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Abstract

The lactic acid bacteria are widely used and generally considered safe due to their ability to
produce various beneficial compounds. In this study, the two bacteria Streptococcus
thermophilus and Lactobacillus plantarum 299v were examined. The main goal was to
characterize and assess the probiotic potential of these two strains by studying their tolerance to
different pH levels, bile salts, temperature, and their ability to form biofilms through
autoaggregation. Their antibacterial effect were also investigated. The two strains demonstrated
promising results. They were able to survive in a range of temperatures and resist various pH
levels and bile salt concentrations. They also exhibited high autoaggregation and coaggregation
capacities, indicating strong biofilm formation. In conclusion, this study suggests that the two
strains possess probiotic properties. However, further studies are still needed to fully confirm

their effectiveness and safety.

Résume

Les bactéries lactiques sont largement utilisées et généralement considerées comme sires
en raison de leur capacité a produire divers composés bénéfiques. Dans cette étude, les deux
bactéries Streptococcus thermophilus et Lactobacillus plantarum 299v ont été examinées.
L'objectif principal était de caractériser et d'évaluer le potentiel probiotique de ces deux souches
en étudiant leur tolérance a différents niveaux de pH, aux sels biliaires, a la température et leur
capacité a former des biofilms par auto-agrégation. Les deux souches ont donné des résultats
prometteurs. Elles ont pu survivre dans une gamme de températures et résister a différents
niveaux de pH et concentrations de sels biliaires. Elles ont également présenté des capacités
d'autoagrégation et de coagrégation élevées, ce qui indique une forte formation de biofilms. Leur
pouvoir antibactérien a aussi été evalué. En conclusion, cette étude suggére que les deux souches
possedent des propriétés probiotiques et un pouvoir antibactérien considérable. Toutefois,

d'autres études sont encore nécessaires pour confirmer pleinement leur efficacité et leur sécurite.
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General introduction

Lactic acid bacteria are beneficial microorganisms used in the fermentation industry to
develop efficient starter cultures. They are prevalent in traditional fermented foods and are
known for their protective role against pathogens, GRAS (Generally Recognized As Safe) status,
and diverse metabolites. However, some genera, such as Streptococcus and Enterococcus,
include pathogenic species. Therefore, understanding their taxonomy, metabolism, and
molecular biology is essential to maximize their benefits while minimizing risks (Bogsan et al.,
2015; Kos et al., 2003; FAO, 2001). The food industry's evolution and the demand for high-
quality products without synthetic stabilizers have increased interest in lactic acid bacteria and
their metabolites. These bacteria enhance nutritional, sensory, and sanitary food qualities.
Probiotic lactic acid bacteria are used in functional foods, vaccines, and pharmaceuticals,
requiring robust strains that can withstand processing conditions and survive digestion to benefit
health. Key traits include resistance to cold and heat, adhesion to intestinal cells, and biofilm
formation for producing valuable metabolites like exopolysaccharides (Boubakeur et al., 2018;
O’Grady and Gibson, 2005; Gregirchak et al., 2019; Kos et al., 2003).

Probiotics, recognized by the FAO and WHO as beneficial live microorganisms when
consumed in sufficient quantities, include LAB, bifidobacteria, Bacillus, and Saccharomyces
(Fenster et al.,2019). Found in a variety of foods, beverages, and dietary supplements like
yogurt, kefir, sauerkraut, and kimchi, probiotics are known to reduce the risk of conditions such
as antibiotic-associated diarrhea, colic, infectious diarrhea, allergies, and respiratory infections
(Ouwehand, 2016). They support a healthy gut microbiota, which in turn enhances immune
function and brain health, fueling interest in LBPs (Johasen et al., 2020). The global probiotics

market is expanding rapidly, with substantial growth projected in the coming years.
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Although the exact benefits differ from strain to individual, the accumulation of evidence
acts in favor of the potential for probiotics to be a very valuable tool for the promotion of general
health and well-being. Our main objective is to develop a more effective strategy for controlling
negative bacterial biofilm. In specific, we aim to investigate different biotic formulations derived
from lactic acid bacteria as new anti-bacterial agents.
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Probiotic review

1.1 Over view of probiotics and prebiotics

The most reliable way to influence gut microbiota composition is through live microbial
dietary supplements, known as probiotics. with evidence of humans consuming live bacteria over
2,000 years ago. However, it was in the early 20th century that Metchnikoff (1908) first
scientifically investigated probiotics. He theorized that the normal gut flora could have negative
effects on the host and that consuming ‘fermented milk’ could counteract this. The term
“probiotics”, derived from the Greek words "pro" and "biotos" meaning “for life,” was first used
by Kollath (1953) to describe the recovery of health in malnourished patients through various

supplements.

In 1954 Vergin proposed that the microbial imbalance caused by antibiotic treatment
could be rectified by a diet rich in probiotics, a notion regarded as one of the earliest references
to modern probiotics. Kolb also identified the harmful effects of antibiotic therapy and suggested
using probiotics as a preventive measure (Vasiljevic and Shah, 2008).Lilly and Stillwell (1965)
further defined probiotics as microorganisms that support the growth of other microorganisms
This idea dates back to antiquity (Rastall et al., 2000).

The definitions of probiotics have become more precise, considering mechanisms of
action, sites of action, delivery methods, and techniques. Although the definition has broadened
to include health benefits from new mechanisms, dead microorganisms are not considered
probiotics, even though some physiological benefits have been associated with them (Sanders,
2008). In the context of food, probiotics are defined as viable preparations in foods or dietary
supplements intended to enhance human and animal health. Numerous microbial species are
classified as probiotics, but lactic acid bacteria (LAB) are the most crucial for the gastrointestinal

ecosystem (Holzapfel et al.; 2001).

According to the FAO/WHO (2002) working group on the evaluation of probiotics in
food, probiotics are live microorganisms that, when taken in sufficient quantities, provide health
benefits to the host (Sanders, 2008; Schrezenmeir and De Vrese, 2001). Metchnikoff had

earlier suggested that Lactobacilli could combat intestinal putrefaction and contribute to
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longevity. While these beneficial microorganisms may not always reside in the gut, they should

enhance the overall health of humans and animals (Holzapfel et al., 2001; Belhadj et al., 2010

FAO/WHO (2001),defined probiotics as"live microorganisms that, when administered
in adequate amounts, confer a health benefit on the host .In 2002, the World Health Organization
(WHO) and the Food and Agriculture Organization of the United Nations (FAO) formalized the

definition of the term "probiotic"” to prevent any misconceptions.

Prebiotics must first and foremost be clearly distinguished from probiotics. Indeed, they
are not considered microorganisms. In reality, they are simple non-digestible molecules derived
from foods that can stimulate the growth and activity of certain intestinal bacterial strains.
Therefore, they represent a significant energy source for the microorganisms that make up the
gut flora and for probiotics. They are generally found in large quantities in foods such as wheat,
rye, leek, onion, artichoke, and banana (Raphaélle, 2015).

1.2 Selection criteria for probiotics
1.2.1 General criteria

The criteria for selecting probiotics are summarised in the table below
(Bessila,Messaoudi, 2021).
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7
L X4

e History of non-pathogenicity (GRAS)

e Strain characterized by phenotypic and genotypic
methods

SAFETY CRITERIA e Strain deposited in an international culture collection

e No potential for transmission of antibiotic resistance
genes

e No dehydroxylation of bile salts

7
A X4

e Tolerance to gastric acidity
e Tolerance to bile
FUNCTIONAL e Antagonism against pathogens

CRITERIA e Adhesion to various intestinal cell lines and/or mucus

e Stimulation of the immune system

7
L X4

e Stability during production processes and in the
TECHNOLOGICAL finished product

CRITERIA e Preservation of probiotic properties after production

1.2.2

Factors needed for the selection

.1.1.1 Evaluation of safety

Safety evaluation is crucial to ensure that probiotic strains do not pose any
hazards to human health. Antibiotic resistance profiles can be analyzed using molecular
methods such as polymerase chain reaction and DNA sequencing to identify resistance
genes. Additionally, virulence factors should be examined to confirm that probiotic

strains do not possess traits linked to pathogenicity. Toxicity assessments are conducted
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to evaluate potential adverse effects, including cytotoxicity, and acute or chronic toxicity
. Furthermore, allergenicity tests aim to determine if probiotic strains can provoke
allergic reactions, using techniques like enzyme-linked immunosorbent assay to detect
allergenic proteins(keerthi et al 2023).

1.1.1.2 Evaluation of stability

Stability testing evaluates the capacity of probiotic strains to maintain viability,
functionality, and product quality throughout storage and consumption. Acid tolerance can be
assessed by exposing probiotic cells to simulated gastric fluid and measuring their survival using
plate count or molecular techniques (Lebeer et al., 2008).

Similarly, bile tolerance can be evaluated using simulated intestinal fluid.
Iyophilization is a common preservation method, and the viability and stability of freeze-dried
probiotics can be assessed by rehydrating the samples and evaluating their survival using
enumeration methods or viability assays Optimizing (keerthi et al 2023). freeze-drying
techniques is crucial to minimize damage to probiotic cells and maximize their survival and

functionality during rehydration and storage.

1.3 Biofunctuality of probiotics

1.3.1 Inhibitory substances production

Probiotics exert antibacterial effects against pathogenic and food spoilage gram-
positive and negative bacteria through production of antibacterial substances such as
bacteriocins, organic acids, hydrogen peroxide, among others (Arauz et al., 2009; Razdan et al.,
2012; Bajaj et al., 2014; Dec et al., 2014). Probiotic-derived antibacterial substances, known as
postbiotics, show their effects individually or synergistically to inhibit the growth of pathogens.
Probiotics have been reported to produce different bacteriocins (Arauz et al., 2009).
Lactobacillus planatarum produces lactolin (Vila et al., 2010). Bacteriocin produced by
probiotic strain Lactobacillus salivarius UCC118, protect the mice against infection with the
invasive food borne pathogen Listeria monocytogenes. Lactobacilli and bifidobacteria have been

shown to inhibit a broad range of pathogens, including E. coli, Salmonella,Helicobacter pylori,
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Listeria monocytogenes and Rotavirus(Bermudez-Brito et al., 2012). Bacteriocins produced by
Gram-positive bacteria have a narrow activity spectrum and act only against closely related
bacteria, however, some bacteriocins inhibit food-borne pathogens like Listeria monocytogenes
(Nielsen et al., 2010). Several Bifidobacterium strains have been reported to produce a unique
bacteriocin  which is active towards Gram-positive bacteria. Two Bifidobacterium strains
exhibited a strong killing activity against several pathogenic bacteria, including Salmonella
entericaser. Typhimurium SL1344 and E. coli C1845(Bermudez-Brito et al., 2012). Twenty
Lactobacillus strains inhibited enteropathogenic Yersinia enterocolitica while two strains
Lactobacillus casei C1 and Lactobacillus plantarum C4 inhibited Salmonellaenterica serovar
Typhimurium and Listeria monocytogenes in addition to Y. enterocolitica. Mechanism of

inhibition was decrease in pH resulting from dextrose fermentation by lactobacilli.

The common mechanisms of bacteriocin-mediated Kkilling include the destruction of
target cells by pore formation and/or inhibition of cell wall synthesis. Bacteriocin production
confers producing strains with a competitive advantage within complex microbial environments
as a consequence of their associated antimicrobial activity, and at the same time inhibits

pathogens in gastrointestinal tract (Nielsen et al., 2010; Hassan et al., 2012).

However, protective effects of these probiotic strains and their postbiotics could not be
established in mouse experimental infection models against S. Typhimurium. Although L.
plantarum C4 showed partial protective effect that was attributable to an immunostimulatory
mechanism. Thus, in vitro study of antibiosis may provide useful information on the probiotic

potential of Lactobacillus strains (Bujalance et al., 2014).

The table below illustrates the comparison of Probiotics, Prebiotics, and Postbiotics (Ji et
al ,2023).
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Table 2: Comparison between probiotics,prebiotics,and postbiotics

PROBIOTICS

PREBIOTICS

POSTBIOTICS

Live microorganisms that,
when consumed in sufficient
quantities, provide a health
benefit to the host.

Non-digestible food
components that promote the
growth and function of
beneficial gut bacteria.

A formulation of non-living
microorganisms and their
constituents that provides a
health advantage to the
intended host.

Microorganisms such as
bacteria or yeast, frequently
sourced from fermented foods

like yogurt.

Usually, dietary fibers or
similar carbohydrates.

Usually, metabolic by
products produced by
probiotic bacteria. They can
be isolated and administered
independently of live bacteria.

They can inhabit the gut,
improving its microbial
equilibrium, and generate

postbiotics.

Supply nutrients for beneficial
bacteria, encouraging their

proliferation and functionality

May not directly alter the
composition of the microbiota
but can still have positive

effects on the overall health .

Susceptible to environmental
factors such as temperature and

stomach acidity

Typically robust and
unaffected by temperature

variations or stomach acidity.

Durable; not prone to damage
from temperature fluctuations,
stomach acid, or digestive

enzymes.

May induce infections in
individuals with weakened

immune systems.

Excessive intake may result in

gastrointestinal discomfort

Usually considered safe, but
the consequences of increased
doses are not completely

understood
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1.3.2  Competition for nutrients

Competition for nutrients serves as one of the mechanisms for preventing the
colonization of pathogens in the human gut. When beneficial bacteria are present, they consume
more nutrients, leaving fewer resources available for pathogenic bacteria, potentially leading to
their starvation and subsequent inability to survive. This competitive exclusion occurs in two

main ways.

Probiotics outcompete pathogens for nutrients, leading to the exclusion of pathogens
and providing protection to the host. Competition for nutritional substrates among probiotics,
intestinal pathogens, and the microbiota may play a significant role in maintaining gut health.
(Hojo et al., 2007).

health-promoting bacteria inhibit the growth of pathogens by consuming the nutrients
and energy sources required for their proliferation in the gut environment. Secondly, beneficial
bacteria produce various organic acids and volatile fatty acids through their metabolism and
fermentation processes. These organic acids lower the pH of the gut to levels below what is
conducive for the growth of pathogenic bacteria such as Salmonella and E. coli (Bermudez-
Brito et al., 2012).

1.4 Probiotics consumption health benefits

1.4.1 Impact of Probiotics on Digestive Health

Probiotics, by producing and/or enhancing the activity of various digestive enzymes,
significantly improve digestion and intestinal absorption, especially in individuals with enzyme
deficiencies. For instance, the lactase from yogurt bacteria (Lactobacillus delbrueckii subsp.
bulgaricus and Streptococcus thermophilus) enhances lactose digestion in the small intestine
compared to standard milk, even in lactose-intolerant individuals. This improved lactose
absorption and tolerance in yogurt is due to the mechanical protection provided by the cell walls
of L. delbrueckii subsp. bulgaricus and S. thermophilus, which shield the bacterial lactase from
gastric acidity. The cell walls are then broken down by bile salts in the small intestine, allowing

increased enzymatic hydrolysis of lactose (Burgain et al., 2012).
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1.4.2  Immune Responses modulation

The effects of fermented milks on immune responses are now well-documented thanks
to double-blind, placebo-controlled clinical studies. These effects are largely attributed to the
high quantities of live bacteria, known as probiotics, present in these products. The primary site
of these immune responses is the intestine, which is the body's main immune organ. Immune
responses are diverse. Innate responses involving phagocytosis and the destruction of foreign
elements and abnormal cells expressing viral or tumor proteins. These responses are carried out
by circulating monocytes, Natural Killer cells, and macrophages and dendritic cells found in all
tissues. These cells also act as sentinels, alerting other immune cell populations through "lock-
and-key" type cellular contacts and the secretion of cytokines. Subsequently, T and B cells
generate antigen-specific responses, known as adaptive responses, which can be either cellular or
humoral (involving the production of antibodies of different isotypes,) and endowed with
immunological memory (Moreau, 2006).

.5 Formulation and development of probiotic product
Formulation is essential in the development of probiotic products as it guarantees the
viability, stability, and effectiveness of probiotic strains during storage and consumption. Key

formulation considerations crucial for successful probiotic product development include:
I.5.1 Selection of Suitable Carriers and Excipients

Probiotic strains require an appropriate carrier matrix to ensure protection during
processing and storage. These carriers can be food-grade materials such as milk, yogurt, fruit
purees, or prebiotic fibers. Excipients, including cryoprotectants and protective agents, can be
incorporated to boost probiotic viability and stability during these processes (Gupta et al.,
2018). The selection of carriers and excipients is influenced by the specific probiotic strains, the

desired product format, and the intended application.
1.5.2 Encapsulation and Microencapsulation Techniques

Encapsulation and microencapsulation techniques are employed to protect probiotic
cells from environmental stresses, such as heat, acidity, and bile salts. Encapsulation involves
entrapping probiotic cells within a protective matrix, whereas microencapsulation involves the

encapsulation of individual cells within micro-sized particles. These techniques provide a
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physical barrier that shields probiotic cells, improves survival during processing, and facilitates
targeted delivery in the GI (Champagne et al., 2011).

1.5.3 Shelf-Life Stability and Storage Conditions:

Probiotic products need to preserve their viability and functionality throughout their
shelf life. Factors like temperature, humidity, and oxygen exposure can significantly impact
probiotic viability and product stability. Ensuring proper packaging, optimal storage conditions,
and accurate expiration date determination are crucial for maintaining the quality and efficacy of
probiotic products (Ouwehand et al., 2017). Conducting stability studies is necessary to
evaluate the survivability and activity of probiotic strains during storage.
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—————————————————————————————————————————————

Chapter 1I :

materials and methods

_____________________________________________




MATERIAL AND METHODS

I. Objectives

The general objective of this study is to leverage two lactic acid bacteria strains to create a
product that can be used for both industrial and pharmaceutical/probiotic purposes.

The specific objectives are:

v' isolation and characterisation of probiotic potential of two lactic acid bacteria;
v’ Evaluation of the probiotic, parabiotic and postbiotic effect on pathogenic bacteria.

1. Duration and location work
The work had been done at ibn khaldoun university faculty of life and nature science,
Microbiology laboratory from 18/02/2024 to 28/03/2024.

I1l. Material

I11.1 Strains used

I11.1.1 . Lactic strains

e Streptococcus thermophilus species belongs to streptococcus genus ;to streptococcaceae
family ;to lactobacillales order , to the class of bacilli. It was isolated form natural yogurt.
e Lactobacillus plantarum 299v species belongs to lactiplantibacillus genus ; to

lactobacillaceae family ; to the class of bacilli. It was offered by Dr Hafidha Khadem.

11.1.2. Pathogenic strains

The pathogenic strains used are: S. aureus, P. aerugenosa, Bacilus cerius. They are

offered by Dr. Badra Boubakeur.
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111.2 Laboratory equipment

The laboratory equipment used in this study is shown in the table below.

Table 3: laboratory equpements

equipment

Autoclave

Bunsen burner

Balance

pH meter

Centrifuge

Thermal magnetic stirrer
Incubator

Hotplate

Microscope
Spectrophotometer (uv)
Water bath

Vortex

glassware

Petri dish
Becher
Pasteur pipette

test tube

Chemical products and media

PBS(phosphate buffered saline)

culture MRS broth agar
MRS liquid
alcohol

coloring fuchsin

methylene bleu
lugol

gentian violet
red congo

purple cristal
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1VV. Methods

1VV.1. Experimental protocol

The experimental approach towards conducting the above-mentioned research can,

therefore, be summarized in the following

Verification of strains purity

Microscopic and macroscopic observation of

the two LAB strain
L.. plantarium </

I

Preparation of bacterial
suspensions:

Probiotic characterization tests

\} S. thermophilus

\/ % % %
T°C tolerance pH tolerance Bile salts Antibiotic
régistance
tolerance

Antibacterial Activity :Effect On Pathogenic bacteria

/ \

Preparation of different form of biotic
fAarmiilatinn
[ N

Vs

Adhesion level

antagonistic effect Anti-biofilm effect: effect on

annranatinn

Figure 01 : Experimental protocol
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IV.2. Preparation of inocula

To make sure that the strains are pure , at 42°C /37°C in aerobic state , culture were
grown on modified MRS agar (MRS+GLUCQOSE).every test needs an 18 hours culture before its
been done , using a Pasteur pipette colonies were recovered in liquid MRS , then adjusted to 108
CFU/ml (OD=0.11) at 570 nm wavelength. Modified protocol (BIOCHROM Libra s6) (Andrew
et al.,2008).

We did all the tests using two strains of lactic acid bacteria at specific temperature for
each of them ( streptococcus thermophilus at 42°C ; lactobacillus plantarum229v at 37°C).

IV.3. Secreening of the probiotic potential of lactic strains
IV.3.1. Bile salts tolerance

The test used a modified protocol based on the work of Anukan and Koyama (2007).

This involved adding 1 ml of inoculum (containing 107 colony-forming units per ml) into

MRS liquid media supplemented with 0.05%, 1%, and 2% bile salts. After incubating the
samples for 24 hours at 37°C, the optical density (OD) was measured at 570 nm.

The percentage of growth inhibition (GI) was then calculated using the following

formula;
GI % = [(logNo-logN¢)/logNo]. 100
No= cell number without bile salts after 3h incubation
Nt=cell number with bile salts after 3h incubation

IV.3.2. Tolerance to pH

The Anukan and Koyama (2007) protocol was adopted to assess the resistance of our
strains to gastric pH. By adding HCL; the MRS broth were adjusted to pH=2 , PH=3. After that
the medium was inoculated with 1 ml of a young culture (108 CFU/ml). After incubation of 3h,

the growth was assessed at 570 nm the and the result was compared to control culture atpH=7.
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IV.3.3. Temperature resistance

The modified protocol based on the work of Haddaji et al. (2015) was adopted. This involved
adding a young culture suspension (containing 108 colony-forming units per ml) to a series of

liquid MRS media samples. The samples were then incubated under the following conditions:
® 37°C for 24 hours

® 60°C for 2 hours

® 90°C for 30 minutes

After incubation, the optical density (OD) of the samples was measured at 570 nm and
compared to control samples.

IV.3.4. Autoaggregatrion

For this test, we adopted a modified protocol based on the work of Zommiti et al.
(2017). This involved the following steps:
A 24-hour young culture was centrifuged for 15 minutes at 6000 rcf.
The cell pellet was washed 2 times with PBS and then resuspended in PBS.

The optical density (OD) of the cell suspension was adjusted to be greater than 108 CFU/ml.

1 ml of the cell suspension was added to 9 ml of PBS buffer to create a decimal dilution, and
the mixture was shaken.

The OD of the diluted samples was measured at 570 nm over a 4-hour period, with
measurements taken every 1 hour. Care was taken to sample from the surface without
disturbing the series of tubes.

The percentage was calculated using a formula provided.

Agg (%) =[1-(AT/A0).100]
Were: A= 0h absorbance time

ATt = absorbance at 1h 2h 3h 4h
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IVV.3.5. Co-aggregation ( pro+pro), ( pro+pathogens)

The coagregation of our lactic strains with each other and with pathogenic germswas
achieved by adopting the following protocol of Zommiti et al .(2017).

For Lactobacillus plantarum with Streptococcus thermophilus we followed this protocol , as
we did the same method when working with the couples Lactobacillus plantarum ( LP) with
bacillus cereus(BC) then with Pseudomonas aeroginosa (PA) sequentially and Streptococcus
thermophilus (ST) with bacillus cereus(BC) andPseudomonas aeroginosa(PA) sequentially.

e After 24h of incubation, two lactic strains were washed with PBS two times separately.

e Then centrifuged at 6000 rcf/ 15 min.

e The culture suspended in PBS buffer and fixed at 108 < ( CFU/ ml ), the same for each
strain.

e After obtaining a decimal suspension of the two strains together suspended in PBS buffer
, the optic dencity were measured at 570 nm every hour until 4 h .

e The % calculation formula is :

(%)=[1-A/Ar).100]

Were: Ao = absorbance at Oh
A: =absorbance every hour ( 1h, 2h, 3h, 4h).

1V.3.6. Antibiotic resistance

For this test, we adopted the protocol described by Boubakeur et al. (2022), which involved
testing the following five antibiotics: Gentamicin (10 pg), Tetracycline (30 pg), Chloramphenicol (30 pg),
Colistin (10 mg), Cefepime (30 pg), Metronidazole (5 pg).

After 24 hours of incubation at 37°C, the inhibition zones (in millimeters) around each antibiotic were

measured.
IV..3.7. Antagonistic effect

The study adopted a modified protocol from Boubakeur et al. to evaluate the
antagonistic effect of two bacterial strains (S. thermophilus and L. plantarum 299v) against two

pathogenic strains (E. coli and Staphylococcus aureus).
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The key steps were:
® \Working with 18-hour young bacterial cultures.

® Standardizing the cell concentrations to 108 CFU/mL for the S. thermophilus and L.
plantarum strains, and 10"6 CFU/mL for the pathogenic E. coli and S. aureus strains.

® Spreading the pathogenic bacterial suspensions evenly over Petri dishes.

® Creating holes in the Muller-Hinton agar plates and filling them with 150 pL of the S.
thermophilus and L. plantarum bacterial suspensions separately.

® Incubating the plates for 24 hours and then observing the results.

The goal was to assess the antagonistic activity of the S. thermophilus and L.

plantarum strains against the pathogenic E. coli and S. aureus strains.

IV.4. Antimicrobial effect of the biotic lactic formulation (probiotic; postbiotic; parabiotic)
The protocol of Jiménez-Esquilinet et al. (2005) and Elleuch et al.(2010) were adopted

for all of the following tests. The pathogen strains used in this test are Psudoonas aeroginosa

and Bacillus cerues. The tested bacteria for its antimicrobial effect are Lactobacillus plantarum

299v and Streptococcus thermophilus.
IV.4.1. Probiotic effect

To evaluate the antagonistic effect of the lactic strains culture against the pathogenic bacteria,
the following steps were taken:

® An 18-hour incubation was used to obtain a fresh, young bacterial culture.

® The bacterial culture was centrifuged at 6000 rpm for 15 minutes and washed twice with PBS.
® The washed bacterial cells were resuspended and adjusted to a concentration of 10’ CFU/mll.

® 250 ul of the 10" CFU/mI bacterial suspension was spread onto Muller-Hinton agar Petri dishes.

® A separate suspension of pathogenic bacteria was also prepared using the same centrifugation and
washing steps, but the final concentration was adjusted to 10 CFU/m.

® 100 pl of the 10° CFU/mI pathogenic bacterial suspension was added to the Muller-Hinton agar
plates in the holes/wells created.
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The inoculated plates were incubated for 24 hours under optimal conditions for the pathogenic
bacteria.

After incubation, the zones of inhibition around the bacterial suspensions were measured.

1VV.4.2. Parabiotic effect

For Evaluating parabiotic (killed-cell) antagonistic effect, the following steps are

adopted:

® Obtain an 18-hour bacterial culture.

® Kill the 18-hour bacterial culture by exposing it to 90°C for 15 minutes with shaking every 5
minutes.

® Centrifuge and wash the heat-killed bacterial cells with PBS.

® Resuspend the washed, heat-killed cells and standardize the concentration to 10°7 CFU/mL.

® Spread 250 pL of the 10°7 CFU/mL heat-killed bacterial suspension onto Muller-Hinton
agar Petri dishes.

® (reate holes/wells in the agar and add 100 pL of the 1076 CFU/mL pathogenic bacterial
suspension to the holes.

® Incubate the plates for 24 hours under optimal conditions for the pathogenic bacteria.

® Measure the zones of inhibition around the heat-Kkilled bacterial suspensions.

1V.4.3. Postbiotic effect

The goal of this protocol is to evaluate the antagonistic effect of the bacterial metabolites and

extracellular compounds (postbiotics) present in the cell-free supernatant against the pathogenic bacteria.

The adopted steps are:

Obtain an 18-hour bacterial culture.
Standardize the bacterial concentration to 107 CFU/mL.

Centrifuge the 10n7 CFU/mL bacterial suspension at 6000 rcf for 15 minutes to separate the cells

from the supernatant.

Collect the supernatant (cell-free fraction) and discard the bacterial cell pellet.
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® Fill the holes/wells in the Muller-Hinton agar Petri dishes containing the pathogenic bacterial lawn
with 250 pL of the cell-free supernatant.

® Incubate the inoculated plates for 24 hours under optimal conditions for the pathogenic bacteria.

®  After incubation, measure the zones of inhibition around the supernatant-filled wells.
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—————————————————————————————————————————————

chapter I1I:

Results and discussion

_____________________________________________




I. Result Of Verification Of Strain Purity
The following tables shows the macroscopical and microscopical observations of the two

studied souches.

Characteristics

L. plantarum 299v

S. thermophilus

Macroscopic Aspect
(photo prise par
Boubakeur)

Microscopic Aspect «
Gram staining»
(photo prise par
Boubakeur,
22/04/2024)

Contrast microscopic
treatment

(photo prise par
Boubakeur,
03/05/2024)

Association Mode

Short chains of bacilli

Long chains of Cocci

Page 23

L e e e e e e e e e e e e e e e e e e e e e e e e e e o e o o e e e o e o B o B o o B o B o o B B B o o o B B o B B B B o o o B o o e B B o B e e e e e ]



I1. Probiotic screening

I1.1. Bile salts tolerance
To evaluat the bacterial resistance of Streptococcus thermophilu sand Lactobacillus

plantarum to the bile salts, we compared their ODs before and after 3h of incubation at different
concentration of bile salts ( 0.05% ; 0.10%; 0.20%). The results are illustrated in the figure 1.

W BEFORE 3H ™ AFTER 3H

0.31

0.05% 0.10% 0.20%

Figure 1: evaluation of S. thermophilus resistance bile salts

0.35 0306 0.312
0.3

0.25
0.2
0.15
0.1
0.05

0.269  0.272

0.233 0.236

0.05% 0.10% 0.20%

B BEFORE3H MW AFTER 3H

Figure 2: evaluation of L.plantarum 299v resistance to bile salts
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Based on these results,the ODs increased from 0.204, 0.04 and 0.13 up to 0.31, 0.202 and
0.27 respectively at 0.05, 0.10 and 0.20% of bile salts for Streptococcus thermophilus. For
Lactobacillus plantarum, the ODs were increased from 0.306, 0.269 and 0.233 up to 0.312,
0.272 and to 0.236 respectively at 0.05, 0.10 and 0.20% of bile salts.

Comparing this study to other one which finds that probiotic effect necessarily needs bile
salts tolerance as one of the top important criteria (Begley et al ., 2005). According to a study
had been done by boubakeur et al.(2021),they found out that two experimental lactic strains
(S.thermophilus and E.durans ) had survived at those concentration when the tolerance of S.
thermophilus to bile salts was much higher than E.durans and more viable This confirms our
results where we noted a considerable resistance of S. thermophiluspar rapport a Lactobacillus
plantarum. Cellular homeostasis can be interrupted by cell membrane phospholipids and their
proteins, as a result of secretions of bile salts, which are involved in the fat solubilisation
process.(Boubakeur et al ., 2021). Bagci et al. (2019) suggests the ability of these two bacteria
to persist and live in the upper gastrointestinal tract; he assessed the characteristics of these
bacteria isolated from human milk to find a high tolerance to 0.5% bile. Moreover Mirlohi et
al(,2009) noticed a hight rates of growth for L.plantarum when comparing it to other tested
strains like L.rhamnosus . L.plantarum showed the best ability of multiplication when adding

0.3% of oxigal.

I1.2. Antibiotic effect
The performance of the two lactic strains in relation to the various antibiotics assayed is

outlined in Table 03.

Table04: antibiotic effect on S.thermophilus and L. plantarum

MT?® CTwo FEP30 Cso TE30 CNi1o
S.Thermophulus | R R R 1.9 mm 0.7 mm R
L. Plantarum R R R / R R

Mt: METRONIDAZOLE

TE: TETRACYCLINE

CT: COLESTINE
CN: GENTAMICINE

C : CEREPINE

FEP: CHLOROPHINICOL
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As we can see, there is resistance of S. thermophilus to all antibiotics except C30 and TE30,
which produced two zones of inhibition measuring 1.9mm (for C30 cerpegin) and 0.7mm (for
TE30 tetracycline).On the other side for l.plantarum there is a resistance for all kinds of tested
antibiotics.

It is known that every lactic bacterium react differently agaist antibiotics. Tosi et al. (2007)
demonstrated that S. thermophilus strains from different environments were susceptible to all six
antibiotics tested, including gentamicin, although some showed resistance to tetracycline. In
another investigation, Abamecha et al. (2015) found that 34% of Enterococcus isolates were
resistant to gentamicin, 64% to tetracycline, and 34% to chloramphenicol. According to Terzi¢-
Vidojevi¢ et al. (2015), antibiotic resistance varies among lactic strains and geographical
regions. Their study revealed that 29% of Enterococcus isolates, including Enterococcus durans,
were susceptible to tested antibiotics like gentamicin, tetracycline, and chloramphenicol.
Additionally, nearly 59% of these isolates demonstrated resistance to two or more antibiotics.
The main concern regarding resistance dissemination is the presence of antibiotic resistance
genes on mobile genetic elements. Tosi et al. (2007) suggest that when choosing
microorganisms as food additives, priority should be given to those with the least resistance,
which requires further characterization to understand the genetic basis of resistance .moreover
;according to Guidone et al(.2014) who found that only L.plantarum c17 and s85 strains had a
resistant to tetracycline and erythromycin respectively , when L.plantarum strains inhibited or
not at breakpoint stage for specified antibacterial we can classify it as susceptible to
antibacterials.s.thermophilus in lotr of times shows a hight resistance to gentamicine ;
kanamycine ; streptomycine ; trimethoprim ; sulphadazine , in other hand it is sensitive to

chloramphenicol; tetracycline ; cephalothin ; ciprofloxacine (Ammor et al.,2007) .

I1.3. pH resistance
The results of the effect of gastric pH on S. thermophilus and L. plantarum are shown in

the figure below.
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S. thermophilus lactobacillus plantarum
0.1 0.06 -
0.087 0.059
0.09 0.059 -
0.08 0.058 -
0.07 0.057 -
ggg 0.056 -
. 0.042
B OD:ph . - H od: ph
0.04 PRl 0055 0.054 P
0.03 0.054 -
0.02 0.053 -
0.01 0.052 -
0 0.051 T )
before 3 h after 3 h before 3 h after3 h

Figure 3: Evaluation of S. thermophilus and L. plantarum resistance at pH2 and pH3 after 3h of
inoculation

After three hours of the bacterial incubation at pH 2, we noticed that there is a decrease in the
optic density of S. thermophilus witch means that the amount of strain is going down comparing
to its amount before 3 hours (from 0.194 down to 0.087). For Lactobacillus plantarum, the OD
increased from 0.164 up to 0.169, which means that the strain has been multiplied without been
effected by this pH.

Regarding incubation at a pH of 3 after three hour, an increase in the growth of both strains
was noted. The OD is going up from 0.042 to 0.188 and from 0.054 up to 0.059 respectivly for
S. thermophilus and L. plantarum. Those results leads us to say that this bacteria have the ability

to resist the two concentration of pH 3.

According to Boke et al .( 2010), after studing and evaluating the viability or serviving in
conditions of pH value below 3 ( pH <3). They found that sensitivity to acid is much more
significant in strains that produce low levels of EPS, while resistance to this type of acidity can
be explained by the protective role of EPS. In general, LAB strains have a system to detect stress
and activate defense, which gives them the ability to adapt to different variable conditions and
environmental changes (Chen et al., 2019). According to Singhal et al.,(2021) who noticed that

all L.plantarum strains did not survive at ph=1.5 after 3 hours , in pH=2 the viability reduced to
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half , in pH=3 both strains still a live .Moreover, Tavakoli et al.,(2017) found that there is no
difference when decreasing pH from 5 to 2.4 on different isolats of Lactobacillus while
increasing it from 2.3 to 8 the biomass get down to more than 4 log CFU/ml , lactobacillus
plantarum had the best survival rate at ph =2.2 .

11.4. Autoaggregation
The experiment is looking at the sedimentation behavior of the bacteria over a 4-hour

timeframe, with measurements taken at hourly intervals to track the sedimentation rate. The
results are illustrated in the figure below.

L. plantarum S. thermophilus

a)
0,

59 - =OD =% g3 500 9 mOD W%
08 - 73.18% I i

1 . (]
8:2 1 55.11% 0.8 - 72.75%
0.5 - |
04 1 0.3 0.6 g6
03 - %0.1 o4 | 3536% 3826%
0% ] 0.2 - 0.0 0.0

T1 T2 T3 T4
hour T1 2 73 74
hours

Figure 4: Autoaggregation ability of L.plantarum and S.thermophilus

We can realize that the OD is going down while the percentage of aggregation is rising up
every passing hour, which leads us to say that the bacteria(S.thermophilus and L.plantarum) have

a really important sedimentation rate.

In the study of Balakrishna(2013), the auto-aggregation of four chosen strains and five
indicator strains was examined based on sedimentation properties. Three phenotypes were
observed: strongly autoaggregating (Agg+) strains with high autoaggregation rates (=80%),
forming a sediment and clear supernatant; non-autoaggregating (Agg-) strains with low
autoaggregation rates (<10%) and persistent turbidity; and mixed (Agg+/-) strains with moderate
autoaggregation rates (20-70%), showing both sediment and turbidity aggregation ability is often
connected to cell adherence properties (Boris et al., 1997; Del Re et al., 1998). Aggregation can
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occur among microorganisms of the same strain (autoaggregation) or between different strains
(coaggregation), playing a key role in various ecological environments. A link between
autoaggregation and adhesion ability has been noted in some bifidobacteria species (Perez et al.,
1998). Collado et al. (2007) found that lactic acid bacteria (LAB) autoaggregation was
associated with their adhesion ability. twenty Lactobacillus strains demonstrated
autoaggregation rates between 24.16% and 41.39% after 5 hours of incubation at 37°C. LGG,
utilized as the positive control, exhibited the highest autoaggregation rate at 41.39%.
Aggregation is essential for biofilm formation and is generally associated with cell adherence
properties, which are crucial for the bacteria's survival and persistence in the gastrointestinal tract
(Vlkova et al., 2008; Ferreira et al., 2011).tuncer and tuncer (2014) reported 49.55%
autoaggregation of streptococcus thermophulis st8.01 strain . aggregation rate was different in all
6 strains that varies between 98.8% and 8.8% that could be a result of the autoaggregation of
strain Taj et al.,2022).

I1.5. Coaggregation

The figures below are showing the coaggregation of probiotics strains( S.thermophilus and
L.plantarum) with each other and with other pathogene strains ( Pseudomonas aeroginosa ,

Bacillus cereus).

Witch reveals of an important result which is in all figures we can notice that the OD is
decreasing by time while the percentage of sedimentation is increasing, that means the two
associated bacteria has a good rate of sedimentationhowever Tuo et al.(2013) found that All
tested strains exhibited some degree of coaggregation with E. coli 0157, although this property
varied by strain. The strain Lactobacillus casei 137 demonstrated the highest coaggregation
ability at 61% with E. coli 0157 In comparison, the coaggregation ability of LGG was 21.81%.
Coaggregation may be essential for eliminating pathogens from the gastrointestinal tract
(Todorov et al., 2008). Lactobacillus strains can form a barrier that prevents pathogenic bacteria
from colonizing through coaggregation (Ferreira et al., 2011). When probiotic strains
coaggregate with potential pathogens, they can produce antimicrobial substances nearby, which
inhibit the growth of harmful bacteria in the gastrointestinal tract (Reid et al., 1988).according to
kapse et al.,(2024) a s.thermophilus strain demonstrate a reaching rate of coaggregation up to

50% . and shown its ability to coaggregate with all tested pathogens .
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Figure 6: Coaggregation capacity of L.plantarum and S. thermophilus with P.aerugenosa
and B. cerius.

According to the study of balakrishna.,(2013), all chosen lactic strains exhibited
aggregation with the indicator pathogenic strains, but coaggregation percentages were strain-
specific. Coaggregation, which serves as a natural defense mechanism against pathogens
(Spencer and Chesson, 1994), was observed in LAB species known for producing inhibitors
and forming barriers against pathogen colonization (Reid et al., 1988; Spencer and Chesson,
1994; Boris et al., 1997). Results revealed strain-specific coaggregation percentages influenced

by incubation conditions (Collado et al., 2008). Intestinal isolates from clown fish enhanced
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pathogen attachment to mucus (Vine et al., 2004), while Cl. butyricum hindered pathogen

adherence to epithelial cells (Pan et al., 2008).

II.6. Thermoresstance

Here we are sinking to know if the bacteria has a resistance to deferent temperatures (37°C,
42°C, 60°C, 90°C). The results are indicated in the figures below.
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Figure 7: S. thermophilus resistance to variable temperatures
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Figure 8: L.plantarum resistance to temperature

Page 32

L e e e e e e e e e e e e e e e e e e e e e e e e e e o e o o e e e o e o B o B o o B o B o o B B B o o o B B o B B B B o o o B o o e B B o B e e e e e ]



According to these results, There was an increased rate in optical density (OD) observed
at all three temperatures (42°C, 60°C, 90°C) for S. thermophils. This indicates bacterial
multiplication and growth occurring at these high temperatures which demonstrates the
resistance and ability of the Streptococcus thermophilus bacteria to survive and proliferate even
under these high temperature conditions.

The same results were obtained for our strai « L. plantarum»; the optical density
increased at all three temperatures tested 37°C, 60°C, and 90°C. This demonstrates that the L.
plantarum bacteria were also able to grow and multiply even at these elevated temperatures. The
increasing OD values indicate the bacteria were able to proliferate and increase in number under
these high temperature conditions.

The most commonly known fact is that most bacterial species face a lot of variations, and
temperature is the first variable condition (Varmanen and Savijoki, 2011). Streptococcus
thermophilus can multiply in temperature ranges between 20 to 52°C and could adapt to heat
shock, there are notable survival rates. When increasing from +42 to +52°C, they noticed a low
growth of S. thermophilus, which was attributed to its protein synthesis profile, indicating a low
secretion of polypeptides because of the temperature change effect (Auffray et al., 1995). We
can say the same about L. plantarum. The optimal temperature for most bacteria is on average
between +35 and +37°C, and few could be higher than +45°C (Jobin et al., 1998). Bacteria
respond to sudden temperature changes by fast modification of gene expression, which ends with
the secretion of a large group of heat shock proteins (HSPs) (Lim and Gross, 2011). Heat shock
proteins could be found in different bacteria, and this response shows the incredible differences

in the regulation of bacterial genes, including LAC (Auffray et al., 1995).

IL.7. Antimicrobial effect of S. thermophilus and L. plantarum

The results illustrated in the figure below show the antimicrobial effect of both
Lactobacillus plantarum and Streptococcus thermophilus against E. coli, as measured by the

zone of inhibition.

For Lactobacillus plantarum 299v, the postbiotic and probiotic suspensions exhibited
inhibition zones of 1.3 mm and 0.9 mm respectively against E. coli. In contrast, the parabiotic

suspension showed virtually no inhibition zone (only 0.1 mm) against E. coli
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For Streptococcus thermophilus, the postbiotic and parabiotic suspensions had

inhibition zones of 0.8 mm and 0.7 mm respectively against E. coli. However, the probiotic

suspension completely lacked any inhibition zone against E. coli .
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Figure 9: Antimicrobial effect of L.plantarum and S. thermophilus against E.coli

The antimicrobial effect of the biotic formulation on Staphylococcus aureus are illustrated in the

figure below
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Figure 10: Antimicrobial activity of L.plantarum and S.thermophilus against Staphilococcus

aureus
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For Lactobacillus plantarum, an inhibition zone was observed only with the postbiotic
suspension, with a diameter of 0.8 mm. However, there were no observable inhibition zones for
the parabiotic or probiotic suspensions of Lactobacillus plantarum against Staphylococcus

aureus

For Streptococcus thermophilus, the probiotic suspension exhibited a small inhibition zone
of 0.1 mm against Staphylococcus aureus. But there were no inhibition zones seen for the
postbiotic or parabiotic suspensions of Streptococcus thermophilusagainst Staphylococcus

aureus

However, According to boubakeur et al.,( 2021). The study demonstrated notable inhibitory
effects of lactic acid bacteria against two opportunistic pathogens, E. coli and S. aureus. S.
thermophilus showed inhibition rates of 13-9.84% against E. coli and 12-9% against S. aureus.
Lactic acid bacteria are widely employed in food preservation for their ability to produce
antimicrobial substances, which enhance food safety andextend shelf life. Akpinar et al. (2011)
reported that all strains of S. thermophilus displayed antimicrobial activity against K.
pneumoniae. Moreover, strains SL4 and SY2 of S. thermophilus exhibited antimicrobial effects
against all bacteria tested, including Staphylococcus aureus and Escherichia coli. Some S.
thermophilus strains produce a bacteriocin named thermophilin, which effectively combats
several types of bacteria responsible for food spoilage. Enterococcus, Lactococcus, and
Pediococcus, along with other lactic acid bacteria, are widely used natural preservatives due to
their ability to produce antimicrobial metabolits such as organic acids, hydrogen peroxide,
antimicrobial enzymes, and bacteriocins (Wu et al., 2014).according to Tavakoli et al.2017 who
reveled In his stud that all selected strains, except for Lactobacillus plantarum MT.ZH293 and
Lactobacillus pentosus MT.ZH693, inhibited the growth of *Staphylococcus aureus and
Pseudomonas aeruginosa. L. pentosus MT.ZH693 was the only strain unable to inhibit
Enterococcus hirea, while both L. plantarum MT.ZH293 and Lactobacillus casei MT.ZH493 did
not prevent Salmonella enterica growth. L. casei MT.ZH493 inhibited Escherichia coli without a
clear halo, but L. plantarum MT.ZH293 did not. Other strains showed strong inhibition against

E. coli.

The inhibitory effects are mainly due to metabolites like organic acids, hydrogen peroxide,

and bacteriocins produced by probiotic bacteria. Previous studies have reported the antagonistic
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potential of various probiotic lactobacilli strains against human pathogens such as
Staphylococcus aureus, Salmonella typhimurium, Escherichia coli, and Enterococcus faecalis.
Overall, the lactic strains studied have significant therapeutic and prophylactic potential against

infectious diseases.
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Conclusion

Probiotics have become an increasingly important part of human
health and wellbeing due to their beneficial effects. The present study aimed to
identify and characterize new lactic acid bacterial strains, and to evaluate their
biotic effects - including probiotic, parabiotic, and postbiotic activities - as well as

their biofilm formation capabilities.

The study demonstrated the probiotic and antimicrobial potential
of Streptococcus thermophilus and Lactobacillus plantarum strains. Previous
results had shown these strains possess desirable characteristics, such as tolerance
to bile salts, adaptability to different pH and temperature conditions, and notable

auto-aggregation capacity.

Based on these findings, the investigated bacterial strains could be
recommended as potential probiotic culture starters to help prevent the growth of
pathogenic bacteria within the gastrointestinal tract. The multi-faceted biotic
effects of these strains highlight their promise as useful probiotics for human

health applications.
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Recommandation

To better exploit the multifaceted biotic properties of the Streptococcus thermophilus and

Lactobacillus plantarum strains, and position them as promising probiotics with broad

applications for promoting human health and well-being, the following recommendations should

be considered:

°

Further Evaluation and Characterization:

Conduct additional in-vitro and in-vivo studies to fully elucidate the probiotic, parabiotic,
and postbiotic mechanisms of action of the Streptococcus thermophilus and Lactobacillus

plantarum strains.

Assess their safety, stability, and survivability under different storage and gastrointestinal

conditions.

Potential Applications:

Develop the strains as probiotic supplements or functional food ingredients to promote gut

health and prevent gastrointestinal infections.

Explore their use as protective cultures in food processing and preservation to inhibit the

growth of foodborne pathogens.

Consider incorporating the strains into synbiotic formulations with prebiotic substrates to

enhance their probiotic efficacy.
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