutions were inoculated in Slanetz Bartley Agar (37°C, 24-48h).

The red colored colonies are representative of Enterococcus and for further identification, catalase, Bile

Esculin Agar and Trypticase Soy broth + 6,5%NaCl test were done. If there is any doubt about the

identification, the API STREP was used.

Antimicrobial susceptibility testing

The isolates were tested for antimicrobial susceptibility, by agar disk diffusion method on Mueller-Hinton

agar, to the following antimicrobial agents: vancomycin (VAN), ciprofloxacin (CIP), linezolid (LNZ),

tigecycline (TIG), ampicillin (AMP) and imipenem (IP).

Identification of Enterococcus species

Enterococcus sp. were confirmed by Real-Time PCR (LightCycler, Roche Diagnostics, Germany) on

crude bacterial DNA, and after the species of E. faecalis and E. faecium were identified.

Fourteen isolates were identified as E. faecalis, 47 E. faecium and other 45

Enterococcus sp. (Figure 1).

Figure 2 represents an example of a E. faecium isolate resistant to IP.

The resistance to the antibiotics tested was 58% for Enterococcus sp., 60%

for E. faecalis and 68% for E. faecium (Figure 3). More than 50% of the

isolates showed resistance to at least one of the antibiotics, and 5 were

considered multidrug-resistant (resistance to three antibiotics different

classes; 2 Enterococcus sp, 2 E. faecium and 1 E. faecalis) (Figure 3).

The enterococci were especially resistant to CIP (35.6%) and to IP (31.8%),

being the resistance to other antibiotics much lower (VAN - 3.8%, AM - 3.0%

and LNZ - 1.5%) and were susceptible to TIG (Figure 3). The resistance to

IP was essentially observed in E. faecium (61.7%), followed in much lower

percentage by Enterococcus sp. (15%) and E. faecalis (10%). The major

resistance to CIP was detected in Enterococcus sp (46.7%) and E. faecalis

(45%) (Figure 4).

World Health Organization. One Health. 2017. Available at: www.who.int/features/qa/one-health/en/ [accessed 30 October 2020].

Zaheer R, Cook SR, Barbieri R, Goji N, Cameron A, Petkau A, Polo RO, Tymensen L, Stamm C, Song J, Hannon S, Jones T, Church D, Booker C W, Amoako K, Van Domselaar G, Read RR, McAllister TA. 2020. Surveillance of Enterococcus spp. reveals

distinct species and antimicrobial resistance diversity across a One-Health continuum’, Scientific Reports, Springer US, vol. 10, no. 1, pp. 1–16 [Online]. DOI: 10.1038/s41598-020-61002-5.

Figure 2. Susceptibility screening to AM, IP 
and TGC of a E. faecium isolate

Figure 3. Resistance (%) of enterococci to antimicrobials 

Figure 1. Identification of enterococci isolated from piglet feces
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Objectives
To evaluate the effect of organic herbs on the growth of Salmonella Enteritidis in different meat broths

Materials and Methods

• Laboratory medium meat extract
broth (ME) and chicken meat broth
(B) containing organic oregano,
thymus, summer savory, crithmum
and mixtures of them

• Monitoring the growth Salmonella
Enteritidis for 24 hours at 37°C by
microplate reader

• The effect of the herbs, on
Salmonella Enteritidis growth
parameters was estimated by the
model of Baranyi and Roberts
(1994).

Results and Discussion

• The influence of organic herbs was
related with the herb species, the
added quantity and the growth
medium used

• The lag phase of Salmonella was
increased in most of the cases, when
Salmonella was grown on chicken
meat broth with herbs.

Conclusion:

The differences between the effect of the same herb on the growth of
Salmonella in different growth media, highlights the importance of the
choice of the most appropriate medium to simulate the food matrices.

Herb Lag phase difference (hours) 
ME B

Mixture 1 4.21 0.52
Mixture 2 2.46 -
Mixture 3 0.10 1.62
Oregano 2 6.38 /
Summer savory 1 - 1.91
Crithmum 3 - 1.57
Crithmum 2 - -
Thymus 2 / 3.42

Table 1. Estimated differences in lag
phase of meat extract and chicken meat
broth containing or not organic herbs by
model of Baranyi and Roberts (1994)
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Objective: 

Irritable bowel syndrome (IBS) is a
non-organic gastrointestinal disorder that
adversely a�ects the quality of life. The
etiology of the disease is not fully understood, 
and appropriate treatment is still a matter of 
debate. The prevalence of IBS in the global 
population is estimated at 11% and the
prevalence in women is about twice as high as 
in men. Half of patients report their first
symptoms before the age of 35. In patients 
with IBS there are qualitative and quantitative 
changes in the composition of the gut
microbiota, which has significant therapeutic 
implications. Disturbed motor activity of the 
gastrointestinal tract and visceral
hypersensitivity are typical but not completely 
specific features of IBS. The diagnosis of IBS 
should be based on the Rome IV criteria. They 
consisted in recurrent abdominal pain on
average at least 1 day/week in the last 3 
months, associated with 2 or more of the
following: 
1. Related to defecation and/or 
2. Associated with a change in frequency of 
stool and/or 
3. Associated with a change in form (appea-
rance) of stool 
Rome IV recognizes that patients may also 
report symptoms of abdominal bloating 
(subjective) and/or distension
(objective/visible increase in abdominal girth). 

Background

The Research Hypothesis for the present 
study is to assess the e�ects  of a food
supplement containing probiotic live lactic 
acid bacteria, with  enzymes, Melissa, 
Passionflower and Chamomile in toward 
symptoms in women with IBS

Methods:
Design

Interventional, controlled prospective trial on 
one cohort of patients
Inclusion Criteria
-Women between 18–70 years with symptoms 
of IBS who meet the Rome IV criteria for the 
diagnosis of IBS 
- Read and signed informed consent.
Number of patients and sample size
30 enrolled women

Trial design

The study was a 20-days interventional trial. 
During the intervention, participants will take 
Lactoflorene Pancia Piatta® sachets, once a 
day for 20 days. Throughout the study, the 
subjects will not allow to consume any
medications that could influence gut motor or 
microbiota, including laxatives, antidiarrheal 
agents, antibiotics, and probiotics. They will 
fill out the weekly questionnaire GSRS. After 4 
weeks a comprehensive evaluation of data will 
be performed for each patient.

Results:
The outcomes of the trial confirm the

assumption of a beneficial e�ect of a food
supplement containing probiotic live

lactic acid bacteria, with enzymes,
Melissa, Passionflower and Chamomile as 

an adjuvant in women su�ering from
abdominal symptoms, especially

characterized by bloating

Conclusions:
Treatment with

Lactoflorene Pancia Piatta®
a food supplement containing

probiotic live lactic acid
bacteria, with  enzymes, Melissa,

Passionflower and Chamo
mile  proved to be e�ective and safe 

as an adjuvant in the
management of women with
abdominal symptoms related

to irritable bowel syndrome

Responder rates of overall IBS symptoms assessed by
gastrointestinal symptom rating scale (GSRS) irritable bowel syndrome version 

E�ect of Lactoflorene Pancia Piatta® in
women with symptoms related to irritable 
bowel syndrome 
Authors: Dr. Murina Filippo, Dr. Vicariotto Franco 
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World population is growing and is expected to increase becoming a challenge to feed the population. By 2050, it is estimated that a meat production of up to 200 million tons will be needed
to satisfy nutritional requirements, resulting environmentally unsustainable (FAO, 2009). It is necessary to produce more than food, food with high nutritional value rich in protein. In food
production, animal products have been estimated to generate higher greenhouse gas emissions, given this, the search for plant-based protein sources has increased driven by environmental
sustainability and low cost. Lentils (Lens culinaris) are legumes highly consumed worldwide, and a rich source of protein, essential micronutrients and antioxidants (Khazaei et al., 2019).
Despite having a good quality nutritional profile, lentils also contain antinutrients that limit an appropriate protein digestibility and absorption. Solid state fermentation (SSF) of legumes
reduces the content of antinutrient, and improves its nutritional profile, flavor and aroma of the final product (Nkhata et al., 2018; Gupta et al., 2018).
In the last years, postbiotic foods have gained much popularity in food technology area. The objective of this study was to evaluate the benefits resulting from solid-state fermentation (SSF)
on functional compounds in Pardina lentils (Lens culinaris var. variabilis).

Figure 1. Net biomass variation (a) and protein (b) (%) in grain and lentil flour through solid state fermentation with P. ostreatus. *(a-f): There
are significant differences (p<0.05) between the biomass and protein content between the different fermentation times for each substrate.
*(A-B): There are significant differences (p<0.05) between the biomass and protein content between both substrates for each time.
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STATISTICAL ANALYSIS

The results obtained were evaluated by one-factor analysis of variance (ANOVA) with a
confidence level of 95% (p<0.05) using Statgraphics Centurion XIX program.

Despite the advantages reported in other vegetal substrates, solid state fermentation (SSF) in Pardina lentils did not report a significant increase of antioxidant properties, but showed an
increase in protein content and a decrease in antinutrients. Therefore, SSF can be porposed to process this type substrate if the aim is mainly focused on improving the digestible protein
content resulting from the large increase in unicellular protein from biomass production.
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DETERMINATION METHOD

Growth     
kinetics

Biomass production Conversion of the fungus's own chitin to 
glucosamine by hydrolysis (Scotti et al., 2001).

Protein content
The amount of protein during fermentation 
was determined by the Kjeldahl method, 
according to AOAC (2000).

Anti-nutrient 
properties Phytic acid content

Phytic acid precipitates as ferric phytate. This 
precipitate is separated, washed, and after 
hydrolysis the phosphorus content is 
determined (Peng et al., 2010).

Functional 
properties

Phenolic compounds
Reaction of phenolic compounds with the 
Folin-Ciocalteu reagent, at basic pH (Chang et 
al., 2006).

Antioxidant activity

It was determined by the tests of ABTS
(reduction of radical ABTS +), DPPH (reduction 
of radical DPPH to DPPH-H) and FRAP
(reduction of Fe3+ to Fe2+) (Thaipong et al., 
2006).

The growth of P. Ostreatus fungus is evidenced by
the increase of the biomass content through
fermentation time and is influenced by the type of
substrate. However, at the end of the fermentation
(14 days) the biomass was similar in grain and
lentil flour (Figure 1a). The increase in protein is
related to the growth of the fungal mycelium. The
protein content in both substrates increased with
respect to the initial time, but in flour the content
was higher by 21% (Figure 1b).

ANTI-NUTRIENT PROPERTIES

Lentils contain phytates that negatively intervene in
micronutrient absorption and protein digestibility, but with
solid state fermentation the phytic acid content was
significantly reduced through fermentation time in grain
and flour (Figure 2).

Figure 2. Effects of fermentation with P. ostreatus on the phytic acid content in grain and lentil flour (mg of phytic acid per g of fermented
substrate). *(a-g): There are significant differences (p<0.05) in the phytic acid content between the different fermentation times for each
substrate. *(A-B): There are significant differences (p<0.05) in the phytic acid content between both substrates for each time.

FUNCTIONAL PROPERTIES

Figure 3. Effects of fermentation with P. ostreatus on antioxidant content in lentil grain (a) and lentil flour (b) (mg of Trolox per g of sample).
*(a-h): There are significant differences (p<0.05) in antioxidant content between the different fermentation times for each substrate. *(A-B):
There are significant differences (p<0.05) in antioxidant content between both substrates for each time.

Figure 4. Effects of fermentation with P. ostreatus on polyphenol content in grain and lentil flour (mg of Gallic acid per g of fermented
substrate). *(a-d): There are significant differences (p<0.05) in polyphenol content between the different fermentation times for each
substrate. *(A-B): There are significant differences (p<0.05) in polyphenol content between both substrates for each time.

The results obtained show a decrease in the
content of antioxidants (Figure 3) and polyphenols
(Figure 4) through the fermentation time. Only by
the ABTS method a slight increase is observed at
the end of fermentation but still lower than the
initial time.

Other studies showed that fermentation also decreases
the content of antioxidant compounds through the
fermentation time, indicating that the composition of the
substrate and the choice of the microorganism play an
essential role in increasing the bioavailability of
antioxidant compounds (Limón et al., 2015).
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Objective

To monitor the survival of Listeria monocytogenes during ripening and storage of Greek Feta-cheese with or without the addition of 
2 multi-functional lactic acid bacteria (LAB) strains. 

Materials and Methods Results and Discussion

Fig. 1: Population of Listeria monocytogenes during
ripening (1-60 days) and storage of Feta cheese
with the 2 multifunctional strains as co-starters (A)
and of control case (B). ♦Acid-adapted-Batch1, ▀:
Acid-adapted-Batch2, ▲:Non-acid adapted-Batch1,
x: Non-acid adapted-Batch2

Fate of Listeria monocytogenes during production and storage of 
Feta cheese using multi-functional strains with probiotic potential

Acknowledgement: This research has been co-financed by the European Union and
Greek national funds through the Operational Program Competitiveness, Entrepreneurship
and Innovation, under the call RESEARCH-CREATE-INNOVATE (project code: T1EDK-00968)

 Feta-cheese was manufactured using commercial
starter-culture (control) and with the addition (co-
culture) of 2 multi-functional strains (Leuconostoc
mesenteroides-FMX3, Lactococcus lactis-SMX2) with
technological, probiotic and anti-listerial properties in
vitro.

 L. monocytogenes (4-strains) with or without acid
adaptation was added (ca. 4 log CFU/g) and ripening
followed.

 Microbiological, pH, and sensory (non-inoculated
samples) analyses were performed during ripening
and cold-storage

 The presence of the strains in the product was
determined using RAPD-PCR.

 Results showed that LAB population
exceeded 8.0 and 7.0 log CFU/g
during ripening and 7.8 and 7.1 log
CFU/g during storage at probiotic
and control case, respectively.

 The population of L.
monocytogenes was found lower by
0.5-1.0 log CFU/g in the probiotic
case compared to the control during
early-ripening,

 After 45d and 60d of ripening
pathogen was found below the
detection limit at the probiotic and
control case, respectively. During
storage, pathogen was not detected
(after enrichment) at both cases.

 RAPD-PCR showed that the
probiotic strains were maintened in
high percentages during storage,
whereas probiotic samples
exhibited better sensory
characteristics.

Conclusion: The findings of the study were promising for the production of Feta cheese
with enhanced safety and functional properties.

In vitro In situ
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RESULTS

• E. coli isolates showed high resistance to antimicrobials.

• All the E. coli isolates XDR and PDR showed the presence of ESBL and AmpC genes (alone or associated).

• According to the One Health, monitoring multidrug-resistant bacteria in different environmental matrices is essential not only from the perspective of environmental safety but also to prevent the

spread of antimicrobial resistance.

Antimicrobial resistance is an emerging global threat and may be responsible 10 million deaths per year by 2050, unless appropriate actions are taken. Since antimicrobials are used in livestock

production to maintain health and productivity, and since humans and animals share bacteria and the way of treating them, the global emergence of antimicrobial resistance can be disseminated from

animals to humans and vice-versa leading to One Health. The One Health approach is particularly relevant including food safety, the control of zoonoses, and combatting antibiotic resistance.

Food-producing animals may play an important role in the transfer of antibacterial resistance among farmers, livestock, and farm environment. The transmission of multidrug-resistance bacteria from

animals to humans can occur through direct contact with farmers and veterinarians or through consumption of contaminated food of animal origin, ground water or surfaces, and animal waste handling.

Monitoring multidrug-resistance in different environmental matrices is essential not only from the perspective of environmental safety but also to prevent the spread of antimicrobial resistance, according

to One Health concept.

The prevalence of ESBL- and/or AmpC-producing E. coli in fattening pigs in Europe in 2017 varies significantly among countries. In Portugal, according to EFSA (European Food Safety Authority) and

ECDC (European Centre for Disease Prevention and Control) the E. coli isolated in fattened pigs presented ESBLs (54.9%), AmpC (13.5%) and ESBL plus AmpC (4.7%).

The aim of this study was to determine susceptibility profiles of Escherichia coli in piglets intestinal microbiota. The occurrence of multiple antibiotic resistance and genotypic detection of ESBLs and

pAmpC were done.

Sampling

Seventy-five piglet feces were collected, from October 2018 to May 2019, in a slaughterhouse in

Portugal, under supervision of a veterinarian.

Isolation and identification of Escherichia coli

Samples (10 g) were mixed with 90 ml of a Tryptone salt broth. Suspensions were transferred to sterile

stomacher bags and homogenized for 2 min in a stomacher blender. Serial dilutions were made in

Tryptone salt broth. Dilutions were inoculated in Lauryl Sulphate Agar (37°C, 18-24h).

The yellow colored colonies are representative of E. coli. and for further identification, oxidase and indol

test were done. If there is any doubt about the identification, the API 20E was used.

Antimicrobial susceptibility testing

The isolates were tested for antimicrobial susceptibility, by agar disk diffusion method on Mueller-Hinton

agar, to the following antimicrobial agents: aztreonam (AZT - monobactam), piperacillin (PIP -

ureidopenicillin), amoxicillin-clavulanic acid (AMC - penicillin+beta-lactamase inhibitor), cefoxitin (FOX -

2nd generation cephalosporins), ceftazidime (CAZ - 3th generation cephalosporin), cefepime (FEP - 4th

generation cephalosporin), imipenem (IP – carbapenem), amikacin (AK - aminoglycoside), ciprofloxacin

(CIP - fluoroquinolone) and sulphometoxazol-trimethoprim (SXT - anti-metabolite).

Multidrug-resistance definition

The isolates were classified as extensively drug-resistance (XDR) “non-susceptibility to at least one agent

in all but two or fewer antimicrobial categories” and pandrug-resistance (PDR) “non-susceptibility to all

agents in all antimicrobial categories”.

Genotypic detection of ESBL and pAmpC

According to resistance profile, a five-gene panel for amplification of bla genes was applied for ESBL

(blaTEM, blaSHV, and blaCTX-M) and/or AmpC (blaCMY-2 and blaACC), using Real-Time PCR (LightCycler,

Roche Diagnostics, Germany) on crude bacterial DNA.

Twelve isolates were classified as extensively drug-resistant, and one as

pandrug-resistant and presented different enzyme profiles (Table 1).

Figure 1 represents the antibiogram of E. coli 71.4, classified as XDR. In this

bacteria is noted the expression of an ESBL, and susceptibility only to IP and

SXT.

The Figure 2 ilustrates the presence of an ESBL. These enzymes are inhibited

by clavulanic acid, as shown by the enlargement of the inhibition zone near beta-

lactams (aztreonam, piperacillin, ceftazidime, and cefepime).

The most observed resistant determinat was blaCTX-M (n=9), alone (n=3) and

associated with other determinants (n=6). Associations of bla genes were

detected in 7 isolates: two with 3 genes; two with 2 ESBls genes, and three with

1 ESBL and 1 pAmpC (Table 1).
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World Health Organization. One Health. 2017. Available at: www.who.int/features/qa/one-health/en/ [accessed 30 October 2020].
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2017. EFSA J. 17:5598, 278 pp.

Figure 1. Susceptibility of E. coli 71.4, classified as XDR
Figure 2. Presence of extended-spectrum-beta-lactamases (ESBLs) in 
E. coli isolated from piglet feces

Table 1. E. coli isolates, and distribution of bla genes among
XDR/ PDR isolates

Isolate XDR/PDR 
(n=13)

bla associations (n=7) bla pAmpC (n=2) bla ESBL (n=4)

blaACC blaCMY-2 blaCTX-M blaTEM blaSHV

6.2 XDR blaCTX-M+ blaACC+blaCMY-2

6.3 XDR blaCTX-M+blaSHV + blaCMY-2

8.2 XDR blaTEM+blaCMY-2

49.1 XDR blaCTX-M+ blaACC

52.1 XDR blaCTX-M+ blaTEM

53.2 XDR blaCTX-M+blaSHV

53.4 XDR +

53.5 XDR +

55.5 XDR +

71.2 XDR +

71.4 XDR blaCTX-M+ blaCMY-2

74.1 XDR +

75.1 PDR +
+, presence of a bla gene 
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Background
Researchers are starting to appreciate how microorganisms influence
the brain through the ability to produce and modify many metabolic,
immunological and neurochemical factors in the gut that ultimately
impact the nervous system. [1] Gut barrier integrity can become
disrupted in some neuropsychiatric conditions related to behavioural,
cognitive and psychological symptoms, such as stress, anxiety or
depression. [2] In this scenario, a novel class of probiotic
microorganisms, called psychobiotics, are emerging as a way to
enhance the host’s mental health via the bidirectional dynamic
microbiota-gut-brain crosstalk. [1] Although growing evidence is
confirming that treatments targeting the gut microbiota with specific
probiotic strains are capable of ameliorating anxiety symptoms in
humans and appear as an appealing strategy, translational research in
this field is still limited and further investigation of the efficacy of
psychobiotics in mood disorders is warranted. (Figure 1) [2]

Objectieve

Results 
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Figure 1. The gut microbiota–brain axis

Table 1. Heatmap depicting neurotransmitters quantity produced by the screening of 13 
probiotic microorganisms. Bacteria are listed on y-axis and neurotransmitters on x-axis. 
The values of neurotransmitters produced by bacteria are expressed in mM 
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1) Study of the ability of bacterial cultures to produce neuroactive
mediators (Screening phase).
2) Growth tests, on industrial level and optimization of a finished
product with selected strains
3) Assess a probiotic formula, including selected strain able to
produce neurotransmitters in vitro batch fermentation and on human,
to provide new, safe and effective therapeutic option for:
• improving the cognitive performance
• preserving memory
• alleviating stress and anxiety symptoms

Materials and Methods 

Selection of psychobiotic microorganisms and 
development of a dietary supplement with potential 

effect on mental health

Materials
Probiotic strains selected for testing their psychobiotic activity belong to
the culture collection of the PROGEFARM industry and have been chosen
according to the guidelines of FAO/WHO (2002).
Methods
1) The probiotic strains have been grown in enriched specific growth
media and analyzed on API 2000 triple quadrupole mass spectrometer
(ABSciex, Carls- bad, CA) to detect the production of neurotransmitters
2) The selected Lactobacillus strains have been grown in a Sartorius
fermenter (Biostat A Plus model) and then in large scale bioreactor.
Formulation of the finished product associated with bioactive substances
3)In vitro batch fermentation has been performed on 5 dietary
supplements containing the same amount of probiotic strains and
different in concentration of vitamin B6 and excipients. Inoculated with
fecal slurries at 37 °C with mild shaking and after 24 and 48h the
supernatant was analyzed by LCMS-8050 for neurotransmitters
production. Further studies to assess the potential psychobiotic effect of
the dietary supplement composed by probiotic, vitamins and zinc are
carrying out on the SHIME (Simulator of Human Intestinal Microbial
Ecosystem) and a clinical trial (Figure 2)

Our work interestingly
indicated that L.brevis
strains have the best ability
to produce GABA among
the strains screened, which
is kept in the in vitro batch
fermentation. In L.
plantarum strains,
acetylcholine has been
detected only in the
screening phase reaching
0,36mM (Table 1 and 2)
and in vitro batch
fermentation about 0,2 mM

Figure 2. Study visit diagram illustrates study procedures over the 12-week study period. 

Table 2. GABA and glutamate concentrations and correlation after 24h and 48h fecal 
fermentation of five dietary probiotic supplementations. Dietary probiotic supplementation 
are represented with different colors. Fecal samples were obtained from two healthy adult 
volunteers; Regression curve is displayed on the figure with a deep gray line, showing a 
negative correlation between fecal GABA and glutamate concentrations
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OBJECTIVE
Fermented foods are staples of the human diet. The 
process of fermentation has been used by humans 
for thousands of years, with major roles in food 
preservation and alcohol production. It is primarily 
an anaerobic process in which sugar (i.e. glucose) 
is converted to other compounds such as alcohol, 
while producing energy for the microorganisms. 
Worldwide, different products are a result of 
fermentation process and different microorganisms 
(bacterial and yeast species) are present 
contributing to the unique flavors and textures of 
fermented foods. Some of these bacteria and yeasts 
are referred to as “probiotic” when they adhere 
to the well established World Health Organization 
(WHO) definition: “live microorganisms which, 
when administered in adequate amounts, confer a 
health benefit on the host” (2).

The preparation of fermented foods was 
performed in the past without knowledge of the 
role of microorganisms involved or beneficial 
effects on human health (1). Nowadays, due to 
the proclaimed health benefits (i.e. enhanced 
digestibility, increased nutritional value, presence 
of beneficial microorganisms), fermented foods 
are becoming increasingly popular and can be also 
seen as a vehicles for beneficial microorganisms 
that have an important role in human health (3). 

THE AIM OF STUDY
The aim of our study was to examine the awareness 
and knowledge of people in Northeastern Slovenia 
with fermentation, fermented foods and beneficial 
impact on health.

METHODS
The cross-sectional study included 367 individuals 
(302 women and 58 men). An anonymous 
questionnaire was designed to assess the 
participants’ knowledge of fermentation process 
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and fermented foods, consumption of fermented 
foods and awareness of the health benefits. The 
questionnaire was prepared with the 1.KA online 
application and it was distributed to the study 
participants directly through e-mail. Data were 
collected from March to June 2021. The collected 
data were statistically processed using IBM SPSS 
27.0 (IBM Corp. Armonk, NY).

RESULTS
The mean age of participants included in the study 
was 31.3 ± 15.5; for men it was 33.5 ± 15.7 years 
and for women 30.9 ± 15.5 years, ranging from 
the youngest participant aged 16 to oldest aged 
89 years. Compared with the youngest participants 
(< 21 years) knowledge about fermentation was 
better in older individuals (p < 0.001) (Fig. 2). More 
than a half of participants knew the fermentation 
process is led by lactic acid bacteria and yeasts, 
however, only 17.4 % of participants were aware 
of the role of the molds. Slightly less than a third 
(28.9 %) of participants tried fermenting at home 
while 71.1 % never tried to ferment at home (Fig. 1). 
Surprisingly, only 24.5 % of the participants became 
acquainted with fermented foods at home and 
61.3 % of them were aware of health benefits of 
fermented foods, but mostly regarding it’s beneficial 
effect on gut health and immune system. 

CONCLUSIONS
As people today live predominantly in urban 
areas and incline towards westernized foods, 
younger generations often lack the knowledge of 
fermentation and nutritional value of fermented 
foods. Steps should be taken to educate younger 
generations regarding the health benefits of 
fermented foods especially taking into account that 
most of them expressed their interest in learning 
more about this process.

Figure 1. Fermenting food at home – an overview of population 
that tried fermenting at home and those who never tried. 
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Figure 2. Knowledge of fermentation process among 
participants of the study.  
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Figure 1. Experimental design. There were three experimental set ups, as differentiated Caco-2 cells were
either: 1. treated with 2% DSS alone (6 or 24 hours), 2. treated with 2% DSS for 2 hours, then several
concentrations of Bimuno GOS (1 to 1000 μg /mL) were added for further 4 or 22 hours, or 3. treated with
different Bimuno GOS concentrations alone (4 or 20 hours).

Introduction
Ulcerative Colitis (UC), a type of Inflammatory Bowel Disease (IBD), is a chronic relapsing inflammation of the lower gastrointestinal tract, presenting typical symptoms, such as rectal bleeding, bloody and mucous diarrhoea and abdominal
pain. UC characteristic pathophysiology involves epithelial barrier impairment and increased uptake of luminal antigens caused by defects in colonic mucin secretion and tight junctions damages. The interplay between gut microbiota
composition, intestinal mucosal barrier and mucosal immune system plays an important role in UC pathogenesis and disease course. Prebiotics, defined as “a substrate that is selectively utilised by host microorganisms conferring a health
benefit”, include galactooligosaccharides (GOS), fructo-oligosaccharides (FOS), inulin and β-glucans. A potential use of prebiotics in IBD has been suggested, for their ability to promote probiotic microorganisms growth, in particular
Bifidobacterium species, and to stimulate innate immunity. In particular, the major bifidogenic effect has been observed with a specific GOS (Bimuno GOS). This GOS plays an important role in the immune function modulation, as observed in a
study on elderly, where GOS supplementation induced IL-10 increase and IL-1β reduction. This specific GOS has also been shown to reduce serum IL-8 and C-Reactive Protein, and to improve NK cell activity.

Objective
Considering the capacity of prebiotics in reducing gut inflammation, the aim of this study was to investigate the anti-inflammatory activity of Bimuno GOS in an in vitro model of UC-like inflamed intestinal cells. For such purpose, Caco-2 cells
have been treated with dextran-sulphate-sodium (DSS) to mimic the inflammatory state of the intestinal mucosa of UC patients, and the possible mechanisms associated with GOS protective activity have been identified.

Materials and Methods
Caco-2 cells, differentiated on Transwell filters, were exposed to 2% DSS to induce inflammation, or treated with different concentrations of Bimuno
GOS (GOS Bimuno®; in powder form with a content of 80% active GOS was supplied by Clasado Biosciences Ltd. Reading, UK). The different
timepoints, according to the different experiments performed, are shown in Figure 1. Several parameters have been evaluated, to analyse: 1-cell
membrane permeability (transepithelial electrical resistance (TEER) and phenol red apparent permeability (Papp), 2-tight and adherens junctions integrity
(immunolocalisation of the principal proteins involved, i.e. zonula occludens (ZO)-1 and occludin for tight junctions, and β-catenin and E-cadherin for
adherens junctions), 3-NF-kB inflammatory cascade (nuclear translocation of P-p65 by immunolocalisation and expression of TLR4, MyD88,
phospho(P)-IKKα/β, P-IkB-α, P-p65, Tollip and IRAK-M proteins by Western blot), 4-IL-1β, IL-6, IL-8 and TNF-α pro-inflammatory cytokine secretion
by ELISA.

Figure 3. GOS effects on TEER (Panel A) and phenol red Papp
(Panel B) in Caco-2 cells: untreated (C) or treated with 2% DSS for 2
hours and then with several concentrations of Bimuno GOS (1-1000
μg/mL) up to 24 hours. TEER values are reported as Ohm × cm2.
Phenol red Papp values are reported as cm x sec-1. Values represent
mean ± SD of at least three independent experiments, carried out in
triplicate. Panel A: * stands for significant difference between T0 and
T24 (P < 0.05). Panel B: means without a common letter significantly
differ, P < 0.05.

Figure 6. Inhibition of NF-kB signalling
pathway by Bimuno GOS in Caco-2 cells:
untreated, or treated with 2% DSS alone for
6 hours, or treated with 2% DSS for 2 hours
and then with GOS (100 and 200 μg/mL) for
further 4 hours, or treated with 100 μg/mL
GOS alone for 4 hours. Densitometric values
are shown. The relative expression levels of
TLR4, MyD88, Tollip and IRAK-M were
normalised to α-tubulin, whereas the
phosphorylated IKK-α, IKK-β, IkB-α and
p65 were normalised to their corresponding
unphosphorylated forms. Panel A: TLR4,
MyD88, P-IKK-α, P- IKK-β, P- IkB-α, P-
p65. Panel B: Tollip and IRAK-M. Values
represent means ± SD of three independent
experiments, carried out in triplicate. Means
without a common letter significantly differ,
P < 0.05.

Figure 5. Localisation of P-p65 in Caco-2 cells: untreated (C), or
treated with 2% DSS for 6 hours, or treated with GOS (100 and 200
μg/mL) for 4 hours, or treated with 2% DSS for 2 hours and then
with Bimuno GOS (100 and 200 μg/mL) for further 4 hours. Cell
nuclei were stained with DAPI, while P-p65 was labelled with rabbit
polyclonal anti-P-p65 antibody, followed by TRITC-conjugated
secondary antibody. Each figure is representative of three
independent assays (63× magnification). Bars represent 10 µm.

Figure 7. Localisation of tight and adherent junction proteins in Caco-2 cells: untreated (C), or treated with 2% DSS for 6 hours, or treated with GOS (100
and 200 μg/mL) for 4 hours, or treated with 2% DSS for 2 hours and then with Bimuno GOS (100 and 200 μg/mL) for further 4 hours. Cells were labelled with
specific primary antibodies for tight (Panel A) and adherent (Panel B) junction proteins, followed by TRITC- and FITC-conjugated secondary antibodies for
occludin and ZO-1, and for β-catenin and E-cadherin, respectively. Cell nuclei were stained with DAPI. Dissociation of occludin from membrane is indicated
by arrows. Each figure is representative of three independent immunofluorescence assays (63× magnification). Bars represent 10 µm.

✓ Preliminary experiments indicated that GOS was not toxic for Caco-2 at all tested concentrations (1-1000 μg/mL) (data not shown).

✓ Treatment of Caco-2 cells with 0.05-1% DSS did not alter cell permeability, while 3 and 5% DSS induced a dramatic TEER drop (Fig. 2A) accompanied by a phenol red Papp higher than 1 x 10-6 cm x sec-1 (Fig. 2B). Moreover DSS was able
to induce P-p65 translocation into the nucleus in a dose dependent manner (Fig. 2C).

✓ GOS concentrations ranging from 50 to 1000 µg/mL were able to prevent the permeability increase induced by DSS, whereas 1 and 10 µg/mL concentrations only partially protected the cells (Fig 3A). Phenol red Papp showed that all GOS
concentrations were able to protect the cells from DSS damage, except for the lowest one (1 µg/mL) (Fig 3B). Based on these data, 100 and 200 µg/mL GOS concentrations were chosen for further experiments, considering that these
concentrations were not detrimental for cell monolayers and were able to protect cells against DSS-induced cell damages.

✓ Treatment of Caco-2 cells with GOS did not induce the apical secretion of IL-1β, IL-6, IL-8 and TNF-α, whereas 2% DSS induced a secretion increase of all cytokines (Fig. 4) . Overall, 100 and 200 µg/mL GOS concentrations were effective
in reducing the pro-inflammatory cytokine secretion induced by DSS. In particular, 100 and 200 µg/mL GOS were able to reduce to control level all cytokines analysed, with exclusion of IL-1β, that resulted reduced in comparison to
treatment with DSS alone, but still significantly higher as compared to the control. Treatments with 100 and 200 µg/mL GOS were able to inhibit the DSS-induced P-p65 translocation into the nucleus (Fig. 5).

✓ Analysis of NF-kB pathway proteins was performed in order to investigate the mechanisms involved in the GOS treatment protection. DSS induced a significant increase of expression of TLR4, MyD88, P-IKKα/β, P-IkBα and P-p65 as
compared to control (Fig. 6A). In addition, expression of TOLLIP and IRAK-M inhibitors was significantly reduced as compared to control (Fig. 6B). No significant differences for all the analysed proteins could be observed in cells treated
with 100 and 200 µg/mL GOS alone, as compared to control. On the other hand, Caco-2 cells treated first with DSS and then with GOS had similar expression level of all the proteins involved in NF-kB inflammatory pathway (Fig. 6A) and
of TOLLIP and IRAK-M inhibitors (Fig. 6B), compared to control. These results indicate that GOS was able to counteract the DSS-induced inflammatory NF-kB cascade activation.

✓ The ability of the GOS to counteract the DSS-induced membrane barrier damage was analysed by immunolocalisation of the principal tight and adherent junction proteins. As reported in Fig. 7A, DSS induced several damages in both ZO-1
and occludin protein distribution, as ZO-1 resulted in discontinuous cell boundaries, whereas occludin disappeared from cell boundaries and partly localised in the cell cytoplasm. Several damages were also present in the adherens junctions.
Indeed, DSS induced disappearing of both E-cadherin and β-catenin from cell boundaries associated to a loss of co-localisation of the two proteins. 100 and 200 μg/mL GOS were able to rescue the damages induced by DSS in both tight and
adherent junction protein distribution (Fig. 7B).

Conclusions

Using an in vitro UC model, we demonstrated that the specific GOS tested in this study is a safe and effective way not only to modulate the gut inflammatory status but also to potentially prevent or restore gut barrier disruptions induced by
inflammatory state. We propose that the direct effects of GOS happen through modulation of the NF-kB signalling pathway and reduction of pro-inflammatory cytokine secretion. Currently, various pharmaceutical options are available for the
treatment of IBD, however, all with their own limitations related to efficacy, side effects and costs. A prebiotic supplement such as the specific GOS of this study could be an attractive therapeutic agent or an add-on to other treatment options for
managing IBD. However, more detailed studies including clinical trials would be necessary to confirm its safety and efficacy.

Figure 2. DSS effects on TEER (Panel A), phenol red Papp
(Panel B) and P-p65 translocation into the nucleus (Panel C)
in Caco-2 cells: untreated (Control, C) or treated with different
concentrations of DSS (0.05-5%) for 5.5 hours. TEER values are
reported as Ohm × cm2. Phenol red Papp was measured at end of
TEER measurements, and values are reported as cm x sec-1.
Values represent mean ± SD of at least three independent
experiments, carried out in triplicate. Panel A: * stands for
significant difference between T0 and T24 (P < 0.05). Panel B:
means without a common letter significantly differ, P < 0.05.
Panel C: cell nuclei were stained with DAPI, while P-p65 was
labelled with rabbit polyclonal anti-P-p65 antibody, followed by
TRITC-conjugated secondary antibody.

Figure 4. Pro-inflammatory cytokine secretion with different concentrations of GOS and/or DSS. Caco-2
cells were either untreated, or treated with 2% DSS alone for 6 hours, or treated with 100 or 200 μg/mL Bimuno
GOS alone for 4 hours, or treated with 2% DSS for 2 hours and then with 100 or 200 μg/mL Bimuno GOS for
further 4 hours. IL-1, IL-6, IL-8 and TNF-α secretion was evaluated in the apical compartments by ELISA.
Values represent means ± SD of three independent experiments, carried out in triplicate, means without a
common letter significantly differ, P < 0.05.

Results
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Epidemiological studies have shown a lower risk of breast cancer in women who consume probiotics. These observations
suggested that probiotics may exert chemoprotective activities, directly or indirectly.
The aim of this study was to assess the direct effect of a probiotic microorganism in two human breast adenocarcinoma
cell lines. In particular, the antiproliferative effect of heat-inactivated bacteria and the supernatant as such, heat-treated and
neutralized was evaluated in cancer cells.

In this study has been tested the probiotic strain Streptococcus
thermophilus 11-137, derived from the collection of Istituto
Superiore di Sanità (Rome, Italy), that was originally isolated
from a probiotic food supplement.

Streptococcus 
thermophilus 11-137

M17 Agar & 
M17 Broth

37°C for 48h in 
aerobiosis

The antiproliferative effect was determined via MTT
assay.
SK-BR-3 (ATCC HTB-30) and MDA-MB-231 (ATCC
HTB-26) cells were treated for 72 and 96 hours with:
➢ heat-inactivated cells of Streptococcus thermophilus

11-137, with an OD⁶⁰⁰ value of 1, 0.5 and 0.1;
➢ supernatant from the bacterial suspension, used as

such; neutralized to neutral pH; heat-treated and then
diluted at the concentration of 10% and 30% (v/v).

MDA-MB-231 cells incubated with heat-treated
supernatant (SHT) diluted at 30% showed a 25% and 36%
reduction in cell viability after 72 and 96 h of treatment,
respectively.
In SK-BR-3 cells, treated with the supernatants as they are
(SAS) and SHT, both diluted at 30%, the cellular viability
was reduced of 67% and 69% after 96 h, respectively.

Our results have shown that the heat-treated supernatant of
the S. thermophilus 11-137 exerted a dose- and time-
dependent antiproliferative effect more clearly in one of
the two tested cancer cell lines.
One or more soluble compounds produced by this strain,
including organic acids, could be responsible for this
effect.
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BACKGROUND

REGULATORY PATHWAY OF LBPs IN ITALY AND 
EUROPE

LIVE BIOTHERAPEUTIC PRODUCTS FOR HUMAN USE AND THEIR 
REGULATORY PATHWAYS IN ITALY 

P55

Since early human history, the consumption of empirically fermented foods has been associated with better health and longevity.
Later on, the development of microbiology as a scientific discipline allowed the isolation and identification of the microbial
species and strains responsible for food fermentation and of those likely exerting the perceived health beneficial effects.

While the traditional delivery vehicle for live beneficial microorganisms was essentially fermented dairy products, the market of
products containing live microorganisms has increased significantly, now including foods, medical foods, cosmetics and
medicines

In Europe, those different products fall under distinct regulatory categories. 

LIVE BIOTHERAPEUTIC PRODUCTS(LBPs)

Live Biotherapeutic Products (LBPs)

Figure 1.  Time scale for human and knowledge development (adapted from ref. 1)

The latter category of Table 1, now commonly referred to as LIVE BIOTHERAPEUTIC PRODUCTS  (LBPs), differs from the other products 
because of:

 intended use to cure or prevent a disease or a pathophysiological state 
 target population diseased or vulnerable people

At the European level, according to the Directive 2001/83/EC, any substances or combination of substances having properties for treating or
preventing human diseases are defined as medicinal products for human use: thus, LBPs are true medicines and, as such, need to undergo
rigorous evaluation in order to obtain a marketing authorization.

However, compared to a traditional medicine, the use of LBPs to treat or prevent a disease may involve the consumption of large quantities
of live bacteria, which is of special concern when they are administered to diseased people; the principal risk would be infection, and
serious episodes of bacteremia and sepsis have indeed been reported.

In 2019, a General Monograph (3053) on Live Biotherapeutic Products for human use was released by the European Pharmacopoeia, that outlines the mandatory requirements of safety and quality of LBPs.

Tests of LBPs for microbial contaminants and for specified microorganisms are described in the accompanying Ph. Eur. chapters 20636 and 20638 

Ph. Eur. 04/2019:3053 Live Biotherapeutic Products for Human Use

Table 1. Product categories which may contain live beneficial bacteria

Microbial species involved
(ordered by case frequency)

Treated patients
(ordered by case frequency)

• Saccharomyces cerevisiae var. boulardii*
• Lactobacillus rhamnosus
• Lactobacillus acidophilus
• Bifidobacterium breve
• Bifidobacterium longum subsp. infantis
• Bacillus clausii
• Lactobacillus paracasei
• Lactobacillus reuteri
• Lactococcus lactis
• Clostridium butyricum

• Immunocompromised patients often
admitted to ICU (cancer, organ
transplantation, surgical intervention, AIDS, 
hepatic cyrrhosis, diabetes, etc.)

• Healthy seniors
• Pre-term newborns or newborns with 

pathological conditions
• Children with short gut syndrome
• Non-immunocompromised people suffering

from diarrhea
• Non-immunocompromised people suffering

from ulcerative colitis
• Non-immunocompromised people suffering

from dental abscess
• Patients with COVID-19

* Infection either due to voluntary ingestion or to catherer contamination

Table 2. Cases of infection associated with so-called «probiotic therapy» (refs. 2-5)

Production 
method

Consistent yield 
Consistent production of defined quality
Maintainance of viability
Consistent minimization or removal of adventitious agents and toxic or other
impurities
Number of subcultures from the master seed lot shall not exceed that used
for production of LBP shown to be satisfactory in clinical trials 

Characterization
of 

microorganisms
(strain level)

Origin
Subsequent manipulations
Culture media
Tests used to characterize the strain(s) (phenotype and genotype)
Strain must be phenotipically and genotypically stable
Exclusion of any resistance transferable to relevant microbiota
Evaluation of the presence of virulence factors with respect to safety
Survivability in the human gut demonstrated by in vitro gastric acid and bile 
resistance testing

Seed lot/Culture 
media/Growth
and harvesting/

Intermediate 
products

Seed lot:  no adventitious agents or other impurities must be present. 
Replacing seed lots must be fully characterized.
Culture media: must be sterile and free from ingredients known to cause 
toxic, allergic or other undesirable effects, or, if inclusion of such ingredients
is necessary, demonstration that the residual amount in the final lot does not
affect product safety.
Growth and harvesting: under appropriate conditions
Intermediate products: stability data are established for each intermediate

IDENTIFICATION Each microorganism(s) must be identified by a suitable method

TESTS
• Appearence/pH/ water activity: must comply with established specifications
• Microbial contamination: specific acceptance criteria for microbiological

quality of LBPs are defined

ASSAYS

• Number of live microorganisms (potency): determined by a suitable
microbial enumeration test and expressed as CFU/g, CFU/ml, CFU/unit

• The potency must be determined for each strain (species?) 
• It must not be less than the stated range

STORAGE Liquid LBPs must not be frozen

LABELLING

• Name of strains
• Potency of each strain (expressed as CFU/g, CFU/ml/CFU/unit or as viable

cells/ml)
• Route of administration
• Storage conditions
• Expiry date
• Name of any stabilizers and other excipients
• Indications for freeze-dried preparations to be reconstituted before use:

 Name, composition and volume of the liquid to be added
 Storage confitions
 Expiration after the product has been reconstituted

For registration of pharmaceuticals for human use, LBPs included, the 
following options are available: EU centralized procedure or 

national/mutual recognition/decentralized procedures. 
In all procedures, a Common Technical Document (CTD) prepared

according to ICH M4 must be submitted: 

Module 1: Administrative Information and Prescribing Information*

Module 2: CTD summaries

Module 3: Quality

Module 4: Nonclinical Study Reports

Module 5: Clinical Study Reports

* LEAFLET AND PRODUCT INFORMATION ARE MANDATORY

Good Manufacturing Practices (Commission Directive EU 2017/1572) apply to 
the manufacturing of LBPs

Open Regulatory Issues

LBP Food supplement
Information reported in the PATIENT PACKAGE LEAFLET included in the medicine, 
and also publicly available on the web site of AIFA (Italian Medicine Agency) 
– Banca dati Farmaci together with the SPC

The product is listed on the site of the Health Ministry, under NOTIFIED 
SUPPLEMENTS. Information reported below where taken from manufacturer 
website. 

S. boulardii 5 miliards,  capsule  or powder for oral suspension ;   

Excipients: lactose, magnesium stearate, gelatin, titanium dioxide

Glutin free, product suitable for vegans, 2 capsule contain:
S. boulardii (MYA796) 10 mld;  Enterococcus faecium (SGEf01) 2 
mld; Magnesium hydroxide 124 mg; Zinc 4 mg.

 1. What is …. and what is it for …….

- Profilaxis and treatment of intestinal dysmicrobism;-
- Prevention and treatment of diarrhea as a consequence of intestinal 

dysmicrobism.

…………. restores the right equilibrium of the intestinal bacterial flora. Zinc 
contribute to a normal activity of the immune system. 
……..…… In case of antibiotic therapy, 2 capsule for day during all the 
antibiotic therapy…..

 2. What do you need to know before to take …..

Do not take …. if you
- Are allergic to S. boulardii or other ingredients contained in the medicine 

(see paragraph 6 where the excipients are listed)
- If you are allergic to yeast
- If you have a central venous catheter (a catheter for administration of 

liquids directly in a central vein) – see references about fungemia.
- If you are under treatment with anti fungal/mycotic medicine (…)
- If you are an immunocompromised patient or if you are in hospital……

Notes and precautions

……in patients with central venous catheter, also if not treated with S.b., 
have been reported cases of fungemia, …….. 

WARNING
Do not take more capsules than those suggested. 
The food supplements are not substitute of a varied diet. 
The product must be kept out of the reach of children below 3 years.

 3 The capsule must be swollen intact. The content of the capsule can be solubilized in water or in other beverage. 

Table 3. Example of products marketed in Italy as LBP and food supplement containing S. boulardii that show a 
lack of harmonization in warnings, side effects, etc.

Trade name of 
LBP or FS 

Microorganisms Indications

Enterogermina - LBP Bacillus clausii
poliantibiotic
resistant spores 
(strains SIN, O/C, T, 
N/R),  1 miliard

Enterogermina is used 

- for the prevention and treatement of 
intestinal disorder related to alteration of 
the bacterial intestinal flora that gave 
diarreha, abdominal pain, and in case of 
endogenous disvitaminosis

- to restore microbial intestinal flora 
during antibiotic or chemotherapy 
treatments;

- treatment of acute or chronic gastro-
intestinal disease of  breast feeded childs

Enterogermina sporattiva  - FS Bacillus clausii strain  
SIN, 6 miliard CFU, 
zinc, selenium, 
sweetener

Support equilibrium of intestinal bacterial  
flora.
Only for adults

Enterogermina gonfiore -FS Lactobacillus 
acidophilus LA-5, 
Bifidobacterium 
animalis subsp. lactis 
BB-12, Mint from 
vegetal extracts, 
coriander, digestive 
enzymes

Gluten and lactose free

Enterogermina intestino pigro  
- FS

Bifidobacterium
lactis and fructo
oligosaccarides (FOS)

It is recommended to use Enterogermina in 
case of feminine constipation and especially 
to uptake a sachet every day to reactivate 
the normal transit.

Table 4.  An LBP and several FS from the same producer share 
similar names despite the different contents

In Italy and Europe, LBPs are regulated as biological drugs that must undergo 
pharmacodynamics, pharmacokinetic, safety and efficacy testing and 

evaluation before receiving a marketing authorization.
.

However, there are some aspects that need special consideration:

 despite the sharp demarcation existing between the regulations of foods/ 
food supplements, medical foods and drugs, the same microorganisms may 
be contained in all those products (Table 3)

 this scenario is further complicated by the fact that products with similar 
trademarks may contain different bacterial species (Table 4)

CONCLUSIONS
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5000 y B.C.

10000 y B.C.

3 million y B.C.

2 million y B.C.

1.5 million y B.C.

0.8 million y B.C.

0.5 million y B.C.

150000 y B.C.

YEAR 0

1850

1950

The genus Homo sapiens appears

Homo erectus

Food fermentation is practised

Fire is tamed

Pottery is invented

Homo sapiens

Agricultural Revolution

Cheese

Industrial Revoultion
Blossoming of Microbiology as a Science

Antibiotics and Refrigeration

1907 Metchnikoff suggests association between beneficial microorganisms and health

2001 Definition of probiotics by FAO/WHO

2016 Definition of Live Biotherapeutic Products (LBPs) by FDA

2019 Implementation of Ph. Eur. Monograph on LBPs
PRODUCT PRODUCT characteristics Live bacteria Live bacteria designation TARGET 

population
Administration INTENDED USE

FOODS Food and beverages
Dietary supplements
Infant formula

Species or combination of species, 
supported by evidence of general 
beneficial effects

Probiotics
Live microorganisms that, when 
administered in adequate amounts, 
confer a health benefit on the host

Healthy people Oral Improve general state 
of health

MEDICAL FOODS
(FOODS FOR SPECIFIC MEDICAL 
PURPOSES)

Foods intended to meet 
distinctive nutritional 
requirements of a disease or 
condition

Strains or combination of strains, 
supported by high quality clinical 
trials and positive meta analysis

“    “ Patients with a 
disease that 
requires dietary 
management

Oral
Enteral, under the 
supervision of a 
physician

Specific dietary 
management of a 
disease that has 
distinctive nutritional 
needs

COSMETIC PRODUCTS
novel use

Any substance or mixture 
intended to be placed in 
contact to the external parts of 
the human body, or with the 
teeth and the mucous 
membranes of the oral cavity

Strains whose safety has been 
assessed by a qualified expert

“    “ Healthy people
(epidermis, hair, 
nails, lips, etc)

Topical
Oral
Systemic

Clean
Protection
Keep in good condition

MEDICINES Live Biotherapeutic Products 
(Biological medicinal products 
available in different 
pharmaceutical forms) 

Strains or combination of strains 
with specific indications, regulated 
as drugs

Pharmabiotics
Bacterial cells of human origin, or 
their products, with a proven 
pharmacological role in health or 
disease

Diseased people Oral
Vaginal

Prevent or treat a 
disease
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Objective: Our previous studies showed that a strain of  (LAC92) 
exhibited good amensalistic properties. In particular, it showed high resistance to bile salts and low 
pH, slightly production of hydrogen peroxide, strong biofilm production, and interestingly, its cell-
free supernatant (CFS) exhibited strong antibacterial activity. The present study describes the 
isolation steps of CFS in order to partially purify the active components.  Postbiotics were 
collected after growth in MRS medium broth and, CFS was treated for the isolation of soluble 
peptidoglycan fragments (SPF). Moreover, antimicrobial activity by both microdilution and agar 
well diffusion assay was assessed. MRS medium, crude CFS and the strain killed by tyndallization 
were used as internal controls. Finally, a proliferation study on human cell line HTC116 was 
performed by xCELLigence analysis.  SPF showed antibacterial activity against 

Limosilactobacillus fermentum

Methods:

Results:
Staphylococcus aureus, Enterococcus faecalis Pseudomonas aeruginosa and . Crude CFS was active 
against all bacterial strains tested. MRS medium and LAC92 tyndallizated not showed antibacterial 
activity. Preliminary results of the SPF by xCELLigence analysis showed substantial reduction of 
cell index (CI) at 13% v/v, demonstrating cytostatic activity. MRS medium showed no cytotoxic 
activity.  Our results showed good antibacterial and antiproliferative activity due to 
SPF. Moreover, the results obtained by xCELLigence showed a reduction of CI depending on the 
concentration. Although, the characterization of all molecules present in CFS has not yet occurred, 
chemical analysis are in progress in order to thoroughly investigate 

Conclusions:

and fully characterize those are 
involved in antibacterial and cytostatic activity.
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Among spp.,  has already shown to have high survival rates in the 
gastrointestinal tract and high antimicrobial properties . For this reason, a  strain, named LAC92, 
which already shown good amensalistic activity was a good candidate for more in-depth studies on the effects of 
peptidoglycan on colorectal cancer. Therefore, the aim of this work was focused on the antimicrobial and antiproliferative 
properties of its soluble peptidoglycan fragments.

Lactobacillus Limosilactobacillus fermentum
[10,11] L. fermentum

 [12] 
 

Nowadays, colorectal cancer is one of the main cancers diagnosed. Several approaches can be used in the treatment of the 
disease including chemotherapy, radiotherapy or surgery, although they are not always sufficient. This places colorectal 
cancer as one of the most common causes of death worldwide.

Hence, it is not surprising that alterations in the microbiota can cause serious problems and disease  . The interaction 
between the host and the intestinal microbiota is dynamic and is controlled by a huge number of genetic and environmental 
factors, such as age, geography, alcohol or drug intake and diet. Many report have shown that  has 
considerable anticancer and antimicrobial properties , and some species as showed a direct antiproliferative 
activity on cancer cells . Moreover, it has been shown the after a radiation treatment in combination with peptidoglycan, 
the results were an enhanced antitumorigenic effect as compared to radiotherapy alone. Therefore, the role of  
peptidoglycan in enhancing the antitumorigenic effect to the intestine is clinically relevant, and could potentially alter the 
current standard-of-care of colorectal cancer patients . 

[2,3]

 Lactobacillus genus
[4-7] L. casei 

 [8]

[9]

In recent decades, in an attempt to evaluate new therapeutic approaches several studies have reported probiotics as the main 
protagonists. Probiotics can be useful in maintaining a condition of eubiosis, which is essential for maintaining the 
homeostatic balance between the intestinal microbiota and the organism defined as the host, which seems to be the basis of 
human well-being and health. In fact, dysbiosis can be involved in the development of various pathologies including 
colorectal cancer  .[1]
Indeed, the human microbiota plays a fundamental role in human physiology and metabolism and performs important 
functions including synthesis of essential vitamins, extraction of energy from indigestible carbohydrates, modulation of the 
human immune system through the production of IgA, prevention of colonization by enteropathogenic agents etc.

Introduction

A

For this purpose the strain of  LAC9  (collection of the Laboratory of Applied Microbiology, Department 
of Biomedical and Biotechnological Sciences, Università degli Studi di Catania, Italy), was used . LAC92 was 
grown in 2L of de Man, Rogosa and Sharpe (MRS) broth (Oxoid, Thermo Fisher Scientific Inc., Rodano (MI), Italy, 
CM0359) at 37°C for 48 h under microaerobic conditions.

L  fermentum,. 2
 [12]

Materials and Methods

For the isolation of soluble peptidoglycan fragments (SPFs) a modified method of Fichera . , was performed. 
Briefly, bacterial cells were collected by centrifugation at 7000g for 15 min at room temperature and resuspended in 500 
mL sterile PBS containing 2.5 g of D-glucose and 5mg of penicillin G, and incubated under agitation at 32°C for 30 min. 
The supernatant containing soluble peptidoglycan fragments was then harvested by centrifugation at 12000g for 30 min 
at 4°C, then heated at 65°C for 15 min and finally concentrated at 4°C by flash evaporation.

et al  [8]

Antimicrobial activity in vitro

Antiproliferative activity in vitro

Isolation of SPFs

The inhibitory activity was performed by agar-well diffusion assay and microdilution broth method as described by 
CLSI .  activity was evaluated against .  [13,14] Antimicrobial bacterial and fungal pathogens

Bacterial strain

In order to evaluate in real-time the cell proliferation, xCELLigence experiments were performed using the RTCA 
(Real-Time Cell Analyser) DP (Dual Plate) instrument according to manufacturers' instructions (Roche Applied 
Science, Mannheim, Germany and ACEA Biosciences, San Diego, CA) The optimal seeding number was determined 
by cell titration and growth experiments. After seeding the optimal cell number (5000 cells/well), cells were 
automatically monitored every 15 min for 48h-144h. Optimal cell number was determined in a preliminary set of 
experiments to obtain a significant cell index value and a constant cell growth during the entire duration of the 
experiment .

. 

 [15]

Human colorectal cells HCT 116 (ATCC® CCL-247™) were purchased from ATCC Company (Manassas, Virginia, 
USA). Cells were suspended in RPMI 1640 (Gibco, cat. no. 21870076) culture medium containing 10% foetal bovine 
serum (FBS, Gibco, cat. no. 10082147), 100 U/mL penicillin and 100 U/mL streptomycin (Gibco, cat. no. 15070063). 

E

Our results showed good antibacterial and antiproliferative activity due to SPF. Moreover, the results obtained by xCELLigence showed a reduction 
of CI depending on the concentration. Although, the characterization of all molecules present in CFS has not yet occurred, chemical analysis are in 
progress in order to thoroughly investigate and fully characterize those are involved in antibacterial and cytostatic activity.

 Results and Discussion
SPFs showed antibacterial activity against ,  and . Crude CFS was active 
against all microbial strains tested. MRS medium and LAC92 pellet (previously tyndallizated) not showed antibacterial activity. The same results 
were shown by both agar well diffusion test and microdilution broth method (Table 1). 

Staphylococcus aureus Enterococcus faecalis Pseudomonas aeruginosa

 A human colon carcinoma cell line (HCT-116) has been used in order to evaluate the influence of the extract towards cell proliferation. The cells 
have been seeded to obtain a density of 5000 cells per well (E-plate for XCELLigence). First of all, different concentrations have been evaluated and 
the 30% extract was the only one to be toxic starting from time 0 to six days (Figure 1). The range of concentrations has been restricted from 10% to 
25%: total toxic effect it's been maintained until 15%. Conversely the 10% extract lowers the cell index compared to the control. Based on these 
previous experimental evidences three different concentrations (10% 12% and 13%) of extract have been tested. The 13% extract was the first 
cytostatic concentration of extract (Figure 2). 

Strains

SPFs Crude CFS MRS medium LAC92 pellet

zoi (mm) MIC 
(%v/v) zoi (mm) MIC 

(%v/v) zoi (mm) MIC 
(%v/v) zoi (mm) MIC 

(%v/v)

E. coli ATCC 25922 <6 NA 18.2 0.01± 12 <6 NA <6 NA

E. faecalis ATCC 29212 29.2 0.01± 25 12.3 0.02± 12 <6 NA <6 NA

S. lutea ATCC 9341 <6 NA 25.1 0.02± 12 <6 NA <6 NA

S. aureus ATCC 25923 31.5 0.01± 25 15.0 0.03± <6 <6 NA <6 NA

P. aeruginosa ATCC 27853 29.1 0.02± 25 14.1 0.02± <6 <6 NA <6 NA

K. pneumoniae ATCC70060 <6 NA 14.2 0.01± 25 <6 NA <6 NA

A. baumanii ATCC19606 <6 NA 13.3 0.02± 12 <6 NA <6 NA

C. albicans <6 NA 16.2 0.01± <6 <6 NA <6 NA

C. glabrata <6 NA 15.1 0.02± <6 <6 NA <6 NA

C. tropicalis <6 NA 16.2 0.03± <6 <6 NA <6 NA

Table 1. Zone of inhibition measured in mm (diameter) and Minimal inhibitory concentration (MIC)
values expressed as % v/v caused by SPFs, Crude CFS, MRS medium and LAC92 pellet against 
pathogens. 
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Aging is usually accompanied by a serial of physiological changes at gastrointestinal level, including the gut microbiota composition 1. Dietary patterns
and lifestyle habits are also modified throughout the aging process 2. The understanding of the composition in the gut microbiota represent an
opportunity to treat and avoid some illness given during the aging 3. In this context, this contribution aimed to gain insight about the relationship
between dietary habits, and other relevant lifestyle factors, on the relative abundance of colonic species in the microbiota of Spanish elders participating
in the study.

A cohort of 20 volunteers ≥ 65 years-old were asked to answer a
questionnaire of 35 items related to the intake frequency of different
food groups (meat, fish, vegetables, legumes, bread, desserts, fruits and
dairy products) and other relevant lifestyle habits such as intestinal
transit and physical activity.

PCA separated two different groups (SG1 and SG2) of Spanish elders according to their profiles of microbiota.
SG1: PCA found relationship between an increased relative abundance of phyla Firmicutes, Verrucomicrobia and Actinobacteria (56, 1.3 and 0.2%, respectively), genera
Ruminococcus, Roseburia and Bifidobacterium (3.8, 2.2 and 0.04%, respectively) and a higher weekly consumption of meat, legumes and desserts.
SG2: Phyla Proteobacteria and Bacteroidetes (2.1 and 32.2%) and the genus Faecalibacterium (9.25%) were more abundant in those individuals who presented a higher
intake of dairy products, fish and fruits, and with a higher intestinal transit.

Protein dietary source (legumes, fish, meat and dairy products) together with the intestinal transit frequency seem to be responsible of the differences found in the
microbiome of the Spanish elders volunteers. Even though all subjects presented, abundance of phyla and genera commonly associated to a good health status; the
specific differences, mainly in Bifidobacterium, suggest that fruits, fish and dairy consumption increase its abundance.

FECAL MICROBIOME CHARACTERIZATION

Figure 2. Aggregate reads classified at phylum and genera levels in fecal microbiota of the elderly subjects.
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Fecal microbiome of participants was characterized by amplicon-based
sequencing of the region V3-V4 16S rRNA by Illumina MiSeq sequencer
using the automated cluster generation and paired-end sequencing with
dual indexes reads (2 × 300 bp) 1.

A heatmap was generated to graphically display the responses to the
diet and lifestyle habits survey for each subject.

A Principal Component Analysis (PCA) was applied to establish the
significance and relationship among the studied variables.

Statgraphics Centurion XVIII was used with a confidence
level of 95% (p<0.05).

Fecal samples
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Figure 1. Heatmap of the normalized median values of food consumption per week for the elderly subjects.
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Figure 4. Mean values of some of the main species at phylum (A) and genera (B) level found in fecal microbiota of the elderly 
subgroups differentiated by the PCA.
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Diet has been identified as an important risk factor for ccoolloorreeccttaall ccaanncceerr (CRC) which is one of the most

commonly diagnosed cancers worldwide [1-4]. Specific dietary patterns can modulate the iinntteessttiinnee mmiiccrroobbiioottaa,

like Propionibacteria, that along with other intestinal bacteria, are the main producers of sshhoorrtt--cchhaaiinn ffaattttyy aacciiddss

(SCFA): acetate, propionate and butyrate [5].

Our group demonstrated that aacceettaattee inhibits cell proliferation, induces apoptosis, promotes lysosomal

permeabilization, increases CRC cell glycolytic phenotype and regulates its own uptake by increasing the

expression of monocarboxylate transporters (MCT) [6,7]. In addiction, bbuuttyyrraattee and pprrooppiioonnaattee trigger anti-

survival mechanisms, being also associated with the inhibition of inflammatory responses and modulation of

histone acetylation [8-13].

CRC cells are physiologically exposed to SCFA mixtures, but the effects of these mixtures are poorly

characterized. Here we aim to understand the individual and combined effects of SCFA on CRC cell hallmarks.

LLeeaadd44ttaarrggeett
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RESULTS

CONCLUSIONS

• SCFA, alone and in mixture, compromise CRC cell viability in a dose and time-dependent manner, being more

selective for CRC cells

• SCFA effects, in mixture, are more pronounced than alone

• SCFA, alone and in mixture, affect different CRC hallmarks, namely cell growth, survival and cell cycle

AIMS

SCFA PLAY AN IMPORTANT ROLE IN THE REGULATION OF SEVERAL CRC AGGRESSIVE FEATURES, SUGGESTING THAT 

THE MODULATION OF THE INTESTINE MICROBIOTA COULD BE A POSSIBLE STRATEGY FOR CRC THERAPY

ACETATE,  BUT YR ATE,  AND PROPIONATE 

INHIBIT  CELL  GROW TH IN  A DOSE - DEPE ND E N T 

MANNER

FFiigguurree 22.. Regression models for the cytotoxicity effects of all three mixture

components in RKO (A), HCT-15 (B) and NCM460 (C) cells by SRB assay.

1 2
BOTH MIXTURES EXHIBIT  AN ADDICTI VE PROFILE IN  CRC CELLS

FFiigguurree 33.. Predicted and observed effects of the mmiixxttuurree II of the three tested SCFA in RKO (A), HCT-15 (B) and NCM460 (C) cells

by SRB assay. The solid red line shows the prediction according to concentration addition (CA).

FFiigguurree 44.. Predicted and observed effects of the mmiixxttuurree IIII of the three tested SCFA in RKO (A), HCT-15 (B) and NCM460 (C) cells

by SRB assay. The solid red line shows the prediction according to concentration addition (CA).

• To assess the effect of different SCFA (acetate,

butyrate and propionate) in the viability of normal

colon cells (NCM460) and CRC-derived cell lines

(HCT-15 and RKO)

• To understand the role of SCFA in the modulation

of different hallmarks of CRC cells (Figure 1),

namely, cell growth, survival and cell cycle

FFiigguurree 11.. Aims outline.

3
CRC CELLS ARE MORE SENSITI VE TO 

INDI VIDUAL SCFA THAN THE NON -

NEOPLASTIC COLON CELLS

Compound
Selectivity index

RKO HCT-15

Acetate 1,45 1,31

Butyrate 2,39 5,68

Propionate 1,59 2,26

Mixture I 0,79 0,83

Mixture II 0,77 2,68

TTaabbllee  11..  IC50 and selectivity index determination.

Selectivity index > 1

The SCFA are selective to CRC cells

MIX I I  INDUCES HIGHER ANTI - GROW TH EFFECTS THAN EACH 

SCFA ALONE

FFiigguurree 55.. Individual effects of acetate, butyrate and propionate at the concentrations present in the

IC50 of the mixture II for RKO, HCT-15 and NCM460 cell lines.
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FFiigguurree 66.. Colony formation assay of RKO cell line after exposure to SCFA alone or to mixture II.

5
SCFA,  ALONE OR IN  MIX I I ,  AFFECT CRC 

CELLS CYCLE

6

FFiigguurree 77.. Analysis of the distribution of cell-cycle phases in RKO cells after

24h of treatment.

RKO cell line

MIX I I  INDUCES HIGHER ANTI -SURVI VAL EFFECTS THAN 

EACH SCFA ALONE

Colorectal cancer cell

CELL GROWTH

CELL SURVIVAL

CELL CYCLE

Human colon

Individually or combined

• Mixture I (MIX I) - IC50 ratio

• Mixture II (MIX II) - Physiological ratio
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Objectives
Chocolate is one of the most attractive food products among the majority of population. Furthermore, probiotic-containing
chocolates have been proposed as new functional food candidates. Dark chocolate with high percentage of cocoa, and
lower sugar content, contains important antioxidants that may play a beneficial role in probiotic delivery.
Akkermansia muciniphila is a promising next-generation probiotic candidate, due to its positive impact in several
diseases such as type 2 diabetes and obesity. Bifidobacterium animalis is a classical probiotic used as food
supplement.
This study aims to evaluate flavanol-rich dark chocolate as a carrier for strains Bifidobacterium animalis subsp. lactis
BB-12 and Akkermansia muciniphila DSM 22959, via measurement of cell viability during aerobic storage at 20ºC.

Methods

Inulin + Riboflavin
(65 5 mg)

(63 6 mg)

Results

Conclusion
This work provides novel insights regarding the promising
application of dark chocolate as a probiotic carrier suitable
for lactose-intolerant people, while representing an added-
value product for obese and diabetic patients.
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Figure 1. Viability of A. muciniphila DSM 22959 (light blue) and B. animalis subsp. lactis BB-12
(dark blue) during incorporation procedure and subsequent storage. All results are expressed as
the average of CFU/x and standard deviation (error bars) from two independent assays.

Main Findings:Main Findings:

A. muciniphila DSM 22959
(PYGM medium)

B. animalis sp. lactis BB-12 
(MRS+Cys medium)

Growth conditions: 

37ºC, 24h

Anaerobiosis 
(85% N2, 5% H2 and 10% CO2)

Centrifuge: 

5000 x g, 10 min, 4 oC

melted 70% 
cocoa chocolate

Temper: 10 min 34 oC

Molding:

Cool down: 2h, 11 oC

Storage: 

20 oC, up to 12 days

Viability assessment:

1,00E+00

1,00E+01

1,00E+02

1,00E+03

1,00E+04

1,00E+05

1,00E+06

1,00E+07

1,00E+08

1,00E+09

1,00E+10

Initial -
Suspension
(CFU/mL)

Pre-solidification
(CFU/g)

Day 0 (CFU/g) =
post-solidification

Day 6 (CFU/g) Day 12 (CFU/g)

C
FU

/x

- The incorporation procedure does not highly impact the 
viability of the probiotic strains.

- Bifidobacterium animalis subsp. lactis BB-12 viability 
was maintained throughout the whole assay.

- Akkermansia muciniphila DSM 22959 viability decreased 
during 12-d storage (~3 log reduction).

- Dark chocolate is a promising carrier for probiotics 
delivery, as shown for B. animalis subsp. lactis BB-12 .

- A. muciniphila DSM 22959 requires an additional 
protection, so that the viability can be maintained at high 
levels in these conditions.
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Phenotypic and genotypic characterization of the potential probiotic strains of 

Lactobacillus from the Iranian population 

Meysam Hasannejad-Bibalan1*, Hadi Sedigh Ebrahim-Saraie1  

1. Department of Microbiology, School of Medicine, Guilan University of Medical Sciences, Rasht, Iran 

Introduction: Among different causes of inflammatory bowel disease (IBD), the imbalance of the 

gut microbiome (dysbiosis) is one of the main reasons in the development of the disease. Probiotics 

are the live microorganisms that can maintain gut microbiota by different mechanisms. We aimed 

to isolate and characterize the potential probiotic strains of Lactobacillus from the Iranian 

population.  

Material and Methods: This cross-sectional study was conducted on fecal samples of 83 

volunteer individuals living in Guilan Province, North Iran. The primary identification of 

Lactobacillus strains was performed by standard microbiological tests and confirmed by 

amplification of 16s rRNA specific primers. The acid and bile salt tolerance were assessed for all 

recovered strains. Also, the presence of 3 bacteriocins encoding genes was investigated by PCR 

method.  

Results: Totally, 42 samples were positive for Lactobacillus species. Acid and bile resistance 

assay showed that 67% and 33% of strains were resistant to acid and bile salt stress, respectively. 

We find out that 28% of our Lactobacillus strains have the ability for resistance to acid and bile 

conditions. PCR results revealed that the prevalence of gassericin A, plantaricin S, lactacin 

bacteriocin genes were 16.6%, 12%, and 9.5%, respectively. Meanwhile, 5 out of 12 Lactobacillus 

strains that were resistant to acid and bile conditions contained one of the gassericin or plantaricin 

bacteriocins.  
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Hélène Authier1, Stéphanie Hernandez2, Bénédicte Bertrand1, Elsa Jacouton, Sophie Holowacz3, Agnès Coste1

1RESTORE UMR 1301-Inserm 5070-CNRS EFS Université P. Sabatier, Toulouse, France
2Génibio, Lorp-Sentaraille, France; 3PiLeJe Laboratoire, Paris, France

IMMUNOMODULATORY PROPERTIES OF A PROBIOTIC COMBINATION : EFFECTS ON 
IMMUNE CELL POPULATIONS AND MACROPHAGE POLARIZATION IN MICE

 Probiotics have been shown to modulate immune system functions and to
regulate host innate and adaptive immune responses

 Their role in reducing the risk of infections has been investigated extensively
 However, the mechanisms of action and the efficacy of probiotics remain 

strain specific

C57BL/6 mice were orally treated with the combination of L. acidophilus LA201
and L. paracasei LA802 (Lactibiane® Immuno, PiLeJe Laboratoire; 109

CFU/mouse) or phosphate-buffered saline (n=10/group) once daily for 14 days
and then intraperitoneally injected or not with LPS (0.5 mg/kg). Twelve hours
after LPS injection, modulation of immune cell populations and activation of
macrophages were assessed by flow cytometry and RT-qPCR, respectively. Ex-vivo
microbicidal functions of macrophages (phagocytosis and killing) were evaluated
against Streptococcus pneumoniae.

Modifications of immune cell populations

Our study promotes the probiotic combination of L. acidophilus LA201 and L. paracasei LA802 (Lactibiane® Immuno, PiLeJe Laboratoire) 
as a good candidate to stimulate immune responses involved in defense mechanisms against invading pathogens

The probiotic combination increased the percentages of neutrophils, dendritic cells, 
natural killer cells, CD4+ and CD8+-activated T cells, and Th1 cells and decreased those of 
eosinophils and Th2 cells.

• Probiotic combination decreased 
inflammatory response to LPS 

• No deleterious effect on mice, spleen and 
liver weight

Modulation of macrophage activation and polarization

Objective: To assess the immunomodulatory properties of the specific
probiotic combination, Lactibiane® Immuno (PiLeJe Laboratoire) on
innate and adaptive immune responses in mice

SPM were decreased in favor of LPM under physiological conditionsProbiotic combination increased the bactericidal activity of 
macrophages against S.pneumoniae

Probiotic decreased pro-inflammatory cytokines expression
SPM were strongly induced by LPS in line with a decrease in precursor blood monocytesPBS  Probiotic

Mean ± SEM; * p < 0.05, 
** p < 0.01, *** p < 0.005, **** p < 0.001  

(probiotic group 
vs vehicle PBS)

SPM: Small peritoneal macrophages 
IPM: Intermediate peritoneal macrophages
LPM: Large peritoneal macrophages
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Characterization of the glucan-branching enzyme glgB gene from swine intestinal 
bacteria and potential role in low digestible oligosaccharides production

Yuqi Shaoa, Weilan Wangb, Ying Hua,c, Michael G. Gänzlea

a Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton, AB, Canada
b Faculty of Kinesiology, University of Calgary, Calgary, AB, Canada

c BioNeutra North America Inc., Edmonton, AB, Canada

Starch digestibility is influenced by the linkage type. Pancreatic amylases hydrolyse only α-(1→4)-linkages;
brush border glycosyl hydrolases act slower on α-(1 → 6) linkages when compared to α-(1→ 4) linkages
[1]. The glucan-branching enzyme catalyzes the conversion of α-(1→4) linked linear glucan chains to form
α-(1→4,6) branching points which makes it highly suitable in the functional food development [2]. Glucan-
branching enzyme glgB was found in swine intestine as the most abundant extracellular glycosidases in
Firmicutes, which played an important role in the primary starch degradation in swine intestine [3].
Objective: To biochemically characterize the gene product of glgB coding for a glucan-branching enzyme

To investigate its role formation of α-(1→4,6)-branched oligosaccharides from starch
Methods: Two glgB gene variants, B342 and B344, encoding α-(1→4)-glucan branching enzymes were
identified in a swine metagenomic dataset, cloned in Escherichia coli and purified by affinity
chromatography. Branching activity of purified glgB was determined with six different starches by
quantification of the amylose, quantification of the reducing ends, and by oligosaccharide analysis after
hydrolysis of products by α- and β-amylases. The in vitro digestibility of the enzymatically synthesized
products was quantified after treatment with pancreatic and brush border enzyme.

• The glucan-branching enzyme glgB gene was cloned from swine intestinal bacteria
and showed branching activity which forms branched oligosaccharides that are not
hydrolyzed by intestinal enzymes.

• The glucan-branching enzyme glgB gene showed higher activity on amylose than on
amylopectin.

• The results improve our understanding of colonic starch fermentation and may
conversion of starch to products with reduced digestibility.

Amylose content (mg/ml)
Reduction

Control With BE treatment

Potato 4.82 ± 0.71 0.04 ± 0.01 99.2%

Pea 3.26 ± 0.57 0.08 ± 0.01 97.6%

Fava bean 2.80 ± 0.59 0.07 ± 0.02 97.5%

Corn 2.61 ± 0.41 0.37 ± 0.06 85.7%

Barley 1.81 ± 0.09 0.39 ± 0.01 78.5%

Wheat 1.78 ± 0.43 0.19 ± 0.05 89.2%

Glucose content (mg/ml)
Reduction

Control With  BE treatment

Potato 5.35 ± 0.33 4.87 ± 0.24 0.48 mg; 9.02%

Pea 5.06 ± 0.31 4.44 ± 0.23 0.62 mg; 12.3%

Fava bean 5.10 ± 0.44 4.25 ± 0.47 0.85 mg; 16.6%

Corn 4.96 ± 0.78 4.48 ± 0.57 0.48 mg; 9.68%

Barley 5.35 ± 0.55 4.69 ± 0.25 0.66 mg; 12.3%

Wheat 5.05 ± 0.42 4.40 ± 0.45 0.66 mg; 13.0%

Reducing end (mM)
Increase

Control With BE treatment

Amylose 1.57 ± 0.45 4.76 ± 0.35 3.19

Potato starch 4.29 ± 0.32 4.89 ± 0.39 0.59

Wheat starch 4.42 ± 0.10 4.78 ± 0.31 0.36

Figure 1. SDS-PAGE analysis of
GlgB expressed by E. coli BL21
StarTM (DE3).

Table 1. Concentration of iodine-binding amylose in different starch
sources after cloned branching enzyme treatment.

Table 2. Concentration of glucose released after digestion of the
starch products with pancreatic and brush border enzymes.

Table 3. Increase in the reducing ends after debranching of the
starch products by isoamylase and pullulanase.

Figure 2. HPAEC-PAD profiles of oligosaccharides after
hydrolysis of potato starch by α- and β-amylases. With (black
line) and without (red line) the cloned branching enzyme
treatment.

Cloned branching 
enzyme / buffer

Starch sample
+

Buffer
85 °C for 10 min

pH à 7.4
37 °C for 24 hours

Branching enzyme treatment
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Consumption of multi-fiber enriched yogurt increased the levels 
of Catenibacterium mitsuokai and Parabacteroides distasonis
Jaagura M, Part N, Adamberg K, Kazantseva J, Viiard E; Center of Food and Fermentation Technologies, Estonia

Introduction
Previous human trials involving synbiotics have mainly
concentrated on identifying the positive effects of
prebiotics on the viability and growth of
supplemented probiotic strains. Only recent studies
incorporating 16S rRNA gene amplicon sequencing
have been able to demonstrate the effect of synbiotic
products on the other members of the gut consortia.
Here, we aimed to evaluate the effect of synbiotic
yogurt on human gut microbiota, stool form and
frequency.

Methods
In the 2-week parallel controlled intervention, 81
subjects consumed either 200 g of yogurt (control) or
the same yogurt supplemented with 9.8 g of dietary
fibers (test): resistant starch, polydextrose, high
polymerization inulin, and xylo-oligosaccharides. Fecal
samples were collected before and after the
intervention, and sequenced (16S). At both
timepoints, participants provided information about
Bristol Stool Scores along with weekly fecal frequency.

Results
Both control and test yogurts increased the
prevalence of butyrate-producing bacteria and
reduced the prevalence of Escherichia coli. Intake of
fiber-enriched yogurt specifically increased the levels
of Catenibacterium mitsuokai and Parabacteroides
distasonis in the fecal microbiota (Figure 1).
Escherichia was correlated negatively with
Bifidobacterium animalis in the test group. Stool
frequency was reduced only in the control group
(Figure 2).

Figure 1
Changes of relative abundance of significantly altered fecal bacteria at
genus and species level. Corrected p-values are shown by asterisks: within
test (green) or control (red) group before and after treatment and between
test and control group after treatment (black). Statistical significance was
assessed by Wilcoxon test (within-group comparisons) or by Mann-Whitney
test (between-group comparisons). *, q < 0.1; **, q < 0.01; ***, q < 0.001.

Figure 2
Bristol stool score (BSS) and stool frequency per week before and after the
intervention. A, C – BSS scores (sample and 3-day average ± SD); B, D – BSS
scores in baseline groups (sample and 3-day average ± SD). E-F. Stool
frequency per week (average ± SD,) and in baseline groups (average ± SD).
Statistical significance was assessed by t-test. +, p < 0.1; *, p < 0.05. C0; T0:
control and test group before intervention, C14; T14: control and test group
after intervention.

Acknowledgements
The work was supported by European Regional Development 
Fund projects: Smart specialisation (NSP) 2014-2020.4.02.19-
0198 and EU48667.

Conclusions
Intake of fiber-enriched yogurt introduced significant
changes to the gut microbial community and
supported the maintenance of gastrointestinal activity
compared to regular yogurt. However, the effect on
prevalence of gut bacteria was similar in both groups.
We have made an important step towards analyzing
the full effect of synbiotic products on gut
communities.

Presenting author:
Madis Jaagura
madis@tftak.eu
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To develop Feta cheese with enhanced quality and distinctive organoleptic characteristics by incorporating native lactic acid bacteria (LAB) 
with multi-functional properties.

 9 LAB isolates isolated from artisanal Greek cheeses) with
multi-functional properties were applied as co-starters (mono
and mix-cultures) in industrial-scale Feta cheese production
(12-cases) along with the commercial starter-culture (Table 1.)

 After manufacture, LAB
population was ~9.0 log CFU/g at
all samples, whereas during
storage their population declined
(6.5-7.0 log CFU/g, depending on
the case) (Fig. 1 & 2).

 The most abundant organic acids
were citric and lactic acids.

 During storage a notable
reduction in the concentrations
of all organic acids was
observed.

 The characteristics of overall
taste and texture presented the
greatest variability between
cases.

 The addition of selected strains
(Lc. lactis, Ln. mesenteroides, Lb.
brevis, Lb. plantarum in mono- or
co-cultures) led to desirable and
distinctive organoleptic
characteristics, compared to the
control.

Conclusion: The results are promising for the inclusion of selected indigenous LAB in the
production of functional Feta cheese with disctinctive organoleptic characteristics and
traditional character.

Application of native lactic acid bacteria with technological and 
probiotic properties in a pilot scale Feta cheese production 

Table 1: Culture combinations used in the pilot scale 

This research has been co-financed by the European Union and
Greek national funds through the Operational Program Competitiveness, Entrepreneurship
and Innovation, under the call RESEARCH-CREATE-INNOVATE (project code: T1EDK-00968)

 Microbiological, pH, HPLC
(organic acids) and
sensory analyses took place
during ripening and storage
at 4℃. Fig. 1: Microbial counts (LOG CFU/g) of LAB (MRS) of

the 12 cases (No1-12) with the co-starters and of the
control case (No 13) at the 1st day of ripening, the 60th

day of ripening (i.e. beginning of storage) and at 180
days (end of storage).

Fig. 2: Microbial counts (LOG CFU/g) of lactic cocci
(M17) of the 12 cases (No1-12) with the co-starters and
of the control case (No 13) at the 1st day of ripening,
the 60th day of ripening (i.e. beginning of storage) and
at 180 days (end of storage).
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Fig. 4 Short-chain fatty acid production (mmol/L) by microbiota from healthy
subjects during all experiments in SHIME ®. Control period and treatment with
LA-5. * statistical difference with control (p<0.05).
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The gut microbiota refers to the microorganisms that inhabit the
intestinal tract and live-in symbiosis with the host. A microbiota in
dysbiosis can induce inflammation in different parts of the human
body. Dysbiosis occurs due to an inadequate or altered diet, or other
factors such as taking antibiotics. Therefore, the use of probiotics can
help in modulating the microbiota in dysbiosis. The main bacterial
groups used as probiotics are Lactobacillus and Bifidobacterium genus
due to their association with gastrointestinal tract health.

The aim of this study was to verify the impact of the probiotic
Lactobacillus acidophilus - LA5 on the intestinal microbial
composition of adults (40-50 years) using the Human Gut Microbial
Ecosystem Simulator (SHIME®).

The experimental period in the SHIME® (Fig.1) was 6 weeks. After 7
and 14 days of colonic fermentation, the gut microbiota (selective
plating count) and metabolites (Short Chain Fat Acids and NH4

+) were
analyzed. Statistical analyses were performed using ANOVA and
Tukey's multiple comparison test.

Fig. 1 SHIME® - Simulator Of Human Intestinal Microbial Ecossystem
housed in São Paulo State University (UNESP), Brazil.

Background and aims

The reduction in La5 counts was one logarithmic unit after passing
through the stomach was observed, where the pH was in the range
2.3-2.5 (Fig 2). This decrease in the viability of La-5 was expected
due to the low pH in the reactor that simulates the stomach. After
treatment with La5 the counts of Bifidobacterium ssp, Lactobacillus
ssp, total anaerobes and Clostridium ssp increased (p<0.05)(14 days
La-5 treatment) when compared with control period (Tab. 1). For
ammonia ion production decreased (p<0.05) after 7 days of treatment
when compared with control period (Fig.3). SCFA production reduced
after 7 days of treatment, but with a significant increase for acetic and
butyric acid after 14 days of treatment (Fig.4).

This study using a dynamic colonic model showed positive and
promising results in modulating the composition and metabolism of
the gut microbiota as a function of using Lactobacillus acidophilus La-
5 in the microbiota of healthy adult subjects.

Stomach Duodenun Ascending colon

Ascending colon (n=3)

Mateus K. Salgaço1, Adilson Sartoratto2, Marcia P. A. Mayer3, Katia Sivieri1

1 Department of Food and Nutrition, School of Pharmaceutical Science, São Paulo State University-UNESP, Brazil.
2 CPQBA-UNICAMP, Brazil

3Dept of Microbiology, Institute of Biomedical Sciences, University of São Paulo
Contact: mateus.salgaco@unesp.br

Results

Material and Methods Microorganisms Control Treatment 7 days Treatment 14 days
Bifidobacterium ssp. 8.75 ± 0.57 a 7.06 ± 0.06 b 9.36 ± 0.43 a

Total anaerobes 9.26 ± 0.01 a 8.05 ± 0.07 a 9.59 ± 0.47 a

Lactobacillus ssp. 8.36 ± 0.11 a 8.03 ± 0.08 a 9.54 ± 0.42 b

Clostridium ssp. 8.80 ± 0.60 a 7.06 ± 0.08 a 9.55 ± 0.42 ab

Tab. 1 Microbial counts (log CFU/mL) of different bacterial groups in the
reactors simulating the ascending colon as a result of 14 days of treatment with
Lactobacillus acidophilus La-5. a,b different letters between lines have statistical
difference (p<0.05)
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Fig. 3 Ammonium ion production (mmol/L) by microbiota from healthy
subjects during all experiments in SHIME®. Control period and treatment with
LA-5. . a,b different letters between lines have statistical difference (p<0.05)
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Fig. 2 Viability evaluation of Lactobacillus acidophilus La-5, after simulation
of the stomach and duodenum in SHIME®. a,b different letters indicate
statistical difference (p<0.01).

a
b

b b

a

*

*



62

Results and Discussion

Conclusions

Flore Maillard¤, Florian Chain¤, Sophie Holowacz*, Elsa Jacouton*, Rebeca Martin Rosique¤,  Philippe Langella¤ 

¤Université Paris-Saclay, INRAE, AgroParisTech, Micalis Institute, 78350, Jouy-en-Josas, France. *PiLeJe Laboratoire, 37 Quai de Grenelle, 75015 Paris Cedex 15, France. 

IDENTIFICATION OF NOVEL STRAINS WITH PROBIOTIC
POTENTIAL IN GASTROINTESTINAL DISORDERS

The goal is to identify bacterial strains with probiotic
potential in gastrointestinal disorders such as
Inflammatory Bowel Disease (IBD) and Irritable Bowel
Syndrom (IBS). We  used an in vitro approach to compare
the anti-inflammatory properties of 41 bacterial strains,
including commercialized probiotics  benchmark
controls. The selected candidates will then be validated
by an in vivo pre-clinical approach.

Objectives Methods
Growth kinetics were determined by optical density and colony forming unit counts in vegetal medium to comply
with food industry regulations. All strains were recovered and cryo-conserved at the beginning of their stationary
phase. Bacterial supernatants were analyzed for short chain fatty acid (SCFA) and Arylhydrocarbon Receptor
(AhR) agonist productions, using gas chromatography and HepG2 Lucia reporter cell line, respectively. Strains
were then tested in vitro with equal multiplicity of infection: 1) dosing of IL-8 produced after eight-hour co-
incubation on TNF-α challenged HT-29 cells; 2) dosing of IL-12 and IL-10 produced after twenty-four-hour co-
incubation on unstimulated peripheral blood mononuclear cells (PBMCs); 3) measurement of TransEpithelial
Electrical Resistance (TEER) of TNF-α challenged Caco2 cells after twenty-four-hour co-incubation.

Effects of live bacteria

This project receives funding from the french Association Nationale de
Recherche en Technologie under grant agreement No. 2018/1512 

(1) Lamas, Bruno, Mathias L. Richard, Valentin Leducq, Hang-Phuong Pham, Marie-Laure Michel, Gregory Da Costa, Chantal Bridonneau, et al. 2016. « CARD9 Impacts Colitis by Altering Gut Microbiota Metabolism of Tryptophan into Aryl Hydrocarbon Receptor Ligands ». Nature Medicine 22 (6): 598-+.
https://doi.org/10.1038/nm.4102. (2) Vinolo, Marco A.R., Hosana G. Rodrigues, Renato T. Nachbar, et Rui Curi. « Regulation of Inflammation by Short Chain Fatty Acids ». Nutrients 3, no 10 (14 octobre 2011): 858‑76. https://doi.org/10.3390/nu3100858.

41 strains were assessed for their immunomodulatory activity on IL-8 production by HT-29 cells. The
supernatant of the anti-inflammatory commensal bacterium Faecalibacterium prausnitzii and butyrate
were used as positive controls. We identified 6 strains with the potential to protect enterocytes
from an acute inflammatory response induced by TNF-α. 

Forty-one strains were screened on the basis of properties related
to intestinal disorders: production of anti-inflammatory
metabolites, immunomodulation and ability to restore the
intestinal barrier function. The combination of these data allowed
to rank the strains according to  their anti-inflammatory potential
and to select 4 promising strains that are now being tested in in
vivo murine models. These  strains are potential candidates for the
development of new probiotic products helpful in the
management of gastrointestinal disorders.

Strains were assessed for their immunomodulatory activity on IL-10 and IL-12 production by PBMCs.
Co-incubations were performed 3 times on 5 different donors. The co-incubations revealed a change
in the TH1/TH2 profile through modulation of IL10/IL12 ratio for 22 strains.

TEER was used to measure the integrity of tight junction dynamics in Caco-2 cell monolayers. TEER
measurements were performed over 24 hours, after TNF-α challenge; 15 strains were able to
restore the paracellular permeability of the Caco-2 cells compared with PBS only (threshold =
0.81).

Effects of bacterial supernatants

AhR is a transcription factor involved in gut microbiota homeostasis whose
activity was shown to be reduced in patients with IBD (1). In this screening, we
have tested the supernatant of 41 strains and identified 10 strains
significantly inducing AhR activity in the HepG2 Lucia reporter cell
line (+20% activity compared with incubation  growth medium only).

SCFAs are produced by anaerobic bacterial fermentation and recognized as
potential mediators of the effects of gut microbiota on intestinal immune
function. In several animal studies, SCFAs were shown to have beneficial
effects on intestinal inflammation (2). In this project, we have identified 7
strains producing acetate. None of our strains were able to produce
butyrate nor propionate.

1)

2)

1)

2)

3)

Contact: flore.maillard@inrae.fr



63

ДляДля добавлениядобавления
текстатекста щёлкнитещёлкните

мышьюмышью

нсоим_eng

SmallSmall intestinalintestinal bacterialbacterial overgrowthovergrowth
andand prognosisprognosis inin cirrhosiscirrhosis

Objective: Objective: 
Small intestinal bacterial overgrowth (SIBO) is associated with Small intestinal bacterial overgrowth (SIBO) is associated with various complications of cirrhosis. The aim various complications of cirrhosis. The aim 
of the study is to determine whether the presence of SIBO affectof the study is to determine whether the presence of SIBO affects the prognosis in cirrhosis.s the prognosis in cirrhosis.

Methods:  Methods:  
Fifty patients with cirrhosis were enrolled in a prospective casFifty patients with cirrhosis were enrolled in a prospective casee--control study. All participants underwent control study. All participants underwent 
lactulose hydrogen breath test for SIBO. The followlactulose hydrogen breath test for SIBO. The follow--up period was 4 years.up period was 4 years.

Results: Results: 
SIBO was detected in 26 (52.0%) patients: in 10 (52.6%) patientsSIBO was detected in 26 (52.0%) patients: in 10 (52.6%) patients with compensated cirrhosis and in 16 with compensated cirrhosis and in 16 
(51.6%) ones with decompensated cirrhosis. Twelve (46.2%) patien(51.6%) ones with decompensated cirrhosis. Twelve (46.2%) patients with SIBO and four (16.7%) patients ts with SIBO and four (16.7%) patients 
without SIBO died within 4 years (Figure 1; p=0.009). Among patiwithout SIBO died within 4 years (Figure 1; p=0.009). Among patients with decompensated cirrhosis, 8 ents with decompensated cirrhosis, 8 
(50.0%) patients with SIBO and 3 (20.0%) patients without SIBO d(50.0%) patients with SIBO and 3 (20.0%) patients without SIBO died (p=0.027). Among patients with ied (p=0.027). Among patients with 
compensated cirrhosis, 4 (40.0%) patients with SIBO and 1 (11.1%compensated cirrhosis, 4 (40.0%) patients with SIBO and 1 (11.1%) patients without SIBO died (p=0.045). ) patients without SIBO died (p=0.045). 
Among patients with SIBO, there was no difference in mortality bAmong patients with SIBO, there was no difference in mortality between patients with compensated and etween patients with compensated and 
decompensated cirrhosis (p=0.209). It was the same for patients decompensated cirrhosis (p=0.209). It was the same for patients without SIBO (p=0.215). SIBO affects the without SIBO (p=0.215). SIBO affects the 
prognosis only in the first year of followprognosis only in the first year of follow--up in decompensated cirrhosis, and only in subsequent years withup in decompensated cirrhosis, and only in subsequent years with
compensated cirrhosis. Presence of SIBO (p=0.028; HR=4.2[1.2compensated cirrhosis. Presence of SIBO (p=0.028; HR=4.2[1.2--14.9]) and blood albumin level (p=0.027) 14.9]) and blood albumin level (p=0.027) 
were significant independent risk factors for death in cirrhosiswere significant independent risk factors for death in cirrhosis..

Conclusions: 
SIBO is associated with poor prognosis in cirrhosis.

Roman Maslennikov, Irina Efremova, Aliya Alieva, Elena Poluektova, Maria Zharkova,
Vladimir Ivashkin

Figure 1. Survival curves of 
cirrhosis patients with SIBO 
(C-SIBO(+)) and without 
SIBO (C-SIBO(-)) 
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CONCLUSIONS
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▪ The results showed that the parameters that influenced the responses were as follows: 1) the
concentration of okara and SPP for TTA; 2) the SPP concentration for antibacterial and antioxidant
activity; 3) the SPP concentration and inoculum of MIUG BL13 for antifungal activity (Figure 1
and Table 2).

▪ The optimized variant of the fermentation process includes the parameters: 5% okara, 5.5% SPP
and 5% inoculum of MIUG BL13, which will lead to an antioxidant activity of 2.58 mM
TE/mL, values of 42.27% for antifungal activity, 4.31 mm for antibacterial activity and 18.79
mL NaOH 0.1N, for TTA (Figure 2).

Reducing the risk of diseases and improving human health through modulation of microbial interactions is an evolving concept that is increasingly important for consumers,
food manufacturers, health-care professionals and regulators. Microbiota-modulating dietary interventions include many fermented foods and fibre-rich dietary regimens, as
well as probiotics, prebiotics and postbiotics [1]. The posbiotics are compounds produced by live probiotic microorganisms or released after cell rupture, such as: bioactive
peptides, organic acids, short-chain fatty acids, endo/exopolysaccharide, enzymes, that have antimicrobial, antioxidant and immunomodulatory effects [2]. The aim of this
study targeted the optimisation of the postbiotics production by lactic fermentation using selected lactic acid bacteria (LAB) strains, through valorising the agri-food residues,
such as okara, as nitrogen source, and sweet potato peel (SPP), as carbon source, by mathematical optimization and statistical analysis.

▪ In order to improve the postbiotics production by lactic acid fermentation with two selected
Lactobacillus paracasei strains, coded MIUG BL13 and MIUG BL4, the Central Composite
Design (CCD) and Response Surface Methodology (RSM) by using Minitab 17 Statistical
Software (USA) were employed. The lactic acid fermentation was performed in stationary
conditions. A number of 20 samples were studied (coded P1÷P20, according to Table 1).

▪ The concentration of okara (1-5%), sweet potato peel (2-6%) and L. paracasei MIUG BL13
inoculum (0-4%) studied as independent variables, were varied while red lentil flour (5%),
inoculum of L. paracasei MIUG BL4 (4%), temperature (37℃) and fermentation time (72 h)
were maintained at constant values (Table 1).

▪ The analyzed responses were total titratable acidity (TTA), antioxidant activity (DPPH method),
antibacterial activity (well diffusion method) and antifungal activity (ratio inhibition).

▪ By valorization of agri-food residues through lactic fermentation with selected LAB strains
(Lactobacillus paracasei strains) the functional bioactive compounds (postbiotics) with
technological and functional impacts can be obtained.

▪ The produced postbiotics complex could be used for functional foods and ingredients development,
with a great impact on improving the food safety and stability of formulated products and also to
increase the consumers life quality.

RESULTS AND DICUSSION

Acknowledgments: This work was supported by a grant of the 
Ministry of Research, Innovation and Digitization, CNCS/CCCDI 
– UEFISCDI, project number PCE 159/2021, within PNCDI III, 
https://www.biotics.ugal.ro/index.php/en/

Table 2. ANOVA analysis of the studied parameters effect upon the acidity of 
the fermented products 
Source DF Adj SS Adj MS F-Value P-Value
Model 9  126.505  14.0561   117.18   0.000
Linear 3  106.450  35.4834   295.81    0.000

Okara (A), % (w/v) 1   29.365  29.3649   244.81    0.002
Sweet potato peel (SPP) (B), 
% (w/v)

1 76.946  76.9457   641.47    0.003

Inoculum of Lactobacillus 
paracasei MIUG BL13 (C), 
% (v/v)

1 0.140   0.1395     1.16    0.306

Square                                    3   19.952   6.6508    55.45    0.000
A*A                1    0.053   0.0534     0.44    0.520
B*B       1   18.356  18.3559   153.03    0.000
C*C 1    0.688   0.6877     5.73    0.038
2-Way Interaction 3    0.102   0.0340     0.28    0.836
A*B               1    0.010   0.0098     0.08    0.781
A*C           1    0.072   0.0722     0.60    0.456
B*C      1       0.020 0.0200     0.17    0.692
Error 10    1.200   0.1200
Lack-of-Fit 5    0.659   0.1318     1.22    0.416
Pure Error 5    0.540   0.1081
Total 19  127.704

R2 = 99.06%

Run Independent 
variables

Responses

A* B C TTA, mL 
NaOH
0.1N

Antibacterial 
activity, mm

Antifungal 
activity, 

IR%

Antioxidant 
activity, mM

TE/mL

1 1 6 0 15.43 4.17 31.25 2.429
2 5 6 0 18.72 4.00 28.75 2.419
3 5 2 4 13.93 3.50 40.63 1.219
4 5 2 0 13.65 3.33 37.50 1.053
5 1 6 4 15.89 3.83 33.13 2.410
6 3 4 5.36 16.70 3.50 44.38 2.680
7 3 4 0 16.01 3.83 35.00 1.921
8 3 4 2 15.77 3.33 37.50 1.933
9 3 4 2 16.08 2.83 35.63 1.866

10 1 2 4 11.16 2.00 36.88 1.020
11 3 7.36 2 16.73 4.00 34.38 2.371
12 3 4 2 15.61 2.67 36.25 1.896
13 3 4 2 16.12 3.17 39.38 1.935
14 3 4 2 15.56 3.33 38.13 1.724
15 0 4 2 12.84 3.33 39.38 1.763
16 3 4 2 15.26 3.50 36.88 1.762
17 1 2 0 11.13 2.33 39.38 0.999
18 3 0.63 2 8.36 1.00 36.87 0.606
19 5 6 4 18.17 4.00 35.62 2.290
20 6.36 4 2 18.29 3.33 35.62 1.751
*A-okara, % (w/v); B-sweet potato peel (SPP), % (w/v); C-inoculum of
Lactobacillus paracasei MIUG BL13, % (v/v)

Table 1. The CCD to establish the influence of  the studied 
independent variables on the fermented product properties

[1] Seppo Salminen, Maria Carmen Collado, Akihito Endo, Colin Hill, Sarah Lebeer, Eamonn M. M. Quigley et al. 2021. The International 
Scientific Association of Probiotics and Prebiotics (ISAPP) consensus statement on the definition and scope of postbiotics. Nature reviewes/ 
Gastroenterology & Hepatology,  https://doi.org/10.1038/s41575-021-00440-6.

[2] Cássia P Barros, Jonas T Guimarães, Erick A Esmerino, Maria Carmela KH Duarte, Márcia C Silva, Ramon Silva, et al. 2020. Paraprobiotics 
and postbiotics: concepts and potential applications in dairy products. Current Opinion in Food Science, 32, 1-8. 

a)                                                    b)                                                      c)
Fig. 1. Antimicrobial activity of the fermented products; a) Antibacterial activity against Bacillus 
subtilis MIUG B1; antifungal activity against Aspergillus niger MIUG M5 - b) control, c) 
fermented product, P1 sample.

Fig. 2. Response surface (left) and contour (right) plots of the correlative effect between the studied
independent variables on the antifungal activity of the fermented products.
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PPRROOBBIIOOTTIICCSS  SSUUPPPPLLEEMMEENNTTSS  RREEDDUUCCEE  EERR  SSTTRREESSSS  AANNDD  GGUUTT  IINNFFLLAAMMMMAATTIIOONN  AASSSSOOCCIIAATTEEDD  
WWIITTHH  GGLLIIAADDIINN  IINNTTAAKKEE  IINN  AA  MMOOUUSSEE  MMOODDEELL  OOFF  GGLLUUTTEENN  SSEENNSSIIVVIITTYY

Romina Monzani1,2, Valentina Saverio1,2, Mara Gagliardi1,2, Annalisa Visciglia3, Elżbieta Pańczyszyn1,2, Marco Pane3, Angela Amoruso3, Marco Corazzari1,2,4

BACKGROUND AND OBJECTIVES
Celiac Disease (CD) is an autoimmune disorder resulting in intestinal chronic inflammation and tissue damages induced by gluten and gluten-related proteins ingestion,
with individual genetic susceptibility playing a key role. Currently, no pharmacological treatment is available to CD patients, with a strict, life-long gluten-free diet is the
only therapy, although its efficacy is limited. An important hallmark of CD is the presence of an auto-immune response towards one main auto-antigen represented by
type 2 Transglutaminase, which plays a key role in the pathogenesis of CD, primarily due to its enzymatic activity, responsible for the transformation of common food
proteins, i.e. gluten proteins, in unhealthy molecules, in genetically predisposed individuals. We also recently defined the central role of the cystic fibrosis transmembrane
conductance regulator (CFTR) in the pathogenesis of the celiac disease, demonstrating for the first time the interaction between CFTR and glaidin gliadin sensitive
epithelial cells. In fact, PT-gliadin decreases the activity of CFTR in Caco-2 cells, thus driving a pro-inflammatory status.
Finally, it was been showed that gliadin promotes the release of calcium (Ca2+) from both endoplasmic reticulum (ER) and mitochondria, thus activating both cytosolic
and nuclear TG2, and also potentially indicating the induction of the Endoplasmic Reticulum Stress.
Here we evaluated whether probiotics are able to mitigate gut inflammation induced by gliadin exposure, by using in vivo and in vitro models.

METHODS
Gluten-sensitive Balb-c mice were exposed to gliadin alone or in combination with two probiotic formulations, P1 and P2, and gut dysfunction was evaluated. Probiotics
were supplied by our collaborator Probiotical SpA. The P1 formulation contained 2 strains of Bifidobacterium breve, the B632 (DSM 24706) and BR03 (DSM16604) at 2 x
109 live cells (AFU)/g, while the P2 formulation contained the Lactobacillus plantarum LP14 (DSM 33401), L. casei subsp. paracasei LPC09 (DSM 24243) and the
Lactobacillus rhamnosus LR04 (DSM 16605) at 3 x 109 live cells (AFU)/g. To this aim, we evaluated: the expression of the key CD marker TG2, by both western blotting and
qPCR analysis; intestinal permeability, by qPCR analysis of Tight Junction proteins level, and FITC-dextran permeability; ER stress, by measuring the expression of the key
UPR markers ATF4, ATF6, and XBP1s; inflammation, by measuring the production of pro-inflammatory cytokines (IFNα, IL15, and IL17A). This analysis was also carried out
in 2D cell culture conditions, by using Caco-2 cells as a model.

1 Department of Health Science, University of Piemonte Orientale, 28100 Novara, Italy
2 Center for Translational Research on Autoimmune and Allergic Disease (CAAD), University of Piemonte Orientale, 28100 Novara, Italy
3 Probiotical Research Srl, 28100 Novara, Italy
4 Interdisciplinary Research Center of Autoimmune Diseases (IRCAD), University of Piemonte Orientale, 28100 Novara, Italy

RESULTS 

Dysregulated Intestinal Permeability Due to Gliadin Exposure Was Restored by 
Probiotics Administration

Figure 2. Gliadin-mediated intestinal permeability dysregulation is restored by probiotics administration. Plasma concentration of
fluorescein isothiocyanate-conjugated (FITC) fluorescence was measured 4 h after mouse gavage of a single dose of FITC-Dextran (A).
Quantification of plasma concentration from n = 2 mice per group. Mean ± SD of duplicate sample. (B) Claudin 2 (upper panel), Claudin 15
(bottom left panel), and Occludin (bottom right panel) expression levels were evaluated in the small intestine of third-generation Balb/c
mice fed with gluten-free diet challenged with gliadin (Glia) in the presence or absence of P1 or P2 by quantitative real-time polymerase
chain reaction (qRT-PCR).

Figure 1. Tissue transglutaminase 2 (TG2) and cystic fibrosis transmembrane conductance (CFTR) modulation by probiotics
administration in vivo. CFTR (A) and TG2 (B) expression levels were evaluated in the small intestine of Balb/c fed third-
generation gluten-free mice, treated (Glia) or not treated (CTRL) with gliadin, in the presence or absence of P1 or P2, at both
mRNA (left panels) and protein (right panels) levels.

Probiotics Administration Inhibits Gliadin-Mediated TG2 Upregulation but 
Does Not Restore CFTR Physiological Expression

Gliadin-Mediated Small Intestinal Inflammation Was Buffered by 
Probiotics Administration

Figure 3. Anti-inflammatory activity of probiotics. IL-15, IL-17a, and INFγ mRNA (A) and protein (B) levels were evaluated in
the small intestine tissue homogenate of Balb/c-fed third-generation gluten-free mice challenged with gliadin (GLIA) and P1 or
P2 and compared to untreated control (CTRL) by qRT-PCR and ELISA, respectively. (C) H/E staining of small intestine from mice
exposed (Glia), unexposed (CTRL) to gliadin alone or in combination with probiotic formulation 1 (P1) or 2 (P2). Images are
representative of three independent experiments (magnification = 20×).

ER Stress Was Promptly Induced by Gliadin and Efficiently Inhibited by Probiotics Administration

Figure 4. Endoplasmic reticulum (ER) Stress induced by gliadin exposure was buffered by probiotics. ATF4 (A), ATF6 (B), and XBP1s (C) expression levels were
evaluated in the small intestine of Balb/c-fed third-generation gluten-free diet treated (Glia) on untreated (CTRL) with gliadin in the presence or absence of P1 or P2.

Probiotics Were Able to Efficiently Inhibit the Gliadin-Mediated ER Stress but Did Not Restore Physiological Levels 
of CFTR and TG2 In Vitro

Figure 5. Impact of probiotics on peptide (PT)-mediated ER Stress induction in vitro. Caco-2 cells were untreated (CTRL) or treated with PT-gliadin for 3 (PT 3 h) or 9 (PT 9 h) hours in the presence or
absence of P1 or P2. CFTR (A), TG2 (B), ATF4 (C), ATF6 (D), and XBP1s (E) expression levels were evaluated by qRT-PCR.

CONCLUSIONS
In the present study, we demonstrated that probiotics administration efficiently reduced the hallmarks of intestinal inflammation stimulated by gliadin in a mouse model
of gluten sensitivity. Indeed, in this context, diet supplementation with probiotics and prebiotics has been explored as a strategy to modulate the gut microbiome to an
anti-inflammatory state. Our data show that probiotics administration might potentially represent a new valuable strategy to treat gluten-sensitive patients, as those
affected by CD.
Ref: Doi: 10.3390/nu13041221
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RIFAXIMIN FOR SMALL INTESTINAL BACTERIAL 
OVERGROWTH: A RETROSPECTIVE STUDY 

Rifaximin seems to be effective and safe in treating
small intestinal bacterial overgrowth (SIBO), however
to date there is no consensus regarding the proper
timing of therapy. The present study aims to provide
preliminary data regarding the effects of rifaximin (600
mg/day for five days) in patients with SIBO.

We retrospectively analyzed clinical records and
lactulose breath tests of 15 otherwise healthy
patients (8 males and 7 females) aged between 30
and 60 years old, complaining of gastrointestinal
symptoms consistent with SIBO. All the patients had a
baseline lactulose breath test suggestive of SIBO. 7
subjects were treated with rifaximin at the daily dose
of 600 mg (200 mg after each of the 3 meals), for 5
days per month (group 1). The other 8 subjects were
treated with the same daily dose of Rifaximin, but for
two monthly cycles of 5 days each (group 2). All the
patients repeated the breath test after one month.
The results of the breath tests performed at the
baseline and after a month were compared to
determine whether the different dosage of the
therapy had had different effects.

At the baseline, we found no significant difference
between expired H2 levels in the two groups of study.

Comparing the results of breath tests performed at
baseline and after one month in group 1, no significant
difference in expired H2 levels was observed.

Comparing the results of breath tests performed at
baseline and after one month in group 2, we found a
significant lowering in expired H2 levels at minutes 30,
45, 60, 75, 90 and 105. No significant difference
emerged comparing H2 emission at minutes 0, 15 and
from minutes 120 to 240.

Finally, comparing the results of the breath tests
repeated after one months between the two groups,
we observed that expired H2 levels registered after 30,
45, 60, 75, 90 minutes from the beginning of the test
were significantly lower in group 2 with respect to
group 1. No significant difference in expired H2 levels
was registered from minutes 0 to 15 and from minutes
105 to 240 from the beginning of the test.
Complete breath tests results are available in figures I

and II.
All the patients reported an improvement in their
symptoms.

When comparing breath test results between the two groups, we observed that Rifaximin may be able to improve
intestinal dysbiosis and gastrointestinal symptoms due to SIBO, with results that seem to be more evident when
rifaximin is administered in two monthly cycles rather than one.

Reference:
Quigley EM, Abu-Shanab A. Small intestinal bacterial overgrowth. Infect Dis Clin North Am 2010; 24: 943-959, viii-ix
Ponziani FR, Gerardi V, Gasbarrini A. Diagnosis and treatment of small intestinal bacterial overgrowth. Expert Rev Gastroenterol Hepatol 2016; 10: 215-227. 
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Giovanni Gasbarrini1, Carolina Mosoni2, Tommaso Dionisi2, Antonio 
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BACKGROUND AND AIMS

Figure I – Baseline (T0) and after one month of treatment (T1) breath tests of patients treated with one
monthly cycle of rifaximin (600 mg/day for 5 days)

Figure II – Baseline (T0) and after one month of treatment (T1) breath tests of patients treated with two
monthly cycles of rifaximin (600 mg/day for 5 days)
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Objective
This study discusses the effect of probiotic supplementation on type 2 diabetes related variables, obesity and on gut microbiota
composition.

Methods
The research strategy was applied to the PubMed, Springer-link, Science Direct and manual published between 2016-2020. This study was
conducted according to the instructions listed in the Cochrane Handbook for Systematic Reviews of Interventions, also listed in Preferred
Reporting Items for Systematic Reviews and Meta Analyzes (PRISMA). Only randomized controlled trials were included. The study was
independently evaluated for eligibility, extracted data and assessed the risk of bias of the included studies. Statistical analysis was performed
using RevMan 5.4.1. Data were pooled using the randomized effect model and expressed as mean difference and/or standard mean
difference with a 95% Confidence Interval (CI). Heterogeneity (I2) was assessed and quantified. The publication bias was assessed by
constructing funnel plots as visual assessment .

Results

THE EFFECTS OF PROBIOTIC SUPPLEMENTATION ON GUT MICROBIOTA, 
OBESITY AND TYPE 2 DIABETES: META-ANALYSIS OF RANDOMIZED 

CONTROLLED TRIALS
Mostefa Naimi 1-2 mostecoc@yahoo.fr , Amar Abid 1-2, Hayat Fetati 1, Maroua Khedrougui 1, Radjaa Kaouther Bensaid 1, Zoulikha Bournane 1, Zineb 
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1. Literature search and screening 

2. Quality assessment of included studies

Conclusion
The effect estimate of probiotic supplementation implies that an experimental intervention has an important benefit on FBG, HOMA-IR and 
HDL-C levels.Though, further meta-analysis are needed to confirm these results.

Figure 1. Diagram of the methodology search 
studies and screening process

Figure 2. Risk of bias graph

3. Assessment of gut microbiota of the included studies 

4. Effect estimate of probiotics on others parameters

Authors were found the levels of probiotic strain increased marginally 
(placebo group) or significantly (probiotic group), but they did not observe 

any changmement on microbiota diversity or overall microbiota composition 
as a consequence of probiotic supplementation. Whereas, were noted that the 

most abundant phyla were Firmicutes and Bacteroidetes followed by 
Proteobacteria, Actinobacteria, Verrucomicrobia, and Cyanobacteria.

Significant effect sizes were observed between probiotic group and control group for FBG -0.97 
mmol/L (95% CI: -1.70 to -0.23; P = 0.010), HOMA-IR -1.00 (95% CI: -1.73 to -0.27; P = 0.007) 

and HDL-C 0.26 mmol/L (95% CI: 0.03 - 0.50; P = 0.03).

No significant effect sizes were observed between probiotic group and control group for BMI -0.80 
kg/m2 (95% CI: -1.93 to 0.32; P = 0.16), HbA1c -0.13 % (95% CI: -0.61 to 0.34; P = 0.58), insulin -

1.24 μU/mL (95% CI: -4.64 to 2.15; P = 0.47), TG -0.13 mmol/L (95% CI: -0.48 to 0.23; P = 0.49), TC -
0.27 mmol/L (95% CI: -0.58 to 0.05; P = 0.09), LDL-C -0.35 mmol/L (95% CI: -0.87 to 0.17; P = 0.19), 

SBP -3.42 mmHg (95% CI: -11.76 to 4.92; P = 0.42) DBP -2.27 mmHg (95% CI: -6.36 - 1.82; P = 
0.28) and hs-CRP 0.14 (95% CI: -0.52 to 0.81; P = 0.68). 

7. Adverse events 

Minor adverse events were reported for only 4 studies and were 
gastrointestinal complications (flatulence, dysphagia, and dyspepsia), infection, 
hypoglycemia, headache and musculoskeletal symptoms, higher sexual desire. 

6. heterogeneity and Publication bias

5. Effect estimate of probiotics on FBG, HOMA-IR and HDL-C levels 

FBG

HOMA-IR HDL-C

Figure 3. Forest plot of RCT comparing the effect 
estimate of probiotics on FBG, HOMA-IR and HDL-C 

levels with placebo in patients with T2D

Figure 4 Funnel plot for assessment of publication bias for FBG, HOMA-IR and HDL-C levels
Based on overall quality, 2 clinical trials were judged high risk of bias and was 

excluded, 5 were judged low risk of bias, 1 was judged some concerns. 
6 clinical trials were included in the meta-analysis.

No significant publication bias was showed for FBG, HOMA-IR and HDL-C levels 
(funnel plots, which shows the dispersion of the studies).  
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EFFECTS OF PROBIOTIC SUPPLEMENTATION ON INFLAMMATORY STATUS OF 
OBESE WOMEN
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Methods 

Probiotic supplementation modestly improved inflammatory status of
obese women by regulating IL-6 and adiponectin levels.
Further studies are warranted to confirm these results, and such
confirmation may lead to the introduction of probiotics as adjunctive
therapy for obesity.

 Concentration of IL-6 was significantly decreased by the intervention
with probiotics (p=0.05), specially at t2 compared to the t0 (p=0.003),
without significant change in placebo group.

 In probiotic-supplemented group, significant increase of adiponectin
concentration was observed (p=0.049), specially at t2 compared to the
t0 (p=0.041).

 Although levels of TNF-alpha and leptin in probiotic group were
slightly decreased, they didn’t reach statistical significance.

Objective Results

References

Conclusions

 Twenty overweight (BMI=25.0-29.9 kg/m2) and obese (BMI≥30.0 
kg/m2) women in reproductive period

 Randomized placebo-controlled trial
 Group I received one capsule daily of probiotics (7x1010 CFU 

Lactobacillus plantarum 299v (DSM9843), 5x109 CFU 
Saccharomyces cerevisiae var. boulardii and 40mg octacosanol; 
N=12

 Group II received placebo; N=8
 Duration of intervention: 3 months
 Sample: plasma
 Plasma concentrations of IL-6, TNF-alpha, leptin and adiponectin

were measured:
 before the initiation of intervention (t0), 
 at the end of intervention (t1) and
 three months after intervention period (t2)

 Human IL-6, Human TNF-alpha, Human Leptin and Human Total 
Adiponectin ELISA Quantikine tests

 RT-6100 Microplate Reader (Rayto, China)

Figure 3. RT-6100 Microplate Reader

1. Abenavoli, Ludovico et al. (2019). Gut Microbiota and Obesity: A
Role for Probiotics. Nutrients 11(11): 2690.
2. Matarese G., Procaccini C., De Rosa V. (2016). Obesity and
Inflammation. In: Parnham M.J. (eds) Compendium of Inflammatory
Diseases. Springer, Basel.
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Scientific evidences suggest that
intestinal microbiota is a key player in
development of chronic low-grade
inflammation associated with obesity
(Fig. 1).
Studies showed that circulating
proinflammatory proteins (IL-6, TNF-
alpha, leptin) are positively, while
antiinflammatory protein adiponectin is
negatively correlated with body fat
accumulation (Fig. 2).
The aim of this study is to assess the
effects of probiotic supplementation on
inflammatory status of overweight and
obese women.

Table 1. Values of  anti- and proinflammatory proteins in 
owerweight/obese women after probiotic-supplementation

Probiotic
group 

IL-6 
(pg/mL)

TNF-alpha 
(pg/mL)

Leptin
(ng/mL)

Adiponectin
(μg/mL)

normal 5-15 0-16 3.3-18.3 2.7-25

t0 4.134±1.672 36.853±10.612 1.036±0.028 0.358±0.0120

t1 3.618±1.24* 35.875±9.783 1.043±0.042 0.360±0.0139b

t2 2.316±0.384a 36.799±11.867 1.060±0.040 0.374±0.010c

Values are expressed as mean ± SD; *P=0.05 between groups; ᵃP=0.003 vs t0; 
bP=0.049 between groups; cP=0.041vs t0; 

Figure 1. Possible mechanisms 
linking intestinal microbiota  
with obesity

Figure 2. Model of immune effects of pro- and 
antiinflamatory proteins in normal weight and 
obese patients

Figure 4. Procedure of  
quantitative determination of 
human adiponectin ELISA

OBESITY:
 ↑ leptin, IL-6, TNF-alpha
 ↓ adiponectin
 Insuline resistance
 Expansion of Th1 cells
 Low proportion and

proliferation of Treg cells
in adipose tissue →
recruitment and activation
of macrophages in
adipose tissues, thereby
generating a pathogenic
and inflammatory
environment
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ON-GOING CLINICAL TRIAL

PREVIOUS CLINICAL EVIDENCE
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DIET AS TERTIARY PROPHYLAXIS RELATED TO OBESITY 
AND METABOLIC SYNDROME: A CASE-STUDY ON PATIENTS 

WITH COMPLICATED DIABETES MELLITUS TYPE-2, TREATED 
INTO A COUNTY HOSPITAL FROM TIMISOARA, ROMANIA 

Cristina I. Petrescu 
“Victor Babes” University of Medicine and Pharmacy Timisoara, Center for 

Studies in Preventive Medicine, Timisoara, Romania, e-mail: 
cpetrescu64a@yahoo.com

OObbjjeeccttiivvee: The aim of the performed study was to investigate if there is a relation between diet as tertiary

prophylaxis, obesity and Metabolic Syndrome (MS) in patients with complicated Diabetes Mellitus Type-2 (DMT2).

Methods: The study was performed on a sample that consisted of 427 patients (53.2% females, 46.8% males,

aged 35-91 years) treated at the Diabetes, Nutrition and Metabolic Diseases Clinique into a County Hospital from

Timisoara, Romania, using an observational inquiry (case-study) method from 1st January to 31th December

2016. A statistical analysis (Correlations, Chi-square and Binomial logistic regression) was performed with the aid

of a SPSS20 Program.

Results: All recorded patients (427) with complicated DMT2 were overweight or obese. 53.9% patients with

complicated DMT2 were diagnosed with Metabolic Syndrome (MS). Obese women (1st, 2nd, 3rd degrees) had

more frequently MS than men (132 and 93 patients, respectively). A weak relation between MS and age (P=0.01)

and no relations between MS and gender and MS and obesity were found. The prescribed diet for caloric regimen

was regulated through variation of the carbohydrate regimen (r=0.89, P<0.001). The carbohydrate and caloric

regimens were related to gender (χ2=12.33, P=0.002 and χ2=13.69, P=0.003), to age groups (P=0.01 and

P=0.03) and to obesity (P=0.02 and χ2=24.76, P=0.003, respectively). A relation between recommended diet with

Natrium Chloride and MS (B=-1.38, OR=0.25, P=0.003) resulted. A limit of study is that it is an observational one.

Conclusions: Diet as tertiary prophylaxis in patients with complicated DMT2 relates to gender, age

groups and obesity for carbohydrates and caloric regimens, and to MS for Natrium Chloride regimen.

There is a weak relation between MS and age and no relations between MS and gender and obesity.
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LACTIC ACID BACTERIA ISOLATED FROM THE ARTISANAL CULTURES AS POSTBIOTICS PROMOTERS BY 
FERMENTATION OF UNCONVENTIONAL SUBSTRATES
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MATERIALS AND METHODS 

INTRODUCTION

CONCLUSIONS
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Newly 16 LAB strains were isolated from the artisanal cultures microbiota and selected based on the bioactive characteristics. The fermented products (FPs) obtained with the strains coded MIUG BL79
(isolated from WKG) and MIUG BL80 (isolated from WKG) showed higher values for the TTA (15.72 – 16.01 mL NaOH 0.1N). Regarding the antibacterial activity, for the FPs obtained with MIUG
BL78 (isolated from WKG) and MIUG BL 77 (isolated from WKG) strains, values for the inhibition zones between 4.00 – 4.83 mm were measured against the spore forming bacteria. Additionally, the
results of the antifungal activity assay showed inhibition of the fungal spores, especially for MIUG BL79 strain. The radical scavenging activity (RSA) for all FPs was ranging between 53.18% - 88-65%.

[1] B. Păcularu-Burada, L. A. Georgescu, and G. E. Bahrim, “Current approaches in sourdough production with valuable characteristics for technological and functional applications,” Ann. 
Univ. Dunarea Jos Galati, Fascicle VI Food Technol., vol. 44, no. 1, pp. 132–148, 2020, doi: 10.35219/foodtechnology.2020.1.08.
[2] J. E. Aguilar-Toalá et al., “Postbiotics: An evolving term within the functional foods field,” Trends Food Sci. Technol., vol. 75, pp. 105–114, May 2018, doi: 10.1016/j.tifs.2018.03.009.
[3] A. G. Salas-Lais, A. Robles-Contreras, J. A. Balderas-López, and V. M. Bautista-de Lucio, “Immunobiotic and paraprobiotic potential effect of Lactobacillus casei in a systemic 
toxoplasmosis murine model,” Microorganisms, 2020, doi: 10.3390/microorganisms8010113.
[4] X. Gao and B. Li, “Chemical and microbiological characteristics of kefir grains and their fermented dairy products: A review,” Cogent Food Agric., vol. 2, no. 1, Dec. 2016, doi: 
10.1080/23311932.2016.1272152.

Lactic acid bacteria (LAB) produce bioactive compounds that can be used as postbiotics with bioactive in vitro and in vivo properties such as exopolysaccharides (EPS), bioactive peptides, short-chain
fatty acids (SCFAs), enzymes etc. [1]. Postbiotics are metabolites or cells’ components with molecular weight between 10 -100 kDa. Taking into account the postbiotics’ solubility, they can be divided
into soluble fractions [2] and lysis compounds with a clear chemical structure. Cell-free supernatants with postbiotics have a high content of signaling molecules, SCFAs, amino acids, peptides, organic
acids, enzymes and, vitamins with valuable functional benefits. Postbiotics as bioingredients contribute to the shelf-life extension, and they can be safely dosed in foods [3]. The complex symbiotic
microbial community from the water or milk kefir grains and kombucha is characterized by the probiotic consortia of bacteria and yeasts, therefore being used as artisanal cultures in various
fermentation processes [4]. In this study, the artisanal cultures of milk kefir grains (MKG), water kefir grains (WKG), and kombucha (KB) were used as sources of isolation of some (LAB) strains able
to promote postbiotics production by the fermentation of some unconventional substrates. As such, vegetable by-products (sweet potatoes peels and okara) and legumes (red lentils flour) were used as
fermentation substrates because they are valuable sources of proteins, fats, and dietary fibers for the metabolic transformations conducted by the isolated single strains of (LAB). The bioactive
characteristics of the fermented products were substantially improved after the fermentation process in controlled conditions.

• Fermentation medium: 5% (w/v) red lentils flour, 4% (w/v) sweet potato peels flour
and 3% (w/v) freeze-dried okara, pH = 6.4 ± 0.03

• Starter cultures:
✓ Artisanal starter cultures – milk kefir grains, water kefir grains and

kombucha. Kefir grains were provided from a Romanian artisanal producer.
Kombucha was provided from Republic of Moldova.

✓ The LAB strains isolated from the artisanal cultures used in the fermentation
process are preserved in 40% (v/v) glycerol at -80°C. The stock cultures were
included into the Collection of Microorganisms of the Bioaliment Research Platform
from „Dunărea de Jos” University of Galați, România with acronyum MIUG.

Through the unconventional substrate fermentation with the newly LAB isolates from artisanal starter cultures microbiota, is possible to obtain in controlled conditions fermented products with enhanced
bioactive properties induced by the postbiotics composition. Future perspectives of the studies target to characterize the chemical composition and the identification of the bioactive compounds with a
promising and challenging applications in food and feed production, including also bioingredients and nutraceuticals with pharmaceutical and cosmeceutical applications.

RESULTS AND DISCUSSION

The properties of fermented product by LAB strains isolated from the milk kefir grains, water kefir grains and kombucha microbiota  

The steps  for the fermentation of unconventional substrates with LAB strains isolated from 
artisanal cultures microbiota

Source of 

isolation

Strain code pH Acidity (TTA), 

mL NaOH, 0.1 N

Antibacterial activity, 

mm

DPPH RSA, %

Water kefir grains MIUG BL77 3.69 ± 0.01 12.57 ± 0.01 3.83 ± 0.02 53.18 ± 0.01

Water kefir grains MIUG BL78 3.61 ± 0.01 14.71 ± 0.01 4.83 ± 0.01 58.38 ± 0.05

Water kefir grains MIUG BL79 3.71 ± 0.01 15.72 ± 0.03 3.33 ± 0.02 86.68 ± 0.13

Water kefir grains MIUG BL80 3.59 ± 0.01 16.01 ± 0.06 3.66 ± 0.04 86.02 ± 0.34

Water kefir grains MIUG BL81 3.60 ± 0.01 14.71 ± 0.13 3.66 ± 0.01 84.75 ± 0.02

Milk kefir grains MIUG BL82 3.73 ± 0.02 14.88 ± 0.06 3.66 ± 0.04 88.65 ± 0.03

Milk kefir grains MIUG BL83 4.13 ± 0.07 8.43 ± 0.02 1.83 ± 0.01 85.24 ± 0.04

Kombucha MIUG BL 84 4.60 ± 0.01 4.87 ± 0.02 0.5 ± 0.07 88.43 ± 0.05

Milk kefir grains MIUG BL 85 4.29 ± 0.01 6.39 ± 0.04 1.5 ± 0.04 83.07 ± 0.09

Milk kefir grains MIUG BL86 3.66 ± 0.01 14.8 ± 0.04 2.5 ± 0.07 74.95 ± 0.11

Milk kefir grains MIUG BL87 3.63 ± 0.01 15.56 ± 0.09 3.66 ± 0.03 77.91 ± 0.08

Milk kefir grains MIUG BL88 3.66 ± 0.01 14.43 ± 0.05 2.33 ± 0.01 78.52 ± 0.06

Milk kefir grains MIUG BL89 3.66 ± 0.01 15.56 ± 0.03 3.16 ± 0.03 77.31 ± 0.04

Milk kefir grains MIUG BL90 4.13 ± 0.01 8.56 ± 0.06 2.83 ± 0.03 79.07 ± 0.16

Milk kefir grains MIUG BL91 4.24 ± 0.01 6.63 ± 0.05 4.00 ± 0.04 87.59 ± 0.06

Milk kefir grains MIUG BL92 4.25 ± 0.01 6.43 ± 0.02 3.16 ± 0.03 87.15 ± 0.03

Fermentation medium
• 5% (w/v) Red lentils
• 4% (w/v) Sweet potatoes 

peels
• 3% (w/v) Okara
• Tap water

Sterilization at 
121°C, for 15 min

• 2% (v/v) inoculum of 
LAB culture (total 16 
samples).

• Incubation at 37°C for 
72h, in stationary system.

Fermentation 
process Assays

• pH
• Total Titratable Acidity
• Antibacterial activity
• Antifungal activity
• DPPH Radical 

Scavenging Activity 

Fermented products

Obtaining of pure culture from kombucha, milk and water kefir grains

Antibacterial activity against Bacillus subtilis MIUG B1 
of LAB strains

• Fermentation process
✓ Mixture of flours (12% w/v) in tap water, after sterilization and cooling, was inoculated with

2% (v/v) of LAB inoculum (reactivated in MRS broth for 48h at 37°C) and fermented for 72 h
at 37°C, in stationary system.

• Fermented products characteristics evaluation
✓ The pH, total titratable acidity, antioxidant activity (DPPH method), antibacterial activity and

antifungal activity (by agar well diffusion assay) were analysed for the fermented products.

Isolation of a 
single strain by 
cultivation on 

MRS agar for 48h 
at 37°C

16
  p

ur
e 

 c
ul

tu
re

s o
f  

LA
B

 st
ra

in
s

Storage in 
40% (v/v) 
glycerol 

solution at 
-80°C

A
rti

sa
na

l c
ul

tu
re

s

Antifungal activity against Aspergillus niger MIUG M5 
of LAB strains
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Introduction

Probiotics antimutagenic capacity

Detoxification capacity of probiotics Probiotics safety issues

Conclusion

Food safety has become a general
concern due to the fact that it is impossible
to test all the items on the market.
Nowadays, contaminates (chemical or
biological) are even harder to keep under
control due to globalization and intensive
cultivation and production.
Probiotics utilization in human health cycle
may be extended and applied for food
decontamination in order to reduce
hazards, food wastes and by-products,
as antimutagenic and anticarcinogenic
agents.

Probiotics anticarcinogenic capacity References
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Probiotics impact on microflora balance is
highly studied. Probiotic cells can
positively (i.e., biodetoxification from
mycotoxin, fungi, acrylamide, metals, virus,
reduce pro-inflammatory responses,
antimutagenic and anticarcinogenic
activities) and negatively (i.e. transfer of
antibiotic resistance), modulate human
health.

Probiotics mechanisms of actions are related to deactivation of carcinogens or mutagens,
decreasing of intestinal pH regulating the intestinal microflora and suppress the growth of
carcinogenesis microbiota, immunomodulatory properties (such as increased peripheral
immunoglobin production, stimulation of IgA secretion, and decreased pro-inflammatory
cytokine production), modulation of apoptosis (through SFCA production, and glutathione
transferase activity stimulation), sustain cancer cell differentiation (through butyric acid action),
inhibition of tyrosine kinase signaling pathway, and protect DNA from oxidation (Azad et al.
2018, Bahmani et al. 2019, Panebianco et al. 2020) .

While probiotics are commonly
acknowledged safe for healthy subjects, for
certain groups with certain unique risks
(Pradhan et al. 2020)
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Results:
The outcomes of the trial confirm the

assumption of a beneficial e�ect of a food 
supplement containing Lactobacillus

Paracasei LC11, D-mannose and Cranberry
Exstract (Cranpure) in the prevention of
recurrent urinary tract infection in post

menopausal women.

Figure 1. Proportion of patients who remained 
free of urinary tract infections during 

the 120 days study period

Conclusions:
Prophylactic treatment with Lactoflorene 

Cist® proved to be e�ective and safe in the 
management of recurrent uncomplicated UTIs 

in menopausal women, thus confirming
previous findings in the  premenopausal 

female population

Objective: 

Approximately 40% of women experience 
during lifetime at least one urinary tract
infection episode requiring antibiotic
treatment and the implicated pathogen is 
Escherichia coli in 75–90% of cases. About 
one-third of these women develop recurrent 
infections, that is two or more episodes within 
6 months or three or more episodes within 12 
months documented by significant positive 
urine cultures.
The risk of developing a recurrent episode is 
greater when the first infection was caused by 
E. coli than another pathogen. The period of a 
woman’s life more targeted by the onset of 
recurrent cystitis certainly is post-menopausal 
age, when the fall of estrogen levels and its 
impact on urogenital mucosa predispose to 
bladder infections. In the management of 
these infections, the optimization of antibiotic 
strategies appears fundamental in view of the 
increasin bacterial resistance. 

Background

E�cacy of an orally administered combination of Lactobacillus Paracasei LC-11, 
Cranberry extrct and D-mannose for the prevention of recurrent urinary tract
infections in post-manopausal women
Authors: Dr. Vicariotto Franco, Dr. Murina Filippo 

The Research Hypothesis for the present 
study is to assess whether the oral therapy 
with compound containing Lactobacillus
paracasei LC11, cranberry extract (Cranpure) 
and D-mannosio in the prevention of
uncomplicated, recurrent urinary tract
infections , eventually associated with local 
estrogen therapy, is e�ective in the
prevention of recurrent urinary tract
infections (UTIs) in postmenopausal women. 

Trial rationale

The primary outcome of the study is to
evaluate the UTIs recurrence rate with a 
sub-categorization of the patients as follows: 
-Responder = no episode of UTIs relapses 
(pain in the projection of the urinary bladder, 
frequent urination, a sensation of urethral
discomfort and a positive urine culture) at 
final visit of follow up (day 150)

Primary outcome

-Partial responder = no more than 1 episode 
of UTIs during the therapy or during the 60 
days observation period 
-Non responder = more than 1 recurrence of 
UTIs during the therapy or during the 60 days 
observation period 

Methods:

Trial population

-Women between 40–70 years with
physiological menopause 
-No have taken hormonal (topical and/or
systemic) treatment and SERM for
menopausal symptoms in the past 3 months 
-Women with mild-to-moderate urogenital 
atrophy, corresponding to a Vaginal Health 
Index (VHI) score between 10 and 15 
-History of recurrent UTIs (two or more
episodes within 6 months or three or more 
episodes within 12 months) 
-Not taking antibiotics for their recurrent UTIs 
since at least one month 
-Negative urine culture at baseline. 
-Read and signed informed consent.

Trial design

60 women randomized to receive one of the 
three treatment groups as follows 

The secondary endpoint is to evaluate the
reduction of related symptoms and
improvement in patients’ quality of life at 
5-months follow-up compared to baseline. 
The tool used for this 
purpose is The Pelvic Pain and
Urgency/Frequency (PUF) patient symptom 
scale, a validated questionnaire used to
evaluate patients with chronic pelvic pain 
(range 0–35, score >12 indicative of significant 
symptoms)

Secondary outcome

Group 1

Day 60Day 0 Day 120
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100

80

60

40

20

0

100100 63,2 57,8

32,136,8100Group 2
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 Lpb. plantarum IMC513 showed a potential ability to modulate, at
the level of the central nervous system, some ECS components in
zebrafish.

 These findings suggest the use of probiotics as innovative dietary
strategy to counteract the emerging health risk of EDs, which is
worth to be further investigated..

MODULATION OF THE ENDOCANNABINOID SYSTEM BY PROBIOTIC LACTIPLANTIBACILLUS PLANTARUM IMC513 
IN ZEBRAFISH EXPOSED TO ENDOCRINE DISRUPTORS

Roberta Prete1, Natalia Garcia-Gonzalez1, Federico Fanti1, Carmine Merola1, Monia Perugini1,  Natalia Battista1, Aldo Corsetti1

1 Faculty of Bioscience and Technology for Food, Agriculture and Environment, University of Teramo, Teramo, Italy

This project has received funding from the
European Union’s Horizon 2020 research and
innovation programme under the Marie
Skłodowska-Curie grant agreement No 713714.
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 Lpb. plantarum IMC513 (109 CFU/g) was administrated by directly adding to the
water freeze-dried cells together with the standard diet. Lpb. plantarum IMC513
was daily delivered for six months either alone (probiotic group) or as a combined
treatment (probiotic + 1mg/kg DnHP group).

 After 6 months of treatment, all fishes (n= 12/group) were euthanized using
tricaine and then dissected.

 Total length and wet weight of each fish as well as wet weight of each organ (gut
and brain) were measured immediately upon sampling.

 The presence of key genes of the ECS was tested at the transcriptional level by
qRT-PCR analysis in the brain of zebrafish. The gene levels of the toll-like receptor
9 (TLR9), a key molecule involved in recognition of microbes in the gut, were
measured in the intestine samples.

 The levels of two main endocannabinoids (eCBs), anandamide (AEA) and 2-
arachidononyl-glycerol (2-AG), and the eCB-like mediator palmitoylethanolamide
(PEA) were detected through UHPLC/MS-MS in zebrafish brain samples.

EXPERIMENTAL DESIGN

Although the statistical analysis did not revealed significant changes, 2-AG and PEA levels
result increased in zebrafish exposed to DnHP.
The levels of AEA; 2-AG and PEA were modulated by the daily intake of Lpb. plantarum
IMC513, suggesting the ability of probiotic to interact at central level.

MODULATION OF eCBs LEVELS BY IMC513 

Values are expressed as mean ± SD (n=12) for each treatment group. No significant differences were found by One-way ANOVA analysis (p>0.05). 1 

Samples Lenght (mm) Weight (mm) Brain (g) Gut (g) 

Control 23.25±1.08 0.212±0.043 0.0044±0.0009 0.0158±0.0035 

IMC513 23.79±0.66 0.223±0.036 0.0044±0.0008 0.0141±0.0031 

DnHP 23.33±1.17 0.226±0.118 0.0041±0.0007 0.0126±0.0023 

IMC513+DnHP 23.08±1.84 0.218±0.066 0.0042±0.0007 0.0165±0.0067 

During the 6 months treatment period, no fish died in all the treated groups including
the control. Both DnHP and probiotic administration did not affect total length, neither
total body weight nor in terms of brain and gut weight.

MORPHOMETRIC DATA

The exposure to DnHP significantly upregulated the mRNA levels of CNR1 and CNR2
in the brain, whilst the gene expression of cannabinoid receptors resulted
downregulated in the brain of zebrafish fed with probiotic Lpb. plantarum IMC513.
mRNA levels of TLR9 were increased by the 6-months administration of the probiotic
Lpb. plantarum IMC513 with respect to the control samples, showing an upregulation
of the intestinal expression of the gene encoding for TLR9 in response to the probiotic
presence in the gut. Overall, these results reveal a promising protective role of
probiotic through a downregulation of the ECS by restoring the gene expression of
ECS elements to the control level.

EFFECTS OF IMC513 ON THE ECS

Environmental pollutants, used as plasticizers in food packaging and in thousands of everyday products, have become harmful for their impact on human health. Among them, phthalates
have been recognized as emerging endocrine-disrupting compounds (EDs), that can induce toxic effects leading to different animals and humans health disorders (1), including a
dysregulation of the endocannabinoid system (ECS).
Few studies have been carried out to evaluate the effects in in vivo animal models of di-n-hexyl phthalate (DnHP), commonly used in a wide variety of everyday products for the
manufacturing of plastic care products and food packaging (2), whereas no studies have been conducted to determine the effect of DnHP exposure on the ECS of adult zebrafish. Moreover,
the interest in dietary interventions (i.e. probiotic bacteria), that are able to positively affect human health, is relevant in the scientific community. Among all the beneficial effects that
probiotics may have, their ability to counteract the toxicity of environmental chemicals, such as EDs, is also emerging (3).
The probiotic strain Lpb. plantarum IMC513 was used as dietary intervention. This strain was previously characterized for several properties, including the antigenotoxic activity, the ability
to survive the gastrointestinal conditions (4) and to interact with intestinal cell models (5-7). In addition, this strain was selected for this experimental trial, based on its ability to inhibit the
genotoxicity of DnHP in a preliminary in vitro study (2).
In this perspective, the present study was aimed at evaluating the potential neuroprotective impact of the probiotic strain Lactiplantibacillus plantarum IMC513) on the physiology of
zebrafish exposed to DnHP, with a focus on the modulation of the ECS in the brain.

GRAPHICAL ABSTRACT

CONCLUDING REMARKS
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Gut microbiota investigation in Early Rheumatoid Arthritis (ERA) patients 
after three months of Methotrexate treatment.
Giulia Radocchia1, Maria Paola Guzzo2, Bruna Neroni1, Massimiliano Marazzato1, Chiara Gioia2, Cristina Iannuccelli2, Francesca 
Guerrieri3, Fabrizio Pantanella1, Manuela Di Franco2, Serena Schippa1.

1 Department of Public Health and Infection disease, La Sapienza University of Rome, Rome, Italy
2 Department of Clinical Internal Medicine, Anaesthesiological and Cardiovascular Sciences, Rheumatology Unit, Policlinico Umberto I, La 
Sapienza University of Rome, Rome, Italy.
3 Cancer Research Center of Lyon (CRCL), UMR Inserm 1052 CNRS 5286 Mixte CLB, Université de Lyon 1, 69003 Lyon, France.

INTRODUCTION: Rheumatoid Arthritis (RA) is a chronic systemic inflammatory disease, impacting small and large joints, that can also
comprise other systems and organs. RA treatment is based on immunosuppressants, such as methotrexate (MTX), even if the response to
treatment is not always positive. Gut involvement in RA pathogenesis seems related to the influence of colonizing bacteria on resident immune
cells. Nevertheless, the impact of intestinal microbiota on therapies outcome is still unclear, as is the impact of the therapy on microbiota.

METHODS: We collected faecal samples from 19 ERA patients, a homogenous
group of patients suffering from rheumatoid arthritis of recent onset and naive to
any drugs, and 20 controls, and characterized the microbiota. From total DNA
samples extracted, the V3–V4 region of 16S rRNA gene was sequenced by Illumina
MiSeq platform.

RESULTS

(A) Color-coded box and whisker plots showing the distribution of the α-diversity
estimators among groups. (B) PCoA plot of bacterial β-diversity based on Bray-Curtis
dissimilarity and Unweighted UniFrac distance according to considered group of subjects.
For each group, the 95% confidence interval has been drawn.

• Control group showed significantly higher biodiversity compared to ERA patients
at baseline, while no significant differences were observed between controls and
ERA patients at endpoint.

• Beta-diversity analysis revealed statistically significant partitions in microbiota
composition, between control and ERA group at baseline, while no significant
separation was displayed between controls and the ERA subjects at endpoint.

• Taxa relative abundance evidenced significantly differences at:
• genus level; Acetanaerobacterium, Gracilibacter and Prevoltella presented

significantly higher values in control subjects respect to the ERA patients at
baseline. This was not maintained respect to ERA patients at endpoint.

• species level; Acetanoerobacterium elongatum, Ruminococcus gnavus,
Cellulomonas massiliensis and Gracilibacter themotolerans.

R. gnavus, was the only taxa maintaining significantly higher relative abundance
in the RA patients even at endpoint respect to controls.

Fecal microbiota diversity analysis

giulia.radocchia@uniroma1.it
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The microbiota analysis highlighted 545 different OTUs, which have been assigned to 247 different species and 130 different genera.

Graphical representation of microbial networks for each group/time-point separately

A higher number of highly connected modules is observed in control group (CTRL) network compared to RA group at baseline (RA_T0). Furthermore, in the RA_T0 we
evidenced several species isolated from the rest of the community. In the ERA endpoint group (RA_T1) network, modifications of the microbial network in terms of
participants, number of interactions, density and number of subgroups, are showed. Interestingly, R. gnavus, in the RA_T1 resulted to be a species highly connected with
other species in a cluster positively correlated to clinical variables describing the RA severity. Differently, in the CTRL network R. gnavus appeared scarcely connected
with other microbial species and not correlated with clinical variables related to the RA disease.

AIM: Our aim was to evaluate faecal microbiota
composition in Early RA (ERA) patients, before (T0) and
after (T1) three months of MTX treatment.

Differential abundance analysis of taxa at (A) genus and (B) species levels. 

CONCLUSIONS: Results indicated a specific composition of gut microbiota associated to RA pathology, and that MTX treatment seems to bring
back the microbial composition toward that characteristic of not diseased subjects. Several genera and species resulted to be significantly different
in ERA patients at baseline, respect to controls. The difference disappears when control group was compared to the ERA patients at endpoint. The
only species significantly higher in the RA patients at baseline and follow-up, respect to control group, was R. gnavus, with a positive correlation
with important clinical features defining RA severity, corroborating the assumption of its association with the RA disease.
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1111tthh  PPRROOBBIIOOTTIICCSS,,  PPRREEBBIIOOTTIICCSS  &&  NNEEWW  FFOOOODDSS,,  NNUUTTRRAACCEEUUTTIICCAALLSS  AANNDD  BBOOTTAANNIICCAALLSS,,  FFOORR  NNUUTTRRIITTIIOONN  AANNDD HHUUMMAANN  AANNDD  
MMIICCRROOBBIIOOTTAA  HHEEAALLTTHH,,  RRoommee  1122--1144tthh  ooff  SSeepptteemmbbeerr,,  22002211

TTHHEE  KKNNOOWWLLEEDDGGEE  OOFF  PPRROOBBIIOOTTIICCSS,,  PPRREEBBIIOOTTIICCSS  AANNDD  SSYYNNBBIIOOTTIICCSS  AAMMOONNGG  SSOOCCIIAALL  NNEETTWWOORRKK  UUSSEERRSS  IINN  SSLLOOVVEENNIIAA
SSAABBIINNAA  FFIIJJAANN11,,  MMIIČČEETTIIĆĆ  TTUURRKK  DDUUŠŠAANNKKAA11,,22,, KKRRIISSTTIINNAA  MMAARRTTIINNOOVVIIĆĆ33..

11UUnniivveerrssiittyy  ooff  MMaarriibboorr,,  IInnssttiittuuttee  ffoorr  hheeaalltthh  aanndd  nnuuttrriittiioonn,,  FFaaccuullttyy  ooff  HHeeaalltthh  SScciieenncceess,,  ŽŽiittnnaa uulliiccaa 1155,,  22000000  MMaarriibboorr,,  SSlloovveenniiaa,,      22UUnniivveerrssiittyy  ooff  MMaarriibboorr,,  FFaaccuullttyy  ooff  MMeeddiicciinnee,,  TTaabboorrsskkaa UUlliiccaa 88,,  22000000  MMaarriibboorr,,  SSlloovveenniiaa,,  33,,  UUnniivveerrssiittyy  cclliinniiccaall  
hhoossppiittaall  MMaarriibboorr,,  LLjjuubblljjaannsskkaa uulliiccaa 55,,  22000000  MMaarriibboorr,,  SSlloovveenniiaa..  

INTRODUCTION AND RESEARCH AIM METHODS

RESULTS AND DISSCUSION

The International Scientific association for Probiotics and Prebiotics has published three consensus statements regarding the
definitions of probiotics, prebiotics and synbiotics. According to Hill et al. (2014) probiotics are “live microorganisms that, when
administered in adequate amounts, confer a health benefit on the host”. Prebiotics are a “substrate that is selectively utilized by
host microorganisms conferring a health benefit” (Gibson et al. 2017) and synbiotics are “a mixture comprising live microorganisms
and substrate(s) selectively utilized by host microorganisms that confers a health benefit on the host” (Swanson et al., 2020).
Probiotics, prebiotics and synbiotics are becoming well-known among consumers due to their many beneficial effects, proven in
several well-designed randomized controlled clinical studies. The aim of our study was to examine the awareness and knowledge of
social network users of these supplements.

An online survey on the knowledge of probiotics, prebiotics and synbiotics
among Slovenians was prepared using the Slovenian app 1KA. The quantitative
descriptive research method was used to collect data with the 1KA questionnaire
containing 18 questions which was distributed among the Facebook social
network. The obtained data were statistically edited and analysed (Microsoft
Word 2010, Microsoft Excel 2010, IBM SPSS Statistic 25.0). We used the Cramar
correlation coefficient, the T-test, and the Hi-square test.

The sample included 202 respondents. 73% were female and 27% were male. 59% were in the age group
between 26 and 35 years and 19% were less than 26. 59% were employed, 15 % were students or pupils. 6%
were retired and 12% unemployed. Almost one third completed secondary school, more than 50% completed
higher education, 4% completed primary school, but are still at school.

Socio-demographic data

Use of probiotics, prebiotics and synbiotics

CONCLUSIONS

Research shows that respondents would like to use probiotics when they are presented with their beneficial effect on health.
Proper knowledge of health workers is therefore crucial to know how to give patients the correct and evidence-based
information.

Knowledge of probiotics, prebiotics and synbiotics

We found that use of probiotics,
prebiotics and synbiotics among web
users is very good. Education level and
age did not affect the use of these alone.

Almost 50% of the respondents agreed that they are
familiar with the terms probiotics, prebiotics and
synbiotics. 79%, 67% and 67% chose the correction
definitions for probiotics, prebiotics and synbiotics
respectively.
Most respondents (85%) received information on
probiotics, prebiotics and synbiotics using the internet
or from television. Only 13%, 9% and 6% learned of
these supplements from their doctor, pharmacist and
nurses receptively.
The older respondents were less familiar with
probiotics, prebiotics and synbiotics, as previous
research also revealed.

0% 10% 20% 30% 40% 50% 60%

other

For irritable bowel syndrome

For allergies

Before travel

For immune system

For constipation

For good digestion

For diarrhea

For side effects after antibiotic theray

Why did you use probiotics, prebiotics or synbiotic?

Correlation of age and usage
of supplements

Hi-
square

p

Cramer's V 0,013 0,9110

Correlation of education level
and usage of supplements

Alpha p

Cramer's V 0,177 0,740

0% 10% 20% 30% 40% 50%

INSUFFICIENT - I am not familar with these
terms

SUFFICIENT - I have heard of these terms

GOOD - I know what the terms mean

VERY GOOD - I know the terms and where
they are used

EXCELLENT  - I understand the terms and
can explain them easily

Please rate your familiariy with the terms probiotic, 
prebiotic and synbiotic?
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IMPACT AND COMPARISON OF PLANT METERIALS ENHANCEMENT OF THE PRODUCTION OF 
FERMENTED BEVERAGES USING MEDUSOMYCES GISEVII SYMBIOTIC CULTURE AND BIRCH SAP

Paulina Streimikyte 1, Dalia Urbonaviciene 1, Pranas Viskelis 1, Ceslovas Bobinas 1, Rokas Sliupas 2, Gintaras Jusius 3, Jonas Viskelis 1

1 Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry, Babtai, Lithuania
2 H Drop B.V, Woerden, Netherlands
3 Functional Drinks Company, Garliava, Lithuania

The novel approach of acceptable flavor probiotic beverages was
investigated. The results showed that TPC and antioxidant activity
significantly increased after additional enhancement. However, samples
with hemp leaves had lower phenolic content and antioxidant activity than
samples containing berries material.
Acknowledgments: This work was supported by the EUREKA Network
Project E! 13496 “OHMDRINKS“ (No. 01.2.2-MITA-K-702-08-003).

INTRODUCTION

STUDY DESIGN AND METHODS

CONCLUSIONS

. Fermented beverages enhancement of different plant materials increases the bioactive composition and sensory
acceptance disparate. Hemp leaves (Cannabis sativa L.), honeysuckles (Lonicera japonica T.) and chokeberries (Aronia
melanocarpa L.) were chosen to enhance bioactivity of fermented drinks.

Fig. 1. Birch sap

Fig. 2. Black and green 
tea (1:1) with M. gisevii 

symbiotic culture

Fermentation days

Anaerobic conditions
3 days, 28°C

Aerobic conditions
7 days, 28°C

A B

C D

E F

A B C

Fig. 3. Fermented drinks enriched before anaerobic fermentation with A -
chokeberries (Aronia melanocarpa L.) 5%; B - honeysuckles (Lonicera japonica T.) 

5%; C - Hemp leaves (Cannabis sativa L.) 1.5%.

Fig. 4. Comparison of fermented drinks after anaerobic fermentation.
A – chokeberries with birch sap; B – chokeberries with M. gisevii 

beverage; C – honeysuckles with M. gisevii beverage;
D – honeysuckles with birch sap ; E – hemp leaves with birch sap;

F – hemp leaves with M. gisevii  beverage

ANALYSIS PERFORMED

Antioxidant activity 
DPPH·

FRAP

Mesophilic lactic acid 
bacteria count

LTS ISO 15214-1-2008

Total Phenolic Content
Folin-Ciocalteau method 

Sample name Mesophilic lactic acid bacteria, 
CFU/ml

M.gisevii beverage A. melanocarpa 1,6·105

M.gisevii beverage L. japonica 1,0·105

M.gisevii beverage C. sativa 9,8·106

M. gisevii beverage - 1,4·105

Birch sap A. melanocarpa 9,7·106

Birch sap L. japonica 7,1·106

Birch sap C. sativa 2,2·107

Birch sap Birch sap syrup 9,2·107

Fig. 5. Total Phenolic content and antioxidant activity measures of fermented drinks after 
anaerobic fermentation

Table 1. The mesophilic lactic acid bacteria count of fermented drinks after anaerobic 
fermentation

RESULTS

•

Birch sap + C.sativa

Birch sap + L.japonica

Birch sap + A. melanocarpa

Birch sap 

M. gisevii + C.sativa

M. gisevii + L.japonica

M. gisevii + A. melanocarpa

M. gisevii beverage

Birch sap + C.sativa

Birch sap + L.japonica

Birch sap + A. melanocarpa

Birch sap 

M. gisevii + C.sativa

M. gisevii + L.japonica

M. gisevii + A. melanocarpa

M. gisevii beverage

Birch sap + C.sativa

Birch sap + L.japonica

Birch sap + A. melanocarpa

Birch sap 

M. gisevii + C.sativa

M. gisevii + L.japonica

M. gisevii + A. melanocarpa

M. gisevii beverage

mg GAE/100ml

μM TE/100ml μM TE/100ml

Total Phenolic Content

DPPH·
FRAP
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BACILLUS LIPOPEPTIDE FENGYCIN ATTENTUATES CLOSTRIDIAL VIRULENCE EXPRESSION VIA SIGNALLING INTERFERENCE 
Grant Chuan Hao Tan*, Noele Ng, Tricia Lim, Hari Chirakkal and Hai Meng Tan

Kemin Industries (Asia) Pte Ltd, Singapore.
grant.tan@kemin.com

INTRODUCTION

RESEARCH HYPOTHESIS 

The accesorry gene regulator (Agr)-based quorum sensing
(QS) signalling is instrumental to Clostridial and
Staphylococcal virulence expression for intestinal colonization
and infection. Fengycin, a lipopeptide produced by many
probiotic Bacilli, including Bacillus subtilis, was shown to
inhibit the Staphylococcal Agr-QS, resulting in complete
elimination of the pathogen from the hosts1. The QS system
in Clostridium perfringens (i.e., agrBD and virSR)2 shares a
homology with that in Staphylococcus aureus (i.e., agrBDCA),
but the impact of fengycin on C. perfringens remains
unexplored.

MATERIALS AND METHODS

RESULTS

C. perfringens CP4.6
✓ A model organism
✓ A highly virulent farm strain
✓ Causes poultry necrotic enteritidis
✓ Whole genome sequencing
✓ 3.7 MB 
✓ agrBD+ and virSR+

Treatments vs. Control
(2 factors – Time & Concentration)

Enumeration

Gene 
expression

Bioassays

Fengycin inhibits biofilm formation by C. perfringens CP4.6 in a 
concentration-dependent fashion wthout affecting the cell 
growth.

Figure 1. Biofilm formation by C. perfringens CP4.6 upon fengycin treatment
(i.e., 0-10 ppm) for 72 h at 37 °C anaerobically was quantified using a crystal
violet assay (right) and total cell count was determined (left). Mean ± SD (n=3).

CONCLUSION

Fengycin downregulates QS (e.g., agrD) and virulence (e.g., netB) 
genes expression by C. perfringens CP4.6 in a concentration-
dependent fashion. 

Figure 2. RT-qPCR analysis of C. pepfringens CP4.6 gene expression upon fengycin
treatment for 12 hours (top) and 20 hours (bottom). Fold change relative to the
untreated control (0 ppm) is presented in Mean ± SEM (n=3).

Fengycin can interfere with Clostridial QS system and attenuate
virulence expression at concentrations typically produced by B.
subtilis culture, suggesting a novel mode of action for probiotic
nutrition in governing animal health from pathogens.

1Piewngam et al. 2018 Nature; 2Gohari et al. 2021 Virulence
REFERENCE

The hypothetical model of QS system in C. perfringens. QS genes are signal
peptide (agrD), exporter (agrB), receptor (virs) and transcriptional
regulator (virR). Virulence genes controlled by QS including, but not
limited to, netB, pfoA and cpa. Image adapted from Gohari et al.2

Fengycin inhibits Clostridial Agr-QS and limit virulence gene
expression.
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MICROBIAL	DIVERSITY	OF	FERMENTED	GREEK	OLIVES	AS	REVEALED	BY	
METAGENOMIC	ANALYSIS	AND	PROBIOTIC	POTENTIAL	OF	ISOLATES	

 Athena Grounta, Konstantina Argyri,, Agapi Doulgeraki, Anthoula Argyri, Chrysoula Tassou 
 Hellenic Agricultural Organization DIMITRA, Institute of Technology of Agricultural Products, Sof. Venizelou 1, Lycovrissi, 14123 Attica, Greece	
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Figure 1. Relative abundance of total observed bacterial families on table olives 
of (A) cv. Konservolia originating from the regions of Magnesia (MAG) and 
Fthiotida (FTH) and (B) cv. Halkidiki originating from the regions of Kavala (KAV) 
and Halkidiki (HAL). Only families above 1% occurrence are reported. 
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Figure 2. Relative abundance of total observed yeast families on table olives of 
(A) cv. Konservolia originating from the regions of Magnesia (MAG) and Fthiotida 
(FTH) and (B) cv. Halkidiki originating from the regions of Kavala (KAV) and 
Halkidiki (HAL). Only families above 1% occurrence are reported. 
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Figure 3. PLS-DA clustering depending on (A) cultivar and (B) geographical 
origin of the olive samples 

INTRODUCTION:	Current	knowledge	from	conventional	
microbiological	methods	does	not	provide	sufficient	information	on	
the	microbial	diversity	of	different	table	olive	varieties.	The	use	of	
next	generation	sequencing	(NGS)	technologies	will	enable	the	
comprehensive	analysis	of	their	microbial	community,	providing	
microbial	identity	of	table	olive	varieties	and	their	designation	of	
origin.	On	the	other	hand,	fermented	foods	like	table	olives,	are	a	
rich	source	of	probiotic	cultures.	
		
OBJECTIVE:	To	evaluate	the	bacterial	and	yeast	diversity	of	
fermented	olives	of	different	varieties	from	different	regions	-	green	
olives,	cv.	Halkidiki,	and	black	olives,	cv.	Konservolia,	-	by	
conventional	microbiological	methods	and	NGS.	Furthermore	to	
evaluate	the	probiotic	potential	of	isolated	lactic	acid	bacteria	(LAB)	
and	yeasts.		
	
METHODS:	Total	Viable	Counts,	Lactic	acid	bacteria	(LAB),	yeast	and	
molds,	and	Enterobacteriaceae	were	enumerated.	Microbial	genomic	
DNA	subjected	to	NGS	for	the	identification	of	bacteria	and	yeasts.		
The	probiotic	potential	of	LAB	and	yeasts	was	evaluated	by	in	vitro	
tests	according	to	Argyri	et	al.	2013	including	survival	under	
conditions	simulating	the	human	GI	tract,	antimicrobial	activity,	
haemolytic	activity,	antibiotic	resistance	etc.		
	
RESULTS:	Microbial	counts	revealed	a	similar	growth	pattern	of	the	
main	microbial	groups	in	all	samples,	characterized	by	the	dominance	
of	LAB	(Figure	1).	NGS	analysis	showed	no	difference	in	LAB	diversity	
since	Lactobacillus	was	the	most	abundant	genus	in	all	samples.	In	
relation	to	yeast	diversity	among	cultivars	and	regions	it	was	noted	
that	Wickerhamomyces	was	the	most	abundant	yeast	genus	in	
Conservolia		olives	from	Magnesia	region,	while	Pichia	sp.	and	Pichia	
membranifaciens	dominated	in	Conservolia	olives	from	Fthiotida	and	
Pichia	manshurica	in	Chalkidiki	olives	from	both	regions	(Figure	2).	
Multivariate	analysis	enabled	the	discrimination	of	cv.	Konservolia	
and	cv.	Halkidiki	table	olives	based	on	their	geographical	origin	
(Figure	3).	A	significant	number	of	isolates	showed	probiotic	potential	
surviving	in	adequate	numbers	in	conditions	simulating	GI	tract.		
	
CONCLUSIONS:	The	results	will	contribute	to	the	microbial	identity	of	
table	olive	varieties	in	relation	to	their	origin.	In	addition	probiotic	
candidates	can	be	used	as	probiotic	starters	for	the	improvement	of	
the	traditional	fermentation	process	and	the	production	of	novel	
foods.	
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CHARACTERIZATION OF NEW CANDIDATE PROBIOTIC STRAINS FOR IBS TREATMENT

Irritable bowel syndrome (IBS) is a heterogeneous disorder with multifactorial (genetic, physiological, psychosocial and environmental) origins, in which abdominal pain or
discomfort is associated with defecation and/or changing bowel habits (Hadjivasilis et al., 2019; Soares, 2014). Several studies showed that IBS is associated with gut
microbiota dysbiosis (Malla et al., 2019). Since the gastrointestinal tract is a natural reservoir of microbiota that plays an important role in the maintenance of gut
homeostasis, it is plausible that its modulation by the oral administration of probiotic strains can alleviate the symptoms of IBS. OUR OBJECTIVES: To characterize new
probiotic strains for IBS treatment using large-scale in vitro and in vivo approaches.

Anti-
inflammatory 

properties

TNF-⍺⍺

Barrier integrity 
protection

Low-grade DNBS 
inflammation 

model

6 selected strains were evaluated in a low-grade inflammation model induced by
DiNitroBenzene Sulfonic acid (DNBS) (Martín et al., 2014), then 2 of them in a
neonatal maternal separation (NMS) model (Miquel et al., 2016):

A collection of 63 strains belonging to Bifidobacterium and Lactobacillus species
were characterized by their ability to modulate IL-8 level in HT-29/TNF-α cell
model, IL-10/IL-12 ratio in peripheral blood mononuclear cells (PBMCs), and
intestinal permeability in Caco-2 cells (kecheau et al., 2013):

• 37 strains decreased IL-8 production by up to 60% in the HT-29/TNF-alpha model 
• 27 strains displayed IL-10 immuno-modulation in PBMCs
• 22 strains improved barrier integrity in Caco-2 cells

We demonstrated the importance of choosing adequate in vitro
approaches for the selection of new candidate probiotics. In
addition, we demonstrated the efficacy of two strains in two
preclinical models of IBS.
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INTRODUCTION 

Species Strain IL-8 inhibition TEER IL-10 IL-12
1 Bifidobacterium UP1139-7 32% 1.19 +/- 0.2 449 pg/mL 184 pg/mL
2 Bifidobacterium UP1139-33 36% 0.96 +/- 0.6 438 pg/mL 88 pg/mL
3 Bifidobacterium UP1139-24 49% 1.15 +/- 0.15 319 pg/mL 37 pg/mL
4 Lactobacillus Pl41 54% 1.27 +/- 0.06 60 pg/mL 54 pg/mL
5 Lactobacillus PI48 48% 1.26 +/- 0.03 266 pg/mL 437 pg/mL
6 Bifidobacterium Pl50 32% 1.07 +/- 0.15 293 pg/mL 172 pg/mL

Control No inhibition 0.75 +/- 0.07 9 pg/mL 2.6 pg/mL

Neonatal maternal separation (NMS) model

CONCLUSION

Figure 2. Impact of oral administration of Pl41 and CNCM I-5644 strains in the non-inflammatory NMS-induced murine
model. (A) Intestinal permeability measured by FITC, (B) Colonic hypersensitivity, measured as the area under the curve
(AUC) were calculated between 60 μL and 100 μL for the different mice groups, (C) Fecal lipocaline and (D) Fecal proteolitc
activity. Results are presented as means +/- SEM. ns: no significant difference; * p≤0,05,

From these assays, 6 strains with the best results were selected:

The 6 strains alleviated symptoms in the low-inflammation DNBS model as
observed by weight gain, macroscopic score, protection of intestinal barrier, and
reduction of inflammatory markers, such as MPO, lipocaline and fecal proteolytic
activity. The best activity was observed for Lactobacillus strain Pl41 and
Bifidobacterium UP1139-7.

Additionally, these strains significantly decreased the intestinal hyper-
permeability in the NMS-mice model accompanied by Lipocaline-2 and fecal
protease reduction, but only Pl41 strain improved the visceromotor response
(VMR).

2 days old
C57BL/6

Bacterial treatment 
period (10 days)

3h per day for 12 
days

Endpoint

CRD
7 weeks old

CRD
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Figure 1. Effect of the 6 strains in the DNBS low-grade inflammation model. (A) Body weight variation (B) Macroscopic
score, (C) Gut permeability (D) MPO /mg of tissue, (E) Fecal lipocaline-2 and (F) Fecal proteolytic activity. Results are
presented as means ± SEM. * indicates a significant difference as compared to the DNBS group (p<0.05).
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Eubiotics, a new category of microbiota regulator
for Irritable Bowel Syndrome (IBS): results from a 

randomized, double-blind, placebo-controlled trial. 
Maria Chiara Valerii3, Fernando Rizzello1*, Chiara Ricci2*, Veronica Imbesi1, Renato Spigarelli3, Enzo Spisni3

1 Department of Medical and Surgical Sciences, University of Bologna, Via Massarenti 9, 40138  Bologna, Italy.

Essential oils (EO) are volatile compounds that include several aromatic and aliphatic constituents generally belonging to the chemical families of terpenes and terpenoids. EOs
have shown to have multitarget positive effects on the intestinal microbiota, different from those obtained with the use of probiotics, prebiotics and postbiotics. The primary
objective of the study was to evaluate changes in the microbiota after 4 weeks of administration of a food supplement based on Palmrose Essential Oil (Cymbopogon martini)
titrated in geraniol (>80%) absorbed on ginger rhizome fiber in patients with a confirmed diagnosis of IBS (Roma III criteria). The secondary objectives of the study were to
evaluate the impact of the food supplement on clinical symptoms (abdominal pain, bloating, intestinal habits) of IBS patients, registered through the validated IBS-Severity
Scoring System questionnaire.

Conclusion

Results (1): IBS-SSS SCORE

Background

Results (4): Fecal microbiota analysis

Fig. 2. Bristol Stool Type of BIOintestil® (Panel A) and Placebo (Panel B) treated patients at baseline (V1) and after 4
weeks of treatment (V2).

Fig. 4. Fecal microbiota analysis conducted through 16S rRNA analysis. Panel A shows the shift in microbiota
structure. Panel B shows the modification of microbial alpha-diversity, which increases significantly after treatment
with BIOintestil®, on the top right, while the histogram of beta diversity (intra-sample) which increases but not
significantly. Panel C shows changes at genus level of fecal microbiota.

2 Department of Clinical and Experimental Sciences, University of Brescia, Spedali Civili 1, 25121 Brescia, Italy.

3Department of Biological, Geological and Environmental Sciences, University of Bologna, Via Selmi 3, 40126 Bologna, Italy.
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Via Francesco Selmi 3, 40126 Bologna (Italy).
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Fig. 1. IBS-SSS Score BIOintestil® (panel A) and placebo (Panel B) arms, at baseline (V1) and after 4 weeks of
treatment (V2). Data are expressed as mean ± SD.

Results (3): Clinical response to treatments

Fig. 3. Percentage of patients defined as responder in the BIOintestil® arm and placebo arm.

Our study showed that oral administration Palmrose EO titrated in geraniol absorbed
on ginger root fiber is able to counteract intestinal dysbiosis and ameliorate clinical
symptoms in IBS patients.

*FR and CR equally contributed.

Methods
The study was multicenter, prospective, double-blind, placebo-controlled. 56 patients were enrolled, in the study and were randomized 1:1 to receive a food supplement (50
mg/Kg(-1) die) consisting of Palmrose essential oil adsorbed on ginger root powder or placebo (corn starch) for four weeks. The study consisted of two visits, on each visit a
clinical examination was performed, fecal and blood samples were collected, and patients filled the IBS-SSS questionnaire. The intestinal microbiota was analyzed starting from
fecal samples using the 16sRNA analysis (NGS).

A

B

Results (2): Bristol Stool Chart

A B

Statistical analysis showed significant differences between the two types of
intervention with an extremely significant reduction in IBS-SSS from the mean value
of 226.60 ± 52.55 to the mean value of 162.60 ± 70.74 (p<0.001) after 4 weeks of
BIOintestil® treatment. No significant differences were found in the placebo arm
where the mean score passed from 238.54± 63.51 to 229.79± 64.98.

Treatment with BIOintestil® resulted in a convergence to intermediate stool types 5, 4, 
and 3, which was not observed in the placebo arm were the initial dispersion of the 
alvus type was maintained at V2,  with only little variations.

The clinical response to an IBS
treatment is defined as a
decrease of at least 50 points in
the IBS-SSS score respect to
baseline. Our analysis showed
that 52% of patients were
responder in the BIOintestil®
arm and 16.7% were responder
in the placebo arm.

After 4 weeks of treatment a shift in the microbiota structure was more evident in the
BIOintestil® group respect to the placebo group. A significant increase in microbial
diversity (alpha-diversity) was observed in the BIOintestil® group, togheter with an
increase in beta-diversity which was not statistically significant. At genus level, a
statistically significant increase in SCFA producers Faecalibacterium and Blautia (P
<0.05), a non-significant decrease of Collinsella and a rise of Prevotella were observed
at V2 only in the BIOintestil® group.



84

POSTBIOTIC COMPOSITION OF THE BOVINE COLOSTRUM IMPROVING BY LACTIC ACID FERMENTATION 
IN OPTIMIZED CONDITIONS
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MATERIALS AND METHODS

INTRODUCTION

CONCLUSIONS
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Table 1. Variation of the independent variables according to the CCD

Table 2. The correlation effect of the independent variables on the responses, 
associated with the bioactive characteristics of the FPs (a)                                      (b)                                     (c)  

Figure 1. The antifungal (a, b) and antibacterial (c) activities of the FPs
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The obtained responses were subjected to the mathematical modelling and statistical analysis. In
correlation with the independent variables’ variation, the FPs showed titratable acidity between 50 –
150oTh, antioxidant potential between 0.15 - 0.50 mM TE/mL, an antibacterial activity of 2.5 - 6 mm
against B. subtilis MIUG B1 and growth inhibition ratios between 20 - 36 % against A. niger MIUG M5
(Table 2, Figure 1).
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Bovine colostrum contains nutritional compounds and bioactives which provide energy and could ameliorate many infections and diseases. Because colostrum-based products are used to treat
gastrointestinal diseases, autoimmune disorders and various types of cancer, this could be a valuable ingredient which plays a major role in diversifying the range of functional products [1, 2, 3].
Nowadays, consumers are more aware of the health promoting effects of the functional foods and ingredients, thus the demand for the fermented products is increasing. The aim of this study was the
fermentation of bovine colostrum with selected lactic acid bacteria (LAB) strains, for increasing the biological and nutritional benefits. The concentration of colostrum (%, w/v), the volume of
Lactobacillus spp. MIUG BL37 inoculum (%, v/v), respectively the duration of fermentation (h) were the variables analyzed by the design of the experiments and Response Surface Methodology (RSM)
to increase the functional properties of the fermented product. Furthermore, the fermentation behavior was studied considering a single culture inoculum (MIUG BL37) or a co-culture of the selected
lactobacilli strains, made by the variation of the MIUG BL37 strain’s inoculum according to the RSM design, while the other strain’s inoculum, MIUG BL13, was kept at a constant level (2% v/v).

• Fermentation substrate: bovine colostrum (purchased from Axyar, Belgium).
• Starter cultures:
 The selected lactobacilli strains: Lactobacillus spp. MIUG BL13 and Lactobacillus spp. MIUG BL37.

The stock cultures are stored in the Collection of Microorganisms of Bioaliment Research Platform
from “Dunărea de Jos” University of Galați, Romania, with acronyum MIUG.

 The indicator microorganisms for the antifungal and antibacterial activity: Aspergillus niger MIUG
M5 and Bacillus subtilis MIUG B1.

• Fermentation process
The colostrum concentration (%, w/v), inoculum MIUG BL 37 (%, v/v) and fermentation time (h) as
independent variables varied according to the designed experiments. As such, 20 experimental runs were
generated, in which the colostrum concentration varied from 3.29% to 11.70% (w/v), the inoculum
volume from 0% to 5.36% (v/v), and the fermentation time from 7.63 h to 88.36 h, using Response
Surface Methodology (RSM) tools and Minitab 17 software (USA). First, the colostrum was rehydrated
and sterilizated at 105°C for 10 minutes and then inoculated with the selected lactobacilli strains MIUG
BL13 and MIUG BL37 using single or co-culture (sub-cultured in MRS broth overnight). The incubation
was performed at 37°C in aerobiosis and stationary conditions. The Central Composite Design (CCD) is
presented in Table 1.

• Fermented products characteristics evaluation
The titrable acidity, antioxidant (DPPH method) and antimicrobial activities (agar well diffusion or
growth inhibition assay) were analyzed as responses for the fermented products (FPs) characterization.
The results for the responses were expressed as following: titratable acidity (oTh), antioxidant activity
(mM TE/mL), antibacterial activity against the B. subtilis MIUG B1 strain (mm) and antifungal activity
against A. niger MIUG M5 strain (Inhibition Ratio, %). All data values are a mean of 3 replicates.

The Response Surface Methodology (RSM) allowed the identification of the significant correlative effects
of the independent variables on the responses in order to obtain FPs with increased bioactive
characteristics. Following a well-defined combination of variables, respectively a colostrum concentration
of 9.33% (w/v), an inoculum volume of 5.35% (v/v) of Lactobacillus spp. MIUG BL37, and a fermentation
time of 88.36 h, the fermented colostrum-based product is improved regarding the organic acids’ content
and the antioxidant activity. Based on the targeted characteristics of the FPs, the independent variables
should be varied in order to obtain enhanced responses.

RESULTS AND DISCUSSION

Run*  Colostrum concentration, 
% (w/v) 

Fermentation time, 
h 

Inoculum
MIUG BL37 volume,

% (v/v)
1 7.50 48.00 2.00
2 5.00 24.00 0.00
3 10.00 24.00 0.00
4 10.00 72.00 4.00
5 5.00 72.00 0.00
6 7.50 48.00 2.00
7 10.00 72.00 0.00
8 5.00 72.00 4.00
9 7.50 48.00 5.36

10 7.50 48.00 2.00
11 7.50 7.63 2.00
12 7.50 48.00 2.00
13 5.00 24.00 4.00
14 7.50 48.00 1.36
15 7.50 88.36 2.00
16 10.00 24.00 4.00
17 7.50 48.00 2.00
18 3.29 48.00 2.00
19 7.50 48.00 2.00
20 11.70 48.00 2.00

Run Acidity, 
°Thorner

Antibacterial activity, 
mm

Antifungal activity, 
IR %

Antioxidant activity, 
mM TE/mL

1 112.50 3.67 31.21 0.276
2 75.00 4.00 30.63 0.173
3 100.00 5.33 28.13 0.327
4 162.50 4.17 35.67 0.404
5 87.50 2.50 31.21 0.174
6 100.00 3.50 34.39 0.282
7 156.25 4.33 32.48 0.377
8 100.00 2.50 31.85 0.409
9 125.00 3.50 29.30 0.390
10 112.50 3.50 40.76 0.308
11 50.00 4.00 32.50 0.325
12 125.00 3.17 38.22 0.302
13 81.25 5.17 30.63 0.318
14 112.50 3.83 40.76 0.265
15 125.00 6.00 29.63 0.289
16 112.50 5.17 24.38 0.500
17 125.00 3.17 31.21 0.307
18 75.00 2.67 37.58 0.150
19 125.00 4.00 35.03 0.239
20 112.50 3.17 26.11 0.324

(a) (b)
Figure 2. Surface (a) and contour (b) plots for the interaction between colostrum 

concentration and fermentation time on the FPs acidity (°Th)

Analyzing the surface and contour plots presented in Figure 2 and Figure 3, it can be
concluded that the colostrum concentration had a significant impact on both responses,
respectively on acidity and antioxidant activity. Therefore, a fermented product
characterized by a level of acidity higher than 150°Th results after more than 60 h of
fermentation using at least 9% (w/v) colostrum. Additionally, the fermentation conducted
only by the Lactobacillus spp. strain MIUG BL37 had a positive effect on the antioxidant
activity of the FP when an inoculum size above 4% (v/v) is used, correlated with a
colostrum concentration higher than 5% (w/v).

(a) (b)
Figure 3. Surface (a) and contour (b) plots for the interaction between colostrum 

concentration and inoculum of MIUG BL37 strain on the FPs 
antioxidant activity (mM TE/mL)

FP 12Control FP 12

* Correlated with samples’ codification FP1-FP20 
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Introduction
Lactic acid bacteria (LAB), also known as probiotics, belong to the one of the most prevalent phyla that characterizes healthy human airways.
Many chronic inflammatory lung diseases are featured by a decline in lung microbiota diversity, also leading to progress and exacerbation of
the diseases. So, we hypothesize that replenishing the lungs with health-promoting bacteria would have a great impact in alleviating the
disease symptoms.
However, the effects of health-promoting bacteria, such as probiotics on human bronchial cells has been insufficiently investigated. The main
objective of this research is to explore the immunomodulatory abilities of natural LAB isolates in human bronchial cells as potential
therapeutics for chronic inflammatory lung diseases.

Results
Five LAB strains showed a decrease of the expression of at least one pro-inflammatory cytokine without significant increase of the other
cytokines.
The strains Lactobacillus brevis BGZLS10-17 (Figure A), Lb. plantarum BGPKM22 (Figure B) and BGGO7-29 (Figure C), significantly decreased
LPS induced IL8, MCP-1 and TNF (p<0,01) while Lb. rhamnosus BGHi22 (Figure D) and Streptococcus thermophilus BGKMJ1-36 (Figure E)
significantly attenuated the induction of IL6 and TNF (p<0,05).
All selected strains had a slight increase of IL6 secretion, with the exception of St. thermophilus BGKMJ1-36 (Figure F). None of the tested strains
showed an increase of IL8 cytokine secretion (Figure G). Selected strains showed no cytotoxic effect on BEAS-2B cells, the cytotoxicity was less
than 0.05% (data not shown).

This work was funded by the Science Fund of the Republic of Serbia, PROMIS project, grant LABLUNG 6066974.

Figure A-E: LAB reduce the expression and secretion of pro-inflammatory mediators IL-1, IL-6, IL-8, TNF and MCP-1 in LPS induced BEAS-2B cells: A) Lb. brevis
BGZLS10-17; B) Lb. plantarum BGPKM22; C) Lb. plantarum BGGO7-29; D) Lb. rhamnosus BGHi22  and E) St. thermophilus BGKMJ1-36. BEAS-2B cells, seeded 5x105

for 24h, were preincubated with LAB, in 1:10 ratio for 2h. The medium was changed and the cells were incubated with 100 ng/mL of LPS for 4h. Expression of cytokines 
were measured by TaqMan Assay RT PCR. The results were expressed as an average values (mean ± SD) of three independent experiments. Mean values in the graphics

with different letters (A–E) were significantly different (∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001). 

PROBIOTICS DECREASE LPS INDUCED INFLAMMATORY RESPONSE 
IN HUMAN BRONCHIAL CELLS – A POTENTIAL THERAPEUTICS 

IN CHRONIC INFLAMMATORY LUNG DISEASES
Katarina B. Veljović1, Hristina D. Mitrović2, Nataša E. Golić1, Marija M. Stanković2

1 Laboratory for Molecular Microbiology, Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, Serbia
2 Laboratory for Molecular Biology, Institute of Molecular Genetics and Genetic Engineering, University of Belgrade, Serbia

E-mail: katarinav@imgge.bg.ac.rs

Conclusion
Our research points out that natural LAB strains are capable of reducing the expression and secretion of pro-inflammatory mediators in human
bronchial epithelial cells. Since, available anti-inflammatory pharmacological treatments are not effective in suppression of lung inflammation in
many chronic lung diseases there is an urgent need for the development of novel approaches.
LAB isolates with anti-inflammatory abilities, identified in our research, may be employed in manipulation of the lung microbiota with the
purpose of alleviation of the symptoms in chronic inflammatory lung diseases.

E)

A) B) C) D)

Materials and Methods
Human bronchial epithelial cells, BEAS-2B were prestimulated with 21 natural LAB isolates, using 1:10 ratio, and subsequently stimulated with
LPS. The ability of the isolates to reduce the expression and secretion of induced pro-inflammatory mediators IL-1b, IL-6, IL-8, TNF and MCP-1
is tested by quantitative RT-PCR and ELISA approaches, respectively. The cytotoxicity is measured by LDH assay.

F) G)

Figure F and G: Cytokines concentration IL6 (Figure F) and
IL8 (Figure G) quantified by ELISA. BEAS-2B cells, seeded
5x105 for 24h, were preincubated with LAB, in 1:10 ratio for
2h. The medium was changed and the cells were incubated
with 100 ng/mL of LPS for 4h. Expression of cytokines were
measured by ELISA. Samples were analyzed in duplicates
and the results were calculated using the standard curves.
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Probiotics and Gut-Brain axis:
insights on local and systemic mechanisms of action
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There are increasing evidences showing reciprocal interaction between chronic intestinal inflammation and psychiatric disorders that involves multiple pathways
highly debated. This study was designed to investigate a probiotic mixture (Limosilactobacillus fermentum LF16 DSM 26956, Lacticaseibacillus rhamnosus LR06
DSM 21981, Lactiplantibacillus plantarum LP01 LMGP 21021, Bifidobacterium longum 04 DSM 23233) in order to understand its potential biological and
mechanistic effects on in vitrocellular models.

METHODS

RESULTS

CONCLUSIONS

(1)Cellular Models

Co-colture of 
Caco-2 cells and HUVECs:

Gut-Blood axis model

Functional assays

(8)p-STAT3 detection by flow cytometry

(9)Tight Junctions evaluation by RT-PCR

The overall results demonstrate that Limosilactobacillus fermentum LF16 DSM 26956, Lacticaseibacillus rhamnosus LR06 DSM 21981, Lactiplantibacillus
plantarum LP01 LMGP 21021, Bifidobacterium longum B.longum 04 DSM 23233 are immune-modulators. LP01 and LR06 are the best to inhibit the growth of the
pathogens (K.pneumoniae and E.coli) and LF16 is the most able to positively affect membrane integrity. In addition, it has been obtained that these probiotics,
increase cellular viability, in particular B. longum 04, and decrease ROS production, in particular LP01. Probiotic blend has proven to increase p-STAT3 and
modulate Tight Junctions and to be effective in the different cellular axis models resulting a promising strategy for the mental disorder treatments by means of
systemic mechanisms of actions.

Fig.7 ROS production: * p<0.05
Damage: pro-inflammatory (IL-1β and TNFα)

Fig.8 p-STAT3 detection by flow cytomery
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Fig.4 Cell viability: * p<0.05; ** p<0.005
CTR: untreated cells; Damage: pro-inflammatory (IL-1β and TNFα)

Fig.5 TEER measure: * p<0.05
CTR: untreated cells; Damage: pro-inflammatory (IL-1β and TNFα)

Fig.6 Probiotic adhesion capacity to CACO-2 cell monolayer:
* p<0.05

Fig.1 Crosstalk cellular models.
Modified from Kordulewska et al. Nutrients (2021)

Fig.2 Equilibrium of immune response modulation
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Fig.3 Inhibition test of E.coli and K.pneumoniae
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Fig.9 Tight Junctions analysis by RT-PCR


