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SUMMARY

A number of health benefits have been proved for probiotic bacteria by many studies and probiotics are

increasingly incorporated into foods. However, these market preparations have shown low viability of
probiotics in human digestion. Therefore, providing viable probiotic cells to the colon and maintaining their
metabolic activity against severe conditions of human digestion are increasingly interested by many recent
scientific researches. In this trend, our research showed that by creating a physical barrier, the presence of
Saccharomyces cerevisiae (SC) in Lactobacillus acidophilus (LA) suspension can effectively protect probiotic
cells from stresses of digestion. After 150 minutes in simulated gastric juice, the survival of LA is significant
improved (p<0.05) by forming cell-cell contact with SC cells. The LA-only cells show that most cells die with
viability of 0% due to low pH medium, compared with 11.025 = 1.127% of LA+SC mixture. Besides, we
found that the cell concentration ratio at 1:10 between SC and LA cells performs highest protective effects on
the probiotic in the acidic environment with 10.122 + 1.348% LA viability. This concentration ratio is the
critical value because when the SC concentration is increasingly higher (SC+LA concentration ratios higher
than 1+10), LA viability shows no significantly different increase. We also found that yeast cells with oxidized
carbohydrates on cell’s surface have many adverse impacts on co-aggregation (4.003 + 0.115% after 240-
minute treatment) while non-viable yeast cells with damaged and denatured protein on cell’s surface still
maintains a high percentage of co-aggregation with LA (26.050 £ 0.259% after 240-minute treatment).
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INTRODUCTION

Probiotics are living microorganisms which once
consumed with adequate intake through digestion
will bring positive effects on the host’s activity of
intestinal microflora and improve its health. Several
studies claimed that probiotics contribute to decrease
of serum cholesterol and blood pressure, prevention
of vaginitis, decreased incidence and duration of
diarrhea etc. (Klaenhammer et al, 1999; Lee et al.,
2008). Probiotics, most of which belong to lactic
acid bacteria (LAB) and bifidobacteria, proved to
have most positive effects on maintaining the
intestinal ecosystem (Picot et al., 2004).

Several studies employing various techniques
such as encapsulation, probiotic training for low pH
environment resistant strains, nutrient
supplementation, etc. have been conducted and

shown positive results at varied degrees in terms of
enhancing probiotic viability (Michida et al., 2006;
Ozer et al., 2005; Picot et al., 2004; Sultana et al.,
2000). More recently, another technique called co-
aggregation is considered an innovative in this field.
Co-aggregation is defined as a process in which
genetically-distinct microorganisms adhere to others’
surface via specific molecules or some links,
forming complex multispecies biofilms. Aggregation
can occur among microbial cells of the same species
(auto-aggregation) or different ones (co-aggregation)
and this combination has been reported to improve
probiotic strength in extreme condition (Collado et
al.,2007).

Based on the co-aggregation mentioned above, a
number of studies have discussed the roles of some
kinds of yeast in maintaining probiotic viability in
milk culture in several months (Graham et al., 1943).
Torulopsis sp., a type of yeast as Soulides (1955)
pointed out the increase of S. thermophilus and L.
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bulgaricus survival in milk culture in proximately 5-
8 months. Also, an American patent (Hsia, 2001)
described a method for maintaining probiotic
viability in nutrient supplement by adding non-viable
yeast cells and protein. As this patent claimed, non-
viable yeast cells functioned as yeast extract which
supplies nutrition like vitamins to probiotic bacteria.
Ningning et al. (2011) also reported that the presence
of yeast cells Saccharomyces cerevisiae isolated
from kefir could improve the survival of L.
paracasei H9 via forming co-aggregation. However,
those studies were preliminary steps and still unable
to determine which bio-chemical characteristics of
yeast cells contributed to enhancing probiotic
viability. In this regard, the current study is to further
address this issue through additional experiments.

MATERIALS AND METHODS

Microorganisms, cultivation conditions, and
enumeration

Lactobacillus acidophilus

ATCC 43121 (LA) was used in this study.
Freeze-dried cells were rehydrated in 5 mL MRS
broth and then incubated in conditions appropriate
for their growth (37°C in 18 h). After that, cultures
were moved into liquid MRS broth and grown in the
same condition above until reaching the
concentration of 10" CFU mL™. Collection process
was conducted at 5000rpm centrifugation for 5
minutes at low temperature (4°C). Cells collected
from MRS broth were washed twice with a solution
of sodium chloride 0.9%. The washed cells then
were selected for later experiments. The
concentration of living cells was determined by pour
plate method in MRS agar. Plates were also
incubated in the same conditions mentioned above
(Chéavarri et al., 2010).

Saccharomyces cereviciae

BY 4741 (SC) were also rehydrated in 5 mL of
YM broth and adjusted to pH 5.0 with 1 M HCL
Then, the inoculated broths were move to liquid YM
broth at 30°C for 24 hours to collect stationary phase
with cell concentration of 10 CFU mL™ (Lim et al.,
2015). Cells collected from YM broth were washed
twice with a solution of sodium chloride 0.9%. The
washed cells then were selected for later experiments
and cells concentration was determined by pour
plating in YM agar. Plates were also incubated in the
same conditions mentioned above.
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In this study, in order to evaluate the enhancing
effects of probiotics in co-aggregation with yeast,
natamycin (Natamax, Danisco) was used at final
concentration of 50ppm to inactivate yeast growth
when pouring plating at 37°C in 48 h (Liu et al.,
2009).

The data is reported in the current study are the
average values of triplicate determinations (plating)
from separate experiments.

SC and LAB treatment

SC and LA cells were treated according to the
method in Golowczyc et al, (2009). To denature
protein molecules on surface of SC cells, SC
suspensions were sterile in autoclave in 121°C in 30
minutes to make all cells die completely (non-viable
SC (NSC)). To oxidize carbohydrates on surface of
SC cells, after washed with a solution of sodium
chloride 0.9%, SC cells were dissolved in sodium
periodate 0.05M and incubated in 30 minutes to form
oxidized SC cells (OSC). Initial SC cells without any
treatment were called viable SC cells (VSC).

Preparation of simulated gastrointestinal juices (SGJ)

SGJ were used as environment stressing factor
on the survival of LA in this study. SGJ was
prepared by following method that previously used
in Michida et al. (2006). Suspending pepsin (P7000,
1:10.000) was dissolved into a solution of sodium
chloride (NaCl 0.5% w/v) so that its concentration
reached 3g L. Using concentrated HCI or NaOH 0.1
mol L™ to make a solution having a desirable pH.

Effect of SC concentration on probiotic’s viability

LA concentration was initially fixed at 6.5 x 10°
CFU mL™. SC concentration was based on this LA
concentration and prepared with varied ratios. Two
suspensions (20 mL each) were combined to form 40
mL cell mixture which was then incubated at 37°C
for 20 minutes. The control sample was prepared
with only 20mL LA suspension at 6.5 x 10° CFU
mL" added with 20 mL of sodium chloride 0.9%.
Afterwards, SGJ pH 2.0 previously prepared was
used to cause stress on the mixed culture in 150
minutes. After 150-minute treatment, pour plate
method was conducted to identify LA viability. The
optimal SC and LA ratio found in this examination
was used for later ones.
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Effect of varied pH values on enhancement effect
of SC on LA viability

The optimal SC and LA ratio mentioned above
was chosen to conduct this experiment. 20 mL of
each suspension at this ratio was combined to form
40 mL cell mixture and then incubated at 37°C for
20 minutes. The control sample was prepared as
mentioned above. Afterwards, SGJ with varied pH
values: 5.8, 3.5, 3.0, 2.5, 2,0 was used to cause stress
on the mixed culture in 150 minutes. Samples were
taken each 30 minutes for pour plate method to
identify LA viability.

Effect of SC viability on survival of LA

VSC and NSC were prepared as mentioned
above. 20 mL of each was combined with 20 mL LA
suspension according to the optimal ratio above.

ApatAsc

A% = (

Where Ap4 and Agc represent optical density of
separate LA and SC suspensions at 600nm. Ay is
the absorbance of the mixed LA and SC suspension.
Ara, Asc and A were calculated according to the
following equation:

A%=1— ;‘_fxwo

Where A, is the optical density of microbial
suspension at test time and A; is optical density of
the initial suspension.

RESULTS AND DISCUSSION

Effect of SC concentration on probiotic’s viability

As indicated in Fig. 1, SC concentration
significantly improves LA viability. Control sample
(no added SC) and SC+LA concentration at 1+50
shows nearly no presence of viable LA cells after
150-minute treatment in SGJ pH 2. From 1+40 to
1+30 SC+LA ratios, SC presence has higher effect
on LA viability at respectively 0.298 = 0.109% and
2.084 = 0.511% LA viability. SC+LA concentration
at 1+20 shows a significant improvement on LA
protection, at 7.055 = 0,740% LA viability.
However, when the SC concentration is increasingly
higher (SC+LA concentration ratios higher than
1+10), LA viability shows no significantly different

After that, the prepared SGJ pH 2.0 was used to
cause stress on the mixed culture in 150 minutes.
Samples were taken each 30 minutes for pour plate
method to identify LA viability.

Effect of cell component on the co-aggregation
between SC and LA

Co-aggregation assays were conducted in
accordance with Bao et al (2010) with some
modifications. 20 mL of each suspension which
followed the optimal SC+LA ratio was combined to
form 40 mL cell mixture which was then incubated
at 37°C from 0 to 240 minutes in SGJ pH 7.2. Then,
spectrophotometer (UNICO 2150
Spectrophotometer, China) was used to determine
optical density of each and mixed suspensions. Co-
aggregation between SC and LA was calculated
according to the following equation:

ApatAsc

——— Amix)/(—5—)%100

increase from 10.122 = 1.348% to 11.201 = 1.243%
(P>0.05).

Hence, this suggests that each certain LA
concentration requires a critical SC concentration
which once is surpassed, LA viability shows no
significantly  different improvement. @SC<LA
concentration at 1:10 which proves the most
effective ratio for viability enhancing effect of SC
was chosen as the optimal ratio for later experiments.

So far, there have been different reports on
finding a suitable concentration ratio between yeast
and LAB, greatly depending on varying
microorganisms examined and also shown dissimilar
results. For instance, Phebe ef al. (2015) demonstrated
that in Mcllvaine’s buffer solution pH = 2, 1+1 ratio
of L. rhamnosus HNOO1 to viable SC concentration is
needed to effectively protect LAB in acidic
environment. In their studies, the initial L. rhamnosus
8.45 + 0.07 Log CFU mL™" fell to 7.28 = 0,31 Log
CFU mL", equivalent to 6.76% viability. Meanwhile,
Ningning et al., (2011) reported that they only needed
5 Log CFU mL" SC cells for 8 Log CFU mL"
L.paracasei, equivalent to 1+1000 of SC and
L.paracasei. However, after 60-minute treatment,
L.paracasei viability remained only 5.98 Log CFU
mL™" in comparison to 8 Log CFU mL" of initial
concentration, equivalent to 1% protective effect. All
the differences above prove that each species of
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probiotic when in contact with the same SC yeast
needs certain amount of SC cells which can be
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explained by the different in structure’s cell surface
and dimension between varied probiotic strains.
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Figure 1. Effect of different SC concentrations on viability of LA. Cell counts are the mean of three experiments (n=3), with
error bars representing the standard deviation of the mean. “C” sample means control (No added SC).
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Figure 2. Survival of LA-only (A) and LA in combination with SC (LA+SC) (B). Cell counts are the mean of three experiments
(n=3), with error bars representing the standard deviation of the mean.

Effect of varied pH values on enhancement effect
of SC on LA viability

1+10 ratio of SC+LA concentration was chosen
to conduct this experiment. Most of the current
probiotic preparations are taken in via digestion.
With 2 liters of gastric juice daily released and very
low pH, humans’ stomach forms a barrier that kills
most probiotics. Fig.2A shows that SGJ pH 2 and pH
2.5 eliminates most LA cells (in LA-only sample)
and so does SGJ pH 3.0 and pH 3.5 though less
seriously. As for controlled pH, cell viability tends to
increase due to substrate-rich medium and
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appropriate-for-growing pH (pH=5.8), consequently
cell survival significantly rose after 150 minutes.
According to Fig. 2, the LA-only increases to 20.7%
compared with 14.09% of LA cells in (LA+SC) at
this control pH value. The LA-only cells have more
interaction with substrates while LA cells in
(SC+LA) have less because of lower nutrition
competition of the LA-only sample.

In SGJ pH 2, the LA-only cells with initial
viability of 100%, after 30 and 60 minutes of
treatment, has lower survival of 38.322 + 1.745%
and 20.408 + 1.483% respectively. With 90-minute
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treatment, this figure plummeted at only 3.968 =+
0.196%. This result is quite congruent with those
presented by Ashraf et al. (2009) as they asserted
that SGJ pH 2 is screening value for probiotic
characteristic of Lactobacillus since on this
condition, L. acidophilus, L. delbrucekii, L.
rhamnosus show a sharp decrease in cell viability
from 90 minutes.

Survival of the LA-only cells in pH 2.5 after 150
minutes declines at 2.721 + 0.589%. Applying
treatment of 120 and 150 minutes, most cells die
with viability of 0% due to low pH medium, causing
intracellular pH to decrease accordingly and so does
the difference in pH inside probiotic cell walls. This
result leads to the fact that probiotic cells cannot
synthesize ATP due to electrochemical gradient loss.
In addition, acidification inside cells reduces
activities of several enzymes sensitive to acid,
causing confusion in biosynthesis of DNA and
protein. Also, according to Presser et al. (1997), the
presence of several non-crossed-linked anion of
organic acids can cause random contact among
several particles occurring inside cells, significantly
impacting cells’ bio-physical activities.

With the presence of SC, LA survival at pH 2 &
pH 2.5 is considerably improved. Treatment of 120
minutes and pH 2 also proves itself where most free
LA cannot survive while viability of LA cells in
(SC+LA) reaches 14.294 + 0.775% and this figure is
11.125 £+ 1.127% for treatment of 150 minutes as
indicated in Fig. 2.

Based on the results compared above, it is well-
grounded to assert viability enhancing-effect of SC
on LA in severe condition.

Effect of SC viability on survival of LA

The experimental results show that the presence
of SC cells, despite whether they are viable (VSC) or
not (NSC), has positive impact on improving LA
viability. Fig. 3 shows that after 150-minute
treatment, both VSC and NSC show almost the same
degree in enhancing LA viability, at respectively
11.125 + 1.127% and 10.252 + 0.687% (P<0.05).
This result is quite congruent with those presented
by Phebe et al. (2015) and Ningning et al. (2011) as
they asserted that there is no statistically significant
result between the effect of VSC and NSC.

Effect of SC at various pretreated methods on
co-aggregation between SC and LA was examined
and results were shown in Table 1. Co-aggregation
percentage between LA and OSC shows no
significant change. Moreover, LA and OSC
combination indicates lower aggregation ability than
others. Meanwhile, 2 groups LA+VSC and LA+NSC
have obviously higher co-aggregation percentage
and there is no significant statistical difference
between them. These results also coincide with the
results in Fig. 3 in that the survival of LA when
combined with VSC and NSC is the same.

The results also show that OSC cells with
oxidized carbohydrates on cell’s surface has many
adverse impacts on co-aggregation. Meanwhile, NSC
with damaged and denatured protein on cell’s
surface still maintains a high percentage of co-
aggregation with LA. This is quite congruent with
the hypothesis of Golowczyc et al. (2009) and
Kogan et al. (2007) that the protein on bacteria’s
surface will link with polysaccharides on SC’s
surface. This kind of polysaccharides also proves
their roles in adherent specificity to Caco-2 cell, the
continuous cells of heterogeneous human epithelial
colorectal adenocarcinoma cells.
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Figure 3. Effect of SC viability on survival of LA.
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Effect of cell component on the co-aggregation
between SC and LA

Besides, Golowczyc et al. (2009) affirmed that
a lectin-like activity of proteins on bacteria’s
surface had an important role in connecting with
SC cells to form co-aggregation. In their studies,
LA cell’s proteins on their surface were denatured
by heat treatment and LA cell’s polysaccharides on
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their surface were oxidized, but both of them
showed no adhering ability to Caco-2 cells.
Therefore, it is necessary to protect LA’s proteins
on cell’s surface because they have an important
role in adhering to Caco-2 cell and forming co-
aggregation with SC cells. Co-aggregation between
LA cells and SC cells means these important
proteins are protected, indicating improvement in
of probiotic survival in human digestion.

Table 1. Aggregation percentage of LA with different treated SC at pH 7.2

Percentage of aggregation (%)

Time (mins) LA LA+VSC LA+NSC LA+OSC

30 3.797 £ 0.199 13.030 + 0.362 11.957 + 0.332' 2.33+0.30

60 5.357 + 0.206" 13.287 + 0.624% 13.283 + 0,404 2.10+0.42

90 5.200 + 0.495" 16.460 + 0.417° 16.050 + 0.250° 3.077 + 0.405

120 8.443 + 0.518° 23.190 + 1.338° 25.157 + 1.246%° 3.150 + 0.276"

180 12.200 + 0.304' 25.537 + 0.400° 25.810 + 0.449° 3.870 + 0.114"

240 11.943 + 0.070' 26.737 + 0.645° 26.050 + 0.259° 4.003 +0.115™

Means with the same letter are not significantly different (P>0.05).

CONCLUDING REMARKS

This study confirmed that SC cells in particular
and yeast in general have positive effects on
improving probiotic’s survival. Our findings
suggested the promising effectiveness of co-culture
of two strains in enhancing viability of vulnerable

microorganisms like probiotic. While other
techniques show remarkable limits which prevent
their widespread application (such as

microencapsulation entailing high cost for materials
and many steps which reduce probiotic strength,
training low pH tolerant strains consuming time and
effort etc), co-aggregation has a lot of potentials in
producing functional foods with probiotic.
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NANG CAO KHA NANG SONG CUA PROBIOTIC LACTOBACILLUS ACIDOPHILUS

TRONG MOI TRUONG
CEREVISIAE
Lé Nguyén Han™, Péng Thi Anh Pao

ACID BANG SU HIEN

DIEN CUA SACCHAROMYCES

Truong Pai hoc Bdch khoa, Pai hoc Quéc gia Thanh phé Hé Chi Minh

TOM TAT

Vi sinh vat probiotic tir 1au da dugc chiing minh boi'rét nhiéu nghién ctru vé tic dung clia ching déi voi
stic khoé cua con nguoi. Chinh béi cac tdc dung c6 ich éy, probiotic da dugc nghién c1’rn bo sung vao nhié}l
loai thuc pham khéac nhau. Tuy nhién, cdc san pham nay c6 mot nhugc diém 16n 1a ty 1& song cua probiotic rat
thap khi dua vao moéi truong hé tiéu hoa. Do do, viéc cung cép cac te bao prOblOth con song va van duy tri
dugc hoat tinh ctia chiing khi vao dai trang trong nhiing didu kién khic nghlet cua hé tiéu hod ngay cang dugc
nhiéu nghién ciru trén thé g101 quan tam. Trong Xu the d6, nghién ciru cua ching t6i chi ra ring nho vao viéc
tao ra mot hang rao bao v¢, su hién dién cua té bao nidm men Saccharomyces cerevisiae (SC) trong huyen phu
Lactobacillus acidophilus (LA) da bao vé duoc té bao probiotic truée nhung diéu kién khic nghlet cua h¢ tiéu
hod. Sau 150 phut trong moi truong dich da day gid lap, kha ning song cua LA dugc cai thién 10 rét (p<0.05)
dua vao tuong tac truc tiép gilta cac té bao probiotic va nidm men. Mau chi c6 té bao LA cho két qua hiu nhu
tht ca cac té& bao probiotic bi chet voi ti 1€ song 0% so voi 11.025 = 1.127% ti 1€ song cua LA trong huyén phu
LA+SC. Bén canh do, ti 1¢ té bao 1: 10 gitra hai loai té bao SC va LA cho hiu qua bao vé cao nhit trong moi
truong pH thip vai ty 16 té bao LA song 1a 10.122 = 1.348%. Ty 1¢ nay duoc xem la gid tri t6i han vi khi ndng
d6 t€ bao SC tang lén hon nita (ty 1€ nong d§ SC:LA cao hon 1:10) thi ty ] 16 séng cia LA ciing tang lén khong
c6 y nghia théng ke. Chung t6i cung nhan thay ring te bao ndm men v6i bé mit carbohydrate bi oxy hod s& anh
huong rat nghlem trong dén kha nang két tu (ty 18 két tu 1a 4.003 = 0.115% sau 240 phut khéo sat) trong khi
céc t€ bao nam men chét véi céc thanh phin protein trén bé mit bj pha huy va bién tinh van duy tri dugc ty 18
két tu rat cao v6i LA (ty 18 két tu 12 26.050 = 0.259% sau 240 phut khao sat).

Tir khod: dich da day gid lgp, két tu, kha nang song, Lactobacillus acidophilus, Saccharomyces cerevisiae ,
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