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Abstract 
Bovine mastitis affects the udder health and thus causing significant econom-
ic losses. Probiotic products based on the use of lactic acid bacteria (LAB) to 
limit pathogens multiplication and pre-infection risks can be an interesting 
alternative to post infection allopathic treatment with antibiotics. Lactococcus 
lactis is one of the most important bacteria used in dairy technology. In this 
work, a total of 21 Lactococcus lactis subsp. lactis strains, 20 from goat milk 
whey and one strain from cow milk were used to evaluate their antibacterial 
activity against four pathogenic germs responsible for mastitis: Escherichia 
coli, Staphylococcus aureus, Streptococcus uberis and Streptococcus agalac-
tiae. The nisin-producing cow milk strain was active against St. uberis and 
Str. agalactiae using the well diffusion method. For the strains isolated from 
goat milk whey, no antimicrobial effect was observed against these pathogens. 
However, a different approach based on the growth of pathogenic bacteria 
interacting with the Lactococcus lactis strains in a minimum medium was 
used to study the barrier effect of LAB. The Lactococcus lactis strains S1 and 
S2 from goat milk whey depleted the growth of Sa. aureus, St. uberis and E. 
coli during 8 h and stopped the development of St. agalactiae. 
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1. Introduction 

Mastitis is the most frequent and costly health problem for dairy cattle. These 
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losses are explained by the decrease in milk production and milk discarded [1], 
the deterioration of the milk quality and the problems in the process of milk 
transformation [2], the reform of cows at an early age [1] and the costs of the 
mastitis treatment [3]. Mastitis results from an infection of the udder by ex-
ogenous pathogen bacteria such as Staphylococcus aureus, Streptococcus uberis, 
Streptococcus agalactiae or Escherichia coli. This disease is generally healed by 
the use of antibiotics. However, these substances could disrupt the technological 
quality of milk and later the process of milk transformation. In addition, antibi-
otic residues in milk are a problem for animal and human health: it may cause 
food poisoning and subsequent bacterial resistances [4] [5]. Consequently, 
there is a growing expectation for alternative approaches to treat mastitis. 
More attention needs to be bestowed to new and effective prevention methods, 
for instance the use of lactic acid bacteria (LAB) as preservatives. LAB are 
Gram-positive bacteria that can display rod or cocci forms. They are immobile 
and non-sporulating. Following the species, they can exhibit a facultative aerobic 
metabolism; they never produce catalase. LAB share the ability to ferment sugars 
to produce organic acids, mainly lactic acid [6], which causes a reduction of the 
pH and the redox potential. It contributes to inhibit many microorganisms [7]. 

LAB are often found naturally in food such as meat, milk, grains, plants and 
vegetables. They can be divided into two groups according to their optimal 
growth temperature: mesophilic—with an optimum growth temperature be-
tween 20˚C and 37˚C—and thermophilic bacteria—between 40˚C and 45˚C [8]. 
The main LAB genera include Lactobacillus, Lactococcus, Carnobacterium, En-
terococcus, Lactosphora, Leuconostoc, Melissococcus, Oenococcus, Pediococ-
cus, Streptococcus, Tetragenococcus, Vagococcus and Weissella [9]. 

Hence, close to their organoleptic influence, LAB used in food also prevent 
contaminations from pathogenic or spoiling germs. This capacity is related to 
the synthesis of antibacterial compounds such as organic acids, bacteriocins and 
other compounds (hydrogen peroxide, diacetyl …) [10] [11]. The production of 
bacteriocins by some LAB strains to deplete pathogenic microorganisms has 
been studied for many decades [12]. Bacteriocins mainly influence microorgan-
isms by destabilizing the bacterial membrane [13]. Among bacteriocins, nisin is 
a peptide produced by some Lactococcus lactis subsp. lactis strains; for instance, 
it is known to inhibit Listeria monocytogenes. Nisin can be used as a biocontrol 
agent in veterinary and health care.  

The use of LAB is not restricted to the food field. Nowadays, other applica-
tions are investigated in the medical and veterinary fields. The food microbiolo-
gy lab of ISARA has worked for many years on food fermentations and on the 
use of LAB: production of exopolysaccharides, retreatment of food wastes, etc. 
The gathering of LAB strains from many environments allows expanding their 
use to other contexts. This is why we decided to check the possibility of using 
these bacteria as preventing treatment against mastitis. This work aimed at the 
evaluation of the antimicrobial activity of caprine Lactococcus lactis strains to-
wards some frequent pathogens of the udder, using direct and indirect tests. The 
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direct tests explored the possible production of inhibiting substances by LAB 
against pathogens (antagonism test) while the indirect way evaluated the barrier 
effect exerted by LAB in harsh conditions. 

2. Materials and Methods 
2.1. Bacterial Strains and Growth Media 

In this study, we initially followed the growth of pathogenic bacteria to deter-
mine the growth kinetics of each strain. Then we tested the direct effect of LAB 
against these pathogens by the agar well diffusion method to determine the inhi-
bitory effect of LAB. Afterwards, we evaluated the barrier effect exerted by LAB 
in limited conditions by the use of a minimum medium. We tried to be as close 
as possible to the reality to mimic the characteristics of the udder skin. After 
having tested the effect of LAB, we evaluated the autolytic capacity of these 
strains under boundary conditions. We evaluated their ability to survive between 
two milking steps. 

2.2. Lactic Acid Bacteria Strains 

Twenty Lactococcus lactis strains from goat milk whey were purchased from the 
food microbiology laboratory of ISARA. These strains were reactivated in M17 
broth (Biokar) and grown over night at 30˚C. 

The nisin-producing strain Lc lactis subsp. lactis LMG 07930 was obtained 
from the Microbiology Laboratory of the University of Gent (Belgium); this 
strain is originating from cow milk. It was reactivated according to the producer 
recommendations, in MRS broth (Biokar) and grown overnight at 30˚C. During 
the course of this study, this strain was used as a positive control against the pa-
thogen strains tested. 

2.3. Pathogenic Strains 

The following pathogens were tested during the course of this study. Escherichia 
coli and Staphylococcus aureus came from the microbiology lab of ISARA. 
Streptococcus uberis (LMG14371) and Streptococcus agalactiae (LMG14694) 
which originate from cow milk were obtained from the Microbiology Laboratory 
of the University of Gent. 

These pathogenic strains were reactivated in brain heart infusion broth (BHI, 
Biokar) and grown overnight at 37˚C. 

2.4. Tracking the Growth of the Pathogens 

The optical density at 600 nm (OD600) was measured over time to determine the 
kinetic of bacterial growths in liquid medium. 

All the strains were stored at −80˚C. To re-activate the pathogenic germs, 50 
μL of each strain were inoculated in a 9mL BHI broth previously sterilized at 
121˚C for 15 min. Incubations were performed at 37˚C for one night. 

The day after, 100 μL of the previous culture were added in a 200 mL Erlen-
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meyer flask containing 100 mL of BHI broth. The Erlenmeyer flasks were placed 
in a water bath at 37˚C. Every half-an-hour, 1 mL was sampled to measure 
OD600. 

Bacterial counts were made at initial time (T0) and at the end of the culture 
(Tf, after 16 h). Samples were poured on solid BHI medium after subsequent di-
lutions in tryptone-salt diluent (Biokar). Colony counts encompassing between 
30 and 300 colonies were kept for further calculations. 

2.5. Antagonism Tests 
2.5.1. Preparation of Bacterial Pre-Cultures 
Each pathogenic strain was inoculated in a test tube containing 9 mL of BHI 
broth. The tube was incubated at 37˚C for 18 h. The different strains of Lc lactis 
were inoculated in 5 mL of their favorite culture medium: either M17 or MRS 
broth. Tubes were incubated at 30˚C for 18 h. 

2.5.2. Agar Well Diffusion Method 
The antibacterial activity of Lc lactis was evaluated by the well diffusion method 
in BHI agar. LAB and pathogen cultures were prepared according to the proce-
dure detailed above. LAB supernatants were first gathered by centrifugation at 
20,000 g for 2 min at 20˚C. They were then filter-sterilized (0.22 µm, Millipore). 
Agar plates were inoculated in depth by a volume of the pathogen inoculum, to 
obtain approximately a concentration of 6 log(cfu)/mL of medium. Afterwards, 
a 5 mm diameter well was punched aseptically with a sterile tip; 100 µL of the 
LAB supernatant were poured into the well. A well including sterile broth was 
systematically reserved as negative control. Plates were then left at 4˚C for 1 h to 
enable the diffusion of the antibacterial substances into the medium. Finally, 
plates were incubated at 37˚C for 24 h in aerobic conditions, except for St aga-
lactiae (anaerobic conditions). An inhibition was checked when a transparent 
zone surrounded the well. 

Inhibition zones (IZ) were reported in millimeters. The diameters of the well 
and the translucent zone around the well were measured. Results were expressed 
according to the following formula:  

IZ = Inhibition zone diameter − Well diameter 

The inhibition was considered significant if IZ were larger than 2 mm [14]. 
Antibacterial activity tests were carried out four times. The average values were 
calculated. 

2.6. Development of a Minimum Medium to Mimic the  
Characteristics of the Udder Skin 

2.6.1. Tracking the Survival Rate of Lactococcus lactis in a Minimum  
Medium 

A minimum medium (MMD) was prepared to mimic the physicochemical con-
ditions that prevail at the surface of the skin of the udder. The composition of 
this medium was the following: K2HPO4 (0.1M, Sigma), peptone (0.5%, Biokar), 
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glucose (0.5%, Sigma), Agar (15 g/l, Biokar), pH 7. 
A Lc lactis culture was obtained after one night of incubation at 30˚C in M17 

broth. Two milliliters from this culture were poured in duplicate at the surface of 
a MMD petri dish. The excess of liquid was re-aspirated. The two agar plates 
were dried at room temperature. The whole medium was then removed from the 
first plate to be diluted ten times in tryptone salt diluent. The bacterial concen-
tration was evaluated by colony counting (on M17 or MRS). The result (N0) was 
expressed in cfu/cm2. The second plate was incubated at 30˚C for 8 h. This dura-
tion was chosen to mimic the lapse between two milking steps. The procedure 
followed to evaluate the microbial rate after 8 h (N8) was the same as detailed 
above. The survival rate was expressed as the ratio N8/N0 between the level at 8 
h and the level at initial time. A value above 1 indicated a growth whereas a val-
ue below 1 meant a decrease. 

2.6.2. Tracking the Survival Rate of the Pathogen Germs in a Minimum  
Medium 

The same methodology was followed to study the survival rate of the pathogens. 
However, colony count media differed. The VRBG, Chapman and Blood media 
(all purchased from Biokar) were respectively used to count E coli, Sa aureus, 
and St uberis and St agalactiae colonies. 

2.6.3. The Barrier Effect Exerted by Lactococcus lactis 
A Lc lactis strain was cultured for 24 h in M17 broth (30˚C). Two milliliters were 
spread at the surface of a MMD plate. The excess of liquid was sucked up and the 
plate let dry for few minutes. Then, 2 mL of the germ to be tested were spread on 
the plates. The objective levels were respectively, 2, 3 and 6 log(cfu)/plate for E coli 
and around 6 log(cfu)/plate for Sa aureus, St agalactiae and St uberis. As previous-
ly stated, the excess of this second culture was re-aspirated; the plates were then 
dried. Four plates were prepared for each pathogen. The same procedure was 
followed to measure the concentrations of each microbial population at initial 
(T0) and final time (T8) as described above. 

2.6.4. Autolytic Capacity of Lactococcus lactis under Minimal Conditions 
To test the ability of Lc lactis strains to survive in a limited medium, we used a 
K2HPO4 buffer (0.1M). First, LAB strains were cultured in a liquid broth (M17 
or MRS) at 30˚C for 18 h. Then, cultures were centrifuged at 20.000 g for 2 min. 
Supernatants were removed and the pellet washed twice with K2HPO4 buffer 
(0.1M). Pellets were finally diluted in 1 mL of the same buffer. 100 µL of this 
suspension were put in a vial containing 20 mL of K2HPO4 (0.1M). The optical 
density (OD600) of the solution was followed over time at two temperatures 
(20˚C - 22˚C and 4˚C). OD measures were made twice a day for one week.  

3. Results 
3.1. Tracking the Growth of Pathogens 

The growth curves of the different pathogenic strains are displayed on Figure 1.  
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Figure 1. Growth of Escherichia coli, Staphylococcus aureus, Streptococcus uberis and 
Streptococcus agalactiae in BHI broth under standard conditions (pH 7.4, 37˚C). 
 
In standard conditions (37˚C, pH 7.4), the curve shapes were similar. But the 
growth levels obtained were different. These differences are explained by the lag 
phase duration, linked with the inoculation levels which varied from 3.4 × 107 
cfu/ml for E coli to 6.2 × 106 cfu/ml for Sa aureus, 1.97 × 106 cfu/ml for St uberis 
and 2.55 × 105 cfu/ml for St agalactiae. Final counts were similar. They were 
equal to 2.69 × 109 cfu/ml, 1.73 × 109 cfu/ml, 1.70 × 109 cfu/ml and 1.64 × 109 
cfu/ml for E coli, Sa aureus, St uberis and St agalactiae respectively. 

3.2. Screening of the Lactococcus lactis Strains for Their  
Antimicrobial Activity 

The 20 strains of Lc lactis from the lab and the nisin-producing LMG 07930 
strain were tested for their antimicrobial activity against E coli, Sa aureus, St 
uberis and St agalactiae. Results are summarized in Table 1. In this study, the 
strain LMG 07930 was used as a positive control against pathogens, knowing 
that our goal preferentially aimed at the selection of one or two strains from the 
lab collection. 

Among the 20 strains Lc lactis from goat milk whey, no antagonistic activity 
against the germs tested was observed (Table 1). This methodology allows to test 
the direct effect of substances released against a target bacterium. It does not 
concern any other effect, such as nutrient competition between microbes. 

The nisin-producing Lc lactis LMG 07930 strain seemed to be inactive against 
E coli and Sa aureus. Concerning St uberis and St agalactiae, the presence of an 
inhibition zone surrounding the well was visible, with an average diameter re-
spectively equal to 5.75 mm and 6.75 mm (Figure 2). 

3.3. Utilization of a Minimum Model Medium to Test the Behavior  
of the Microorganisms 

A minimum model medium (MMD) was used to mimic the growth at the sur-
face of the udder skin. 
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Table 1. Diameter of the inhibition zones (IZ) obtained with the Lactococcus lactis 
cell-free supernatants on the pathogenic strains tested: E coli, Sa aureus, St uberis and St 
agalactiae. Each value, expressed in mm, is the mean of 4 repetitions. 

Pathogenic germs Lactococcuslactis strains 
Diameter of the IZ (mm) 

Mean ± standard deviation 

Sa aureus 
Control cow strain LMG07930 0.0 ± 0.0 

Goat Lclactis strains 1 to 20 0.0 ± 0.0 

E coli 
Control cow strain LMG07930 0.0 ± 0.0 

Goat Lclactis strains 1 to 20 0.0 ± 0.0 

Stuberis 
Control cow strain LMG07930 5.75 ± 3.59 

Goat Lclactis strains 1 to 20 0.0 ± 0.0 

Stagalactiae 
Control cow strain LMG07930 6.75 ± 0.5 

Goat Lclactis strains 1 to 20 0.0 ± 0.0 

 

 
Figure 2. Antagonistic activities of the nisin-producing Lc lactis LMG 07930 strain 
cell-free supernatant (S) against, A: St uberis and B: St agalactiae; a negative control (MRS 
broth) was systematically present.  
 

Among the twenty Lc lactis from the lab, two strains, S1 and S2, were selected 
for further tests. The behavior of these two strains and of the four pathogenic 
germs was evaluated in the minimum medium between two steps: initial time 
(N0) and after a 8 h delay of culture at 30˚C (N8). 

Between the initial time (N0) and 8 h (N8), the level of the two strains S1 and 
S2 was multiplied by approximatively 13. Hence, the two LAB were able to sur-
vive in a minimal context, and even grow (Table 2). 

The pathogenic strains strongly increased: +4.08, +2.88, +2.10 log(cfu)/cm2 
for Sa aureus, St agalactiae, St uberis respectively, and between +0.99 and +2.71 
log(cfu)/cm2 for E coli (Table 3). As noted for the two LAB, the minimum me-
dium allowed the development of the bacteria tested. 

Interactions between each strain of Lc lactis and each pathogenic germ were 
then evaluated (Table 4). 

The LAB levels in the medium were set at 9 log(cfu)/plate. Whereas for pa-
thogens, the objective levels were adjusted to 6 log(cfu)/plate for Sa aureus, St 
agalactiae, St uberis and to 2, 3 or 6 log(cfu)/plate for E coli. In details, the ad-
justment of each initial level proved to be difficult. 
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Table 2. Behavior of the two Lactococcus lactis strains S1 and S2 after 8h (N8) of culture 
at 30˚C in a minimal medium. 

 S1 S2 

N0 (log(cfu)/cm2) 5.10 5.13 

N8 (log(cfu)/cm2) 6.24 6.25 

Multiplication rate between N8 and N0 13.70 13.30 

 
Table 3. Growth of the pathogenic germs Sa aureus, E coli, St agalactiae and St uberis 
cultured in a minimum medium for 8h delay at 30˚C. 

 
Sa aureus at 6 
log(cfu)/plate 

E coli at 3 
log(cfu)/plate 

E coli at 6 
log(cfu)/plate 

St agalactiae at 6 
log(cfu)/plate 

St uberis at 6 
log(cfu)/plate 

N0(log(cfu)/cm2) 1.25 1.02 0.93 1.55 0.28 

N8(log(cfu)/cm2) 5.33 2.01 3.64 4.43 2.38 

Multiplication rate 
between N8 and N0 

1.22 104 9.7 5.12 102 7.67·102 1.26·102 

 
Table 4. Influence of the Lc lactis strains S1 and S2 on the survival of the pathogenic germs Sa aureus, St agalactiae, E coli and St 
uberis. N corresponds with the initial target level of the strains S1 and S2. ND: not determined. 

Strains 
N 

Sa aureus 
at 6log(cfu)/plate 

St agalactiae at 6 
log(cfu)/plate 

E coli at St uberis at 
6 log(cfu)/plate 3 log(cfu)/plate 2 log(cfu)/plate 6 log(cfu)/plate 

S1 

N0 (log(cfu)/cm2) 0.64 4.08 0.72 0.34 0.9 0.63 

N8h (log(cfu)/cm2) 2.30 4.43 1.53 1.48 2.97 2.26 

Multiplication rate 45.5 2.2 6.4 13.6 1.16 102 43 

S2 

N0 (log(cfu)/cm2) 0.72 3.15 <0.7 <0.7 0.68 0.72 

N8h (log(cfu)/cm2) 2.23 3.30 2.18 1.57 2.93 2.3 

Multiplication rate 32.1 1.4 0 0 1.79 102 37.4 

 
At T0, the number of Sa aureus was lower than expected, irrespective of the 

LAB strain considered: 0.64 log(cfu)/cm2 for S1 and 0.72 log(cfu)/cm2 for S2. 
After a 8h incubation delay, the population increased slightly and was multiplied 
by 45.5 and 32.1 in the presence of S1 and S2 respectively. The growth rate of Sa 
aureus was close to 0.2 log(cfu)/h, which was very slow. We can so infer that Sa 
aureus was partially affected by the presence of the LAB. For St uberis, results 
were almost similar to Sa aureus. The level of this pathogen increased by a factor 
equal to 43 and 37.4 in presence of S1 and S2 respectively. 

Concerning St agalactiae, the inoculated level of this population was higher. 
However, it did not change significantly between the two steps: the difference 
between N8 and N0 was inferior to 0.5 log(cfu)/cm2. 

The starting level of E coli (intended to be at 2, 3 or 6 log(cfu)/plate) was ac-
tually set between <0.2 and 0.9 log(cfu)/cm2. If the growth was significant, the 
number of bacteria did not strongly increase; the multiplication rates were slight 
whatever the initial level or the LAB strain used. Compared with Sa aureus, the 
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inhibition exerted by S1 and S2 on the growth of E. coli were nearly identical. 
The OD600 nm of the strains S1 and S2 was followed in a minimal medium 

(K2HPO4, 0.1M) during seven days. We sought to evaluate the survival rate of 
each bacterium in harsh nutritional conditions. On Figure 3 are shown the evo-
lution curves of the strain S1 at two different temperatures, knowing that the 
behavior or the strain S2 was identical. The curves obtained with the control 
strain LMG 07930 are also displayed. As one can notice, the strains remained 
stable whatever the temperature. For instance, at ambient temperature, the 
OD600 nm of the S1 strain decreased from 0.283 to 0.217 in seven days. Conse-
quently, the LAB selected seemed quite resistant to limited conditions. 

4. Discussion 

Two different strategies can be put forward to find solutions against mastitis: the 
use of chemical products spread at the surface of the udder skin is certainly effi-
cient. But close to the eradication of the pathogens, it leads also to the destruc-
tion of the saprophytic microbial populations able to exert a barrier effect. 
Moreover, antimicrobial substances can injure the skin. Another strategy relies 
on the settlement of beneficial bacteria (i.e. lactic acid bacteria, LAB) to colonize 
the udder skin. This approach could be interesting for two reasons: LAB could 
avoid the pathogen contamination; and furthermore their growth. It can even 
lead to their destruction. LAB being known as positive technological agents, it 
could lead to the seeding of the milk with “good” bacteria. In this work, we de-
cided to select two Lactococcus lactis strains originating from whey goat milk 
whey to test them against different pathogens involved in mastitis disturbance. 
In a further work, we intend to test them directly in dairy cattle. 

The twenty strains of Lc lactis from goat milk whey that we tested exerted no 
direct inhibitory effect on the different pathogenic germs studied, meaning that 
they did not seem to produce any active antimicrobial substance. This assertion 
was confirmed by the observation of the behavior of the control nisin-producing 
strain LMG 07930. In this latter case, an inhibition was clearly recorded on St 
uberis and St agalactiae. 

 

 
Figure 3. Evolution of the optical density (OD600 nm) of the Lactococcus lactis strains 
S1and LMG 07930 in a K2HPO4 buffer (0.1 M) at 4˚C and at ambient temperature (T). 
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In contrast, Aziz et al. [15] found that Lc lactis strains isolated from cow milk, 
presented a strong activity against Gram-positive (Bacillus subtilis, Sa aureus 
and Clostridium perfringens) and Gram-negative bacteria (Pseudomonas aeru-
ginosa and E coli). They reported that 86% and 73% of the isolates were active 
respectively against E coli and Sa aureus. This observation is in agreement with 
our own experience. Among the fifty wild Lc lactis strains tested from different 
dairy products, more than 80% of the isolates exhibited an inhibitory effect 
against lactic acid bacteria (Demarigny, personal data). Using the disk metho-
dology, Metlef and Dilmi-Bouras [16] showed that most of the Lc lactis subsp. 
lactis strains were active against E coli. According to Tenea et al. [17], three iso-
lates of Lc lactis subsp. lactis from plant origin presented antimicrobial activities 
against four foodborne pathogens, E coli ATCC 25922, E coli UTN Ec1, Salmo-
nella enterica ATCC 51741 and Salmonella UTN Sm2. Perin and Nero [18] 
showed that Lactococcus strains isolated from raw goat milk had an antimi-
crobial activity against Listeria monocytogenes. 

The antimicrobial activity of LAB is generally explained by the production of 
organic acid, diacetyl, hydrogen peroxide, bacteriocins or specific substances 
[19] [20]. Our contradictory results can be partially explained by the origin of 
the Lc lactis strains, the type of inhibitory compounds produced by these strains 
and the susceptibility of the target bacteria used. To illustrate this assertion, Yer-
likaya [21] showed that among eight Lc lactis strains isolated from raw cow milk, 
only three exerted an antimicrobial activity against Sa aureus ATCC12600. Three 
isolates were active against E. coli ATCC 25922; but none showed any effect on E 
coli CECT 4267.The authors also tested four Lactococcus isolates from raw goat 
milk: three were active against Sa aureus ATCC 12600, three against E coli 
ATCC 25922, and all inhibited E coli CECT4267. However, the strains isolated 
from kefir grains had no effect against the three pathogens previously men-
tioned, albeit they showed some interesting properties against other germs (En-
terobacter aerogenes, Listeria monocytogenes and Salmonella enteria subsp. en-
terica). Likewise, Sharaf and Al Harbi [22] studied the antimicrobial activity of 
five Lc lactis strains from different origins against E coli and Sa aureus. Two 
strains from camel milk were active against E coli and four against Sa aureus, 
whereas strains from cow milk proved to be inactive. 

In our study, we observed an antibacterial activity of the cell-free supernatants 
of a Lc lactis nisin producer strain against St uberis and St agalactiae. According 
to Guerra and Pastrana [23], this effect could be explained by the synergistic ef-
fect of nisin and other antimicrobial compounds produced by the bacterium (i.e. 
organic acids). Gram-negative bacteria such as E coli, Ps aeruginosa, Salmonella 
typhimurium and Serratia marcescens are known to be resistant to lantibiotics, 
in particular to nisin. This resistance is related to the outer membrane of 
Gram-negative bacteria rich in lipopolysaccharides [24] [25]. However, some 
other bacteriocins can inhibit Gram-negative bacteria, for instance bozacin and 
lacticin [26] [27].  
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Like any toxic substances, repeated exposure of some Gram-positive bacteria 
to increasing nisin concentrations can lead to resistances towards this peptide 
among the pathogens targeted [28] [29]. For instance, resistance to nisin has 
been observed among several species of bacteria such as St bovis [30], L mono-
cytogenes [28] [29] [30] [31], L innocua [32], Sa aureus [33] and Cl botulinum 
[34]. Mechanisms for acquiring nisin resistance are complex and can differ from 
one strain to another [35]. They involve structural and physiological changes in 
the bacterial cell [36]. For all these reasons, we preferred to forbid the settlement 
of pathogens by the competition exerted by a LAB strain present at the surface of 
the udder skin. 

During the course of this project, we proposed to use a minimum solid me-
dium to mimic the nutritional composition of the surface skin. The skin is 
known to exhibit particular features: the pH is generally acid (±5.5), salty and 
characterized by the succession of dry and wet periods. As a consequence, water 
activity can vary a lot. In this work, we just focused on the nutritional aspects, 
knowing that the physico-chemical parameters are also important. We will im-
prove our model in a later work. It is noteworthy that such an approach was not 
made in the past. Some models were developed, for instance by Charkoudian 
[37] or Forshind [38]. But they aimed at human health concerns. Otherwise, 
some articles were published on thermodynamic purposes to model the heat ex-
changes at the surface of the skin [39]. But, to our knowledge, no work specifi-
cally tried to propose a skin model for the study of bacterial interactions. 

Based on the use of this medium, we observed that the two strains of Lc lactis 
S1 and S2 slowed down the growth of Sa aureus during 8 hours. This pathogen 
multiplied its initial level by 45.5 (+0.208 log(cfu)/cm2/h) and 32.1 (+0.189 
log(cfu)/cm2/h) in presence of S1 and S2 respectively. At 30˚C, in a rich medium, 
the growth rate of Sa aureus in exponential phase is generally close to 0.4-0.5 
log(cfu)/cm2/h. Concerning E coli, the results led to the same conclusions as Sa 
aureus. The development of St agalactiae was stopped, the difference between T0 
and T8h being non-significant. This germ seemed to be disturbed by the pres-
ence of the two LAB strains. Concerning St uberis, the two strains S1 and S2 
slowed down the growth of this pathogen during the 8 h duration of the incuba-
tion. These results show that LAB can inhibit the growth of pathogenic micro-
organisms by their own presence due to a competition for nutrients and space. 
The competition for nutrients selects the most appropriate microorganisms to 
limited compounds (minerals, amino acids, sugars) [40]. Because of their im-
portant nutritional requirements, LAB probably overran the environment and 
limited the multiplication of other bacteria [41]. This type of competition for 
nutrients and space was observed between LAB and Listeria spp [42] [43] and 
between LAB and Sa aureus [44]. 

Our model seems to be suitable to study interactions between microbes. Right 
now, the protocol requires several improvements such as the incubation at dif-
ferent temperatures (the surface temperature of the udder can change), pH and 
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water activities to evaluate the influence of these parameters on the survival of 
LAB and pathogens. 

The use of LAB strains to colonize the skin surface requires to test their ability 
to survive in limited conditions, in particular during the shelve-life of the LAB 
solution. The behavior of the Lc lactis strains was followed in a K2HPO4 (0.1M) 
buffer for one week. OD600nm did not change significantly during the seven 
days of the test. It allowed us to propose the storage of the LAB mixture during 
this duration. 

Based on all these results, the two strains S1 and S2 can be used to dip the 
teats after milking. According to Guerra et al. [23], supernatants of Lc lactis can 
be used to treat surfaces in contact with food to prevent the adhesion of un-
wanted bacteria, such as L. monocytogenes. 

5. Conclusions 

The potential use of LAB strains to colonize the surface of the udder skin led to 
different results. The well diffusion test was done using a rich culture medium; it 
allowed the pathogenic bacteria to grow easily, a situation which proved to be far 
from reality by comparison with the udder surface. The 20 strains of Lc lactis 
originating from goat milk whey were ineffective against the four pathogenic 
germs tested in this rich medium. The direct interaction between LAB previous-
ly spread at the surface of a minimum medium and a pathogen led to different 
results; in particular, it depended on the pathogens used. But generally, their 
growth was slowed down (sometimes stopped) because of the presence of the 
LAB. 

These encouraging results need to be deepened by taking into account the 
physico-chemical structure of the skin in our model. Thereafter, we manage 
ourselves to test the settlement of the LAB in a dairy herd and its consequences 
on cow health and on the quality of the raw milk. 
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