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Abstract

Microencapsulation as one of the most modern methods has considerable effects on probiotic
survival. In this study Lactobacillus casei (ATCC 39392) and Bifidobacterium bifidum (ATCC
29521) were encapsulated using calcium alginate-gelatinized starch, chitosan coating and
inulin via emulsion technique, and were incubated in simulated gastric juice (along with pepsin,
pH=1.5) and simulated intestinal juice (along with pancreatin and bile salts, pH = 8) for 2
hours at 37°C. The morphology and size of microcapsules were measured by scanning electron
and optical microscopy. The results indicated that the survival of microencapsulated probiotic
increased significantly in simulated gastro-intestinal condition (P < 0.05). Chitosan coating
played a significant role in the protection of probiotic bacteria in simulated gastro-intestinal
condition and the diameter of the microcapsules increased with the addition of chitosan coating.
In general, this study indicated that microencapsulation with alginate-gelatinized starch coated
with chitosan could successfully and significantly protect probiotic bacteria against adverse
condition of simulated human gastro-intestinal condition.

Keywords: Microencapsulation; Calcium alginate-gelatinized starch; Chitosan; Inulin;
Simulated gastro-intestinal condition.

Introduction

Probiotics are defined as live microorganisms
which, when administrated in adequate
amounts confer health benefit on humans (1).
Bacteria belonging to genera Bifidobacterium
and Lactobacillus are often used as probiotic
supplements (2). Some of these health advantages
are: alleviation of symptoms of lactose
malabsorption, cancer suppression, resistance to
infectious gastro-intestinal disease, and improving
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digestion (3-5). The daily intake of probiotic
bacteria should exceed 10° living bacteria per
milliliter or per gram of the product (4).

The prebiotics are non-digestible food
ingredients that affect the host by selectively
stimulating the growth and activity of
bacteria in the colon (6). The most frequently
studied examples are inulin and FOS
(fructooligosaccharides) are known to have a
positive effect on human health and promote the
survival of probiotic bacteria (6-9).

Microencapsulation with  hydrocolloids
as one of the most modern methods has
remarkable effects on probiotic survival
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(3). Encapsulation process is a promising
technique for probiotics protection against
adverse conditions to which probiotics can
be exposed (3, 10-13). Several studies have
been carried out investigating the protective
role of this technique. Microencapsulation
can be employed via extrusion and emulsion
techniques. Emulsion technique is a method
for encapsulation of probiotic bacteria in the
capsules smaller than 1 mm (10). Carbohydrate
polymers such as alginate have been used in
various microencapsulation procedures (2,
14). Alginate is a natural heteropolysaccharide
composed of D-mannuronic and L-guluronic
acid residues joined linearly by (1-4) glycosides
linkages (2, 10). It is simple to handle, non toxic,
low cost, ease of operation, and mild processing
conditions (10, 11). Different studies have shown
that the addition of starch as a filler material in
the alginate capsule matrix improved the viability
of probiotic cultures (2, 11). Gelatinized starch
creates an integrated and uniform mixture with
alginate because of its good binding capacity and
sufficient solubility (compared to non-gelatinized
starch) and this in turn, facilities capsule
formation and efficiency in microencapsulation
procedure (11, 12). However, alginate
microcapsules (calcium alginate) are chemically
susceptible to disintegration in the presence of
excess monovalent ions, Ca’*-chelating agents
such as phosphate and citrate and harsh chemical
conditions such as those of low pH (13-15). To
increase the stability of alginate microcapsules
and to decrease the loss of encapsulated material,
the alginate microcapsules are coated with
polycationic polymers such as chitosan and
poly-L-lysine (15, 16). Chitosan is a natural
polysaccharide comprising glucoamine and
N-acetylglucoamine with unique polycation
characteristics (14, 17). The polycationic nature
of chitosan leads to a strong interaction of
carboxylic groups of alginate with the amine
groups of chitosan results in the formation of a
membrane (14). Because of the high protection
of chitosan for viable cells, it has been used as
a coating agent for probiotic microencapsulation
(13). There are many advantages of the
chitosan coating, such as non toxicity, good
biocompatibility and the improvement of drug
bioadhesive and payload properties (19, 20).
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Many results have been reported concerning the
use of chitosan-coated microcapsules as drug
delivery formulation (17-23).

Different studies have shown that calcium
alginate microcapsules are better protected in
the presence of coating polymers and prebiotics
such as resistant starch, with the increase in
survival of bacteria, under different conditions
than when bacteria were tested in the free state
(11, 24-28). Although some studies have reported
that the presence of different hydrocolloids
in the gastro-intestinal medium significantly
improves survival of probiotic cells, so far no
studies have been carried out using the technique
of microencapsulation by calcium alginate-
gelatinized starch with chitosan coating in order
to verify the possibility of increasing the viability
of B. bifidum ATCC 29521 and L. casei ATCC
39392 towards simulated human gastro-intestinal
condition (along with pepsin and pancreatin).
Furthermore, this study was undertaken on the
alginate encapsulation of probiotic bacteria with
inulin asaprebiotic compound. The purpose of this
study is to enhance alginate microencapsulation
by chitosan-coating and to evaluate their ability
to improve the survival of B. bifidum and L. casei
during exposure to simulated human gastro-
intestinal condition. Also this study assesses
the influence of coating materials on size and
morphology of microcapsules by optical and
scanning electron microscopy.

Experimental

Preparation of cell suspension

Lactobacillus casei ATCC 39392 (American
Type Collection Culture) and Bifidobacterium
bifidum ATCC 29521 were purchased from
Iran Scientific and Industrial Organization.
Lyophilized cells were inoculated in MRS
broth (de Man-Rogasa-Sharpe) for 24 h under
aerobic and anaerobic conditions at 37 °C,
respectively and biomasses were then harvested
by centrifuging at 4000 rpm for 10 min at 4
°C. The cultures were then washed twice by
sterile saline solution (0.9%) and used in the
microencapsulation process (10).

Microencapsulation procedure
All glassware and solutions used in the
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protocols were sterilized at 121 °C for 15 min.
The encapsulation way for making microcapsules
was a modified version of methods basically
reported by Donthidi et al. (11) in 2010 and
Sultana ef al. (25) in 2000. Briefly, 2 g of maize
starch (Sigma-Aldrich S4126) was added to 100
mL distilled water and boiled until it formed a
gel, then sodium alginate (Sigma-Aldrich 71238)
and required concentrations of inulin (1 %) were
added and stirred until they were dissolved or
dispersed. Then probiotic cultures of each bacteria
were transferred to the carrier solutions with
stirring under sterile conditions to ensure uniform
distribution of the cells. The final mixture was
suspended in 500 mL vegetable oil containing
0.2% tween 80 and mix (350 rpm for 20 min,
Heydolph Stirrer, Germany) until they appeared
creamy. Capsules were prepared by adding 200
mL calcium chloride 0.1 M into a mixture, the
phase separation of oil/water emulsion occurred.
The mixture was allowed to stand for 30 min to
settle calcium alginate capsules in the bottom
of beaker at the calcium chloride layer (Water
phase). The oil layer was drained and capsules in
calcium chloride solution were harvested by low
speed centrifuge at 350 g for 10 min and kept in
0.1% peptone solution at 4 °C.

Coating with chitosan

Chitosan aqueous solution was prepared
according to Krasaekoopt et al. (13) in 2004.
In brief, chitosan (Low molecular weight,
Sigma-Aldrich 448869) was dissolved in 90 mL
distilled water acidified with glacial acetic acid
to achieve a final chitosan concentration of 0.4%
(w/v). The pH was then adjusted to between 5.7
and 6 by adding 1 m NaOH. The mixture was
filtered through filter paper (Whatman NO. 41)
and autoclaving at 121 °C for 15 min. Then 20
g of washed microcapsules (alginate-gelatinized
starch) were immersed in 100 ml of chitosan
solution and shaken at100 rpm for 40 min on an
orbital shaker for coating. The chitosan-coated
microcapsule were washed with peptone solution,
and kept in 0.1% peptone solution at 4 °C.

Preparation of simulated gastric and
intestinal juices and inoculation of cells

The simulated juices were prepared according
to Brinques et al. (27) in 2011 and Michida et

845

al. (29) in 2006. Simulated gastric juices were
prepared by dissolving pepsin (Sigma-Aldrich
P7000) in sterile sodium chloride solution (0.5%,
w/v) to a final concentration of 3.0 g/L and
adjusting the pH to 1.5 with hydrochloric acid.
Simulated intestinal juices were prepared by
suspending pancreatin (Sigma-Aldrich P-1500)
in sterile sodium chloride solution (0.5%, w/v)
to a final concentration of 1 g/L, with 4.5% bile
salts (Oxoid, Basingstoke, UK) and adjusting
the pH to 8.0 with sterile NaOH (0.1 M). Both
solutions were filtered for sterilization through
a 0.22 um membrane. The probiotic bacteria
L. casei and B. bifidum were inoculated to the
simulated gastro-intestinal juice individually
in three different forms, non-encapsulated,
encapsulated with calcium alginate-gelatinized
starch, and calcium alginate-gelatinized starch
coated with chitosan. It should be noted that
inulin exists merely in the last two forms as a
prebiotic compound. Then one gram of freshly
encapsulated bacteria samples or 1 mL of cell
suspensions (free cells) were gently mixed with
10 mL of sterile simulated gastric juice or sterile
simulated intestinal juice and incubated at 37 °C
for 30, 60, 90, and 120 min. Surviving bacteria
were numerated by pour plate counts in MRS
agar aerobically incubated at 37 °C for L. casei
and in MRS agar anaerobically incubated at 39
°C for B. bifidum for 2 days.

Size and morphology of microcapsules

The mean diameter of beads was measured by
optical microscopy (Master sizer Malvern 2000
UK). The diameters of 100 randomly selected
capsules were measured by using measurement
software (Leica Qwin 550). The morphology
of the capsules was observed using scanning
electron microscope (LEO 440 I, England). The
capsules were placed on a specimen aluminum
stub with the help of double sided sticky tape
and were coated by sputter coater for 2 min at an
accelerating voltage of 15 kV (10).

Release of entrapped bacteria

The capsules containing probiotic bacteria
were released by citrate buffer (pH= 6.0, 1 %)
reported by Mokarram et al. (10) in 2009. One
gram of capsules was transferred to 9 mL buffer.
The solution was stirred on a shaker for 15 min
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Table 1. Size and encapsulation yields of different microcapsules.

Probiotic Microcapsule type

Size of microcapsules (pm)

Microencapsulation yield (%)

Lactobacillus casei Alginate-gelatinized starch
Chitosan coated
Bifidobacterium bifidum Alginate-gelatinized starch

Chitosan coated

90 + 1.69@" 98.12%
123 £2.11® 97.21%
94 +1.72® 97.85%
125+ 1.81® 96.42%

*Means with different letter in a column are significantly different (P<0.05).

vigorously (IKA-MS2, Minishaker, USA) until
bacteria released from capsules completely. The
counts (CFU/g) were determined by plating on
MRS agar plates and incubating for 48 h at 37
°C. The free bacteria were treated similarly. All
samples were counted in triplicates. The viability
of microencapsulated probiotics in sterile sodium
chloride solution (0.5%, w/v) and peptone water
was also measured at 4 °C for three months. The
microcapsules were dissolved in the appropriate
buffer solution after three months and they were
used to determine the total number of viable
cells.

Encapsulation yield

Encapsulation yield (EY) i.e. the number
of bacterial cells that survived the process and
encapsulated inside the microcapsules was
calculated as follows:

EY=(N/N,) % 100

Where N, is the number of viable bacteria
in CFU/mL of culture and N is the number of
viable bacteria in CFU/g of microcapsules.

Statistical analysis

A complete randomized factorial design was
used for all analysis and all results were means
of three replicates. Data analysis was carried out
using Statistical Package for Social Sciences
(SPSS) Inc. software (20: SPSS Inc., Chicago,
IL). The mean differences were analyzed by
Duncan’s multiple range test.

Results and Discussion
Shape and size of microcapsules and

Encapsulation yield
The size and encapsulation yield of different
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microcapsules are presented in Table 1. There
were no significant differences (P>0.05) between
coated and uncoated beads in microencapsulation
yield. The results also represented that due to the
gentle methods used, there was no significant
(P > 0.05) loss of viability for Lactobacillus
casei and Bifidobacterium bifidum during
microencapsulation procedure and probiotics
were successfully entrapped (Table 1). Our
findings indicated that the average yield of all
samples after encapsulation and coating was
97.4 %. These findings are in agreement with
the results of Mokarram et al. (10) in 2009 who
indicated that the mean encapsulation yield was
99.8 % in emulsion technique. Furthermore the
viability of probiotics in sterile sodium chloride
solution (0.5%, w/v) and peptone water at 4 °C
showed that the number of bacteria in all the
samples (microencapsulated forms) remained
significantly unchanged.

Scanning electron microscopy showed that
the shape of all microcapsules was generally
spherical and uniform and starch granules were
present on the surface of the capsules without
coating (Figure 1). Chitosan coating changed
morphology and shape of microcapsules and
modified the surface of alginate beads (Figure 2).
The size of calcium alginate-starch was analyzed
by measurement software (Leica Qwin 550).
The mean diameter of microcapsules without
chitosan coating was 92 & 1.709 pum. The size of
the alginate capsules increased with the addition
of chitosan coating. The diameter of chitosan-
coated microcapsules was 124 + 1.96 um, which
was significantly higher than that of uncoated
microcapsules (Table 1). In this technique,
the capsules are formed in micron range size.
Furthermore, several reports have shown that
capsules with micron range size delivered soft
texture when they are added to food product
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Figure 1. Scanning electron photomicrograph showing calcium alginate-gelatinized starch without chitosan coating containing

Lactobacillus casei.

(18, 24, 25, 28). Microcapsules with double
coating sodium alginate used in Mokarram et
al. (10) study in 2009 were also micron size
range (75.339 + 0.209 pum). Krasaekoopt et al.
(13) in 2004 obtained a larger chitosan coated
capsule size of 1.89 mm via extrusion technique.
Moreover, Koo et al. (16) in 2001 reported that
the shape and size of the beads were not changed
when chitosan was added to alginate beads.
Different studies have shown that size reduction
of the capsules to less than 100 um would not
offer any significant increase in survival rate of
the probiotics on the gastric secretion condition
(18, 30).

Survival of free and microencapsulated
probiotics in simulated gastric juice

Figures 3 and 4 show the viability of free
and encapsulated probiotic bacteria during
120 min of incubation in the simulated gastro-
intestinal condition. Figure 3 illustrates that the
survival of probiotics was lower in gastric juice
and decreased further as the incubation period
increased. After 120 min, the survival of free L.
casei decreased from 2.51x10" to 1.1x10° CFU/
mL. However, the cell number of coated and
uncoated microencapsulated L. casei decreased
to 6.3x107 and 6.2x10° CFU/mL respectively
after 120 min. In the case of L. casei, the survival
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of cells in both coated and uncoated capsules
was significantly (P < 0.05) better than that of
free cells and alginate-gelatinized starch with
chitosan coating provided the best protection for
both probiotics (Figure 3). Exposure to simulated
gastric juice resulted in a considerable decrease
in the total number of free bifidobacterium
bifidum. Due to its low acid resistance there was
no survival of free B. bifidum in the presence of
simulated gastric juice. The free B. bifidum cell
numbers decreased to an undetectable level within
90 min (Figure 3). This finding is in agreement
with those of Lee et al. (15) in 2004, and the
similar study done by Krasaekoopt et al. (13)
in 2004 who reported that no Bifidobacterium
bifidum ATCC 1994 survived in the simulated
gastric pepsin free-environment of pH 1.55 for
15 min. Chavarri et al. (9) in 2010 reported
that encapsulation in chitosan-coated alginate
microspheres significantly improved the survival
of Lactobacillus gasseri and Bifidobacterium
bifidum in simulated gastric juice along with
pepsin. Many scientists have also reported that
the survival rate of bifidobacteria in alginate
microcapsules was higher than that of free cells
(30-32). However, Sultana et al. (25) in 2000
found that encapsulation of bacteria in alginate
beads did not effectively protect the probiotics
from high acidity. Many studies have shown
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Figure 2. Scanning electron photomicrograph showing calcium alginate-gelatinized starch coated with chitosan containing

Bifidobacterium bifidum.

coating the alginate matrix could increase the
survival of bacteria due to curbing the diffusion
of calcium ions outside of capsules (9, 10,
13). Mokarram et al. (10) in 2009 showed that
L. acidophilus and L. rhamnosus exposed to
simulated gastric juice without pepsin had
higher viability when encapsulated in calcium
alginate with double coating sodium alginate.
They indicated that the reduction of pore size
and distribution of gastric juice in double layer
membrane lead to limitation of interaction
between cells with the gastric juice. According
to our study coated microcapsules provide the
best protection in simulated gastric juice. Since
gelatinized starch with chitosan coating reduces
the porosity of alginate beads and decreases
the leakage of the encapsulated probiotic, this
structure can demonstrate more resistance in
harsh conditions such as acidic pH of simulated
gastric juice. Furthermore the increase in viable
counts of bacteria could be attributed to the
addition of inulin, which acts as a prebiotic.
Alginate and prebiotics such as inulin or
oligosaccharides tend to be synergistic in gelling
and as a result may help maintain and improve
the degree of protection to bacterial cells (6,
7, 34). Sultana et al. (25) in 2000 showed that
the addition of resistant maize starch (non
gelatinized) as a prebiotic to an alginate matrix
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increased the recovery of encapsulated cells;
however, they remained sensitive to simulated
gastric juice. Capela ef al. (6) in 2006 reported
that prebiotis such as Hi-maize, FOS and inulin
were helpful in improving viability of probiotic
organisms in fresh yoghurt during storage.
They found that the improved viability in fresh
yoghurt is possibly due to prebiotics providing
extra solids, which tend to protect cells from
injury.

Survival of free and microencapsulated
bacteria in simulated intestinal juice

The effect of the simulated intestinal juice
on the viability of the microencapsulated and
free probiotic bacteria is presented in Figure 4.
The number of probiotics declined significantly
as the incubation time increased. The rate of
decrease was significantly greater in the free
cells (P < 0.05). In the case of free L.casei, the
cell number was reduced to 7.1x10° CFU/mL
after 120 min (Figure 4). The most susceptible
cell to intestinal juice was free B. bifidum which
was reduced to 2.3x10° CFU/mL after 120
min of incubation, whereas in chitosan coated
samples, the cell number reduction was about
3.51 and 4.65 log, for L. casei and B. bifidum,
respectively (Figure 4). Our result indicated
significantly that alginate-gelatinize starch
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Figure 3. Survival of free and microencapsulated lactobacillus casei and Bifidobacterium bifidum in simulated gastric juice.

microcapsules with chitosan coating were most
effective in protecting probiotic bacteria from
simulated intestinal juice (P < 0.05). This is in
good agreement with the results of Krasaekoopt
et al. (13) in 2004 who indicated that the survival
of probiotic bacteria was highly enhanced in
gastro-intestinal conditions when encapsulated
with alginate-chitosan or poly-L-lysine. Many
scientists reported that chitosan coating provides
the best protection in bile salt solution since
an ion-exchange reaction occurred when the
microcapsules absorbed the bile salt (9, 13,
15, 16, 21) therefore the permeability of bile
salt into the microcapsules may be restricted.
Koo et al. (16) in 2001 and Chavarri et al.
(9) in 2010 reported that Lactobacillus casei
and Lactobacillus gasseri microencapsulated
in chitosan-coated alginate beads had higher
viability than in microcapsules without chitosan
coating in bile salt solution. Sultana et al. (25)
in 2000 reported that alginate encapsulated L.
acidophilus and L. casei decreased by two log
cycles compared to the initial cell count in 1%
and 2% bile salt solutions. The protective effect
of high amylose maize starch on the bile acid
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tolerance was measured by Wang et al. (35) in
1999. They found that amylomaize promotes
the survivability of probiotics by adhesion to
starch granules at 0.05% bile acid concentration.
The filler material wused in preparing
microencapsulated probiotic cultures was
gelatinized starch. Because of its cross-linked
structure, it swells and hence absorbs water.
This swollen and gelatinized starch, therefore,
contributes to increase an integrated structure
and firmness (11, 12, 36, 37). The aim of starch
gelatinization and combining with chitosan
coating is to improve the structure in order to
enhance and extend the industrial applicability.
Different studies have shown that calcium
alginate microcapsules are better protected in
the presence of prebiotics (2, 6, 7, 25, 28, 34).
In our study inulin is approved for use in the
microencapsulation and it has a positive effect on
human health (6, 7). The combination of calcium
alginate with prebiotics such as inulin not only
improve the viability of probiotics but facilitates
formation of an integrated structures of capsules
(6, 7, 25, 38, 39). It is important to note that the
simulated gastro-intestinal condition (along with
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Figure 4. Survival of free and microencapsulated lactobacillus casei and Bifidobacterium bifidum in simulated intestinal juice.

pepsin and pancreatin) reported in the literature
differs widely in other studies. Most authors
prepared simulated gastro-intestinal juice
with different concentrations of bile salts and
hydrochloric acid and adjusted pH to the desired
value without adding pepsin and pancreatin, but
seldom with the addition of pancreatin or pepsin
to these solutions (9, 27, 29).

Conclusion

Microencapsulation of L. casei and B. bifidum
in calcium alginate-gelatinized starch with
chitosan coating resulted in better survival of
cells after simulated gastro-intestinal condition
(along with pepsin and pancreatin), as compared
to free cells. Therefore the applied approach in
this study might prove beneficial for the delivery
of probiotic cultures to the simulated human
gastro-intestinal tract. Of the two types of
microcapsules in this research, chitosan coating
provided the best protection of cells and there
was no survival of free B. bifidum in the presence
of gastric juice due to its low acid resistance.
The microcapsules used in the present study are
micron size and if added to the functional food
can deliver a soft texture to the final product.
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Future research ought to turn to equipment that
can be applicable in the large-scale commercial
operations that are commonly employed in
food and drug processing industry and related
researches are required to assess the efficacy of
microencapsulation in the gastro-intestinal tract
using animal models.
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