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ABSTRACT

Aims: Probiotics are claimed to confer many health effects upon consumption. However, the survivability of probiotic
under the harsh conditions in the gastrointestinal tract has been a challenge. This study aimed to improve the
survivability of Lactobacillus rhamnosus GG under gastrointestinal condition through co-extrusion microencapsulation
and the addition of black bean extract.

Methodology and results: Optimization was carried out on wall material formulation, types of pectin (low and high
methoxyl pectin) and alginate: pectin ratio (2:1 and 3:1), and black bean extract concentration (0 to 1% wi/v) to produce
capsules with desired properties. The effect of L. rhamnosus GG microencapsulation with and without black bean extract
on its survivability under simulated gastrointestinal conditions was also investigated. The optimal formulation that gives
the highest microencapsulation efficiency (86.17%) was low methoxyl pectin, alginate: pectin ratio at 3:1, and 0.5% (w/v)
of black bean extract. The inclusion of black bean extract into L. rhamnosus GG microencapsulation showed no
significant effect (p >0.05) on the capsule diameter, with a mean diameter of 715.44 um and a high microencapsulation
efficiency of 97.4%. The viability of encapsulated L. rhamnosus GG increased with black bean extract after 6 h of
sequential digestion with the final viable cell count of 12.47 logio CFU/mL, which meet the minimum requirement of 108-
107 logio CFU/mL viable cells.

Conclusion, significance and impact of study: The high microencapsulation efficiency and survivability through
sequential digestion showed that the optimized encapsulated L. rhamnosus GG with black bean extract has the potential
to be a value-added ingredient in food application.

Keywords: Microencapsulation, Lactobacillus rhamnosus GG, black bean extract, sequential digestion, optimization

INTRODUCTION conditions in the gastrointestinal tract (Ruiz et al., 2013).
However, an adequate amount of probiotics are required
to survive, adhere, and colonize the gastrointestinal tract

to exert therapeutic health benefits to the host (WHO and

Among the different probiotics available in the market,
Lactobacillus and Bifidobacterium are the most common

probiotics used in the food industry (Ruiz et al., 2013).
Lactobacillus rhamnosus GG is a widely studied probiotic
strain from the Lactobacillus genus. Lactobacillus
rhamnosus GG was isolated from a healthy adult’s fecal
sample by two scientists, Sherwood Gorbach and Barry
Goldin (Segers and Lebeer, 2014). Besides that, L.
rhamnosus GG has shown to exert various health
benefits such as relieving irritable bowel syndrome,
preventing and treating diarrhea incidents, and improving
the digestive health (Rosenfeldt et al., 2002; Horvath et
al., 2011).

The ability of L. rhamnosus GG to tolerate high acidic
and high bile salt conditions allows it to survive the harsh
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FAO, 2002). Hence, probiotic has to overcome the
challenge of harsh conditions in gastrointestinal tract such
as low pH and bile salt and prolong storage in food
matrices to maintain its  viability. Therefore,
microencapsulation was proposed to protect probiotics
(Steenson et al.,, 1987). Recent microencapsulation
technology, such as co-extrusion technique has been
adopted to shield probiotic from the outer environment
and improve its survival under adverse environments
(Chan and Pui, 2020; Lai et al., 2020b; Lai et al., 2020c;
Yong et al., 2020).

Alginate combined with pectin is the commonly used
wall material combination in  microencapsulation.
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Microencapsulation of probiotics in alginate and pectin
have been reported to improve their viability in food
products and gastrointestinal tract (Chew et al., 2019).
Moreover, there has been a growing interest in
incorporating prebiotics into microencapsulated probiotics
to give a synergic effect (Scholz-Ahrens et al., 2016).
Prebiotics are short-chain carbohydrates that are non-
digestible by humans and serve as food for probiotics. In
additional, they help to improve the survivability of
probiotics during storage and when exposure to
gastrointestinal conditions (Roberfroid, 2007). Common
examples of prebiotics are fructooligosaccharides, inulin,
or resistant starch, which are often found in plant sources
such as beans (Vargas-Torres et al.,, 2004). Phaseolus
vulgaricus L., also referred to as black beans are rich in
low digestible carbohydrate, protein, and various
phytochemicals such as anthocyanin, saponin, tannin,
resins, and steroids (Udeozo and Egbe, 2015; Hernandez
et al.,, 2020). As a result, black bean extract is often
reported to exhibit health properties such as anti-oxidant,
anti-aging, anti-colon cancer activity, and anti-
inflammatory (Hangen and Bennink, 2002; Evangelho et
al., 2016; Contreras et al., 2020; Hernandez et al., 2020).

Black beans are legumes that is accessible, cost-
efficient and highly nutritious, however it is underutilized
and underexplored for its prebiotic potential (Maphosa
and Jideani, 2017). To date, this is the first study
exploring the prebiotic and protective effect of black bean
extract on probiotic strain L. rhamnosus GG
microencapsulation  using  co-extrusion  technigue.
Therefore, the formulation of wall materials and black
bean extract for L. rhamnosus GG microencapsulation
was optimized in this study. This study investigated the
microencapsulation efficiency and diameter size of L.
rhamnosus GG microbeads using the co-extrusion
method with black bean extract as prebiotic and alginate-
pectin as wall materials. The survivability of the
encapsulated L. rhamnosus GG with black bean extract
after subjecting into sequential digestion simulation was
also determined.

MATERIALS AND METHODS
Culture preparation

Lactobacillus rhamnosus GG capsules (LactoGG, USA)
were purchased from local pharmacy. The probiotic (2 g)
were propagated in sterilized De Man Rogosa (MRS)
broth (Merck, Germany) using 10% (v/v) inoculum and
incubated at 37 °C for 24 h. The multiplied probiotic cells
at the exponential growth phase were suspended in
sterilized phosphate buffer saline (PBS) prior to
centrifugation (3200 x g for 15 min at 4 °C, 5840 R,
Eppendorf, Germany). The cell pellets were resuspended
in 50 mL of PBS and diluted to obtain cell counts of
approximately 15 logio CFU/mL (Siang et al., 2019).

Wall materials and black bean extract preparation

Alginate with low methoxyl pectin was used and the
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alginate: pectin ratio was fixed at 3:1 throughout the
optimization of black bean extract concentration. Different
combinations of pectin types and alginate: pectin ratio
were prepared as listed in Table 1. Sodium alginate
solution (R&M Chemicals, UK) and low or high methoxyl
pectin solution (R&M Chemicals, UK) were mixed
thoroughly using a dispersing instrument (T25 digital
Ultra-Turax, IKA, China) at 9000 x g for 5 min. The final
mixture solution was sterilized at 121 °C for 15 min and
cooled down to room temperature before
microencapsulation (Singh et al., 2018).

The black bean extract solution was prepared at 0.5%
(w/v) and 1.0% (w/v), where 2.5 g and 5.0 g of black bean
powder were added into 500 mL of sterile distilled water,
respectively. The solution was homogenized using an
ultrasonic machine (WiseClean Ultrasonic Processor,
Elma Schmidbauer GmbH, Germany) and filtered using a
filter paper. The final solution was sterilized at 121 °C for
15 min and cooled down to room temperature prior to
microencapsulation.

Optimization of alginate and pectin

To optimize the concentration of alginate and pectin in L.
rhamnosus GG microencapsulation, different types and
concentration of pectin (high and low methoxyl pectin),
and different alginate: pectin ratio (Table 1) without black
bean extract were used for the microencapsulation
process. The optimum concentration of the alginate-
pectin mixture was determined based on the capsule
diameter and microencapsulation efficiency (Yee et al.,
2019).

Table 1: Optimization parameters of alginate and pectin
solution.

Ratio  Alginate Low High Volume  Volume
% (w/v)  pectin  pectin of of
% % alginate  pectin
(wiv) (wiv) (mL) (mL)

4:1 15 0.5 0 240 60
4:1 15 0 0.5 240 60
31 15 0.5 0 150 50
31 15 0 0.5 150 50
2:1 15 0.5 0 120 60
2:1 15 0 0.5 120 60

Optimization of black bean extract

The concentration of black bean extract in L. rhamnosus
GG microencapsulation was optimized by testing different
concentrations of black bean extract which were 0, 0.5,
and 1% (w/v). The type and concentration of pectin and
the alginate: pectin ratio was fixed based on the optimum
concentration chosen previously (3:1 alginate: pectin
ratio, low methoxyl pectin). Capsule diameter and
microencapsulation efficiency were used to determine the
optimum concentration of black bean extract (Yee et al.,
2019).
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Microencapsulation of L. rhamnosus GG using co-
extrusion technique

Microencapsulation of L. rhamnosus GG was carried out
with a co-extrusion method using Biichi Encapsulator B-
390 (Buchi Labortechnik AG, Switzerland) (Chew et al.,
2015). The core fluid (L. rhamnosus GG with or without
black bean extract) and the shell fluid (sodium alginate
with high/ low methoxyl pectin) were transferred into two
separate pressurized bottles connected to the Bichi
Encapsulator B-390. The core fluid and shell fluid were
pumped simultaneously into the concentric nozzles (inner
and shell nozzle’s diameter were 150 ym and 300 um,
respectively) during microencapsulation. The
microencapsulation parameters were air pressure set at
500 mbar, vibration frequency set at 300 Hz, amplitude
set at 3, and voltage set at 1.5 kV. The capsules were
formed and hardened in 1% (w/v) calcium chloride
solution (R&M Chemicals, UK) for 30 min. The capsules
were then collected using a nylon sieve and rinsed with
distilled water. The capsules were dried using filter paper
and stored at 4 °C before further analysis.

Morphology and diameter of capsules

The morphology and diameter of 20 randomly selected L.
rhamnosus GG capsules were determined and measured
using an optical microscope (CX 31, Olympus, Japan) at
10x magnification attached with a stage micrometer (Lai
et al., 2020a).

Enumeration of viable cells and microencapsulation
efficiency

The encapsulated viable cells were released before the
enumeration. One gram of capsules was dissolved in 9
mL of 10% (w/v) trisodium citrate solution and mixed
thoroughly using a vortex. Enumeration of encapsulated
and free viable cells was determined using the pour plate
method (Ng et al., 2019). One milliliter from the mixture of
the encapsulated or free viable cell was serially diluted
with 9 mL of PBS solution. The diluents (1 mL) were then
plated in MRS agar (Merck, Germany) using the pour
plate method and incubated at 37 °C for 48 h. The
viability of encapsulated and free L. rhamnosus GG cells
was calculated using Equation 1 and expressed as logio
CFU/mL. Microencapsulation efficacy was calculated
using Equation 2.

number of colonies formed
dilution factor X volume plated (mL) (1)

Colony — forming units (CFU/mL) =

) ) . LogN
Microencapsulation efficiency (%) = 7

x 100%
gNo )

Where, N is the number of viable counts of cells released
from microbeads, and No is the number of viable counts in
free cells.
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Sequential digestion

The sequential digestion was carried out to determine the
viability of encapsulated and free L. rhamnosus GG cells
under the simulated digestive system (Siang et al., 2019).
Simulated gastric juice (SGJ) was prepared through the
mixture of 3.5 mL of 0.1 M hydrochloric acid (Merck,
Germany) and 1 g of sodium chloride (R&M chemicals,
UK) in 500 mL of distilled water and the addition of 1.6 g
pepsin (HMbG, Germany). While simulated intestinal juice
(SIJ) was prepared by dissolving 3.4 g of potassium
dihydrogen phosphate (Bendosen, Germany) in 125 mL
of distilled water and 95 mL of 0.1 M sodium hydroxide
with the addition of 3 g bile salt and 1 g pancreatin
(Chemsoln, India).

One gram of encapsulated or 1 mL of free cells were
added into 9 mL of sterilized SGJ and both mixtures were
separately treated throughout the sequential digestion.
The mixtures were mixed gently at 150 rpm and
incubated at 37 °C for 0 h, 1 h, and 2 h. The cells were
then subjected to centrifugation at 5000 x g for 5 min to
remove the SGJ. The cells were adjusted to pH 6.8 using
1.0 M sodium hydroxide (Merck, Germany) to inactivate
the pepsin. The cells were then added into 9 mL of SIJ
and the mixture was incubated in a shaking water bath
(150 rpm, 37 °C) for 4 h. The cells were then centrifuged
at 5000 x g for 5 min to remove the SIJ. The
encapsulated cells were then filtered and washed with
sterilized PBS solution to further remove SGJ and SIJ.
The enumeration of encapsulated or free viable cells after
being subjected to the simulated digestive system was
determined by pour plate method using MRS agar and
incubated at 37 °C for 48 h. The survivability of
encapsulated or free viable cells after being subjected to
the in vitro enzyme digestion was calculated using
Equation 3.

LogN
x 100%

Survivability (%) =
ty (%) LogNg @)

Where, N is the number of viable cells after the stated
time, and No is the number of initial viable cells.

Statistical analysis

The experiments were carried out in triplicate (n = 3) and
the data were presented in mean + standard deviation.
The results were analyzed using MINITAB statistical
software (version 17) (Minitab Inc., USA). Independent t-
test, one-way analysis of variance (ANOVA), and Tukey’s
post hoc test were performed to compare the significant
difference between the mean values, where the data is
considered as statistically significant when p <0.05.

RESULTS
Optimization of alginate and pectin as wall materials

The formulation for the microencapsulation process of L.
rhamnosus GG was optimized in order to obtain the

ISSN (print): 1823-8262, ISSN (online): 2231-7538



Malays. J. Microbiol. Vol 17 (2), 2021, pp. 190-199
DOI: http://dx.doi.org/10.21161/mjm. 201018

optimal wall material combination. The effects of different
pectin types and ratios of alginate to pectin on the
microencapsulation efficiency and capsules diameter of
the encapsulated L. rhamnosus GG are shown in Table 2.

The concentration of alginate and pectin at 3:1 ratio
showed higher in microencapsulation efficiency (86.17%
and 61.43%) than 2:1 ratio (52.17% and 49.14%) for low
and high pectin, respectively. Low methoxyl pectin
showed higher microencapsulation efficiency (86.17%
and 52.17%) in comparison to high methoxyl pectin
(61.43% and 49.14%) for 3:1 and 2:1 ratio, respectively.
In terms of capsules diameter, alginate with low methoxyl
pectin at 2:1 ratio showed 15.5-23.5% larger diameter in
capsules as compared to the other wall material
combination. The wall material combination with low
methoxyl pectin produced a larger diameter in capsules
than the wall material combination with high methoxyl
pectin. As the alginate with low methoxyl pectin at the
ratio of 3:1 showed the highest microencapsulation
efficiency in encapsulating L. rhamnosus GG, this
combination was chosen to be used for L. rhamnosus GG
microencapsulation.

Table 2: Microencapsulation efficiency and average
diameter of capsules encapsulated with L. rhamnosus GG
using different types of pectin and different alginate:
pectin ratio.

Wall Alginate:  Microencapsulation  Diameter
materials pectin efficiency (%) of
ratio capsules
(um)
Alginate 311 86.17 £ 0.312 755.00 *
and low 26.34°
pectin
Alginate 31 61.43 + 0.58° 705.83 +
and high 55.58P
pectin
Alginate 2:1 52.17 £ 0.25°¢ 871.67 +
and low 47.062
pectin
Alginate 2:1 49.14 +0.23¢ 72250 +
and high 30.31°
pectin

Data are expressed as means + standard deviation (n= 3).
Different lowercase letters in the same column represent
significantly different (p <0.05) via one-way ANOVA and Tukey’s
test as post-hoc test.

Optimization of black bean extract

The formulation for the microencapsulation of L.
rhamnosus GG was then optimized with black bean
extract combination. The effect of different black bean
extract concentration on the microencapsulation efficiency
and capsules diameter of encapsulated L. rhamnosus GG
was shown in Table 3.

The absence of black bean extract 0% (w/v) functions
as control. The encapsulated L. rhamnosus GG with 0.5%
(w/iv) and 1.0% (w/v) black bean extract (98.25% and
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Table 3: Microencapsulation efficiency and average
diameter of capsules encapsulated with L. rhamnosus GG
and different concentration of black bean extract.

Wall Black Microencapsulation  Diameter
material bean efficiency (%) of
extract capsules
% (W/v) (nm)
Alginate- 0 85.22 +0.43° 732.05 *
low 23.522
pectin 0.5 98.25 +0.322 711.67 *
(3:1) 16.072
1.0 98.26 + 0.762 671.67 *
18.762

98.26%, respectively; p >0.05) showed 15.3% higher in
microencapsulation  efficiency compared to the
encapsulated L. rhamnosus GG without the black bean
extract (85.22%; p <0.05). There was also no difference
(p > 0.05) in the diameter of capsules among
encapsulated L. rhamnosus GG with 0, 0.5, and 1.0%
(w/v) black bean extract. Hence, due to economical
consideration, alginate with low methoxyl pectin at 3:1
ratio with 0.5% (w/v) black bean extract was used to
microencapsulate L. rhamnosus GG for further analysis.

Morphology, diameter, and microencapsulation
efficiency of optimized encapsulated L. rhamnosus
GG

The morphology of the optimized encapsulated L.
rhamnosus GG are shown in Figure 1. The diameter and
microencapsulation  efficiency of the  optimized
encapsulated L. rhamnosus GG with and without black
bean extract are shown in Table 4. The capsule appeared
white in color and surrounded by a membrane layer in a
spherical and uniform manner. There was no difference (p
>0.05) in diameter between the optimized encapsulated L.
rhamnosus GG with and without black bean extract.
However, the microencapsulation efficiency  of
encapsulated L. rhamnosus GG with black bean extract
was higher than the microencapsulation efficiency of
encapsulated L. rhamnosus GG without black bean
extract (97.39% and 86.36% respectively; p <0.05).

Figure 1: Optical microscope view of encapsulated L.
rhamnosus GG with alginate- low pectin and black bean
extract.
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Table 4: Microencapsulation efficiency (%) and average diameter of capsules encapsulated with L. rhamnosus GG with

and without black bean extract.

Wall material Prebiotic Microencapsulation Diameter of capsules
efficiency (%) (um)
Alginate — low pectin (3:1) Without black bean extract 86.36 + 0.37° 726.13 £ 25.312
Alginate — low pectin (3:1) With black bean extract 97.39 £ 0.242 715.44 + 13.05%

Data are expressed as means + standard deviation (n= 3).

a in the same column are significantly different (p<0.05) via independent T-test.

Viability and survivability of free cells, encapsulated
L. rhamnosus GG with and without black bean extract
under the simulated gastrointestinal digestion

The viability and survivability of free and encapsulated
cells after being subjected to SGJ (pH 2.0) and SIJ (pH
7.4) are shown in Table 5. The incubation time in both
SGJ and S1J (2 and 4 h, respectively) was fixed according
to estimated human physiology’s gastrointestinal
emptying time, which is largely dependent on the type of
food intake.

Although the viability of free and encapsulated cells
remained at least 14 logio CFU/mL after being incubated
in SGJ for 2 h, both were found to decrease due to
exposure to digestive enzymes in vitro (Table 5). The
former decreased 1.6 logio CFU/mL, whereas the latter
showed a lesser reduction of 0.9 and 0.8 logio CFU/mL
for L. rhamnosus GG cells with and without black bean
extract (p <0.05), respectively. Thus, encapsulation with

and without black bean extract resulted
survivability than unencapsulated cells.

Incubation in SIJ for 4 h caused a reduction in viable
cells from approximately 14 to 10-12 logic CFU/mL.
Unencapsulated L. rhamnosus GG cells was reduced by
4.4 logio CFU/mL, whereas encapsulated L. rhamnosus
GG with and without black bean extract was reduced by
2.2 and 4.2 logio CFU/mL, respectively. This equates to
22.9-24.3% higher viability in encapsulated cells than that
in unencapsulated cells after being incubated in intestinal
digestive juice in vitro. Furthermore, encapsulated L.
rhamnosus GG with black bean extract showed higher
survivability in comparison to both free cells and
encapsulated L. rhamnosus GG without black bean
extract after incubated in SIJ for 4 h by 17.4% and 13.1%,
respectively (p <0.05). Despite being exposed to the
sequential in vitro enzyme digestion, the viable cell counts
of unencapsulated and encapsulated L. rhamnosus GG
cells with and without black bean extract were at least 10
logi0 CFU/mL.

in higher

Table 5: Viable count and survivability of free and encapsulated L. rhamnosus GG cells with or without black bean

extract under sequential digestion.

Sequential  Time

digestion (h) (logio CFU/mL)

Viable count of L. rhamnosus GG

Survivability of L. rhamnosus GG
(%)

Free cell Encapsulated Encapsulated Free cell Encapsulated Encapsulated
L. rhamnosus L. rhamnosus L. rhamnosus L. rhamnosus
GG GG with black GG GG with black
bean extract bean extract
SGJ oth 16.05 + 15.20 £+ 0.092  15.61 +0.052 100.00 + 100.00 + 100.00 + 0.00
(pH 2.0) 0.012 0.00~ 0.00~
2nd 14.47 + 14.39 + 0.10P 14.70 £0.11b 90.16 + 94.68 +1.17A 94.14 +0.80%
0.05P 0.388
SIJ 6t 10.03 £ 10.15 £ 0.15¢ 12.47 £ 0.07¢ 62.49 66.77 + 0.758 79.88 +0.717
(pH 7.4) 0.09¢ 0.51¢

Data are expressed as means + standard deviation.
ac in the same column for viable count of LGG followed by different lowercase letters are significantly different (p < 0.05) via one-way
ANOVA and Tukey’s test as post-hoc test.
ABC in the same row for survivability of LGG followed by different uppercase letters are significantly different (p < 0.05) via one-way
ANOVA and Tukey’s test as post-hoc test.
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DISCUSSION

Initial studies were carried out to find optimum
encapsulation (alginate and pectin) and prebiotic (black
bean extract) materials for high cell microencapsulation
efficiency. Alginate is often incorporated in higher amount
in alginate and pectin mixture because the former
consists of more galacturonate blocks than pectin. The
addition of pectin to alginate formulation provides
advantages such as improving the core substance’s
retention and nutritional value to the capsules (Chew and
Nyam, 2016).

High microencapsulation efficiency when alginate is
used in high concentration is in agreement with the
results reported by Shi et al. (2013). Microencapsulation
of Lactobacillus acidophilus in varying proportion of
alginate and calcium carbonate concentration also
showed that alginate had a positive effect on the
encapsulation efficiency (Lotfipour et al., 2012). The high
number of guluronate and galacturonate blocks in
alginate presents a high number of binding sites for
calcium ions which resulted in a denser gel structure form
which provides better protection for the probiotic through
better entrapment (Narsaiah et al., 2014).

Low methoxyl pectin showed higher
microencapsulation efficiency as compared to high
methoxyl pectin (Table 2). Mamet et al. (2017) suggested
that high methoxyl pectin was only able to form a gel with
the presence of a high concentration of sugar at
approximately 60% in an acidic medium of pH 2.5-3.4.
On the other hand, low methoxyl pectin was able to form
a gel when the calcium ions are present as calcium ions
were able to form a bond between carboxyl groups of
pectin molecules. Hence, low methoxyl pectin was able to
give high efficiency in encapsulating probiotic which was
in line with the results of the present study. In addition,
other components in the medium could also affect the
pectin properties such as alginate and black bean extract
in the present study as suggested by Evageliou et al.
(2000) and Mamet et al. (2017).

The diameter of capsules is crucial in the
microencapsulation process because large microcapsules
(> 1000 pm) may have a negative impact on the texture
or mouthfeel of the food product upon consumption
(Champagne and Fustier, 2007; Nag et al., 2011). The
diameter of capsules in the present study is acceptable as
it is within the general range of microcapsules between 1
to 1000 um (Lengyel et al., 2019) (Table 4). Correé-Filho
et al. (2019) used arabic gum ranging from 5 to 35% for
the microencapsulation of B-carotene and found that the
concentration of wall material affected the diameter of
capsules. Carneiro et al. (2013) also utilizes different
combination of wall materials (maltodextrin, Arabic gum,
whey protein concentrate, and modified starch) for the
encapsulation of flaxseed oil and resulted in different
microcapsule’s sizes. These suggested that different wall
material concentrations and types could result in different
capsule diameter which was in line with the finding of the
present study (Table 2).
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The type and concentration of prebiotic had no impact
on the capsules’ diameter (Krasaekoopt and
Watcharapoka 2014) and this is consistent with the
findings of the present study. However, the capsule’s
diameter reported by Krasaekoopt and Watcharapoka
(2014) was 1.90-1.92 mm, which was larger than the
capsule diameter in the present study (0.67-0.73 mm).
This could be due to the wuse of different
microencapsulation technique (Shi et al., 2013). Capsules
that are uniform with an intact surface is desirable. The
surface of the capsules is crucial in determining the
viability for the encapsulated cells as intact capsules
surface protect probiotic from the outer environment,
while broken capsules surface usually resulted in low
probiotic survivability (Yee et al., 2019). Hence, the
spherical and uniform capsules produced in the present
study suggests that the wall materials and co-extrusion
technique were able to protect L. rhamnosus GG cells
from the external environment.

The addition of black bean extract in the
encapsulation of L. rhamnosus GG had improved the
microencapsulation efficiency in the present study. This is
in agreement with the findings by Khorasani and
Shojaosadati (2017) and Sathyabama et al. (2014), and
Vasile et al. (2020) who reported increase in
microencapsulation efficiency by incorporating various
prebiotics such as nanochitin, nanolignocellulose,
sugarbeet, chicory, and black bean into probiotic
microencapsulation through freeze-drying or extrusion.
Although many commercial and emerging prebiotics have
shown to improve viability of encapsulated probiotics, the
effect of prebiotic on probiotic is strain-specific (Succi et
al., 2017). Prebiotic such as chitin has been reported to
inhibit probiotic L. rhamnosus GG due to its antimicrobial
properties (Selenius et al., 2018). Hence, this shows the
symbiotic relationship between black bean extract and L.
rhamnosus GG strain in the present study. Furthermore,
the low glycemic index from black beans allows individual
with type 2 diabetes or insulin resistance to have a better
control with their glycemic response (Winham et al.,
2017); while other prebiotics such as pectin from
sugarbeet or potato pulp has proved to have no impact
(Schwab et al., 2006; Leerke et al., 2007). Therefore, this
allows black bean extracts to be a value-added ingredient
to the probiotic microbeads.

Sequential digestion is defined as a continuous
incubation process of bacteria in gastric and intestinal
environments (Podsedek et al., 2014). In order for
probiotics to exert health effects on the host, probiotics
must survive through the gastrointestinal tract and
maintained viability at high levels of more than 107 CFU/g
in the gastrointestinal (Kailasapathy, 2002). Chavarri et al.
(2010) reported that free cells of Bifidobacterium bifidum
and Lactobacillus gasseri showed a significant reduction
to less than 1 log CFU/mL at the 15t and 2" h of SGJ
incubation; while encapsulated B. bifidum and L. gasseri
remained viable count of at least 6.85 log CFU/mL at the
end of the SGJ incubation. Besides, Gandomi et al.
(2016) also found that more than 80% of encapsulated L.
rhamnosus GG survived after SGJ incubation, while less
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than 10% of free L. rhamnosus GG cells survived after
SGJ incubation, which supports the findings of the
present study.

The addition of black bean extract into L. rhamnosus
GG microencapsulation had no effect on L. rhamnosus
GG survivability during SGJ incubation. This result was in
line with Gandomi et al. (2016) where the encapsulated L.
rhamnosus GG with and without prebiotic (inulin) showed
no significant difference (p >0.05) during SGJ incubation.
Besides, Zhao et al. (2019) subjected black bean extract
to low pH incubation (pH 1 to 3) for 8 h and evaluated
lectin protein using SDS-PAGE. They found that extracted
protein was still present at the end of the incubation,
although the intensity of the band on SDS-PAGE
decreased over incubation time. This shows that black
bean extract is sensitive under a low pH environment
which could have resulted in reduced potency as a
prebiotic under SGJ incubation.

The encapsulated L. rhamnosus GG showed high
survivability than free L. rhamnosus GG cells in SIJ
incubation. This result was in line with Wang et al. (2015)
which  demonstrated that the encapsulation of
Bifidobacterium adolescentis improved cells viability in
SIJ conditions as compared to free cells. We showed
black bean extract resulted in higher survivability in
encapsulated cells (Table 5) than in free cells after SGJ
incubation. The black bean extract may thus impart
crucial prebiotic properties either physically or nutritionally
or both to enhance the survivability of L. rhamnosus GG
under a harsh pH and enzymatic environment. This was
also noted in previous studies using prebiotic Hi-Maize
starch, mannitol and oligofructose (lyer and Kailasapathy,
2005; Ng et al, 2019; Yee et al.,, 2019), which are
consistent with our findings.

Free L. rhamnosus GG cells retained high viability
after sequential in vitro gastrointestinal enzyme digestion
and met the minimum required cell count of more than 107
CFU/g (Table 5) to qualify as probiotic (lyer and
Kailasapathy, 2005) at the end of the digestion. This is in
agreement with Gandomi et al. (2016), where the L.
rhamnosus GG was able to survive under physiological
stressful environments such as low pH and high bile salt.
The present study has demonstrated black bean extract
may be used as a prebiotic additive to increase cells
viability. Black bean extracts are high in resistant starch,
dietary fiber, phytochemicals, and oligosaccharides
(Hernandez-Salazar et al., 2010; Udeozo and Egbe,
2015; Monk et al., 2017; Hernandez et al., 2020) that
could be utilized by L. rhamnosus GG as carbon sources
for growth (Silva-Cristobal et al., 2010; Fabbri et al.,
2016). This is in line with the findings by Rengadu et al.
(2020), where resistant starch extracted from cowpea
beans stimulated growth of various probiotic strains
(Bifidobacteria animalis and Lactobacillus casei). Thus, L.
rhamnosus GG microencapsulation may be further
enhanced using substances such as black bean extract
with prebiotic properties throughout production, storage,
and finally during the digestive tract transit.
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CONCLUSION

The best formulation to microencapsulate L. rhamnosus
GG that gives the highest microencapsulation efficiency is
3:1 alginate: low methoxyl pectin ratio with 0.5% (w/v)
black bean extract. The encapsulated L. rhamnosus GG
with black bean extract had a viable cell count of 12.47
logio CFU/mL after sequential digestion, hence meet the
minimum requirement of 108-107 log10 CFU/mL probiotic
cell count to exert health benefits to the host. This study
shows that black bean extract has the potential to be
used as prebiotic for encapsulation of L. rhamnosus GG.
Future studies should be carried out to explore the
stability of encapsulated L. rhamnosus GG with black
bean extract during production, storage, and in food
product.
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