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Abstract

Bifidobacterium is anerobic bacterium which is popular in human and animal intestine.
B. infantis was successfully isolated from a new-born child’s fecal sample previously. In this
study, the probiotic characteristics of this strain such as: extracellular enzyme production
ability; antibiotic activity against food-born pathogen like E. coli, S. aureus; organic acid
production and bile-salt sufferance were evaluated. The results showed that the isolated can
produce amylase and protease enzyme, do not produce cellulase enzyme; the organic acids
also were produced during development of bacterium. The bacterium can against E. coli and
S. aureus and can grow in the media containing up to 1% of bile salt. Results of this study
are the basis for further studies to apply these bacteria as a source of probiotic beneficial to
human health in Vietnam.

Keywords: Bifidobacterium infantis, probiotic, E. coli, exoenzymes, antibiotic
activity.

1. INTRODUCTION

Understanding the importance of healthy living, scientists always find methods and
create healthy products to ensure that. Therefore, the introduction of probiotics to the human
life has been done in which probiotic was described as “a live microbial supplement that
beneficially affects the host by improving the balance of gut bacteria” [1]. Since their
discovery, Bifidobacteria are a group of bacteria present predominantly in the infant gut as
demonstrated by Turroni et al. in 2012 through the method of sequencing the genes of the
bacterial source taken from the stool samples of infants [6]. Bifidobacterium are mentioned
in many reports that they bring many benefits such as: against experimental periodontitis
(EP) in rats [5], rapid release of acute diarrhea episodes in German shepherd dogs and
Larador hybrid dogs [3], or even decrease in the symptoms of periodontitis in humans [2].
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Bifidobacterium has been discovered with characteristics that meet the criteria for becoming
a probiotic such as: tolerance to bile salts, ability to adhere to gastric mucosa, competition
with harmful bacteria, participate in immune regulation [4]. In this report, the evaluation for
probiotic characterization of Bifidobacterium infantis which isolated in Vietnam was
performed. The isolated strain can produce extracellular amylase and protease as well as
organic acid during development of bacterium. The bacterium can against E. coli and suffer
from bile salt at 0.5% concentration.

2. MATERIALS AND METHODS
2.1. Materials

Bacterial strain: Bifidobacterium infantis (B. infantis) strain PSHN-T2 was isolated
in laboratory of DNA Identification Center, Institute of Biotechnology (IBT), Vietnam

Academy of Science and Technology (VAST) from a stool sample of an infant (7 days)
which was born in Hanoi Obstetrics and Gynecology Hospital [20]; Other bacterial strains
which used as intestinal pathogenic bacteria such as Escherichia coli (E. coli) strain TBDV-
El, Staphylococcus aureus (S. aureus) strain TBDV-S5 and control experiment strain such
as Bifidobacterium longum (B. longum) strain SCJP-Mei2 were obtained from IBT’s
bacterial collection.

Chemicals used in experiment were obtained from Sigma-Aldrich, Merck (Germany)
or from Vietnam and China; Oxoid gas box and gas-pak was obtained from Mitsubishi Gas
Chemical company, Japan

Culture medium: MRSc medium (Man, Rogosa and Sharpe) included: Glucose 20 g/L,
Peptone 10 g/L, Meat extract 10 g/L, Yeast extract 5 g/L, K-HPO4 2 g/L, CH;COONa.3H,O
5 g/L, (NH4)3CsHs507 2 g/L, MgS04.7H20 0,2 g/L, MnSO4.5H20 0,05 g/L, Tween 80 1,08
g/L, L-cysteine 0,5 g/L, Agar 12 g/L, pH 6,5; LB (Luria Bertani broth) medium: Peptone 10
g/L, Yeast extract 5 g/L, NaCl 10 g/L, Agar 10 g/L.

2.2. Methods

2.2.1. Agar Diffusion test

The evaluation of ability to produce extracellular enzymes of bacterial strain had been
done by agar diffusion method. B. infantis and control B. longum strains were cultured in
aqueous MRSc medium at 37°C for 24 h in Oxoid gas box under anerobic condition. After
overnight culture, the culture was collected by centrifuge at 10,000 rpm for 10 min and
transfer the supernatant into the new tubes.

For the agar diffusion test, the following medium was used: 1% carboxymethyl
cellulose (CMC); or 1% skim milk; or 1% starch in 2% agar plate. 0.2 mL of cultured
mediums were added into agar holes (8§ mm diameter) and the plates were incubated for 24
h at room temperature. Triplicate sets of plates were prepared for each culture medium. After
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incubation, the plates were overlayered with lugol’s solution for starch plate, Congo red
solution for CMC plate, and for the skim milk plate, observed directly without staining
solution. The radius of the degradation zones was measured [7-8]. Results were calculated
by subtracting of total diameter of clear zone from hole diameter with 3 times average.

2.2.2. Organic Acids production test
Organic Acid quantification based on titration method with NaOH [21]. Two

bacterial strains were initiated culture for 24 h in MRSc medium in an Oxoid gas box under
anerobic condition at 37°C. 10% starter culture was inoculated into new MRSc aqueous
medium and incubated further for 24 h at above condition. The culture was centrifuged at
12,000 rpm for 10 min to remove biomass. 10 mL of supernatant of each bacterial strain
were added into 20 mL of autoclaved distilled water, added 1 - 2 drops of phenolphthalein.
Titrate with 0.1 N NaOH until a faint pink color appears, persist for 30s, then stop. Record
the volume of NaOH (mL) used in this titration. Negative control is medium without culture
of bacteria. Result was performed in triplicate. Acidity is calculated according to the
formula:
Acid content (mg/mL) = VNaoOH consumed *10 *0.009

2.2.3. Resistance to intestinal food-borne pathogens

Bifidobacterium strains were grown in aqueous MRSc medium in an Oxoid gas box
under anerobic condition at 37°C for two days. The culture solution was centrifuged for
10,000 rpm at 10 min to remove the biomass. The agar diffusion test was applied in this
experiment to check the resistance of Bifidobacterium against intestinal food-born E. coli
and S. aureus.

E. coli and S. aureus bacterial strains were grown in LB medium at 37°C for 24h in
shaking incubator. The bacterial strains were spread evenly on LB agar plates and allowed
to completely dry. Holes with 8 mm in diameter were punch in the above prepared LB plates
of E. coli and S. aureus. 0.2 mL of cultured medium of Bifidobacterium after removed cell
biomass were added into each agar holes. Incubated the plates at 37°C for 24 hours. The
results were recorded by observe the sterile ring surround the agar hole, measure the sterile
ring [7-8]. The experiment had been done in triplicated.

2.2.4. Tolerance to bile salts

MRSc agar was divided each 20 mL/tube into falcon tubes and allowed to cool down
before added bile salts (stock solution at 50%). The final bile salt concentration reached 0.1,
0.3, and 0.5%, mixed well. Added 10 uL of Bifidobacterium (ODsoonm about 1.8) mixed well
and poured quickly onto a sterile plate to avoid bacteria from prolonged exposure to the air.
Incubate the plate in an Oxoid gas box under anerobic condition at 37°C for 24h ~ 48h,
observe and evaluate the growth rate [22].
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3. RESULTS AND DISCUSSIONS
3.1. Extracellular enzymes production ability

Agar Diffusion Test is an easy and simple method to perform for determination of the
ability to produce extracellular enzymes of isolated B. infantis bacteria. The cultured
medium of B. infantis should contain the enzymes if the bacteria would produce those
enzymes as extracellular enzymes. In these experiments, protease, cellulase and amylase
enzymes were proposed to present in the culture medium and tested. The efficiency of
resolving 3 types of substrates (Skim milk for protease, CMC for cellulase, and Starch for
amylase) of bacterial strains was evaluated through the clear zone around the agar hole

supplemented with bacterial cultured medium. The results are in Figure 1.

Figure 1. The clear zone of Bifidobacterium strains with agar diffusion test
Skim milk plate (1), CMC plate (2), Starch plate (3). B. infantis (T2) va B. longum (Mei
2), control is autoclaved distilled water (H20)

According to Figure 1, B. infantis (T2) strain was capable of breaking down skim milk
with a clear zone of 8§ mm in radius, unable to degrade CMC, and digesting starch with a
clear zone of 2 mm in radius. Similarly, the Bifidobacterium used as control, B. longum (Mei
2) was able to degrade skim milk which produced a clear zone of 3 mm in radius, 2 mm in
radius with starch, and was unable to degrade CMC (Table 1). From these results, the ability
to produce extracellular protease and amylase were presented in both Bifidobacterium strains
but extracellular cellulase production were not found. Bifidobacterium lived dominantly in
human gut. In many reports, Bifidobacterium play a role in breaking down the larger
molecule to smaller for their energy as well as easy absorb by human gut. The enzyme
producing by B. infantis hydrolyzed the active glycolipid directly to lactosylceramide [11].
In Motomitsu report, B. bifidum posed extracellular enzyme to liberate lacto-N-biose from
human milk oligosaccharide (HMO); B. longum subsp. infantis imports intact HMO to be
hydrolyzed by intracellular enzyme [12]. B. infantis also contributed in degradation of red
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seaweed agarose by the action of two agarolytic [3-galactosidases and produced
neoagarobiose [13]. Thus, further experiment may need to determine the composition of
extracellular enzymes which secreted by B. infantis and B. longum in our experiment.

3.2. Organic acids production ability

Titration results using NaOH showed that the two bacterial strains were able to
produce organic acid with amount of 1,018 g/L in medium by Bifidobacterium infantis and
0.775 g/L in medium by Bifidobacterium longum, respectively (Table 1).

Table 1. Substrate degradation results of two strains of Bifidobacterium

(" radius of clear zone in mm)

Substrates*
Skim Acid concentration
No. Bacterial strain cMC Starch
milk (/L)
(mm) (mm)
(mm)
1 B. infantis 8 0 2 1.018
2 B. longum 3 0 2 0.775

The ability to produce short chain fatty acids (SCFA) was presented in gut bacteria
[14] including formate, acetate, propionate and butyrate. SCFA play important roles in gut
such as: integrity of gut, glucose homeostasis, lipid metabolism, appetite regulation and
immune function [14]. The butyrate displays a key role in gut health. Bifidobacteria are
acetate-producing microorganisms and also affect to butyrate production even they are not
directly producing butyrate [15]. The organic acid produced by two strains of
Bifidobacterium in our experiment could be acetate compound.
3.3. Resistance to intestinal pathogen bacteria

Test bacterium chosen in this experiment were a gram-negative bacteria strain E. coli
and a gram-positive bacteria strain S. aureus. The experiment had been performed by
exposing the test bacterium to the culture broth that has been centrifuged to remove the
biomass of Bifidobacterium strains using the agar diffusion method. Resistance to the test
microorganism was shown to vary among bacterial strains. B. infantis can inhibit both tested
bacteria E. coli and S. aureus with a radius of inhibition zone of approximately 3 mm. On
the other hand, B. longum was not resistant to the gram-negative bacteria E. coli but inhibit
the gram-positive bacteria S. aureus from growth with a radius of clear zone approximately
2.5 mm (Figure 2, Table 2). Interestingly, our result was opposite to Fanglei et al report in
which they showed that their B. longum can inhibit the growth of S. aureus but not inhibit
the growth of E. coli [16]. This can be explained by their strains of bacteria may be different
from our strains [19]. Different strain of B. infantis may have different strength of
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antimicrobial activity against E. coli and other antagonistic strains [19]. According to
Meiqian et al, B. infantis protected against intestinal inflammation and tissue damage in
newborn mice in vivo when exposed to Cronobacter sakazakii. And they suggested that
factors released from B. infantis bring that protective effect [17]. This factor may be a5 - 10
kDa molecule that is heat and acid stable and resistance to DNAse, RNAse, and protease
was found in the culture medium of these organisms which already reduced the inflammatory
response in a primary human fetal enterocyte cell line [ 16, 18]. Isolation and characterization
of this molecule is necessary to develop a new antibiotic from biological source.

Figure 2. Inhibition ability of Bifidobacterium to gram negative bacteria E. coli (4) and
gram positive bacteria S.aureus (5). Bifidobacterium infantis (T2), Bifidobacterium
longum (Mei 2), control is autoclaved distilled water (H20)

3.4. Tolerance to bile salts

From Figure 3, the bacterium could survive and colonies appeared in all concentrations
from 0 to 1% of bile salt. This means that B. infantis could tolerate at high concentrations of
bile salts up to 1%. While in case of B. longum strain, the bacteria could survive and colonies
appeared in only 0.1% of bile salt concentration. The higher concentration of bile salts from
0.3 to 0.7% which tested in this experiment did not appear any colony (Figure 4). The
summary of result was showed in Table 2 also. In this experiment, our B. infantis strain could
be tolerant to bile salt better than B. longum strain.
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Table 2. Summary result of resistant of Bifidobacterium to intestinal pathogen bacteria

and the ability of bile salt tolerant of Bifidobacterium

Resistant to food-
Bacterial born pathogen Bile salts (*)
No. strain (‘'mm)
E.coli S.aureus 01% 03% 05% 0.7% 1%
1 B. infantis 3 3 -+ -+ -+ nd ++
2 B. longum 0 2.5 + - - - nd

#

Note: "Radius of clear zone; * minus indicated that no tolerant to bile salt, number of plus

indicated the intensity of tolerant to bile salt; nd: not determine

0% of bile salt.

1% of bile salt

Figure 3. Ability to tolerant to bile salt of Bifidobacterium infantis (T2)

The B. infantis showed stronger ability to resistance to bile salt than B. longum in this
experiment as well as in comparison with other experiment. Similarly, Andrea et al. found
only 10 of 40 strains of Bifidobacterium were resistant to 0.5% bile salt [9]. In Andrea
experiment, there were no any strain of B. longum survive in 0.5% of bile salt. His result is
suitable with our result in which B. longum strain can survive with only 0.1% of bile salt.
However, B. longum can survive to 0.3% bile salt in experiment of Kim and Lee [10]. But it
was not clear in our result at this concentration. In the case of B. infantis, Andrea’s results
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showed 2 among 4 strain of B. infantis were resistance to 0.5% of bile salt. Therefore, our
isolated strain is stronger which still can survive in 1% of bile salt.

\ l‘
. .5% of bile sal/ . 7% of bile sal;/

Figure 4. Ability to tolerant to bile salt of Bifidobacterium longum (Mei 2)

4. CONCLUSION

With the high potential of using Bifidobacterium as probiotic and many benefits to
human health, culture of the bacteria should be developed in Vietnam. Even the strictly
anerobic characteristics of these strains may make difficulty for the high scale culture, it is
necessary to study further for the application of using Bifidobacterium as probiotic. We first
showed the isolation of B. infantis in Vietnam [20] and in this report, some of probiotic
characterization of the strain were presented and showed to be good for further application.
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Bac tinh probiotic cua Bifidobacterium infantis phan 1ap tai Viét nam

Bach Thi Nhw Quynh?2, Ninh Thj Tuyét Lan', Nguyén Thi Minh Huyén",
P46 Thi Mén®, Pham Thi Lé*, Mai Thi Pam Linh?

Vién Cong nghé sinh hoc, Vién Han lam Khoa hoc va

Cong nghé Viét Nam, Ha Noi, Viét Nam

’Pai hoc Y Duoc Hai Phong, Hdi Phong, Viét Nam

3Dai hoc Khoa hoc Tu nhién, Pai hoc Qu(fc gia Ha Noi, Ha Noi, Viet Nam

Tom tit

Bifidobacterium 13 vi khuan ky khi thuong thdy trong rudt nguoi va dong vat. B.
infantis dugc phan lap tir mau phan ctia mot tré so sinh tai Ha Noi. Trong nghién ctru nay,
cac dac tinh probiotic cua chung B. infantis da phan 1ap nhu: kha nang tao cac enzyme ngoai
bao; cac hoat tinh khang khuan chdng lai cac vi khuan gay ngd doc thuc pham nhu E. coli,
S. aureus; kha nang sinh acid hiru co va chiu mudi mat duoc danh gia. Két qua cho théy
chung vi khuan di phan 1ap c6 thé tao enzyme amylase va protease, khong tao enzyme
cellulase; acid hitu co cling duoc tao ra trong qué trinh sinh trudng ctia vi khuan. Vi khuan
da phan 1ap c6 thé khang lai E. coli va S. aureus va phat trién trong moi truong chira téi 1%
mudi mat. Két qua nghién ctru ndy 1a co so cho cac nghién ctru tiép theo nham tng dung vi
khuan nay nhu mot ngudn probiotic c6 ich cho sirc khoe con ngudi tai Viét Nam.,

Twr khoa: Bifidobacterium infantis, probiotic, E. coli, exoenzymes, ddac tinh probiotic.
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