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Abstract
Purpose: Psyllium seeds are used in traditional herbal medicine to treat various disorders.
Moreover, as a soluble fiber, psyllium has potential to stimulate bacterial growth in
digestive system. We aimed to substitute alkali-extractable polysaccharides of psyllium for
alginate in beads with second coat of poly-l-lysine to coat Lactobacillus acidophilus.
Methods: Beads were prepared using extrusion technique. Poly-l-lysine as second coat was
incorporated on optimum alginate/psyllium beads using immersion technique. Beads were
characterized in terms of size, encapsulation efficiency, integrity and bacterial survival in
harsh conditions.
Results: Beads with narrow size distribution ranging from 1.85 ± 0.05 to 2.40 ± 0.18 mm
with encapsulation efficiency higher than 96% were achieved. Psyllium concentrations in
beads did not produce constant trend in bead sizes. Surface topography by SEM showed
that substitution of psyllium enhanced integrity of obtained beads. Psyllium successfully
protected the bacteria against acidic condition and lyophilization equal to alginate in the
beads. Better survivability with beads of alginate/psyllium-poly-l-lysine was achieved with
around 2 log rise in bacterial count in acid condition compared to the corresponding single
coat beads.
Conclusion: Alginate/psyllium (1:2) beads with narrow size distribution and high
encapsulation efficiency of the bacteria have been achieved. Presence of psyllium produced
a much smoother and integrated surface texture for the beads with sufficient protection of
the bacteria against acidic condition as much as alginate. Considering the health benefits of
psyllium and its prebiotic activity, psyllium can be beneficially replaced in part for alginate
in probiotic coating.

Introduction
Probiotics are defined as live microorganisms, which
when administrated in sufficient dosage give one or more
specific health benefits for the host.1 The most
significant role of probiotics in health system can be their
function to maintain normal intestinal microflora and
defense against enteropathogen infections. Furthermore
beneficial microorganisms have been shown to control
the cholesterol levels of serum, improve utilization of
lactose
in
lactose
maldigesters,
and
have
anticarcinogenic and antimutagenic activities.2 However,
probiotics to show their potential abilities need to survive
in the challenging conditions of gastrointestinal tract
colonize and multiply on the epithelium of colon in
appropriate population (more than 10 7 cfu/g of finished
product). To improve viability and stability of probiotics
and efficient delivery of the cells to their active sites, a
number of techniques have been utilized including
encapsulation of probiotics in a variety of polymers.3
Alginate, a commonly used polymer to encapsulate
probiotics, is a natural, biocompatible and biodegradable

linear anionic polysaccharide. Alginate beads
encapsulating bacteria in their matrix can be prepared by
using extrusion or emulsion techniques.4,5
Herbal medicine has been commonly used over the years
for treatment and prevention of diseases.6,7 Psyllium is
generally referred to seeds from some members of plants
genus Plantago including but not limited to Plantago
ovata, Plantago psyllium, and Plantago indica. It is
native plant to Indian subcontinent and Iran, although
psyllium is now commercially cultivated in many parts
of the world.8 Psyllium composed of a highly branched
arabinoxylan forming gel mucilage. It is structurally
consists of xylose units with arabinose and xylose in the
side chains.9 Psyllium seeds are primarily used in
traditional herbal medicine to treat various disorders and
some of its claimed health benefits have been
scientifically approved now. There are several reports
regarding the application of psyllium for treatment of
constipation, diarrhea, irritable bowel syndrome,
inflammatory bowel disease, ulcerative colitis, colon
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cancer, diabetes, and hypercholesterolemia.8,10,11
Moreover, psyllium as a soluble fiber with the potential
to stimulate bacterial growth in digestive system has
been used as prebiotic.12-14 Prebiotics are defined as
“non-digestible food ingredients that beneficially affects
the host by selectively stimulating the growth and/or
activity of one or a limited number of bacteria in the
colon, and thus improves host health”.15
Considering the health benefits of psyllium in digestive
system and its prebiotic activity, we have successfully
incorporated psyllium (up to 0.5% w/v) in alginate beads
containing probiotic bacteria Lactobacillus acidophilus
in our previous work.4 In the current study, we aimed to
prepare alginate beads with maximum possible
concentration of psyllium with a second layer of poly l
lysine on top to improve the stability and protective
capability. The physicochemical properties and viability
of the bacteria in the prepared beads after exposing to
acid, bile and freeze drying conditions were evaluated.

was used for beads preparation. The photographs of the
extraction process are shown in Figures 1 and 2.

Materials and Methods
Materials
L. acidophilus was obtained from Pasteur institute (Iran),
sodium alginate, poly l lysine, oxgall from SigmaAldrich (Germany), MRS broth and MRS agar, sodium
hydrogen phosphate, calcium chloride, sodium hydroxide
and hydrochloric acid from Merck (Germany), and
psyllium seed husk was supplied from company Herbi
Darou Tabriz-Iran.
Methods
Preparation of inoculum
L. acidophilus was cultured in MRS broth at 37°C for 18
h. Culture was harvested by centrifugation at 3000 rpm
at 4°C for 7min and washed twice with saline and
collected by centrifugation as above. The washed
bacterial cells were resuspended in 7 mL saline, and the
cell count was determined using pour plate technique in
MRS agar in triplicate. The cell suspension was divided
in some equal parts and consequently was used to
prepare different formulations.16
Extraction of psyllium
Gel-forming fraction of the alkali-extractable
polysaccharides of psyllium seed was extracted by a
method described by17 with some modifications which is
depicted in Figure 1. First, 30 g of whole psyllium seed
was grinded and then dispersed in 1000 mL water and
placed it over night at 80°C water bath which led to
swelling and gel formation. The gel phase was separated
from solution and dissolved in 2 M NaOH solution at
room temperature for 2 h; alkaline extract was separated
from the residue by centrifugation (12000 rpm for 1h)
and accordingly neutralized with 2 M HCl. During the
neutralization, gel-like white precipitate was produced
and separated by centrifugation (12000 rpm for 1 h)
from the soluble fraction and washed three times with
distilled water. The gel precipitate was evaporated for 3
h and then dried at 40°C oven for 48 h and after grinding
338 | Advanced Pharmaceutical Bulletin, 2016, 6(3), 337-343

Figure1. Diagram of psyllium gel extraction process.

Figure 2. Procedure of psyllium gel extraction. A) psyllium gel
and seed were separated from supernatant. NaOH was added to
dissolve psyllium gel; alkaline solution was separated from the
residue by centrifugation. B) Alkaline solution was neutralized by
HCl 2M. C) White gel was harvested by centrifugation from
supernatant; dried and grinded.
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Preparation of beads
The extrusion technique was used to prepare alginate and
alginate/psyllium beads (Lotfipour et al., 2012). Sodium
alginate and psyllium were weighted, added to distilled
water in different ratios and sterilized by steam at 121°C
for15 min. The cooled alginate or alginate/psyllium gels
(4.5 mL) were mixed with bacterial inoculum and gently
stirred for 30 min to obtain a homogeneous suspension.
The suspensions were extruded drop wise through a 27
gage nozzle into sterile hardening solution (CaCl2) under
shaking at 250 rpm for 15 min. The obtained beads were
isolated, washed twice with sterile water, and kept in
0.5% w/v peptone solution at 4°C. Poly-l-lysine–(0.5%
w/v) as the second coat was incorporated on the surface
of the selective formulation, using immersion technique.
The compositions of prepared formulations are shown in
Table 1.
Table 1. Compositions of the studied formulation.

Formulation
A1
A2
A3
A4
A5
A6
A7
A8
A9

Alginate/Psyllium
CaCl2 (%w/v)
(Total polymer 2.5% w/v)
3:0
2
3:0
4
3:0
6
2:1
2
2:1
4
2:1
6
1:2
2
1:2
4
1:2
6

Size and topographic analysis
The particle size of beads was assessed using optical
microscopy (Dinolite, Taiwan) by scion image analyzer
software. Data were collected from 50 beads in each
sample, and mean particle size was reported. The
topographical properties of prepared beads were
investigated by scanning electron microscopy (SEM)
(Philipse XL30, Holland) at an accelerating voltage of 20
KV. Prior to examination, samples were prepared on
aluminum stubs and coated with gold under argon
atmosphere by means of a sputter coater.
Encapsulation efficiency
To determine the encapsulation efficiency (EE), firstly
prepared beads were mechanically disintegrated in
phosphate buffer (pH = 6.8), then the number of
entrapped cells after adequate dilution were measured by
pour plate method, and counts were expressed as number
of colony forming units (CFU), and calculated as:
EE= (Log10N /Log10 N0)
Where N is the number of viable entrapped cells released
from the beads and N0 is the number of free cells added
to the biopolymer mixture immediately before the
production procedure.
Viability of encapsulated and Free L. acidophilus at acid
Condition
Acid conditions were produced using 50 mL of 14.91

g/L potassium chloride and 3.0 g/L of pepsin and pH
adjusted to 2 with hydrochloric acid (Chávarri et al.,
2010). 100 mg beads with entrapped bacteria or 1 mL of
cell suspension were mixed in 10 mL of acid solution
and incubated for 2 h at 37°C with constant agitation at
50 rpm. After incubation, beads were disintegrated in
phosphate buffer (pH = 6.8), then 1.0 mL aliquot of the
mixture removed and assayed using pour plate method.
The survival (%) of the bacteria was calculated as
follows:
%Survival= (log CFU/g beads after 2 h exposure to
acidic condition/log CFU/g beads initial count) ×100
Viability of encapsulated and free L. acidophilus at bile
salt condition
100 mg beads with entrapped bacteria or 1 mL of cell
suspension were mixed in 10 mL of Bill condition
containing 2% w/v oxgall for 2 h at 37°C with constant
agitation at 50 rpm. After incubation, beads were
disintegrated in phosphate buffer (pH = 6.8), samples
were then taken, and bacterial growth was assayed using
pour plate method.18
Incorporation poly l lysine as second coat
Selective formulation was washed by using sterile
peptone. Poly l lysine (0.05% w/v) as a second coat was
incorporated on the surface of alginate/psyllium beads
using immersion technique. Hence, beads were dipped in
poly l lysine (0.05% w/v) on stirrer at 250 rpm for 30
min.
Lyophilization of the prepared beads
Selective formulations were dipped in sucrose 10% and
freezed for 24 h at -80°C. Accordingly, the samples were
lyophilized using suction and second drying in a
lyophilizer.
Statistical analyses
Statistical testing was carried out using SPSS19. All of
the experiments were performed in triplicates. Data are
presented as mean±SD. The One-Way ANOVA test was
performed to assess the differences between beads and
control groups and P<0.05 considered as a statistically
significant difference.
Results
Characterization of prepared beads
Beads with different ratios of alginate: psyllium (3:0,
2:1, 1:2) and CaCl2 as hardening solution (2, 4 and 6%
w/v) were prepared. Table 2 shows the results for
diameters and encapsulation efficiencies of the prepared
beads. As can be seen, beads with narrow size
distribution ranging from 1.85 ± 0.05 to 2.40 ± 0.18 mm
were achieved. The initial L. acidophilus count in the
inocolum and polymers mix used for bead preparation
was 9 ± 0.01 log CFU/mL. The bacterial counts in the
prepared beads showed more than 96% encapsulation
efficiency of the method.
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Table 2. Size, encapsulation efficiency, and % survival in acid condition of prepared formulation
Formulation

Diameter (mm)

Encapsulation efficiency (%)

Count (CFU/g) after acid exposure

Count (CFU/g) after bile exposure

A1

2.09±0.18

98.1 ±3.4

5.8 ± 0.4

8.6±0.3

A2

1.92±0.10

96.6± 5.7

5.6 ± 0.8

8.4±0.4

A3

1.96±0.15

98 ±3.5

5.5 ± 0.3

8.5±0.3

A4

2.03±0.09

97.4 ±2.6

5.4 ± 0.8

8.6±0.3

A5

1.85±0.05

99.5±0.8

5.5 ± 0.4

8.5±0.8

A6

1.92±0.12

98.5 ± 2.6

5.2 ± 0.1

8.5±0.5

A7

2.04±0.19

99.7 ± 0.5

5.9 ± 0.5

8.6±0.6

A8

2.23±0.15

99.8 ± 0.17

5.4 ± 0.2

8.9±0.1

99.6 ± 1.1
-

5.5 ± 0.2
3.01 ± 0.068

8.4±0.5
8.4±0.1

A9
2.40±0.18
Untreated cells*
*
Initial count: 9 ± 0.01 Log CFU/mL

SEM images of the beads showed wrinkle beads (×90,
Figure 3a), with rough and approximately porous surface
characteristics (×2000, Figure 3c). On the other hand, it
can be seen in Figures 3b and 3d that incorporation of

psyllium resulted in more wrinkle appearance in lower
resolutions (×90) (Figure 3b) and smoother and
integrated beads (×2000) than their alginate counterparts
(Figure 3d).

Figure 3. SEM pictures of A1(a) and A9(b) beads at a magnification of 90x , A1(c) and A4(d) at 2000x.
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Viability of untreated and encapsulated bacteria in acid
conditions
The protective effects of different coats of alginate and
alginate/psyllium after 2 h exposure to acid conditions
(pH=2) are compared to untreated bacteria, and results
are expressed as log CFU/g in Table 2 and %survival in
Figure 4.

Figure 5. Percent of bacterial survival in the prepared beads
after 2h bile exposure
■: ALG; ■: ALG:PSL (2:1); ■: ALG:PSL (1:2)

Figure 4. Percent of bacterial survival in the prepared beads
after 2h acid exposure;
■: ALG; ■: ALG:PSL (2:1); ■: ALG:PSL (1:2)

As can be seen from Table 2, the initial inoculum count
of untreated L. acidophilus was 9 ± 0.01 Log CFU/g
which declined to 3.01 ± 0.068 Log CFU/g after acid
exposure for 2 h (around 33% survival). On the other
hand, in our prepared beads with the initial bacterial
numbers of 9 ± 0.01 Log CFU/g, after 2 h acid exposure,
the counts were 5.2 ± 0.15 to 5.9 ± 0.46 Log CFU/g
indicating more than 58% survival in all the
formulations.
Moreover, the effect of 2 h exposure to acid condition
(pH=2) on the survival of L. acidophilus encapsulated in
A8 with a second coat of poly l lysine (nominated as P8)
are expressed as Log CFU/g and % survival in Table 3.
Table 3. % survival in acid condition of A8 and P8

Formulation

Count (CFU/g) after acid
exposure

%Survival

A8

5.4±0.2

59.6±2.6

P8

7.5±0.3

83.3±1.2

Initial count: 9 ± 0.01 Log CFU/mL

Viability of untreated and Encapsulated Bacteria at
High Bile Salt Concentration
The effect of 2 h exposure to 2% w/v oxgall on the
survival of untreated L. acidophilus and in the prepared
beads is demonstrated in Figure 5 and Table 2 as well.
According to our results, viability of L. acidophilus after
bile exposure was more than 90% in the case of
untreated bacteria. Furthermore, the viability of the
bacteria in all prepared beads was not significantly
(P>0.05) different from those of untreated bacteria.

Effect of lyophilization in survival of L. acidophilus
A2, A5 and A8 beads with alginate/psyllium ratios of
3:0, 2:1 and 1:2 respectively and equal cross linker
concentrations were subjected to lyophilization and the
survival of the bacteria in the lyophilized beads were
investigated. The results are expressed as log CFU/g
and % survival in Table 4. According to the results, 2
log declines in bacterial count were observed. Our
finding also concurs with the previous studies.19
Table 4. Viability of the bacteria before and after lyophilization
Count (CFU/g)
Count (CFU/g) After
Formulation
Before
%survival
lyophilization
lyophilization
A2
10.0±0.1
8.0±0.1
80
A5
8.9±0.2
7.2±0.2
80.9
A8
8.8±0.3
7.3±0.1
82.9

Discussion
In the present study, we aimed to prepare alginate beads
with maximum possible concentration of psyllium with
a second layer of poly l lysine on top to protect the
probiotic bacteria and to use the beneficial properties of
psyllium as well.
According to ficsher et al. the extraction yield of alkaliextractable polysaccharides of psyllium was higher.
Furthermore alkali-extractable polysaccharides of
psyllium seem to have more potential for gel forming
with Cacl2. Hence we used alkali-extractable
polysaccharides of psyllium in this work.9
In the formulation experiments, total polymer
concentration was selected to be 2.5% w/v according to
our previous study.4 Beads with narrow size distribution
ranging from 1.85 ± 0.05 to 2.40 ± 0.18 mm were
achieved. Inclusion of psyllium in different ratios or
using of different concentrations of CaCl2 as
crosslinker, produced no constant trend in the sizes of
obtained beads.
The results pertaining to EE indicated that more than
Advanced Pharmaceutical Bulletin, 2016, 6(3), 337-343 | 341
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96% of cells were successfully entrapped in the beads.
The obtained high EE indicated that there was no
considerable loss of viability in the process of beads
preparation, confirming the gentle propriety of the
applied method.20 Furthermore, there were no significant
differences (P>0.05) regarding the EE between different
formulations.
The rough and approximately porous surface
characteristics of alginate beads shown in SEM pictures
is in good agreement with the other studies which can be
explained by the egg-box structure of calcium alginate
beads.21-24 Alginate is able to form gel by reaction with
divalent cations such as Ca2+. Gelation of alginate is
mainly achieved by the exchange of Na+ from the
guluronic acids with Ca2+, and stacking of these
guluronic groups to form the characteristic egg-box
structure. The Ca2+ binds to the α-L guluronic acid
blocks in a highly cooperative manner and the size of the
cooperative unit is more than 20 monomers. Each
alginate chain dimerizes to form junctions with many
other chains and accordingly gel networks are
formed.25,26
According to our results, substitution of psyllium in the
bead formulations (Figure 3d) gives a smoother surface
to the beads. It can be assumable that psyllium gel as a
cement like agent may fill the cracks and pores of the
calcium alginate egg-box structure and can enhance the
apparent integrity of the beads surface.
Based on the results shown in Table 2, it is clear that
count of survived bacteria after acid exposure, in all
prepared beads were significantly (P<0.05) higher than
those of untreated bacteria. In fact, 6 log reductions in
bacterial count in the case of untreated L. acidophilus
decreased to 3 log reduction among bacteria
encapsulated in the beads, and it can be concluded that
coating of the bacteria as alginate or alginate/psyllium
beads can improve the viability of L. acidophilus in acid
conditions. This is in line with the previous studies for
the probiotic encapsulation27,28 Furthermore, replacement
of alginate by psyllium, produced no significant changes
in the bacterial viability (P>0.05) indicating an equal
level of protection for the bacteria by using
alginate/psyllium in comparison with alginate alone
(Figure 4).
On the other hand, 2 h exposure to 2% w/v oxgall results
in no significant difference in the case of untreated
bacteria and bacteria encapsulated in the beads (P>0.05)
indicating high resistance of our species against bile
condition. The intrinsic resistance of L. acidophilus
against bile condition has been reported previously.29
To evaluate the effect of second coat of poly l lysine, an
optimum single coat formulation was selected. As the
viability of the bacteria in acid and bile conditions were
not significantly different between the formulations, the
criteria for the selection of optimum formulation was
based on the maximum replacement of alginate with
psyllium (A7, A8 and A9). Among them A8 with 4%
CaCl and maximum stability was chosen and subjected
for incorporation of the second coat of poly l lysine by
342 | Advanced Pharmaceutical Bulletin, 2016, 6(3), 337-343

immersion technique and nominated as P8. The results of
2 h exposure to acid condition showed a better
survivability with P8, as around 2 log rise was observed
in bacterial count among P8 beads in comparison with
A8 beads. It can be concluded that coating of the bacteria
as alginate/psyllium-poly l lysine beads can improve the
viability of L. acidophilus in harsh conditions. Better
protection of live bacteria in double and triple coated
beads compared to single one has been shown by other
studies. Thickening of the protection layer and lowering
the porosity of the obtained beads resulted in production
of more stable and integrated beads. Incorporation of
poly l lysine on the alginate beads as the second layer
and its effectiveness in the probiotics coating has also
been studied.30
Conclusion
In the present study, replacement of alginate by
psyllium in high ratio (alginate/psyllium 1:2) for
encapsulation of L. acidophilus was carried out.
Alginate/psyllium Beads with narrow size distribution
and high encapsulation efficiency of the bacteria have
been achieved. Presence of psyllium in the prepared
beads produced a much smoother and integrated surface
texture than alginate. Moreover, psyllium sufficiently
protected the bacteria against acidic condition as much
as alginate. Considering the pharmacological benefits of
psyllium in gastrointestinal system and its prebiotic
activity, it can be beneficially replaced in part for
alginate in probiotic coating.
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