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ABSTRACT

In search of high-quality healthcare products,sitréquired that probiotic preparations
consumed in gastro-intestinal condition remain imetiaally active and preserve their activity.
Several recent studies, consequently, have focosgatobiotic protection via encapsulation in
order to optimize probiotics’ viability as well #eir delivery into gastro-intestinal environment.
The objectives of this study were to find out a n@aterial for encapsulation of probiotics,
utilizing capsules prepared froBcerevisiae to protect living probiotic cells. The encapsidati
of cells was achieved, using the crack scars ofydmst cell walls (YCW) created by the
sonication method. Besides, some probiotic celts lma considered as being encapsulated by
some surrounded yeast cells by direct cell-celltadn It is concluded that thanks to
encapsulation by yeast cells, probiotic’s metabatitivity and survival are markedly improved.
This suggests a high potential in protecting pristsofrom the extreme condition of digestion
process and can be applied in protecting probm&parations in food formulations as well. It
was found that encapsulation yield in this studdched its highest point at 82.008 + 1.123 %.
Viability of encapsulated probiotic in simulatedsgéc juice (SGJ) after 150 minutes is 19.048 +
2.701 %, compared to that of free cells at 0 %e\ilse, after a 4-hour treatment in simulated
intestinal juice (SIJ) (0.5 % bile salt) encapsediaprobiotic proves better survival at 56.338 +
5.094 % than free cell at 43.677 + 2.058 %.

Keywords. probiotic, encapsulationlactobacillus acidophilus, yeast capsules, gastrointestinal
conditions, viability.

1. INTRODUCTION

Probiotics play a crucial part in improving and maining human health. In order to
trigger their advantages, probiotics however havexist in living form to an appropriate extent
in preparations and preserve high viability in gasttestinal tract. Several studies confirm that
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probiotics should be viable at least® ITFU ' of food product [1] or 10CFU ¢' at point of
delivery [2]; alternatively, be adequately consumeth the daily amount of OCFU g* [3]. It

is also reported that products with probioticsriefform become little efficient in human body
since probiotics mostly die and are unable to attivtheir effect. The idea of providing
probiotics with a biological protective coat agairextreme digestive conditions currently
receives significant attention from several recstudies [4, 5, 6]. Consequently, they have
focused on probiotic protection via encapsulatioroider to optimize probiotic’s viability as
well as their delivery in to gastro-intestinal eviment.

The application of microorganism such as yeastscai capsules for encapsulation of
bioactive compounds has been in widespread inagiigsince the 1970s [7, 8, 9, 10, 11, 12].
Yeast cells then act as containers for compounatshthman body is unable to synthesize and
the mechanism is to expose yeast cells to liquattdghobes. Although encapsulation in YCW
has been successfully made to several organic hsasvénorganic materials such as medical
compounds, oil, vitamins, minerals, etc. [7, 11], lile has been mentioned so far regarding
encapsulating living cells such as probiotics inWQConsequently, this article aims to report a
preliminary study into this promising issue.

2. MATERIALSAND METHODS
2.1. Bacterial strain and culture conditions

L.acidophilus ATCC 43121 (LA) was used in this study. Freezedgells were rehydrated
in 5 mL MRS broth and then incubated in conditiappropriate for their growth (3 in 18 h).
After that, cultures were moved into liquid MRS ttr@and grown in the same condition above
until reaching the concentration of #@FU mL™. Collection process was conducted at 5000
rom for 5 minutes centrifugation at low temperat(#e°C). Cells collected from MRS broth
were washed twice with sterile saline solution. Wk cells then were selected for later
experiments and cells concentration was determiryyepour plating in MRS agar. Plates were
also incubated in the same conditions mentionedefa].

2.2. Yeast cell capsules preparation

In our previous study [13], the optimization of &@tion treatment for yeast cell disruption
in order to make yeast capsules was discussedhBtlee spent yeastS(cerevisiae (Meyen ex
EC Hansen ATCC 204508)) were collected from expenital brewing factory of HCMC
University of Food Industry. This spent yeasts wexesed for the purpose of finding a new
utilization way for a large amount of spent yedstsn brewery industry in our country. Spent
yeasts were washed by repeated centrifugation tinetiliquid phase in centrifuge tube became
purified to remove the beer in spent yeasts.

YCW, after washed by centrifugation method, would tbeated with sonication (at the
optimal value found in our previous study) at 71%tydcycle, equivalent to 532.5 W
(Sonicator®; Misonix, USA), in 5.226 minutes in erdto disrupt the cell walls. The highest
disruption rate recorded was 36.263 = 0.884%. Bszaltrasound mainly has impact on the bud
scars on cell walls, disruption will then make aa#irhole on cell walls (Fig.1), turning the yeast
cells to strong covers to protect probiotics agaemsreme conditions in digestive environment.



Encapsulation of lactobacillus acidophilus in yeast cell walls (Saccharomyces cerevisiae) ...

After sonication treatment, intracellular comporemtf yeast cells were removed by
centrifugation. The treated YCW were collected arashed with sterile distilled water at the
rate of 3000 rpm several times until the upperday clear.

Figure 1. Yeast capsules photographed by digital camera rti@ruobjective lens x40 on hemocytometer.
The cells which have been disrupted by sonicatiahthe internal contents were removed out of call w
by centrifugation. The disrupted YCW as above caia lstrong cover for LA.

Subsequently, the collected YCW were added by dl smmount of distilled water and the
mixture was then poured into a freeze drying flaskde quick freezing at -25. The freeze
sample after that was dried at vacuum pressur®10.@nbar) to make water phase transition
from solid form to steam. The purpose of this steys to reduce the moisture amount in YCW
sample to prolong its quality and make it availaeddemicrocapsules for the later experiments of
LA encapsulation.

2.3. Encapsulation procedures

LA culture was centrifuged as mentioned above ttecbcells. Then, collected LA cells
were dissolved in physiological saline solutiontlsat cell concentration was 30 % w/w. This
mixture was then added by the dried YCW preparetienprevious stage and shaken on orbital
shaker. The shaking step was to make LA evenlyedégpin yeast capsule suspension, which
then in its turns increased contact rate and entam ability. In this step, the study was
conducted on 3 main variables: weight ratio of yeall capsules and LAells (mycw: Mia),
shaking time and speed of orbital shaker.

The ratio mcw: ma Was prepared at different values (0.5:1); (1:2)1); (3:1) and treated
with shaking step for encapsulation to find out dptimal ratio (with fixed shaking time of 30
minutes and fixed speed of 300 rpm). Based on dbed-out optimal ratio, the effects of the
shaking time were examined in range of 10-60 m&uwtéh the 10 minute-jump (with fixed
speed of 300 rpm). Finally, the shaking speed waseed in range of 100 - 500 rpm with the
100 rpm-jump (with the optimal ratioy@y: ma and shaking time found previously).

The glass funnel, filter holders, and filtrate Rawere sterilized and assembled with
vacuum filtration system. Whatman filter paper (Whan 7404-004 ALDRICH) made of
cellulose nitrate (D = 47 mm, hole size = 0.45 pmas put on the filter holder. The shaken
sample was poured into the glass funnel and thewagump was powered to create vacuum
pressure. Cell mixture in the glass funnel was thashed several times by saline solution. After
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that, the filter paper was taken out and put iht® gterilized test tube. This step was to employ
vacuum pressure to enhance the encapsulationAstie filter paper holes were smaller than
both YCW and LA cells, all were retained.

The cell mixture after first filtration was filtetleagain by Whatman filter paper (Whatman
7193-004 ALDRICH) (D = 47 mm, hole size = 3 um)ltéfi paper holes used in this case were
smaller than YCW but greater than LA cells. Thesyezells with LA cells encapsulated inside
and LA cells in contact with yeast cells by direetl-cell contact (in other words, LA cells were
encapsulated among many yeast cells) would benestadpn the filter paper while the non-
encapsulated cells would go through it. The fiiratas then centrifuged at 5000 rpm in 15
minutes and weighed to work out the weight of nooapsulated cells based on which the EY
would be calculated. EY was determined by the éouiditelow:

_ MM
EY = v x 100

]

where EY was the encapsulation yield, express@aioentage (%); Wwas the initial weight of
LA cells used (g); and M was the weight of free tdlls that collected from the filtrate (g).

2.4. Smulated gastric juice (SGJ) and Simulated intestinal juice (S J) preparation

SGJ was prepared following method previously usethe study of Michida et al. [14].
Suspending pepsin (P7000, 1:10.000) was dissovedsterile saline water (NaCl 0.5 % wi/v)
so that its concentration reached 3fdnd adjusted to pH = 2 by concentrate HCI or N&lOH
mol L™ SIJ was prepared by dissolving pancreatin USP5@®) into sterile saline water (NaCl
0.5 % w/v) so that its concentration reached Tgthen adding bile salt (OX-BILE EXTRACT
POWI?ER, Titan Biotech, India) to the concentratdd.5 % and adjusted pH = 8 by NaOH 0.1
mol L™,

2.5. Statistical analysis

All the experiments were run in triplicates. Thesuks presented in this study were the
medium values + standard deviation.

The results were tested by ANOVA with the suppdriinitab to determine whether the
differences among the values were statisticallgiBant (p < 0.05).

3. RESULTSAND DISCUSSION

3.1. Effect of theweight ratio of YCW and LA on EY

Moisture content of YCW capsules and LA cells watedmined by moisture analyzer with
the values of: 4.8 £ 0.06 % and 87.4 £ 0.3 %, retbpely. Then, the used weight of YCW and
LA cells in the experiments was calculated in adaace with the amount of dry matter at
different ratios. The determined values were preseim Fig. 2. The ratio yaw : ma had
statistically impact on EY (pu. < 0.05).

This experiment examined the ratiqd®: M at thefollowing values (0.5:1); (1:1); (2:1);
(3:1) (with fixed the shaking time of 30 minutesdaspeed of 300 rpm). The collected data
showed that when amount of YCW was increased, EB¢hed its peak at 1:1 with 76.374 +
2.232. However, EY tent to decline when amount 6\W continues at 2:1 and 3:1. This can be
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explained as follows: when amount of yeast celtsaases, viscosity of the solution increases
accordingly leading to creasing cell stickiness amtdcline in cell dipersion in the suspension.

From the collected data, the ratiqdw: m.a at 1:1 was the optimal value selected for later
experiments.
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Figure 2. Effect of ration mYCW: mLA on EY. The ratio mYCW:IA at the following values (0.5:1);
(1:2); (2:2); (3:1) with fixed the shaking time 8 minutes and speed of 300 rpm. The EY was thexmea
of three experiments (n = 3) with the error bapgesenting the standard deviation of the mean.

EY (%)

3.2. Effect of the shakingtimeon EY

Figure 3 showed that shaking time had significampdact on EY. As treament time was
increased from 10 to 40 minutes (with fixed shakspged of 300 rpm and ratio,ga: mya at
1:1), EY rose accordingly from 62.763 + 0.514980.441 + 1.587 %.
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Figure 3. Effect of the shaking time on EY. Treament time \eseased from 10 to 40 minutes with fixed
shaking speed of 300 rpm and ratigcit m, at 1:1. The EY was the mean of three experiments3n
with the error bars representing the standard teniaf the mean.
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However, after 40 minutes, EY started to declinging shaking to encapsulate lcan be
considered a dynamic balancing process of movingniw from the disrupted cell walls. A
certain amount of LAencapsulated was also probably impacted by stroakes, falling off and
returning to the solution. Based on the time examm results, it was determined that 40
minutes was the optimal period for maximizing balag and was selected for later
experiments.

3.3. Effect of the shaking speed on EY

Based on the value previously worked out, this erpmnt employed the ratio yaw: Mea
at 1:1 and shaking time of 40 minutes to deterntivee opitmal shaking speed whose results
were presented in Fig. 4.

100 -
80 - =

60 - T

EY (%)

40 A

20 1

100 200 300 400 500
Shaking speech (rpm)

Figure 4. Effect of shaking speed on EY. Shaking speed wasased from 100 rpm to 500 rpm and this
experiment employed the ratio/gy: m s at 1:1 and shaking time of 40 minutes. The EY thasmean of
three experiments (n = 3) with the error bars regméng the standard deviation of the mean.

Obviously, EY was also significantly influenced bljaking speed. Shaking at 100 rpm
resulted in poor EY due to its slow speed, whiclamguspension stirring was not strong enough
to cause high interaction between YCW capsulesL@ndells. As shaking speed was increased,
interation rose due to stronger stirring making liedyher. However, shaking at 400-500 rpm was
too much, causing encapsualted toXall off; consequently EY became lower than at 0.

So far, it has been determined that the ratieqmm,, = 1:1, shaking time and speed of 40
minutes and 300 rpm respectively, EY of 82.008 #23.% were maximum values for this
study. Under the microscope observation, the YCWégkes with LA cells encapsulated inside
are shown in Fig. 5.

There have been different reports on EY, greatlgedding on varying microorganisms
examined, encapsulating techniques and wall mashasen. For instance, Clarice G. et al. [15]
used inotropic gelation from pectin as wall materraaching a similar EY (84.35+0.60%).
Corbo et al. [4] reported EY &ab0% with inotropic gelation and alginate for enadgson of
L.rhamnosus. Similarly, Chavarri et al. [5] got EY ranging fro19.5 to 40.2% fok.gasseri and
B.bifidum, using chitosan coating. Picot et al. [16] who ergpbbspray drying in an attempt to
encapsulateB.breve and B.longum reported EY greatly varying 0.03-25.67%. The pdssib
account for such reported lower EYs is that viapitif probiotic is greatly affected by extreme
temperature in spray drying. Meanwhile, our studgorded higher EY at 82.008 + 1.123%
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compared to the initial amount of microorganism diee the milder conditions where
encapsulation was conducted at@and neutral pH.

Figure 5. LA cells were encapsulated in yeast cell caps@lesimber of LA cells were encapsulated
inside the YCW. YCW worked as a protective layergoobiotics, minimizing interaction between LA
cells and gastric juice, and increasing its sutviva

3.4. Viability of free and encapsulated LA in SGJ
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Figure 6. Survival of free LA in SGJ at varied pH values B0OIminutes. Cell counts are the mean of three
experiments (n = 3) with the error bars represgritie standard deviation of the mean.

Most of the current probiotics preparations areetakn via digestion. With 2 liters of
gastric juice daily released and very low pH, hugh@tomach forms a barrier that kills most
probiotics. Fig. 6 showed that SGJ pH 2 and pHelirhinated mostly free LAand so did SGJ
pH 3.0 and pH 3.5 though less seriously. As fortrmtied pH, cell viability tent to increase due
to substrate-rich medium and appropriate-for-grgwpil (pH = 5.8), consequently cell survival
significantly rose after 150 minutes. According-ig. 6 and Fig.7, free cells increased to 20.7 %
compared with 8.1 % of encapsulated cells at thissglue. As free cells had more interaction
with substrate while encapsulated cells in YCW hbegs, viability of encapsulated cells did
increase but not much compared to free cells.

In SGJ pH 2 (Fig. 6), free cells with initial vidiby of 100 %, after 30 and 60 minutes of
treatment, had lower survival of 38.322 + 1.7458d 20.408 + 1.483 % respectively. With 90-
minute treatment, this figure plummeted at only68.%t 0.196 %. This result was quite
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congruent with those presented by Ashraf et all f&nthey asserted that SGJ pH 2 is screening
value for probiotic characteristic dfactobacillus since on this conditionl..acidophilus,
L.delbrucekii, L.rhamnosus show a sharp decrease in cell viability from 90 urteés.

Survival of free LA in pH 2.5 after 150 minutes tileed at 2.721 + 0.589 %. Applying
treatment of 120 and 150 minutes, most cells digld wability of 0% due to low pH medium,
causing intracellular pH to decrease accordingly smdid the difference in pH inside probiotic
cell walls. This result lead to the fact that puadlm cells could not synthesize ATP due to
electrochemical gradient loss. In addition, ac@difion inside cells reduced activities of several
enzymes sensitive to acid, causing confusion irsybithesis of DNA and protein. Also,
according to Presser et al. [18], the presenceewéral non-crossed-linked anion of organic
acids could cause random contact among severatlparbccurring inside cells, significantly
impacting cells’ bio-physical activities.
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Figure 7. Survival of encapsulated LA in SGJ at varied pHuealin 150 minutes. Cell counts were the
mean of three experiment (n = 3) with the erroslrapresenting the standard deviation of the mean.

With regard to LAencapsulated in YCW, its survival at pH 2 & pH 2&s considerably
improved. Treatment of 120 minutes and pH 2 alswegxu itself where most free Léould not
survive while viability of encapsulated cells readh23.809 + 4.145% and this figure was
19.048 £ 2.701 % for treatment of 150 minutes dgated in Fig.7. It was YCW that worked as
a protective layer for probiotics, minimizing indetion between LAand gastric juice, and
increasing its survival even on very low pH corutiti

The YCW brings about desired results in improvimghotic viability. In a study where
alginate-prebiotic was used to encapsulate LA [118}, concentration of living cells after 180
minute treatment in SGJ is 4.85L0" versus 5.5% 10" initial concentration, equivalent to 7.78
%. Sultana et al. [20] also used calcium alginatelined with Hi-maize starch prebiotic, and
the results indicate a marked fall in LA viabilitiyough. In milk-based medium at pH 4.0 and
3.0 for 3-hour treatment, the decrease was abtmg @ycles while the loss was 5 log of CFU g
at pH 2.0.

3.5. Viability of free and encapsulated LA in SIJ

In addition to low pH, bile salt in small intestges another challenge to probiotic survival.
Bile salt produced in liver joins in digestive pess in that it hydrolyses and absorbs fat as well
as plays a significant role in preventing the existe of harmful intestinal microorganism [21].
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However, Fig. 8 and Fig. 9 indicate that survivialree and encapsulated LA was not much
influenced. In fact, this probiotic could resisbite salt concentration of 0.3 %; 0.4 % and 0.5 %.
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Figure 8. Viability of free LA at various concentration ofidisalt in 4 hours. Cell counts were the mean of
three experiment (n = 3) with the error bars repméag the standard deviation of the mean

In controlled experiment (without bile salt addedMRS broth), viability of cells tent to
increase due to substrate-rich environment; in, feell survival rises after 4 hour treatment.
According to Fig. 8 and Fig. 9, free cells increhge 32.2 % compared to 25.3 % of
encapsulated ones. Free cells had more interaafitbnsubstrate for living activities and cell
proliferation; in contrast, encapsulated cells i’y CW with less interaction with substrate, so
their survival did increase but not significantlynepared to free cells.

With bile salt concentration of 0.3 % and 4-howatment, viability of free cells was
86.607 + 4.971 %, indicating a slight (but not #igant) decreased as shown in Fig. 8. This
proved that LA was bile-resistant at 0.3 % [22]. pAduced hydrolysis enzymes most of which
were intracellular ones, acting as a catalyst i@ pinocess of hydrolyzing amide linkages
between steroid and amino acid chain to suppots’chkile-resistance [23]. With bile salt
concentration of 0.4 % and 0.5 %, cell survivaluezl remarkably to 60.471 + 3.279 % and
43.677 + 2.058 %, respectively. This was due toféet that bile salt of high concentration (0.4
% & 0.5 %) blocked several mechanisms inside citsh as causing gene stress, which then
affected bio-synthesis of cell walls or DNA repdi6].

As for LA encapsulated in YCW, cell survival atébitoncentration of 0.3 % after 4-hour
treatment was 90.548 + 2.251 %. With higher bilé sancentration of 0.4 % and 0.5 %, also
after 4-hour treatment, cell survival was 68.883.598 % and 56.338 + 5.094 %, higher than
that of free cells at 60.471 £ 3.279 % and 43.672.058 %, respectively. It was YCW that
formed a protective layer covering probiotic cefisnimizing LA interaction with bile salt.

Through the collected empirical figures, it suggesiat YCW is a potential material for
improving viability of probiotic. With its cell walthickness of 100 — 200 nm, the cell's
structural constituents are mainly made of glucand mannans with a minor percentage of
chitin, and a great amount of proteins entrappsei& Taken together, these form firm capsules
which are completely workable for LAB protectionadgst the severe conditions in digestion
[24].
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Figure 9. Viability of encapsulated LA at various concentvatf bile salt in 4 hours. Cell counts were the
mean of three experiment (n = 3) with the erroslyapresenting the standard deviation of the mean.

YCW improves LA viability not only since it workssa protective layer between LA and
gastric juice but also between yeast and LA cate§ direct cell-cell contact co-aggregation
mediated by yeast cell surface and/or cell wall gonents or metabolites. Phebe et al. [25]
pointed out that in pH = 2.5 after 8h treatmenthvitte mixture ofL.rhamnosus HNOO1 and
Scerevisiae EC-1118, the amount of living cells bf Rhamnosus is 7.28 + 0.31 Log CFU mit
while this figure for meré..Rhamnosus is 3.26 + 0.25 in comparison with the initial amoof
cells at 8.45 + 0.07 Log CFU riiL Some relevant studies also proved that proteetifect is
created by mixed-species biofilms. A typical ofstlié one conducted by Xie et al. [26] which
suggested that in the concentration range of 0y CFU mL?, both viable and lethal yeast
significantly improves survival of.paracasel in SGJ. The effect of mixed-species biofiims is
also indicated in the study of van der Veen et [dF]. The two species otligeria
monocytogenes and L.plantarum also show enhanced resistance to benzalk-oniuaridaland
peracetic acid thanks to this biofilm.

The mortality rate of free probiotic with the abserof yeast cells in the previous studies
and free LA in ours indicates the significant rofeyeast cells. Based on those presented above,
LA cells in our study have 2 different protectiveechanisms. LA cells encapsulated inside
YCW are protected by the thick cell walls while soroells are also preserved by the
surrounding yeast cells due to the formation ofedispecies biofilms.

4. CONCLUDING REMARKS

From the results presented above, this study cdaslthat YCW is a feasible mean for
improving probiotic’s tolerance in high acid envirnent that may be a utility mean in delivery
of probiotic into human digestioithis study has determined the parameters for entzms
method with the following ratio faw: ma = 1:1, shaking time and speed of 40 minutes and 300
rpom respectively. With the EY of 82.008 = 1.123 9ability of encapsulated cells reached
19.048 + 2.701 % while most free onesuld not survive for treatment of SGJ pH 2 in 150
minutes. Encapsulated LA were also improved wittignesurvival at 56.338 + 5.094 % than
free ones at 43.677 + 2.058 % after a 4-hour treatrim SIJ 0.5 % bile salt. This technique has
been still under examination so far, but initiabukts show that YCW is a new promising
material for improving probiotic’s viability.
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