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Abstract The study aimed to identify two lactic acid
bacteria from human breast milk and evaluate for their
probiotic potential. Lactobacillus fermentum strains
showed various degree of antibiotic susceptibility profile to
clinical commercial antibiotics. The MA-7 and MA-8
strains have never lost their vitality at pH 2 and 3. Lacto-
bacillus fermentum MA-8 exhibited more resistance to 0.3
and 1% bile concentrations than MA-7 strain. Both of the
L. fermentum strains can tolerate the simulated gastric and
intestinal juices. The strains showed high auto-aggregation
percentages varied from 95 to 98%. Both isolates also
exhibited gamma hemolytic activity. The cholesterol low-
ering activity of MA-7 and MA-8 strains was varied from
34.84 to 91.15%. The supernatants showed higher anti-
cholesterol activity compared to pellets. The results
demonstrated that both L. fermentum strains maybe good
probiotic candidates and may have potential as health
biotherapeutic with cholesterol-lowering effects.
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Introduction

Human milk contains various bioactive compounds
involved in various microorganisms, oligosaccharides and
other substances, which play important roles in host-mi-
crobial interactions for infant health (Gomez-Gallego et al.,
2016). The bacterial species belong to Staphylococcus,
Streptococcus, Lactobacillus, Micrococcus, Enterococcus
and Bifidobacterium are generally found in healthy human
breast milk (Pérez-Cano et al., 2010). Lactobacilli are
important group for the healthy human intestinal micro-
biota and also control and maintain the microbial balance
(Reuter, 2001). Lactobacillus fermentum, L. gasseri, L.
rhamnosus, isolated from human breast milk, belong to the
group of Lactobacilli, can be regarded as potential probi-
otic bacteria (Cabrera-Rubio et al., 2016; Jost et al., 2015).

Probiotics are defined by Food and Agriculture Orga-
nization (FAO) and World Health Organization (WHO) as
“Live microorganisms which when administered in ade-
quate amounts confer a health benefit on the host” (FAO/
WHO, 2002) and play a role in improving gut barrier,
competing with pathogenic microbiota for their adhesion
and improvement of probiotic microorganism colonization
(Rao et al.,, 2016). Bacteria isolated from human milk
useful for health are considered attractive probiotic
microorganisms (Martin et al., 2004).

Consumption of cholesterol rich food can lead to
increased blood cholesterol levels and develop hyperc-
holesterolaemia (Castorena-Alba et al., 2018). It has also
been reported that hypercholesterolemia is a health prob-
lem associated with the dysbiosis of the intestinal micro-
biota (Lye et al., 2017). Probiotic microorganisms have an
important role in lowering the level of serum cholesterol,
which is one of the most common diseases of the modern
age and consequently results in cardiovascular diseases, a
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major cause of death worldwide (WHO, 2018a). By 2030,
WHO estimates that cardiovascular diseases will remain to
be the most important cause of death and affect approxi-
mately 23.6 million people worldwide (WHO, 2018b).
Functional foods containing probiotic microorganisms
reduce the risk of cardiovasicular disease, and therefore,
the strains of probiotics and also characterization of the
bio-active properties are important (Shahidi, 2012).

The present study was aimed to carry out identification
and characterization of L. fermentum originated from
human breast milk and evaluated for some desirable traits
in probiotic microorganisms including antibiotic sensitiv-
ity, resistance to gastrointestinal system conditions; transit
tolerance, hemolytic and auto-aggregation activities. The
cholesterol- lowering effects of L. fermentum isolated from
different sources (koumiss, traditional dairy products,
commercial yoghurt, Tulum cheese, food) have been
investigated in the literature (Bao et al., 2010; Castorena-
Alba et al., 2018; Pan et al., 2011; Raghavan et al., 2011;
Tulumoglu et al., 2014). However, a very limited number
of studies have been reported on cholesterol lowering
potential of L. fermentum strains originated from human
breast milk. For this reason, the cholesterol-lowering
effects of the tested strains were investigated in order to
determine the health promoting biotherapeutic effects.

Material methods
Characterization of isolates by API 50 CHL system

The gram-positive and catalase-negative isolates were
tested for carbohydrate fermentation using API 50 CHL
(bioMérieux, Marcy-I’Etoile, France) consisting of 50
biochemical tests. The inoculums adjusted to a density of
Mc Farland 2 were incubated in each strip at 37 °C until
48 h. The biochemical profile of the strains was determined
according to the color changes that occur as a result of
fermentation of the carbohydrate sources. The identifica-
tion was made by evaluating the results as positive and
negative with software APIweb™.

Molecular identification

The selected strains according to the biochemical test
described above were sent to Iontek (Istanbul-Turkey) to
identify by 16 S rRNA PCR analysis. DNA fragments
encoding 16S rRNA were amplifiedby using the universal
forward (5-AGAGTTTGATCMTGGCTCAG-3') and
reverse (3’-TACGGYTACCTTGTTACGACTT-5") pri-
mers under following conditions: initial denaturation at
95 °C for 15 min for 30 cycles, each consisting of denat-
uration at 95 °C for 30 s, annealing at 56 °C for 45 s,
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extension at 72 °C for 40 s and final extension step at
72 °C for 10 min.

Determination of antibiotic sensitivity of strains

Antibiotic sensitivity of the strains was tested according to
the method defined by Sharma et al. (2016). The suscep-
tibility of the strains against eleven clinical commercial
antibiotics (Oxoid, ThermoFisher Scientific, Wesel, Ger-
many) (Erythromycin (15 pg), Amikacin (10 pg), Gen-
tamycin (10 pg), Kanamycin (30 pg), Amoxicillin (30 pg),
Ampicillin (10 pg), Penicillin G (10 pg), Cloxacillin
(5 pg), Chloramphenicol (10 pg), Nalidixic Acid (5 pg)
and Ofloxacin (5 png)) which are frequently used in the
treatment of human microorganism diseases was deter-
mined by disc diffusion method. The suspension densities
of active cultures were adjusted to McFarland 0.5. The
isolates (100 pL) were spread onto MRS agar (Merck,
Darmstadt, Germany). Each antibiotic disc was placed on
the inoculated MRS agar in triplicate and then allowed to
incubate for 24 h at 37 °C. At the end of the incubation
period, the inhibition zone diameters around the antibiotic
discs were measured with Vernier callipers and the results
were evaluated according to CLSI (Clinical and Laboratory
Standards Institute) (Sharma et al., 2016).

Resistance to gastrointestinal system conditions
Acid tolerance

The tolerance to the low pH conditions was evaluated
against pH 2 and 3 in MRS broth at 37 °C. Spectropho-
tometric (Beckman Coulter DU 730, California, USA)
measurements were made at 600 nm for 0, 1 and 3 h of
incubation twice for each sample. 0.1 mL inoculum was
then spread onto MRS agar and incubated at 37 °C for 24 h
under anaerobic conditions. The experiment was performed
with three replicates. Colony counts were performed at the
end of the incubation period and these values were calcu-
lated in Log;o (CFU/mL) (Zoral, 2013).

Bile tolerance

The bile tolerance of the strains was determined the method
described by Bao et al. (2010) with some slight modifica-
tions. The inoculated MRS broth, containing 0.3% and 1%
of bile (Oxoid, Hampshire, UK) was incubated for 4 h at
37 °C. Spectrophotometric measurements were made at
600 nm at 0 and 4 h of incubation twice for each sample.
In addition, MRS agar media was inoculated from the test
and control groups at these times and incubated for 24 h at
37 °C under anaerobic conditions twice for each sample.
Colony counts were performed at the end of the incubation
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period and the values were calculated in Log;y (CFU/mL)
(Tokatl1, 2013).

Simulated gastric and pancreatic juice (transit) tolerance

The simulated gastric solutions (3 g/L pepsin (Sigma-
Aldrich, Saint Louis, USA) at pH 2 and 3 were prepared to
determine the pepsin tolerance of the strains. The cell
densities of isolates were adjusted to McFarland 0.5 stan-
dard. The isolates were inoculated (1%) into gastric solu-
tions and incubated for 3 h at 37 °C incubation twice for
each sample. MRS agar media were inoculated at the
intervals of 0 and 3 h of incubation and left to incubate for
24 h under anaerobic condition. The gastric juice tolerance
was determined by counting the viable cell. The survival
rate was calculated in Log;y (CFU/mL) (Yiiriimez, 2011).

The simulated small intestine solution (1 g/L pancreatin
(Sigma-Aldrich, Saint Louis, USA) and 0.03 g/L bile salt
(Oxoid, Hampshire, UK) was prepared to determine the
pancreatic tolerance of the strains. The cultures (McFarland
0.5 standard turbidity, 1%) were inoculated into pancreatin
solution twice for each sample and incubated for 3 h at
37 °C. At 0 and 3 h of incubated groups were inoculated
onto MRS agar medium and left to incubate for 24 h under
anaerobic condition. At the end of the incubation period,
the colonies were counted on the plate and these values
were calculated in the same manner as for the determina-
tion of the gastric juice tolerance (Yiirlimez, 2011).

Hemolytic activity

For hemolytic activity, the strains were inoculated
Colombia sheep blood agar (OR-BAK, Ankara, Turkey)
and incubated at 37 °C for 24 h under anaerobic condition.
The greening zone formation around the colonies was
evaluated as a-hemolytic, the clear zone formation as beta
hemolytic and no zone as gamma hemolytic (Eryilmaz,
2011).

Auto-aggregation activity

The cell suspension were adjusted to 0.6 & 0.02 at 600 nm
and incubated at 37 °C for 4 h without any movement in
three replicates. At the end of incubation period, 0.1 mL of
sample was suspended in 3.9 mL of PBS buffer. The OD
values of the samples were read at 600 nm (Tomas et al.,
2005). In addition, the auto-aggregation abilities of cultures
were monitored under the light microscope (Leica, Wet-
zlar, Germany) after gram staining. The percentage of auto-
aggregation was calculated using following formula:

% Auto - aggregation = [(OD; — OD,)/OD; x 100]

OD;: Pre-incubation optical density, OD,: Optical density
after incubation

Cholesterol assimilation

The cholesterol assimilation was determined using the “o-
phthalaldehyde” method described by Hosono (1999) with
some modifications. Bacterial supernatants and pellets
were evaluated separately to determine the cholesterol
lowering activity of the strains. The cell suspensions were
adjusted to 0.6 at 600 nm. Each sample of the assimilation
experiment and spectrophotometric measurements were
recorded twice. MRS broth containing cholesterol (Sigma-
Aldrich, Saint Louis, USA) (100 pg/mL) and bile (0.3 and
1%) (Oxoid, Hampshire, UK) were inoculated with the
strains (2%) and incubated for 24 h at 37 °C. After the
incubation, the supernatants were separated from the pel-
lets. The pellets were suspended in distilled water equal
volume to the previous original media. Then, 3 mL of 99%
ethanol was added into 0.5 mL of supernatant or pellet and
vortex-mixed. 2 mL of 50% KOH (Sigma-Aldrich, Saint
Louis, USA) was added to the samples and heated in a
water bath (60 °C) for 10 min and then cooled at room
temperature. 5 mL of hexane was added to the samples and
the mixture was stirred for 20 s. Distilled water (3 mL) was
added to each sample and gently mixed. The samples were
kept at room temperature for 15 min. 2.5 mL of the hexane
layer was taken and completely evaporated in a water bath
at 60 °C. 4 mL of o-phthalaldehyde reagent (Sigma-
Aldrich, Saint Louis, USA) was added to each tube. After
10 min, 2 mL of pure sulfuric acid (Merck, Darmstadt,
Germany) was added onto the samples. The samples were
mixed and then incubated at room temperature for 10 min.
Absorbance was read using a spectrophotometer at
550 nm. Cholesterol assimilation was calculated using the
equation:

A = 100 — [(B/C) x 100]

A: Cholesterol assimilation (%), B: The amount of
cholesterol in the nutrient medium inoculated (ng), C: The
amount of cholesterol in the non-inoculated medium (pg)

Statistical analysis

The data obtained for antibiotic susceptibility, pH and bile
tolerance, simulated gastric and pancreatic juices resistance
were analyzed by using the Mann—Whitney U-test. The
cholesterol assimilation data was subjected to statistical
analysis for checking the significance correlation using
Origin Graphing & Analyzing 2017. The statistical sig-
nificance was accepted at p < 0.005 and r = 1.
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Results and Discussions
Identification of Lactic Acid Bacteria

The strains were identified by API 50 CHL System as L.
fermentum MA-7 (93.7%) and L. fermentum MA-8
(99.6%). The strains were also identified molecularly.
According to the 16S rRNA sequences, the results con-
firmed that the isolated two bacteria were L. fermentum.

Antibiotic sensitivity

L. fermentum MA strains were tested for their sensitivity
against antibiotics which are commonly used on various
pathogenic microorganisms. The strains were sensitive to
Amoxicillin, Ampicillin, Erythromycin and Penicillin G.
The strains exhibited moderate sensitivity to Chloram-
phenicol. The two strains showed resistance against Ami-
kacin, Gentamicin, Kanamycin, Nalidixic Acid, Ofloxacin
and Cloxacillin (Table 1). The means for Amoxicillin
inhibition zone values were 31.463 mm and 25.433 mm for
L. fermentum MA-T and MA-8 strains. The average of MA-
7 is larger than the MA-8 strain. There are mean differ-
ences between the observational data of antibiotic suscep-
tibility of MA-7 and MA-8 strains for Amoxicillin
antibiotic. However, the statistical analysis indicated that
there was no statistically significant difference in the sig-
nificance level of 0.05 (p > 0.05). The probable cause is

that both bacteria tested are same bacteria (L. fermentum)
but different strains (MA7 and MA-8 strains).

The most important factor in the safety of probiotics is
sensitivity to antibiotics. A potential risk of probiotic
application is the spread of antibiotic resistance genes to
pathogenic bacteria because of horizontal transfer of the
antibiotic resistance gene (Courvalin, 2006). However, it
has been reported that probiotic microorganisms contain an
antibiotic resistance gene in the genomic structure is not a
safety concern in itself, as long as the genes are not
mobilized and transferred horizontally to other bacteria
(Darsanaki et al., 2013). As a result, the resistance of L.
fermentum MA strains may supply the viability of these
strains during treatment with these clinical antibiotics and
therefore strains may be used for probiotic and therapeutic
purposes.

Resistance to gastrointestinal system conditions
Tolerance to low pH conditions

The results of low pH conditions (pH 2 and 3) on the MA
strains are presented in Table 2 as spectrophotometrically
and cell viability. A probiotic strain is primarily expected
to be tolerant to the low pH conditions of stomach ranges
from 1.5 to 4.5 during fasting and after meal, and food
digestion is carried out for 3 h (Jacobsen et al., 1999;
Lebeer et al., 2008). The strains have never lost their via-
bility at pH 2 and 3. The spectrophotometric and cell

Table 1 Antibiotic

e Antibiotic discs
susceptibilities of L. fermentum

Lactobacillus fermentum MA-T

Lactobacillus fermentum MA-8

MA strains CLSI* Mean = standard deviation CLSI Mean = standard deviation

AK (10 pg) R b R -

AMC (30 pg) S 31.463 + 0.500° s 25.433 + 0.885
AM (10 pg) S 28.423 £+ 1.008 S 28.677 £+ 1.292
C (10 pg) IR 19.337 £+ 0.491 IR 18.963 £ 0.976
OB (5 pg) R 12.603 £ 0.466 R 12.923 + 1.086
E (15 pg) S 25.047 £+ 1.356 S 21.053 £ 0.970
CN (10 pg) R 6.903 + 0.235 R 7.597 £ 0.461
K (30 pg) R - R -

NA (5 pg) R - R -

OFX (5 pg) R 7310 + 0.164 R 7207 + 0.281
P (10 ng) S 29.670 £ 0.272 S 29.413 £ 0.539

AK Amikacin, AMC Amoxicillin, AM Ampicillin, C Chloramphenicol, OB Cloxacillin, E Erythromycin,
CN Gentamycin, K Kanamycin, NA Nalidixic Acid, OFX Ofloxacin, P Penicillin G, R Resistant, /R
Intermediate Resistant, S Sensitive

CLSI, Clinical and Laboratory Standards Institute. The inhibition zones are evaluated according to the
standard values given by CLSI. Susceptible > 20, Intermediate =~ 15-19, Resistant < 14 (CLSI, 2012)

®Indicates no inhibition zone

“Diameter of the inhibition zone including disc diameter. Values are reported as mean £ SD of three

separate replicates
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Table 2 pH tolerance of L. fermentum MA strains

pH 3.0

pH 2.0

Control

3h

1h

Oh

3h

1h

Oh

3h

lh

Oh

Spectrophotometric

0.092 £ 0.005
0.061 + 0.001

0.047 £+ 0.005
0.067 + 0.002

0.050 £ 0.009
0.033 £ 0.001

0.044 £ 0.001
0.028 £ 0.009

0.107 £ 0.002
0.033 £ 0.001

0.040 + 0.003
0.025 + 0.006

0.730 £ 0.039
0.276 £+ 0.028

0.043 £ 0.002
0.062 + 0.001

0.034 £+ 0.004
0.025 £ 0.006

MA-7

MA-8
log;o CFU/mL

8.177 £ 0.137
7.340 £+ 0.148

7.670 £+ 0.243
7.723 £+ 0.185

7.473 £ 0.295
2.970 £+ 0.061

8.410 £ 0.135
7.433 £+ 0.095

7.083 £ 0.795
10.387 £ 1.916

7.573 £ 0.475
10.103 £+ 0.120

8.433 £ 0.139
10.267 + 0.366

9.357 £ 0.445
8.963 £ 0.025

8.850 £ 0.488
8.140 £ 0.130

MA-7
MA-8

Mean (+ standard deviation) of results performed from twice replicates of spectrophotometric experiments. Survival colonies of strains in media prepared at different pH values (three

replicates) were calculated as log;o CFU/mL

viability mean values of MA-7 and MA-8 strains are dif-
ferent for control group at 3rd h in the Table 2. The
averages of MA-7 strains (0.730 and 8.43) were different
from MA-8 strains (0.276 and 10.27) for experiments but
there was no statistically significant difference between
two strains in the significance level of 0.05 (p > 0.05).
Khalil et al. (2018) found the survival ability of L. fer-
mentum DUR 18 originated from fermented food at pH 3.0
conditions as 6.37 Log;o CFU/mL with 86.20% survival
rate. Lactobacillus fermentum CHSS8 isolated from Brazil-
ian food products reported by Ramos et al. (2013), was able
to growth at pH2.0 after 3 h. Our results indicated that L.
fermentum MA strains are able to survive under low pH
conditions; therefore, they are likely to be able to viable
through the gastrointestinal system.

Tolerance to bile

Strains that pass the acidity barrier of the stomach, in the
next step, they expose to bile fluid. For this reason, toler-
ance to bile is another criteria to identified them as pro-
biotic (Ammor and Mayo, 2007; Khater et al., 2010). The
survival in different bile salt concentrations was varied
depend on the strain. The spectrophotometric mean values
of the bile tolerance for L. fermentum MA-7 and MA-8
strains were 0.106 and 0.055 at 0.3% bile concentration at
4th h in the Table 3. The observational averages are dif-
ferent but there were no statistically significant differences
in the significance level of 0.05 in bile tolerance mean
values between the MA strains, neither at spectrophoto-
metric, nor viable cell value averages. Also, there was no
difference statistically between spectrophotometric value
means at 1% bile concentration at 0 h. The survival rate of
two MA strains was approximately or over 100% for both
bile concentrations throughout the incubation period (4 h)
(Table 3). These results are similar to the results obtained
by Ramos et al. (2013), found that L. fermentum CHS58
viable cell numbers increased from 4.46 to 6.07 during the
condition of 0.3% bovine bile salts for 3 h. Khalil et al.
(2018) reported that the strain L. fermentum DUR 18
exhibited ability to survive at 0.3% bile salt for 3 h. Lac-
tobacillus fermentum UCO-979C, isolated from a human
gastric biopsy, showed tolerance [4.2 x 10° CFU/mL (6.62
log 10)] to 2.0% bile salts through 2 h (Garciaet al., 2017).
The resistance to bile salts in the gastrointestinal tract is an
essential property to evaluate the ability of the strains as
probiotic (Ren et al., 2014). The ability to survive of the L.
fermentum MA strains at different bile conditions make
them suitable for use as probiotic.
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Tolerance to gastric and pancreatic juice

The effects of gastric and pancreatic juice on the viability
of L. fermentum MA strains are presented in the Table 4.
The tolerance of the MA strains to artificial gastric juice
increased from pH 2.0 to pH 3.0. The survival rates of L.
fermentum MA-8 for both acidic conditions (pH 2.0 and
3.0) were higher than MA-7 strain in gastric solution.
Although its higher resistance to pancreatic juice, there is a
bit difference between the observational data of simulated
gastric and pancreatic juices resistance in the Table 4. The
statistical analysis also confirmed that there was no sig-
nificant difference between of the tested two L. fermentum
MA strains (p > 0.05). The possible cause of is that both
bacteria tested are the same bacteria but different strains.
About 2.5 L of gastric juice at a pH of about 2.0 and
0.7 L of pancreatic juice at approximately pH 8.0 are
secreted into stomach and small intestine of human each
day (Charteris et al., 1998). These secretions, low pH of the
stomach and the antimicrobial activity of the pepsin are
important barriers to microorganisms entering the intestinal
tract and colonizing (Huang and Adams, 2004). The Joint
FAO/WHO Working Group Report suggested that
microorganisms should have minimum characteristics that
can predict the probiotic potential include resistance to
passage through the stomach in the presence of acid and
pepsin, and the viability in the small intestine in the pres-
ence of pancreatin and bile salts (FAO/WHO, 2002). In a
study conducted by Bao et al. (2010), the viability of L.
fermentum F6 originated from traditional dairy products in
simulated gastric juice at pH 2.5 was 86.7% after 3 h. The
high tolerance of L. fermentum MA-7 and 8 strains to
gastric and pancreatic juices indicated that the MA strains
could be resistant to the effects of pepsin during gastric
transit and pancreatin during the small intestinal transit.

Table 3 Bile tolerance of L. fermentum MA strains

Auto-aggregation activity

The auto-aggregation ability of the bacterial strains used as
probiotics is an important feature to adhere to epithelial
cells (Collado et al., 2008). Lactobacillus fermentum MA-7
and MA-8 strains showed percentage of auto-aggregation
95% and 98%. These results are higher than that demon-
strated by Ramos et al. (2013) who reported that L. fer-
mentum CHS58 had 55.61% auto-aggregation or that
reported by Collado et al. (2008), who demonstrated auto-
aggregation after 4 and 24 h for L. fermentum ME3 strain
as 29.7% and 70.2%. The MA-7 and MA-8 strains with
their high auto-aggregation ability can be a physico-
chemical barrier by allowing the formation of biofilms in
the gastrointestinal tract (Castagliuolo et al., 2005) and can
be good barrier against colonization of pathogenic bacteria.

Hemolytic activity

Hemolytic activity of lactic acid bacteria is an important
in vitro selection criterion and one of the safety require-
ments to evaluate as probiotic strain. Non-hemolytic (y-
hemolytic) activity is considered as safety precondition to
select a probiotic strain (FAO/WHO, 2002). L. fermentum
MA-7 and MA-8 did not exhibit hemolytic activity. Similar
to our results, Owusu-Kwarteng et al. (2015) observed 16
L. fermentum strains as o- and y-hemolytic. Garcia et al.
(2017) indicated L. fermentum UCO-979C as a-hemolytic.
The MA strains, showed no red blood cell lysis activity,
can be considered safe for hemolytic activity.

Cholesterol assimilation

The cholesterol assimilating activity at different bile con-
centrations (0.3% and 1%) of L. fermentum MA-7 and MA-

Control group

Bile concentrations

0.3% 1%
Oh 4h Oh 4h Oh 4h

Spectrophotometric

MA-7 0.048 £+ 0.004 0.793 £+ 0.025 0.038 £ 0.004 0.106 £ 0.001 0.038 £+ 0.004 0.204 £ 0.007

MA-8 0.58 £ 0.000 0.869 £ 0.007 0.035 £ 0.004 0.055 £ 0.001 0.018 £ 0.004 0.191 £ 0.006
log CFU/mL

MA-7 7.920 £ 0.071 8.215 £ 0.276 8.100 £ 0.283 7.975 £ 0.771 4.590 £+ 0.127 4.585 + 0.436

MA-8 7.600 £ 0.156 9.610 £ 0.170 8.030 £ 0.156 8.535 £ 0417 4.685 + 0.134 4.625 + 0.007

Mean (+ standard deviation) of results performed from twice replicates spectrophotometric experiments. Survival colonies of strains in media
prepared at different pH values were calculated as log;, CFU/mL
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s 8 strains was determined for pellets and supernatants. The
?g/ MA strains were able to assimilate cholesterol ranging
;i from 34.84 to 91.15% (Fig. 1). According to the obtained
E R ® data, it was observed that L. fermentum MA-7 and MA-8
3 29 strains had significant cholesterol assimilation activities
o o even at the increased bile rate. In addition, statistical data

§ § were correlated with the percentage of cholesterol assimi-

o oH lation data (p < 0.05). The pellet and supernatant of L.

-|E8 fermentum MA-8 showed higher cholesterol lowering

oo o activity for both bile concentrations than MA-7 strain. The

8 9 g supernatant of MA-8 strain had higher anti-cholesterol
=N S S activity than its pellet at both bile conditions. The similar
% H H results were also observed for cholesterol lowering activity
g - § § of L. fermentum MA-7. The supernatant of MA-7 had
= o = = higher cholesterol assimilating activity when compared to

its pellet in the presence of two bile concentrations.
Hypercholesterolemia is an important health problem and
can cause death in humans. The properties of anti-choles-
terol of some probiotic lactic acid bacteria have been
reported in the literature. Castorena-Alba et al. (2018)
reported the anti-cholesterol activity of L. fermentum food
isolates strains as 57.65% at 4% concentration of oxgall
and cholesterol (100 pg/mL). Tulumoglu et al. (2014)
reported cholesterol assimilation ability of seven L. fer-

Survival rate (%)

11.110 £ 0.099 8.905 £+ 0.120 80.20
10.660 £+ 0.212  9.540 £+ 0.127 89.49

g = g mentum strains isolated from Tulum cheese ranging from
E 2 12.1 to 45.3%. In our previous study, the various Lacto-
" %D % bacillus gasseri strains originated from human breast milk
g S 2 showed cholesterol assimilation ranged from 23.67 to
o < & 88.94% (Gunyakti and Asan-Ozusaglam, 2018).
g T|Z é The likely reason is that Lactobacillus strains can lower
= N B cholesterol by decreasing the solubility of cholesterol and
= e B thereby reducing cholesterol uptake (Oh et al., 2018). It has
Q . .
§ S § been reported that the cholesterol degradation of Bacillus
5 E 2 subtilis SFF34, a non-probiotic strain, originated from
- ol .
ED E o E = fermented seafood, was 31% and 50% of the cholesterol in
2 «» == ; the medium after 36 and 60 h incubation (Kim et al.,
E’ g s ;‘ 2002). The results revealed that L. fermentum MA strains
: S S |5 exhibit high cholesterol lowering activities. This suggests
- — = . . . .
2 i i = that both strains are important in natural bio-therapy for
= —~ <t 0 - . . .
8 Sl | = reducing hypercholesterolemia and related cardiovascular
74 E | en o | T .
< S g diseases.
[l . .
Es o o x Q| & In conclusion, L. fermentum MA-7 and MA-8 strains are
= :E & : j = safe due to gamma hemolytic activity, and resistant to low
2| 2 2 é pH, bile and gastric and intestinal conditions in the gas-
~ - — . . .

& 6‘@ =25 trointestinal tract. Both L. fermentum have high-level colon
; alo| —~ — |2 . . . . . e .
I g epithelial adhesion activity, indicating that they can stay in

< . . .

g § g the gastrointestinal tract for a long time. Currently, the
|8 kS development of cholesterol-lowering bio-therapeutics is an
— | g ° P g p
g S 2 important area. L. fermentum MA-7 and MA-8 can achieve
2 2 < elimination of cholesterol in the gastrointestinal tract with

= o .
<+ § = good cholesterol-lowering effects. L. fermentum MA-7 and
=g DA MA-8 can be suggested as probiotic candidates and bio-
=13 < < g g8 ] p
=13 = =la agents after further studies.
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Fig. 1 Cholesterol lowering activity of L. fermentum MA strains. The
cholesterol assimilation activity of the strains was studied in two
replicates according to the o-phthalaldehyde method. (A) Spectropho-
tometric results of cholesterol amount in media for MA-7 strain;
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