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Abstract

Dictyophora indusiate (bamboo mushroom) contains bioactive compounds,
particularly fiber (13.30-15.17%). Therefore, Lactobacillus acidophilus was
encapsulated in alginate beads and alginate-bamboo mushroom beads,
with the objective to improve the survival of probiotic after exposure to
gastrointestinal fluids. Either egg or fruit body of bamboo mushroom powder
at concentrations of 0, 0.8, 1 and 3% (w/v) were added to encapsulate
L. acidophilus by extrusion technique. The addition of bamboo mushroom
did not influence the size (3.0 mm) and shape of the moist beads as well
as encapsulation yield (94-97%), but they resulted in less interconnected
network, causing larger pores when compared to alginate bead without
bamboo mushroom. However, the beads in combination with bamboo
mushroom (survival rate of 63-68%) and without bamboo mushroom
(survival rate of 67%) provided greater protection of cells, enhancing
their survival in gastrointestinal condition as compared to cells without
encapsulation (survival rate of 34%). This study indicated that bamboo
mushroom has the capability to be used as a matrix for co-encapsulation
of probiotic cells against simulated gastrointestinal condition.
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Introduction

Probiotics are live microbes that when administered
in adequate amounts, usually in foods, confer health
benefit to the recipient.! Probiotic characteristics
have been demonstrated in the bacteria Lactobacillus
acidophilus.?? \When consumed, L. acidophilus cross
the gastrointestinal stage and, in the colon, confer
many health benefits including the balancing of

gut microbiota, prevention of rotavirus diarrhea,
colon cancer, and modulation of immune system.3#
Unfortunately, the benefits of probiotic bacteria
must be protected against the deleterious effects
of some environmental identities such as presence
of oxygen, temperature, low pH, bile salt and
digestive enzymes.® Encapsulation was offered to be
effective method for protection of probiotics during
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processing, storage and passage through the human
gastrointestinal tract, thus release large amounts of
probiotic count in action site.>®

Encapsulation of probiotic cells is commonly made
by extrusion or dropping method that showed
several advantages such as simple, inexpensive,
not demands the specific apparatus. The probiotic
cells are entrapped in capsules using carrier
materials such as biopolymers.”® Alginate beads
are used widely for encapsulation. Alginate is a
natural polysaccharide, inexpensive, non-toxic,
chemically stable, generally recognized as safe
(GRAS) status and provides for high probiotic
survival of 80-95%.%'° Moreover, supplementation
of encapsulated probiotics with prebiotics,
a fermentable carbohydrate for probiotics, enhances
their survivability in the gastrointestinal tract and
during storage.56"

Alternate prebiotic sources offer potential advantages
to probiotic efficiency. These include plants; chicory
root, Jerusalem artichoke, sugar beet and garlic."
Sathyabama et al.,"® found that co-encapsulation with
sugar beet (2%) and/or chicory (2%) enhanced the
viability of encapsulated probiotics, Staphylococcus
succinus and Enterococcus fecium under in vitro
gastrointestinal condition.

Mushrooms also act as prebiotic because they contain
polysaccharides such as chitin, hemicellulose, o-
and B-glucan, mannans and xylan."? Interestingly,
Dictyophora indusiate (bamboo mushroom)
contains many biologically active ingredients with
therapeutic values including antioxidative, antitumor,
anticancer, antiinflammation and immunomodulatory
properties.'*' In addition, dictyophorines A and
B help to protect the nervous system and reduce
the risk of Alzheimer's disease.'®'"'® Edible
bamboo mushroom can be divided into immature
(egg) and mature stages (fruit body). The egg of
bamboo mushroom contains high concentrations of
hyaluronic acid as well as allantoin, the latter with
antiinflammation property. Fruit body of bamboo
mushroom is rich in polysaccharides, especially
B_g|ucan_19,20,21

To our knowledge, bamboo mushroom has not been
co-encapsulated with probiotic L. acidophilus. This
study investigated the addition of bamboo mushroom
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in co-encapsulation on the survival of encapsulated
L. acidophilus in simulated gastrointestinal system.
The morphological characteristic of alginate
capsules was also assessed. Application of different
bamboo mushroom stages, namely egg and fruit
body at different concentrations with alginate
capsules was examined before and after passage
through gastrointestinal simulation as compared to
the alginate capsules and free cells.

Materials and Methods

Materials

Lactobacillus acidophilus TISTR 2365 was
purchased from Thailand Institute of Scientific and
Technological Research, Thailand. Sodium alginate
(food grade) (Ajax Fnechem pty, Australia), de man
Rogosa and Sharpe (MRS) (Himedia, India), bile
salts (Sigma, India), pepsin (Sigma, India) and
pancreatin (Sigma, India) were also used.

Dictyophora indusiata, bamboo mushroom was
obtained from Engineer’s Farm, Bangkok, Thailand.
Egg (immature stage) and fruit body (mature stage)
of bamboo mushroom were dried in a hot air oven
for 8 hours at 45°C, ground in a blender and sieved
through 100 mesh.'s Carbohydrate, protein, crude
fiber, ash and fat were examined according to
AOAC?. Antioxidant activity and phenolic acids of
bamboo mushroom were analyzed using DPPH
radical scavenging activity and Folin-Ciocalteu
method, respectively.?

Preparation of Probiotic

Freeze-dried culture of Lactobacillus acidophilus
TISTR 2365 was inoculated into MRS broth (100
mL) for 24 hours at 37°C under anaerobic incubation
using an anaerobic jar (BD GasPak™EZ anaerobe
container system, Becton Dickinson Pty Ltd). Strain
(L. acidophilus) was stocked at -18°C in MRS broth
containing 30% glycerol and used to prepare starter.
The stock culture was thawed at 4°C before use.?*

Stock culture (1 mL) was activated into MRS broth
(10 mL) at 37°C for 24 hours. After incubation,
109 cfu/g of L. acidophilus was obtained. Cells were
harvested by centrifugation (8,500 rpm for 20 min),
filtered (Whatman no.1) and rinsed twice with sterile
sodium chloride (0.85% w/v).?* Cells were used
either directly (free cells) in test or encapsulated as
described below.
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Encapsulation Process
Calcium-alginate beads were prepared by extrusion.?
Briefly, concentrations used for encapsulation were
4% (w/v) sodium alginate solution, 0, 0.8, 1 and 3%
(w/v) of egg and/or fruit body of bamboo mushroom
powder, 10 g of bacteria biomass (approximately
10° cfu/g) and 30 min firmness in 0.1 M sterile
calcium chloride (CaCl,) solution. Cell suspension/
alginate, and that of cell suspension/alginate/
bamboo mushroom powder mixture were injected
through a syringe 27G (0.4x25 mm needle) into
0.1 M CaCl, solution. Microsphere gel particles
were formed immediately. Distance between the
syringe and CaCl, solution was fixed at 5 cm. Beads
were allowed 30 min to harden, filtered (Whatman
no.1) and washed in sodium chloride (0.85% w/v).
All materials were sanitized for 15 min at 121°C.%»

Simulated Gastrointestinal Condition

Simulated gastrointestinal condition (SGI) was
performed with cells without encapsulation,
encapsulated cells and co-encapsulated cells
with bamboo mushroom powder in simulated
gastrointestinal system. Simulated gastric juice
(SG) and simulated intestinal juice (SI) followed the
procedure described by Peredo et al.,?

Simulated gastric juice (SG) consisted of 3 g/L
pepsin with pH adjusted to 2.0 by adding of 0.1N
hydrochloric acid solution (HCL). Beads (1 g) or 1
mL free cells in sodium chloride solution (0.85% w/v)
were transferred in 9 mL of SG and incubated for 4
hours at 37°C.% Upon the completion of incubation,
beads were removed and viable cells measured as
described in section enumeration of probiotic cells.

Beads (1 g) or free cells solution (1 g) from simulated
gastric solution were transferred in simulated
intestinal juice (SI) (9 mL) containing 4.5 g/L bile
salt, 1 g/L pancreatin with pH adjusted to 8.0 by
0.1N NaOH. Sample was incubated at 37°C for
4 hours.?® Subsequently, beads were separated and
the viable counts of the encapsulated cells and free
cells analyzed as described below.

Enumeration of Probiotic Cells, Survival Rate
and Encapsulation Yield

Beads (1 g) were homogenized by a stomacher
for 1 min with 9 mL of 0.1% (w/v) sterile peptone
and diluted in a 10-fold serial. L. acidophilus was
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enumerated using pour plate technique on MRS agar
at 35°C for 48 hours under anaerobic condition,?
while free cells were analyzed similarly. Plates
containing 25-250 colonies were expressed in log
colony-forming units per g (log cfu/g). In addition,
survival rate of L. acidophilus under simulated
gastrointestinal condition was calculated by equation

(1"
Survival rate (%)= N/ N, x100 (1)

where N is the number of viable cells (log cfu/g)
after incubation in simulated gastro-intestinal juice
and N,, the number of viable cells (log cfu/g) before
incubation in either simulated gastric or intestinal
juice.

Encapsulation yield of cells was computed according
to equation (2)":

Encapsulation yield = N/ N, x100 .(2)

where N is number of entrapped cells inside beads
and N, the number of free cells (log cfu/g) added
into sodium alginate solution during the preparation
process.

Morphology Characterization of Beads by Optical
Microscopy and Scanning Electron Microscopy
(SEM) and Particle Size Measurement
Morphology characterization of the moist beads
was analyzed using optical microscopy (Eclipes,
E-400 Pol, Japan) equipped with a digital camera
(Canon, Eos 1,300DW, TAIWAT) for capturing
images. Morphology and microstructure of the
beads were also analyzed using SEM (JEOL, model
JSM-6610LV, Japan) as described by Dariani et al.,®
Freeze-dried capsules were coated with a layer
of gold and examined by SEM at an acceleration
voltage of 10.0 kV. Bead size was measured by
Vernier Caliper (Dizionario, Thailand).

Data Analysis

Statistical analysis was performed by analysis of
variance (ANOVA). Significant differences among
means were analyzed by Duncan's multiple range
test using Minitab software version 18 (Minitabl Pty
Ltd, Sydney NSW, Australia) with significance at
p<0.05.
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Results and Discussion

Physicochemical Characteristics and
Antioxidative Activity of Bamboo Mushroom
Proximate composition of fruit body and egg of
bamboo mushroom insignificantly differed, except
protein content (p<0.05) (Table 1). Protein of egg
of bamboo mushroom increased relative to that
of fruit body by 9.9 fold. Carbohydrate was the
major component of both egg and fruit and fat,
the least. The high carbohydrate content in the
bamboo mushroom (fruit body) was consistent
with that reported by Habtemariam.?® Egg and fruit
body were rich in dietary fiber (13.30 and 15.17%),
phenolic acids (363.10 and 309.10 mg GAE/g), and
also have high DPPH radical scavenging activity
(90.99 and 88.81%), in accord the reported health
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benefit. Phenolic acids in egg of bamboo mushroom
were significantly higher than that of the fruit body
(p<0.05), but differences in antioxidant activity
were not significant (p>0.05). Natural phenolic
compounds of bamboo mushroom exert their health
benefit effects through their antioxidative, antitumor,
anticancer, antiinflammation and antimicrobial
properties.'*2' This suggests bamboo mushroom
should be considered as a functional food with
abundant bioactive compounds, especially phenolic
acids and fiber. This result is in accord with the earlier
observation by Oyetayo et al.,?® who found also that
bamboo mushroom has high antioxidant capacity.
DPPH radical scavenging activity of aqueous extract
from Dictyophora indassita at concentration of 2 mg/
mL was 97.35%.

Table 1: Physicochemical properties of egg
and fruit body of bamboo mushroom

Characteristics

Bamboo mushroom

EB FB
Carbohydrate (%) 54.72+0.02 60.55+0.04
Protein (%) 20.2140.012 10.31+0.03°
Crude fiber (%) 13.30+0.01 15.1710.05
Fat (%) 1.85+0.05 1.25+0.12
Ash (%) 4.07+0.09 6.95+0.07
Moisture (%) 5.85+0.04 5.77+0.01
Antioxidant activity (%) 90.99+0.08 88.81+0.19

Phenolic acid (mg GAE/g)

363.10+0.642

309.10£0.30°

Values are means + SD

Values in same row with different superscripts indicate significant differences (p<0.05)

EB (egg of bamboo mushroom)
FB (fruit body of bamboo mushroom)

Encapsulation Yield

Results for encapsulation efficiency of beads
containing L. acidophilus incorporation with or
without egg or fruit body of bamboo mushroom
at the different concentrations are summarized in
Table 2. Initial cell counts of L. acidophilus before
encapsulation was 9.93+0.50 log cfu/g, while, after
counts varied within the range of 9.37-9.65 log
cfu/g. The high cell entrapment of 94-97% indicated
efficient encapsulation by extrusion. There was no
significant difference among all studied sample

(p=0.05). This result implied that the effectiveness
of encapsulation did not depend on the presence
of other materials in system such as type and
concentration of the materials used. Similar results
were reported by many previous researches, which
showed encapsulation yields of 74-99% by extrusion
technique.®®” In addition, several studies also
reported that the type, concentration or presence
of prebiotic in matrix capsule did not influence the
encapsulation yield.55
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Table 2: Encapsulation yield and size of the different beads

Formulations Conc. Encapsulation Size of beads
(Yowlv) yield (%) (mm)
Control - 94 3.0
EB 0.8 97 3.0
1 95 3.0
3 95 3.0
FB 0.8 96 3.0
1 94 3.0
3 96 3.0

Control (sample without bamboo mushroom)

EB (egg of bamboo mushroom)

FB (fruit body of bamboo mushroom)

Size and Morphology Characterization of Beads
Beads in this study averaged 3.0 mm in diameter
and did not differ significantly among samples of
all prepared beads (p=0.05) (Table 2). In general,
the microsphere gel particles with diameters of
0.2-5 mm were obtained from extrusion technique.®
Beads were round in shape with core material such
as bamboo mushroom distributed in the matrix
(Figure 1). The addition of either fruit body or egg of
bamboo mushroom at different concentrations during
probiotic encapsulation had no influence on size or
shape of beads (Table 2 and Figure 1). In addition,
after exposure to SG and SI, changes in bead sizes

(@)

3.0 mm

from 3.0 mm were not found (data not shown),
indicating their stability. Likely this reflected a strong
biopolymer gel network when prepared from 4%
alginate. This result was in agreement with finding
of Darjani et al.,® that the addition of 2% prebiotics
like oligofrutose and inulin (polymerization degree of
12) in encapsulation process did not influence size
or shape of probiotic alginate beads. However, size
of alginate increased after exposure to simulated
intestinal juice. Etchepare et al.,* also found that the
use of Hi-maize in co-encapsulation with probiotic
did not affect the diameters of the microcapsules.

Fig. 1: Morphology of beads before and after exposure to SGI using optical microscopy 30X.
Before exposure to SGI, beads containing L. acidophilus (a), L. acidophilus and 3% fruit
body of bamboo mushroom (b) and L. acidophilus and 3% egg of bamboo mushroom (c).
After exposure to SGI, beads containing L. acidophilus (d), L. acidophilus and 3% fruit
body of bamboo mushroom (e) and L. acidophilus and 3% egg of bamboo mushroom (f)
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SEM images (Figure 2) illustrate surface morphology
of biopolymer gel network of alginate beads before
exposure to SGI. SEM observations revealed clearly
the beads’ spherical shape (Figure 2a, 2c, 2e).
Beads without bamboo mushroom showed high
agglomeration among particles, the calcium-alginate
network is uniform and continuous in structure
(Figure 2a-2b). The addition of either fruit body or
egg of bamboo mushroom caused more wrinkles
and irregularities on the capsules surface due to the
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presence of insoluble bamboo mushroom in system
(Figure 2c-2f). The association of calcium-alginate in
beads without bamboo mushroom promoted a more
cohesive structure, indicating better characteristic for
protection of probiotic in capsules. This result was
in agreement with Sathybama et al.,"® who found
that the external surfaces of the beads prepared by
co-encapsulation of probiotics and prebiotics such
as sugar beet and chicory were rougher than those
of the alginate beads without prebiotics.

Fig. 2: Morphology and microstructure of the alginate beads before exposure to SGI.
Exposures were taken by SEM. Beads containing L. acidophilus (a; 25X and b; 5,000X),
L. acidophilus and 3% fruit body of bamboo mushroom (c; 25X and d; 5,000X),

L. acidophilus and 3% egg of bamboo mushroom (e; 25X and f; 5,000X)

As shown in Figure 3, after exposure to gastro-
intestinal juice bead surfaces developed areas of
roughness and cracks. However, wall microstructure
of capsules containing only L. acidophilus (without
bamboo mushroom) did not appeared clearly
porous wall. On the other hand, pore size of the
alginate network increased from 0.8 to 3% with the
addition of fruit body or egg of bamboo mushroom.
It is generally accepted that calcium-alginate gel
forms a porous biopolymer network, which is well
known as egg-box model 58322 The gel is sensitive
to extreme pH and influences the release and

protection of core materials.?¢3 Alginate beads
ruptured when immersed in intestinal fluid. Under
this condition, carboxyl groups of calcium-alginate
hydrogel network are subjected to bile salt, and
undergo ion exchange process. The electrostatic
repulsion between negative charge COO- groups
caused chains to relax and gel particles to rupture .t
Moreover, under co-encapsulation process, the
crosslinking reaction between calcium-alginate
networks may be disrupted from the presence of
insoluble bamboo mushroom in system resulting
in forming a less interconnected network and
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simple destroying by adverse condition. The result
confirmed that co-encapsulation with bamboo
mushroom affected the microstructure of hydrogel
particles with inhomogeneous morphology and
large porous biopolymer network. Similar results
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were reported by Huq et al.,’* and Khorasani and
Shojaosadati.®® The surface of alginate capsules
was rough and crack due to severe damage from the
bio-composite including low acid, HCL, bile salt and
enzymes under gastrointestinal condition.

Fig. 3: SEM images, microstructure of the alginate beads after exposure to SGI. Beads containing
L. acidophilus (a; 25X and b; 5,000X), and 0.8 (c), 1 (d) and 3% (e) fruit body of bamboo
mushroom (5,000X), and 0.8 (f), 1 (g) and 3% (h) egg of bamboo mushroom (5,000X).

Cells Survival under Simulated Gastrointestinal
Condition

For simulation the conduct of beads and determination
their resistance during gastrointestinal tract was
carried out. This study proposed to mimic the
stomach pH, intestinal pH, bile salt and enzymes in
gastrointestinal tract.?®% Such determination shows
the ability of the beads to protect the probiotic as
well as investigate the role of bamboo mushroom
on survivability of L. acidophilus. An in vitro viability
of L. acidophilus demonstrates in Table 3.

The initial number of probiotic cells of L. acidophilus
in all samples varied 9.40-9.93 log cfu/g, higher than
recommended minimum probiotic count in probiotic
food (>6 log cfu/g) by US FDA.37 Cells decreased

after 4 hours of SG and S| phase, demonstrating
the role of stomach pH, intestinal pH, bile salt and
enzymes in the gastrointestinal tract to reduce the
probiotics. In particular, the log reduction of free
cells was 5.16 and 0.85 (log cfu/g) under SG and
S| phase, respectively that corresponded to 6.46
log reduction or survival rate of 34% after SGI stage
(Table 3). Free L. acidophilus cells were obviously
more sensitive to environmental conditions in the
stomach than those in the intestine. Accordingly,
the study of de Farias et al.,” also indicated free
L. casei was more resistant to intestinal conditions
than those in the stomach. The low pH of HCL
(pH 2) and pepsin in gastric condition can severely
damage cell membranes, loss of enzymatic activity
and function of probiotic cells.®*:3 Furthermore,
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acid and base in gastrointestinal tract also destroy
peptidoglycan, proteins and lipids in bacteria cell
membranes resulting in the loss of balancing
reactions in cells.®” This was consistent with the
findings of Peredo et al.®® that cell retention of free
cells of L. casei Shirota, and L. plantarum 33 and
17.2b under simulated gastrointestinal digestion
was 24-48%. In addition, 6.9 and 6.7 log reduction
of free L. casei was reported after passage through
in vitro gastric and intestinal step, respectively.® Huq
et al.,** stated the reduction of free Lactobacillus
rhamnosus of 7.81 log cfu/g under simulated
gastric system. Interestingly, this result suggested
that L. acidophilus TISTR 2365 is more tolerant to
gastrointestinal conditions when compared to other
microorganisms,®>?534 a favorable characteristic for
probiotics in commercial application.®”

The survival of encapsulated and co-encapsulated
cells with bamboo mushroom in alginate capsules
was significantly higher than those in free cells
during SG and Sl phases (p<0.05). The log reduction
of both encapsulated and co-encapsulated cells
under SG and Sl stages varied within the range of
1.61-2.24 and 0.81-1.38 (log cfu/g), respectively
that corresponded to 2.25-3.25 log reduction or
survival rate of 63-68% during SGI stage (Table 3),
indicating the efficient protection of probiotic cells
by encapsulation. This suggests alginate forms
a hydrogel barrier restraining the transmission of
gastric and intestinal fluids into cells, protecting
cells during passage through the gastrointestinal
tract.® In both encapsulation cases in this study,
the high viability of probiotic, >6 log cfu/g, after
transit through SGI would be expected to provide
a beneficial effect on human health.?4° Our results
were consistent with many earlier researches, which
found that the encapsulation process with alginate
can not only protect but also and greatly improve
the viability of probiotics in the gastrointestinal
tract.>®'#142 According to Zaeim et al.,*® showed that
co-encapsulation of probiotic and prebiotic including
inulin and resistant starch improved survival of
probiotics as compared to free cells under simulated
gastrointestinal condition.

Probiotic counts under encapsulation and co-
encapsulation with either fruit body or egg of
bamboo mushroom at different concentrations did

1020

not differ significantly after exposure to SG and Sl
stage (p=0.05) (Table 3). These results implied the
addition of bamboo mushroom in co-encapsulation
did not enhance the stability of probiotic as compared
to alginate beads without bamboo mushroom.
However, survival rate of co-encapsulated probiotics
in this study (63-68%) was within the reported
survival rate of co-encapsulated probiotics in alginate
beads containing different prebiotic materials (57-
75%), specially potato starch, Plantago psyllium and
inulin,® and Hi-maize plus chitosan (64%)** under
gastrointestinal digestion. Likewise, Silva et al.,® has
also reported that the survival rate of L. acidophilus in
alginate-gelatin microbeads was higher than that of
alginate-gelatin-fructooligosaccharide microbeads in
gastrointestinal tract in vitro, but both encapsulation
cases provided greater viability of probiotic cells
than that of free cells. Nevertheless, these results
are contrary to those reported by Darjani et al.,®
that the probiotics encapsulated in alginate beads
containing oligofructose or inulin prebiotics showed
higher viability relative to alginate beads without
prebiotics. The study by Etchepare et al.,*°3* showed
also that the addition of Hi-maize, and Hi-maize plus
chitosan in co-encapsulation improved survival of
L. acidophilus during exposure to severe environment
in the gastrointestinal stage as compared to alginate
beads without prebiotic.

In the current study, even though the probiotic cells
were co-encapsulated with bamboo mushroom,
the porosity of gel particles (Figure 3c-3h), allowed
the diffusion of SGI in beads, decreasing the
viability of probiotic microorganisms. However, the
reduction of cell counts in co-encapsulation was
similar to that without bamboo mushroom (Table
3). This suggests the presence of prebiotic in matrix
helped to protect the probiotic from contact with
gastric-intestinal fluids. This result proved that the
encapsulation with or without bamboo mushroom
improved viability. Alginate beads were able to
sustain part of their structure during transmission
through the gastrointestinal stage. High amounts
of L. acidophilus were maintained within the beads,
preparing a satisfying environment for survival.
Further, the incorporation of probiotic and prebiotic
is known as a synbiotic.?%4° Thus, co-encapsulation
of L. acidophilus and bamboo mushroom enhance
the efficiency of probiotic food by employing
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of bamboo mushroom in beads also improved the
health benefits resulting from their phenolic acids

synergic effect between probiotic and prebiotic

components. When probiotics reach the large

and antioxidant activity, supporting the concept of

functional food.

intestinal, prebiotics are potential energy source via
probiotic catabolism, thereby supporting the growth

and/or activity of probiotics.?”#° The combination
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Conclusion

The addition of egg or fruit body of bamboo
mushroom at different levels to alginate matrix
resulted in the less interconnected network, causing
larger pores when compared to alginate bead
without bamboo mushroom. However, both beads
with and without bamboo mushroom protected
probiotic L. acidophilus, improving their survival
in gastrointestinal condition as compared to free
cells. Bamboo mushroom acted as prebiotic source
and helped to protect probiotic when subjected to
gastrointestinal condition. This study showed a
successful co-encapsulation of bamboo mushroom
and L. acidophilus in alginate beads with gratifying
survival of probiotic cells, which should be further
developed for functional foods.
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