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Introduction 
The man like animals, live continuously in combination with 

its resident population of the gastrointestinal tract complex micro-
organisms. One of the main benefits from their alliance is the 
protection and improvement of resistance to infectious diseases of the 
host organism [1].

However, the composition of the digest if flora can be altered by 
various dietary and environmental factors that make the host organism 
susceptible to disease or digestive disorders caused by fungi and viruses 
as well as bacteria such as Salmonella sp.

In this work we tried to protect or prevent diseases caused by 
pathogenic strain that causes serious illness in humans and can lead to 
death as well, which is Salmonella sp using a probiotic lactic type strain 
Lactococcus lactis sbsp cremoris CNRZ 107.

We performed an in vitro test and have confirmed or validated by 
an in vivo test on animals and we did tests is to investigate the ability of 
this strain lactic used to withstand extreme conditions of the digestive.

Materials and Methods
Materials

The strains used in this study are: Lactococcus lactis sbsp cremoris 
CNRZ 107, producing a reference strain that was kindly provided to 
us by Professor Françoise Berthier of INRA-Station de Recherches en 
Technologie et Analyses Laitières, Poligny, France. This strain is stored 
in glycerol at -20°C. Prior to their use in testing, they were activated by 
transfer on M17 broth [2].

And Salmonella sp, an indicating pathogenic strain that has 
been isolated on SS medium provided by the Veterinary Research 
Laboratory, University of Tiaret - Algeria. This strain was maintained 
on nutrient agar slant at 4°C. Prior to their use in testing, it has been 
activated by transfer nutrient broth.

Conventional mouse strain NMRI SWISS were used in this 
protocol, aged 6 weeks and provided by a specialized laboratory for 

culturing mouse: the pet service of the Pasteur Institute in Algiers - 
Algeria.

Methods

Identification of strains: The identification of our strains was 
based on the determination of morphological and biochemical 
characteristics, we performed a Gram stain and a urease test and a 
macroscopic examination, is to study the shape, appearance, contour, 
the surface, the colour of the colonies on M17 agar and SS agar.

Study the survival of lactic strain in the extreme conditions of 
the digestive tract

Effect of pH and bile salts: The method used is that of Dilmi Bouras 
[3], which is to prepare two fractions of 5 ml of M17 broth which the 
first is devoid of bile while the second is added 0.3% salts, each fraction 
will undergo pH adjustment (by addition of HCl) to 1.0. In these 
fractions are added 3% inoculums of lactic pure strain Lactococcus 
lactis sbsp cremoris CNRZ 107. These fractions were then incubated at 
37°C followed by counts on M17 medium during the following time 
intervals: 0 h, 2 h, 4 h and 24 h.

Effect of digestive enzymes (pepsin): In a test tube, put 5 ml of 
lactic culture pure (18 h) Lactococcus lactis sbsp cremoris CNRZ 107, 
and then add 10-3 g/ml pepsin. This fraction was then incubated at 37°C 
where the growth is controlled by close counts on M17 medium during 
the following time intervals: 0 h, 2 h, 4 h and 24 h [3].
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Abstract
This study focused on the benefices effects of micro-organisms called probiotics that is Lactococcus lactis sbsp 

cremoris CNRZ 107, and propose different therapeutic possibilities of our situation against a pathogen Salmonella 
sp.

We conducted two tests in vitro and in vivo; where it was noted that treatment in the presence of this lactic strain 
is effective because it causes a remarkable decrease of the pathogen agent.

In the end, the effectiveness of this lactic strain was confirmed by testing for resistance to gastrointestinal 
conditions (pH, bile salts and digestive enzymes).
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In vitro adhesion to epithelial tissue: The method described by 
Lin and Chien [4], which has three stages, was involved:

- Preparation of epithelial cells:

A segment of the colon of a broiler was opened and washed with 
sterile phosphate buffered saline (PBS pH 7.2) and held in PBS at 4°C 
for 30 min for washing. Thereafter, the tissue was taken, washed 10 
times with sterile PBS and allows standing at 4°C for 3 h. The cells were 
harvested by scraping the surface lining the colon through a sterile 
blade. Decimal dilutions were made up to 10-4.

- Preparation of close up:

A young bacterial culture was centrifuged at 6000turn/10min and 
the pellet was recovered in 2 ml PBS.

- Carrying out the test:

1 ml of culture was mixed with 1 ml of the 10-4 dilution of the cell 
suspension colon already prepared. After incubation at 37°C for 40 
minutes, a smear preparation and staining with 0.5% crystal violet for 
5 min was performed to observe adherence to the optical microscope. 
The test is considered positive if the number of adhered bacteria is 
greater than 15.

Test hydrophobicity: The hydrophobicity is determined according 
to the method described by Iyer et al, (2010): a young culture of 18 
h was prepared in M17 broth. The bacterial pellet was recovered by 
centrifugation cold 12000 turn/5min followed by two successive 
washes and then resuspended in 1.2 ml of magnesium phosphate buffer 
(pH 6.5) [5].

The initial optical density of the suspension was adjusted to 
approximately 1.0 at 450 nm (ODinitial). Then 0.6 ml of xylene was added 
slowly to 3 ml of the bacterial suspension and incubated at 37°C for 10 
min. This mixture was stirred using a vortex for 2 min.

After 15 min, the aqueous phase is recovered using a pasteur pipette 
and we proceed to the final measurement of Optical Density (ODfinal).

The difference in optical density is considered a measure of the 
hydrophobicity of the cell surface (H %) calculated by the following 
equation: % hydrophobicity=Initial OD-Final OD/OD initial×100.

Antibiogramm

Antibiotic susceptibility was tested by the diffusion method 
(method of disks) on Muller-Hinton medium, using four antibiotics 
discs, namely: Tetracycline, Penicillin, Chloramphenical and 
Erythromycin. After incubation at 37°C for 24 h, the diameters of the 
zones of inhibition were measured [6].

Test in vitro

The revelation of the spectrum of antimicrobial activity was 
performed according to the method of well diffusion which has been 
advocated by Tagg and Mc [7].

In a petridish containing solid GN is flooded by a youth culture (18 
h) of the indicator strain (OD660=0.08 and 0.1) [8], wells are made with 
a cookie cutter. These wells will 10-1 ml lactic culture to be tested.

The petri dishes are prepared and pre incubated for 2-4 hours at 
4°C, then followed by incubation for 24 hours at 37°C [9]. The presence 
of a clear zone around the wells, indicating the absence of growth of the 
indicator strain [10-12].

Test in vivo

The first part consists the study of intestinal flora and an axenic 
control of mice tested (count on day 0). The second part concerns the 
infected mice subjected to treatment with lactic pure strain to follow 
their evolution in droppings and their installation level bodies and their 
contents (stomach, intestine) and monitor their effect to the pathogen 
(count on day 4, 7, 10). For this test we have provided for:

 - Group 1 (control group), of two mice, the mice were not treated 
with the probiotic and are not infected by the pathogenic strain 
and receive normal cattle food;

 - Group 2 of 4 mice, the mice are infected by 0.2 ml Salmonella 
sp, for three days two times a day;

 - Group 3 of 4 mice, the mice received 0.2 ml of Lactococcus 
lactis sbsp cremoris CNRZ 107 for three days two times a day;

 - Group 4 of 5 mice, conventional mice are subjected to a phase 
of implementation by 0.2 ml of Lactococcus lactis sbsp cremoris 
CNRZ 107 for three days two times a day, then a phase of 
infection by 0.2 ml Salmonella sp after the last dose (day 4) for 
the next three days 2 times a day [13].

The dose of each strain (indicative and producer) was measured by 
the spectrophotometer OD660=1.2, indicates a rate>108 CFU, because 
the minimum level of probiotic bacteria necessary to establish a 
beneficial effect was estimated at between 106 and 108 UFC [14].

The probiotic strain Lactococcus lactis sbsp cremoris CNRZ 107 was 
selected on M17 agar supplemented with a chloramphenical antibiotic. 
This selective medium was subsequently used for the enumeration 
before (day 0) and after gavage (day 4, day 7 and day 10) to assess the 
levels of normal flora capable of growth on selective media [13].

Results and Discussion
Results

The first step of this study is to purify and identify the bacterial 
strains (indicator and producers) used for this work. The pre - 
identification of Lactococcus lactis sbsp cremoris CNRZ 107 shows that 
the colonies obtained on M17 medium appeared small, circular or 
lenticular shape, regular edges and whitish, the cells are presented in 
Gram positive hull shape.

Salmonella sp, our strain was Gram-negative, indole negative, 
colonies of 2 to 4 mm in diameter and colourless.

The second step is to investigate the ability of our strain lactic used 
Lactococcus lactis sbsp cremoris CNRZ 107 to resist digestive conditions.

Strain lactic gave no growth on M17 medium supplemented 
with 0.3% bile salts at pH=1 to time 2 hours, 4 hours and 24 hours 
in comparison with the 0 hours time. The study of the prolonged 
exposure of the strain lactic acids with similar conditions to those of 
the stomach shows the existence of a continuing viability of individual 
strain decreasing with time (from 0 hours to 24 hours) (Figure 1). 

According to the adhesion test, it appears that the strain showed 
adherence to epithelial cells of the colon Broiler (Figure 2).

The percentages of adhesion on xylene of our strain pure indicate 
hydrophobicity of their surface. The result of this test is illustrated by 
the value of 45%. These results show that the strain put to the test has 
good hydrophobicity, this reflects a good selectivity of the membrane 
surfaces.
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According to the susceptibility test, we found that our strain lactic 
shown resistance to Penicillin (P) and Chloramphenical (C) and 
sensitivity to: Tetracycline (TET) (36 mm) and Erythromycin (E) (40 
mm) (Figure 3).

The in vitro test has a bactericidal effect against Salmonella sp which 
prove the presence of an inhibition well zone of 10 mm (Figure 4).

The enumeration of our probiotic strain Lactococcus lactis sbsp 
cremoris CNRZ 107 on day 0 was carried out on M17 and M17 medium 
+ Chloramphenical for mice of each group in the feces and organs 
(stomach, intestine).

After 24 h of incubation was found the presence of a large number 
of settlements in the droppings and both stomach and intestinal organs 
producing strain on M17 medium for mice in each group, compared 
with the M17 medium + Chloramphenical where there was 0 CFU/g 
sample for the four groups.

M17 medium supplemented with the antibiotic is an effective 

and selective medium for a count of lactic strain that was used in the 
following steps (counts at day 4, 7 and 10).

After counting on M17 medium + chloramphenical, Lactococcus 
lactis sbsp cremoris CNRZ 107 for group 3 and 4, there was a change in 
the number of CFU/g sample (feces, intestine, stomach) in days 0, 4, 7 
compared with group 1 (control) (Figure 5).

The absence of Salmonella sp. in feces and in the organs (stomach, 
intestine) was the criterion of confirmation axenic mice used in this 
experiment. The bacteriological analysis of feces and organs (stomach, 
intestine) with their content for all groups of mice before testing reveals 
no presence of Salmonella sp on day 0. These results were compared 
with the number obtained in group 2, where there has been an increase 
in the number of CFU/g sample in days 0, 4, 7 and 10. And the number 
of the pathogen was reduced after gavage strain lactic (Figure 6).

Discussion
The results of the identification tests of our strains (Salmonella 

sp, Lactococcus lactis sbsp cremoris CNRZ 107) were the same in 
comparison with those obtained by Popoff and hall (1997) Bergey’s 
Manual Of Systematic Bacteriology, Second Edition, Volume Two, 
The Proteobacteria [15] and Schleifer et al. (1985) in Bergey’s Manual 
Of Systematic Bacteriology, Second Edition, Volume Three, The 
Firmicutes [16].

Resistance to digestive conditions is a key point in our study, so 
the study of some growth parameters such as bile, which is a detergent, 
resistance to bile salts appears to be associated with the stability of the 
cell membrane.

The effect of pH on microbial growth is on three levels: the 
enzymatic activity of the membrane, the permeation and bioavailability 
of certain nutrients which depends on the ionic balance.

The hydrophobicity test evaluates the hydrophobicity of the cell 
surface of our probiotic strain pure against xylene may reflect the 
colonization potential of close to intestinal mucus. The distribution of 
cells between the aqueous phase and the resulting xylene hydrophobic 
interaction between micro-organisms and hydrocarbons. The 
hydrophobicity of the cell wall is a physico-chemical property that 
facilitates the first contact between the micro-organisms and the host 
cells. Thus, it appears to be a factor helping to grip, but it does not 
contribute to good adhesion [17,18].

The resistance to Chloramphenicol antibiotic is used to prepare 
a selective enumeration medium of Lactococcus sp. This antibiotic 
resistance may be a problem if it can be transmitted pathogens in which 
therapeutic resistance could have adverse consequences. Similarly, the 
European Food Safety Authority suggests that probiotics may not have 
acquired resistance to antibiotics [19].
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Figure 1: Influence of bile salts and pH on the growth of Lactococcus lactis 
sbsp cremoris CNRZ 107.

Figure 2: Adhesion test of Lactococcus lactis sbsp cremoris CNRZ 107 on 
colon epithelial tissue.

Figure 3: Antibiogramm of Lactococcus lactis sbsp cremoris CNRZ 107.

Figure 4: Bactericidal effect of Lactococcus lactis sbsp cremoris CNRZ 
107 on Salmonella sp.
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The results in vitro test indicate that our lactic bacterium is able to 
synthesize inhibitors with antibacterial activity.

In addition, lactic bacteria are known to produce a variety of 
antimicrobial compounds: organic acids, bacteriocins, diacetyl, and 
hydrogen peroxide [20,21]. Charlier and hall showed that Lactococcus 
sp has a broad-spectrum inhibition against Salmonella sp which is 
induced by the effect of lactic acid and bacteriocins [22].

The results in vivo test, the Lactococcus administered are able to 
quantitatively alter the intestinal microflora in young animals during 
withdrawal and this is probably due to the survivability of Lactococcus 
lactis sbsp cremoris CNRZ 107 under acidic conditions is generally 
better.

The bacterial population increases, however in more remote 
portions of the small intestine is the most important place for digestion 

and absorption and also for the activity of probiotics electrolytic 
pancreatic secretion is rich in bicarbonates, it can buffer acidity from 
the stomach and thus optimum pH, it is probably for this reason that 
our probiotic strains are present [23].

The study of the survival of lactic bacteria in the gastrointestinal 
tract is important for a better understanding of the fate of ingested 
with food lactic acid bacteria and a better understanding of the action 
of probiotics, we did a head count of our strain probiotic throughout 
the duration of the experiment and on selective medium (M17 + 
chloramphenical) to confirm that they are living in the digestive tube 
and also they must implement in vivo in the digestive tract or they have 
only over steer during transit.

Indeed, the results indicate a decrease in the number of pathogenic 
bacteria in the feces and in the organs with their contents. Repressing 
the growth of this pathogen can be done in several ways, depending 

a: feces 

0

1

2

3

4

5

6

7

0 4 7 10

Group 01

Group 03

Group 04

Time (day)

Log CFU

b: intestine 
 

0

1

2

3

4

5

6

7

8

0 4 7 10

Group 01

Group 03

Group 04

Time (day)

Log CFU

c: stomach 
 

0

1

2

3

4

5

6

7

8

0 4 7 10

Group 01

Group 03

Group 04

Time (day)

Log CFU

Figure 5: Evolution of Lactococcus lactis sbsp cremoris CNRZ 107 on M17 
medium + chloramphenical over time.
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Figure 6: Evolution of Salmonella sp over time after counting on SS medium.
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on the number and type of probiotics through mechanisms such as 
specific microbial activities (production of certain enzymes or growth 
factors), microbial interactions (production antimicrobial components 
such as hydrogen peroxide, weak organic acids [24] and antibacterial 
peptides), interactions with the intestinal epithelium (competition 
for receptors on the intestinal epithelium) and interactions with the 
immune system [25], by direct secretion of bacteriocins [26], protease 
production [27] against bacterial toxins.

Conclusion
The first step of this study is to obtain a strain of lactic bacterium is 

a contribution from us in the acquisition of a bank of lactic strains that 
will subsequently the subject of our study.

The second stage study for interest highlighting various strains of 
lactic bacteria which possess interesting properties of resistance, such 
as resistance to acidic pH and bile salts, adhesion to the epithelium of 
the colon as well as the study of the effect of these bacteria against the 
pathogen Salmonella sp.

According to the in vitro test, our lactic strain has a very apparent 
bactericidal effect manifested by the appearance of clear halos goshawks 
wells.

According to the test in vitro, we concluded that the probiotic 
Lactococcus lactis sbsp cremoris CNRZ 107 used in the treatment causes 
a significant reduction in pathogen, improve health and ensure the 
maintenance of the ecological balance of the microflora tract, these 
beneficial interests were clearly observed in the present study.
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