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Abstract

Microencapsulation is the most common method in improving probiotic survivability against
adverse conditions. In this research, resistant starch was incorporated as prebiotic coating material during
the microencapsulation of Lactobacillus rhamnosus GG (LGG) in calcium alginate beads coated with
xanthan gum. Three types of microcapsules were produced: LGG only, LGG with resistant starch, and
LGG with resistant starch and xanthan gum coating. The size and morphology of microcapsules were
measured. Furthermore, the viability for free cells and microencapsulated LGG was tested in the
simulated gastric juice (SGJ) (pH 2.0, 2 h) and simulated intestinal juice (SIJ) (pH 7.5, 4 h). The results
indicated that 2.0 %(w/v) resistant starch and 0.3 %(w/v) xanthan gum had the highest
microencapsulation efficiency (MEE). The morphology for microencapsulated LGG was spherical and
white. The mean diameter for all 3 types of microcapsules was in between the range of 562.67 to 614.33
um and xanthan gum-coated microcapsules had the highest MEE of 84.67 %. The addition of resistant
starch and xanthan gum had increased the MEE for encapsulated probiotics. Both encapsulated LGG with
and without xanthan gum coating had higher survivability than free cells, which indicated the positive
role of resistant starch and xanthan gum in promoting the viability of probiotics during gastrointestinal
transit. In general, co-extrusion encapsulation and the addition of resistant starch and xanthan gum
coating could protect the viable LGG against the harsh human gastrointestinal condition.
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Introduction

The development of functional foods has become a new trend in the food processing industry. The
incorporation of probiotics into food products is considered functional food and it is also classified as a
microbial food supplement. According to Krasaeckoopt and Watcharapoka, probiotics can confer health
benefits when being consumed at a recommended amount of 10° to 10’ CFU/mL [1]. Some of the health
benefits include suppressing cancer disease, improving skin health, reducing serum cholesterol,
improving gut microbiota balance, and enhancing body defense mechanism against pathogens [2,3].

LGG is a gram-positive lactic acid bacteria (LAB) strain which belong to the Lactobacillus
rhamnosus species [4]. It was 1* being isolated from the human fecal samples and it is currently being
widely studied across the world due to its potential health benefits. The consumption of LGG probiotic
supplements has been found to have an antagonistic effect against pathogens such as S. sonnei,
Staphylococcus, and Streptococcus strains [5]. It also helped in the treatment of gastrointestinal infections
and reduction in constipation status [6].

Prebiotics, defined as short-chain carbohydrates (SCCs), are non-digestible food ingredients that can
improve host health by stimulating the growth or activity of bacteria in the colon [7].
Galactooligosaccharides (GOS), fructooligosaccharides (FOS), inulin, and resistant starch are some of the

Walailak J Sci & Tech 2021; 18(15): 9573



Microencapsulation of Lactobacillus rhamnosus GG Pei Ying HOH et al.

http://wjst.wu.ac.th

examples of prebiotics [8]. According to literature, the combination of prebiotic and probiotic, also
known as “synbiotic”, has shown synergistic health benefits to humans such as improving probiotic
proliferation in the gut, lowering inflammation and total cholesterol [9,10].

However, for probiotics to exert health benefits, they must maintain high viability during
gastrointestinal transit [11]. In addition, other factors such as extreme pH, high food processing
temperature, water activity and prolong storage of food products will also reduce the viability of
probiotics [12]. Therefore, technologies such as microencapsulation can help to provide effective
protection to probiotics by separating them from the external environment, and thus, it can maintain the
viability of probiotics [11,13]. Co-extrusion is one of the microencapsulation technologies which utilizes
vibration nozzle technology to produce a laminar liquid jet [14]. Encapsulation of probiotics using co-the
extrusion method had shown to extend the viability of probiotics [15].

Various wall materials like alginate, carboxymethyl cellulose (CMC), chitosan, carrageenan, and
gelatin have been incorporated during the microencapsulation process as a way to protect the core
material [16]. Alginate, a linear anionic polysaccharide that is derived from different types of algae and is
the most commonly used wall material for microencapsulation. Alginate is made up of two structural
units which are the D-mannuronic acid and L-guluronic acid, both units are joined together by glycosidic
bonds. It is commonly chosen as shell wall material due to its biocompatibility, low cost, and non-toxic
properties [17,18].

Furthermore, calcium alginate beads are commonly coated with polymers such as chitosan, poly L-
lysine (PLL), xanthan gum, and whey protein [19]. The coating of alginate beads can improve the
stability of microcapsules and thus, increasing the viability of probiotics [20]. Xanthan gum, an anionic
microbial exopolysaccharide, is used as food thickener as it is easily dispersed in cold and hot water and
possess high viscosities at low concentration [21,22]. Studies had found that xanthan gum can protect
probiotics in acidic environments [23].

To date, emulsion, extrusion, and spray drying are the most common methods used for the
encapsulation of probiotics [1]. However, the research on the production of microcapsules using co-
extrusion is scarce. Furthermore, the combined effect of resistant starch as prebiotic and xanthan gum as a
coating material for the LGG microcapsules has yet to be explored. Hence, the effect of resistant starch
and xanthan gum coating on the viability of LGG microencapsulated with sodium alginate using co-
extrusion microencapsulation against simulated gastro-intestinal conditions was evaluated in this study.

Materials and methods

Materials

LGG (ATCC 53103) capsules were purchased from a local pharmacy. Hi-maize 260 resistant starch
was purchased from Salisbury, USA. Xanthan gum powder (Sigma Aldrich, USA) was used as a coating
material. Sodium alginate and calcium chloride were purchased from R&M Chemicals, UK to produce
microbeads. Pepsin (HmbG chemicals, Germany) and bile salts (R&M Chemicals, UK) were used to
prepare simulated gastric and intestinal juices. MRS agar and MRS broth were purchased from Oxoid,
UK and used for microbiological analysis.

Preparation of culture

LGG was inoculated into De Man Rogosa Sharpe (MRS) broth and incubated at 37 °C for 24 h
under anaerobic conditions. The cells were harvested through centrifugation at 4200 rpm, 4 °C for 10
min. After centrifugation, the supernatant was discarded while the cell pellets were re-suspended in 25
mL of phosphate-buffered solution (PBS) with a final concentration of 10° CFU/mL. The PBS was
prepared by dissolving 0.795 g of disodium hydrogen phosphate, 0.144 g of potassium dihydrogen
phosphate, and 9 g of sodium chloride into 1 L of sterile distilled water and sterilized at 121 °C for 15
min.
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Preparation of resistant starch solution

The resistant starch solution was prepared according to Zanjani et al. [17] with modification. Two g
of resistant starch powder was added to 100 mL distilled water and was heated until all starch granules
had been gelatinized. The alginate-starch solution was prepared by slowly adding sterile 2.0 %(w/v)
resistant starch solution into sterile 1.5 %(w/v) sodium alginate solution at a volume ratio of 1:1, the
solution was mixed gently to obtain a homogenous shell solution.

Microencapsulation process

Microencapsulation of LGG was carried out using Biichi Encapsulator B-390 (Biichi Labortechnik
AG, Flawil, Switzerland) through the co-extrusion method as described by Chew et al. [24] with
modification. All glass wares were sterilized by autoclaving at 121 °C for 15 min before conducting the
microencapsulation process. The core fluid (LGG suspension in PBS solution) and the shell fluid (sodium
alginate solution or alginate-starch solution) were transferred into 2 separate pressured bottles that were
connected to the Biichi Encapsulator B-390. During the microencapsulation process, core fluid and shell
fluid were pumped simultaneously through the concentric nozzles with a diameter of 150 pum (inner
nozzle) and 300 pum (shell nozzle) by the air pressure of 500 mbar to produce a core-shell fluid stream.
The vibration frequency of the nozzle was set at 300 Hz with an amplitude of 3 and a voltage of 1.5 kV.
The microcapsules were collected in calcium chloride solution under magnetic stirring for 30 min. The
microcapsules were rinsed with PBS and kept in a chiller at 4 °C before further usage.

Coating microcapsules with xanthan gum

The preparation of the xanthan gum solution was adapted from Shu et al. [25] with modification.
Fifteen g of microcapsules were transferred to 100 mL of 0.3 %(w/v) xanthan gum solution and stirred at
100 rpm for 30 min at room temperature to produce xanthan gum-coated microcapsules. The coated
microcapsules were dried with filter paper and kept in a chiller at 4 °C before further usage.

Optimizing concentration of resistant starch and xanthan gum

Optimization of wall material and coating material for microencapsulation of LGG was performed.
For resistant starch optimization, Hi-maize 260 resistant starch was incorporated into 1.5 %(w/v) sodium
alginate after gelatinization. The microencapsulation process was repeated from 0 to 2 %(w/v) resistant
starch.

To optimize the concentration of xanthan gum coating, microencapsulation was conducted using the
chosen concentration of resistant starch. After hardening in calcium chloride solution, the beads were
coated in different concentrations of xanthan gum (0.1 and 0.3 %w/v). The optimum concentration for
resistant starch and xanthan gum were chosen based on the size of the bead and MEE [2].

Microencapsulation efficiency (%) = (N/Ny) x 100 €))

where: N = number of viable entrapped cells (CFU/g) released from the microcapsules
Np = number of free viable cells (CFU/mL) in the culture

Morphology and size of beads

The diameters and morphology of 25 randomly selected beads were observed using an optical
microscope (CX23, Olympus, Japan), with x100 magnification. The beads were placed onto the
calibrated micrometer scale to measure the size of beads [26].

Release of entrapped bacteria

Prior to cell enumeration, the solubilization of co-encapsulated LGG cells was adapted from
Chavarri et al. [27] with modification. For the decomposition of the capsules, 1 g of beads was added into
9 mL of 1.0 %(w/v) sterile tri-sodium citrate solution and it was mixed through vortexing until all beads
were decomposed. For cell enumeration, 1 mL of the decomposed beads mixture or 1 mL of free bacteria
was serially diluted with PBS. The drop plate method was used for the enumeration of bacteria whereby
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0.01 mL of diluents were dropped onto MRS agar using a micropipette. The droplets were allowed to dry
before the plates were sealed with parafilm and incubated at 37 °C for 48 h in an upside-down position.
All samples were enumerated in triplicates. The viable cell counts were expressed in colony-forming unit
per milliliter (CFU/mL) and were then converted into log CFU/mL.

Survival of free cell and encapsulated bacteria with or without xanthan gum coating
afterincubation in the simulated digestive system

SGJ and SIJ were prepared according to Chia et al. [16] with modification. SGJ was prepared by
mixing 3.5 mL of 0.1 M hydrochloric acid (HCI) and 1 g of sodium chloride in 500 mL of distilled water.
The solution was adjusted to pH 2.0 using 1.0 M HCI, the solution was sterilized at 121 °C for 15 min and
cooled to room temperature before adding 1.6 g of pepsin. SIJ was prepared by dissolving 3.4 g of
potassium dihydrogen phosphate in 125 mL of distilled water, then, it was mixed with 95 mL of 0.1 M
NaOH, following by topping up the solution to 500 mL with distilled water. The pH of the solution was
adjusted to 7.5 using 1.0 M NaOH and the solution was sterilized at 121 °C for 15 min and cooled down
to room temperature before adding 3 g of bile salt.

Sequential digestion was conducted according to Chia et al. [16] with slight modification. To
evaluate the viability and survivability of LGG under simulated gastrointestinal conditions, 1 g of beads
(with or without xanthan gum coating) or 1 mL of free cells were added to 9 mL of sterile pH 2.0 SGJ. It
was then mixed at 100 rpm while incubated at 37 °C for 2 h. After the 2™ hour of incubation, the
remaining tubes of beads or free cells were centrifuged and then transferred to 9 mL of SIJ and further
incubated at 37 °C for 4 h. At 0, 2, 4, and 6 h of exposure, the beads or free cells were removed from the
incubator, centrifuged, and washed twice with PBS solution.

To evaluate the viability of LGG, the centrifuged microcapsules were added to 9 mL of 1 %(w/v)
tri-sodium citrate solution followed by vortexing. For free cells, the cell pellets obtained from
centrifugation were resuspended in 9 mL PBS. The mixture of microcapsules or free cells was serially
diluted with PBS solution. An aliquot of 0.01 mL of the mixture was dropped onto MRS agar. The plates
were sealed with parafilm and incubated at 37 °C for 48 h in an upside-down position. The viable cell
counts for free cells and microcapsules were expressed as logarithm colony-forming unit per millimeter
(log CFU/mL) and logarithm colony forming unit per gram (log CFU/g), respectively.

Statistical analysis

All analysis was conducted in triplicate and the results were expressed as mean + standard
deviation. Data were analyzed using MINITAB 16 (Minitab, Inc, Pennsylvania, USA). One-way analysis
of variance (ANOVA) was carried out, while the significant difference among the average values was
analyzed using Tukey’s post hoc test. The significant difference was set at (p < 0.05).

Results and discussion

Optimization of concentration of resistant starch and xanthan gum

For this optimization test, the concentration of sodium alginate was fixed at 1.5 %(w/v). As shown
in Table 1, an increment in resistant starch concentration did not significantly increase the size of beads
(p > 0.05). This is in agreement with Etchepare et al. [28] who reported that the addition of gelatinized
starch to alginate did not increase the bead size. For MEE, the addition of resistant starch improved the
MEE for microencapsulated LGG. It was observed that alginate beads that had no resistant starch (0
%(w/v)) had the lowest MEE (21.31 %). When gelatinized resistant starch was incorporated, it was
observed that the MEE had been improved for both concentrations.

According to Sarao and Arora [29], single-layered alginate beads were found to be susceptible to
disintegration under harsh chemical environments and the presence of chelating agents such as chloride
ions. Cell leakage occurred due to high porosity in the alginate matrix when there was no addition of filler
materials such as gelatinized starch. In addition, the survivability of encapsulated probiotics was
increased when additional coating such as PLL or chitosan was added to alginate when tested under
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simulated gastrointestinal conditions [30]. This could explain the results of low MEE for
microencapsulation LGG without the addition of resistant starch.

Table 1 Effect of different concentrations of resistant starch on bead size and MEE of microencapsulated
LGG.

Alginate Resistant starch Diameter Microencapsulation
(%, wiv) (%o, W/V) (pm) efficiency (MEE) (%)
1.5 0 625.33 + 60.27° 21.31 +£1.28°
1.5 1 55533 +51.18° 55.55 +2.98"
1.5 2 617.47 + 49.65" 74.72 £ 2.68°

*° means =+ standard deviations (n = 3) followed by different superscript letters within the same column
are significantly different at p < 0.05 according to Tukey’s test.

The results are in agreement with Zanjani et al. [11] who stated that the resistant starch had filled up
the cavities of alginate capsules, thus, it helped to strengthen the alginate beads structure. A stronger
alginate beads structure can reduce the amount of leakage of probiotics, thereby increasing the MEE.
Resistant starch of 2 %(w/v) had the highest MEE of 74.72 % among the 3 formulations. Hence, 2
%(w/v) resistant starch was chosen as the optimum concentration to be incorporated for the
microencapsulation of LGG.

The concentration of resistant starch was fixed at 2 % (w/v) in the previous optimization test, beads
were produced using the fixed formulation (1.5 %(w/v) alginate and 2.0 %(w/v) resistant starch) and
further coated with different concentrations of xanthan gum. MEE was being compared among coated and
uncoated microcapsules. From Table 2, the mean diameter for alginate-starch beads was 681.10 pum
which was smaller than 0.1 and 0.3 %(w/v) xanthan gum-coated microcapsules. When comparing the size
of beads of 0.1 and 0.3% (w/v) xanthan gum-coated microcapsules, it was shown that there was no
significant difference (p > 0.05) among these 2 types of beads.

The result is in contrast with Zanjani et al. [17] findings whereby the addition of chitosan and PLL
coatings to the microcapsules increased the size of beads. This could be due to the difference in the type
and concentration of wall coating. The chemical interaction between xanthan gum coating and alginate-
starch beads was not known as the research carried out on xanthan gum coating was scarce.

In addition, for MEE, there was no significant difference (p > 0.05) among 0.1 %(w/v) xanthan
gum-coated and uncoated microcapsules. When the xanthan gum coating concentration had increased to
0.3 %(w/v), the MEE had been increased. Beads coated with 0.3 % (w/v) xanthan gum also had a high
MEE of 87.92 % which showed there was only little loss of LGG and the positive role of incorporation of
resistant starch and xanthan gum coatings.

The result is not in agreement with Zanjani et al. [17] who had reported that the addition of coating
had no significant difference (p > 0.05) on the MEE. The different findings in terms of MEE could be due
to different microencapsulation methods and wall materials used, also, the type of probiotic strain will
affect the effectiveness of microencapsulation [21]. The high MEE demonstrated by LGG microcapsules
coated with 0.3 %(w/v) xanthan gum could be due to the reduction in polymer network space through the
increase of xanthan gum coating concentration [31]. This could have strengthened the polymer network,
hence providing better protection towards the probiotic LGG cells encapsulated within the xanthan-coated
alginate polymer. The MEE for 0.3 %(w/v) xanthan gum coated beads was higher than 0.1 %(w/v)
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xanthan gum-coated and uncoated microcapsules (control). Therefore, 0.3 %(w/v) xanthan gum was
chosen as the coating material for microencapsulated LGG.

Table 2 Effect of different concentrations of xanthan gum on bead size and MEE of xanthan gum-coated
microencapsulated LGG.

Alginate Resistant starch Xanthan gum Diameter N[elfcifl.:iillllccap(sl\l/l[lgg)m
(%, WIV) (%, WIV) (%, WIV) (nm) (0/{ )

1.5 2.0 0.0 681.10 + 20.61° 73.32 + 1.08°

1.5 2.0 0.1 509.20 + 45.06° 76.85 + 1.30°

1.5 2.0 0.3 545.73 + 15.65° 87.92 +2.47°

*® means + standard deviations (7 = 3) followed by different superscript letters within the same column
are significantly different at p <0.05 according to Tukey’s test.

Effect of resistant starch and xanthan gum coating on the microencapsulation efficiencies and
size and morphology of beads

From Figure 1, all microcapsules produced were white. The shape for 3 types of microcapsules was
observed to be uniform and spherical shaped. All microcapsules also had smooth surfaces when viewed
under an optical microscope. Although there were some beads in irregular oval and tailed shapes, the
majority of beads had achieved the desirable spherical shapes. The result is in line with Martin et al. [32]
who reported the production of uniform round beads can be achieved by having consistency in preparing
the same concentration and viscosity of sodium alginate and calcium chloride solutions. Dias et al. [33]
also stated that the co-extrusion technique could produce uniform-shaped beads. The shape of beads could
greatly affect the viability of probiotics within the wall material. Broken or irregular capsules surface
could lead to protrusion of probiotic cells, thus, lowering the survivability of probiotics in the human gut
[32].

The relationship of the addition of wall material and coating material on the size and MEE of
microencapsulated LGG were investigated and results were shown in Table 3. Calcium alginate beads
were larger in terms of beads size when compared with alginate-starch microcapsules and xanthan gum-
coated microcapsules. The findings were in contrast with Zanjani et al. [17] who found that the addition
of chitosan and PLL coatings to alginate beads had increased the size of beads. Few parameters such as
concentration and types and of coatings, drying, and hardening time of beads and the distance between
the encapsulator outlet and hardening solution could affect the size of beads [32].
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Figure 1 Morphology and size of microcapsules measured with a scale micrometer (A) Calcium-alginate
beads, (B) Alginate-starch beads (2 %(w/v) resistant starch), (C) Alginate-starch beads coated with 0.3 %
(w/v) xanthan gum.

On the other hand, the bead size for xanthan gum-coated microcapsules was found to have no
significant difference (p > 0.05) when compared with alginate-starch microcapsules. This showed that the
incorporation of xanthan gum coating did not change the size of beads. The results were in agreement
with Fareez et al. [34] who had reported the addition of chitosan coating to alginate-xanthan gum
microcapsules did not affect the size of beads. Similarly, Chew et al. [24] and Nualkaekul et al. [19] also
reported that probiotic-alginate beads with low coating concentration (< 0.4 %w/v) were similar in size as
compared to uncoated beads. The bead size only increased when a high concentration of coating (1.0
%w/v) was used in the study [24]. Hence, the possible explanation for the size of coated beads did not
vary from the uncoated beads was the concentration of xanthan gum coating used in this study was low.

The size of the beads produced in this study was ranged from 562.67 to 614.33 um. The size of
beads also has a high impact on the texture of food. Micron bead size can deliver a soft and smooth
texture when it is being incorporated into food products when compared with a bead in millimeter sized.
However, increment in bead size can improve the protection of probiotics in the gastrointestinal
environment. This is due to the formation of cross-linkage between divalent ions and alginate bead core
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[36]. Furthermore, bead size below 1,000 um is considered as smooth in terms of texture by consumers
upon consumption [37], hence the bead size range in this study is acceptable.

Table 3 Average bead size in diameter and MEE (%) of LGG.

o . . . Diameter Microencapsulation
Probiotic Wall material Coating (um) efficiency (MEE) (%)
LGG Calcium alginate - 614.33 +35.35" 25.37 +2.98°

LGG Calcium alginate- ] 601.23 + 20.12° 73.65 + 2.65"
Resistant starch

Calcium alginate-

LGG Resistant starch

Xanthan gum 562.67 + 16.02° 84.67 + 2.30°

*“ means + standard deviations (n = 3) followed by different superscript letters within the same column
are significantly different at p < 0.05 according to Tukey’s test.

In comparison between the MEE for the 3 types of beads, it was shown that the addition of resistant
starch and xanthan gum coating had increased the MEE of encapsulated LGG. It was found that calcium
alginate beads had the lowest MEE of 25.37 % while xanthan gum-coated beads had the highest MEE of
84.67 %. The addition of resistant starch had positive effect in improving the MEE of encapsulated
probiotics. This was in agreement with Etchepare et al. [38] who stated the addition of 2 % resistant
starch had increased the MEE of bacteria. In addition, xanthan gum-coated beads microcapsules were
found to have higher MEE when compared with alginate-starch beads and calcium alginate beads.
However, this was in contrast with Chen et al. [21] findings whereby xanthan gum coating reduced the
encapsulation efficiency of B. bifidum BBO1. This could be due to different encapsulation methods and
shell materials used during the microencapsulation process. Nevertheless, the high MEE of LGG
microcapsules with resistant starch coated with xanthan gum demonstrated the protective effect of both
resistant starch and xanthan gum coating towards the viability of LGG.

Survival of free and microencapsulated Lactobacillus rhamnosus GG under simulated
gastrointestinal conditions

From Figure 2, it was shown that the viable cell counts for all 3 forms of LGG (free cells,
encapsulated bacteria with and without xanthan gum coating) decreased when the incubation time
increased. During the 2™ hour of incubation, free cells had suffered a sharp decline in viable cell counts
when compared with encapsulated bacteria with and without xanthan gum coating. Free cells suffered a
2.41 log reduction while the survival loss for encapsulated bacteria with and without xanthan gum coating
was 0.96 and 1.84, respectively. The decreasing trend of free cell, encapsulated bacteria with and without
xanthan gum coating were attributed to the acidic environment of gastric juice [28].

After 2 h of incubation in SGJ, all 3 forms of LGG were transferred to SIJ for further incubation of
4 h. The same trend was observed for the reduction of viable cell counts for all 3 forms of LGG. Free
cells had experienced a sharp decline in viable cell counts while encapsulated bacteria with xanthan gum
coating had a mild reduction in viable cell counts during the 4™ and 6™ hours of incubation. Both
encapsulated LGG with and without xanthan gum coating had higher viability when compared with free
cells. After 4 h of incubation in SIJ, free cells suffered a 5.47 log reduction while encapsulated bacteria
with and without xanthan gum coating had 1.0 and 2.09 log reduction in viability, respectively.
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Figure 2 Viable cell counts of free and microencapsulated LGG under sequential digestion. Error bars
indicate the standard deviation of triplicate experiments (n = 3).

As observed from Figure 2, encapsulated bacteria with and without xanthan gum coating had
preserved probiotic viability at the end of sequential digestion. Both formulations had retained the
minimum required cell count of 10° - 10’ CFU/mL. Free cells had experienced a sharp decline in viable
cell counts and did not maintain high viability. The viable cell counts of free cells were lower than the
recommended amount. It was shown that LGG was sensitive to acidic conditions and bile salt treatment.
The findings were in agreement with Karu and Sumeri [39] who reported the viability of LGG had
reduced about 4 and 5 log units after incubated in 0.4 % bile.

Better survivability was observed in encapsulated bacteria with and without xanthan gum coating.
The results had demonstrated the positive role of resistant starch in protecting probiotics against adverse
conditions. The addition of resistant starch into the alginate matrix was able to increase probiotic
survivability in a low pH environment as the starch particles have high binding capacities that curbed the
diffusion of calcium ions at the outside of microcapsules [30].

Furthermore, resistant starch will swell when in contact with water and it was used as a filler
material for alginate beads. The swollen starch particles helped to increase the firmness and support the
microcapsules structure against adverse conditions like freezing temperature and heat treatment [11].
Moreover, resistant starch is a type of prebiotic which has synergistic effect when added to probiotic and
it increased the recovery of encapsulated bacteria [40].

Encapsulated bacteria with xanthan gum coating was the most effective in protecting LGG during
the simulated gastrointestinal conditions. On the other hand, encapsulated bacteria without xanthan gum
coating could offer protection to probiotics but was less effective without coating material. The results
were in agreement with Chen ef al. [21] who reported the addition of xanthan gum coating to xanthan-
chitosan microcapsules had improved Bifidobacterium BBO01 survivability during simulated
gastrointestinal conditions and storage in yogurt.

Xanthan gum was reported to have high stability over a wide range of pH range and the viscosity of
the gum was slightly affected over high food processing temperature such as sterilization [41]. When
xanthan gum was in contact with the acidic solution in gastric juice, the electrostatic linkage between the
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carboxyl group and amino groups were disappeared, this resulted in the increased osmotic pressure and
swelling in xanthan gum molecules. The swollen xanthan gum molecules had allowed the penetration of
water molecules in which acted as a buffer to acidic compounds. This had helped the microcapsules to
increase resistance against low pH gastric fluid [22]. Moreover, bile salts had an ion exchange reaction
with xanthan gum-coated microcapsules which decreased the network porosity. Lower network porosity
had decreased the diffusion of bile salts into the microcapsule, and thus, it reduced the bacterial stress
during simulated intestinal digestion [25].

Conclusions

Microencapsulation of LGG using calcium alginate-resistant starch with xanthan gum coating was
conducted using the co-extrusion method. Concentration of 2.0 %(w/v) resistant starch and 0.3 %(w/v)
xanthan gum were chosen for microencapsulation due to highest MEE. The beads were in the micron
range and had a uniform and spherical shape. Encapsulated LGG had higher survivability under simulated
gastrointestinal conditions when compared with free cells. The addition of resistant starch had improved
the viability of LGG during gastrointestinal digestion while the incorporation of xanthan gum coating had
further enhanced the protective effect to probiotics. Both encapsulated LGG with and without xanthan
gum coating had achieved the desired amount of viable cell counts of 10° CFU/g.
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