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Abstract

In this research, three probiotic Lactobacillus strains already studied in a previous research for their capability to resist to stom-

ach stress, their GRAS character, their resistance to antibiotics, their prebiotic assimilation capability and their adhesion capability to

intestinal human cell lines, were further investigated to explore more their beneficial effects. Compatibility between them, antibacte-

rial activity against some pathogens, cholesterol reduction and antioxidant activity by ABTS* and DPPH methods were determined.

These Lactobacillus plantarum strains were compatible, able to inhibit gram+ and gram- pathogens and reduce the cholesterol

with maximum level of 51 % (P < 0.05) after 24h of contact. In fact, these probiotic bacteria were endowed with important antioxi-
dant activity while scavenging both radicals with 51 % (P < 0.05) and 2.3 % (P > 0.05) of ABTS* and DPPH respectively.

Our study revealed the suitability of these probiotic bacteria which were obtained from three sources for incorporation in foods

especially where cholesterol and antioxidant reducible powers in food are sought to assess possible in vivo human health.
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Introduction

Milk is a natural product secreted by mammals. Both food and
drink, it is of great nutritional interest and lends it-self to many
therapeutic, technological and industrial applications. Indeed, the
importance of milk in the human diet has been well established and
its regular consumption has been recommended. In addition, sev-
eral studies have shown that milk represents an important source
of probiotic lactic acid bacteria [1]. The study of this biological fluid
could be a challenge to obtain a possible diversity of probiotic lactic

acid bacteria.

Identifying and characterizing bacteria all over the world are es-
sential in the study of human health. The term “probiotic” was de-
fined as the active metabolites of microorganisms stimulating the
growth of other microorganisms and possessing beneficial effects
on host health when which consumed in sufficient quantity [2]. The
acid and bile tolerance are two fundamental properties that indi-
cate the ability of a probiotic microorganism to survive through the

gastrointestinal tract.

The majority of probiotic bacteria are lactic acid bacteria, espe-
cially, such as Lactobacillus and Bifidobacterium species. In particu-
lar, Lactobacillus plantarum has the ability to grow and survive in
the wide variety of foods such as meat, vegetables, milk and dairy
products [3]. Furthermore, interesting features as health-promot-
ing organisms were reported for some L. plantarum strains. Thus,
this species could be used as adjunct culture in the development of

new functional foods [4].

The colonization of the gut by probiotic bacteria prevents
growth of many bacteria by competitive exclusion and by the pro-
duction of organic acids and antimicrobial compounds. In addition,
studies suggest that functional foods containing probiotics mini-
mize the risk of heart disease and therefore, the characterization
of the active ingredients and the type and number of the probiotics
is important [5]. Also, antioxidant activity is an important effect of
probiotics which consists in the protection of cells from oxidation
problem [6]. Thus, the aim of this study was to evaluate the co-ex-
istence behaviour of probiotic strains between them, antagonistic
power against pathogens, cholesterol assimilation and antioxidant

properties.

Materials and Methods

Growth of probiotic strains

Three probiotic Lactobacillus plantarum strains such as BA12,
CT28 and 0S047, isolated respectively from cow, goat and sheep
Tunisian raw milks, were identified and characterized in UR 13AGR
02, ESIAT, Tunisia. The cultures were stored at 20% of glycerol at -
80°C. For this study, the probiotic cultures were activated for three
times in de Mann Rogosa Sharpe (MRS) broth (Biokar Diagnostics)

using 1% of inoculum and incubated at 37°C for 18h.

Co-existence test

The strains were streaked perpendicular to each other on MRS
agar and incubated was done at 37°C for 48h to observe their co-

existence at the crossing points of the streaks [7].
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Antimicrobial activity
Highlighting

The inhibitory effect of three probiotic strains was tested using
the agar disc diffusion method which reported by Villani, et al [8].
For this, Salmonella typhimurium (ATCC 25922), Staphylococcus
aureus (ATCC 25923), Listeria monocytogenes (ATCC 070 101 121)
and Escherichia coli (DH5 alpha, Institute Pasteur of Tunisia) were

used as reference indicator strains.

Inhibitory substance

Staphylococcus aureus (ATCC 25923) was used as an indicator
strain. The method described by Ammor, et al. [9] was used. Probi-
otic strains were seeded in 10 mL of MRS broth; after incubation at
37°C for 24h, the bacterial suspensions were centrifuged (12,000
rpm, 15 minutes, 4°C) and the recovered supernatant was divided
into 6 tubes. The contents of the first tube were neutralized to pH
6.5 with a solution of NaOH (1N) to eliminate the antagonistic effect
due to the acidifying power. The contents of the second tube were
neutralized and added 1.8 pL of a catalase solution (300 U/mL) (Sig-
ma, France) with the aim of simultaneously eliminating the inhibi-
tory power of organic acids and peroxide. hydrogen. The third tube
was used as a control. The contents of the three tubes were used to
study the antagonist activity by the well method [10]. The indicator
strain was seeded in 10 mL of nutrient broth and incubated at 37°C
for 24h. After incubation, 100 pL of this culture were mixed with
20 mL of soft nutrient agar and poured into Petri dishes. After so-
lidification, wells were perforated in the agar using the sterile tips.
Then, each well was filled with 10 pL of each of the supernatants
previously prepared. If the antagonistic potency of the inhibitory
activities of the neutralized supernatants was canceled, the inhibi-
tory substance could be organic acids. If the residual antagonistic
potency of the catalase-added lactic acid bacteria supernatants was

zero, the inhibiting substance is hydrogen peroxide.

To study the sensitivity of the inhibitory substances to proteo-
lytic enzymes, the supernatants of the 4" and 5% tubes were respec-
tively added a solution of trypsin (1 mg/mL) (Sigma, France) and a
solution of proteinase K (1 mg/mL) (Sigma, France) each prepared
in sodium phosphate buffer (25 mM, pH 7). The supernatants were
subsequently incubated respectively at 37°C and 45°C for 2h. The
6™ tube (control) was added only sodium phosphate buffer and in-
cubated under the same conditions as that of the supernatant sup-
plemented with protease. If the residual antagonistic power of the
supernatants of the cultures of lactic acid bacteria incubated in the
presence of proteases was reduced, it can be said that the inhibiting

substance is of protein or peptide nature.

Screening of probiotic Lactobacillus strains for cholesterol
removal

Cholesterol removal by probiotic Lactobacillus strains was de-
termined 6, 12 and 24h of contact according to the spectrophotom-
eter method which previously described by Miremadi, et al. [11]
and Mahmoudi,, et al [12]. The ability of Lactobacillus plantarum to
assimilate cholesterol was expressed as follows:

% of cholesterol removed = (100-residual cholesterol at each in-
cubation interval)/100 x 100
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Antioxidant capacity using ABTS.* method

The antioxidant capacity was determined using ABTS* (2,2
azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)) radical cation
method which previously reported by Pieniz, et al. [6] and Mah-
moudi., et al [12]. The percentage inhibition of ATBS* was deter-

mined using ascorbic acid standard curve.

Scavenging ability on 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radicals

This method was already reported by Pieniz., et al. [6] and
Mahmoudi., et al [12]. The results were determined using stan-
dard curve and expressed as EC,, (ug/mL), which is the minimum

concentration to decrease 50% of the initial DPPH reaction.

Statistical analysis

One-way ANOVA was used to investigate these tests pursued
by multiple mean comparisons Student’s test. The results were
expressed as the mean * standard deviation of three repetitions. A
P value < 0.05 was considered statistically significant using SPSS
20.0.

Results and Discussion

The co-existence of the studied Lactobacillus strains is deter-
mined to ensure their compatibility in the products and therefore
in the host intestine [7]. In fact, compatibility between isolated
bacteria was examined by the “cross-streak” method. This method
has shown that all selected bacterial strains have no antagonistic
effect between them. These findings are consistent with the work
of Mathieu [1] reporting that strains of Bifidobacterium and Lacto-
bacillus, with anti-inflammatory and anti-obesity activities, were

able to grow in symbiosis.

One of the main criteria of probiotic is their antagonistic capac-
ity against certain pathogenic bacteria. In fact, they confer ben-
eficial effects on human health by inhibiting the colonization of

pathogens in the gut [13].

In this context, we tested the ability of the three probiotic
Lactobacillus strains to produce antibacterial substances against
pathogenic species such as Salmonella typhimurium, Staphylo-
coccus aureus, Escherichia coli and Listeria monocytogenes. The
results showed that the studied Lactobacillus probiotic bacteria
were endowed with antibacterial activities on Staphylococcus au-
reus, Listeria monocytogenes, Salmonella typhimurium and Esch-
erichia coli. In fact, the most important zones of inhibition were
obtained on Staphylococcus aureus with a diameter of 11 + 0.41
mm (BA12) (Table 1). The antagonistic power of these probiotic
strains could be due either to their competition with the undesir-
able bacteria towards the nutrients, or to the production of inhibi-

tory substances.
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Probiotic strains Pathogen indicator strains
Listeria Salmonella | Staphylococcus | Escherichia | Addition
monocytogenes | typhimurium aureus coli
L. plantarum
BA12 +++ ++ +++ + 9+
CT28 ++ + ++ + 6+
0S047 ++ + ++ + 6+

Table 1: Antimicrobial activity data of three probiotic Lactobacillus plantarum strains against four pathogen indicator strains.

+: Presence of a clear zone of growth inhibition around spots < 2 mm; ++: Presence of a clearly defined inhibition zone between

2 and 8 mm; +++: Presence of a clearly defined inhibition zone between 8 and 12 mm and -: No inhibition.

The nature of the inhibitory substances released by the tested
probiotic strains was studied against Staphylococcus aureus (Table
2). No antagonistic effect was detected in the bacterial supernatants
adjusted to a pH of 6.5 and added with the catalase solution, which
suggests that the antibacterial activity of these strains is not due
to the production of hydrogen peroxide. Moreover, the treatment
of the supernatants by proteinase K, the protease did not inhibit
their antagonistic powers, which shows that the inhibitory sub-
stance is not peptide in nature. The inhibitory activity of probiotic
Lactobacillus bacteria appears to be the result of lactic acid produc-
tion. Indeed, the latter can diffuse passively through the bacterial
membrane in its undissociated form. It acidifies the cytoplasm after
dissociation and inhibits the cellular enzymatic activity of acid-sen-

sitive pathogens [14].

Probiotic Inhibitor substance nature
SHa Organic acid Hydrogen Bacteriocin
peroxide

L. plantarum

BA12 + - -
CT28 + - -
0S047 + - -

Table 2: Inhibitor substances produced by three probitic
Lactobacillus plantarum strains.

+: Indicate presence; -: Indicate absence.

High blood cholesterol is generally considered to be a risk fac-
tor for cardiovascular disease. In recent years, several studies have
shown that the effects of probiotic bacteria on serum cholesterol
levels have a lot of remarkable beneficial interest [11]. In this con-
text, the results relating to the reduction of cholesterol levels con-
tained in the MRS broth, supplemented with 0.3% ox gall, by the
three probiotic Lactobacillus plantarum strains are illustrated in
table 3. The ability to reduce cholesterol differs between strains by
significantly different levels (P < 0.05) even at incubation times (6,
12 and 24h). This assimilation varied from 19 to 51% after while
24h (Table 3) of incubation compared with control.

Probiotic Cholesterol removal (%)
strains 6h 12h 24h
L. plantarum
BA12 21+0.002° 35+0.022 51 +0.02°
CT28 19 £0.001° 33+0.001° 33 +0.001°
05047 20 £ 0.004° 34 +0.08° 49 +0.001°

Table 3: The cholesterol removal of three probiotic Lactobacil-
lus plantarum strains inoculated in MRS supplemented with 100
ug/mL water-soluble cholesterol and 0.3% ox gall.
Means are similar (P > 0.05), they are indicated by the same letter
“a”.
Means are different (P < 0.05), they are indicated by different letter

« a, b”.

It might be noted that this reduction is related to two factors:
bacterial growth and time. Indeed, the growth of most strains
tested has been improved in the presence of cholesterol, indi-
cating that cholesterol can influence their growth [11]. It should
be pointed out that the assimilation of cholesterol in the pres-
ence of ox gall showed a good correlation with the tolerance of
the strains studied with bile (research papers submitted). Thus,
the most important assimilation of cholesterol is obtained on L.
acidophilus in the presence of ox gall with respect to the sodium
salt and tauro-deoxycholic acid [15]. It is possible that the reduc-
tion of cholesterol by probiotic lactic acid bacteria results either
by the co-precipitation of cholesterol with free bile salts. Then, a
part of cholesterol was precipitated and resolubilised in the me-
dium. Also, the assimilation of cholesterol can be done through
the cells of probiotic bacteria. For it, cholesterol was presented
in fragmented-cells solution. Another mechanism could be held
which is the degradation of cholesterol by probiotic strains. In our
research, cholesterol could not be recovered from the supernatant
or washing liquid or fragmented cell solution. In fact, the partial
supply of cholesterol in the probiotic cells must occur, and for
that part of cholesterol can be degraded into nutritional ingredi-
ent used for the growth of probiotic strains [16]. Further research
would be needed in vivo to determine the mechanism of choles-
terol uptake and to determine whether or not ingestion cells of
a probiotic strain could decrease the serum cholesterol levels for

hypercholesterolemic humans.

On another side, The antioxidant activity of the three probiotic
strains, defined as one of the beneficial effects of probiotics, was
evaluated by two methods: ABTS* and DPPH.

All supernatants of the bacterial cultures showed a high ability
to trap the ABTS* radical with significant percent inhibition (P <
0.05) even at 52 % compared to the control (Table 4). The strains
BA12, CT28 and 0S047 showed an important antioxidant power.
Probiotic bacteria have antioxidant mechanisms such as reduc-
tion of glutathione and thiol compounds, the ability to chelate
metal ions, trapping reactive oxygen species and reducing activity.
These protective capabilities result in antioxidant properties of
certain lactobacilli bacteria and possibly provide additional food
sources of antioxidants or probiotic bacteria capable of reducing

oxidative stress [17].

Probiotic Antioxidant activity
S ABTS*(%) | DPPH (EC,, (ug/mL))
L. plantarum
BA12 51 +0.001° 2,3 +£0.007°
CT28 47 £0.007° 2,6 £0.002?
0S047 49 £0.001° 2,4 +£0.001°

Table 4: Antioxydant activities of three probiotic Lactobacil-
lus strains by ABTS*and DPPH methods.

EC50: Minimum antioxidant concentration required to reduce
the initial DPPH reaction by 50%.
Means are similar (P > 0.05), they are indicated by the same
letter “a”.
Means are different (P < 0.05), they are indicated by different
letter “a, b”.
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In the DPPH method, we found that all strains gave varying levels

of EC50 significantly lower than that given by the control (Table 4).

These observations are consistent with those found by the pre-
vious method. Similarly, Meira,, et al. [18] and Pieniz., et al. [6] re-
ported that L. plantarum, L. casei and Enterococcus durans strains,
isolated from cheese, are also endowed with important antioxidant
activities. It should be noted that our strains have strong antioxi-
dant potentials and can be used to reduce oxidative phenomena in
food products. Nevertheless, using intact cells as passing delivery
vehicles Through the gastrointestinal tract, intracellular constitu-
ents released by lactic acid bacteria in the gastro-intestinal tract can
also be antioxidants [6]. Consumption of foods containing probiotic
lactic acid bacteria may be recommended as sanitary. Indeed, it is
well established that a wide variety of oxygen free radicals are pro-
duced continuously in food and in the human body [19]. In addition
to the long history of consumption, which proves the beneficial ef-
fects of probiotic lactic acid bacteria, it has been noted that these
microorganisms are desirable for a recommended use in the pro-

duction of various functional foods with benefits to human health.
Conclusion

Finally, being highly resistant to environmental stress and to
simulate severe conditions prevailing in the gastro-intestinal tract
and, on the other hand, having important anti-bacterial, hypocho-
lesterolimiant and anti-oxidative properties, the Lactobacillus plan-
tarum strains BA12, CT28 and 0SO47 constitute three potential
candidates that may be involved in the formulation of functional

food categories.
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