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ABSTRACT

Research has been carried out on the encapsulation of probiotics of the genus Bacillus and
Lactobacillus using rice flour, maltodextrin, and talc as carriers. The purpose of this study was to
obtain a type of carrier material that can maintain the character of probiotics for fishfeed in
aquaculture activity. The research method used is the experimental method, and the data were
analyzed descriptively and experi-mentally. The experimental method used a completely
randomized design with a factorial pattern. The results showed that talc can main-tain antimicrobial
activity against E. coli (16.3 mm), S. typhimurium (17.3 and 13.8 mm) and coaggregation (12.9%
and 15.01%). Rice flour can maintain antimicrobial activity against E. coli (20 mm), S. typhimurium
(11.7 mm), and coaggregation (14.5%). Maltodextrin can maintain antimicrobial activity against E.
coli (20.7 and 17.2 mm), S. typhimurium (19.8 and 20.8 mm) and coaggregation (8.8 % and
17.35%).
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1. INTRODUCTION

Vannamei products have a great opportunity to
become a source of food for humans, because
shrimp is an important source of high-quality
animal protein. To increase the yield of Vannamei
commodities, many biological agents have been
used, one of which is the use of probiotic
bacteria. According to [1], probiotics are live
microorganisms which if given in sufficient
guantities will have a beneficial effect on the
health of the host organism.

Groups of bacteria that contain probiotics include
Bacillus sp., Photobacterium sp., and
Lactobacillus sp. [2]. Probiotic bacteria must
have criteria to be applied, including being
resistant to low pH, bile salts, being able to live in
the digestive system, being able to produce
antimicrobial compounds, being able to stick
(adhesion) to intestinal cells, being mass-
produced, remaining stable and viable in the
environment in long periods of time under
storage conditions and in the field, and have a
significant impact beneficial to the host [3-5]. The
minimum number of probiotic strains present in
food products is 10° CFU/g or the number of
probiotic strains that must be consumed daily is
around 10® CFU/g, with the aim of compensating
for the possible decrease in the number of
probiotic bacteria while in the digestive tract [6].
In order to improve and maintain the character of
these probiotic bacteria, encapsulation method
can be used.

Encapsulation is a technique of coating a
material so that the coated material can be
protected from environmental influences.
Encapsulation in bacteria can provide conditions
that can protect microbes from unfavorable
environmental influences, such as heat and
chemicals [7-9]. The requirements of the coating
material include non-toxicity, easy application,
relatively cheap price, and the encapsulated
material has relatively high cell viability and
relatively the same physiological properties as
before it was encapsulated [9].

[10] stated that flour as a carrier for the
manufacture of dry starter cultures can maintain
the viability of the culture. Based on this opinion,
the encapsulation carriers that can be used are
rice flour, maltodextrin, and talc. Rice flour is an
ingredient that contains quite high protein,
namely 8.7% [11]. According to [12], maltodextrin
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is used in the encapsulation process to protect
compounds that are sensitive to oxidation and
heat, maltodextrin can protect flavor stability
during the drying process. Meanwhile, talc is the
dominant mineral soil type associated with
kaolinite and gibbsite. The stability of talc is
relatively different from clay minerals which have
a smooth, slippery structure and high heat
conductor [13]. The use of several types of
carrier material is due to the presence of suitable
nutritional content to support the growth of
probiotics and the nature of the carrier material
that supports the encapsulation process. In this
study, the use of probiotics Bacillus and
Lactobacillus encapsulated in carriers of rice
flour, maltodextrin, and talc were investigate to
see the probiotic character, by observing the
antimicrobial activity of several
pathogenic bacteria and their coaggregation
properties.

2. MATERIALS AND METHODS

The materials used in this study were: fuchsin
water, sea water, fresh water, 70% alcohol, 96%
alcohol, aquades, PBS phosphate buffer
(Sigma), carbol gentian violet, matches, probiotic
culture (Bacillus licheniformis, Bacillus subtilis,
Lactobacillus brevis, Lactobacillus bulgaricus,
and Lactobacillus curvatus), Escherichia coli
bacteria culture ATCC 25922, Salmonella
thypimurium, physiological NaCl solution (0.9%),
1% HCI solution, 1% NaOH solution
maltodextrin, Nutrient Agar (NA) (Oxoid) medium,
Nutrient Broth (NB) (Oxoid), deMan, Rogosa and
Sharpe Agar (Oxoid), deMan, Rogosa and
Sharpe Broth (Oxoid), immersion oil (Olympus),
spirtus, standard Mc Farland 3, standard Mc
Farland 0.5, talc, rice flour, and tissue.

This research was conducted at the Microbiology
Laboratory and Greenhouse Department of
Biology, Faculty of Mathematics and Natural
Sciences, Padjadjaran University, Jatinangor.
The method used in this study is an experimental
method using a completely randomized design
(CRD), which consists of two parameters with
three repetitions. The types of probiotic bacteria
used were Bacillus licheniformis, Bacillus subtilis,
Lactobacillus brevis, Lactobacillus bulgaricus,
and Lactobacillus curvatus. The characterization
test consisted of an antimicrobial activity test and
a coaggregation test. The data obtained were
then analyzed using Analysis of Variance
(ANOVA) with a confidence level of 95% and if
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there was an effect of treatment then continued
with Duncan's Multiple Distance Test [14].

2.1 Probiotic Antimicrobial Activity Test
against Pathogenic Bacteria

Antimicrobial activity tests were carried out
before and after encapsulation. The antimicrobial
activity test was analyzed experimentally using a
completely randomized design (CRD) with a
factorial pattern of 5 x 4 x 2 and each treatment
was repeated 3 times. The parameters observed
were the diameter of the inhibition zone or the
clear zone formed due to the inhibition of the
growth of pathogenic bacteria. The first treatment
factor was the type of probiotic bacteria (B),
which consisted of 5 levels. The second
treatment factor is the type of carrier material (P),
which consists of 4 levels. The third treatment
factor was digestive pathogenic bacteria (E),
which consisted of 2 levels, namely: S1 = E. colj;
S2 = S. typhimurium.

The method used to test the antimicrobial activity
is the agar diffusion method, namely the well
[15]. Tests for antimicrobial activity were carried
out by taking 0.1 gram of microcapsules and
adding it to 9.9 ml of Nutrient Broth (NB), then
vortexed and incubated for 48 hours at 37°C.
The supernatant and pellet were obtained by
centrifugation for 20 minutes at a speed of 5000
rom. Meanwhile, pathogenic bacteria that were
24 hours old were inoculated in NB. A total of 1
ml of the pathogenic bacterial isolate was planted
evenly in Nutrient Agar (NA) on a sterile petri
dish and allowed to harden [16]. Then, the
supernatant and pellet as much as 1 ml each
were inserted into the well on NA solid media
that had been inoculated with pathogenic
bacteria. The media was incubated for 24 hours
at 37°C. The clear zone formed indicated an
inhibition of the growth of the test bacteria by the
supernatant and pellet. The diameter of inhibition
or clear zone (mm) around the hole was
measured using a caliper. Provisions of potential
probiotics can be seen by measuring the
inhibition area, which is classified as follows [17]:

Table 1. Classification of Clear Zone Diameter

Clear Zone Diameter Remark
(mm)
<5 Resistant
5-10 Less sensitive
10-20 Sensitive
=20 Very sensitive
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2.2 Probiotic Coaggregation Test against
Pathogenic Bacteria

Coaggregation test was carried out before and
after encapsulation. The coaggregation test was
analyzed experimentally using a completely
randomized design (CRD) with a factorial pattern
of 5 x 4 x 2 and each treatment was repeated 3
times. The parameter observed was a decrease
in the value of the relative optical density (OD)
between mixed bacteria (probiotics and
pathogens), and those that were not mixed. The
first treatment factor was the type of probiotic
bacteria (B), which consisted of 5 levels. The
second treatment factor is the type of carrier
material (P), which consists of 4 levels. The third
treatment factor was digestive pathogenic
bacteria (E), which consisted of 2 levels, namely:
S1 =E. coli; S2 = S. typhimurium.

Coaggregation test is carried out by determining
the magnitude of the interaction ability between
bacterial cultures to stick together in the digestive
tract, so that they are not easily washed out due
to bowel movements [18]. The probiotic
coaggregation test used the method of [18] and
[19]. Microcapsules of probiotics and pathogenic
bacteria were grown on NB medium for 24 hours
at 37°C. The cells were harvested by
centrifugation at 10,000 rpm for 10 min and then
each was washed twice with phosphate buffer
saline (PBS) with a pH of 7.2. The microcapsules
were mixed with each bacterial pathogen with a
volume of 2 ml (1:1). The control was made
containing 4 ml of microcapsules and 4 ml of
pathogenic bacteria. The mixed culture was put
into a cuvette and seen a decrease in OD at a
wavelength of 620 nm, observed for 4 hours at
room temperature. The same was done for the
control on a single bacterial culture.
Coaggregation was expressed as a decrease in
the relative OD between mixed and unmixed
bacteria (single). The percentage of
coaggregation was calculated using the equation
according to [18].

3. RESULTS AND DISCUSSION

3.1 Antimicrobial Activity of Bacillus and
Lactobacillus  Probiotics  against
Pathogenic Bacteria E. coli and S.
typhimurium

One of the desired criteria of probiotic bacteria is
their ability to inhibit pathogenic bacteria, so that
they are able to compete with pathogenic



Andriani et al.; SAJRM, 11(4): 27-36, 2021, Article n0.SAJRM.84942

bacteria to maintain the normal balance of
intestinal microflora [16]. The results of ANOVA
showed that there was no interaction between
pathogenic bacteria and probiotics Bacillus and
Lactobacillus (P > .05). However, the ANOVA
results showed that the interaction between the
type of pathogen, the form of probiotics, and the
type of carrier material on the diameter of the
clear zone showed significant differences, so it
was continued with Duncan's test in Table 2.

Based on Table 2, it can be seen that the
interaction between pathogenic bacteria, the
form of probiotics, and the carrier material that
produces the largest average diameter of the
clear zone is E. coli against probiotics in the form
of pellets in the carrier material of rice flour,
which is 22.7 mm. That shows that the probiotics
in the form of pellets in rice flour are the most
effective in inhibiting the growth of E. coli
bacteria. To determine the probiotic formula
which has the greatest antimicrobial activity in
inhibiting pathogenic bacteria E. coli and S.
typhimurium, the average diameter of the
probiotic clear zone in the encapsulated formula
against pathogenic bacteria was calculated,
which can be seen in Table 3.

From Table 3, it can be seen that the probiotic
formula that has the greatest antimicrobial
activity is L. bulgaricus bacteria in the carrier
material of rice flour, both in the form of pellets
and supernatants, with an average inhibition
zone diameter of 24.8 mm and 21.2 mm,

respectively. In addition, the largest average
diameter was also shown in L. bulgaricus
bacteria in the form of supernatant before
encapsulation, which was 22.4 mm. These
results are consistent with the research by [20]
who tested the antimicrobial activity of coconut
water-based yogurt containing L. bulgaricus and
Streptococcus thermophylus bacteria against E.
coli, Salmonella typhi, Klebsiella pneumonia, and
Staphylococcus aureus bacteria. The results
showed that the highest antimicrobial activity in
pathogenic bacteria ranged from 10-21 mm in S.
typhi and 9-64 mm in E. coli. However, in
general, the antimicrobial activity of probiotics in
the encapsulated formula did not show a
significant difference, meaning that the probiotics
Bacillus and Lactobacillus in the encapsulated
formula in this study were effective in inhibiting

the pathogenic bacteria E. coli and S.
typhimurium.
L. bulgaricus bacteria in their metabolism

produce various types of organic acids that
trigger a decrease in pH and produce an acidic
environment. The most acid produced by L.
bulgaricus is lactic acid, because these bacteria
are a group of lactic acid bacteria. Lactic acid
can have bacteriostatic or bactericidal abilities
according to its concentration in a solution. L.
bulgaricus bacteria in addition to producing lactic
acid and hydrogen peroxide are also known to
produce bacteriocins known as Bulgarican.
Bulgarican has the ability to inhibit both gram-
positive and gram-negative bacteria [21].

Table 2. Duncan's Test Effect of Pathogens E. coli and S. typhimurium, probiotic forms and
carrier materials on antimicrobial activity of Bacillus and Lactobacillus probiotics

Pathogenic Bacteria  Carrier Material

Probiotic Form Average Clear Zone

Diameter (mm)

E. coli Before encapsulation Supernatant pellet 13.2+3.7"
19.7 £3.7 %
Rice Flour Supernatant pellet 20.1+3.7%
Maltodextrin Supernatant pellet 17.4+3.7*°
16.0 + 3.7 *°
Talc Supernatant pellet 14.6 + 3.7 ¢
12.1+£3.7°¢
S. typhimurium Before encapsulation Supernatant pellet 20.3+25%
18.0+ 25
Rice Flour Supernatant pellet 15.2 + 2.5
15.7 2.5
Maltodextrin Supernatant pellet 14.8 + 2.5
18.9+2.5%
Talc Supernatant pellet 12.5+25"
16.5 2.5
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Table 3. Average diameter of the clear zone of Bacillus and Lactobacillus probiotics against
pathogenic bacteria

Probiotic Formula Probiotic Form Average Clear
Diameter (mm)
B. licheniformis Before Supernatant pellet 16.2+2.3
encapsulation 19.6 £ 2.3
Rice Flour Supernatant pellet 16.3+2.3
177+ 2.3
Maltodextrin Supernatant pellet 17.7+23
18.1+2.3
Talc Supernatant pellet 159+23
11.8+2.3
B. subtilis Before Supernatant pellet 19.2+2.8
encapsulation 185+2.8
Rice Flour Supernatant pellet 20.6+2.8
19.7+2.8
Maltodextrin Supernatant pellet 15.8+2.8
139+2.8
Talc Supernatant pellet 13.4+2.8
149+28
L. brevis Before Supernatant pellet 18.7+ 2.6
encapsulation 21.0+2.6
Rice Flour Supernatant pellet 158+2.6
157+ 2.6
Maltodextrin Supernatant pellet 146+2.6
18.0+2.6
Talc Supernatant pellet 13.3+2.6
19.4+2.6
L. bulgaricus Before Supernatant pellet 13.2+45
encapsulation 224+45
Rice Flour Supernatant pellet 248+45
21.2+45
Maltodextrin Supernatant pellet 18.2+45
18.0+4.5
Talc Supernatant pellet 124+ 45
145+45
L. curvatus Before Supernatant pellet 16.2+ 2.7
encapsulation 125+ 2.7
Rice Flour Supernatant pellet 17.1+2.7
152+ 2.7
Maltodextrin Supernatant pellet 14.1+2.7
19.0+ 2.7
Talc Supernatant pellet 128+ 2.7
10.8+ 2.7
[4] states that antimicrobial substrates are In addition to antimicrobial substrates,

produced by probiotic bacteria starting from the
exponential phase. However, most bacteriocins
are produced in large quantities after reaching
the stationary phase. Bacteriocins can damage
the permeability of the cell membrane of
pathogenic bacteria by forming pores in the
bacterial cell, so that the cell membrane will leak
which will disrupt the stability of the cell
membrane. The growth of pathogenic bacterial
cells will be inhibited and will experience death.
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influence of organic acids and hydrogen peroxide
produced by probiotic bacteria, especially
Lactobacillus can also inhibit the growth of
pathogenic  bacteria.  Hydrogen  peroxide
produced by lactic acid bacteria will damage and
oxidize  pathogenic  bacterial cells [4].
Bacteriocins, organic acids, and hydrogen
peroxide are metabolites produced by lactic acid
bacteria. These metabolites will diffuse in the
growth medium with different levels of ability [22].
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Meanwhile, Bacillus bacteria can produce more
than 45 antimicrobial molecules. The antibiotic
substances produced include bacteriocin, amino
acids, and non-amino acids [23]. The research
results of [24] showed that B. subtilis had
stronger antimicrobial activity than B. pumilus
against E. coli, L. monocytogenes, S.
typhimurium, S. dysenteriae, and several other
pathogenic bacteria. The antimicrobial activity of

B. subtilis tends to inhibit gram-negative bacteria,
for example E. coli and S. typhimurium because
these bacteria can produce the amino acid
subtilin,  basilicin, lantibiotics, and other
antimicrobial compounds. Table 4 shows the
sensitivity of each pathogenic bacteria to Bacillus
and Lactobacillus probiotics in the encapsulated
formula.

Table 4. Sensitivity of pathogenic bacteria to Bacillus and Lactobacillus Probiotics

Probiotic Formula

Probiotic Form

Average Clear Zone Diameter (mm)

E. coli S. typhimurium
B. licheniformis Before Supernatant pellet 12.3 (S) 20.2 (SS)
encapsulation 20 (S) 19.3(S)
Rice Flour Supernatant pellet 22.0 (SS) 10.7 (S)
19.2 (S) 16.2 (S)
Maltodextrin Supernatant pellet 19.2 (S) 16.2 (S)
15.1 (S) 21.0(SS)
Talc Supernatant pellet 16.3 (S) 15.5(S)
6.3 (KS) 17.3 (S)
B. subtilis Before Supernatant pellet 14.7 (S) 23.8(SS)
encapsulation 19.3 (S) 17.8 (S)
Rice Flour Supernatant pellet 25.3(SS) 15.8 (S)
21.0 (SS) 18.3 (S)
Maltodextrin Supernatant pellet 15.5(S) 16.2 (S)
14.6 (S) 13.3(S)
Talc Supernatant pellet 16.3 (S) 10.5(S)
15.9 (S) 13.8 (S)
L. brevis Before Supernatant pellet 12.5(S) 25 (SS)
encapsulation 20.8 (SS) 21.3(SS)
Rice Flour Supernatant pellet 20.0 (SS) 11.7 (S)
19.8 (S) 11.7 (S)
Maltodextrin Supernatant pellet 18.7 (S) 10.5(S)
16.7 (S) 19.3(S)
Talc Supernatant pellet 15.8 (S) 10.7 (S)
17.0 (S) 21.8 (SS)
L. bulgaricus Before Supernatant pellet 14.7 (S) 11.8(S)
encapsulation 23.3 (SS) 21.5 (SS)
Rice Flour Supernatant pellet 22.7 (SS) 27.0 (SS)
22.0 (SS) 20.3 (SS)
Maltodextrin Supernatant pellet 20.7 (SS) 15.7 (S)
16.2 (S) 19.8 (S)
Talc Supernatant pellet 9.5 (KS) 15.3 (S)
10.7 (S) 18.3 (S)
L. curvatus Before Supernatant pellet 11.7 (S) 20.7 (SS)
encapsulation 14.9 (S) 10.1 (S)
Rice Flour Supernatant pellet 23.5(SS) 10.7 (S)
18.3 (S) 12.2 (S)
Maltodextrin Supernatant pellet 12.8 (S) 15.3(S)
17.2 (S) 20.8 (SS)
Talc Supernatant pellet 15.2 (S) 10.5(S)
10.5(S) 11.0(S)

Note: (SS) = very sensitive pathogenic bacteria

(S) = sensitive pathogenic bacteria
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(KS) = less sensitive pathogenic bacteria
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Based on Table 4, it can be seen that the
probiotics Bacillus and Lactobacillus in the carrier
material of rice flour, both pellets and
supernatants have a larger clear zone diameter
and can inhibit E. coli bacteria better than other
carriers, with a clear zone diameter range of 18.3
mm (sensitive) to 25.3 mm (highly sensitive). The
bacteria that had the largest diameter of the
inhibition zone was B. subtilis in the carrier
material of rice flour in the form of pellets.
Meanwhile, for S. typhimurium, it was seen that
the L. bulgaricus formula in pellet-shaped
maltodextrin carrier had a larger clear zone
diameter than the other formulas, which was 27.0
mm. Overall, the diameter of the clear zone
produced by Bacillus and Lactobacillus probiotics
in the encapsulated formula in inhibiting the
growth of E. coli and S. typhimurium bacteria
ranged from 6.5 mm to 27.0 mm, which indicated
that all probiotic formulas could inhibit the
pathogenic bacteria E. coli and S. typhimurium.

E. coli and S. typhimurium are gram negative
bacteria. These bacteria are natural microflora in
the digestive tract. However, if the amount
exceeds the normal limit, these bacteria can
cause disease in the digestive tract. The results
of this antimicrobial activity test indicate that the
probiotic bacteria Bacillus and Lactobacillus in
the encapsulated formula have met one of the
requirements for the characteristics of probiotics,
which is to have the ability to inhibit the growth of
pathogenic bacteria.

3.2 Coaggregation of Bacillus and
Lactobacillus  Probiotics  against
Pathogenic Bacteria E. coli and S.
typhimurium

Coaggregation according to [19] is the result of
cell-to-cell interactions between different cell
types. Macroscopically they can usually be
detected as clumps when different cell types are
mixed. Coaggregation is one way of testing to
support the attachment of these bacteria to the
surface of the intestinal mucosa. Coaggregation
aims to determine the ability of bacteria to
interact with other bacteria to stick together.
Coaggregation is an interaction between
bacterial cells with different types [4]. The
purpose of coaggregation is to determine the
interaction ability of a bacterium with other
bacteria to stick together. In this study, we tested
the coaggregation properties between probiotic
bacteria Bacillus and Lactobacillus  with
pathogenic bacteria E. coli and S. typhimurium.
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The results of ANOVA showed that there was an
interaction between types of probiotics and
pathogenic bacteria (P = .05). This shows that
pathogenic bacteria have a significant effect on
probiotic bacteria. Based on these results,
Duncan's Multiple Distance Test was carried out
with a 5% significance level which is presented in
Table 5.

Based on Table 5, it can be seen that the largest
coaggregation value was a mixture of formula B.
subtilis in rice flour carrier and S. typhimurium
bacteria, which was 21.8%. This indicated that
the bacteria had the greatest decrease in the
population of mixed bacteria compared to single,
so it was hoped that this formula would be the
most effective in inhibiting the growth of S.
typhimurium. The lowest value was shown in the
mixture between the L. bulgaricus formula before
encapsulation with E. coli bacteria, which was
0%, meaning that the coaggregation pair had the
smallest decrease in the mixed population or the
large mixed culture population, indicating
that the bacterial pair did not inhibit each other's
growth.

Coaggregation was determined based on the
decrease in the relative optical density (OD)
value between mixed bacteria and unmixed
(single) bacteria. A high percentage of
coaggregation means that there is a decrease in
the mixed bacterial population that is greater
than the average decrease in a single population.
The low coaggregation value indicated that the
combination of bacteria did not inhibit each
other's growth. In testing the coaggregation of
probiotic and pathogenic bacteria, it is expected
that the coaggregation value is high because
there will be a decrease in the population in the
mixed culture and it is hoped that the bacteria
that die when mixed are pathogenic bacteria, so
that the dominance of probiotic bacteria will
occur. Probiotics will produce metabolites that
can inhibit pathogenic bacteria. Therefore,
coaggregation can increase the elimination of
pathogens by destroying the pathogen while in
the digestive tract [19].

According to [4], the coaggregation value is
determined from the decrease in the absorbance
value between bacteria mixed with bacteria in a
single form. In this study, a test was conducted
between probiotic bacteria and pathogenic
bacteria. The greater the coaggregation value,
the inhibition between probiotic bacteria and
pathogenic bacteria will increase.
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Table 5. Duncan's multiple range test means of Coaggregation of Bacillus and Lactobacillus
probiotics against pathogenic bacteria

Probiotic Formula

Average Coaggregation Value (%)

E. coli S. typhimurium
B. licheniformis Before encapsulation 2™ 10.3 FeH
Rice Flour 8.3 ABCDED 14.0 °PFF
Maltodextrin 7.9 BCPEP 14.0 ©PFF2
Talc 7.5 CPEP 13.0 FF%*
B. subtilis Before encapsulation 11.8 %8P 21.6 "%
Rice Flour 11.3 7% 21.8"
Maltodextrin 11.7 7% 17.6 5
Talc 10.6 "B°P° 15.0 °PF
L. brevis Before encapsulation 5.2 EFP 14.8 °PF2
Rice Flour 7.1°% 14.5 °PF
Maltodextrin 6.8 0P 13.7 PF
Talc 6.0 °%° 13,2 FF¢2
L. bulgaricus Before encapsulation 0 10.3 FeHa
Rice Flour 9.3 ABcPa 9.6 ®H
Maltodextrin 8.8 ABCPER 8.7
Talc 8.0 ABCPER 8.4
L. curvatus Before encapsulation 8.3 ABCDED 15.5 °PF2
Rice Flour 11.9%° 16.2 °PF
Maltodextrin 10.1 ABCPP 17.3 P2
Talc 11.2 A% 14.2 “PFF

Note: The average number of bacteria followed by the same capital letter (vertical/perpendicular direction) and
the same lowercase letter (horizontally/horizontally) shows that the values are not significantly different according
to Duncan'’s Multiple Distance Test

4. CONCLUSION

Based on the results of the study, it can be
concluded that the carrier talc can maintain the
probiotic character of B. licheniformis and B.
subtilis bacteria, the rice flour carrier can
maintain the probiotic character of L. brevis

bacteria, and maltodextrin  carrier can
maintain the probiotic character of L.
bulgaricus and L. curvatus after the

encapsulation process.
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