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ABSTRACT

ARTICLE INFO

Probiotics are recognized as live microorganisms that confer a health benefit to
the host when administered in adequate amounts. The present study aimed to
evaluate in vitro probiotic properties of two commercial probiotic strains,
Bifidobacterium animalissubsp. lactis BB-12 and Lactobacillus plantarum
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ATCC 14917. Our results indicated that the selected strains showed high
resistance to acid, bile salts,and lysozyme. In general, they showed good
adaptation to simulated gastric and intestinal juices (more than 85% could
survive) which guarantees their survivalin the gastrointestinal tract. Moreover,
Bifidobacterium animalissubsp. lactis BB-12 showed the highest
hydrophobicity (59.75%) and auto-aggregation (51.42%) but the lowest
adhesion to the human intestinal HT-29 cell line (8.35%). Furthermore, they
both had B-galactosidase activity and were resistant to penicillin, vancomycin,
and tetracycline. Our results indicated that Lactobacillus plantarum ATCC
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14917 had better characteristics of a probiotic compared to Bifidobacterium
animalissubsp. lactis BB-12.
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1. Introduction

In recent years, the world's attention has
increased to the use of practical foods
containing probiotic bacteria to improve health
and prevent diseases. According to the
definition of the World Health Organization®
(WHO) and Food and  Agriculture
Organization’(FAO) in 2001, probiotics are
live microorganisms that, when consumed in
sufficient amounts (CFU.gr107), will have
beneficial effects on the health of the host body.
Bacteria with probiotic properties often belong
toLactic acid bacteriaAndBifidobacteria and
are widely used in dairy products and probiotic
drinks, as well as capsules, powders and food
supplements. The benefits of probiotics can be
reduced symptoms of lactose intolerance,
reducing the period of acute gastroenteritis
infection in children, improving the condition
of the digestive system (traveler's diarrhea and
Diarrhea caused by antibiotics), reducing the
prevalence of vaginal infections, increasing
immune function and reducing cholesterol and
fat levels. Daily consumption of at least 10
CFU’-10° per day is necessary for adequate
colonization of probiotics in the intestine [1].
Common bacterial strains used as probiotics
often belong toLactobacilli AndBifidobacteria
are.Lactobacilli to
branchFirmicuteAndBifidobacteria to
branchActinobacterbelongs to. Both are Gram-
positive microorganisms, with the difference
that the molar percentage of C+G in
Bifidobacteria (more than 60%) is higher than
that of Lactobacillus (33-39%) and the
catabolic pathway of Bifidobacteria is carried
out through Bifidium hexose shunt and
fructose-6-phosphoctolase enzyme [
2].Bifidobacterium animalis subspeciesLactis®
BetweenBifidobacteria It has the smallest
genome size at 193,269 bp and has several
subspecies such as ADO011, BL-04, DSM
10140, V9, HNO019 and BB-12.Bifidobacterium
animalis subspecies lactisBB-12 was first
isolated and identified from the feces of infants
in 1899. This strain was deposited in the
Christian Hansen Cell Culture Bank in 1983.
Clinical studies have shown that this strain is
able to survive in the digestive tract and
produce  beneficial effects [3].Bacillus

1 World health organization
2 Food and agriculture organization
3, Bifidobacterium animalis subsp. of milk
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plantarum lactiplantarum® (which
beforeLactobacillus plantarumwas called) is a
non-fermenting  bacterium  with  high
adaptability that can be isolated from different
habitats such as milk, fruit, cereals, bee pollen
and fresh meat. It is also found as a common
host in the digestive system of humans and
other animals [4]. Among lactobacilli, it has the
largest genome with 325,387 base pairs and
produces a complete set of enzymes and
proteins. Lactobacillus splantaromenis has
good resistance against similar conditions of
the digestive system (stomach acid and bile
acids) [5].

The first necessity for the development of a
probiotic food product is the selection of the
right probiotic strain. Considering that the
occurrence of probiotic properties is completely
dependent on the gender and strain; The
purpose of the current research is to evaluate
the probiotic characteristics of two commercial
strainsBifidobacterium animalis
subspeciesLactisBB-12 sLactobacillus
splantarumATCC14917 and comparing the
functional characteristics of these two
commercial strains in vitro. The survival rate in
similar conditions of the digestive system and
tolerance of acid and bile are among the main
criteria for assessing the potential of probiotics,
which were investigated in this research. Also,
resistance to antibiotics, resistance to lysozyme,
hydrophobicity, self-aggregation, beta-
galactosidase activity and the ability of the
strains to bind to intestinal epithelial cells have
also been studied in this research.

2- Materials and methods

2-1- Activation of bacteria

Lyophilized packageBifidobacterium animalis
under cheekLactisl2 BB- From Peshgaman
Shadiq Company (representative of Christian
Hansen  Danish ~ company in Iran)
andLactobacillus plantarumATCC 14917 was
obtained from the microbial collection of
Ferdowsi University of Mashhad. In order to
activate, bacterial stockLactobacillus
splantarumATCC 14917 after leaving the
frozen state on MRS culture medium® (MRS)
agar (Iberesco, Iran) was surface cultured and
incubated at 37°C for 48 hours in an

4 Lactiplantibacillus plants
> de Man, Rogosa and Sharpe (MRS)
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atmosphere containing 10% carbon dioxide.
Lyophilized package of
bacteriaBifidobacterium animalis
subspeciesLactisBB-12 Also, according to the
instructions for activation after leaving the
frozen state in the liquid MRS culture medium
containing L-cysteine hydrochloride (0.05%,
Sigma-Aldrich, USA) (MRSC) under
completely anaerobic conditions in the
presence of Gaspak A (Merck, Germany) at a
temperature 37°C for 48 hours.

2-2- Preparation of microbial

suspension

To prepare microbial suspension,Lactobacillus
plantarumATCC14917 in MRS  broth
andBifidobacterium animalis
subspeciesLactisBB-12  were incubated
aerobically and anaerobically in the MRSC
broth environment at 37°C, respectively, at the
right time. Then the grown culture medium was
centrifuged for 10 minutes (4650.88xg). After
the supernatant was drained and washed twice
with phosphate buffer, the cell sediment was
redissolved in this solution. This suspension
was used in all tests.

2-3- Evaluation of

potential

2-3-1- Determination of resistance to
acid

First, the culture medium of MRS The liquid
was adjusted to pH 2 and 3 using hydrochloric
acid (3 M) and sodium hydroxide (1 M). The
cultures were autoclaved at 121°C for 15
minutes. After preparing the microbial
suspension, a concentration equivalent to half
McFarland was inoculated to two percent (v/v)
of the culture medium. The survival rate of the
strains after 60 minutes (pH=2) and 180
minutes (pH=3) of warm housing at 37°C under
optimal conditions of each of the strains
through serial dilution and point culture on
MRS and MRSC solid was calculated (relation

1) [6].

(Relation 1) 100x(N/Ng) = percentage of survival

probiotic

where Ng and N It is the number of primary
and secondary colonies, respectively.

2-3-2- Determination of resistance to bile
salt

The ability of strains to grow after inoculation
of 2% (v/v) of strains cultured for 16-18 hours
in MRS medium sMRSC The liquid was
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examined in the presence of 0.3, 0.5 and 1%
(weight/volume) of bovine bile salt (Sigma,
USA). After 24 hours of incubation at 37°C, the
resistance of strains with serial dilution and
point culture on MRS culture medium and
MRSC Agar was evaluated. Culture medium
without bile was also used as a control medium
for comparison [6].

2-3-3- Determination of resistance in
simulated conditions of the digestive
system

Simulated gastric and intestinal juice in vitro
from pepsin solubilization (*mg.mlI3; Sigma)
and Pancreatin (*1 mg.ml, Sigma) was
prepared in sodium chloride salt solution (0.5%
wi/Vv) and sterilized with a sterile syringe filter.
Next, pH Simulated gastric and intestinal juice
using hydrochloric acid (3 M) and sodium
hydroxide (1 M) respectively at Ph=3 =A spH
were adjusted Then by inoculating 200
microliters of suspension prepared from
bacterial strains obtained from 16-18 hours of
culture in phosphate buffered saline solution in
1 ml of simulated stomach and intestinal juice
and adding 300 microliters of sodium chloride
saline solution (0.5% (weight/volume)) ) were
well mixed and kept in a hot house at 37°C for
180 minutes (through the stomach) and 240
minutes  (through the small intestine).
Resistance of strains after hothouse with serial
dilution and spot culture on MRS and MRSC
culture media Agar was examined. The number
of live cells (cfu/ml) in the suspension at zero
time was counted on the agar culture medium

[6, 7].
2-3-4- Determination of resistance to
lysozyme

To perform this test, the strains were cultured
for 16-18 hours after centrifugation and
separation of the cell mass and washing them in
saline phosphate buffer (pH: 7.4+0.1),
dissolved in Ringer's solution. Then, 10
microliters of bacterial suspension in a sterile
electrolyte solution (CaCl2: 0.22 g/l, NaCl: 6.2
g/l, KCI: 2.2 g/l, NaHCO3: 1.2 g/l) containing
100 mg/liter lysozyme was inoculated for one
hour. It was kept in a greenhouse at a
temperature of 37°C. Electrolytic solution
containing suspension without lysozyme was
selected as a control sample. Counting of live
cells by Kant plate method on MRS/MRSC
Agar was done and the survival percentage of
the strains after one hour was calculated in
terms of log CFU/ml compared to zero time [8].
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2-3-5-Evaluation of the property of
hydrophobicity

According to the method of Winderola and
Renheimer (2003) after centrifugation and
isolation of cells obtained from 16-18 hours
culture of strains in MRS medium and MRSC
The liquid was heated at 37°C and washed
twice with potassium dihydrogen phosphate
buffer, cell suspension was prepared in the
same buffer. The absorbance of the cell
suspension at 560 nm is set to approximately
one. 3 ml of cell suspension was mixed with 0.6
ml of n-hexadecane (polar solvent) for 120
seconds. With the passage of time at 37°C, two
phases were separated and the supernatant was
carefully collected. The decrease in absorption
in the underlying liquid was calculated as the
hydrophobicity of the cell surface (Relation 2)
[9].

(Relation 2) [(Ao-A)/Ag] x 100 =
hydrophobicity percentage

that Ao and A is absorption before and after
extraction with n-hexadecane, respectively.
2-3-6-The test of its mass

The strains with the highest percentage of self-
accumulation are considered good probiotic
strains, therefore, to evaluate this characteristic,
the suspension of grown cells obtained from 16-
18-hour culture in phosphate buffered saline
solution was prepared to obtain an optical
density of 0.25 at a wavelength of 600 nm. The
bacterial suspension (4 ml) was mixed for 10
seconds and kept in a greenhouse at 30°C. The
absorbance of the samples was measured at 600
nm at the beginning, after 3 and 24 hours, and
the percentage of spontaneous aggregation was
calculated using equation 3 [10]:

(Relation 3) [(Ac-A)/Ag] x 100 = percentage of
its mass

that Ao and A is the absorption at the
beginning and a certain time respectively.
2-3-7-  Determining  resistance to
antibiotics

In order to evaluate the sensitivity of the strains
to antibiotics from the antibiogram test based
on the disc diffusion resistance pattern® Kirby-
Bauer method was used. For this purpose, a

® Disk diffusion

7. Mueller-Hinton agar
8 Gentamicin

. Erythromycin

10 Amoxicillin

1 Tetracycline
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suspension with 0.5 McFarland turbidity was
prepared from the 18-hour -cultivation of
bacterial strains. After inoculation of each of
the strains in the amount of 100 microliters in
Mueller Hinton Agar medium’ (with and
without L-cysteine hydrochloride at the rate of
0.05% (volume/volume)) and placing antibiotic
discs with the help of sterile forceps on the
surface of the culture medium and stabilizing it
(15 minutes at room temperature), the plates at
C° 37 were kept in a greenhouse for 48 hours
under optimal growth conditions of each of the
strains. In this test, 7 types of different
antibiotic discs including (micrograms per
disc): gentamicin® (10), erythromycin® (15),
amoxicillin®  (25), tetracycline®  (10),
Coloramphenical? (30), vancomycin®3 (30) and
penicillin®* (10) was used. Observing a non-
growth halo of more than 6 mm was considered
as a strong antagonistic activity [11].

2-3-8- Determination of beta-

galactosidase activity

First, 40 mg of X-gal (5-bromo-4-chloro-3-
indolyl-beta-di-galactopyranoside) powder was
dissolved in 2 ml of dimethylformamide. Then
60 microliters of this solution and 10
microliters of IPTG solution (iso-propyl-thio-
beta-di-galactosidase) as an inducer on the
surface of MRS solid medium and MRSC
Prepared in advance, played. A colony of the
mentioned bacteria was cultivated linearly and
kept for 2 days at a temperature of 30°C, and
this characteristic was checked through the
color of the colony [10].

2-3-9-Determining the ability to adhere
to human intestinal epithelial cells

HT-29 cell line, a human intestinal epithelial
adenocarcinoma cell that secretes mucus, was
purchased from Khayyam Biomanuvar Cell
Culture Laboratory, Mashhad. These cells in
RPMI 1640 culture medium® Contains 10%
(v/v) fetal bovine serum®® Inactivated by heat
and standard mixture of antibiotics (penicillin,
streptomycin) were grown at 37°C under 5%
carbon dioxide pressure. Growth of HT-29 cells
It continued in cell culture flasks for a week and
its culture medium was changed every other

12 Chloramphenicol

13 Vancomycin

14 Ppenicillin

15 Gibco Roswell Park Memorial Institute medium
16 Fetal bovine serum
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day. The adhesion test was performed in a 6-
well plate with 250,000 cells/ml. After the
formation of a thin layer of cells on the bottom
of the plate, it was washed twice with phosphate
buffered saline solution to remove the
antibiotic, and one milliliter of the bacterial
suspension obtained from the 18-hour culture
of the strains with a concentration equal to half
McFarland's was added to HT-29 cells. It was
added and placed in a greenhouse for two hours
at 37°C and 5% carbon dioxide. Then, in order
to remove unattached cells, washing was done
with phosphate buffer saline solution. HT-29
cells and  attached  bacteria  using
ethylenediamine-tetraacetic acid-trypsin
solution*’ (Sigma-Aldrich) were separated and
after serial dilution in MRS medium and MRSC
Agar was counted. Bacterial adhesion ability
was reported based on the number of attached
bacteria compared to the total number of
primary bacteria [12].

2-4- Statistical analysis

Tests in the form of randomized complete block
design and at least in three repetitions using
one-way analysis of variance and with the help
of SPSS software. (USA, ed. 24) was done.
Means were compared with Duncan's test
method and all data analysis was done at 95%
confidence level.

3. Results and Discussion

3-1- Resistance to bile acid and salt
One of the important criteria in assessing the
potential of probiotic strains is their resistance
to acidic conditions and high concentration of
bile salts [13]. As seen in Table 1, both strains
showed good tolerance at  pH=3.

bacteriaBifidobacterium animalis
subspeciesLactisBB-12 at pH=2 With the
lowest logarithmic decrease in number, the
strain  was resistant; If growth and
survivalLactobacillus plantarumATCC 14917
was strongly reduced at this pH. The resistance
of both bacteria was almost the same after three
hours at pH = 3 and they showed a high survival
rate of 84%. The pH of the human stomach
ranges from 1.5 to 4.5, but in most of the in vitro
studies, pH=3 is used to evaluate probiotic
properties, which is due to the very low survival
of bacteria at pH=2. When probiotic strains are
exposed to the extreme pH of the stomach, they
become buffered by food or other molecular
carriers [14]. On the other hand, this ability to
tolerate acid has been attributed to the synthesis
of various polysaccharide compounds that play
a role in protecting the cell membrane [15].
According to the research of Jangersen et al.
(2014)Bifidobacterium animalis
subspeciesLactisBB-12 has a high survival rate
in acidic pHs and this feature is due to the
activity of the F complexoFi-ATPase has been
attributed to be able to facilitate the release of
hydrogen ions in acidic conditions and help
maintain homeostasis inside the bacterial cell
[16]. Stasiak-Rozanska et al. (2021) in the study
of the viability of commercial probiotic strains
in the pH range of the digestive tract in the food
matrix found that the strainBifidobacterium
animalis subspeciesLactisBB-12 Able to
survive above 80% pH 2 and 3 after the passage
of at least one hour[17], which confirms the
results of the present study; The results of this
study were consistent with other previous
studies [11, 16, 18].

Table 1 Acid and bile salt tolerance of strains

Lactobacillus plantsATCC 14917

Bifidobacterium animalis subsp. MilkBB-

12
Survival (%) Viable count ** Survival (%) Viable count**
6.90 % 0.01 2 7.06 +0.032 Initial count, =

2013 2.01+0.07¢ 93.48 6.60 +0.09° pH=2,t=1n A
89.13 6.15+0.07° 86.40 6.10+0.02°¢ pH=3,t=1h
88.84 6.13+0.01° 84.99 6.00 +0.00¢ pH=3,t=3h

- 8.17 +0.052 - 6.80 +0.01° 0%
99.14 8.10£0.042 92.35 6.28 £0.03° 0.3% Bile salt
92.66 7.57 £0.04° 91.03 6.19+0.02¢ 0.5% tolerance
74.42 6.08 +0.01° 86.32 5.87 +0.04¢ 1%

*The values with different superscript letters in a same column are significantly different (p<0.05).
** The values are mean Log CFU/ml £SD

= Ethylenediaminetetraacetic acid-trypsin
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Bile salts are compounds derived from
cholesterol that are synthesized in the liver and
stored in the gallbladder as conjugated amino
acids, and are secreted into the small intestine
during the digestion process and help to
emulsify and absorb lipids [19]. They are toxic
to living cells in the cell membrane; Therefore,
resistance to bile salts is one of the essential
characteristics of lactic acid bacteria [20]. In
this research, the concentrations of 0.3, 0.5 and
1% were used to check the resistance of the
strains to bile salts. The results showed that
both strains showed high resistance to bile.
According to Table 1, the survival of the
strainsBifidobacterium animalis
subspeciesLactisBB-12 andLactobacillus
plantarumATCC 14917 in the concentration of
0.3%, it was 92.35% and 99.14%, respectively;
Also, the survival for both strains at
concentrations of 0.5% and 1% was higher than
91% and 74%, respectively, which indicates the
viability and activity of these two strains in the
small intestine environment. The results
showed that the strainBifidobacterium animalis
subspeciesLactisBB-12 is more resistant to
changes in the concentration of bile salts, so
that changes in the viability of the
strainsBifidobacterium animalis
subspeciesLactisBB-12 andLactobacillus
plantarumATCC 14917 Between the
concentration range of 0.3% and 1%, it was
6.03% and 24.72%, respectively. Due to their
amphiphilic nature, bile salts destroy bacterial
membranes and also exert oxidative stress on
bacterial DNA. Cholylglycine hydrolase or bile
salt hydrolase and oxalyl oxalate decomposing
enzyme and decarboxylase enzyme A are the
main effective enzymes in salt tolerance[19].
Existence of bile salt hydrolase enzyme gene
and its activity in the strainBifidobacterium
animalis subspeciesLactisBB-12 makes it
possible to quickly respond to high
concentrations of bile salts and facilitate its
passage through the small intestine and enter
the large intestine [16]. Proteomic study
results'® and physiological of bile resistant
strains inBifidobacterium animalis
subspeciesLactis showed that 5 pathways are
involved in this resistance; (1) changes in the
glycolytic pathway and energy production (2)
changes related to nitrogen metabolism in
which the sigmoid factor can be involved (3)
changes in the biosynthesis of fatty acids (4) an

18 Proteomic
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increase in the amount of molecular chaperones
and (5) changes in the redox balance cell[21].
Relatively ~ high  resistance  of  the
strainLactobacillus  plantarumlt is also
probably related to the expression of bile
resistance proteins in bacterial cells [6].

2-3- Determining the resistance in
the simulated conditions of the

digestive system

The passage of probiotics through the digestive
system faces many challenges; The lysozyme
enzyme found in saliva as the first defense
barrier of the body is an antimicrobial protein
that disrupts the cell wall of bacteria with its
hydrolysis activity [22]. Exposure to high
acidity and the presence of pepsin in the
stomach is another obstacle for probiotics to
pass through the digestive system. The daily
secretion of 2.51 liters of gastric juice with a pH
of about 2 and the antimicrobial activity of
pepsin destroys most of the microorganisms
digested with food. The presence of bile salts
and pancreatin in the small intestine is the last
challenge for probiotics to survive on the way
through the digestive system. Therefore, most
of the in vitro studies should pay attention to
these things in order to select the probiotic
strain [9, 23, 24]. According to Table 2, both
strains were resistant to lysozyme (100

mag/liter); After 1 hour survival
percentageLactobacillus plantarumATCC
s 3 V¢4V vBifidobacterium  animalis

subspeciesLactisBB-12 was equal to 98.5 and
97.76 percent, respectively, which are in
accordance with previous studies [11, 23]. The
reason for the resistanceLactic acid bacteria
The lysozyme enzyme has been attributed to the
peptidoglycan structure of the cell wall, the
physiological state of the cell and the
concentration of the enzyme in the environment
[25]. According to Table 2, the study of the
survival of the desired strains in the conditions
of gastric juice with pH = 3 after 3 hours
showed that both strains are able to survive
these conditions with a survival rate of more
than 85%. Comparing the results obtained in
this section with the acid resistance results
showed that  the strainLactobacillus
plantarumATCC 14917 In the acidic
environment with pH = 3, it shows relatively
better survival, which is probably related to the
proteins in MRS broth, which have a protective


http://dx.doi.org/10.22034/FSCT.19.133.91
https://dorl.net/dor/20.1001.1.20088787.1401.19.133.8.3
https://fsct.modares.ac.ir/article-7-64256-en.html

Iranian Journal of Food Sciences and Industries

No. 133, Volume 19, March 2023

effect on Dbacterial While
strainBifidobacterium animalis
subspeciesLactisBB-12 shows relatively better
resistance in the presence of pepsin, which is
probably due to the role of pepsin in
maintaining pH homeostasis and ATPase
activity of the cell membrane [20, 26]. The
survival rate of strains in the intestine
forBifidobacterium animalis
subspeciesLactisBB sYY-Lactobacillus

cells [6].

plantarumATCC 14917 It was equal to 86.94
and 90.83 percent, respectively. In general,
both strains had a higher survival rate in the
intestinal environment than in the stomach
environment and  resistanceLactobacillus
plantarumATCC 14917 It was higher in
simulated stomach-intestinal conditions. The
results obtained in this study were consistent
with previous studies [7, 20, 27-29].

Table 2 Effect of simulated gastric (pepsin (3 mg mlt), NaCl (0.5% (w/v)) and pH=3) and intestinal
(pancreatin (1 mg ml™), NaCl (0.5% (w/v)) and pH=8)fluids on viability of strains.

Lysozyme

Simulated intestinal juice .
resistance

Simulated gastric juice

Viable count

[ Downloaded from fsct.modares.ac.ir on 2024-05-07 ]

[ DOR: 20.1001.1.20088787.1401.19.133.8.3 ]

[ DOI: 10.22034/FSCT.19.133.91 ]

Survival Viable count (log  Survival  Viable count (log  Viable count (log . .
oo 109D crumi). =0h () (CFUmI),t=3h  (CFUImD), t=0h SUMVAIC6) Strain
Bifidobacterium
86.94 4.64+0.03 5.33+0.03 85.10 4.49 +0.02 5.28 +0.02 97.76 animalis subsp.
MilkBB-12
Lactobacillus
90.83 4.72+0.04 5.20 +0.05 88.20 4.63£0.03 5.26 +0.01 98.50 plantsATCC
14917
3-3- Hydrophobicity, self- Lactobacillus splentarumATCC was
) ) 0 . s
aggregation and beta-galactosidase 42.14917.49 %. High hydrophoblcn_y is related
. to bacterial cell surface glycoproteins and low
activity hydrophobicity is related to bacterial cell

Cell surface characteristics measured by self-
aggregation and hydrophobicity tests are
important indicators for evaluating the adhesion
capacity of probiotic cells to intestinal
epithelial cells. Self-aggregation refers to the
accumulation of bacterial cells of the same
strain and is an important feature in biofilm
formation and  strain  protection in
gastrointestinal conditions and colonization in
the intestine [30]. Self-assembly after 3 and 24
hours and hydrophobicity in the presence of n-
hexadecane are shown in Figure 1. Self-
accumulation of both strains after 3 hours was
15.84-18.29% and after 24 hours, 45.89-
45.51% was obtained. Wang et al. (2010) stated
that self-aggregation above 40% is favorable
and strains with self-aggregation less than 10%
have weak self-aggregation. The highest rate of
self-accumulation in this study is in the
strainBifidobacterium animalis
subspeciesLactisBB-12 belonged and grew
over time. Water repellencyBifidobacterium
animalis subspeciesLactisBB-12 59.75%and
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surface polysaccharides. An important point to
note is that the hydrophobicity potential is
different among organisms and strains and
depends on the age and surface chemistry of
bacterial cells along with environmental
components [13]. Both strains produced green
colored colonies after 48 hours, which indicated
the presence of beta-galactosidase enzyme.
Beta-galactosidase hydrolyzes lactose into
galactose and glucose and thus improves
lactose intolerance in affected people. Similar
reports by other researchers confirmed the
results of self-healing, hydrophobicity and -
galactosidase activity [8, 11, 29, 31].
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Lactobacillusplantarom ATCC 14917
Fig 1 The auto-aggregation (after 3 and 24 h),
hydrophobicity and adhesion ability of strains to
HT-29 cell line.

3-4-antibiotic resistance

The normal flora of the intestine is mainly
disturbed by the use of antibiotics, which leads
to the abnormality of the intestine. The use of
antibiotic-resistant strains preserves the natural
intestinal bacterial flora [32]. Being safe is one
of the important features

Bifidobactermmanimalis subsp Lactis BB-12

It is probiotic strains that part of this immunity
is related to not having acquired and
transmissible antibiotic resistance [31]. The
results related to resistance to antibiotics are
given in Table 3. Both strainsBifidobacterium
animalis subspeciesLactisBB 5V Y-
Lactobacillus plantarumATCC 14917 were
resistant to penicillin, vancomycin (inhibitor of

cell wall synthesis) and tetracycline (inhibitor
of protein synthesis) and were sensitive to
erythromycin, chloramphenicol (inhibitor of
protein synthesis) and amoxicillin (inhibitor of
cell wall synthesis).Bifidobacterium animalis
subspeciesLactisBB-12 was also sensitive to
gentamicin (a protein synthesis inhibitor).
Vancomycin is one of the antibiotics prescribed
in the treatment of multidrug-resistant
pathogens, so resistance to this antibiotic is an
important issue. In this study, both strains were
resistant to this antibiotic. [25]. It also seems
that resistance to gentamicin is inherent in
Lactobacillus plantarum strains. In general, the
strainHiLactobacillus to  aminoglycoside
antibiotics (gentamicin,
kanamycin'®Neomycin® and streptomycin?t)
are resistant to beta-lactams (penicillin and
ampicillin).??), antibiotics effective on gram
positives (erythromycin and novobiocin®) and
broad-spectrum antibiotics (chloramphenicol,
erythromycin and rifampin?®) are sensitive. A
review of the sources showed thatLactobacillus
plantarumlt shows variable behavior towards
penicillin and tetracycline antibiotics[33]. The
results of this study were consistent with
previous studies [33-36]. One of the reasons for
resistanceLactic acid bacteria Antibiotics can
be referred to protective mechanisms such as
drug modification or inactivation, target site
modification, metabolic pathway modification,
and drug accumulation reduction [11, 37, 38].

Table 3 Antibiotic susceptibility of strains

Diameter of inhibition zone (mm)

[ DOR: 20.1001.1.20088787.1401.19.133.8.3 ]

Penicillin G~ Vancomyci  Chloramphenico  Tetracycline Amoxicillin Erythromyci Gentamicin Strains
n I n
Bifidobacterium
It It
6.00£0.00%  6.00£0.00% 5967, 1942 1366+082¢ 25500410 222004l 163311942 animalis subsp.
MilkBB-12
Lactobacillus
It
6.00+ 0.00"  6.00+0.00F 29.50 + 0.40° 11.00+0.81¢ 28.17 +1.64°¢ 33'673 124 1117 ,Jf 102 plantsATCC
1491

[ DOI: 10.22034/FSCT.19.133.91 ]

*The values with different superscript letters in a same column are significantly different (p<0.05).
**Gentamycin results based on R <12 mm; I: 13—15 mm; S > 16 mm. Erythromycin results based on R < 13 mm;
1:13-23 mm; S > 23 mm. Tetracycline results based on R< 14 mm; I: 15-18 mm; S > 19 mm. Vancomycin results
based on R < 12 mm; I: 12—-13 mm; S > 13 mm.R: resistant (zone diameter, <12.4 mm); L:intermediate (zone
diameter, 12.5-17.4 mm); S: susceptible (zone diameter, >17.5).

9 Kanamycin 2 Ampicillin

20 Neomycin 23 Novobiocin

2 Streptomycin 2 Rifampin
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5-3- Ability to adhere to human

intestinal epithelial cells

Adherence and temporary colonization of
probiotics in the intestine are important features
for creating health-enhancing effects in the host
[39]. As shown in Figure 1, the percentage of
adhesion to HT-29 cells forLactobacillus
plantarumATCC 14917 andBifidobacterium
animalis subspeciesLactisBB-12 was equal to
12.14 and 8.35 percent, respectively. According
to the study of Zhang et al. (2020), the adhesion
of strainsLactobacillus plantarumThe
maximum was 19%, which was consistent with
the present study [29, 40]. In this study, the
amount of adhesion obtained
forBifidobacterium animalis
subspeciesLactisBB-12 was more than the
amount reported in the study of Arbolia et al.
(2011) [7]. Although hydrophobicity and self-
accumulation are among the evaluation
indicators in the selection of probiotic strains,
they do not necessarily have a direct
relationship with the adhesion of the strains to
the intestinal epithelial cells [39]. Cell adhesion
mechanismLactic acid bacteria It is not yet
clearly defined, but reports indicate that
adhesion is a multifactorial mechanism that
includes hydrophobic, stearic, and electrostatic
interactions and specific structures such as
elongation factor EF-Tu, chaperonin Gro-EL
and includes DnaK chaperone[30].

4 - Conclusion

In this research, the probiotic characteristics of
two commercial strains Bifidobacterium
animalis  subspecies  LactisBB-12 and
Lactobacillus plantarum ATCC 14917 was
investigated in vitro. Both strains were able to
grow and survive in the presence of acid and
bile, and also showed a high survival rate in
simulated conditions of the stomach and
intestine. Both strains had beta-galactosidase
enzyme, showed high self-aggregation and
hydrophobicity and were able to adhere to
intestinal epithelial cells. The results of
evaluating the better performance of the strain
Lactobacillus plantarum ATCC 14917 showed
in similar conditions of the digestive system.

5-Resources

[1] Korona-Glowniak, 1., et al., Microbiological
evaluation of 10 commercial probiotic

99

products available in Poland. Current Issues
in Pharmacy and Medical Sciences, 2019.
32(3): p. 121-124.

[2] Khalesi, S., et al., A review of probiotic
supplementation inhealthy adults: helpful or
hype? European Journal of Clinical Nutrition,
2018. 73(1): p. 24-37.

[3] Jungersen, M., et al., The Science behind the
Probiotic Strain Bifidobacterium animalis
subsp. lactis BB-12®. Microorganisms, 2014.
2(2): p. 92-110.

[4] Letizia, F., et al., In Vitro Assessment of
Bio-Functional Properties from
Lactiplantibacillus plantarum Strains. Current
Issues in Molecular Biology, 2022. 44(5): p.
2321-2334.

[5] Robinson, R.K., Encyclopedia of food
microbiology. 2014: Academic press.

[6] Yu, Z., et al.,, Evaluation of probiotic
properties of Lactobacillus plantarum strains
isolated from Chinese sauerkraut. World
Journal of Microbiology and biotechnology,
2013. 29(3): p. 489-498.

[7] Arboleya, S., et al., Characterization and in
vitro properties of potentially probiotic
Bifidobacterium strains isolated from breast-
milk.  International journal of food
microbiology, 2011. 149(1): p. 28-36.

[8] Yadav, R., A.K. Puniya, and P. Shukla,
Probiotic ~ Properties of Lactobacillus
plantarum RYPR1 from an Indigenous
Fermented Beverage Raabadi. Frontiers in
Microbiology, 2016. 7.

[9] Vinderola, C.G. and J.A. Reinheimer,
Lactic acid starter and probiotic bacteria: a
comparative “in vitro” study of probiotic
characteristics and  biological  barrier
resistance. FoodResearch International, 2003.
36(9-10): p. 895-904.

[10] Angmo, K., A. Kumari, and T.C. Bhalla,
Probiotic characterization of lactic acid
bacteria isolated from fermented foods and
beverage of Ladakh. LWT-food Science and
Technology, 2016. 66: p. 428-435.

[11] Turchi, B., et al., Preliminary evaluation of
probiotic potential of Lactobacillus plantarum
strains isolated from Italian food products.
World Journal of Microbiology and
Biotechnology, 2013. 29(10): p. 1913-1922.

[12] Jiang, M., et al., Evaluation ofprobiotic
properties of Lactobacillus plantarum
WLPLO4 isolated from human breast milk.
Journal of Dairy Science, 2016. 99(3): p.
1736-1746.


http://dx.doi.org/10.22034/FSCT.19.133.91
https://dorl.net/dor/20.1001.1.20088787.1401.19.133.8.3
https://fsct.modares.ac.ir/article-7-64256-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-07 ]

[ DOR: 20.1001.1.20088787.1401.19.133.8.3 ]

[ DOI: 10.22034/FSCT.19.133.91 ]

Nazila Dardmeh et al

Evaluation of probiotic properties of commercial strains...

[13] Zommiti, M., et al., In vitro assessment of
the probiotic properties and bacteriocinogenic
potential of Pediococcus pentosaceus MZF16
isolated from artisanal Tunisian meat “Dried
Ossban”. Frontiers in microbiology, 2018. 9:
p. 2607.

[14] Gangadharan, D., et al., Folate-producing
lactic acid bacteria from cow’s milk with
probiotic characteristics. International Journal
of Dairy Technology, 2010. 63(3): p. 339-
348.

[15] Maragkoudakis, P.A., et al., Probiotic
potential of Lactobacillus strains isolated
from dairy products. International Dairy
Journal, 2006. 16(3): p. 189-199.

[16] Jungersen, M., et al., The Science behind
the Probiotic Strain Bifidobacterium animalis
subsp. lactis BB-12®. Microorganisms, 2014.
2(2): p. 92-110.

[17] Stasiak-Rézanska, L., et al., Effect of
simulated gastrointestinal tract conditions on
survivability of probiotic bacteria present in
commercial  preparations.  International
journal of environmental research and public
health, 2021. 18(3): p. 1108.

[18] Srisesharam, S., et al., Evaluation of
probiotic Lactobacillus plantarum against
foodborne pathogens and its fermentation
potential in improving Lolium multiflorum
silage quality. 3 Biotech, 2018. 8(10): p. 1-9.

[19] Gilad, O., Discovery of proteins involved
in the interaction between prebiotic
carbohydrates and probiotics & Whole
proteome analysis of the probiotic strain
Bifidobacterium animalis subsp. lactis BB-
12. 2012: Enzyme and Protein Chemistry,
Technical University of Denmark.

[20] Guo, Z., et al., In vitro comparison of
probiotic properties of Lactobacillus casei
Zhang, a potential new probiotic, with
selected probiotic strains. LWT-FoodScience
and Technology, 2009. 42(10): p. 1640-1646.

[21] Séanchez, B., et al., Adaptation and
response of Bifidobacterium animalis subsp.
lactis to bile: a proteomic and physiological
approach. Applied and environmental
microbiology, 2007. 73(21): p. 6757-6767.

[22] Orhan, H., et al., Bacteria killer enzyme
attached magnetic nanoparticles. Materials
Science and Engineering: C, 2019. 94: p. 558-
564.

[23] Zago, M., et al., Characterization and
probiotic potential of Lactobacillus plantarum
strains  isolated from cheeses. Food
Microbiology, 2011. 28(5): p. 1033-1040.

100

[24] Huang, Y. and M.C. Adams, In vitro
assessment of the upper gastrointestinal
tolerance of potential probiotic dairy
propionibacteria. International Journal of
Food Microbiology, 2004. 91(3): p. 253-260.

[25] Wu, J.W.F.W., et al., First characterization
of the probiotic potential of lactic acid
bacteria isolated from Costa Rican pineapple
silages. PeerJ, 2021. 9: p. e12437.

[26] Ng, S.Y., et al., Evaluation of probiotic
potential of lactic acid bacteria isolated from
traditional Malaysian fermented Bambangan
(Mangifera pajang). Cyta-Journal of food,
2015. 13(4): p. 563-572.

[27] Ranadheera, C.S., et al., Effect of dairy
probiotic  combinations on in  vitro
gastrointestinal tolerance, intestinal epithelial
cell adhesion and cytokine secretion. Journal
of Functional Foods, 2014. 8: p. 18-25.

[28] Kim, H., et al., Antioxidant and probiotic
properties of Lactobacilli and Bifidobacteria
of human origins. Biotechnology and
Bioprocess Engineering, 2020. 25(3): p. 421-
430.

[29] Joghataei, M., et al., Probiotic potential
comparison of Lactobacillus strains isolated
from Iranian traditional food products and
human feces with standard probiotic strains.
Journal of the Science of Food and
Agriculture, 2019. 99(15): p. 6680-6688.

[30] Shekh, S.L., J.M. Dave, and B.R.M. Vyas,
Characterization of Lactobacillus plantarum
strains for functionality, safety and y-amino
butyric acid production. Lwt, 2016. 74: p.
234-241.

[31] Pinto, M.G.V., et al., Lactobacillus spp.
with invitro probiotic properties from human
faeces and traditional fermented products.
International journal of food microbiology,
2006. 109(3): p. 205-214.

[32] Hummel, A.S., et al, Antibiotic
resistances of starter and probiotic strains of
lactic  acid  bacteria.  Applied and
environmental microbiology, 2007. 73(3): p.
730-739.

[33] Karasu, N., O. Simsek, and A.H. Con,
Technological and probiotic characteristics of
Lactobacillus plantarum strains isolated from
traditionally produced fermented vegetables.
Annals of microbiology, 2010. 60(2): p. 227-
234.

[34] Gueimonde, M., et al., Antibiotic
resistance in probiotic bacteria. Frontiers in
microbiology, 2013. 4: p. 202.


http://dx.doi.org/10.22034/FSCT.19.133.91
https://dorl.net/dor/20.1001.1.20088787.1401.19.133.8.3
https://fsct.modares.ac.ir/article-7-64256-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-07 ]

[ DOR: 20.1001.1.20088787.1401.19.133.8.3 ]

[ DOI: 10.22034/FSCT.19.133.91 ]

Iranian Journal of Food Sciences and Industries

No. 133, Volume 19, March 2023

[35] Zhou, J., et al., Antibiotic susceptibility
profiles of new probiotic Lactobacillus and
Bifidobacterium strains. International journal
of food microbiology, 2005. 98(2): p. 211-
217.

[36] Imperial, I.C. and J.A. Ibana, Addressing
the antibiotic resistance problem with
probiotics: reducing the risk of its double-
edged sword effect.  Frontiers in
microbiology, 2016. 7: p. 1983.

[37] Klimko, A.L., et al., In vitro evaluation of
probiotic potential of selected lactic acid
bacteria strains. Probiotics and antimicrobial
proteins, 2020. 12(3): p. 1139-1148.

[38] Nami, Y., et al., Probiotic properties of
Enterococcus isolated from artisanal dairy

101

products. Frontiers in Microbiology, 2019.
10: p. 300.

[39] Gharbi, Y., et al., In-vitro characterization
of potentially probiotic Lactobacillus strains
isolated from human microbiota: interaction
with pathogenic bacteria and the enteric cell
line HT29. Annals of Microbiology, 2019.
69(1): p. 61-72.

[40] Zhang, X., et al., Probiotic characteristics
of Lactobacillus strains isolated from cheese
and their antibacterial properties against
gastrointestinal tract pathogens.Saudi Journal
of Biological Sciences, 2020. 27(12): p. 3505-
3513.


http://dx.doi.org/10.22034/FSCT.19.133.91
https://dorl.net/dor/20.1001.1.20088787.1401.19.133.8.3
https://fsct.modares.ac.ir/article-7-64256-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-07 ]

[ DOR: 20.1001.1.20088787.1401.19.133.8.3 ]

[ DOI: 10.22034/FSCT.19.133.91 ]

VE0) il 08 ey OTY sled Ol 4l mlio 5 psle aleee

ol 2l S8 @lo g pols alxo

www.fsct.modares.ac.ir :alow s le

ot remanesh®

w"&jjg’_wl& Jlae

rellonils g S bgdeds 5 p ) i shesb 535 (5o Sy 3 (SS9 1 S S 29 230

F0sp Ll b 5 et YE S 55

P s e e o pie 0 o T odinn Uae e Tt 5k 5 gas a3 53 50
Ol e dgte o pd 3 o8l (63, 5LES 0 dSCals (e mlio 5 pske 65 S (6 S5 (g pmtils)
Ol (g cdgdon w3 3 ol (g5, 5LES Uil oldE mlho s pske 0y S LY
8 g gl i g (55,558 sl olRSls ¢ J 5T p5ke 05 S Leisls Y
Ol g g s b o801 p sl oaSLiils (ulidn 5 05 8 osliul 8
Olgiol o8l (s slags sk 5 ool eaSCiils (S0 ge 5 sk lidionnsos S paass (555 -0

oS>

Y

Jlas Sl

SSE (B Ol 4 Drae Sype 3 oS ks gleki Sl Sn S g 5
S G g 93 (S gmgp Olosas ol Jagh 53 Cudls Al g Ol Cadle p (503 e
Lyl 55 ATCC 14917 o ) oS sl 25Y s BB-12 SV 6 8 105 pulonile sy 5 s
o sl ol 53 (2 Cunglie 4 5 53 2 48 313 OLES s .08 5 )1 oy 2 2090 (S0
Slosgmedas o ks (Gluand Ll p5 55 w93 p Glooki Oy JS,sbay adls w55 o
oy 33bucr @2l 1y 18 o 3 g g3 ol Seks Ol &S 3 TAO 31 VY
(IAI¥O) (8 hmim i 7aS cyizmans 5 (JON/EY) i gils g5 5 (J0A/VO) (535 ST Oljme o YL
055 BB-12 oSV & 8 55 elloiloy Sl pddy 4 b gr o OLS) (5039, HT-29 J sk 03, &
et g g e 4 S g ST 4 o g s (55155 YE by SIS (l,ls 4 g 55
fajjb'bl;.w_,l"mlg_,:f)/sts s 8 asia ol agh 5 sl 0L Cwglie HdSGlul s
S5 529, Do g BB-12 VG S 15 Lol s ;5L gubedey 44 <o 14917 ATCC

Syl 2

Pllis sla gyl

VEN /AU il s gl

ERAVARVAL SACYR g

1S wlds

(S S S
L14917ATCCIUJL5>@..«,4M4):53/
BB- SN &8 5 bl 55 sobidey
A2

L)")\Jf o&.@:

10.22034/FSCT.19.133.91
DOR: 20.1001.1.20088787.1401.19.133.8.3

TCH It O
Yavarmanesh@um.ac.ir

102


http://www.fsct.modares.ac.ir/
http://dx.doi.org/10.22034/FSCT.19.133.91
https://dorl.net/dor/20.1001.1.20088787.1401.19.133.8.3
https://fsct.modares.ac.ir/article-7-64256-en.html
http://www.tcpdf.org

